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PREFACE 

The investigation which has led to the puplication of the following 
report was started by the United States Geological Survey in 1903. 
The work was undertaken by Mr. Alfred R. Schultz, under the direc
tion of Mr. M. L. Fuller, at that time Chief of the Eastern Section, 
Division of Hydrology. The manuscript report of Mr. Schultz, en
titled "Underground Waters of the Wisconsin District", describi~g 
the area of northern Illinois' and the Northern Peninsula \ of Michigan, 
as well as of Wisconsin, was completed for pUblication in 1905. The 
publication fund of the United States Geological Survey was exhausted 
at that time and the report was turned over to The Wisconsin Geolog
ical and Natural History Survey for publication. 

As a part of the manuscript dealt with territory outside of W~scon
sin it seemed advisable to alter and amend the work to ;make it conform 
to the state boundaries before publishing it as a State Survey report. 
Unforeseen circumstances arose to delay publication, and in the mean

'time new facts were obtained in the course of work by the Wisconsin 
Survey which mlJ,de it appear advisable to add to the report before pub
lication. This work was assigned to Mr. Weidman of the Wisconsin 
Survey in 1908, since which time he has devoted such time to'this work 
as was not required by his other duties. He has collected additional 
data in parts of the ~tate not visited in the original investigation, and 
has added to the descriptive details of other portions of the State. In 
revising the descriptive details of localities, the data was rea~ranged 
and rewritten into separate county' descriptions, as presented in Part 
II. Additional -mineral analyses of 'Wisconsin water. supplies were 
collected and these, together with' those of the original report were 
correlated with their geologic source and arrange<I- by counties in 
order to be accessible and more convenient for local use. Mineral an
alyses of surface waters, as well as additional underground waters, 
have been compiled. Three of the chapters of .the report, namely Chap
ter IV, "Prospecting for Flowing Wells", Chapter 'VII, "The Chem-
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ical Quality and Factors Affecting the Mineralization of Underground 
Waters", and Ohapter VIII, "The Surface Water Supplies and Their 
Ohemical Quality", were added by Mr. Weidman. 

Since the report is made up of important contributions by both, to/ 
the lmowledge of water supplies it is issued under the joint authorship 
of Mr. Weidman and Mr. Schultz. 

E. A. BIRGE, Director. 
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THE,UNDERGROUND AND SURFACE WATER 
SUPPLIES OF WISCONSIN. 

SAMUEL WEIDMAN 
Wisconsin Geological and Natural 

History Survey' 

BY 

AND ALFRED R. SCHULTZ 
United States Geological Sur,:,ey 

INTRODUC'DION. 

The investigation of the water resources of Wisconsin has been under" 
way for some time, having been carried on at'intervals during. the 'past' 
ten or twelve years. Since the work was started the original plan of: 
the investigation has been altered with reference to the area described;. 
and modified with respect to the various phases of water supplies dis-, 
cussed. . 

THE WORK OF ALFRED R. SCHULTZ. 

During the summer of 1903, A. R. Schultz, was assigned by the' United 
. States Geological Survey to . the study of the underground wa~rs of 

Wisconsin, Northern Illinois, and the Northern Peninsula of Michigan, 
the territory comprised being referred to as the Wisconsin District. 
The more important parts of the district were visited and examined and 
the remainder was covered as completely as possible by correspondence-. 

In 1905 a brief account of the underground water conditions in the' 
Wisconsin District by Mr. Schultz was published.1 In 1905 the prepar
ation of a 'report on this district was completed, which was then sub-
mitted by the United States Geological Survey to the Wisconsin Geo
logical and Natural History Survey for publication. 

The manuscript report of Mr. Schultz consisted of something over 
400 pages of typewritten copy and numerous illustrations, with ta~es 

1 U. S. Geol. Survey, W. S. P. No. 114, p. 233-241. 
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of well records, and mineral analyses of underground waters. About 
cne-half of this manuscript with the well records and analyses dealt 
w:ith territory outside of Wisconsin. The following is quoted with but 
slight change from the Introductory Chapter: 

., In the preparation of this report the writer has endeavored to use 
all the available data, including that derived from other observers, as 
well as that gathered during the present investigation. A number of 
records for Illinois have already been collected and published by Mr. 
Leverett.1 These records have beim used by the writer and compared 
with the records obtained through correspondence and all available ad
ditional data have been added. A large part of the earlier records in 
Wisconsin have been taken from the" Geology of Wisconsin" partic
ularly Vol. II, by '1'. C. Chamberlin. The same report has repeatedly 
11een referred to for the' geology of the district. The Michigan, Illinois, 
Iowa, and Minnesota Survey reports have been consulted and the few 
l'ecords embodied in these reports, tlirowing light upon the condition in 
the Wisconsin district, have been utilized. A report by Prof. D. W. 
Mead on "The Hydrology of the tJ pper Mississippi Valley and Adja
cent Territory"2 was furnished the writer by Prof. Mead and some 
data not previously obtained w,ere taken from this source. 

"From the 12th of May to the 18th of·J uly, 1903, the writer was as
sisted by Mr. G. W. Crane, whovisited a large number of localities in the 
Green B~y Valley and southwa~d along Lal).e Michigan as far as Wauke- "-
gan, Illinois. Mr. Crane obtained much valuable data concernin.6'tbe dis-
tribution of the drift wells, the description of wells from the various 
horizons west of Green Bay, and the logs of wells which throw consid-
erable light upon the conditions of the St. Peter sandstone over its 
northward extension. The writer's observation covered the more im-
portant parts of the remaining district in Wisconsin, while the outlying 
sections and those of minor importanee were covered by correspondence. 

"The writer wishes here to acknowledge his indebte:ine...<IS to the per
sons who aided him in the preparation of this re-port, either directly or 
by so generously re~ponding to his letters of inquiry, withou.t whi.ch 
much of the material could not here be presented. He is espeCIally lll- . 
debted to Dr. Alfred C. Lane, State Geologist of Michigan, who by cor
,..espondence and published material, has presented. valuable .informa
tion regarding the underground waters in·the Northern Penlllsula of 
JMichigan . Thanks are also due Mr. Heri.ry Rettinghouse, Superintend-

"Seventeenth Ann. Repr., U. S. Geol. Surv., Pt. 2, 1896. pp. 701-·842: U. S. 
Ceo!. Surv., Mon .. XXXVIII 1899. 

~ Assoc. of Eng. Societies, Jour., Vol. 13, No.7, 68 pp. 1894. 
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ent of Bridges and Building for the Chicago North-Western Railroad, 
for numerous logs of wells sunk by that Company on the Ashland Divi
sion, and to Mr. W. G. Kirchoffer, Consulting Engineer of Madison, for 
many valuable records and suggestions on field· observations. (The 
J'ecords and data of Mr. Kirchoffer were publishedl in 1905 and have 
been freely utilized in the final preparation of this report.) 

"The writer should also acknowledge his indebtedness to Prof. T. C. 
Chamberlin and Dr. W. C. Alden of the United States Geological Sur
vey, for the use of their field notes on southeastern Wisconsin; to Mr. 
M. O. Leighton for the use of data turned OVer to him by the Chicago, 
Milwaukee and St. Paul Railroad; to A. C. Veatch for numerous sug
gestions; and to Mr. M. L. Fuller for suggestions on field work during 
the summer months.·" 

THE \VORK OF SAMUEL \VElDMAN. 

As the original plan of the work of Mr. Schultz included the investi
gation of the undergmund water resources of a large part of Illinois 
.and Michigan, it was necessary, on this account, to alter and amend the 
work very considerably in preparing it for publication as a report of. 
the Wisconsin Survey. The labor of making the best use of the manu
script Qf Mr. Schultz, and the task of obtaining additional data to com
plete the work for publication was undertaken by Mr. Weidman in 
1908 and has been carried on by him as the time available from other 
.duties has permittetL 

The ,report, submitted by Mr. Schultz, has served as the .principal 
basis for some of the chapters of the present publication, and has been 
used verbatim by Mr. Weidman whenever it was convenient to do so. 
lt was found necessary, however, as already stated, not only to deduct 
the descriptive matter pertaining to Michigan· and Illinois,' but, also, 
to collect much additional data, and to greatly add to the descriptive 
Dlatter of considerable portions of Wisconsin. In revising the descrip
tive details of localities, th~se were rearranged and largely rewritten in
to separate county descriptions. Many additional min!,)ral analyses of 
Wisc9nsin water supplies were collected, and these were likewise' ar
ranged by counties, in order to be more accessible and more convenient 
ior local use as well as for the reason that such arrangement is more ap
propriate for scientific discussion and correlation. Mineral analyses of 

. surfRce waters, as well as of additional underground water~, have b'ilen 

I The Sources of Water Supply in Wisconsin. Bull. Univ. of Wis. No. 106, 
1.905. 
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,',eompiled, one of the additional chapters of the work being on surface 
water supplies of the state. 

Besides Chapter VIII, "The Sur-face' Water Supplies and Their 
Chemical Quality", Chapter IV, "Prospecting for Flowing Wells", 
and Chapter VII, "The Chemical Quality and Factors Affecting the 
Mineralization of Underground Water Supplies", were added by Mr. 
Weidman. He also prepared most of the illustrations. Although the 
manuscript report submitted by Mr. Schultz contained many illustra
tions, only 4 of· these could be conveniently utilized on account of 
changes in the scope of the report, these being Plates III and IV and 
Figures 30 and 57. 

Briefly stated, tl}erefore, the original manuscript report of Mr. 
Schultz'has been greatly revised and hasbeeIl utilized by Mr. Weidman 
asa basis for a more complete report. Many additional facts have been 
c~inpiled from both published and unpublished sources, as well as from 
original investigation, and the various data from all available sources 
regarding water supplies, artesian conditions and mineral analyses have 
~een classified and correlated in as scientific a manner as possible, with 
their geologic and geographic environment. 

OBJECT m' ~'HE INVESTIGATION. 

The need of an investigation of our water supplies is obvious to all, 
as water is used for many industrial purposes, as well as f6r drinking 
and domestic use. 'fhe quantity of water available, as well as the qual
ity, are two prime objects that should be kept in mind by those in 
search of a supply. Local well drillers, while quite fully conversant 
with local conditions for common farm weHs, cannot be expected to 
know, either the quantity or quality of certain sources of supply, espe
<lially of artesian supplies, or the depth at which they can be reached, 
for the larger use of villages and <ljties. For obtaining the largest and 
best supplies for municipal or industrial use there is needed the skillful 
interpretation of geologic data collected from a considerable area and 
a general acquaintance of the quantity and quality of the supply likely 
to be available in the locality. 

The detailed descriptions of local geological conditions and of the 
sources and character of water supplies presented in this work are for 
the purpose of furnishing to each county and locality the best informa
tion and deductions available concerning th~ water resources in the 
various localities. For this purpose the general depth of the water
bearing strata in each county is given and illustrated by appropriate -
diagrams; the character and thickness of ~ach water-bearing formation 
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is described; the artesian conditions are discussed; and the mineral 
(lUality of the water in the various water-bearing formations is indicated. 
In addition more orless detailed descriptions of well sections and water 
supplies for each city or village are given as space available appeared to 
warrant and the data permitted. It should be stated that a large amount 
of data bearing on the subject of ·water resources has been compiled 
from various localities which it appears to be unnecessary to publish. 
The data,· however, have been studied and have been used as a basis 
upon which generalizations and deductions have been made conce~ing 
the local undergound conditions. 

The value of this published inve&tigationwill dapendlargely upon its, 
intelligent use by local well drillers, municipal officers, engineers and 
others in search of water supplies. If it is desirable to obtain additional 
information concerning certain localities, this information will be fur
nished by the State Survey from additional data, so far as available. 

GEOLOGIC INVES'rIGATION OF WELLS. 

The records and logs of wells in various localities of the state ·furnish 
data of the greatest importance to the geologist or engineer in any in
vestigation of local water resources. While the geological structure 
of the state is relatively simple on aecount of the fact that the succes
sive strata overlie each other in regular order from the central to the 
outer portions of the state, like an imbricated pattern, and therefore 
the general· geological relations and general thickness of strata are 
kilOWll in all parts of the state, yet the local conditions, depending upon 
various factors, are variable to a certain extent; hence it is important 
to have as complete records of the strata as possible in each locality. 
While the approximate positional'ld thickness of strata can be inferred 
from the position of local surrounding outcrops, the local well records 
are necessarily relied upon to furnish the exact data. 

Well Records-The data on which deductions concerning the artesian 
conditions in various parts of the state are largely or entirely based, 
have been the records of wells put down in the various artesian dis
tricts and localities. A large number of these records are necess,arily 
second hand and many are" incapable of verification. In many instances, 
llOwever, either the owner Or the well driller lIas placed on record much 
valuable data as to diameters of the bore and casings, fluctuation of 
water in the tube, depth, discharge and head of water-bearing horizons, 
and in some instances the driller's log and samples of the drillings-have 
been obtained. It is unfortunate that little or nothing is now known ex
cept the present head and discharge of many of the artesian flowing 
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wells of the state. Even where artesian wells are non-flowing or are 
now abandoned detailed information of l;Iuch wells would be valuable 
for later use in the search of water in the same locality. 

Of equal importance with artesian. phenomena is the value of ac
(~rate data as to the exact source df supply in the investigation of the 
chemical quality of the water for industrial uses. There are very gen
erally appJ'eeiable differences in the 'mineral content of water from vari
ous water-bearing strata, hence it is of much importance to have all the 
information that is possibly availal)le concerning the source of supply, 
in brder to forecast the probable mineral quality of the supply that is -
obtainable .. 

The well driller or the owner should compile and preserve the follow
ing data concerning each deep or otherwise important well drilled for a 
municipality, industrial plant, or dther public or private purpose: 

1. Ownership and location of well. ' 
2. Location with respect to surface features (in a valley or upon a 

hill. ) 
3. Character and· thickness of surface foqnati9n. 
4. Character and thickness of ~rst kind of rock. 
5. Character and thickness of each succeeding kipd of rock, 
6. Total depth of well. 
7. Length and diameter of cas}ng. 
8. Diameter of well below casiug. 
9. If an ordinary groundwater well, give depth of water in well. 

10. If a non-flowing artesian 'well give depth or depths at which rise 
of water was obtained!. and height at which water rose in 
the well, and depth of:wat~r in the well. 

11. If a flowing artesian well, give :-
a. Depth at which first water rise was obtained and head of 

same. 
b. Depth of each succe~dipg rise and head of same. 
c. Artesian head a,bove cu~b. 
d. Average discha,rge of w;ell at cU,rb. 
e. Change in head or discharge if iJ,ny noted. 

12. Additional information or :r;elllarks. 

Samples of Drillings.--A fullsetof samples of thedrillings of all the 
deep wells of the state should be preserved. The samples can be taken 
at intervals of preferably 5 or 10 feet and 'at every change in the strata 
and ne~er less often than ~very 20 feet even in· the same kind of rock. 
The drillings should not be washed, but transferred directly from the 
slush bucket to a clean receptacle,' and after drying, preserved· in separ-
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ate cloth bags or in one to four ounce bottles. When samples are prop
erly taken and labeled at once with the exact depth from which they are 
drawn they form a very valuable reeord of the strata penetrated. 

Interpretat'wns of Record,~ and Samples.-The, rocks penetrated in 
,deep well b,orings are often difficult to interpret from descriptions given 
by well drillers. Even a careful examinati,on of well drillings under the 
microscope by a ge,ol,ogist sometimes does not suffice to determine tl}e 
exact character of the f,ormation from which such drillings are sup
P,osed to have been derived. Various modifications in the character of 
the f,ormations tend t,o be misleading in the interpretati,ons of well reC
,ords, and hence a detailed geol,ogical knowledge of the locality and a 
ea:.:efu! examinati,on of the well drillings,are usually necessary before 
exact horiz,ons in deep well borings can be definitely determined. 

Preservatt"on of Records and Samples.-The State Ge,oI,ogical Survey 
,or the Geol,ogical Department of the State University will be pleased to 
receive and preserve all records and logs ,of wells and the samples of 
drillings. The drillings and the geological strata penetrated may then 
be identified, and the samples preserved in uniform receptacles, an<:J. all 
data and samples filed and made readily accessible for present use or 
future reference. Upon application to this Survey sa~ks f,or preserving 
samples will be sent free of charge. 

The carefully made well records and the preservation of samples are -
110t only ,of the greatest value in acquiring an understanding of the ~est 
ayailable underground water resources of various I,ocalities in the state, 
as described in a general report like the f,ollowing, but the inf,ormat.ion 
I',ompiled fr,om these records and inferences bas!)d thereon, are very 

, ,often' called f,or ~lld utilized by many municipal authorities, either, di
rectly ,or indirectly, in developing new or additi,onal water supplies. 

, The authors are indebted to Mr. F. T. Thwaites for the compilltti,on 
@d interpretation of many of the well recordil presented in this report. 

. .. 
CHEMICAL INVESTIGATION OF THE WATER SUPPLIES; 4 

In the investi6'ati,on ,of the mineral quality of the underground an(l 
surface water supplies n,o analytical work directly for this report has: 
heen undertaken by the State Su~vey. The mineral analysesc,ompiled, 
h,owever; appear t,o be sufficient in number and in their distributi,on to 
represent the average mineralizati,on ,of the water in the various parts 
of the state. Undoubtedly additional analyses could have been imide 
in certain I,ocalities obtainedfr,om certain water-bearing horizons that 
would have thr,own much light upon the local mineralization of under
gr,ound water supplies; but in a general way these additional analyses 
would not have added appreciably to our general knowledge of the 
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<chemical -quality of the water or the various couuties and districts 'of 
the state. 

Additional analyses, however, are very essential in the investigation 
of the mineral quality ofloeal water supplies in the vilrious water
·bearing horizons, where these have not already been made and definitely 
. ('orrelated or where treatment of the water by softening processes is 
deemed advisable. In this future analytical work, the general condi
tions and conclusions described in this report concerning the chemical 
quality should be of much real aid and importance. 

Most of the mineral analyses of water of the underground supplies 
have been made for industrial purposes, mainly in investigating the 
.quality of the water used in railroad locomotives. Many of the analyses 
-of the surface water, mainly the lake waters, have been compiled from re-
-ports of the State Geological Survey and of the United States Geological 
Survey. The various analyses are properly credited to their respective 
:llUthors in the county tables of mineral analyses, but acknowledgment 
-of generous aid received from various important sources may also ap-
<propriatly be given here. 

The report contains about 600 analyses of well and spring waters, 
and over 200 analyses of river and'lake waters. Of these about 400 
analyses have been furnished by the Chicago, Milwaukee and St. Paul 

. Railroad, mainly through the courtesy of Mr. G. N. Prentiss, Chemist 
of the Motive Power Department, and about 200 analyses have been 
furnished by the Chicago and Northwestern Railroad through the cour
tesy' of Mr. G: M. Davidson, Engineer of Tests. The other railroads 
of the state have furnished copies of incomplete mineral analyses, ,,,hich 
have been of value in this investigation, but because of their incom
pleteness are not included in .the tables of mineral analyr;es .. About 40 
analyses" many of them being of city water supplies, have been fur-

, nished by the Dearborn Drug and Chemical Works, Chicago, and a few 
by the Milwaukee Industrial Chemical Institute and by the Lasclle In

,stitute o~Fermentology of Milwaukee. ~any of the analyses of inland 
lakes are compiled from the published work of E. A. Birge, and C. Juday 

, ,Wis. Survey Bulletin No. 22, and the series of analyses of Wisconsin and 
Chippewa rivers, and of Lake Superior and .Lake Michigan, ,are taken 

. from the published work of R. B. Dole, U. S. Geol. Survey, Water 
Supply Paper No. 236. Others to whom special credit should be given 

, 101' nume:rousarialysesareProfessor E: G . .8mith of Beloit College, and 
the late Professor W. W. Daniells of the State University. The authors 

, are indebted to Prof. Richard Fisher for briefly criticising the chap
. tel's relating to chemical compQsitjdn of. the waters. 

:~.I';~ --,.1 



PAR1' I 

THE GENERAL CONDlTIONS AFFECTING 
WATER SUPPLIES' 



Under general cobditions affecting the water supplies, a description 
of the topographic features, climate, rainfall, and geological formations. 
of Wisconsin is given, and the conditions affecting the movement of 
underground and artesian water, and the flowing artesian wells, and 
the mineral·springs of the state,_ are described. The general mineral 
composition and uses of water supplies are explained, and the chem- , 
ical quality of the underground and surface water supplies and the fae- . 
tors affecting their mineralization are discussed. 

'rhe general description of the water supplies of Wisconsin are 
described in eight.chapters, as follows: 

Chapter I. Geography and Geology. 
Chapter II. Conditions Controlling Underground and Ar.tesiaIll 

Chapter III. 
Chapter IV. 
Chapter V. 
Chapter VI. 

Chapter VII. 

Waters. 
The Flowin~ Artesian Wells of Wisconsin. 
Prospecting for Flowing Wells. 
Springs and Mineral Waters. 
The General Composition and Uses of Water ·Sup

plies. 
The Chemical Quality and Factors Affecting the 

Mineralization of the Underground Water Sup
plies. 

Chapter VIII. The Surface Water Supplies and Their Chemical 
Quality. 



CHAPTER I. 

GEOGRAPHY AND GEOLOGY. 

GENERAL STATEMENT. 

The value of a sufficient supply of pure wholesome water for drink
ing purposes, in both city and rural districts, can not be overestimated. 
Large quantities of water are also used for manufacturing purposes~ 
for fire protection, and for watering stock. It is also used for irriga-
tion and for water power. . 

The inhabitants of Wisconsin obtain their potable water supplies. 
from underground water, from both shallow and deep artesian wells, 
and from surface supplies obtained from the rivers and lakes. Prob
ably more than one-half the popUlation mainly in the rural districts. 
is supplied from relatively shallow groundwater wells. Less than one
fourth of the supplies, including both private and public city supplies, 
is obtained from deep artesian wells. The supply of much more than 
one-fourth of the population, namely that of the largest cities, is ob
tained from lakes and rivers. 

In the settlement and development of a region there are several stages. 
in the use of the water supplies. In the early days of settlement, al
most without exception, spring water or water from streams is used, 
the first buildings in villages and in the rural districts being located, 
primarily, with respect to natural sources of water supply. In rural 
districts this may be the only source for some time to come. but usually 
in both rural and urban districts resort is soon made to shallow wells. 
With the increased growth of the city, the supply from shallow wells 
beC()mes inadequate, or the water becomes contaminated, and a change
to <?"eeper or artesian sources is the next step. Where such a change t<>
deep wells can not be made because of the lack of the artesian supply, 
the water supply is pumped from streams or lakes and usually js puri
fied by means of a filtering plant. 

P1·ivate Water Supplies.-In Wisconsin relatively shallow ground-
• water wells, as ~_source of water supply, are of much greater import-

ance than all other sources. At present about one-half the populatioTh 
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i)f the state, mainly in the rural districts, obtains it~ water from s~ch 
wells. 

As the country has become more thickly settled, the water level in the 
shallow wells has become permanently lowered, and many of the wells 
have been made deeper. The yield in many: cases does not exceetl. sev
eralbarrels per day. The largest drafts made upon the wells in the 

:rural districts are for watering stock.' Many of the wells duri~g dry 
~easons are barely deep enough to supply sufficient drinking water for 
:20 to 40 head of cattle. In wet .seasons, an abundant supply is usually 
available. 

Public Water Supplies . ...,-The most ill1portant s~urce of public water 
supplies in Wisconsin, is the surface water of the lakes and rivers. 
Water of Lake Michigan is supplied to Milwaukee, Racine, Kenosha and 
"Sheboygan. Other cities of· the state, such as Portage, Merrill and 
:Rhinelander get their supply from, the Wisconsin river. The next 
most important source for public use is artesian water obtained from 
·deep wells, as in Madison and Green Bay. Shallow groundwater 
wells and springs also supply a nu"mber of Wisconsin cities. A C011-

<lensed statement concerning the ownership of public water supplies 
.a.nd the pumpage, pressure, mains, services and meters is given in the 
tables, pages 134 to 141. 

Conditions Controlling Water Supplies.--.eThe water of the rivers, 
lakes and underground rocks is maintained by the rainfall, which is 
raised by evaporation from the ocean, lakes, rivers and the surface of 
the land.' The water that falls as rain upon the land is removed from 
the surface in three principal ways: (1) by evaporation; (2) by run
:off in rills and streams as surface drainage; and (3) by absorption into 
the surface deposits and underlying rocks. 

The· various natural conditions affecting the amount and character 
<of water supplies, are such geographic features as the drainage and re
lief, the climate,the vegetation, the soils, and by such geologic features 
'as the character of the superficial deposits, and the underlying rock. 
'with respect to their water-bearing capacities. 
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GEOGRAPHY. 

The total land area of Wisconsin ·is 54,450 square miles. Thealti
tude of the land alouga portion of the eastern boundary, the sho're of 
Lake Michigan, is 581 feet, an'd along the northern bO}lndary on the-' 
shore of Lake Superior is .602 feet. The altitude of the boundary along; 
the Mississippi river from Prescott to Dubuque ranges _ 'from 667 at. 
Prescott to 595 feet at the southwe~t corner of the state,6pposite Du
Luque. From these lowest altitudes about the boundaries of the state, 
the land rises to about 1,000' to 1,200 feet in the southern half of the· 
state, and to about 1,500 to 1,800 feet in the northern half of the state. 

TOPOGRAPHY. 

Dominant Topographic Features.-The dominant topographic fea
ture of Wisconsi:p. consists of a broad arched dome with its highest 
point in the northern half, from which the surface Slopes downward in 
nearly all directions towards the borders of the state. The principal 
slopes are northward towards Lake Superor, eastward and southeast
ward towards Lake Michigan, and westward and southward to the
Mississippi river. 

The slope to the north is relatively short and steep as compared with· 
the southward slope, the two slopes intersecting along an irregular' 
cast-west 'dividing ridge whiclI extends acr~ss northeru' Wisconsin. 
from Minnesota into the Upper Peninsula of Michigan, 'the, divide being 
located about t~enty-five miles south of Lake Superiol'. Northern Wis
consin is a region <"If crystalline rocks nearly 20,000 square miles in area, 
and apparently marks the position of an early uplift, which gave rise 
to what has often been called the" Isle of Wisconsin." To the north, 
the surface declines from an elevation of 1,700 or 1,800 feet, along the 
'divide, down to 602 feet, along the Lake Superior shore. -

The southward slope contains a broad, low' swell extending soutl~ , 
through the middle of Wisconsin which is primarily due to a bro~q, 
arching of ~he rocks. " This swell, which forms the divide between the' 
Mississippi and Green Bay drainage, is best developed in the vicinity of 
the northern crystalline area; it gradually becomes less consJ1icuous' 
southward and finally dies out in northern Illinois, at au elevation of 
600 to 700 feet, where the rivers cut directly across it on their way tOi 
the Mississippi. . 
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In central Wisconsin, the low north-south swell is broken by other 
minor elevations, one of the most important forming the watershed of ,. 
the Wisconsin, Fox, and Rock river drainage basins. Thr~u~out Wis
eonsin, the rock structure, the position of the strata, controls the larger 
drainage systems, and determines, to a considerable extent the move
ment of theundergrourid waters ..... 

Minor Topographic Features.-'l'he minor features of topography, or 
sueh as are represented by the ordinary hills and valleys, are due 
largely to the modification by stream erosion of the broader topographic 
features just described. The picturesque q.e~p narrow valleys,-and the 

. massive battlements of rpck rising 200 to 600 feet lliong the Mississippi 
River, are strikingillustratiQns or"the work of weathering and stream 
~rosion. No less notable .are the mounds of southwestern Wisconsin 
which are remnants of formations which at one time covered the entire 
area, but which have been ,removed, in large part, by stream action. 
These mounds rise abruptly fro:r,.rr 100 to 600 feet aboye the surrounding 
uplands. The height of Blue Mound is 1,729 feet, while the elevation of 
the general upland in the vicinity is but 950 to 1,150 feet. Somewhat 
.analogous topography may be seen about Camp Douglas, where !he iso-

- lated mounds of the Potsdam sandstone rise 150 to 200 feet above an 
almosUevel valley bottom plain; The Baraboo, Barro~, Chippewa and 
Wausau quartzite areas, likewis.e, give rise to hills rising high above the 
surrounding plain. Similar knobs of granitic rocks are scattered through 
the Fox River basin. In the northern part of the state, the Penokee
Gogebiciron range possesses a rugged topography, while in northwest
ern Wisconsin, the Keweenanw811 trap rocks form a broad ridge rising 
100 to 300 feet above the adjoining plain .. 

Glacial Features.-The minor features of topography thus far con
sidered resulted "largely from stream erosion in pre-glacial alid inter
glacial times. Other- minor topographic features, over large portions 
of the state, outside the driftle$s area, have resulted In a great measure 
from the action of the several ice sheets whose deposits generally coW
pletely covered the pre-glacial features, including many minor river val
leys and basins. Well records, for example;-in southernWJsconsin have
brought to light many bur~ed valleys which reach a maximum depth of 
300 to 400 feet, . 

The glacial features of topography are quit~· unlike those develope1 
bv nonnal stream erosion. The land forms made by the glaciers con
sist of low rolling hills of loose drift associated with numerous small 
Jakes and swamps. The topography- of the "glacial moraines" is more 
rugged and is characterized by irregular knolls and kettleS. T.heglacial 
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:ridges generally rise from a few feet up to 100 feet above the adjacent 
lowlands, and occur in belts or zones whcs~ widths vary from a few· 
miles up to 20 miles. -

HYDROGRAPHY. 

The principal river systems of the state are the ·Wisconsin river, 
Chippewa river. St. Croix river, Rock rive]', Fox river, Menominee 
l'iver, Peshtigo river, Oconto river, Black river, and the rivers flowing 
jnto Lake Superior. 

Wisconsin River System.-Because of its length ~nd its great drain
age area, the Wisconsin river is preeminently the main river of the 
state. Its extreme source is found in Lac Vieux Desert, a body of wa
ter of about 10 square miles in extent, on the boundary of Michigan 
and Wisconsin, at about 1,650 feet above sea level. . The drainage basin 
of the Wisconsin system in~ludes 12,280 square m.iles, with an average 
width of 50 miles, and a length of about 225 miles. ~ The principal tri
butaries of the Wisconsin river, beginning at the north, are the Pelican 
river, Tomahawk river, Prairie river, Rib dver, Eau Claire river, Big 
Eau Plaine River, Little Eau Plaine river, Yellow river, Lemonweir 
r.iver, Baraboo river and the Kickapoo river. 

Chippewa River System.-The Chippewa drainage system has its 
source in over 100 lakes, large and small, with many connecting 
swamps, near the Michigan boundary, and only 20 miles from Lake 
Superior. The drainage area has a length of 180 miles, a maximum 
width of 90 miles, and an average width of nearly 60 miles. The fo
tal area drained by the river is 9,573 square miles, of which about 
6,000 square miles includes the thinly settled region of Wisconsin. 
The headwaters of the system rise at an elevation of a little over 1,600 
feet above the sea, and it empties into the Mississippi river at an al
titude of 664 feet. The principal tributaries of the Chippewa are the 
Flambeau river, Jump river-, and the Yellow river on the east, and the 
Red Cedar on the west. 

FO.T River System.-The Fox river system, the main draina,~e line 
in the easter~ part of the state, has a drainage area of 6,449 square 
miles. The average flow is calculated as 3,007 second-feet, at Rapid 
Croche dam. The Lower Fox, below Lake Winnebago, has a rapid 
fall of 170 feet in 28 miles. 'fhe Upper Fox, that ~ortion above Lake 
Winnebago, descends only 35.3 feet in the 106.8 miles between Portage 
and Lake Winnebago, an average fall of less than 0.5" feet to the mile. 
The Wolf river, the principal tributary of the Fox, is over 160 miles 
long, and has a fall from 1,562 feet at its source to 746 feet at lake Poy
,gan. Between Shawano and Winneconne, a distance of 80 miles, the 
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river has a descent of. only about 42 feet, less than 0.5 foot per mile~ 
In this portion of the river, the banks are low, and in high water the
surrounding flats are covered for several miles in width. 

Menominee River System.-The Menominee' drainage basin is nar
row in its lower portion, but widens as the stream is ascended, the rivel~ 
receiving many important branches' near its source. Its total drain~ge 
area is about 4,000 square miles,o:f which only 1,450 squar~ miles is in 

. Wisconsin. 
Peshtigo ZUver System.-The drainage area of the Peshtigo river in

cludes 1,123 square miles, and has an extreme length of 80 miles, with, 
an average width of only 14 miles. The upper two-thirds of its length 
is in the Pre-Cambrian, while in the lower one-third it crosses success
ively the Potsdam sandstone and the Lower Magnesian and the Trenton 
limestones. At Crandon, the Peshtigo river has an elevation of 1,620· 
feet above the sea, and has an average gradient of 11 feet per mile in 
it descends 945 feet to Green Bay. 

Oconto River System.-The Oconto river rises in a number of small 
lakes and swamps at an elevation of 1,530 feet above the sea. It has. 

_a drainage area of about 1,100 square miles. In its length of 87 miles. 
it descends 945 feet. r 

Black River System.-The Black river drainage area is hemmed in 
by the Chippewa river on the west and the Wisconsin river on the east, 
and is restricted to a long and narrow watershed of about 2,270 square
miles, with an averag~ width of. only 20 miles. The Black river rises: 
at an elevation of about 1,400 feet above sea level, and aft~r a sinuous. 
course of 140 miles, joh~s the Mississippi river.at La Crosse, with a 
descent in this di~tance of 772 feet. 

The St. Croix River System.-The St. Croix river rises at an eleva
tion of 1,010 feet in the St. Croix lake, on the Lake S"uperior divide, 
only 20 miles from Lake' Superior. The total drainage area comprises; 
7,576 square miles, the greater part of which is in Wisconsin. The 
Wisconsin portion of the drainage basin has a width of 50 miles on its 
northern margin and extends southwesterly, to the MissilSSippi river a 
distance of about 150 miles. The principal tributaries of the St. Croix,. 
in Wisconsin, are the Willow river, Apple river, Yellow river, Nemaka
gon river, and the'Eau Claire river. 

Rock River System.-The Rock river occupies the southern half of 
11 depression that 'extends from Green Bay and Lake Winnebago south
west to the southern end of the state. The total drainage area of the' 
river, above the state line, is approximately 3,500 square miles, not in
eluding the valley of the Sugar river and Pecatonica river. The Rock 
river _valley has an extreme length of 85 miles and a width of 65 
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miles. The headwaters of the Rock rise at an elevation of about 950 
feet. The average fall of the river, between Horicon and the state 
line, is only a little over one foot to the mile. The principal tribu
taries of the Rock river are the Bark river, Crawfish river, Yahara 
river, and the Sugar and Pecatonica rivers, the latter two of whitlh 
flow into the Rock river below the state line. 

Lake Michigan Drainage.-The principal rivers flowing into Lake 
Michigan are the Menominee river and the Milwaukee river, flowing 
into Lake Michigan at Milwaukee, the Sheboygan river, flowing into the 
lake at ,Sheboygan, and the Manitowoc river, entering at Manitowoc. 

Lake Superior Drainage.-The prmcipal rivers flowing into Lake 
Superior are the Montreal river, Bad river, White river,. Iron river{ 
Brule river, Amnicon river, and the Nemadji river. 

Great Lakes.-Two of the Great Lakes, Michigan and Superior, lie 
respectively on the eastern and northern boundaries of the state. These 
lakes are so large that they materially effect the climatic conditions, not 
only greatly moderating the climate within 10 or 15 miles of the lake, 
but also directly and indirectly influencing weather conditions over 
much larger portions of the state. 

r nland Lakes.-Besides the two Great Lakes, Michigan and Superior, 
that lie respectively on the' eastern and northern boundaries, there are 
over a thousand inland lakes in Wisconsin, that profoundly affect the 
the general water supply conditions of the state. In most instances 
these lakes occupy basins left in the irregular surface of the glacial 
deposits. 

Lake Winnebago, the largest of the inland lakes, lies in the Fox 
river valley, and has an area of about 200 square miles. Other impor
tant lakes in the Fox river system are Lake Big Buttes des Morts, Lake 
Puckaway, Green Lake, and Rush Lake; and on the W 01£ river are 
Lake Poygan and Lake Shawano. Lake Noque Bay is an important 
lake drained by one of the tributaries of the Menominee river. 

In the Rock river valley are Beaver Lake, Lake Koshkonong, Lake 
Mendota, and Lake Monona. 

At the headwaters of the Wisconsin river are many lakes, chief 
among which may be mentioned Lac Vieux Desert, Pelican Lake, Toma
hawk Lake, Fence Lake, Plum Lake, and Trout Lake. 
, At the source of the Chippewa river system are the numerous large 
lakes at the head of the Flambeau river in Iron and Vilas counties, Lac 
Court 0 'Reille on the Chippewa proper, and such large lakes on the 
Red Cedar as Lake Chetek, Red Cedar Lake, Long Lake, and Bear 
Lake. 

2-W. s. 
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The St. Croix river system drains many lakes in Northwestern 'Wis
consin, a few of which are Lake Nemakagon, Lake Owen, Upper St. 
Croix Lake, Clam Lake, YeHow Lake; Spooner Lake, Summit Lake, 
Bone Lake, and Sucker Ilake. 

·Lake Pepin, an expansion of the Mississippi river, and Lake St. Croix 
an expansion of thy St. Croix river at Hudson are important lakes on 
the western border of the state. For a condensed statement concerning 
the areas and depths of the inland lakes, see the tables, pages 208~20!1. 

Marshes.-Much the same agencies that produced most of the in
land lakes caused the extensive marshy and swampy tracts that oc
cur in the eastern and northern 'parts of the state. In many counties 
there is less than one per cent marsh land, but in one or two counties 
30 to 40 per cent is marsh and swamp land. Probably 10 or 15 per 
cent of the entire state should be classed as wet marsh land. Much 
has already been done to reclaim these wet lands, and net works of 
drainage ditches have so reduced the water level in some of these that 
they are now annually plowed. Only a small percentage of the marsh 
lands, however, have been drained. 

RAINFALL. 

Intimately associated with the geological outcrop, as a factor in de
termining the amount of water supplies, is the amount of precipita
tion, or rainfall, that the area annually receives, and its distribution 
through the various seasons of the year. If the precipitation is uni
formly distributed throughout the year a much larger proportion will 
be absorbed than if it all falls within a few months. In the latter case 
the per cent of run-off will be greatly increased, and the per cent ab
sorbed as phreatic water will be considerably less. The difference 'be
tween run-off and phreatic water is still greater if most of the precipi
tation occurs during the winter season when the ground is frozen, as the 
amount of water that the strata or outcrop may then take in, is consid
erably reduced. For these and similar reasons, the essential factor is 
not the total precipitation alone, but its seasonal distribution. 

The annual precipitation in Wisconsin usually ranges between 25 
and 35 inches, the average being not far above 31 inches. In the fol. 
lowing table (Table 1) is shown the mean monthly and mean annual 
precipitation at 12 Weather Bureau stations located in various parts of 
the State 
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TABT,E I-Jfonthlyand annual precipit'ltion in inches for various Wisconsin 
station .•. 
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28. 66 
32. 13 
32. 96 
33. 05 
32. 65 
31 07 
31. 31 
30. 59 
31. 25 
32. 71 
30. 18 
31. 19 

31. 43 

From this table, it may be seen, that for the six months, April to 
September inclusive, a little over 65 per cent of the annual fall is reg-' 
istered, while for the six months of winter, less than 35 per cent of the 
precipitation is registered. The amount falling in December, J anu
ary and February is less than 14 per cent of the annual. A consider
able part of the precipitation of central and northern 'Wisconsin falls 
in the form of snow. The amount of water falling annually as snow 
generally varies between two and ten inches, the average for northern 
Wisconsin being six or seven inches, and for southern 'Wisconsin two or 
three inches. 

The extreme conditions for precipitation as above stated are impor
tant factors to take into consideration in studying the various influ
ences affecting water supplies. At :Madison, in the last forty-five 
years, the extreme variations in the total annual rainfall have been, 
from a minimum of 13 inches to q, maximum of 52 inches, the minimum 
being only 25 per cent of the maximum. (See Fig. 1.) 

As a general rule, however, the minimum rainfall is about 50 per 
cent of the maximum in the upper Mississippi yalley, 

TEMPERATURE. 

The temperature conditions that pre'mil in any region, are closely 
associated with and intimately related to precipitation, as influences on 
the amount of water absorbed by strata. The mean annual tempera
ture ranges from about 47° F., in southern "'iseonsin, to about 40° F., 
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in the northern part, along the divide south of Lake Superior. The 
mean temperature for the winter months is about 120 to 300 F., and 
for the summer months, between 600 and 70 0 F. The extreme tem
peratures range from -300 to' -500 in winter to over 1000~., in sum
mer. 

Temperature has its most marked effect on the relation of precipita
tion to run-off. This is especially true in the freezing weather of the 
winter months. Ordinary ground, even though pervious and unsatur
ated, may be rendered impervious by surface freezing and thus per- ' 
'mit a rapid flow of the rainfall into streams. On the other hand, in 

IJ'ig. 1.~Diagram illustrating the fluctuation of the annual rainfall in Inches at Madl· 
son, Wis .• from 1869 to 1913. ' 

regions of heavy snow fall, as in northern Wisconsin, the soil remains 
unfrozen during winter and the conditions of ab~orptiQn and stream 
flow are rendered more uniform. . 

EVAPORATION. 

The evaporation of the rainfall is more important, though far less 
conspicuous, than 'other methods of removal. The amount evaported 
depends upon climatie conditions, maiilly temperature and dryness of 
the air, amount of vegetation and water surface, and commonly amounts 
to one-half, or more, of the total water falling as rain in a locality or 
district. 

RUN-OFF. 

The amount of rain that is removed as run-off, or surface drainage, 
is partly dependent on evaporation and partly on the nature of the' 
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rock material and the slope of the land on which the rain falls. The 
percentage of run-off to rainfall in Wisconsin as stated by Prof. D. W. 
Mead1 is sometimes as low as 16 per cent and sometimes as high as 7(} 
per cent. Prof. Mead states that, as a general rule, the rivers of Wis
consin may be divided into two groups-one group, which includes the 
Menominee, Peshtigo, Wisconsin, Chippewa and Flambeau (rivers 
which rise in the granitic highlands of the state), 'average about 55 per 
cent run-off; the other group, which includes the Rock, and Fox, (rivers 
which originate on territory underlaid by later' geological deposits) 
averages about 27 per cent run-off. (See Table 2.) The departure 
in each group from the average conditions may be regarded as the 

. measure of the effect of other factors besides quantity of precipitation 
in affecting run-off. 

TABLE 2.-S1towing mean annual l'airifall and l'unolr, and the percentage of 
J'unoff·· 

lUver. 

Wisconsin ........................... . 
Peshtigo ............................. . 
Chippewa ......................... : .. 
Flambeau ............................ . 
St. Croix ............................ . 

~g§~~~~~~: ::::::::: ::: ::::: ::: :::: ::\ 

Years. 

1903-1908 
1907-1908 
1904-1908 
1903-1904 
1902-1909 
1903-1907 
1904~ -1908 
1897-1906 

:\Iean 

'1 
Rainfall 

lnches. 

33.71 
24.96 
32.54 
39.29 
31.28 
32.83 
32.20 
32.58 

Mean Runoff in per 
Runoff Cent of Rain-
IlJche~. fall. 

----

21.82 64.8 
11.02 43.2 
16.16 49.6 
19.07 48.5-
9.51 30.'1. 

17 .54 53.4 
6.84 21.2 
7.97 24.5 

The run-off in percentage of rainfall of the Chippewa river and the· 
Fox river is shown in the following table: 

TABLE 3.--Annual l'elation of l'ainfall and runoff' on tlte Fox River. 

Year. 

1897 .................................................. .. 
1898 .................................................. .. 
1899 .................................................. .. 
1900 .................................................. .. 
1901. ................................................. .. 
1902 .................................................. .. 
1903 .................................................. .. 
1904 .................................................. .. 
1905 ................................................... . 
1!lO6 ................................................... . 
1907 ................................................... . 

Rainfall 
Inches. 

26.08 
26.15 
29.74 
36.76 
30.27 
30.50 
38.75 
25.31 
36.87 
36.36 
32.62 

Runoff 
Inches. 

6.04 
5.47 
6.26 
6.70 
8.07 
6.66 
9.00 
9.27 

n.D7 
10.81 
10.48 

IRunoff in Per' 
Cent of Rain

fall. 

23.2 
20.9 
21.1 
18.2 
26.7 
21.8 
24.1 
26.2 
32:3 
29.8 
32.1 

J Flow of Streams and Factors that modify it in Wisconsin, Bulletin, Uni
versity of Wis., No. 425., p. 125. 
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TABLE 3. Annual relation of rainfall and runoff on the Oltippdwa River.-~Continued 

Year. 

1903 .................................................. .. 
1904 .................................................. .. 

mt ~ ~ ~~ ~ ~ ~~ ~ ~ ~:~ ~ ~~ ~ ~ ~~ ~ ~ ~~~ ~ ~~ ~ ~ ~~ ~.~ ~~ ~ ~ ~~ ~ ~~~ ~ ~ ~~ ~ ~ ~l 
ABSORPTION. 

Rainfall 
Inches 

37.97 ' 
35.86 
36.95 
31.80 
23.36 
29.31 

Runoff 
Inches 

21.07 
16.83 
17.62 
16.55 
H.27 
10.63 

Runoff in Per 
Cent of Rain

fall 

·55.6 
47.0 
47.7 
52.0 
61.0 
36.3 

A part of the rainfall sinks into the ground, and becames ground
water. The pores and :fi·ssures in the surface deposits and through the 
underlying rocks become saturated below a certain level, known as the 
groundwater level, or the groundwater table. The groundwater, after 
sinkIng below the surface, mainly moves downward to the ground
water level, below which all the pores in the rocks are filled. After 
it reaches the groundwater l;evel, it flows mainly in a lateral direction 
in conformity with the dip of the rocks and the general trend of. the 
surface drainage. 

The amount of rain absorbed by the soil and rock depends upon the 
porous character of the soil and of the underlying rock formation, and 
varies considerably in different parts of the state and within different 
drainage systems. 

The mechanical analyses of soils on page 23 illustrates the size of 
grain of the soil from which the size of pore space and capaeity of the 
flow of water through such soils can be readily determined. The sand 
or sandy loam soils, consisting largely of coarse and fine sand, with 

. ,relatively large pore-space, absorb the rainfall much more freely than 
the clay loams and clay soils, which consist largely of fine silt and clay 
particles, with only minute pore spaces between the soil particles. 

AGRICULTUR.AL AND FOREST CONDITIONS. 

Soils.-The soils of Wisconsin vary from light sandy soils to heavy 
day soils. Most of the farm lands are characterized, however, by me
dium phases of sandy loams and clay loams. The heaviest clay soils 
are the red lacustrine clays that lie along the shores of Lake Superior, 
Lake Michigan, and Green Bay, and up the valleys of the Fox river, as 
well as to a limited extent over the limestone uplands in the eastern 
part of the state. The sandy loam soils occur over a large part of 
northern and central Wisconsin. 

The loams that predominate over most parts of the state are rich. 
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fertile soils and are mainly of glacial or loessial origin. The soils in 
general are fertile, and are not subjected to conditions of erosion, be
cause of the favorable conditions of gentle slope and the general open 
physical texture of the soil. 

The following mechanical analyses of various types of soils, made by 
the U. S. Bureau of Soils, are compiled to show the approximate range 
in physical texture of the various common soils in the state. 

TABLE 4 .-Mechanical analyses oj typical soils of Wisconsin. 

'08 '0 '0 
" 0;8 """ - """ B8 ~8 "", '00 (I.e: ." General location Geological ~8 "''''' 

'.11.0 
"0 0;0 ,,,8 0 

80 ~£ . ~8 "arne of Soil in Wisconsin character ;..-i q;;o 
~ .... ~- . ~J.t:) 

<v,2 ~E .~"" 8 CD~S 0,.., 8 og 0,8 
3", 'alo8 .;:oE '" 'S ... ~o 0 .... >0 :;::::0 

""' 
0 :g 

""' m 0 
------- ------ .----~----- -- -- --- ----

Pr.ct Pr.ct Pr.ct Pr.ct Pr.ct Pr.ct Pr.ct 
Plainfield sand ... Central and nor- Alluvial.. ...... 0.5 17.8 30.9 33.9 5.8 6.5 4.5 

thern. 
Plainfield sandy Cent"al and nor- Alluvial.. ...... 0.1 25.5 23.6 16.5 ~ .0 22.6 9.1 

loam. thern. 
Boone fine sandy Western and Residual on 0.2 5.9 13.5 54.9 5.8 14.7 5.1 

loam, bouthern. sand stone. 
Chelsea (Coloma) Northern ........ Granitic glaci'l 0.1 5.7 4.0 4.0 19.4 53.6 12.8 

loam, drift. 
Colby silt loam ... Northern ........ Granitic glaci'l 0.1 3.2 4.0 3.6 12.6 61.9 13,6 

drift. I 
Knox silt loam ... Western and Loess .......... 0.1 0.6 0.5 1.2 5.3 80.8 11.6 

s(luthern ....... 
0.9 I Miami fine sandy Eastern and Limestone gla- 5.9 9.4 24.6 18.5 33.1 7.4 

loam. southern. cial d ,·ift. 
4.0 I Miami clay loam. Eastern and Limestone gla- 0.8 4.0 11.5 12.4 43.2 23.2 

southern. cial drift. 

5.4 \ 
Superior clay ..... Adjacent to Lacustrine .•... 0.2 1.1 I 1.5 5,.3 28.6 58.2 

Great Lakes. I 

Besides these soils there are muck and peat soils, occupying bottom 
lands and marshes. Muck and peat consists of much organic matter, 
in the form of partially decayed vegetation, with which is mixed a var
iable amount -of sand, silt and clay. 

The clqlacity of the soils to absorb and transmit water, depends di
rectly upon the size and amount of the pore spaces of the soils, as de
term~ned by the size of the grains. The coarse sand soils absorb and 
transmit water much more rapidly than the fine clay soils. However, 
the fine clay soils generally possess a larger total pore space than the 
sand soils and therefore are capable of holding a larger amount of 
water. Most of the rain that falls upon sandy soils, whether hilly or 
level, is immediately absorbed, readily transmitt~d downward to the 
water level, and thence moves off laterally and seeps out of the ground 
along the banks of rivers and streams and along the borders of marshes 
and lakes. Most of the rain, however,' that falls on the clay soils, espe
cially if the clay lies on slopes and the rains are hea'Y, can be absorbed 
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only slowly, and is removed as surface run-off, and thus, almost immedi
ately, reaches the streams and rivers. 

Vegp.tation.-The native vegetation, originally developed over .most 
p~rts of the state, consisted of mixed hardwoods and pine forests in the 
central and northern part, and a somewhat lighter growth of hard
woods in the southern part. Light forest growth, so-called" prairies, " 
occurred in the southern and central counties only to a limited extent. 

Agriculture.-The principal agricultural industries are grain rais
ing and dairyng. Oats, barley, rye, and wheat are the priTlCipal small 
grains. Corn is raised, mainly, only in the southern and western. 
parts of the state. Dairying and stock raising are important indus
tries over the entire state. Such special crops as tobacco, potatoes, 
sugar beets, and peas are also very important crops in certain parts of 
the state. 

The daily consumption of water by different crops at the average 
maximum development during the growing season is shown by the fol
low~ng: 

Amount of Water Daily Required for Different Crops. 

Meadow grass ............................... 0.122 inches of water. 
Oats ........................................ 0.140 inches of water. 
Corn .............. .' ........................ 0.140 inches of water. 

There appears to be no close agreement in statements regarding the 
transpiration of forests. Some statements are to the effect that trees. 
consume much more water than agricultural crops, and others that trees 
consume only from GO to 100 per cent that of erops. 

POPULATION. 

The population of Wisconsin, as determined by the U. S. Census in 
1910, was 2,333,920, an average of about 43 inhabitants to the square 
mile. The average distribution of the population, however, is irregular. 

In Sawyer county, settlement is least dense, there being but 4.6 people 
to the square mile, while in Milwaukee county the average is 1,856 to
the square mile. The high average in the latter county is due, of course, 
to the large city of Milwaukee, which has a population of 373,857 in 
1910. 

The population throughout the well settled counties, in the southern 
half of the state, is rather evenly distributed, and is approximately 6() 
people to the square mile. . 
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GEOLOGY. 

The indurated or hard rock formations of 'Wisconsin range in age 
from the Pre-Cambrian to the Devonian. The formations between the 
Devonian and the Pleistocene, or Glacial, are not represented, although 
certain high-level gravels have been interpreted as possibly of Tertiary 
age. The Pleistocene, or Glacial period, however, is represented over 
most of the state by a superficial mantle of glacial drift, except in the 
driftless area of about 10,000 square miles, located in the central and 
southwestern parts of the state. 

OUTLINE OF THE GEOLOGIC HISTORY. 

The geologic history of -Wisconsin, represented by the rock forma
tions, falls into three great period~ which are widely separated from 
one another. The first, or earliest period, is the Pre-Cambrian; the sec
ond, is the Paleozoic; and the third, is the Pleistocene, or Glacial. The 
various geological formations of Wisconsin, and their relative position 
in the complete geological series, is shown in the following table, 
Plate II. 

The earliest, or Pre-Cambrian period, or era, is the oldest period rec
ognized in geology, and the various formations deposited in this period, 
represent portions of the oldest land areas in existence. The forma
tions are both sedimentary and igneous in origin. The sedimentary for
mations, n:ow greatly metamorphosed, were originally deposited as sand
stones (now metamorphosed to quartzite), clays (now metamorphosed 
to shales and slates), limestones (now metamorphosed to marble), and 
iron deposits (now metamorphosed to iron ore formations). The vari
ous igneous formations are such rocks as granite, trap, and porphyry, 
of both plutonic and volcanic origin. (Near the close of the Pre-Cam
brian, during the long period of the Keweenawan, extensive deposits 
of probable glacial drift and other land deposits were laid down in close 
association with volcanic extrusions.) The various Pre-Cambrian for
mations are themselves widely separated in age and are divided into 
distinct series or groups, such as the Kewatin, Laurentian, and the twu 
or three series of the Huronian, and the Keweenawan. 

The Pre-Cambrian was characterized by such activities as thl'! deposi
tion of sedimentary rocks, -the intrusion of volcanic rock, and the up
heaval and folding of the strata into mountain ranges. 

Before the beginning of the Paleozic age, a long period prevailed, oc-
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cupied mainly by sub-aerial erosion; and, as a result, the Pre-Cambrian 
land was reduced by erosion from a mountainous region to one of com
paratively gentle slope (a peneplain of erosion). In the general base
leveling of the Pre-Cambrian, only the hardest and most resistant for
mations were left as remnants projecting above the plain. These pro
jections (Monadnocks) of the Pre-Cambrian are characteristic features 
of Wisconsin topography, and are illustrated by such well known ex
amples as the Baraboo Bluffs, the Rib Hill and associated group of 
quartzite mounds in Marathon and \Vood counties, Flambeau Ridge, 
the Penokee Range, and the various mounds of granite and porphyry 
in the Fox river valley. 

After the Pre-Cambrian had been base-leveled, the waters of the 
early Paleozoic era encroached upon the land and approximately hori
zontal beds of sandstone and limestone were deposited. The earliest 
Paleozoic formation (excluding certain beds of sandstone which are 
grouped with the Keweenawan) is the Upper Cambrian (Potsdam) 
sandstone. The deposition of the Upper Cambrian was followed by the 
successive depositions of the Oneota and Shakopee (Lower Magnesian) 
limestone, the St. Peter. sandstone, the Galena-Platteville limestone, the 
Cincinnati shale, the Niagara limestone, and some Devonian shale and 
limestone. Most if not all of these formations are marine deposits and 
contain marine fossils. 

It is probable that some of the earlier formations, such as the Upper 
Cambrian (Potsdam), may have extended over the entire area of the 
Pre-Cambrian; but if so, they were entirely removed from it in north
ern \Visconsin. The later formations (see the geologic map, Plate I), 
such as the Niagara limestone and the Cincinnati shale, occur only in 
the eastern part of the state and in occasional mounds in the south
western part. 

The later part of the Paleozoic era, the whole of the Mesozoic era, 
and most of the Cenozoic era are not represented by geologic forma
tions in Wisconsin. There are no records, therefore, of the geologic 
history of these periods in the state, the time being apparently repre
sented by sub-aerial erosion. 

The Quaternary, or Pleistocene period, the latest of the Cenozoic era 
is well represented in Wisconsin by extensive deposits of glacial drift, 
alluvial deposits, and loess. These deposits overlie the uneven and 
deeply eroded surface of the older indurated formations, and represent 
the activities of several distinct and separate invasions of continental 
ice sheets, the extensive deposition by water of alluvial and lacustrine 
formations in the valleys and lowlands, and the deposits of loess made 
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Era System Series Formation Character and original thickness 

- ----------------------------------------
Wisconsin driCt Stony clay and sand, moraines and outwash ; 0 to 200 feet. 

U D.Der Pleistocene 
Early Wisconsin drltt Stony clay and sand. gravels; 0 to 50 feet. 

Loess depoSits Fine sand and silt ; 0 to 10 fect. 
-

0 Pleistocene 
<5 

Iowan and Ililnoian drift Stony clay and sand; &,ravels; 0 to 50 feet . 

" 0 Middle Plelstoce n 
'" ~ 

e Alluvial and LacustrIne Clay, sand and gravel; In valleys and lake Lasin!; o to 300 feet. depoSits 
C 

Lower Plelstoee n 
j Kansan drift Stony clay and sand; o to 200 teet. 

e - --_._------
Pre-Kt.nsan drift Bouldel's and grav~l; very thin . 

-------- -----
i:! ~ Miocene 
..!. I Plioce ne 
., ~ Oligocene Not reDresen ted n Wllconsln . 

Eo< Eocene ._--
00 
w~ 

Oretaceous 
Comanchean 1'l0 Not reDresented ;a" Jurassic n Wlliconsln. 
Triassic 

----- - - ---
. .!. I Permian ,,~ ------
~ ~ ~nnlYlvanlan Not represented i n Wisconsin. 

0.... MiSSissippian 
--------- ----
Devonian Middle Devonian 
------- - --- -

Ca.,' ugan 

Silurian Niagaran 

--- . 
Cincinnatian 

- ---- -
0 

0 
" 0 
01 .., 
-< 

Po< 

Ordovician 

(Canadian) 

(Ozarklan) 
-------

Cambrian 

"Trenton" 

" Lower Magnesl a 

Upper Cambrian 
(Potsdam 01' S 
Croixan) 

Middle Cambrian 
-

Lower Cambrian 

n" 

t. 

------1-------

c ._ 

an Upper Keweenaw 
(Lake Superior 
Sandstone) 

-
I 

~ Keweenawan 

o .~ ~ Middle Keweenaw :5 .0 0 
an 

" 8::! an 

Milwaukee (HamiltOn) lIIal(nesian limestone and shale: 0 to 138 feet. 

Wt.ubakee Shaly limestone; 0 to 30 feet. 

Guelph 
RaCine i Coral beds lIard magnesian limestone : nearly pure dolomite; total maximum thick-
Waukesha ness 700 feet. usual thickness 250 to 500 feet. 
Mayville Byron beds. 

- ---------
Clinton Shale and Iron ore; 0 to 60 feet. 

Richmond Blne and green shale; 150 to 250 feet In southern Wis., 250 to 500 feet in 
lIIaquoketa norlheastRrn Wis. 

Galena Gray 01' buff magnesian limestone: 125 to 250 feet. 

Decorah Blue and green shale and dolomite; 20 to 50 feet. 

Platteville Blue and b uff limestone ; 20 to 60 fe~t. 

St. Peter White and yellow sandstone : 0 to 20~ teet. 

Shakopee Dolomite. often sandy and shaly : 0 to 100 teet. 

Oneota Dolomite, often sandy aDd cherty: 0 to 150 feet. 

Madison (Jordan) Whit" and yellowish sandstone : 20 to 50 teet. 

Mendota (:3t.Lawrence) Ye llowish sandstone, shaly and dolomit.lc; 40 to 60 t~et. 

F"anconla Sandstone, often glauconitic and shaly; 120 to 160 feet, 

Dresbach Coarse friable sandstone; 40 to 100 feet. 
--

Eau Claire Fille sandstone. often shaly: 200 to 250 feet. 

Mt. Simon Coar~e sandstone; 200 to 250 feet. 

r Not re.presented in Wisconsin. 

Chequamegon 1 
Devils [sland l Red and whit" sandstonp. above g~.ading down Into reddish sand.tone. 
Orienta 
Amnieon 
Eileen shaie;, and coarse conglomerates; estimated maximum thickness 22,000 
Freda I fect. 
Nonesuch 
Onter J 
Local names I Igneous rock,-gabbro. granite, porphry ; thickness vel:Y great. 

Local names Quartzite. sandstone, boulder conglomerate: 0 to 1,000 feet. 

or 1 Local names in the var- ) Mett.mol'phosed quartzites. slates. schists, dolomites and ,Iron forma-r ious districts. tions: thickness 6.000 feet In places. Igneous rocks,~graOlte. syenite, 
J J gabbro and porphyry. 

: ~ < _______ +_L_o_w_e_r_ K_e_w_e_e_n_a_w_ 

... J, Up.Der Hnronlan 
al ~ Anlmlkle 

Po< Huronian Middle Huronian 

Archean 

Lower Huronian 

Laurentian 

Kewatln 

r Loct.1 n \mes in the var- ~ '£he Kewatln. co,!slsts of Igneous schists with a few .edi~li'nts ; 

lOllS districts tl~~~t~~r:~n~~~:~~I~~teo~t~~ ~~~~~~~dt[~~; v~l~l J~:e~:~t~~Plex . 

GENERAL GEOLOGIC SECTION OF WISCONSIN. 

BULLETIN No. XXXV. PLA.TE II. 

I Water-bearing value. 

-------------------
Generally yields large supplies. 

Generally yield. moderate supplies. 

Not Important. 
-----
Yields modera~e supplies. 

Generally yields larll'e sUDplles from the sand and gravel. 

J Generally yields moderate sUPDlIes. 

Not ImDortant 

- - ------------------------

Yiel<ls only small sUPDlias. 

Yie lds only small sUPDlIes. 

Generally yields moderate sUPlllies. 

Not Important. 

Yields very little water. 

Yields mode "ate snpplies. 

Yields very s mall supplies . 

Yields only small lupplies . 

Yields large supplies. 

Yields small supplies . 

Yields moderate sUPlllles. 

Generall.v yields largp- supplies. 

Generall.1" yields moderate supplies. 

Yields large supplies. 

Yields lar&,e sUDPlles. 

Generally ~-Jelds moderate to large supplies. 
-
Yields large supplies. 

Locally yields small to moderateslJPDJles; water otten salty 

Yip-Ids very little water. 
----

Locally yields small supplies. 

Yields verY little water. 

Yields Tery little water. 
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by the wind, the latter being confined to the western part of the state, 
in the driftless and in the old drift regions. 

THE PRE-CAl\1BRIAN (OTHER THAX KEWEENAWAN). 

The rock formations of the Pre-Cambrian age occur at the surface, 
mainly, in the north central and the northern parts of the state. In 
ot1:er parts of the state, the Pre-Cambrian underlies the Paleozoic sand
stones and limestones. Isolated outliers of the Pre-Cambrian also are 
exposed within the area of the Paleozoic, in the southern part of the 
state, as illustrated by the Huronian quartzites of the Baraboo Bluffs 
and the granite and rhyolite knobs of the Fox river valley. 

The Pre-Cambrian formations consist principally of crystalline or ig
neous rocks, and highly metamorphosed shales, sandstones and lime
stones, such as slates, quartzites and marbles. The Lake Superior and 
Baraboo iron ores, and the copper-bearing rocks are Pre-Cambrian for· 
mations. These igneous and metamorphosed rocks, as above stated, have 
been folded in an intricate manner by mountain making forces. 

RELATIONS OF UNDERGROUND WATER TO THE PRE-CAMBRIAN. 

While the Pre-Cambrian formations differ in character, their influence 
is much the same on groundwater conditions. }Iost of these forma
tions are very fine-grained and close textured, so that very little water 
percolates through the rocks. Continuous crevices and channels are 
abundant, usually, only at the surface. As a general rule, no large 
amount of water, such as amounts needed for villages or cities, can be 
obtained from this source. In very exceptional cases, however, consid
erable water may be obtained, and in one or two instances, artesian 
flows are known to occur in the Pre-Cambrian. 

Aside from furnishing a sufficient supply for domestic use on" the 
farms in the northern part of the state where these formations consti
tute the surface rocks, the Pre-Cambrian crystalline formations exert 
an important influence on the underground water supply, as the rela
tively impervious basement controlling the abundant artesian flows in 
the southeastern, southern, and the southwestenl parts of the state. In 
in other words, the hard fine-grained Pre-Cambrian rocks, which are of 
minor importance when considered as aquifers, or water-bearing for
mations, serve admirably as impervious basements for the higher water 
horizons. 

As the Pre-Cambrian, lying deeply buried below the surface in the 
-eastern, southern and southwestern parts of the state, limits the depth 
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of the water-bearing horizons in those parts of the state, it is important 
to know the approximate depth of the Pre-Cambrian impervious base
ment in those regions. As a general rule, the greater the distance or 
any locality from the area of outcropping Pre-Cambrian of northern 
Wisconsin, the greater is. the depth of the Pre-Cambrian below the sur
face. The exceptions to this rule are the uneven surface features of the
Pre-Cambrian floor which may be caused by undulations in this floor' 
by folding, after the overlying formations were deposited upon it, or
to the unevenness in the surface of the floor due to unequal erosion, be
fore the overlying formations were deposited upon it. 

On the general geological map of the state, Plate I, is shown the ap-· 
proximate elevation of the Pre-Cambrian above or' below sea level, rep
resented by brown lines with the elevation indicated. In order to as
certain the approximate thickness of the water-bearing strata, in any' 
locality or county, a comparative study should be made of the map with 
the general elevation of the land surface as described under the surface
features of each county, and by comparison also with the geologic cross· 
sections for each county. The approxima,te elevations of the Pre-Cam-· 
brIan, where deeply overlain by later strata, has been calculated from 
/I. study of many deep well records and from general knowledge of the· 
thickness of the overlying strata at the outcrop. In the following table

. (Table 6), is shown the exact elevations of the Pre-Cambrian in vari
ous cities of the state, as determined by deep wells drilled down to the· 
Pre-Cambrian: 

TABLE 6.- Titble altO/oing elevation of tlte Pre- Oambrian in deep wells. 

Eastern Wisconsin. 

Marinette ........................................... .. 
Green Ray ................................. '''' ....... . 
Oshkosh .............................................. . 
I"ond du Lac ........................................ . 
Mount Calvary ....... , ............................. . 
Two Rivers ............... , .......................... . 
Milwaukee ................ , ...................... ","'j 

Southern Wisconsin. 

Portage ........ >0',' ........................... ' ....... . 

Madison ............................................ . 
Watertown ................. , .......................... . 

~~~t'T~;: ::::: :::::: :::: ::: ::::::::::: :::: :::::: ::::: 

Depth below Sur
face, in teet. 

917 
911 
680 

1,060 
1,17G 
1,800 

At least 2,100 

530 
750 

1,085 
1,087 
1,725 

Elevation above <+) 
or below (-) Sea 

Level, in feet. 

326-
311-
75+ 

300-
U6-

1,199-
A t least 1. 430-

288+ 
100+ 
262-
313-
865-
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We,tern Wisconsin. 

Dul·ano ............................................... . 
Hudson I, •••••••••••••••••••••••••••••• 1 ••••••••••••••••• ! 

Hasting,;, Minn.', .................................... . 
LaCrosse ............................................. . 
Richland Center ..................................... . 
BoscohE'I.. ............ : ............................... .. 

'Cassvillp .............................................. ; 
'Platteville ............................................ , 

"rhe Upper Cambrian at Hudson and lIastings probably re:-,ts on KewE'f'uawan sandstone 
.and shale. 

KEWEENA WAN SYSTEM 

The rocks described as Keweenawan in northern 'Visconsin appear to 
be referable to three divisions or groups. (1) Lower Keweenawan, con
:sisting mainly of conglomerate and quartzitic sandstone or shale, (2) 
Middle Keweenawan, consisting of diabase and gabbro in the form of 
;trap or volcanic flows, interstratified with beds of conglomerate, (3) 
Upper Keweenawan, consisting of conglomerate at the base overlain 
!by red sandstone and shale, known as the Lake Superior sandstone. On 
ihe geological map of the state, Plate I, the Keweenawan trap (2), and 
-the Lake Superior sandstone (3) are each shown as separate formations. 
'The Lower Keweenawan conglomerate and quartzite (1) are shown on 
-the map with the Huronian quartzite, as final conclusions concerning 
·correlation of certain quartzite areas, probably Lower Keweenawan, 
osuch as the Barron Quartzite, have not been reached. 

Relation of underground water to the Keweenawan rocks.-The char
.acter of the Keweenawan formation with respect to groundwater con
·ditions is very similar to that of the Huronian formation. This is espe
cially true of the ridges of Keweenawan trap rocks which appear at the 
-surface or immediately underlie the drift in portions of Polk, Burnett, 
Douglas, "Washburn, Bayfield, Ashland and Iron counties. 

The Lake Superior sandstone formation lying adjacent to Lake Sup
-erior, mainly in Douglas and Bayfield counties, contain numerous beds 
{)f shale, and the formations as a whole is relatively impervious. It is 
1.1sually a firm and well cemented rock, colored red or brown by iron 
{)xide. While this formation attains a thickness of several thousand 
feet it is unimportant as a source of water supply. 

While sufficient water for farm use can usually be obtained in thIs 
formation, the drift overlying the sandstone is very generally a much 
better source of water supply. Many of the deep wells that penetrate 
the sandstone in Ashland and Superior contain highly mineralized or 
brackish water and hence deep wells in this formation are generally ob
jectionable as a source of water supply. Howewr. wells that reach only 
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a few hundred feet into the sandstone, very generally, obtain good fresh 
water of either low or moderate mineral content. 

THE UPPER CAMBRIAN (POTSDAM) SANDSTONE 

The Upper Cambrian or St. Croixan (Potsdam) sandstone occurs in 
nearly horizontal beds and rests uncomformably upon the Huronian 
cry.stalline rocks and the Keweenawan trap. '1'he sandstone extends in 
a crescent-shaped area around the southeast, south, and southwest sides 
of the Pre-Cambrian. The narrow northeast horn of ,the sandstone 
crescent extends through Oconto and Marinette counties, and into Mich
igan, while the much broader northwest horn abuts upon the Keweena
wan trap along the St. Croix river, in Polk county. 

The Potsdam sandstone outcrops over a large area in central 'Vis con
sin and reaches a maximum north-south width of 100 miles or more, 
while at the northeast horn of the crescent, the width dwindles down 
to 10 and even 5 miles, leaving only a small exposure of sandstone be
tween the crystalline rocks and the later limestone formations. 

While the sandstone has usually been mapped as a single formation 
or group it really consists of several formations or groups each of which 
possess a fairly distinct lithologic and faunal character. It was only 
in certain parts of southern and eastern Wisconsin that certain hori
zons, such as the Madison and the Mendota beds were recognized and 
mapped, 'by Irving and Chamberlin, of the former State Geological 
Survey,' 1874 to 1881. 

During the past season of 1913-1914, Dr. E. O. Ulrich of the U. S. 
Geological Survey, in cooperation with the present State Smvey, has 
been investigating all the Wisconsin formations, from the Uppu Cam
brian to the Devonian, for the purposes of correlating the seV2: a1 for
mations within the various parts of the state as well as with fOl'mations 
of similar age outside the state. 

In a recent paper by C. D. "\Valcott,2 a provisional classification of 
the pre-Ordovician formations of the Upper Mississippi valley was 
suggested by E. O. Ulrich which had been based on the short field 
study of 1913. From additional investigations carried on in 1914, it 
is evident that certain changes in the provisional classification will 
have to be made before the final conclusions concerning the thickness, 
character and correlation of the several formations below the Lower 
Magnesian dolomites can be reached. 

1 Atlas of the Geol. Survey of Wis. Plates XIII and XIV. 
2 Smithsonian Institution Collections, Vol. 57, No. 13, p. 354, 1914. 
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On the geologic map of the state, Plate I, the various formations of 
the Dower Magnesian and the Upper Cambrian "Potsdam" are re
ferred to in the legend. As these names of formations are likely to be 
used to a considerable extent.in subsequent geologic reports of the 
state, it seems advisable to present in the table, Plate II, the provi
sional or tentative classification of these Lower Magnesian and Upper 
Cambrian formations at the present time, with the understanding that 
changes are likely to be required in this classification as the several for
mations arc later studied in detail. 

In the legend on the geological map, Plate I, the Mendota and Madi
son formations are described as overlying the Jordan and St. Lawrence 
formations. However, the formerly accepted correlation of the Madi
son as essentially equivalent to the Jordan, and the Mendota as essen
tially equivalent to the St. Lawrence, is probably the correct interpre
tation, a·s is indicated in the general geologic section, Plate II. 

On the ·geological map of the state accompanying the present work 
on the water supplies, Plate I, the Upper Cambrian or "Potsdam" 
sandstone group includes all beds below the Oneota dolomite, and the 
Lower Magnesian group includes the two formations, the Oneota and 
the Shakopee dolomites as these two formations have not yet been 
mapped separately in the field. 

Much of the Potsdam sandstone where it forms the surface rock has 
been eroded, and in places entirely removed, so that the present area of 
outcrop, which is about 15,000 square miles, is much smaller than the 
original extent of the formation. These conclusions are supported by 
evidence of the occurrence of numerous Potsdam outliers found far out 
in the crystalline area. 

Thickness.-The thickness of the Potsdam sandstone on account of 
erosion varies greatly. From very thin eroded deposits along its con
tact with the much older crystalline rocks, the thickness increases, a~ 
the distance i:ricreases from the crystalline area. 

As estimated by Chamberlin, the average original thickness in east
ern and western '\Visconsin is between 700 and 800 feet, the usual 
maximum thickness being about 1,000 feet. In southwestern Wiscon
sin, however, a maximum thickness of over 1200 feet is reached. In 
northeastern Wisconsin, the average thickness is between 400 and 500 
feet. The thickness of the sandstone and its characteristics, as illus
trated by well records at various places, may best be obtained from the 
individual well records described later, under the county descriptions. 

Underground Wa,ter Conditions.-The Potsdam sandstone is usually 
poorly cemented and is unconsolidated and varies from a coarse gran-
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ular rock to one which is exceedingly fine-grained. Although, as a rule, 
it is so soft as to crumble in the hands under slight pressure, in a few 
places, the rock is so firmly cemented by silica or calcium carbonate that 
it is suitable for use as a building stone. The beds of shaley sandstone 
vary in thickness from a few feet to over 150 feet. 

The pore space between grains of sand in the sandstone, generally 
comprise 25 to 35 per cent of the rock, in both the pure sandstone and 
in the shaley sandstone beds. The size of the pores, however, are very 
much largp,r in the pure sandstone than in the shaley beds, hence the 
water-bearing capacity and ease of transmission of 'water is much 
greater in the coarse beds. The relatively impervious shale zones divide 
the sandstone into several water horizons. Although not everywhere 
continuous, these shales extend over large areas and influence the 
various heads to which the artesian water will rise in wells drilled into 
the sandstone within its outcrop area. 

Flowing artesian wells are found at various places, as at Sparta, Ar
cadia, Whitehall, Menomonie, Durand, Elroy, Reedsburg and Baraboo. 
Conditions for flowing artesian wells are by no means confined to the 
outcrop area of the formation, but extend throughout the state where 
the sandstone is covered by many feet of later formations. 

In a few places, the water from some of the horizons has a reddish 
color, and is unfit for drinking purposes. In most cases, it is not very 
difficult to drill through such horizons and shut off this unfit sup
ply by proper casing. In some localities, wells end in the upper or 
middle horizons of the Potsdam sandstone in order to avoid the waters 
highly impregnated with iron which are occasionally found in the low~r 
horizons of this formation. 

LOWER MAGNESIAN LIMESTONES 

Lying on the Madison or Jordan· sandstone, is a group of siliceous 
dolomitic beds, the Lower Magnesian limestones. It corresponds in 
part to the calciferous sand rock of Michigan, and essentially to the 
combined Oneota and Shakopee dolomites of Iowa and Minnesota. (See 
above classification in the geologic section PI. II). 

These formations of dolomite form a band on the convex side of the 
Potsdam sandstone. 'Their outcrop has a varying width from 10 or 15 
miles in the northeastern p.art of the state to 40 or 50 miles in the south
western part and extends northward along the western part of the state 
as far as ·Polkcounty. 

Thickness.-In some localities, the dolomite beds of these formations 
are entirely lacking. At such places, the well records, as usually stated, 
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show the passage of beds directly from the overlying St. Peter sand
stone into the underlying Potsdam sandstone. In such cases there is 
a great thickness of St. Peter sandstone that occupies the usual horizon 
of the Lower Magnesian formations. The thickness of the Lower Mag
nesian varies greatly, but is usually between 150 and 250 ·feet. The 
variation in thickness of the Lower Magnesian and in content of sand
stone beds is sometimes very marked. 

Underground WaterConditions.-The Lower Magnesian is largely 
. dolomitic limestone, but it also contains varying amounts of . siliceous 
material in the form of scattered and aggregated quartz crystals and 
beds of flint or chert nodules and variously shaped masses. Beds of 
sandstone, also of local extent and sometimes of oolitic structure, are 
distributed rather irregularly throughout the formation. The presence 
of sandstone toward the base, makes it often difficult, if not impossible, 
to distinguish this formation in wells from the nearly conformable un
derlying Potsdam sandstone though a considerable break in sedimenta
tion occurs between. The passage of water through the limestone is 
greatly aided by systems of joints and fissures, both transverse and 
oblique to the bedding planes . 

. The close association of the Lower Magnesian formations of dolomite 
with the thick Potsdam sandstone below and with the St. Peter sand
stone of quite variable thickness above, makes it difficult and usually 
impractical to consider them separately with respect to ~rtesian condi
tions where overlain by the thick later formations in eastern Wiscon
sin. While there is usually an increase in artesian head in passing' 
down from the St. Peter through the Lower Magnesian to the base of 
the Potsdam, there are many exceptions to the rule, on account .of the 

, irregularity in character and thickness of the Lower Magnesian and 
St. Peter formations. 

ST. PETER SANDSTONE 

The St. Peter sandstone lies on the eroded and somewhat uneven sur
face of the Lower Magnesian limestone formation. .Along its contact 
with the underlying limestone beds, is more or less calcareous matter, 
derived from the formations below. At the base, a little ferruginous 
and clay material often mingles with the sand and calcareous fu~i
ents, and forms a variegated rock, not unlike the colored shales of the 
Potsdam. In the upper part of the horizon, usually occurs another 
shaly seam, very thin and mixed with clay material, upon which rests 
the· Trenton limestone. Usually, however the transition beds are thin 
and abrUpt.· . 

3-W. S. 
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The formation fringes the convex side of the Lower Magnesian lime
stone (see the geologic map, PI. 1.). It extends under the later forma
tions and underlies the southeastern part of the state, both east and 
south of its outcrop area. The outcrop has been traced from Marinette 
county on the east, to Vernon county on the west side of the state. Small 
outliers are also found in Pierce and St. Croix counties, in the northwest 
part of the state, near the junction of the St. Croix and the Mississippi 
rivers. In eastern Wisconsin, its outcrop is very narrow, but it widens 
around the south end of the crescent, and in the vicinity of Jefferson, 
Edgerton, and Albany becomes rather extensive. 

Thickness.-The thickness of the St. Peter sandstone is very irregll" 
lar, the usual thickness ranging from 20 feet to 60 or 80 feet. The 
formation becomes somewhat thinner toward the northeast and prob
ably does not extend very far into the northern peninsula of Michigan. 
In many places, where the St. Peter sandstone rests directly upon sand
stone beds of the Lower Magnesian or the underlying Potsdam, it is im
possible to ascertain; in well records, the exact thickness of the St . 

. Peter. Even where the Lower :Magnesian limestone beds are present 
the thickness of the St. Peter apparently varies greatly. 

While the thickness of the St. Peter sandstone and of the underlying 
Lower Magnesian formation of dolomite is usually very irregular, on 
account of the erosion interval between them, their combined thickness 
is usually quite uniform. Where the St. Peter formation is very thick 
the Lower Magnesian formation is very thin, and where the former is 
thin, the latter is thick. Hence, in stating the approximate thickness 
of geologic strata in each county, the combined thickness of the St. 
Peter and Lower Magnesium is usually given as 200 to 250 feet, with the 
understanding that over such a large area as a county the combined 
thickness will represent quite variable thicknesses of each formation. 

U ndergr01lnd Water Conditions.-The St. Peter sandstone is usually 
composed almost exclusively of well-rounded quartz grains of medium 
sizes, in places very coarrse and porous. It is weakly cemented by thin 
coatings of iron oxide and calcium carbonate, is porous and incoherent, 
and is usually not compact enough to allow handling without crumbling. 
However, in certain localities, the rock is hard and compact, as at Red 
R-ock, Lafayette county, where the St. Peter sandstone is used for build
ing, purposes. The color is chiefly white, varied with yellow, bluish, 
and gray. 

The sandstone is somewhat broken and fissured, both transverse and 
oblique to the bedding. These fissures and the coarse porous nature of 
the sandstone make it an excellent water-bearing horizon, and in the 
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eastern and southern part of the state, it frequently furnishes artesial1 
water, and numerous flowing wells. 

As referred to in the above description of the Lower Magnesian dolo
mites, the Upper Cambrian sandstones, the Lower Magnesian dolomites 
and the St. Peter sandst(me, where overlain by the later thick forma
tiolls of dolomites and shales in the southern and eastern parts of th~ 
state cannot easily be considered separately in deep wells with respect 
to their artesian supplies, and for this reason the entire thiekness of 
these sandstone and dolomite beds are conveniently referred to as a 
unit, or single group, in their relation to deep artesian supplies. 

GALENA-PLATTEVILLE (TRENTON) LIMESTONES 

The Galena-Platteville limestones consists of two well-defined mem
. bers, both dolomitic limestones. The lower member, the Platteville, 
. however, contains some pure limestones. In a consider!1ble portion of the 
state, the Platteville and the Galena have not been mapped separately. 
and hence are shown by the came color on the accompanying geological 
map, and t,hcy will therelore, be treated as one formation in this report. 
In Pierce county, the Decorah shale, 30 to 40 feet, thick, is pl:esent, lying 
between the Platteville and the Galena. In other parts of the state the 
Decorah appears to be represented by dQlomite beds. 

The formations have a relatively large areal extent in Wisconsin. 
They extend from Marinette County on the northeast, to the southwest 
side of the state near the Mississippi river in Central Vernon county . 

. Small outliers are also found capping the hills in Pierce and St. Croix 
counties, northeast of the junction of the St. Croix and Mississippi 
rivers. Their extent and irregularities of outcrop as well as the man
ner in which they fringe the Lower Magnesium and St. Peter formations,. 
may be seen best on the geological map. 

Thickness.-'l'hese formations, in common with the other sedimentary 
formations, dip gently to the east and southeast on the eastern side of 
the state, and to the southwest on the west side. The thickness of the 
Galena-Platteville is somewhat irregular, but generally varies from 
250 to 350 feet, where it is fully presened, to only a few feet, where 
it has been largely removed by erosion. 

Underground Water Conditions .. -The Galena-Platteville formations. 
consist of blue and buff dolomite, containing in the upper horizon many 
flint and eherty nodules. The texture is somewhat open, but becomes. 
more close-grained with depth. In the lower horizon the dolomite beds. 
are interlaminated with beds of clay and shale several feet in thickness. 

The various shale beds and the oil rock form first-class imperviouS' 
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basements that largely control the underground circulation within this 
formation. Not infrequently in this formation, are interstratified beds 
·of water bearing sandstone which are several feet in thickness and are 
composed of nearly pure sand. Over limited areas in eastern Wiscon
sin, these sandstone layers form'an important part of the formation. 
They are usually thin, however, and of irregular distribution, The 
Galena-Platteville is an important water-bearing horizon, mainly, only 
in its general area of outcrop in southwestern Wisconsin. 

CINCINNATI SHALE 

The Cincinnati (Maquoketa) shales rests nearly conformably on the 
Galena-Platteville limestone. This ·formation is composed largely of blu
ish,and greenish shale, with occasional thin beds of limestone. Some of 
the shales are fine, soft, and .even textured and contain a little grit and 
sand. Others are. more slaty in structure, and split readily into thin 
plates, while some are sandy and more closely resemble soft fine-grained 
sandstone. The softness of these shales causes them to be easily eroded 
and they are, therefore, seldom exposed, but lie close to the base of t~Hl 
overlying outcrops of Niagara limestone. This shale formation is 
found, mainly, in the eastern part of the state. 

Thickness.-The thickness appears to vary considerably. For the 
most part, it is 150 to 250 feet thick, but it increases in thickness to the 
northward. Along the east shore of Green Bay, it reaches a thickness 
of 540 feet as shown by the records of wells in this locality. Farther 
east at St. Ignace, Michigan, Dr. A. C. Lane estimates that the thiek
ness may reach 600 feet or more. 

Underground Water Condilions.-This formation is of' no value as a 
water-bearing horizon or stratum, but it forms a good impervious base
ment for the overlying water-bearing strata. Along its cutcrop .are 
located many fine springs. 

CLINTON BEDS 

The Silurian system is represented in Wisconsin by the relatively un
important beds of Clinton iron ore, and the very thick formation of 
Niagara limestone: The Clinton beds are very poorly represented 
within this state. The Clinton sandstones, shales, and limestone, so 
-characteristic and well' developed in New York and other Eastern 
'States, are not represented in Wisconsin. 

The iron ore fonnation at Iron Ridge and Mayville is about the only 
member of the Clinton epoch in Wisconsin. The ore:r;ests upon the soft 
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Cincinnati shale at various places, being between the shale and the over
lying Niagara limestone. The orc deposits are peculiar in their occur
rence and distribution. They form irregular lenticular beds of iron 
ore, composed of small concretions of hematite, resembling "flax seed". 
I ts maxi~um thickness of about 25 feet is reached at Iron Ridge, Dodge 
County. The beds seem to occupy limited depressions in the surface of 
the ·underlying Cincinnati shale. I t is unimportant as a source of 
water supply. 

NIAGARA LUlESTONE 

The Niagara limestone forms a broad belt in the eastern part of the 
state, along the shore of Lake Michigan. It extends as a continuous 
formation, from Door County on the north, to Kenosha County on the 
south, and forms the summits of isolated mounds farther to the south
west, as illustrated in the Blue Mounds and the Platteville Mounds. 

The Niagara is a pure dolomite and in places it resembles the lime
stone of the older metamorph~c formations very closely_ The number 
of beds composing the formation is greater in the north-central part 
of the belt than farther south. Chamberlin, in his report on Eastern 
'Wisconsin,1 divides the Niagara in the south, into ~ur groups of beds, 
while in the north, he recognizes six. In some places these beds are 
uniform in color and texture, while in others they possess many irreg
ularities.. The upper part of the Niagara limestone is highly siliceou!> 
and cherty. The limestone beds are of varying colors; gray, blue, white, 
and buff being comnion. 

Tkickness.-The thickness of the formations is somewhat irregular, 
varying from 200 feet in the southern part of the district to over 600 
in. the central and northern part. The greatest thickness apparently 
occurs at about the center of the limestone belt in the vicinity of She
boygan. North of Sheboygan only two wells have penetrated the Nia
gara limestone; one at Two Rivers; the other at Algoma. From these 
records it is apparent that the thickness in the northern half of the 
belt. is considerably greater than in the southern half. 

Undergrottnd Water Conditions.-In places, the beds are coarse, cry
stalline, and granular, somewhat inclined to be soft, and occasionally 
earthy. Other beds of siliceous limestone, closely resembling sandstone, 
are n{)t infrequently entered by the drill. These sandy beds, and some 
of the more porous limestones, are the chief aquifers found in this hori
zon. The Niagara limestone, as a whole, is fairl~· well intersected by 
transverse and bedding joints, which greatly increase its permeability, 

1 Geol. of Wisconsin, Vol. II. pp. 335-390. 
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and it is, therefore," the chief source of water supply for many of the 
wells along the Lake Michigan shore. Flowing wells are obtained at 
various depths in this horizon in· eastern Wisconsin. 

WAUBAKEE BRDS 

Near the village of Waubakee, in Ozaukee county, and also near North 
Milwaukee, are beds of brown shaly limestone having a total thickness 
exposed of 10 or 12 feet, whose stratifraphic position was formerly re
ferred to the Lower Helderburg, but which has recentlyl been placed 
in the Cayugan group, and given the local name of 'Vaubakee beds. 
Similar beds occm under the Hamilton cement rock in the quarry bf 
the Milwaukee Cement Company. In the deep artesian well at Lake 
Park, about 30 feet of brown limestone was passedthrotigh, overlying 
the Niagara group, and about 10 feet of the same limestone lies between 
the Hamilton beds and the Niagara group at the intake tunnel at North 
Point. 

The Waubakee beds are correlated with the Silurian. The formation 
is not important as a water-bearing horizon. , . 

• 
HAMILTON SHALE FORMATION 

The Devonian system is very incompletely represented in Wisconsin. 
Only a few limited patches occur and these have only. a local interest as 
water-bearing horizons. The Hamilton (Middle Devonian) occurs in 
two localities. Outcrops of Hamilton rock on the shore of Lake Michi
gan indicate an area of this limestone in the vicinity of Milwaukee2 and 
another area in the vicinity of Lake Church, ten miles north of Port 
Washington.3 These remnants in the vicinity of Milwaukee lie along 
the lake shore immediately north of the city limits and are exposed, in 
places, over an area about 6 miles in diameter. It rests in part upon the 
laminated Waubakee shales, in part upon the Niagara limestone. The 
deposits consist of a bluish-gray or ash-colored impure dolomite broken 
into layers by seams of clay, The limestone layers vary from homogen
eous to lumpy texture, and the upper layers are sometimes shaly. Their 
thickness varies from a few inches to 3 feet of heavy-bedded limestone. 
The intercalated clay seams vary from 0 to 5 inches in thickness. The 

1 W. C. Alden, Prof. Paper 34, U. S. G. S. p. 13-14; Folio No. 140' U. S. G. S. 
2 Teller. E. E .• The Hamilton Formation at Milwaukee. Wisconsin. Bull. 

Wisconsin Nat. Hist. Soc., Vol. 1. pp. 45-56. 
3 Monroe. Charles E .. "A Notice of a New Area. of Devonian Rocks in Wis

consin Journal of Geology. Vol. 8. p. 313, 1900. Clelland. H. F .• "Middle 
Devonic of Wisconsin .... Bull. Wis. Survey No. XXI. 
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total thickness is here about 26 feet, and the slight dip is southeastward.' 
The shafts and tunneling for the present water supply of Milwaukee 
are, for the most part, in these rocks and in the underlying Waubakee. 
beds. 

PLEISTOCENE FORYATIONS 

All the formations thus far considered consist of indurated or hard 
rocks. Lying upon th() hard rock formations in most parts of the state, 
are glacial drift deposits consisting of unconsolidated clays, sands, 

. gravel and boulders. While the indurated rocks were mainlY deposited 
as marine sediments, the unconsolidated deposits were mainly; the re
sult of glacial and river action. 

Three-fourths of the state, the southeastern, the eastern and northern 
parts are covered with a variable thickness of drift. In the central and 
southwestern parts, known as the "Driftless Area", no glacial deposits 
occur. In the driftless area, however, there is usually present on the 
uplands, a variable thickness of loess, or of residual or colluvial soil; 
while the valleys are usually filled with thick deposits of alluvial sand 
and gravel. 

THE GLACIAL DRIFT 

The drift was deposited over the glaciated parts of the state by sev~ 
eral ice invasions, probably four or five, separated by inter-glacial ~e~~ 
iods. The loose material deposited by the glaciers was ,distributed ir
regularly over the surface, either in the form of extended sheets of drift, 
or as terminal moraine ridges. The nearly level areas constitute the 
so-called ground moraines, composed of sand, gravel, boulders, a~d 

clay, variously arranged and spread irregularly upon the rock surface. 
'I'he terminal moraines occur as small knolls and ridges and basins with 
a characteristic surface which is more or less undulatory. 

Fig. 2.-Diagrammatlc section showing thick drift over rock. 

Thickness.-The thickness of the drift generally varies between a few 
feet up to 100 feet. In those glaciated parts of the state where pre
glacial valleys exist, or where the drift is in morainic ridges, the thick~ 
ness usually exceeds 100 feet, and often reaches 200 or even 300 feet. 
The irregular thickness of the drift is illustrated in figures 2 and 3. , . 
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Underground Water Conditions,-As much of the drift occupies the 
upland areas and the stream divides, it receives most of its water direct 
from the rainfall. The drift in valleys, however, doubtless receives an 
additional supply by seepage from the rock, and also from the drift 
lying on the higher slopes. 

Fig. S.-Diagrammatic section showing thin drift over the underlying rock. 

Much of the drift is composed of a heterogeneous mixture of· clay, 
. sand, and boulders, and the amount of water absorbed by the drift de
pends on the proportion of these constituents in the deposits. The larger 
the percentage of sand in the drift, the larger is the amount of water ab
sorbed, and the more readily it circulates through the deposits. In gen
eral the latest drift sheet, the Wisconsin, contains more sand, and is also 
less consolidated, than the older drifts, hence it is a better water-bear
ing formation than the older drift. In the low flat areas of drift the 
water table generally approaches very close to the land surface. 

The terminal moraine deposits which form the hilly and undulating 
"Kettle Range" of the state, generally consist of more porous drift 
than the level till plains, and are usually well supplied with groundwa
ter. These terminal moraine deposits overlie the older till plains, and 
springs often iss]le along their borders .. The terminal moraines contaIn 
many basins occupied by lakes and marshes from which there may be 
seepage into the outlying lower drift. Most of the wells in the terminal 
moraines obtain their supply of water from the beds of gravel inter
stratified with the drift. The depth at which the water is obtained in 
the moraines, is somewhat irregular, but usually the water is found near 
a common level for any locality. 

LACUSTRINE·AND ESTUARINE DEPOSITS 

Associated with the terminal and ground moraines are those forms 
of deposits that have been modified by the glacial rivers or by local 
marginal lakes. In these deposits a portion of the glacial drift has been 
sorted and worked o~er by the water and deposited in stratified beds 
of day, sand, and gravel. In certain localities such accumulations of 
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stratified beds consist of alternating pervious and impervious material, 
giving rise to local artesian areas. 

Beside the above mentioned stratified beds, we have the much more 
extensive lacustrine and estuarine deposits mainly near the shores of 
Lake Michigan, Green Bay, and Lake Superior. The material com
posing these deposits consists chiefly of silt, sand and gravel, covered 
with stratified beds of clay. They were probably deposited in the 
waters of expanded interglacial or glacial lakes, the predeeessors of Lake 
Superior and Lake Michigan, and in interior lakes and estuaries. The 
clay contains mueh ealeareous sediment, probably mainly of organic 
origin which is stratified with the silt and sand. 

Underground Water Conditions.-The lake clays whieh border the 
shore of Lake Michigan and Lake Superior, and extend for some dis
tance up the Green Bay and Fox river basins, are important as imper
vious confining strata to the water-bearing sands and gravels with 
which the clays are interstratified or upon which they lie. As a result 
of the presence of the overlying clays, the groundwater in the under
lying sand and the gravel beds is held under hydrostatic pressure, and 
where the deposits are in basins and along slopes, flowing wells are 
readily obtained. 

The lacustrine formations, therefore, are important in the develop
ment of conditions fo~ shallow artesian slopes, in which the flowing 
wells are generally less than 100 or 200 feet deep and are wholly con
fined to the superficial deposits. The source of the water is mainly by 
seepage along the higher slopes of the basins, though in so:rp.e instances 
the water is probably fed from the underlying indurated rocks. 

VALLEY ALLUVIUM 

Along all the large rivers of the state oeeur deposits of gravel, sand, 
and clay. Many of the valleys within the driftless area are filled to a 
depth of 100 feet to 200 feet, or more, with rh'er-washed sand and 
gravel. Many of the large rivers of the driftless area were drainage 
ehannels for water during the melting of the ice sheet, as well as dur
ing the interglacial stages. In this way glacial material was taken by 
the rivers into the valleys of the driftless section. 

The alluvial deposits form the low, nearly level, sandy lands along 
sueh large streams, as the Mississippi, the Wisconsin, the Chippewa, 
the St. Croix, and many other large rivers and their important tribu
taries. In many places the alluvial estuarine and lacustrine deposits 
grade into one another. They appear to indicate a period of low eleva-
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tion of the Tand with many lakes and sluggish- rivers, during middle 
Pleistocene time. 

Some of these rivers have alternately eroded and filled their valleys 
several times, as may be seen from ,the series of terraces along theh 
courses. On the lower Chippe:wa river, as many as five distinct ter
races may be seen above the present river bed. The highest terraces 
are from 80to 125.feet above the Chippewa, Black, and Wisconsin. The 
level surface of the highest terraces stretches back on either side of 
the river to the undulating uplands of indurated rock. (See Figure 4,) 

Fig. 4.-'--Sectlon showing terraces in the Chippewa Valley below Eau Claire. 

'Where tributaries join the main streams, low bottom-lands are 
formed, stretching for some distance back along these branches. The 
lowest terraces or "bottoms" are separated from the older and higher 
terraces by steep slopes, varying from 5 to 30 feet in height. 

Underground Water Conditions.-Manycities and villages, as well as 
the farms located upon these river terraces, draw their supply of water 
from the sub-soil of rive~-washed sand and gravel. The water level 
usually lies from a few feet to a hundred feet below the surface, and 
a sufficient supp1y of water is readily obtained from dug or driven wells 
sunk into this formation. 

The stratification of the alluvial gravels, sands, silts, and clays is 
similar to that of the lacustrine deposits; in fact, lacustrine and allu
vial material are often interstratified with each other, not only in the 
glaciated areas, but also in the driftless region. The interbedded 
gravels, sands, and clays in the valleys, give rise to the development 
of artesian slopes, in the same manner as the lacustrine deposits fring
ing the basins of Green Bay and of the Great Lakes. In nearly all the 
valley alluvial deposits, shallow flowing wells have been obtained, as il
lustrated by the flowing wells along the tributaries of such rivers as the 
Wisconsin, the Baraboo, the La Crosse, the Chippewa, and, the St. 
Croix. ' ' ',' 

There is a larger proportion of water-bearing strata, such as sand 
and gravel, in the purely alluvial. deposits, than in the lacustrine de
posits. The areas of flowing wells in the valley deposits are usually, if 
not always, more irregular, and the artesian pressure or head is more 
variable than in the artesian areas of the lacustrine deposits, due in 
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part to the fact, that the confining strata of day are not so thick or so 
-continuous in the valley alluvium as the days in the lacustrine deposits. 

LOESS 

Loess of eolian, or wind origin, consisting mainly of silt and fine sand 
.and a small amount of clay, forms fairly abundant deposits overlying 
the rock in the southwestern and northwestern parts of Wisconsin. The 
mantle of loess is mainly restricted to the driftless area in southwestern 
'Wisconsin and the regions of the old drifts in the northwestern part of 
the state, extending as far north as Pierce, Dunn, and Chippewa coun
ties. 

The distribution and thickness of the mantle of loess is somewhat ir
regular within the general area of its occurrence, usually being thick , 
.and more continuous along the Mississippi river and thinning out grad-
ually to the east, the border generally being within 50 to 75 miles east 
-of the Mississippi. Its thickness generally varies from a few inches to 
10 or 12 feet on the uplands. During the long period since the loess was 
-deposited, much of it has been washed from the uplands· and slopes into 
the valleys, where it overlies, or is mingled with, the valley alluvium. 

Underground Water Conditions.-The loess consists of 50 to 75 per 
cent of silt, the remainder being mainly fine sand and clay. In gen
eral it is of quite porous texture, though quite fine-grained. It has the 
{l~pacity to absorb the rain quite readily, and unless rains are copious 
most of it sinks into the loess. 

The deposits of loess on tne uplands are very generally too thin to fur
nish water in wells. Occasionally, however, shallow wells in relatively 
thick deposits in wet seasons furnish small supplies on the farms. The 
loess mantle exerts a good influence in conserving groundwater as soil 
moisture for the growth of crops, and only relatively slowly allows the 
seepage of groundwater to the underlying rocks, where it later becomes 
a source of water supply in wells. 
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CHAPTER II. 

CONDITIONS CONTROLLING MOVEMENT OF LOCAL UNDER
GROUND AND ARTESIAN WATERS 

The body of underground water has its source in the precipitation 
which falls upon the earth, and is transmitted below the surface through 
the various pores and openings in the under-lying rock formation .. The
total. precipitation, as "-already stated, can be divided into three parts; 
(1). That which is evaporated directly or is transpired by vegetation; 
(2) That which runs off the surface at once; (3) That which is ab
sorbed and becomes underground water. 

Underground water, therefore, is water from any source which is 
below the earth's surface. The underground water receives practically 
no supply from the lakes and rivers, but on the contrary, the streamlt 
and lakes receive their permanent supply from the body of ground
water in the rocks. 

LOCAL UNDERGROUND WATER AND ARTESIAN WATER 

The underground waters are conveniently described in two groups~ 
(1) Those that are termed shallow or local waters, as they are fed by 
local rainfall absorbed through the soils directly above, and are some
times referred to as local underground waters, and (2) Those that are 
confined under pressure within the ro,ck strata and to some extent have 
been transmitted laterally for some distance underground from the 
point fed by local rainfall, and are termed artesian waters. 

The distinction between the country rock water or local groundwater 
and artesian water in many localities can not be always sharply drawn. 
In accordance with present usage, the term" artesian" is applied, not 
only to the water of flowing wells, but also to the water in non-flowing 
wells which rises to a considerable height in the well tube above the 
source of supply. 



CONDITIONS COXTROLLIXG llOl"EJIENT .. 45 

THE LOCAL GRO{;XDWATER 

The movement of local groundwater is both downward and laterally. 
It moves mainly downward to the level of the groundwater table, to the 
groundwater level, below which all the pore spaces al'l.d openings in the 
rocks are filled with water. After it reaches the groundwater level of 
the locality it flows mainly in a lateral direction. 

Movements in the Burface Zone.-The unsaturated surface zone, or 
partially saturated zone of flow of ordinary groundwater, extends from 
the land surface down to some distance below the top of the fluctuating 
water table. In coarse loose material the rapidity of the movement of 
the water is much greater than that in fine-grained clays. The water 
near the surface of the water table also moves laterally much more 
rapidly than that more deeply situated. Near the surface of the water 
table there is a close agreement in the direction of the movement of the 
groundwater and the slope of the land surface. This is especially true 
in the superficial deposits of drift and alluvial sands. 

Depth to Groundwater Level.-Because the surface over a large part 
of northern and eastern ·Wisconsin is relatively flat or gently sloping· 
the groundwater level, in many places, is within only a few feet of the 
surface. In many instances, in flat lying areas, where the ground
water level is near the surface, a common cistern pump, with its cyl
inder above ground, is used to raise water for domestic purposes. 

::::: C' •• __ 1'1::. :.-~_: .. __ ., __ .11: __ : ._._.:::: 
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Fig. 5.-Diagram illustrating relations of groundwater to streams and wells. 
The dotted line AA represents the usual groundwater le'\"el which rises to 
A" A" in wet seasons and sinks to·A' A' in dry seasons. 

In the hilly and more undulating parts of the state, like that portion 
adjacent to the Mississipi river, the water table. or the surface of the 
underground water, conforms primarily to the grades and slopes of the 
surface. In the valleys, the level of the groundwater stands very near to 
the surface, while on the slopes and hills it often stands 50 to 200 
feet below. The water table in Wisconsin is usually at a depth of 20 
to {)O feet, seldom lo,,:er than 80 feet in the gently sloping part. Df 

the state. In the driftless area and in the undulating and hilly parts 
of the state there is the greatest variation in the level of the water 
table, the usual depth being from 50 to 200 feet below the surface. 
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Change in Groundwater LeveZs.-The head of the groundwater, or 
groundwater level, rises and falls from season to season depending up
on the seasonal rainfall. It also changes locally from year to year, due 
to variation in amount of annual rainfall. The groundwater is ap
preciably lowered where considerable pump age from wells takes place. 
The relation of the groundwater level to streams and wells is shown in 
Fig. 5. 

ARTESIAN WATER. 

In many parts of Wisconsin the water in oertain beds is under suf
ficient hydrostatic pressure to cause it to flow above the surface when 
penetrated by driven or drilled wells. The flowing wells are much 
prized as they furnish a continuous supply of fresh, pure water, and 
are essentially free from all possible sources of contamination. The 
flowing artesian wells have their source in the rock strata, mainly the 
St. Peter and Potsdam sandstone, and in the surface formations of 
glacial drift and of alluvial or lacustrine silts, sands and gravels. As 
the factors controlling the occurrence Of artesian flows in the indurated 
rock and in the surface formations are somewhat different, the ar
tesian wells from these two sources will be described separately. 

Definition of artesian water.-The term" artesian" has been often 
used to convey different meanings, but in this report, following the
usage now prevailing, artesian water includes all underground water 
held under pressure whether the wells are flowing or not. In .nearly 
all cases, the only difference between a non-flowing artesian well and a 
flowing artesian well, is. due to the difference in the relative elevation 
of the surface of the ground at the wells. 

Artesian head.-Under artesian pressure, the water rises in the well 
tubes above the water bearing stratum that is pierced by the drill hole. 
The water may rise high enough to overflow above the surface or it may 
fall short of reaching the surface. The height at which the artesian 
water ceases to rise or exert upward pressure, is called its· static head 
or level. The head may be expressed in relation to the sea level, the 
altitude, or io the surface of the well curb. 

Measurement of head.-The head OI flowing artesian wells may be 
measured at the well mouth, in pounds per square inch by means of a 
gauge, and the head then computed in feet. As a column of water one 
inch square and 2.3 feet high weighs one pound, the number pounds 
pressure at the well multiplied by 2.3 equals "the head in feet. The 

. head may also be measured by tubing coupled water-tight to the well
casing and carried up a trestle or ladder until the water stands at the 
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top but does not overflow. To obtain the true hydrostatic pressure, 
the measurement -should extend over several days and for this reason 
the use of the pressure gauge is most convenient. 

CONDITIONS CONTROLLING ARTESIAN SUPPLIES. 

The movements of the deeper underground or artesian water un
der hydrostatic pressure, are determined by a somewhat different set of 
fl!-ctors from those controlling the movement of shallow or local rock 
water near the surface. Much has been written by various authors 
concerning the leading conditions upon which flowing wells depend. 
Prof. T. C. Chamberlin'sl classical article on the "Requisite and Qual
ifying Conditions of Artesian Wells", is one of the best general 
treatises upon the subject. Prof. C. S. Slichter's2 report on "The 
Motions of Underground Waters" clearly shows the difficulties that 
may arise when large drafts are made upon a subterranean basin. A 
recent contribution by Myron L. Fuller3, "Summary of the Control
ling factors of Artesian Flows" is an excellent condensed statement of 
the subject. < 

The principal co,nditions and requisites on which flowing wells in 
\ 

stratified beds depend were summarized by Chamberlin in 1885 as fol-
lows: 

"1. A pervious stratum to permit the entrance and tne passage of the water. 
2. A water-tight bed below to prevent the escape of the water downward. 
3. A like impervious bed above to prevent escape upward, for the water, 

being under pressure from the fountain-head would otherwise find 
relief in that direction. 

4. An inclination of these beds, so that the edge at which the waters enter 
will be higher than the surface of the well. 

5. A suitable exposure of the edge of the porous stratum, so that it may 
take in a sufficient supply of water. 

6. An adequate rain·fall to furnish t11.is supply. 
7. An absence of any escape for the- water at a lower level tl).an t11.e sur

face of t11.e well." 

The three essential factors for the development of artesian flows in 
all kinds of rock recognized by M. L. Fuller are as follows: 

"1. An adequate source of supply. 
2. A retaining agent offering more resistance to the passage of water than 

the well or other opening. 
3: An adequate source of pressure." 

'Geol. of Wis. Vol. I, 1881, p. 689-701. Fifth Annual Report U. S. Geol. 
Survey, 1885, pp. 125-173. 

'Water Supply & Irrigation Papers U. S. Geol. Survey. Xo. 67. 1902. 
'Bulletin No. 319, U. S. Geol. Survey, 1908. 
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There are, however, many other factors modifying artesian flows reo 
ferred to by Fuller as secondary factors, as follows: . 

Secondary factors of artesian flows. 
I. Hydrostatic factors (relating to pressure and movement). 

1. Factors mainly affecting pressure. 
a. Barometric pressure. 
b. Temperature. . 
c. ,Density. 
d. Rock pressure. 

2. Factors mainly affecting movement. 
a. Porosity. 
b. Size of pores or openings. 
c. Temperature. 

II. Geologic iactors (relating to reservoir). 
1. Character of reservoir. 
2. Retaining agents. 
3. Structure of reservoir. 
4. Topographic conditions. 
5. Conditions relating to supply. 

a. Catchment conditions. 
b. Conditions of underground feed. 

6. Conditions of leakage. 

Although the basic principles of artesian wells are simple and easy 
to understand, many of the practical problems associated with them are 
often varied and complex, involving the most careful study and atten
tion. 

AU' of the foregoing requisite and qualifying conditions for artesian 
systems may occur in. the same region at different depths, giving rise 
to independent systems differing entirely from one another in geologic 
origin and structure. Such is often the case in Wisconsin, as shown by 
the fact that artesian waters are found in various geologic horizons, 
some of the horizons being quite similar while others are quite unlike 
in structure and origin. 

Fig. 6.---,Section of an artesia-n basin. A, Porous stratum; B, a, Impervious beds below 
and above A, acting as confining strata; F, height of water level in porous beds A, 
or, in other words, height in reservoir or fountain head; D, E, flowing wells spring-
lng from the porous water·fllled bed A. 

No attempt will be made to present a complete discussion of all the 
important factors modifying and controlling artesian flows in this re
port. For a short and fairly comprehensive discussion, the reader is 
referred to the Bulletin No. 319 of the D. S. Geol. _ Survey, by M. L. 
Fuller. 

Artesian Basins and Artesian Slopes.-While the most common ar
tesian system is generally supposed to be the artesian basin, it is in re-
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ality far less common than the artesian slope. A section of an ar
tesian basin is illustrated in figure 6, and of an artesian slope in figure 7. 

It may be recalled that the dominant geological structure of Wis
eonsin is a broad anticlinal fold with the areh of Pre-Cambrian gran
itic rocks in the north central part, and the overlying Paleozoic strata 
dipping down towards the outer boundaries of the state. It is along 
the slopes of the anticlinal arch that the waters within the Paleozoic 
water-bearing strata are confined under artesian pressure, and it is 
therefore, in artesian slopes, between the center and the outer boun
daries of the state, that artesian areas in the Paleozoic strata are de
veloped. 

ABC D 

Fig. 'T.-Section of an artesian slope. A and e are water-bearing beds; Band D 
are relatively impervious bedsa<;ting as confining strata; E. F and G are 
tlowing wells springing from the water-bearing beds. 

The artesian slope is characteristic not only of the Paleozoic strata 
but also of the surface deposits of the Pleistocene. While completely 
enclosed basins may be developed occasionally in the surface deposits 
adjacent to lakes, it is most usually the case that the areas of surface 
-flows are dependent upon the development of structural conditions fa
vorable to the flow of the underground water down the valleys, as il
lustrated by the artesian wells in the surface depositl; about Lake Poy
gan and Lake Winnebago in the Fox river valley, and by the artesian 
wells in the Potsdam sandstone in such valleys as the La Crosse, Kicka
poo, and Baraboo rivers. 

An important, though by no means, necessarily essential, factor in 
the development of effective artesian pressure is the presence of per
vious beds that are continuous with the porous beds of the outcrop. 
Fissures and crevices in the overlying or underlying rock which are in 
direct communication with any collecting area, or any porous vein that 
serves as a water carrier may develop effective artesian presure. TJ1e 
continuous beds of pervious rock, however, are the most reliable -sources 
of artesian wells. The fissures and porous veins although they fumish an 
abundant supply of water in many artesian wells, are e~ily influenced 
by adjacentweUs and are more irregularly distributed and therefore 
not so easy to strike. 

Transmitting beds.-The transmitting beds may all be united into 
one large porous bed, or they may be separated, as in the Potsdam sand-

4-W. S. 
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stone, into numerous beds independent of one another. Their useful
ness depends upon numerous factors, such as the continuity of the beds, 
the porosity, the fineness of grain, and the mixture .of fine and coarse 
material. The Wisconsin water~bearing formations consist in large 
part of sand, gravel, sandstone, sandy limestone, conglomerates, bould
ers, and other material of loose granular texture. In some of the beds 
may be found almo!lt every possible intermixture of coarse and fine ma
terial. In places fine sand, shale and clay are interspersed to such a 
degree that the water-bearing capacity of the beds is greatly reduced or 
completely destroyed. Porosity in the transmitting beds as well as in 
the outcrop rock is a very important consideration, when the volume 
of flow is taken into account. This condition of porosity varies greatly 
thus making it impossible to formulate any set rule. For the most 
part, however, the porosity of the water horizons or water-bearing beds 
of sands and sandstones isequiV'alent to, if not greater than that of the 
most porous sandstone!, used for building purposes. 

Darton2 estimates the rate of flow. of water in the sands of the Da
kota sandstone, from which the remarkable artesian wells of South Da
kota draw their supply as not exceeding a mile or two a year. It is 
very probable that in the Wisconsin sandstones the velocity in many 
cases does not exceed 0.25 miles per year and seldom reaches 0.50 miles 
per year. The movement may be even much less than 0.25 miles per 
year. 

The velocity and flow of ground water through the various materials 
under a 10 foot gradient has been calculated by Prof. C. S. Slichter. 
For a complete discussion of the principles underlying the motions of 
vnderground water the reader. is referred to various papers3 cited be-
tow . 

. The.leading factor in artesian circulation is gravity which determines 
the amount of the pressure. Three. essential conditions control the 
amount of pressure. (1) The elevation of the gathering ground above 
the artesian slope or basin where the wells are located, (2) the degree 
of slope of the pervious beds from the intake area tQ the region of the 
w~lls, (3) the presence of an overlying and un,derlying impervious 

'Wis. Survey Bulletin No.5, p. 402-3. 
2 Darton: New Developments in well boring and irrigation in eastern 

·South Dakota, Eighteenth Ann. Rept. U. S. Geol. Survey, 1897, p. 609. 
'Slichter, C. S., Motion of Underground Waters, Water Supply and Irriga

.tion paper, U. S. Geol. Survey, No. 67. 
King,F. R., Principles and Conditions of the Movements of Groundwater, 

Nineteenth Ann. Rept. U. S.Geol. Survey, P. 2, 1899, p. 50. 
Slichter, C. S., Theoretical Investigation of the motion of ground-waters, 

Nineteenth Ann. Rept. U. S. Geol. Survey, P. 2, 1899, p. 285. 
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stratum for transmitting the watcr. When the water is confined in 
porous beds without means of escape, the aquifer becomes a great reser
voir. In regions of sufficient rainfall, as in Wisconsin, this reservoir is 
kept filled to the level of the gathering ground, or to that height at 
which the water may escape from the confining beds. When the aquifers 
thus are saturated any increase of the rainfall has little or no effect, 
for the excess flows away on the surface, or is lost by evaporation, and 
fails to relieve any stringency that may be due to an excessive loss of 
water from artesian wells in a local district to which the excess water 
can not readily be transmitted. 

It is usual, though not always essential, as pointed out later, that the 
gathering ground be higher than the region of the wells from which a 
flow is expected, so that there may be a sufficient head to insure a flow 
in spite of leakage through confining beds, and obstructions to passage 
of water within the aquifers themselves. The steeper the surface grad
ient from the outcrop down to the mouth of the well, the greater the 
pressure at the well and the higher will the water rise, if the other fac
tors remain constant. 

In its action, an artesian slope in stratified rocks into which wells 
have been sunk may be compared to a city water works plant. The 
outcrop corresponds to the standpipe, the aquifers to the mains, and 
the wells to the private taps in the houses. To make the analogy more 
complete the standpipe and mains may be considered filled with pebbles 
and coarse sand so the water can only occupy the pore spaces between 
them, thus retarding the motion of the water through the pipes. 

Available Artesian Head.-ln Wisconsin, the outcrop of the artesian 
water-bearing stratum, mainly the Potsdam sandstones, lies only a few 
hundred feet above the lowest ground within the state and the lower 
edge of the porous outcrop is considerably lower thaIi the surface of 
the divides in the artesian districts. In these inter-stream areas, al
though the water often rises in the wells considerably higher than at 
points where flows are obtained in the valleys, it will not rise to the 
surface on the divides. Since the difference in elevation between out
crop area and artesian area, under the most favorable conditions, over 
most parts of the state, lies between 600 and 1000 feet above tide, it 
cannot be expected that water will be forced very high above the sur
face when deductions for frictional resistance and leakage have been 
made. 

If an artesian basin or slope is again compared to an artificial sys
tem, some of the Wisconsin artesian areas are like systems in which the 
standpipes are low and some of the taps or faucets are a little higher 
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and some are on a level with the standpipes. In both these cases the 
water would have to be raised a short distance by pumping. On the 
other hand other artesian areas in \Visconsin are more favorably situ
ated and are like systems in which all of the taps are considerably be
low the level of the water in the standpipes and would therefore obtain 
flows. 

However, elevation of the well with respect to the feeding area, as 
will be shown later, is not the only factor to be taken into considera
tion before predicting whether a flow can be obtained. Many other 
factors must be taken into account such as distance of the well from 
source of supply, the porosity of the beds, the nature of the confining 
beds, temperature, kind of well, continuity of water-bearing beds, and 
the relation of the local ground-water table. 

Confining beds.-Water confined to the aquifers under hydrostatic 
pressure has a great tendency to seek the level of its sources. It is, 
therefore, necessary that the waleI' be imprisoned in the aquifers, other
wise the artesian effect will be lost. This is usually accomplished by 
layers of impervious rock (or their equivalents), either above or both 
above and below the porous rocks. The best impervious layers are 
heavy clays, as they are practically water tight. Others less effective 
are shales, slates, shaly limestone, limestone, argillaceous sandstone, and 
crystalline rocks. 
: As no rock or stratum is entirely impervious and free from minute 
partings and pore space, nO rock is absolutely impenetrable to water. 
Therefore, some of the wa~er always escapes, the amount increasing as 
the prossure and temperature increases. It is, however, not necessary 
to confine all of the water, but only enough to make the aquifer service
able. In Wisconsin, the lowest water-bearing formation, the Potsdam 
sandstone, is underlain by impervious crystalline rock which cuts off 
the downward escape of the water. In the formations above the Pots
dam there are numerous beds of shale and limestone which act. as im
pervious basements for higher aquifers. It is of much importance, 
though not essential that upper beds be impervious for the most favor
able development of artesian conditions. Loss in pressure may also 
result if overlying beds are cracked and fissured, or are displaced by 
faults which offer a ready upward passage to the water. 

Complete destruction of artesian' conditions or the rapid decline in 
the artesian head, may result from the opening of terminal escapes for 
the water as in the deep, pre-glacial valleys of southern and southwest
ern Wisconsin. The aquifers in the Potsdam sandstone have there been 
dissected sufficiently by the rivers to offer the local groundwater as well 
as the, artesian water a ready means of escape. 
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In artesian slopes situated near the Great Lakes, as well as in those 
areas where the aquifers have been cut across and drained by drift
:filled pre-glacial valleys, or where the aquifers have been cut by fis
sures or faults, a possible terminal escape must always be taken int() 
account. Artesian water is lost by terminal escape, by slow leakage 
through the confining strata, and by leakage at the well itself, either 
between the casing and rock or through the corroded casing. Where 
many of the old wells have been abandoned, as at Fond du Lac and 
Watertown, the head of new wells may be greatly lowered by the escape 
of water from these wells into the overlying drift. 

Terminal escapes occur at various places in Wisconsin, not only ill! 
the deeper artesian zqnes, but also in local shallow a:rtesian slopes in. 
glacial drift. In various places within the state there is less hydro
static pressure than should be expected, probably because of the devel
opment of pre-glacial erosion of a terminal escape for the underground 
water. However, erosion does not always completely destroy the ar
tesian conditions as soon as an aquifer is exposed, for associated lower 
impervious beds may effectually confine the water. A typical case of· 
this kind occurs at Prairie du Chien; where the upper part of the 
Potsdam has been eroded and the ancient valley offers an escape to the· 
water from the upper horizon; but the next underlying confining bed. 
is not quite cut through so an abundant supply of artesian water can 
be obtained from the Potsdam aquifers only a few feet below the old 
valley. Although not destroying· completely the artesian cOI;lditions, 
terminal escapes are always a potent factor in modifying them. 

I nfiuence of the local ground water table.-It seems very apparent,. 
that the height of the, local water table is a very important factor in de
termining the artesian head in any locality. The stratified beds of sand, 
shale, and limestone which constitute the artesian group, appear to be 
especially favorable to the. transmission of pressure from the overlying
water table to the confined waters within the artesian reservoir. While 
the artesian reservoir is separated into beds of varying degree of im
perviousness, the presence of vertical joints ramifying throughout the
group, as well as the sandy and semi-porous character of the beds as a. 
whole, furnish conditions favorable to the transmission of water and 
pressure from above. 

Prof. Chamberlin1 appears to have first pointed out the relation be
tween the height of subterranean water level and that of the artesian 
head. He says: 

"If the subterranean water stands as high as the fountainhead (ex-

'Fifth Ann. Rept. 'U. S. Geol. Survey, p. 140, 1885. 
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cept at the well, where of course, it must be lower) there will be no 
leakage, not even if the strata be somewhat permeable, for the water 
in the confining beds presses down as much as the fountain-head causes 
that of the porous bed to press up, since both have the same height. 

"If the water bet-ween the well and fountain head is actually higher 
than the latter, it will tend to penetrate the water-bearing stratum, so 
far as the overlying beds pennit, and will, to that extent, increase the 
supply of water seeking passage through the porous bed, and will by 
reaction, tend to elevate the fountain head if the situation permit. 

"If, on the other hand, the water surface is considerably lower than 
the source there will be considerable leakage, unless the confining beds 
are very close-textured and free from fissures." 

The height of the water table over many points in the artesian sys
tems of Wisconsin undolibtedly exerts a strong influence on the pres
sure, and in many places is afar more important factor than the pres
sure transmitted through continuous water bearing strata, from the 
more remote catchment area. 

As pointed out by Fullert,while the level of lakes and streams is 
commonly a function of the height of the ground-water in the vicinity, 
yet sometimes the reverse is true and the ground-water level becomes 
a function of the level of the water bodies on the surface. The latter 
may also in some cases influence to a considerable extent the pressure 
on underlying confined waters. Fuller, summarizes the effects of sur
face water bodies on the underground water as follows: 

Effects of height of surface water bodies on underground waters. 
1. Change;; of ground-water levels. 

1. Changes due to variation of level of surface streams receivin,; 
ground-water discharge. ' 

2. Changes due to movements away from surface water tlodies. 
II. Variations of pl"essur'e 0'1 confined waters. 

1. Changes due to wmmunication between surface and under
ground water bodies through intervening beds. 

a. Communication through joints and other passages. 
b. Communication through the body of the interveYling beds. 

2. Changes due to transmission of pressure through intervening 
beds. 

3. Changes due to plastic deformation. 

I t is calculated that a very slight movement from the water of sur
face bodies on the ground water table is sufficient to produce a pro
nounced rise in the waters of wells. Considering an area 1,000 feet 
square, a downwa,rd water movement of only one-thousandth of an inch 
through the overlying confining strata would be equivalent to a rise 

'U. S. Geol. Survey Bulletin 319, p. 31-2. ." 
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of approximately 25 feet in a single well, or one foot in' 25 wells. The 
transmission of pressure through the so-called impervious strata may 
sometimes be a factor of artesian head, even though no movement of 
water takes place. 

The influence of the pressure of the local ground-water table on the 
. artesian head appears· to be well illustrated by. the profiles of artesian 

heads of the La Crosse, Kickapoo, and Baraboo rivers, Figures 10, 11 
and 12. 

The head of the flowing artesian wells at Waupun at 886 feet and 
at Beaver Dam at 889 feet is at least 100 feet higher than the effective 
artesian head obtained by artesian wells along the Fox river valley lying 
to the west in the direction of the courses of the movement of the ar
tesian water confined to the Potsdam aquifers. 

Areas of maximum artesian head.-The important influence of the' 
groundwater table on the artesian pressure appears to be well illus
trat,ed in many parts of the state, and it is only by recognizing. this in
fluence that the relatively high heads attained by many of the flowing 
wells can be explained. . In general, therefore, the artesian pressure in 
areas of high groundwater tables on the inter-stream divides is much 
greatert.han the pressure in the valleys, though it is only in the val
leys that artesian flows above the surface can be obtained. The con
tours of equal artesian pressure shown on the map (Plate 1) conform 
in a general way to the contours of the groundwater table, and since 
the lat.t€r conforms in a general way to the contours of the land surface 
the artesian contours are found to approximate the topographic con
tours.' Areas of maximum artesian head occur in various parts of the 
state and these areas conform to the areas of maximum altitude of land 
surface and groundwater level. The areas of maximum artesian head 
are located on the inter-stream divides between the major drainage 
lines of the state, and as shown by blue lines on the geologic map are 
as follows: 

1. Area of. maximum artesian head on the divide between the Chippewa 
. and St. Croix rivers. 
2. Area of maximum artesian head on the divide between the Chippewa and 

Black rivers. 
3. Area of maximum artesian head on the divide between the Black and 

Wisconsin rivers. 
4. Area of maximum artesian head on the divide between the Wisconsin 

and lower Rock rivers. (Southwestern Wisconsin). 
5. An area of maximum artesian head on the divide between the Fox and 

the upper Rock rivers. (East-Central Wisconsin). 
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SOME PROBLEMS RELATING TO ARTESIAN 'WELL SUPPLIES 

Experiences at Madison, Wisconsin, Rockford, Illinois, and Joliet, 
Illinois, prove conclusively that in favorable localities artesian supplies 
of 6,000,000 to 10,000,000 gallons per day may be pumped by install
ing the proper pumping systems. However, Wl.\erb the artesian head 
stands considerably below the surface, no such quantities of water will 

. be obtainable. For the ordinary city or village one artesian well is 
sufficient, but if it becomes necessary to drill more, it is advisable to so 
place the wells that they shall receive the least possible interference 
from one another. In all cases the wells should be located on a line 
at right angles to the direction of the underground flow, and at least 
1,000 to 1,500 feet from one another. If the wells are to be heavily 
pumped this distance should be increased. On the whole it is easier to 
increase the supply by pumping the water from lower levels in the well, 
but in those localities where few artesian wells have been drilled and 
where the interference will be a minimum, it may be considerably cheap
er to drill new wells to increase the supply. Much depends upon local cir
cumstances as to which one of the methods should be used,-in some 
places the "first, in others the second, would be more economical. 

Yields of Wells.-As pointed out by Slichter/ the conditions affect
ing the amount of ground water available for wells are: (1) Magni
tude of the area contributary to the wells; (2) amount of the rainfall 
upon this area; (3) geologic structure, such as (a) the arrangement of 
stratification of the material, (b) the breadth and depth of the water
bearing medium, and (c) the character or composition o:f this material 
such lIB its fineness and porosity; and (4:) physiographic features of 
the land surface, such as. mountains, plateaus, hills, valley, plains, for
ests, prairies, cultivated areas, etc. 

The yield of an artesian well depends on the preceding factors, and 
especially upon frictional resistance which the' water encounters in 
flowing through the drill hole or casing of the walL This frictional 
resistance to the flow depends upon the length and the diameter of the 
casing. Formulae for determining the discharge under varying con
ditions are given by Blichter in the publication cited, in which the ef~ 
fect of friction in the pores of the transmitting medium outside the 
well is also considered. Because of the lack of accurate knowledge of 
the exact nature of the water-bearing bed and other factors affecting 
the flow, the computation of yields i~ less satisfactory than actual mea-" 

1 Water-supply and Irrigation Paper, U. S. Geol. Surv. No. 67, pp. 73, 83. 
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surements. Such measurements can be made by the aid of a foot rule, 
it simply being necessary to measure the height of a jet and the dia~ 
meter of a. pipe in the case of vertical casings, or the amount of drop 
of horizontal jets in a fixed distance. On pages 90 to 93, in the publi
cation already quoted, Professor Slichter has given tables for use in such 
computations of flow. 

Character and arrangement of u:ells.-If several wells are drilled, 
they should be arranged as nearly as possible at right angles to the 
general trend of the water and inclination of the water-bearing strata, 
so that the largest amount of water may find its way readily into the 
tubes or collecting pipes. In any locality where the number of wellR 
has caused an overdraft, or where an overdraft is feared, it will be 
advisable to place the wells as far apart as possible. Wherever the 
water is obtained from flowing wells, the distance between the wells 
may very well be as great as the cost of piping and the contour of the 
country permits. Where the water is pumped, from either flowing or 
non-flowing artesian wells, the extra cost of separate pumping stations 
will usually prevent the distant separation of the wells. The mutual 
interference of wells will limit the number in the vicinity of the station, 
and the air leakage in long suction pipes, which greatly reduces the 
vacuum at the pumps, will prevent the locating of the wells more than 
several thousand feet from any given pumping station. 

The cause of the rapid decrease in pressures and available supply of 
water in the localities where a large number of wells have been put 
down, must be sought in the supply obtainable from the water-bearing 
beds themselves. The flow of water through porous beds depends upon 
the size of the pore space and size of grain. The coarser the sand, the 
greater the amount of water which may get to any parti(mlar well. The 
amount of water that can enter the local reservoir depends upon the 
ease with which the water is transmitted through the porous beds. The 
most favorably situated wells get the greatest supply. One of the 
potent factors to consider is the height of the water level in the well. 
Other factors being equal, the well that is most heavily pumped, will 
receive the greatest supply, the rate of increase being nearly propor
tional to the decrease in pressure due to lowering the head. 

Interference of Wells.-Sometimes the amount of water in a porous 
bed is not equal to the quantity in demand. This condition often devel
opes where a new well is sunk near an old one and only a small increase 
in the amount of water is obtained. In this case, the water is divided 
between the two wells, and they are said to interfere. The interference 
of wells depends upon many factors and no definite statement can be 
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made as to the distance within which wells interfere uniess ~ concrete 
case is taken. The condition of porous beds, the position of wells with 
respect to the direction of underground flow, the head at which the 
water in the well is to be pumped, all tend to modify the results. Where 
the heads in the wells under pump age remained the same, the interfer
ence with other wells 1,000 feet away and located at right angles to the 
direction of flow may not be noticeable. But as soon as one well is 
pumped much harder than the others and· the head greatly reduced, its 
sphere of interference will be greatly extended. In wells located parallel 
to the direction of the flow, they usually interfere with one another 
within a distance of several miles. 

Friction tends to prevent one well from obtaining the entire supply 
from an artesian basin. The extent to which friction is effective de
pends upon the texture, and thickness of the porous beds. The possi
bility of a well's decrease in flow due to the clogging of it's pore space 
near the well must also be considered. Special experimentation is re
quired to demonstrate that loss of head or flow is due to this cause, but 
that some wells are so affected is certain, as was pointed out by Slichter1 

in the case of the Savannah wells. 
Causes of Decrease in Flows.-In the case of old wells and sometimes 

of ~ew wells, where the flow has greatly diminished or ceased entirely, 
the decrease may not be due to a diminished supply in the artesian res
ervoir. Before any remedy to increase the flow can be suggested the 
special cause of the decrease must be known. 

Leakage commonly due to corroded pipes is a common cause of a de
crease in the flow. In some wells the iron pipes have been corroded 
within a period of two to five years and the artesian flow completely 
dest.royed. Cast iron and galvanized pipe last considerably longer than 
iron pipe. 

The water may escape through the openings, or the enlarging of the 
crevices in the rock where the well was left uncased. The well may 
have become partly filled with sand and clay and the flow thereby de
creased, or the casing itself may become partly clogged with detritus 
thereby shutting off the yield. The tubing or packing may have been 
insecurely placed, allowing the water to leak back into the natural sub
terranean water-ways. Old neglected wells in the vicinity, and in 
places there are many, may have their pipes cOIToded and thus allow 
the water to escape, thereby reducing the artesian pressure of the en
tire locality. New wells at lower levels, as in Germantown, Wisconsin, 
destroy t.he heads at the older wells by allowing the waters free escape. 

'Water-supply and Irrigation Paper No. 67, C. S. Slichter, pp. 95-101. 
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In places, it appears also, that the pore space of the water-bearing 
strata becomes partially filled, either through mechanical means or by 
organic growths. 

Many other factors and unfavorable conditions may develope tending 
to decrease the head or lessen the flow. Anyone of these or any com
bination of them may bring about the destruction of the flow of a well, 
and more or less decrease the efficiency of a local artesian district. In 
order to apply the most satisfactory remedy for increasing the flow, 
it is necessary to have a complete record of the underground conditions 
by which to direct the work. 

hI ethods of Increasing Supply of Wells:-The flow of water into a 
well may be increased by torpedoing the water-bearing stratum, there
by opening mor~ crevices through which the water may flow into the 
well. This has been t.ried in several cases with marked success, and has 
been employcd in shallow wells, e. g. the creamer,\- well, at Wittenberg, 
with remarkable results. This method might be resorted to if th~ 
crevices or pores of the strata became filled near the wells either by 
mechanical filling or through the growth of Crcnothrix or other plant 
and bacterial growths. 

In some localities, the discharge of artesian wells may be greatly in
creased by the use of deep-well pumps. The lower the head of water in 
any given well is reduced, the greater will be the amount of water 
available. The increase in discharge is not directly proportional to the 
amount of lowering but lags somewhat behind. In the case of the Madi
son wells, lowering the water in the well 18 feet furnished an increase 
of about· 500,000 gallons per 21 hours, and a drop of 72 feet increased 
the capacity to 1,500,000 gallons in 2-1 hours. In this case t.he capacity 
increased about three-fourths as much as the head decreased. There 
are, however, not a sufficient number of tests at hand to warrant any 
definite conclusion, and since the conditions of the strata and pore 
space, as well as the friction at the different wells varies greatly, it is to 
be expected that conditions at no two wells will be axactly tbe same. 

CONTAMINATION OF GROU~'DWATF.R SUPPLIES 

Most people living in villages and in the rural districts rely upon 
wells from which to obtain their water supply. Open wells are com
monly 3 to 5 feet in diameter and from 15 to 30 feet deep, though in 
many instances, open dug wells are from 50 to 100 feet deep. They 
are generally walled up with stone or brick, though not infrequently 
boards, planks and logs are used. The water seeps into most open wells 

. and the depth is determined by the general water lewl of the locality. 
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Contamination of Open Wells.-Open wells are subject to contami
n'a'tion both from above and below the ground. The usual protection of 
the wells above is a board platform, in which cracks are soon developed 
by constant wetting, warping and shrinkage. The drippings from the 
pump upon the platform, wash down into the well whatever accumula
tions there are of dirt from shoes, domestic fowls, and other sources. 

Many open wells are polluted from below the surface. The seepage 
from cess-pools and the drainage from manure piles enters the ground 
and becomes a part of the body of underground water upon which the 
wells depend. 

Drilled and Driven Wells.-In recent years drilled wells have gradu
ally supplanted the old type of open dug wells. Drilled wells are not 
only cheaper to make than dug wells, but they are also usually more· 
sanitary. 

Drilled wells are made by first drilling a hole and then driving a pipe 
into it. The drilled wells in rural districts generally range in diameter 
from 4 to 8 inches, and usually go to a depth of 100 feet or more, de
pending upon the depth of the groundwater level. 

Driven wells are those which are made by driving a pipe, provided 
with a well point, into the loose surface deposits. They can be sunk 
only in unconsolidated material, such as valley alluvium or gravelly 
and sandy glacial drift. The pipes are generally from 2 to 4 inches in 
diameter, and the wells usually vary in depth from 20 to 40 feet, though. 
in some localities they are driven to much greater depths .. 

POLLUTION OF FARM WELLS, SPRINGS, AND CISTERNS. 

Farms, which are generally remote from towns and cities or other 
areas of congested population, are especially favorably situated for ob
taining pure and wholesome water. As a matter of fact,however, pol
luted water is exceedingly common on the farms, and typhoid fever, 
generally contracted from drinking water, is usually more prevalent in 
country districts than in cities. 

Many of the failures to protect water supplies used for drinking are· 
due to a lack of knowledge of the manner in which waters circulate· 
through the ground, and of the ways in which the ground water may 
become polluted. The diagram, fig. 8, illustrates the location of safe 
and unsafe wells, and the general relation of these to the location of 
farm buildings and to the ground water level. 

Springs may also be contaminated, especially the seepage springs, if 
proper care is not taken in the location of buildings near the spring .. 
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Open or dug wells may be polluted by material seeping through the 
ground and the curbing or entering from the top of the well. 

Fig. S.-Diagram showing location of safe and unsafe welIs and their relation 
to farm buildings. 

The distance from a source of pollution, such as cesspools and barlI
yards, at which a surface or open well may be sunk with a fair degree 
()f safety varies with the formation, but generally should never be less 
than 100 feet and oft·en should be at least 200 feet. The more open and 
porous the soil and the more rapid the movement of the ground water, 
the greater is the safety distance required. 'Ven waters that become 
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Fig. 9.-Diagram showing danger of poIIution 
where casing is carried only to rock. 

muddy after rain st{)rms indicate surface contamination and should be 
avoided if possible. Wells should be protected from surface water by 
properly constructed curbing, stock should be kept away from the well, 
and protection from pump drippings, from small animals, and from 
dust should be cnsured,as they are all possible sources of pollution. 
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The waters of deep wells are usually safe and hence many people 
go to the expense of drilling for deep well water. Deep wells, may 
however become polluted by the entrance of surface waters (See fig. 9) 
unle.ss the casing is carried into the well a sufficient depth to shut off all 
surface water entering through fissures. 

Cisterns, which are especially valuable in supplying soft rain water 
or in furnishing supplementary supplies from wells, if properly con
structed, are safe :source-s of water supply. The disadvantage of cis
terns is the liability of contamination by dust from the roof, and the 
liability to crack and admit shallow and possibly polluted waters. 
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CHAPTER III. 

THE FLOWING ARTESIAN WELLS OF WISCONSIN 

-While flowing artesian wells occur to some extent over the entire state 
most of them are located within the area underlain by the Paleozoic 
rocks, as shown on the accompanying geologic map. (PI. I in pocket). 
A small number of flowing artesian wells in the surface formation oc~ 
cur along the shore of Lake Superior. Only a few flowing artesian 
wells have been found in the crystalline district, and these are due to 
very local conditions. (See pp. 85-7). 

The water horizons in the Palezoic rocks lie deeper and deeper as 
the dista'uce increases from the outcrop of crystalline rocks of northern 
Wisconsin, but the inclination of the strata is so gentle that in the _ 
southern part of the state, the bottom of the lowest water horizon, the 
Upper Cambrian (Potsdam) sandstone, is rarely more than 2,200 to 
2,500 feet below the surface. The entire water-bearing strata down to 
the impervious granite may, therefore, be easily penetrated by the 
well drills. 

While all the water horizons of the state give rise to artesian wells, 
they may not do so in every locality where they occur. The conditions 
favorable for obtaining artesian waters from format-ions overlying the 
Potsdam sandstone, are usually found only in eastern Wisconsin, south 
of Green Bay. The artesian wells, with source in the Potsdam sand
stone, are found over all the Paleozoic area except near the edge of 
its outcrop adjacent to the area of the crystalline rocks, and in the 
Kewaunee-Door Peninsula east of Green Bay. 

FWWING ARTESIAN ·WELLS FROM THE ST. PETER AND THE UPPER CAM

BRIAN (POTSDAM) SANDSTO:z..""E. 

While artesian areas, with source of flow in the Upper Cambrian 
(Potsdam) and St. Peter sandstones, are confined, in a general way, 
to areas of rel~t.ively low altitude, yet there is a considerable range in 

,d:he altitudes of the artesian heads, not only over the entire state, but 
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also over each individual district of flowing wells. The areas of flow
ing wells are within the river valleys and along the shores of Lake Mich
igan and Green Bay. In the following descriptions of the flowing 
wells from the sandstone group, the districts of flowing wells along the 
rivers and lakes are first considered, followed by a description of the ar
tesian conditions along the shores of Lake Michigan and Green Bay. 

FLOWING ARTESIAN 'YELLS ALONG THE MISSISSIPPI RIVER VALLEY. 

The water confined within the Upper Cambrian sandstone aquifer is 
'very generally under sufficient pressure to produce artesian flows along 
the Mississippi river from the vicinity, a short distance north of Minne
apolis, Minn. to St. Louis, Mo., the maximum head above the river 
probably being olJ'tained somewhere near Dubuque w:here a head of 153 
feet above the river has been recorded. The head of the flowing artesian 
wells along the Mississippi river bordering 'Yisconsin is shown in the 
following table: 

TABLE 7.-Ma;rimum initial head I of flowing wells in the Mississippi Valley • 
. north to 80uth. 

City. Owner. 

Hastings. Minn ...................... C. ilL & St. P. R. R. 
Red Wing. Minn ..................... C. M. & St. P. R. R. 
Maiden Rock. Wis ................... Maiden Rock L Co .. 
Fountain Cit.v. Wis .................. City Well .......... .. 
Winona. Minn....................... Cit.v Well ......... .. 
Onalaska. Wis................. .... City Well .......... . 
La Crosse. Wis ....................... C. B. & Q. R. R .... . 
Stoddard, Wis ..................... H. H. White ....... .. 
Genoa. Wis........................... Joh" Franzen ...... .. 
De Soto. WiR....... ................ Peter Loftus ....... .. 
Prairie du Chien, Wis............... Atock Co ........... .. 
McGregor, Iowa .................... City Well .......... .. 
Cassville, Wis ........................ City Well ......... .. 
Dubuqne, Iowa ...................... Butcher's Ass·n ... .. 

Head above ~1:~r. al~~,,-e 
sea level. water 

Feet. Feet.' 

724 
760 
709 
690 
686 
664 
659 
706 
692 
661 
704 
694 
658 
740 

53 
90 
44 
46 
49 
34 
31 
86 
75 
47 

100 
87 
41 

153 

1 All figures referring to head in the following tables are given in feet. 

Head 
above 
curb. 
Feet. 

14 
75 
34 
20 
20 
5 

H 
60 
25 
21 
59 
62 
16 

133 

The present head at many of the wells cited is niuch below that given 
in the table as the maximum initial head, on account of local interfer
ence of the many wells drilled in the same locality, and in many i~
stances loss of pressure due to leakage from corroding of the casing 
developed since the well was first drilled. At Red Wing the present 
strongest head is about 30 to 40 feet above the river whereas the maxi
mum initial head was 90 feet above the river level. At Maiden Rock, 
the well was only recently drilled, in 1912, and the maximum initial 
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head is st.ill maintained. At Prairie du Chien, the well cited was 
drilled in 1875, and the present head is only a few feet above the sur
face, though the well at McGregor, Iowa, is reported to have as strong a 
pressure as originally. At Dubuque, the present maximum head is 
probably between 80 and 100 :feet above the river level in wells properly 
cased and protected. 

FLOWING ARTESIAN WELLS IN VALLEYS TRmUTARY TO THE MIssISSIPPI 

RIVER 

Certain sections of many of the river valleys, tributary to the Miss
issippi, are favorable for the development of flowing artesian wells.· 
The artesian water is·confined to the Upper Cambrian sandstone forma
tions in typical artesian slopes, the artesian heads declining relatively 
rapidly though very generally with increasing height above the river, 
in going down t.he valley. (For definition of artesian slope see pag~ 
49). 

Chippewa Valley.-The maximum initial head/of the flowing artesian 
wells in the lower course of the Chippewa Valley is shown in the fol
lowing table: 

TABLE 8.-.Vaximum initalltead of wells in tlte OMppt!'!oa Valley. 

City. 
Head above Head above Remarks. sea ·level. river. 

Merldean.. •.. ...... .... ..... 741 11 Head 5 feet below curb. 
Durand.... ....••.....•...... 751 48 Prindle's Inn. Head 28 feet above curb . 
.At mouth of Chippewa 

river. • . •.•. . . .• . • .. . . .• . . . 710 to 730 40 to 60 Head Inferred at 40 to 60 feet above river 
level. 

The only flowing wells· known along the Chippewa river are located 
at Durand, where a head of 48 feet above the river has been obtained. 
At Meridean, 13 miles farther up the river,' a well drilled to the gran
ite failed to flow, although the water rose in the tube some distance above 
the local groundwater level, within 5 feet of the surface. The flowing 
wells'in Durand are located at the base of a high bluff, and it seems 
-quite probable, that the artesian pressure in this situation is reinforced 
by the pressure of the underground water in the adjacent bluffs, while 
the hon,flowing well at Meridean is located farther out in the valley, 
several miles from high bluffs. 

The chances for finding flows along the Chippewa river, above the 
mouth of the Red Cedar river, are not very good because the river and 

5-W. S. 
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adjoining low bottoms on which the flows would have to be located, are 
sit~ated near the middle of the old filled valley and some distance from 
the bluffs, thus furnishing opportunities for leakage of the artesian 
water into the old valley, besides the loss of favorable conditions for re
inforcement of the artesian pressure due to a high ground-water table 
in the adjacent uplands.' 

South of Durand, no artesian flows are known, but the chances for 
obtaining flows from 30 to 50 feet above the river, are good, especially 
along the western side of the river where the low ground of the river 
bottoms is close to the high bluffs. On the other hand, where the low 
ground of the river bottom is some distance from the bluffs, for reasons 
above stated, the chances for obtaining flows are not so favorable. 

Red Cedar Valley.-At Menominee, Dunn County, located on the 
Red Cedar river, a large tributary of the Chippewa, the city wells 
drilled to the granite flowed about 10 feet above the surface, or about 
30 feet above the river, when first drilled. The flow was not sufficient 
for the city supply and. the wells are pumped. The Red Cedar flows 
in a narrow r'ock-bound valley from Menominee to Dunnville, and 
throughout this stretch of the valley the prospects for obtaining artesian 
flows, with head from 10 to 30 feet above the river, are fair. 

Beef (Buffalo) Valley.-In 1912 only two flowing wells, were known 
to be along the Beef river, namely one far up the v;alley at Mondovi, 
with original head of 6 feet above the· surface, and one 3 miles above 
the mouth of the river, with head about 24 feet above the level of the 
river. The flowing well at Mondovi is 418 feet deep, drilled to the 
granite, striking the sandstone at depth of 80 feet, with 10 in. casing 
to depth of 90 feet. The altitude of the curb is not known but is prob
ably near that of the railroad station which is 738 feet. From our 
knowledge of artesian flows along the Chippewa river to the north, and 
along the Trempealeau river to the south, it seems reasonable to pre
dict the probable development of artesian flows at various places along 
the valley. If a profile of the Beef river were available it would be 
possible to predict what sections of the valley are likely to be productive 
of flows. 

Since the above was written and sent to the press information has 
been obtained of the drilling of a number of flowing artesian wells in 

, 1913 and 1914 in the Beef valley, from the vicinity of Mondovi up to 
Eleva and Strum. The artesian wells are generally drilled down to the 
granite and usually have a head 5 to 15 feet above the valley bottoms. 
See also the local description of Buffalo and Trempealeau counties. 
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. Trempealeau Valley_-Flowing wells occur in the Trempealeau val
ley as far up the river as Whitehall, as indicated in the following table: 

TABLE 9.-Maximum head of jlau:ing IU[[IJ in the Trernpealeau VaOlley. 

City. 

Whitehall ................ . 
Arcadia .................. . 
At mouth of river ....... .. 

Head above Head I 
sea level. above curb. 

790 
740 
686 

12 
12 

Remarks. 

Head at Winona 40 feet above Mississippi 
river. 

The head, from Whitehall to the mouth of the river, declines from 
about 790 feet to 686 feet. While no flows are known to occur between 
Arcadia and Winona, at least a part of this stretch of the valley, ap
pears to be favorable for the development of flowing artesian wells. 
Flowing wells might be developed above Whitehall, though any pre
diction would have to be based on data, which is not available, showing 
the relation of the artesian profile to the river profile. 

Black River VaZley.-No flowing wells are known to occur in the
Black River valley except those reported at Galesville in the tributary 
Beaver Creek valley. However, the prospects appear to be good for the· 
development of flows on low ground adjacent to the river, possibly as. 
far up the. valley as Melrose, but probably not beyond. ' 

La Crosse Valley.-Flowing wells along the La Crosse river are· 
developed only in the vicinity of Leon and Sparta, the area of flowing 
wells extending from Rockland as far up the La Crosse river as 2 miles. 
east of Trout Falls, 11 miles east of Sparta, and up the Little La Crosse
as far as Melvina. The approximate head of the flowing wells in the
vicinity of Sparta and at La Crosse is indicated in the following table:. 

TABLE lO.-Maximum indial head of a1·tesian 1l!tlb. in ti,e La Crosle Valley. 

Location. 
sea level. (_) surface. 

Remarks. Head abovel~f~ ~~;:I 
------~.----- 1---------------------
Franlr Rawin's farm. 
',frout Falls .......... . 
Angelo ................ ' 
Sparta ............... .. 
Rockland ............. . 
lIanlrOr ............... . 
West Salem .......... .. 
La Crosse ....... ~ .... . 

870 
850 
834 
811 
764 
735 
720 
659 

+ 8 Head about 30 ft. above river. 
+10 Head abont zo ft. above river. 
+14 Head about 40 ft.. above river. 
+18 Head about 40 ft. above river. 
+ 7 I Head about ZO ft. above river. 
-10 Head 10 n. below surfaee. 
-25 Head 2-5-20 ft. below surface. 
+12 Head 30ft. above X ........ ppi river. 
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The decline in the head, from the highest points .up the valley down 
to Rockland, is estimated to be about 100 feet in a distance of about 15 
miles, the initial maximum heads generally being 10 to 20 f~et above 
lowest ground along' the river adjacent. Probably 200 to 300 flowing 
wells have been obtained in this productive area. Below Rockland, no 
artesian flows have been obtained, though attempts have been made at 
various places along the river at Bangor and West Salem. The lack 
.of favorable conditions for artesian flows from West Salem to Rock- ~ 
land, is apparently, on account of the flat slope of the valley from Rock
land down to West Salem. 

The La Crosse river may be divided into three parts: 1st, The upper 
end of the valley, with a steep slope from the head water~ down to the 
vicinity of Rockland, the fall between Melvina on the Little La Crosse 
to the vicinity of Rockland being over 120 feet in a distance of about 
12 miles, or 10 feet per mile, and the fall from Trout Falls to Rockland 
being about the same amount in about 15 miles, or 8· feet per mile; 
2nd, The middle part of the valley, with a very gentle slope from Rock
land down to West Salem, with a fall of only about 20 feet in 10 miles, 
or about 2 feet per mile; and 3rd, The lower end of the valley, with a 
relatively steep slope from West Salem down to the Mississippi river, 
with a fall of 60 or 70 feet in 10 miles, about 6 or 7 feet per mile. 

If the hydraulic gradient within the flowing artesian area above 
Rockland, which is approximately the same gradient as the valley slope, . 
8 to 10 feet per mile, be maintained below Rockland, the artesian head 
would necessarily soon fall below the surface of the valley below Rock
land, in the very gently sloping stretch of the river betwee~ Rockland 
and West Salem. If a hydraulic gradient closely approximating 5 feet 
per mile, be maintained between Rockland and La Crosse, as indicated 
by the available head at Rockland, about 764 feet, and at La Crosse, 
about 660 feet, a decline of 96 feet in '20 miles, the artesian head would 
also necessarily fall below the level of the river on account of the slight 
fall of the valley bottom between Rockland and West Salem. A 5-foot hy
draulic gradient, in fact, appears to approximate between Rockland 
and the mouth of the river, as indicated by the available head at West 
Salem at 710 to 720 feet, about 25 below the surface. Somewhere 
below West Salem, therefore, in the steep lower course of the river, the 
artesian head would rise above the level of the valley, reaching to 30 
feet above, as at Onalaska. and La Crosse. The relative positions of the 
-valley gradient and the hydraulic gradient in the La Crosse valley are 
:shown in the accompanying section, Fig. 10. 
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Coon Creek VaZley.-Flowing wells along the Coon Creek valley, are 
developed at Chaseburg and Coon Valley, with approximate heads as 
indicated in the following table: 

TABLE IL-cl{aximum initial head of .flnDing 1De!l$ in Coon C:"eek. Valley. 

. Location. 

Coon Valley ......................................... .. 
Chaseburll ............................................ . 
Stodda.d ............................................ .. 

Head above sea 
level. 

About 780 
About 730 

706 

Head above surface . 

32 
30 
60 

Flowing wells occur as far up the valley as 3 miles east of the village 
of Coon Valley, at the farm of Rev. Rualkamm, where a head of 14 
feet above the surface is obtained. In the village of Coon Valley, are 
5 flow.ing wells, from 450 to 500 feet deep, each cased about 300 feet 
to the shale or "soapstone." Conditions appear to be favorable for ob
taining artesian flows 6 or 8 miles east of the village of Coon Valley, up 
to an altitude of 850 to 900 feet on low ground adjacent to the creek. 
Springs are abundant. along the valley sides above altitudes of 900 to 
950 feet, the highest springs at the source of Coon Creek being at eleva
tion of about 1100 feet. 

At Chaseburg, are several strong flowing wells, the pressure of one 
being utilized to operate a small motor plant at the Geo.·Carson black
smith shop, and the pressure of another is used to operate a hydraulic 
ram which supplies water to farmhouses in the vicinity. The wells at 
Chaseburg are about the same depthas those at Coon Valley. 
I At Stoddard are several flowing wells, ranging from 400 to 500 feet 
deep, cased about 130 feet, having heads of 50 to 60 feet above the sur
face. Two of these flowing wells are utilized for the development of' 
power. 

Kickapoo Valley.-Artesian flowing wells are located at the lower 
end of the Kickapoo valley, and also in the upper half, but none are 
known along a considerable portion in the lower middle part. The 
maximum initial heads at various points in the valley are shown in the 
following table: 
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TABLE 12.-Maximum initial head oj jlMoing wells in Kickapoo Valley. 

I 

1 y. sea level. river. curb . C't Head above Head abo,'c I Head above 

. ----------------------------------
Wilton (3 miles north of)............................. About 991 ................ 1 2 
on City........... .••..••.... ................ ..•...... ., 920 I 29 25 
Ontario ........................... " .........• " .. " . . . H 880 ........... '" • • 10 
Rockton. . . • . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ., 830. • • • • • . • . • . •. • • • 32 
La Farge.............................................. "795 19 16 
Viola ................................................ " 755 .. .. .. .... .... .. 4 to 6 
Readstown.. ..... ........ ....... ......... ... . ... ...... 730 .............. .. ? 
Soldiers Grove.. . .... • ... .... .... .... .... .... .... ... .. . 720 ....... '55' ~ ... .. . ? 
Wauzeka .............................................. ;.. 688 36 

The highest head of a flowing well from the Potsda.m aquifer in Wis
consin, thus far recorded, appears to be in the upper part of the Kicka
poo valley, 3 miles north of Wilton, at an elevation of 991 feet above 
sea level. From the vicinity of Wilton to La Farge, the valley declines 
nearly 200 feet in about 25 miles, establishing a gradient of about 8 feet 
per mile. From La Farge to Viola the valley slope is about 4 feet per 
mile. From Viola to the mouth of the river, near Wauzeka, the slope 
of the valley is only 2 to 3 feet per mile, falling about 110 feet in about 
45 miles. See the cross section, Fig. 11. 

The flowing wells along the Kickapoo valley, occur at Wauzeka, at 
the lower end of the valley, an!! from Soldiers Grove, near the middle 
portion, up to Wilton, with heads as indicated in the table. The arte
sian gradient from Wilton toLa Farge, closely approximates the valley 
slope of about 8 feet per mile. Below La Farge, at the Robinson farm 
above Readstown, and at Soldiers Grove, the altitude of the artesian 
head is not known, but the head very probably declines more slowly 
than in the section of the valley above La Farge. The high artesian 
head at Wauzeka, 34 feet above the curb and 55 feet above the river, 
seems to indicate the probability of favorable conditions for artesian 
flows throughout the gentle slope of this valley between Soldiers Grove 
and Wauzeka though none are now known to occur between these points. 
Favorable conditions for flows should oocur at least as far up the val
ley as Barnum. 

Baraboo Valley.-Flowing wells from the Upper Cambrian (Pots
dam) sandstone, the artesian pressure, reinforced to a variable extent 
by the favorable character of the valley deposits, occur along the Bara
boo river, from Elroy to Baraboo, as indicated in the following table: 

- . 
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TABLE 13.-M(J,.vimum initialltead Of flowing wells in Baraboo Valley. 

City. Head above I Head above 
sea level. river. Remarl,s. 

I -------1------------------
Elro.v.... .... .... .... .. 950 12 
Wonewoc............. 910 ~ 
Reedsburg. .. ... .. .. .. -876 12 
~bleman""''''''''''1 870 15 North ,. l'eedom . . . . . . 860 15 
Baraboo.... .......... 830 15 

Head 2 ft. above crest of dam. . 
Head about 12 ft. above ri vel' below dam. 

I Head about 15 ft. above crest of waterworks 
dam. 

The artesian head declines from an altitude of about 950 feet at El
roy, to about 830 feet at Baraboo, a fall of 120 feet in about 40 miles, 
as the railroad runs, indicating an average artesian gradient of 3 feet 
per mile, approximately the same as the valley gradient. 

Artesian flows have been developed in exploring for iron ores sev
eral miles below Baraboo, but they are not likely to be developed far 
down the river, not beyond the Lower Narrows, on account of the very 
gentle slope of this part of the valley, the descent of the river, below 
Baraboo, being only 13.7 feet in 24 miles, an average fall of only 0.6 
feet per mile, as compared with a valley slope and artesian slope of 3 
feet per mile above Baraboo. The relation of the valley gradient to 
the artesian gradient, along the Baraboo river, is shown in the accom
panying section, Fig. 12. 

Within the past two or three years, since 1911, the flowing wells in 
the vicinity of North Freedom, within one or two miles of the Oliver 
Iron mine, have ceased flowing, on account of thecontiimous pumping 
of water at the mine. Appreciable lowering of the artesian head in 
the village of North Freedom is reported, but no influence on the head 
of the flowing wells at Ablemens is noticeable. Should the pumping 
at the mine cease, the former artesian head will be regained. 

Rock River Valley.-Flowing artesian wells from the Potsdam aqui
fers, as well as from the overlying surface formations, are found along 
the valley throughout the entire course of the Rock river in Wisconsin, 
as well as in Illinois. The highest heads, above sea level, are found near 
the source of the head water streams, as at Waupun, Beaver Dam, Madi
son, and Whitewater, from which points, the artesian gradient declines 
down through the main valley of th~ river. The approximate maxi
mum initial heads at various points in the Rock river vaney are indi-
cated in the following table: .. 
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'TABLE H.-Maximum initial head of jlQ/cing arte.ian 1Dells in the Rock River 1)alley 
and tributary raUtgs, nortit to .,outlt. 

City. 

Beaver Dam ..... . 
Waupun ........ .. 

Horicon .......... . 
Madison .......... . 
Stoughton ....... . 
Watertown ....... . 
Cambridge ...... .. 
Waterloo ....... . 
Whitewater ...... . 
Jetferson .... ; .... . 
Fort Atkinson ... . 
Edgerton ........ . 
..J anesviJIe ....... . 

Rockford. IlL .. :. 

Name of valley. 

Beaver Dam ......... 
Rock RIver (weSII 

Branch) 
Rock J.u. vel' .......... . 
Yahara I{lver ...... . 
Yahara Hlver ....... j 
Rock River ........... , 
I{oshkonong Oreek"l 
Waterloo Creek ..... ,[ 
Wh!t~w.ater Creek .. i 
Rock River .......... , 
!:tock River ......... . 
Hock H .. 1. vel' ......... '1 Rock River ........ .. 

Rock River ........ .. 

886 About 16 ft; above Rpaver Dam Lake. 
8H3 I P~,ent head 879, only a few feet above 

, rIver. 
860 i Only a few feet above river. 
H63 About h feet above Lake Mendota. 
843 Only a few feet above river. 
833 About 15 fept above crest of upper dam. 
840 About 6 feet aum'e curb. 
835 A bout 9 rpet above curb. 
839 A bout 19 feet ahoye curb. 
823 About 29 rePt above curb. 
808 About 28 feet above river. 
833 . About 45 reet above river. 
802 About 40 feet aoove crest of iIIonter • .y 

dam. 
744 About U reet above river. 

The decline in the artesian heads down the valley of the Rock, in a 
general 'Yay, is about 1 to 2, feet per mile, not only along the main val
ley. but also along the tributary valleys. The relatively high head at 
Edgerton, at approximately the same altitude as at Watertown, Water-
100, and Whitewater, is probably explained by the fact that Edgerton, 
though located on the present course of the Rock river, is really some 
distance from, and therefore outside the old pre-glaci~l valley of the 
Rock river. This pre-glaciaP valley, now filled with sand and gravel 
to a great (l~pth, extends directly south :from Fort Atkinson, and is 
about 6 miles east of Edgerton and very near to Janesville and Beloit. 
The bottom of the old valley lies about 300 feet below the present level 
of the Rock River between Ft. Atkinson and Beloit, ~nd it is probably 
on account of leakage of the artesian waters into this old vaHey, that 
the heads of artesian wells outside the old valley are relatively higher 
than those within or near to the old valley, 

It is of interest to note that the artesian head at Whitewater east of 
the Rock river, is approximately the same as it is at Waterloo and at 
Cambridge on the west side of the river, showing, therefore, no apparent 
decliri~ in. the hydraulic gradient, in folloWing eastward down the dip 
of the Upper Cambrian sandstone, and in increasing the distance from 
the area of outcrop. Th~ artesian head of the Potsdam water on the 
east side of the Rock river valley, is probably maintained by the i~flu~ 
ence of the local groundwater level in the upland divide, between the 
Rock river and the Lake Michigan drainage systems. 

1 See W. C. Alden, Professional Paper No. 34, U. S. Geol. Survey, PI. II. 
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Fox River Valley (of Ill.).-The Fox River of Illinois rises in north
western Waukesha county, and flows southward through the western 
parts of Racine and Kenosha counties. Flowing artesian wells are 
known along this valley in the vicinity of Mukwanago, and at Burling
ton, and farther south in Illinois, at Elgin and Aurora, as indicated in 
the following table: 

TAELE 15.-JIaximum initial ltead of artesian ~oells in Ute F'OlJ Rive?' Valley (of 
Illinois). 

City. 

Mukw!!.uago. Wis ............. ; .................................. . 
Burlington. Wis ........................................•.......... 
Elgin, Ill ......................................................... . 
A uoor!!.. IlL ...................................................... . 

Head above 
sea level. 

830 
795 
739 
710 

Head above 
surface. 

A bout 15 feet. 

I 
A bou t 30 feet. 
About 24 feet. 
About, 60 feet. 

The decline of 35 feet in the artesian head, from Mukwanago to Bur
lington, indicates an artesian gradient of about 2 feet' per mile in the 
upper section of the river, while the decline from, Burlington to Elgin, 
and to Aurora, indicates an average gradient of much less than one foot 
per mile. 

Judging from the altitude of the artesian head at Mukwanago, of 
830 feet; as well as that of the strongest flow in Milwaukee, at altitudes 
of about 790 feet, artesian flows from the Upper Cambrian sandstone 
should be obtainable on low ground .along the Fox river in the city of 
W,aukesha at altitude of 800 to 810 feet. Hmvever, while arteSian flows 
have been obtained.in Waukesha from the Niagara limestone, the head 
of the water in the sandstone. in one well drilled to depth of 1,500 feet 
was reported to have been as low as 60 feet below the curb. The failure 
to obtain a flow from the sandstone in Wauke!;lha'may be due to some un
favorable local condition, and may be exceptional. 

FLOWING ARTESIAN WELLS ALONG THE Fox RIVER VALLEY TO GREEN 

BAY 

Th~ Fox river, emptying into Green Bay, has artesian flowing wells 
from the Upper Cambrian sandstone aquifers developed along its
course, from the vicinity of Berlin and Fond du Lac. to its mouth at 
Green Bay, as indicated in the following table: 
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TABLE 16-Maximum initial head of welt. in tlte Fox River Valley. south to north. 

City. Head above Head above curb, or the river or lake a.djacent. 
sea level. 

Fond du Lac.................. 800 
Berlin.. ......... ........ ...... 765 
Neenah....................... 760 
Appleton......... .... .... . .... 730 
Combined Locks............. 660 
Kaukauna .................... 1 .............. .. 
DePere... ........ ..... .... .... 670 
Green Bay................... 672 

About 53 feet above Lake Winnebago. 
About l~ feet above Fox ri vel'. 
About 15 feet above Lake Winnebago. 
About 30 feet above foot of locks in Fox river. 
About 8;feet above foot of locks in Fox river. 
About 35 feet above curb. Badger Paper Co. 
About 90 feet a.bove Fox l"Iver. . 
About 92 feet above Fox river and Green Bay. 

The maximum initial head at Berlin, on the Fox river, wa.s a.bout 
15 feet above the level of the river, and at Fond du Lac, at the head 
of Lake Winnebago, the maximum head recorded was 53 feet above 
the lake level which is about 35 feet higher than the head at Berlin. 
The artesian gradient along Lake Winnebago is relatively steep up to 
the divide between the head of the lake and the head of the Rock river 
drainage, this section of the valley having the usual characteristic 
steep artesian gradient at the head of a valley. 

The artesian gradient from Berlin to Appleton has a gentle slope 
showing a decline of about one foot per mile for a distance of 30 miles. 
From the rapids at Appleton to the foot of the rapids at Kaukauna 
there is a sharp decline in_ the artesian slope of 80 or 90 feet in about 
10 miles, in conformity with the steep valley slope, the section between 
Appleton and Kaukauna being characterized by a series of falls and 
rapids. 

From Kaukauna to Green Bay there is only a slight decline in the 
artesian slope in conformity with the slight fall in the valley floor 
between these points. 

The relatively slight decline in the artesian slope down the Fox river 
valley between Berlin and Appletoil, and between Kaukauna and 
Green Bay, is probably due, in part at least, to the fact that the valley 
follows a direction nearly normal to the inclination of the water
bearing strata rather than in the direction parallel to the greatest in
.clination of the water-bearing strata. The sharp decline in the arte
sian slope in the vicinity of the rapids, bctween Appleton and Kau
kauna, is probably due, mainly, to the occurrence of a monoclinal fold 
of the strata in this locality, with the usuall:r accompanying jointing 
and fissuring of the strata, allowing excessive leakage of the artesian 
supply. 
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FLOWING ARTESIAN 'WELLS ALONG THE WEST SHORE OF GREEN BAY. 

Flowing wells, with source of flow in the sandstone and also in the
immediately overlying Galena-Platteville (Trenton) limestone, occur 
along the west shore of Green Bay with approximate initial heads as 

. indicated in the following table: 

T.ABL};~ 1'7. j![~ximum initial head of arte8ian wells along the west 8hore of Green Bay. 

Cit;' . 

Marinette ............................................ . 
Marinette ............................................ . 
County LIne .............. _ ..................... ' ...... . 
Oconto ............................................... . 
Oconto .................. , ............................ . 
LitUe Huamieo ....................... ., ............... j 
Uttle Suamico ................. ; ..................... 1 
Green Bay ........................................... . 

Head above Head· above Head above 
sea level. . curb_ Green Bay. 

613 
614 
624 
648 
630 
629 
671 
672 

21 
23 
14 
15 
11 
40 
90 
90 

33 
34 
44 
68 
50 
49 
91 
92 

At Marinette, the artesia!). head when the wells were first drilled, 
reached 30 to 35 feet above the level of the bay; at Oconto the maximum 

. heads reached 50 to 68 feet above the level of the bay; and at Green Bay, 
the head was orginally 92 feet above the bay. There is very clearly a 
decline in the artesian heads in going north from Green Bay to Mari
nette, and this decline may continue for some distance farther north 
into Michigan, though the heads of the artesian wells in Escanaba, Glad
stone, and Rapid River appear to rise again, and closely approximate
or slightly exceed those at Marinette and Menominee. 

The decline in the artesian head in going north of Green Bay to Mari
nette, is probably due to the decrease in the thickness combined with the 
relatively low altitudes of the sandstone in going northeast, as well as the
lower altitude of the land and consequently lower water. table, in the dis. 
trict west of Oconto and Marinette as compared with the higher land 
and the higher water table in the vicinity both west and east of Green 
Bay. 

FLOWING ARTESIAN WELLS ALONG THE SHORE OF LAKE MICHIGAN 

The maximum initial head of artesian flowing wells along Lake Michi
gan, with source of flow in the Upper Cambrian (Potsdam) or St. Peter 
sandstone, is shown in the following table: 
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TABLE IS.-Maximum initial head of .(f.'Jltin.g artuian wells/1'om tlte St. Peter 01' 

the Upper Cambrian sand.toM alAmg Lake MicMgan. 

! Head 
. Depth! Head above above 

CIty. Owner. of I sea level. Head above curb. 'Lake 
Well. I Michigan. __________ ~_1 ________ _ 

Algoma ........ . 
Two Rivers .... . 
Sheboygan .... .. 
Sheboyg'n Falis 
Mllw .. ukee ..... . 
Milwaukee ..... . 
Milwaukee ..... . 
Racine ........ .. 
Corliss; ........ .. 
Kenosha ...... .. 
Zion City ..... .. 
Waukllgan ..... . 
Lake Forest ... . 
Eva.nston .... .. 
Chicago ....... .. 
Ha.rvey ....... .. 

City Well. ............ .. 
City WeB .............. .. 
City Well. ............. .. 
H. Giddings ............ .. 
!:ltory Bros .• Highbury Pl. 
Na.tional Soldiers HOIhe. 
Elm Grove Convent .... . 
;1. J. Fox .............. .. 
C. M. & St. P. Ry. Co .. . 
Pennoyer Sanitarium .. . 
Zion As~'n .............. . 
Old Wa.terworks ....... .. 
C. B. FarwelL ......... .. 
City Well. .. ........ .. 
Union Stock yards .... .. 
Waterworks .......... .. 

1,336 
},860 
1.476 
1.200 
1.550 
1.507 
1.507 
1.500 
1.263 
1.280 
1.569 
2.005 

960 
1.602 
1,200 
2,015 

j l~lows from No pressure from 
t the Niagara. the sandstone. m 104 

773 55 
738 55 
766 106 
790 20 
710 80 
765 60 
720 107 
665 20 
675 75 
700 So 
612 5 
590 Non-flowiIll!'. 
603 Non-flowing. 

o 
o 

146 
192 
158 
186 
210 
130 
185 
140 
85 
95 . 

120 
31 
10 
13 

The productive area of flowing artesian wells with source of flow in the 
sandstone along Lake Michigan appears to extend from Sheboygan, or 
a short distance farther north, to ~vanston, Ill. (See fig. 13). Many 
of the earlier flowing wells with strong pressure have ceased to flow, 
on account of leakage through the well casings and the interference of 
other wells. The maximum initial head in the various cities from She
boygan to Kenosha, appears to have usually ranged between 150 feet 
above the lake level near the shore, up to about 200 feet above the lake 
5 or 6 miles west of the shore. The decline in the artesian gradient 
from west to east, towards the lake, is relatively steep, from 8 te 10 feet 
per mile, as indicated by the head of 773 feet at Sheboygan Falls, 6 
miles from the lake, as compared with the head of 727 feet at Sheboygan, 
and also by the head of 765 at Corliss, about 6 miles from the lake, as 
compareq. with the head of 710 feet at Racine. 

South of Kenosha there is a rapid decline in the head, as available 
records appear to . indicate that the strongest :flows obtainable from the 
sandstone at Evanston is o~ly 37 feet above the lake, while in Chicago 
no flowing wells are obtained from the Potsdam, although flows have 
been obtained from the Trenton with head 88 high as 110 feet above 
the lake. While the artesian head at the Union Stock Yards and at 
Harvey are a few feet above lake level, the pressure is too low to 
develop flows. At Lemont,! 25 miles west of Chicago, the artesian head 
of the Potsdam has an altitude of 656 feet, developing a flow 60 feet 

1 W. C. Alden. Chicago.Folio No. 81, U. S. Geol. Survey. p. 13. 
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abov~ the curb, and at Aurora, 40 miles 
west of Chicago, the artesian head is at an 
altitude of 710 feet, approximately the 
same as at Kenosha. 

The gradual decline in the artesian head 
in going south of Kenosha along the lake 
shore to the vicinity of Chicago is prob
ably due, in part to the greater distance of 
the Chicago district from the outcrop area 
of the Upper .Cambrian (Potsdam) sand
stone, as compared with the distance from 
those cities farther north along the lake, 
and in part to the lower land, and in con
sequence a lower groundwater table, about 
Chicago, as compared with the higher land 
and the higher water table, in the district 
farther north . 

North of Sheboygan, there appear to be 
no flowing wells with source of supply in 
the St. Peter and Upper Cambrian sand
stone, although flows from that region are 
often obtained from the overlying Niagara 
limestone. The lack of favorable artesian 
conditions in the Potsdam sandstone in 
this region is illustrated at Two Rivers and 
Algoma. Only a small flow was obtained 
in the Niagara limestone and no flow from 
the underlying St. Peter and Upper Cam
brian (Potsq.am) sandstone in the Two 
Rivers city well drilled 1800 feet to the 
granite. At Algoma, the new city well 
drilled 1336 feet deep, 11 feet into the St. 
Peter sandstone, apparently obtains its en
tire flow with a head of 22 feet at a depth 
of 465 feet in tlie Niagara limestone. 

While only these two deep wells to the 
sandstone group have been drilled along 
the lake shore north of Sheboygan, both 
of these failed to obtain flows from the St. 
Peter or the Upper Cambrian sand
stone. The unfavorable geological condi
tions ,for developi~g an effective ar-
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tesian area in the Upper Cambrian sandstone north of Sheboygan 
county are as follows: (1) The gradual decrease in thickness of the 
sandstone (from 800 down to 400 feet) north of Fond du Lac and She
boygan counties, and the consequent decrease in the extent of the out
crop area in north-eastern -Wisconsin; (2)the relatively low altitude 

'of the sandstone outcrop in north-eastern 'Visconsin; and (3) The 
great increase in thickness (from 300 to over 500 feet) of the Cincin
nati shale group in the Green Bay district. The three conditions are 
all probably influential factors in developing unfavorable artesian con
ditions in the sandstone group in Manitowoc, Kewaunee, and Door coun
ties. The third factor mentioned, however, the great thickness of the 
impervious shale, may have the most important effect in developing un
.favorable artesiap. conditions within the sandstone, by preventing the 
transmission of pressure from the local groundwater table upon the 
water confined in the sandstone group. 

The profile of the artesian head along the shore of Lake Michigan is 
shown in the section, figure 13. 

FLOWING ARTESIAN WELLS FROM THE GALENA-PLATTEVILLE LIMESTONE 

The Galena-Platteville limestone is mainly important in the Wiscon
sin artesian system as a confining stratum of relatively impervious rock 
overlying the water-bearing sandstones. While a few flowing 'Yells are 
obtained from the Trenton limestone, as at Oconto and Fond du Lac, 
the source of the flows are usually, if not always, from the joints and 
other openings leading up from the underlying sandstone group with
in which the artesian water is confined. While artesian wells have pene
trated the Galena-Platteville (Trenton) to the underlying sandstone 
artesian waters in many localities, imperfect casing through the lime
stone formation has often allowed sufficient leakage from below to de
velopflows, when wells are later drilled into the limestone. In most 
cases, however, the artesian pressure is greatly increased by drilling 
through the Galena-Platteville limestone into the sandstone, thus indi
cating that the artesian supply in the limestone in eastern Wisconsin 
has its principal source in the artesian reservoir in the underlying Up
per Cambrian and St. Peter sandstone formations. 

FLOWING ARTESIAN WELLS FROM THE NIAGARA LIMESTONE. 

Water confined under hydrostatic pressure within the joints and 
other openings in the Niagara limestone is much more common than 
within the Galena-Platteville limestone. The thickly bedded imper-

6-W. S. 
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vious shales of the Cincinnati group, underlying the Niagara, ofter an 
excellent lower confining stratum for the Niagara. It is not uncommon, 
ther.efore,. to find strong flows from joints in the Niagara at or near 
the contact with the underlying shale formations. 

The red clays of eastern Wisconsin which overlie the Niagara, serves 
ftS an upper confining stratum and flows are often obtained in the open- . 
ings in the jointed and fractured limestone immediately underneath 
the surface clays on the lower slopes of many of the. Niagara uplands. 
The presence of the overlying confining stratum of day is not always 
essential, however, for the underground water in the Niagara ridges 
and uplands is also, undoubtedly, an important factor in developing 
artesian pressure on the water confined in the joints and fissures of the 
limestone. 

The flowing wells in the Niagara and those in the overlying surface 
formations in eastern Wisconsin appear to be so closely related, that 
it does not appear practicable to separate them on the map (Plate 1). 

The Niagara formation of jointed rock confined by relatively im
pervious strata above and below, while furnishing adequate conditione 
within itself for the development of an artesian system, may also re
ceive important reinforcement in some localities by means of circula
tion from the underlying artesian reservoir in. the Potsdam sandstone 
group. The reinforcement of artesian pressure in the Niagara through 
upward circulation from the Potsdam may, in only a. few places, be 
sufficient to be an important factor in developing flows in the Niagara, 
but the fact that actual circulation of water or at least diffusion of 
mineral solutions through osmotic pressure operates throughout the 
deep artesian reservoir in the Potsdam and the shallow reservoir in 
the,N~agara seems to be dearly indicated by the relatively uniform de
gree. of mineralization of the deep and shallovy waters in the regions of 
the Niagara outcrop, as well as in all other parts. of the state. 

The fact, however, that there is very generally ~uch irregularity in 
the head of the Niagara artesian supply seems to indicate that the ar
tesian conditions in this formation are largely dependent upon favor
able local conditions with reference to joints, topography, elevation and 
character of the surface deposits, In some places the artesian head or 
the Niagara is higher than the artesian head of the Potsdam, and in 
other places it is lower. Near the shore of Lake Michigan south of 
Manitowoc, the head of the Potsdam artesian supply is higher than 
that of the· Niagara, but as the higher land is reached back from the 
shore on the divide, flows from the Niagara may be obtained at higher 
altitudes than from the Potsdam. However, near the shore north of 
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:Manitowoc at Two Rivers and Algoma, flows of 10 to 20 feet above 
the lake are obtained from the Niagara and no flows obtained from the 
St. Peter or Potsdam~ A similar condition exists in the vicinity of 
Chicago, where much stronger flows have been obtained from the Nia
gara than from the deeper water horizons of the St. Peter and Potsdam. 

The numerous flowing wells in the vicinity of Rockfield and South 
Germantown, in southeastern Washington County, are about 160 to 
250 feet deep and get their water from the fissures in the Niagara lime
stone. There are also some springs in the Niagara in section 4 and 5 
(see map Plate III). Eight of the springs out of a cluster of 10 on the 
farm of H. Kramer dried up two days after J. Buescher finished drill-. 
ing his flowing well in section 16. The same well also dried up the 
spring on J. Klumb's farm in Sec. 9. 

List of flMoing wells in the Niagara limestone sltOlen on map of G8rmantown, 
T. 9 N. R. 20 E. 

Owner. 
Location 

in 
section. 

DEPTH. 
Artesian 

feet. feet. 
Drift. I Limestone, ~~!r.' 

-------------------------- -------
Louis i\!uehle ........................... . 
L. Berg ................................. . 
Geo. Muehl ............................. . 
Philip Kraetsch ....................... .. 
]'rOO Klumb ............................ . 
Wm Klumb ........................... .. 
C. & N. W. R.I' ......................... .. 
Mr. Mass ............................... .. 
F.Kaul.. ............................... .. 
F.Kaul. ................................. . 
Mr. Klumb .............................. . 
Wm. Caspar ........................... .. 
fius H aefemeister .. ................... . 
H. Haefemeister ....................... .. 
H. llinrich ............................. .. 
L. Slat!'r ............................... .. 
Jac'ob Bue'her .......................... . 

. Albert Braun .......................... .. 
G"o. Betzhold .............. : ... , ...... .. 
Ulrich II u bel' ........................... . 
Ulrich Huber ........................... . 
Wm. Hayes ............................ .. 
']'hos. Trlnwith ......................... . 
P. Sclmeldm· ............................ . 
.lno. Kissinger .......................... . 
Heingruber .............................. . 
D. f'tl'Ock ................................ . 
Mr. Brann ............................. .. 
Mr. Schalpff'l' ........................... . 
Louis Goettelm811n .................... . 
.lacob Rtrauh ........................... . 
Ran Trinwlth ........................... . 
And. Merkle ........................... .. 
And. KOhl ............................... [ 
And. Mprkle ........................... .. 
David Klumh ........................... . 
John Bernard ........... :; .............. . 

Cen. 4 
Cen. 5 

RE. :l 5 
RW.' 5 
NW.! 9 
SW. t 9 
NE. {- 9 
NE. l- 9 
Rle. 1 9 
SR • 9 
NW.t 10 
RW. 110 
NW .• 11 
SE. 1 14 
SW. 114 
~E. -l15 
BE. t 16 
NE. t 20 
RE. 1 20 
NW. t 21 
NW.t 21 
RW. t 21 
RW. t 21 
NIV.t22 
RIV. t 22 
NW .• 22 
N"'. 1 22 
NW.t 23 
N IV." 23 
NE. t 27 
NW.127 
NE. 1 28 
NW.t 28 
NR ! 29 
NE. t 29 
NW.! 29 
NW.t 29 

30 
60 

207 
156 
200 
256 

18 
5 

.. ................ · .. 200· .. ··· .............. .. 
:::::::::::.:: 220 .... · .. ·30 .... .. 

.. .. · .. 3 ............ ·ioo ...... :::::::::::::::: 

.. .... 60 .......... · .. iiis ........ · .. ···i2 ...... 
20 230 40 

j 231 .............. .. 
265 
172 
196 

.. ...... 30· .... · 

·· .... i3 ........ · .... iis ........ · .. ···40· .. · .. 
. ............................................. . 

...... ·8 ...... ; ...... ··25 .... ·· :::::::::::::::: 

.............. 1 196 .............. .. 

::.: ::: :~:: ::::1 ...... '~~f''''' ::::::: :~b: ::::: 
.............. 170 .............. .. 

6.5 191 .............. .. 
...... ·~ ...... I ~=: ...... '4~5""" 

7 I 173 ............... . 
.............. 184 .............. .. 
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Most of the flowing wells about Rockfield and South Germantown, 
shown on the map, were put down between 1898 and 1902. 

The first well striking a flow was drilled by the Chicago and North
western Railway Company at Rockfield, in 1898. 

Section oj O. &: N. W. Railway well, Rockfield. 

Formation. 

Drift 
Soil ........................... : .......................................................... . 

Nlaa'ara 
Soft rotten limestone ................................................................. .. 
Hard blue limestone ................................................................... . 
Very hard blue limestone .............. , ............................................... . 

~i:3~~iW:~~~~~e:::::::::::::::::::'::::::::::::::::: :::::::::::::::::::::::::::::::::: 
_ Total depth .......................................................................... . 

Thickness, 
feet. 

78 
30 
30 
40 
20 

--.--
200 

The altitude of the curb is 891 feet and the original head was 59 
feet above the curb or 370 feet above the level of Lake Michigan, and 
flowed 1,300 gallons per minute. After other wells were drilled, the 
head decreased and at present the well flows only part of the year and 
the water must be pumped to the taI).k. 

The other wells of the locality resemble this one very closely. Wells 
on lower ground take the flow from the higher ones and in some cases 
have dried them up entirely. At some places, as in Sec. 9, on F. Kaul's 
farm, the wells flow only occasionally. Most of the owners maintain 
the pressure of the well by reducing the cap and allowing only enough 
water to flow for their use. 

The character of the Niagara limestone is such as to indicate that 
the movement of the underground water within it, is almost entirely 
through fractures, joints and fissures, hence the movement of the 
water is very likely largely local in extent. The head attained by the 
artesian wells, also is far above that atall likely to be developed directly 
or indirectly from the sandstone aquifers. The ready interference in 
the flow of the wells is also· evidence of the essentially local origin of 
the artesian pressure. The artesian flows in the Niagara, about Rock
field and South Germantown, appear to illustrate very clearly the potent 
influence of the local groundwater table as the controlling factor in the 
development of artesian flows. 

Litigation relating to Flowing Wells.-In 1900 Andrew Merkel' 
drilled his second well in the N. W. % of Sec. 28 near the Menomonee 
river, (see map, PI. III) at the lowest point at which a well had been 



WJR COXS IN SUnVEY Bl'LT,ETIN No, XXXV, PLATE III 

~'OPOGR .\ pmC UAP OF GERMANTOWN. WASIIINGTON COUNTY. 

The m a p shows the loca tion of flow i ng wells in the Niagara llmestone repre
sent~d 0.1' the r Oll nd heavy dots. Besides the lines representing the railroads . wagon 
r onds. streams and m a r s hes there are the contour lines of equa l e le vation indi cating 
the tOllogrnphy. It will be observed that most of the fl owing wells are located mainly 
along the lower slopes of the uplands, near tbe mar by tracts. See the list of wells. 
p. 83. 
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sunk.c Water was struck in a bed of soft rock, but in other places it 
seems to come partly from fissures in the limestone. This well was al
lowed free flow into the Menomonee river. This free flow, however, 
soon made itself felt throughout the district. In three weeks it had 
stopped the flow of U. Huber's well, about a mile farther north, in the 
N. W. % of Sec. 21, which is located on land 20 feet higher, and had 
also affected most of the other wells of the surrounding area to a greater 
or less degree. About this time, an injunction was served upon Mr. 
Merkel by Mr. Huber, for the purpose of compelling him to check the 
flow o{ his well, and reduce it to a flow that would approximate that 
used by his neighbors, and also furnish a sufficient supply for his do
mestic use. The injunction case was tried in the Circuit court, and the 
decision was in favor of Huber, and Merkel was ordered to check the 
flow. The case, however, was carried to the Supreme Court! where 
the law under which it was tried was declared unconstitutional, and the 
decision was reversed, granting Merkel the right to do with his well as 
he wished. Since this time very few flowing wells have been drilled in 
this locality, unless the curb was as low or lower than at the Merkel 
well. It is unfortunate, that local parties will not agree to maintain 
s,) fruitful a source of water supply, by keeping the head throughout 
the district as high as possible. 

FLOWING ARTESIAN WELLS FROM CRYSTALLI~E ROCKS 

The principles controlling the rare occurrence of artesian flows in the 
crystalline rocks are the same as those applying to artesian wells in the
stratified rocks, but some of the conditions are quite different, as most 
crystalline rocks have a much closer texture than stratified rocks, and 
therefore they do not absorb as much water. As a result underground 
waters are very much less uniformly distributed in the crystalline rocks: 
than in stratified rocks and the chances for obtaining artesian watel:", 
or in fact any large quantity of underground water, is relatively very 
slight. . 

In view of the fact that large areas of crystalline rocks are either ate 
the surface or immediately underlie the drift and other surface forma
tions in Wisconsin, a somewhat extended discussion of this phase {)f our 
water resources appears to be warranted. 

Surface Conditions.-Since the crystalline rocks do not 80 readily ab
sorb and transmit water it is necessary that they should possess some 
means for allowing the surface waters to sink into them. These condi-

1 Northwestern Report, VoL 94, p. 354, and Wis. Reports, Vol. 117, p. 355. 
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tions are nearly always present in the form of more or less nearly vel'
tical joint fissures, crevices, planes of schistosity, and the like. The 
amount of water absorbed depends upon the number of such openings. 

These fissures, which are often not as broad as a knife's edg~, carry 
off only a small portion of the water offered to them, but the amount 
of absorbed water may be increased if the crystalline rocks are covered 
by a more absorbent layer. In many places in Wisconsin the crystal
line rocks are more or less deeply buried under the mantle of drift. The 
drift varies in composition from place to place, but where no layer of 
clay intervenes between the crystalline rock and the looser-textured drift 
the water absorbed by the drift will tend to seep into the fissures of 
the crystalline rock and even be forced into it under pressure. The 
pressure would originate from the column of underground water main
tained above the crystalline surface in the drift. It would vary directly 
with the degree of saturation of the drift, with the porosity of the drift 
materials, and with the height of the column of water in the drift; that 
is, it would depend upon the thickness of the drift and the amount of 
rainfall. 

Underground conditions.-The surface waters,· conducted under
ground by the means above indicated, may move laterally, from place to 
place, along horizontal joints, fractures, or schistosity planes. Perhaps 
the most favorable channel for the lateral movement of these waters is 
along 1.he line of intersection of one 01' more steev1.\' ine1iucd joint planf~s 
with a more nearly horizontal plane. Here water may penetrate down
ward along two paths and be concentrated at their intersection where 
it may be led along horizontally for some distance. 

Since the crystalline rocks are generally very dense, the waters caught 
in their joints and· fractures, and led or forced down deep enough to 
penetrate some of the horizontal fractures, will be confined to these lat
ter channels in part on that account alone. A second important factor, 
however, is the friction encountered by the waters in moving through 
such fine fissures. This friction, added to the downward pull of gravity, 
prevents the waters from rising to the surface again by means of the 
fine cracks. If one may assume here that laws1 analogous to those hold
ing for pipes express the friction met with by water flowing in cracks· 
of definite width, then it is easy to understand how these waters once 
slowly forced down by gravity against such friction can not easily rise 
again, except along unusually large fissures or channels. 

Besides these conditions, which may be designated internal, there 

'.BUchter. C. S., Water Supply and Irrigation Paper, U. S. Geol. Surv. 
No. 67, 1902, pp. 84 and following. 
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may occur external conditions tending to confine the ground waters in 
the fissures: Such favorable external conditions are well represented 
by beds of clay overlying much fissured crystalline rock. I t is evident 
that if the pressure upon the buried waters was insufficient to overcome 
the friction within the layer of impervious clays which covers the crys
talline rocks their escape would be prevented. If an artesian well be 
driven from the surface 'of the overlying clays down into the fissured 
granites it is evident that the many small fissures opening into _ :freer 
passage through the rock afforded by the well-bores must give -up their 
contained waters, which will rise to a height in the well corresponding 
to the hydrostatic pressure under which they were confined below the 
clays. Even if the clay covering were absent, such a well by reason of 
its larger opening and consequently greatly decreased friction would 
-afford relatively free passage for the waters of the granite. 

It is clear _ that the amount of water supplied to a well under these 
conditions, depends chiefly upon the number of water-bearing fissures 
opening into it. This number may be increased by any means calcu
latedto fissure .the granite. The most common means is that of explod
ing a dynamite or other explosive cartridge at the bottom of the well. 
Even wells which originally yielded no water may be made productive 
in this way, because the artificial fiss-qres connect the shaft of the well 
with importl;tnt water-carrying seams in the rock. 

It is evident from the above description of conditions in the crystalline 
rocks, that the water in tb,ese rocks must be irregularly distributed, de
pending entirely upon the courses followed by the water-bearing fis
sures. The water is concentrated into channels Qf greater or less im
_ portance, and the chances for striking such channels in -crystalline rock 
is, of course, very small, as compared with the chances of finding a good 
supply of water in a widely distributed and fully saturated stratum of 
porous sedimentary rock, like the Upper Cambrian sandstone. 

Flowing wells in the crystalline rocks are known to occur only at 
Wittenberg, Shawano county, in fissured granite overlain by water-bear
ing drift, and at Penokee, Ashland county, in fissile slate standing at a 
very steep dip. 

FLOWING ARTESIAN WELLS FROM THE SURFACE FORMATIONS 

The artesian wells from surface formations occur wherever the condi
tions are favorable, but are most regularly and abundantly found in the 
-region of the alluvial and lacustrine deposits near Lake Michigan and 
Lake Superior. They also extend up many of the rivers emptying into 

-- these lakes. Notably is this true for the Fox River in the Green Bay 
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Valley, where hundreds of flowing wells obtain thei!' supply from be
tween and beneath the alternating beds of clay and sandy gravel. The 
distribution of the surface flowing wells is shown on the map. (Plate 
I). 

FLOWING WELLS FROM THE SURFACE FORMATIONS ALONG LAKE MICHI

GAN 

The surface beds of alternating sands, gravel, and clays which fringe 
the shore of Lake Michigan, give rise to favorable artesian conditions 
along the shore and up many of the rivers that drain into the lake. 
Whether flows can be obtained from these glacio-lacustrine deposits in 
any particular valley, depends upon the topography and the many other 
factors that affeet artesian flows. In some places along the lake shore 
the gravel deposits have been completely removed, while at other places 
they have been so eroded that the waters are no longer confined be
tween the clay beds, but escape by surface streams into the lake. 

Lake Michigan and the other Great Lakes formerly covered a much 
larger area than at present, extending over the more prominent eleva
tions and filling the intervening depressions. Thus the waters in these 
larger valleys and those of the main lakes were connected and the de
posits were probably more or less continuous. 

The general distribution, structure, and composition of these glacio
lacustrine and alluvial deposits, and their artesian horizons are dis
cussed in an earlier chapter. The point at which these gravel beds out
crop or where they underlie porous sand and gravel is generally the 
gathering ground for the water in the ,artesian slopes. Usually the 
sand and gravel outcrops occur neal' the base of, the moraines or drift 
ridges bordering the lake or river basins. Some of the outcrops where 
the rainfall enters may be several miles from the flowing wells, while 
others may be within a few hundred feet. 

Since the glacial, lacustrine, and alluvial deposits, quite generally 
fringe the shore of Lake Michigan, it might be inferred that artesian 
water could everywhere be obtained within the district covered by these 
deposits. This would likely be true if the depC)sits were uniform in 
thickness and were continuous over the entire region, but such is not 
the case. The gravel beds in many cases are entirely pinched out, in 
other cases the surface deposits'rest upon rock which stand so high as 
to shut out the lower deposits, thus making it impossible for the devel
opment of artesian conditions. In other places, Lake Michigan waters 
have cut through the gravel beds, and have given the confined waters 
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WlSCONHIN SULtI'EY B ULLETIN No. XXXV, PLATE IV 

TOPOGRAPHIC MAP Ol? V[CI~ITY OF MAYFII!JLD AND 
JACKSON, W.\SHINGTON COUNTY. 

The map shows the locations of flowing wells in the drift 
represented by the round hea,'Y dots. (See list of wells, 
p. 89) It ,yi II be observed that most of the flowing wells 
.are on low ground along the streams, below the 900·foot 
-con tour line. 
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a chance to escape. F'or these and other reasons, artesian water, there
fore, cannot be obtained everywhere from the surface formations. 

Flowing wells, except those derived from the tracts among the mor
raines Df the "Kettle Range" are confined to low-lying lands along 
the river valleys and the great lakes. While the boundaries of the 
artesian areas can not be given exactly, wherever the gravel beds are 
present within the area of the low-lying lacustrine deposits, and ero
sion has not advanced so .far as to furnish a lateral escape, water under 
hydrostatic pressure, or artesian water, ought to be obtained. In this 
connection the use of the published topographic maps is of considerable 
value in determining conditions most favorable for obtaining flows in 
any given locality. 

Since most of the flowing wells in the many small valleys in the east
ern part of the state, adjacent to Lake Michigan, are described under 
the county reports, they will not be referred to here. Relatively im
portant areas of surface flowing wells occur in the valley of the Pigeon 
river in, the town of Meeme, Manitowoc county, and in the town of 
Herman, Sheboygan county. In these areas is a large number of good 
flowing wells in the drift which are used extensively for farm pur-
poses. Most of these wells are from 30 to 75 feet deep. . 

Flowing wells having their source in the drift are very common on 
low ground along tributaries of the Milwaukee and Menomonie rivers 
III Milwaukee and Washington counties. The following wells in the 
drift about Mayfield and Jackson, Washington county, are shown on the 
map, PI. IV, and the location and depth of the various wells is shown 
in the following list: 

LifJt of flowing wells in tl.e drift slwwn on map of area near Jfayjield and Jackson, 
T. 10 N., R. 19 and R. !!O E. 

Owner. I Location I Depth Artesian head 

~s. Jehner.~==~==1 ins:~~t::D' ! __ r:t __ = .... f.~~~:.~~ 
Phill.iP Straus ................................ 1 Cen. 24 :?II •••••••• , ••••••••••••••• 

? ..•. .•• •.•.....• .•.• .... ••••.....•....... SW.t 24 90 FlOWed 401' 5 years. 
Wm. Schmidt.. ...... ... ............ .......... SW.t 24 ;)4 •••••••••••••••••••••••• 
Mr. Rimy........... .... .... ........ ..... ..... SE.t 24 ..........•.•.•......................... 
Mr. Hoefor.. ....... .... .... ........ .... ...... SW.t 36 13i .•..•..••.......•..• 
Mr. Rosendale.......... .... ........ .... .... .. SW. t 18 8i 22' .. . 
Mr. Gear............ .... ....... ............... NE.t 19 135 5 

NE.t 19 110 ....•...•...........••.• 
SE.t 19 *-50 ....................... . 
SW.t 19 4040 •••.....•.......•...••.• 
NE.! 30 4O-SO •••••••••••••••.•••••••• 
NW.t 30 to-SI ....•................•.• 
SW.t 36 .......................................•. 
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SHALLOW FLOWING \VELLS.ALONG Fox RIVER AND TRIBUTARIES. 

In the drainage basin of the Fox river is the largest shallow artesian 
. area in Wisconsin. It has an extent of several hundred square miles, 
mostly in the vicinity of Lake Winnebago and Lake Poygan. 

The formations in this valley are similar to those along the small 
rivers emptying into Lake Michigan. The wells derive their flow from 
the drift or from alluvial deposits between the impervious clays, and 
from the junction of the drift with the underlying indurated r'ock, the 
rock crevices in places being filled with the water from the gravel seams 
above, and from the rock below. 

Green Bay, De Pere and Kaukauna.~On lower Fox River and its 
tributaries flows from glacial drift are obtained at various places at 
Green Bay and De Pere. At Kaukauna, both wells and springs sup
ply water from this horizon along the river banks. The water is often 
highly impregnated with hydrogen sulphide. In one of the small val
leys south of the Paper mill at Kaukauna several flows have been ob
tained. Some of these wells are as much as 50 feet above the lowest 
flows along the Fox River bottoms. 

Flows have also. been obtained from the same horizon east and south 
of Kaukauna, in the vicinity of St. John, Forest Junction, Chilton, and 
various other places on the divide in Calumet county. The lacustrine 
deposits on the divide lie relatively high and the flows are very irregu
lar. For the most part the alternating beach and lacustrine deposits do 
not occur, but the clay rests directly upon the rock, or upon a thin bed 
of sand or gravel over the rock, from which the water is obtained. 

AppletQn.-At Appleton and vicinity flows similar to those at Kau
kauna have been obtained from the gravel seams. The well at Mr. 
Heid's farm may serve as a typical example. It is 55 feet deep and 
gets its supply from gravel below red clay. The clay is from 40 to 80 
feet deep, beneath which leaves, twigs, and logs are often encountered. 
The water rises several feet above the surface and flows a strong stream. 
At Menasha and Neenah similar surface flows have been obtained. 

Lakes Buttes des Morts.-On both sides of the Upper Fox River, 
above Oshkosh, flows are obtained from the gravel seams and from the 
junction of the gravel with the underlying rock. About Big Butte des 
Morts lake, the area for artesian flows becomes very wide where the 
lowlands of the former lake basin extended back some distance from 
the present shore. The same is true for the vicinity of Little Butte des 
Morts lake. The artesian basin about these lakes extends under the 
lakes, as was demonstrated near Boone a few years ago, when during 
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the winter months a camp was established on the lake and in order to 
get goodwater a well was sunk through the ice into the gravels below 
the lake bottom. The water here rose twelve feet above the surface of 
the water in the lake and furnished an abundant supply for camp pur
poses .. During the summer months the water continued to rise in the 
pipe and flowed into the lake. 

Omro.-At Omro, flowing wells have been obtained along the river 
banks and the low marshes bordering the river. In places these low
lands extend back several miles from the river, and flows are very gen
erally obtained around their margins. Within the city of Omro, flow
mg wells from drift are scattered along the Fox River and within the 
distance of a mile between the two creameries seven flowing wells have 
been drilled. These wells get their supply from gravel after passing 
through 20 to 40 feet of clay, and those on the lowest ground interfere 
and check the flow of the wells on the higher ground. 

South of Omro about the large marsh, flowing wells are obtained at 
depths of from 40 to 60 feet. The water has a temperature of 48° to 50° 
F. and is said to be soft, while the water from wells in the rock is hard. 

Omro to Berlin.-From Omro to Berlin, numerous flows have been 
struck on the flats along the river, the gathering ground lying near the 
margin of the valleys. At Eureka, the wells are very shallow on the 
east side of the river, some being only 19 feet deep, while west of the 
river, they are from 32 to 50 feet deep before striking the gravel seam. 
Six or eight wells have been drilled within the village of Eureka. 

South of the village, between Eureka and Berlin, strong flows are ob
tained all around the south and east side of a large marsh. Near the 
margin of the marsh, in the vicinity of the large ridges, the water rises 
2 to 4 feet above the surface, while on lower ground, it often rises 8 to 
18 feet above the surface in 3 or 4-inch pipes. The wells from Eureka 
to Berlin are from 20 to 60 feet deep. The ridges bounding this marsh 
are composed of either limestone or gravel and sand. On some of these 
ridges the sand and gravel is 97 feet thick and affords an admirable 
eatchment ground. 

BM"lin and Vicinity.-In the vicinity of Berlin flowing wells have 
been obtained from the gravel and sand horizon at depths of 40 to 60 
feet, but at present these flows are largely stopped by the city water
works plant near the river which draws out one-fourth of its supply 
from this gravel seam, and the remainder from the underlying Potsdam 
sandstone; there is a very slight difference between the heads of the two 
horizons at this place the water being used from both horizons. 

South of Berlin a,long the Fox River much the same conditions exist 
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as between Berlin and Oshkosh. - Flows from drift have been obtained 
near Princeton, and as far south as Puckaway lake, and are also ob
tained on the low lands still farther south, about Buffalo lake at Mon
tello, Packwaukee and Endeavor. 

Lake Poygan and Vicinity.-Where Wolf river, from the north, emp
ties into Fox river, occurs the most extensive area of artesian watel' 
from the drift found within the Fox river and Lake Winnebago basin. 
This area occupies large tracts of lowlands about Lake Poygan, extend
ing far back to the ridges and hills surrounding the lake. Artesian 
areas also extend several miles up the stream that empty into the lake, 
thereby greatly extending the productive region, and increasing the 
irregularity of its boundaries. 

Three miles north of Berlin on the Aurorahville road is a broad low 
marsh. Along the lowlands surrounding this marsh and up a number 
of the valleys flows have been obtained. Some of the farms have three 
and four wells, but fail to get flows at the house or barn-yard because 
the elevation about the buildings is too high. Most of the wells are 2-
inches in diameter 'either driven or bored, passing through 40 to 6(} 
feet of clay, then into a gravel bed that supplies the water. 

From the vicinity of Berlin to Aurorahville, flows have' been ob
tained everywhere along the road on low ground, while on the highel' 
elevations the water rises nearly to the surface. Flows have also been 
obtained 2 miles west of Aurorahville, at Packerville, at Fargoville, a11(1 
at Terrill. 

Aurorahville and vicinity.-The oldest well in Aurorahville was 
drilled about 1868 and is still one of the strongest flowing wells of the 
locality. It is located near the mill pond, opposite Well's store. The 
well is cased with 4-inch pipe for 10 feet and the remainder is 3 inch 
casing. The depth of the well is 95 feet, and the temperature of the 
water is 50 F. which is also the temperature of the other well waters. 

There are many flowing wells in the' vicinity of Aurorahville. The 
water is struck at three or four distinct horizons separated from each 
other by beds of clay 20 'to 60 feet thick. The wells usually range in 
depth from 25 to 350 feet without entering rock, but at some few wells 
the Potsdam sandstone is entered at 100 or 120 feet. No doubt this 
underlying sandstone helps to supply the gravel seams in certain locali
ties where the artesian head of the water in the gravel seams is lower' 
than that in the Potsdam. 

Along the road'from Aurorahville to Poysippi, the same type of sur
face flowing wells are seen on the lower elevations. As Poysippi is ap
proached, the ridge swings toward the east and con,fines the productive 
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area nearer to Lake Poygan. Xumerous flows have been obtained in 
the village of Poysippi, near the banks of the little creek flowing 
through the town. Artesian flows have been obtained for some distance 
up this little valley to the vicinity of Pine River and Saxeville. 

The productive area of flowing wells about Poysippi swings east
ward from Poysippi along the base of the ridge around the eastern pro
jection, and extends westward on the north side of the hill to ,a point 
within a few miles west of Brushville. Flows may be obtained any
where along the small creek between Brushville and Tustin. 

In the latter village it is claimed that no pumps have been used, ail 
the water coming from artesian wells whose waters generally flow sev
eral feet above the surface of the ground. 

North of Brushville, in the vicinity of West Bloomfield, numerous 
flows are reported, At Fremont many similar flows are obtained. At 
Dale the wells range in dept;h from 72 to 300 feet, and obtain flows 
from the gravel seams, 

At Medina a flowing well.at the stock yarus is 65 feet deep. Other 
flQws have been o~tained on favorable ground. Similar wells are struck 
in the vicinity, of Mefiina Junction, particularly along the small streams. 

South of Lake Poygan, flows are obtained all along the lake from the 
Aurorahville marshes to Winneconl\e, at Borth, and at Poygan, and be
tween these places. 'l'he porus drift ridges surrounding the basin, 
furnish the gathering ground for the artesian waters. It is to be ex
pected that flows may be obtained wherever the topography is favorablf. 
and the land is low. ' 

Within the towns of Warren (T. 18, R. 12) and Aurora (T. 18, R. 
13) the flowing wells are numbered by the hundred, and the following 
records compiled in 1903 by A. R; Heald, driller, show the vari~us kind 
of wells obtained. Water is struck in sand and gravel after passing 
through beds of clay of various thickness. For the most part only one 
of the gravel seams is used -at a given well. 
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TABLE 19-LOfJ8 <if flowinfJ Icells in Warren, Aurora and vicinity. 

(Authority. A. R. Heald. Driller). 

I ,Location. I Strata passed through 

Year Size Total ~ -- - -
driled. inch·es. depth, Sand or 

" 

T. It. I' Sec. feet. Clay. gravel. Rt oCtk, 
Owner. 

teet. ee . 

-~------ - - - --~l------------
ti:~~~~"Aib~igi;i:::::::: f~ }~ Ii .... i88S.. ~ 1~~ '''iii;'' ................ .. 
O. S..:honschek............ 18 13 1 1894 2 101 100 .... SO" ......... . 
S. A. Harrison........... 19 13 3 . 1889 2 n 72 ................. . 
A. Stewart.. ..... .... .. .. . 18 13 3 1895 2 96 96 ................. . 
P. Morrow................ 18 13 3 1899 2 98 
;Yo II. Elmer.. ............ 18 13 4 1899 ...... ?.... 213 

98 ................ .. 
213 ................. . 

r~. Smith .. :............... 18 13 5 1888 58 58 120 .. ,;: ... i; .......... E. Chapin................. 18 13 6 1888 2 125 

~~F\.~~!ii~~:::::::::::::: ~~ a· ~ .... iS9S .. · .. ·T .. '''i24'' .... 95 .. "8:"29" ....... . 
A urorah ville Creamery.. 18 13 6 1894 2 290 89 S. 170 .... si .. 
AurorahviJIe School...... 18 13 6 .. "1'8'9'5" 2 
.J. R. pa venPOrt.. . . ... .. 18 13 6 2 
J. W. Hollenbeck........ 18 13 7 1895 2 
T. S. Hall................. 18 13 7 1895 2' 
Aurorahville Fountain... 11 13 7 189ij 4 
J. Ostram... .... .... .... .. 18 .13 11 1901 2 
.J. Prali~h................. 18 13 11 1899 2 
J. J. Clark................ 18 13 13 1897 2 
Geo. Eldredge.... ... .. ... 18 13 14 1901 2 
M. Rivers................. 18 12 14 1902 2 
B. T. Davenport......... 18 13 17 1895 2 
B. T DavenpJrt........ 18 13 17 1898 2 
M. Hoose.................. 18 ]3 19 1903 2 
T. Curren................. 18 13 20 1888 2 
Eiliot Davis..............]8 13 20 1888 2 
Dave Evans.............. 18 ]3 21 1896 2 
Wm. Owens.... .... .......]8 13 22 1888 2 
M. Meesick................ 18 13 26 1902 2 
Mrs. Cl'ousi..... . .........]8 13 29 1902 
M. Rivers................. 18 13 29 1903 i 2 
A. MehI...... ........ ..... 19 12 84 .......... 1 ......... . 

A. MehI... .. . .. .. .. ... .... 19 B 34 ................... . 
S. Ware.................. 19 12 33.......... 4 
E. 1\1. Eoville............ 19 12 35 ]892 2. 
E. M. Mathews.......... 19 12 36 1892 2 
E. M. Mathews, No.2.,.]9 12 36 1892 2 
A.Heald .................. 19 12 36 I·,·.·.·.·.·.·.·.· .. · ..... 2 .. ·· .. Mrs. Hearnsberg......... 19 13 1 
Ghas.Benedict... ........ 19 13 7 1903 2 
Chas. ElIet............... 19 13 I" 1902 2 
C. EiIet................... 19 13 20 1898 I 2 
P. fI anson ........ ; .. .. .. . 19 13 20 .. " '1' 8'9' 6' .. 42 
T.Schroeaden ............ 19 13 21;, 
G. Schonscheck .......... 

1 

19 13 25.... ...... 2 
A. Borth.................. 19 13 . :2fi 1895 2 
F. Cassady................ 19 13 27 1902 2 
E. Gherkie .. · .. ·· ......... 1 19 13 29 .. "1'8'9'6'" 4 
Mrs. Cate................. 19 13 31 2 
Mrs. Cate ................ "j19 13 31 1890 2 
Mrs. Blase................ 19 13 31 .................. . 
W.Cahin .................. 19 13 31 3 
N. PIerce.................. 19 13 32.. ........ 3 
C. RodenciI......... ...... 19 13 32 1901 2 
E. Gherkie............... 19 13 32 1901 ~ 
D. Thomas................ 19 13 32 ... 'l's'9'6'" 3 
Mr. Rockitt...............]9 13 33 2 
Lew DI"e .......... . .... .. 19 13 34 1896 2 
M. Fralish............ ... 19 13 34 2 
Mr. Meshesin............. 19 13 34 2 
C. Hoeft.. .. .. ... ... .. .... 19 13 34 
Mr. Rlam................. 19 13 34 .......... 
1\\. Pl'alish................ 19 13 . 34 1899 
Mr. Buhrow.............. 19 13 35 
R. Wilkie................. 19 13 35 
George Dise..............]9 13 ali 

.. ·i2;. .. I .... ili; .. "';:"22" :::::::: 
110 95 s. 15 
120 95 s. 20 

95 95 ................. . 
119 119 ................. . 
124 122 u ~ 
250 1ali g: 115 
150 150 ................. . 
100 100 ................. . 

60 60· ................. . 
68 68 ................. . 

1~5 1~~ ............ "S5" 
U5 145 ................. . 
160 160 ................. _ 
300 300 ................. . 
140 140 .................. ~ 

25 25 ................. _ 
70 70 ................. _ 

200 200 ................. . 
16~ 162 ................ .. 
80 

175 
107 
]8!i 
250 
88 
60 

119 
100 

40 
'368 
127 
168 
55 
80 

181 
190 
100 

80 
80 
55 
90 
80 

277 
311 
133 
170 
]7~ 
170 
133 
224 
~31 
80 

. "i~o" "';:"25" ........ 
95 s. 12 

130 s. W 
251) ................ . 

~~ :: : :: ::: : : jl ~~: . ~~ .• 
119 ................. . 
100 j ................. ~. 

"·25.j" "ir:";'O" :::::::: 
100 g. 27 ....... . 

I 150 g. 18 I ... · .. ··· 30 g. 25 , ....... . 
80 .......... , ...... .. 

108 s. 93 , ...... .. 
190 .......... ' ....... . 

. ' .. ~~ .... ~: .. ~~ .. I .... ~~ .. 

........ \ .......... , ....... . 
55 .......... 1 ...... .. 

~~ ::::: :::: :j:: :::::: 
250 g20 ........ 
?66 I g .. 45 
133 ................. . 
170 ................. . 
175 ................ . 
170 ................. . 
133 220 .. g:"'4" ........ 
200 g. 31 
77 3 sS. 
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TABLE 19-Logs of flowing. wells in ll"urren, Aurora and vicinity-Concluded. 

Owner. 

A uthorits". A. R. Heald, Driller, 

Location. I 

T. R. Sec. 

I Year 
drilled. 

Size 
inches. 

Strata passed through. 

Total 
depth. Sand or R k 

Cl ay . gra vel ~oc 
feet. teet. 

Mr. stermstkj~.~~= ~ 11~.' I 266 ~"I'on=~';---~;- ~~ -:: 1402 1'4'0"","s','.' 
Mr.Belt,er ................ 19 "" 0 ............. 113 33 g. " 

~?B~~~?::::::::::::::::: t~ g ~~. t=: ~ ~~~ ~~~ ~: i~ I'''''''' 
~~~:;ag.!~~e;·j:::::::::: t~ U i~ a: ~ 1~~ l~g I ~~ [~:::: 
g~:~: ~N:,~L::: ::::::::: ~~ 14 30 .. "1'8'~4" ~ t~~ m ~: 75 t ........ 

l'oyan Creamery ......... 19 14 ...... v 2 120 50 gg'.' "1'00 1"'"1''' 
Mr. Palmeter............. Berlin City .... ,. 1892 4 69 58 
L. Wares ................. EUl·eka.......... 1892 2 51 16 .......... 1 35 
H. Barden................ Eurel{a.......... 1893 2 110 105 .......... i 5 
W. W. NollIe ............. Emel<a.......... 11I93 4 87 63 .......... 1 24.ls. 
M. J,Rounas............. Eureka.......... 1893 2 69........ g. 69 ' ........ 
A .. M. Goucher ........... Eurek'l.......... ......... 2 40 9 .......... 1 31.ss. 
Mr. Cralg ........... ~, .... Eureka.......... ......... 2 37 I 37 ................ .. 
KOl'oCreamery.; ........ Eureka.......... .......... 2 ~ ""3'2'" gs'. 14"3' i· 1· 0". s· s".· 
Eureka Creamer.\' .... : ....................... \.. ........ 2.,., I 
R. Oaks ................... Eureka.......... .......... 2 106; 100 .......... 6 
A.Oaks ................... Eureka.......... .......... 2 53· 53 ................ .. 
Mrs. ~e~ .................. RUShford''''''''I'''''''''' 2 94 I 69 .......... 25 

~I~~zy~~~~.r::::: ::::::::: ~~~~~g~t::::::::::: ::::: ~ ~ :~::::::::: 1::::::: 
I 

FLOWmG WELLS ALONG 'WOLF RIVER AND ITS TRmUTARIES 

North of Lake Poygan along Wolf river and its tributaries the lacus
trine deposits occupy a considerable area extending from Lake Poygan 
northward to and embracing Lake Shawano. This area has a width of 
20 miles at the south, in the vicinity of New London, and about 12 
miles at the north, near Shawano. The area extends on each side of the 
river bank to the sand r.idges which form the divides and serve as a 
catchment ground. Over most of this area water under hydrostatic pres
sur'eis obtained, but flowing wells are chiefly obtained only on the low
lands along the Wolf river and its tributaries. 

The depth of the wells ranges from 30 to 250 feet and water is drawn 
from three distinct gravel horizons. Water is obtained at depths of 
20 to 30 feet, of 120 to 150 feet and of 202 to 250 feet . 

. The flows are generally small. They range however, from a stream 
which breaks into drops in falling, to strong flows filling a 3 inch pipe 
as in the case of Mr. Ramm's well of New London. The water is clear 
and wholesome, has a temperature of 48° to 50° F. and in some in
stances is impregnated with moderate amounts of iron and hydrogen 
sulphide. 
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In New London are a number of flowing wells in the surface forma
tions of sand clay and gravel drilled to a depth of 200 to 250 feet, strik
ing either the granite at bottom or a thin bed of sandstone overlying 
the granite. 

The National Condensing Milk Co. has a well 252 feet deep, 8 in 
casing, with average flow a few feet above the river of about 72,000 
gallons per day. At the Chair Factory, water is piped from a flowing 
well having an estimated capacity of 36,000 gallons per day. 

Ramm's Fountain has a depth of 220 feet, 4 in. pipe, and a daily 
flow of about 30,000 gallons. The curb of this well is 20 or 30 feet above 
the river level. 

SHALLOW FLOWING WELLS IN ROCK RIVER VALLEY 

Flowing wells from the surface deposits are fairly common along the 
Rock River, and also along the many tributaries of the Rock, the flows 
coming from the sand and gravel beds lying below impervious beds of 
clay. 

Flows are obtained irregularly along the banks of the· Rock River 
from this horizon all the way from the mouth to the source. Flows of 
this kind are obtained at Dixon, Illinois, from wells 94 to 120 feet deep; 
at Oregon, Illinois, where the supply may be in part from the under
lying St. Peter sandstone which in this locality helps feed·the sand and 
gravel seam; and at Beloit, Wisconsin where the snpply again is partly 
from the St. Peter horizon. The water at Beloit is struck in a gravel 
seam below clay at a depth of about 90 feet. More than 36 of these ' 
wells have been driven within the city of Beloit. The water rises a few 
feet above the surface and in some cases as high as 8 feet. Flows are, 
however, confined to the lowest ground near the bank of the Rock river. 

Flowing wells from glacial drift are obtained all around Lake Kosh
konong, and up Rock River and many of its tributaries. Flows have 
been obtained along the banks of the Rock, Koshkonong, Bark, White
wat~r, Scupernong, and their important tributaries, covering a large 
area in Walworth, Rock, Waukesha, and Jefferson counties. 

FLOWING WELLS ABOUT LAKE KOSHKONONG 

All these are on low ground about the lake or near the river bottoms. 
In, this vicinity is a lake basin covering the area once occupied by the . 
predecessor of the present Lake Koshkonong which extends up the 
present tributaries of the various streams that flow into the present 
lake. Flowing ~ells south, north and east of Whitewater, around Reb-
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ron, west of Palmyra,as well as around Lake Koshkonong, do not strike 
rock. They are confined to the drift and are possible because the bed 
of lacustrine clay, forming the level plain about the present lake and 
along the river, beds, rests upon the flank of much higher lying drift 
hills to the southeast with sandy and gravelly prairies behind theJ;Il. 
These sandy and gravelly plains are admirably adapted to serve as col
lecting areas fOr the shallow artesian area. 

These collecting areas surround the entire basin and extend along 
the sides of the streams and are much higher than the region where 
flows are obtained. ' 

Strong flows are obtained as soon as the drill or auger passes through 
the clay bed into the gravel seam. South of Lake Koshkonong flows are 
struck at several coarse gravel horizons, at 40 feet, at 151 feet, and at 
186 feet. At Koshkonong a deep well on the Black Hawk was drilled 

. almost entirely through clay and shows the extreme depth of the clay 
deposits as well as the pinching out of certain gravel seams. 

Flows have been obtained at other points along Rock River, up such 
tributaries, as the Yahara and Crawfish rivers. At Madison a flow was 
obtained from the drift near Lake Monona at a depth of 119 feet. This 
well was drilled by the American Plow works in 1903. 

On Crawfish River flowing wells are struck at various places in the 
drift near the river banks. At Columbus many of the wells are in part, 
at least, fed by the underlying St. Peter sandstone which also furnishes 
good flows. Although no exact basin can be outlined for these wells, 
it seems probable from the data thus far gathered, that flows will be 
obtained from glacial drift at other favorable points along the Rock . . 

river and its tributaries, particularly along the low basins. 
Other flows have been obtained farther north on Rock Rivet in the 

vicinitY,of Waupun, and on its tributaries as far up as Beaver Dam on' 
Beaver Dam River, but not enough data are at hand to state whether 
they are all of the same general type. However, since moat of them 
are struck along the river valley, or around lakes, it appears that they 
receive their flow from the deposits of sand and gravel beds covered with 
impervious clay that were laid down in these drainage basins. 

FLOWING WELLS ALONG LAKE St;PERIOR 

Along the south shore of Lake Superior are surface deposits like those 
t~at occur along the shore of Lake l\fichigan and of Green Bay. The 
general structure and geological relations are the same in the two 
regions, although the general distribution of the deposits is probably 

7-W. S. 
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more irregular along the shore of Lake Superior than along Lake Michi
gan. The artesian slope along Lake Superior is mainly confined to the 
immediate vicinity of the lake. The alternating beds of sands, clays, 
and gravels fringe the shore of Lake Superior and dip toward the lake. 
The gathering ground for the waters lies between the lake and the 
prominent trap ridge some 10 to 20 miles south. These clays with in
terbedded grav~ls and sands extend from Superior, Douglas County, 
Wis., eastward to Ontonogan county, Mich., and give rise to flowing 
wells along the lowlands bordering the shore. Farther back from the 
shore, where the ground is considerably higher, the water usually fails 
to reach the surface. At Superior the water rises 22 feet above lake 
level, while at Ashland it rises 30 to 44 feet above lake level. These, 
however, are maximum initial heads and in most wells the present heae! 
is considerably lower. At other places various heads are maintained de
pending upon the local conditions. See also the local descriptions of 
Douglas, Bayfield, Ashland and Iron counties. 

ISOLATED AREAS OF SURFACE FLOWS 

While most of the surface flowing wells occur along the shores of 
Lake Michigan and Lake Superior and along the large river valleys.of 
the eastern part of the state, occasionally favorable conditions in sur
face deposits are found elsewhere for the development of artesian flows. 

At Arkansaw in Pepin county on the banks of the Eau Galle river; a 
good flow has been obtained at depth of 120 to 140 feet in the alluvial 
gravel under clay strata. At Hudson in St. Croix county, the trout 
springs along the Willow river are supplied by numerous shallow flow
ing wells consisting of pipes driven into the surface gravels and sands. 
In the vicinity of Osceola, Polk county, are numerous flowing wells 
along Osceola creek, in the surface formation, at depth of 10 to 20 feet. 
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CHAPTER IV. 

PROSPECTING FOR FLOWING WELLS 

The head of any artesian well depends upOn a number of factors, 
and cannot be predicted with any degree of accuracy, unless the local 
geological and topographic conditions, are fully considered in connec
tion with the general pri:r{ciples controlling or modifying artesian pres
sure. The influences of certain artesian factors are probably not as 
fully understood as they should be, and required data concerning the 
actual underground geological conditions is also not available in cer
tain localities, hence, it is necessary, to exercise considerable caution in 
making predictions in regard to flows. However, the prospecting for· 
flowing artesian wells, as well as for non-flowing artesian wells, is all!, 

. important practical problem, and the possibility or probability of ob
taining flowing wells has always attracted the attention of well drillers 
and property owners in search of the best available water supplies in 
nearly every part of the state. 

In Chapter II, the general condition controlling or modifying artesian 
wells have been briefly referred to, and in Chapter III., the various 
flowing artesian wells over the entire state haTe been described. In the 
present chapter, a repetition of some ,of the statements already made 
will be necessary in connection with the discussion of prospecting for
flowing wells. 

The influence of the local water table on artesian pressure. While
Professor Chamberlin was probably the first to call attention to the in
fluence exerted by the local ground-water level on the artesian helj.d, in 
his geological report! of Wisconsin, he apparently, did not, at first, 
fully appreciate the importance of this factor. In his later work2 Oll! 
artesian wells, jhowever, he called attention to the local groundwater
table as exerting very favorable conditions for securing flowing wells. 
He stated: 

"I conceive that one of the most favorable conditionB for Becuring a foun-· 
tain is found when thick semi-porous beds constantly saturated with water 

1 Geol. of Wis., Vol. 1, p. 689-70, 188!. 
2 U. S. Geol. Survey, 5th Ann. Rept. pp. 125-173, 1885. 
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to a greater height than the fountain head, lie upon the porous stratulm and 
occupy the whole country between the well and its source." 

Concerning the height of adjacent water levels M. L. Fuller1 has 
recently stated: 

"The height of the water table over any point in an artesian system may 
exert a material influence on the pressure. In fact, this may be a far 
more important factor than the pressure transmitted from the more remote 
catchment area." 

It is apparent when the distribution of the flowing wells in the water
bearing Paleozoic rocks in \Visconsin is considered, that the occurrence 
Df many of the flowing wells at relatively high elevations can be ex
plained only on the theory that the local groundwater level in the over
lying strata is the principal factor in determining the artesian head. 

The influence of the pressure of the local groundwater On the ar
tesian head, is called especial attention to, as it undoubtedly, is not only 
far more important in Wisconsin, than has been generally supposed, 
but is, very apparently, far more important, in many other localities, 
than the factor of transmitted pressure from the more remote catcil
ment area of the various artesian systems involved. 

In considering the influence of the local groundwater level, the effect 
does not appear to be conditioned upon, or restricted to, the location of 
the g~oundwater table between the proposed well and the catchment or 
outcrop area of the water-bearing stratum in which the well has its 
source. The high water table may be located on either side of the pro
posed well with respect to the catchment area, and exert an equaliy 
potcnt influence on the local artesian head. The essential truth of this 
inference is based on suchfactS"as the occurrence of the relatIVely high 
bead attained by the flowing artesian wells in the Upper Cam urian 
(Potsdam) on the east side of the Fox river valley, at Beaver Darn, 
Waupun and Horicon, at elevations respectively of 886, 883 and 860 
feet, as compared with the much 10,Yer artesian head, between the above 
flowing wells and the sandstone outcrop, of 765 feet at Berlin, and 
under 800 feet elsewhere farther up the Fox river valley. In a similar 
way, as high a head is maintained in the artesian wells at Whitewater, 
on the east side of the Rock river, as at Waterloo and Cambridge, on 
the west side, though the latter places lie much nearer the sandstone out
crop than does Whitewater. Other conditions being equal, tke greater 
the proximity of the 'local high water table to the well, the greater is the 

1 U. S. Geol. Survey. Bull. 319, p. 31. 
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influence exerted by the local water table on the artesian head of the 
well. 

For this reason, therefore, the artesian or hydraulic gradient rises 
and falls with the height of the local water table, being lower within 
the valleys than upon the divides, causing the areas of estimated equal 
artesian pressure, indicated by artesian contours on the general map, 
to follow the general contours of the land surface, (see also page 55) 
thereby developing regions of high artesian pressure on the high divides 
between the principal drainage systems of the state and regions of rela· 
tively low artesian pressure within the adjacent low valley plains. 

The factor of the increased pressure upon the artesian aquifers in 
consequence of the height of the local water table, therefore, must al· 
ways be taken into consideration in predicting favorable areas for ar
tesian flows. Because this factor was largely overlooked former estima
tions1 concerning the head of artesian wells obtainable in various parts 
of the state and especially in the Mississippi river district are far too 
low. In these earlier estimates, it was predicted, that although flows up 
to 200 feet, and even higher, might be secured in the Mississippi river 
district, the probabilities were fair for success, at elevations not more 
than 100 feet above Lake Michigan. 

Artesian flows, however, have been obtained at much higher eleva
tions than were predicted in 1881, the flows along the valleys tributary 
to the Mississippi being as high as over 400 feet above Lake Michigan, 
the flow at Wilton in the Kickapoo valley being at an elevation of 991 
feet above sea level. 

Artesian flows in eastern Wiscon.sin, along the Rock river valley, and 
adjacent to Lake Michigan, are obtained at least over 50 feet higher 
than the usual maximum head formerly predicted, and may reasonably 
be predicted at still higher elevatiolls. 

The.se former predictions, as already stated, were largely based on the 
l:elative elevation of the outcropping edges of the water-bearing strata, 
as compared with that of the well from which the a11esian water was ob· 

'tained, after giving an allowance of about one foot per mile for the dis
tance between the collecting area and site of the well, for obstruction of
fered by the transmitting rock, and leakage of the confining strata. 

It now appears, from later investigation and the development of many 
additional data concerning artesian wells, that the height of the water 
table over any point, very generally, is a far more important factor in 
Wisconsin in developing pressure in the artesian systems than the pres
sure transmitted from the more remote catchment area. 

1 Geol. of Wis., Vol. 1, p. 698. 
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The following predictions, concerning areas in which success is prob
able, are based on the inference, that the pressure exerted by the local 
water table, is usually, 'the most important factor in developing condi
tions favorable for obtaining artesian flows. 

AREAS IN WHICH SUCCESS IS PROBABLE 

The general geological map Plate I, in pocket, showing the artesian 
eon tours of the St. Peter and Upper Cambrian (Potsdam) artesian'sys
tem, should be studied in any investigation of the artesian conditions of 
various localities of the state. 'rhe contours, as drawn on the map, are 
necessarily very much generalized, partly because sufficiently exact 
knowledge of the artesian conditions over considerable areas cannot be 
secured, and partly because of the small scale of the map. 'l'he artesian 
contour lines refer to the artesian head of the non-flowing as well as the 

" flowing artesian wells, and, therefore, the contours do not themselves in
dicate the exact height at which flows are obtainable. It is usulaly only 
on low land, within the valleys, that flows are secured, the flowing wells 
being located where the bottoms of the valleys fall below the artesian 
contours thus bringing the artesian head above the land surface. 

Western Wisconsin. In western Wisconsin, in the valleys tributary 
to the Mississippi river, artesian flows from the Upper Cambrian (Pots
dam) sandstone have been obtained with head, in one instance, reach
ing an elevation of over 400 ,feet above the level of the Mississippi river, 
The relatively high heads of the artesian wells are not exceptional nor 
confined to any particular localized area in western Wisconsin, but are 
general over the entire territory. However, the artesian conditions of 
.each valley, such as that of the main Mississippi river as well as that of 
each tributary, must be considered separately in any discussion of lo
cating artesian wells. The description of the artesian wells of the vari
ous valleys in which flows have been obtaincd, has been quite fully 
stated, and need not be repeated here, except merely to mention that 
flowing wells are common in the following valleys: The Mississippi vaJ
ley; the Chippewa valley; the Red Cedar valley; the Beef valley; the 
Trempealeau valley; the La Crosse valley; the Coon Creek valley; the 
Kickapoo valley; and the Baraboo valley, "(See pages 64 to 74.) 

The distribution of the flowing wells within these valleys, and their 
respective initial maximum heads, are fully described and explanation. 
offered for the non-productive sections of these valleys, and in some 
cases suggestions are made concerning the probability of success in lo
cating flows in portions of the valleys not already explored. 



• 
PBOSPEC'lTKG FOR FLOWING WELLS. 103 

The available head of flowing wells, within the Mississippi valley is 
usually from 25 to 100 feet above the river level adjacent, while the 
available heads in the tributary valleys are usually below 50 feet above 
the adjacent river level. The general range in artesian head in the small 
valleys, is usually, from a maximum of 50 feet above river level down 
to a minimum some distance below river level. 

The development of artesian flows along the Mississippi river and 
within the tributary valleys illustrate clearly the very potent influence 
of local geological and topographic features, and the consequent devel
-opment of favorable local groundwater pressures on the artesian reser
voir. The artesian gradients, within the valleys, conform closely to the 
gradients of the valley bottom, and local conditions of valley topog
raphy are features of paramount consideration in predicting the loca
tion of areas, within valleys, where success in obtaining flows may be 
attained. While the artesian head is always higher in the uplands than 
within the valleys, as already stated, it is only on the low ground, with
in the valleys, that favorable conditions for obtaining flows above the 
.surface are developed. 

In connection with the discussion of the subject of flowing wells in 
western Wisconsin, it may be helpful to point out at least two local 
.conditions that should be taken into consideration in prospecting for ar
tesian flows. These conditions are undoubtedly applicable to all parts of 
the state, but they appear to be best illustrated along the Mississippi 
river, where the valleys have not been abruptly modified or blocked by 
glacial deposits. 

Sections of valleys with the average, or higher than the average slope, 
.are more favorable for the development of flows, than sections wiUk 
little, or less than the average slope.-The distribution of flowing wells 
in the La Crosse valley and in the Baraboo valley, shows that the flat 
parts of these valleys are characteristically non-productive of artesian 
flows. The diagrams, Figs. 10 and 12, illustrate the artesian conditions 
in these valleys, and indicate how the artesian heads above the surface in 
the upper parts of the valley, decline at a relatively constant gradient 
in passing down the valley, and fall below the yalley surface, where the 
latter is nearly flat for a considerable distance. In the La Crosse valley, 
the nearly flat section of the valley, lies in the lower-middle part of 
the valley, between Bangor and West Salem, while the nearly flat part 
{If the Baraboo valley, lies at the lower end of the valley, a few miles 
below Baraboo, near the Wisconsin river. 

The head of the flowing wells in passing down the valleys declines at 
a certain fairly uniform rate, and this decline is generally known as the 
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hydraulic; or artesian, gradient. The valley bottom in passing down the 
valley also declines at a more or less uniform rate, and this decline is 
generally- known as the valley gradient, or the stream gradient. There_ 
is also a decline in the level of the groundwater, the surface of the 
groundwater table, conforming closely to, but located some distance be
low the land surface in passing down the valley, which may be conveni
ently referred to as the local groundwater gradient. -

While the pressure upon the artesian reservoir transmitted from the 
more remote catchment area, is an important factor, the height of the 
water table over any point usually exerts a stillmore powerful influenc~ 
oll' the artesian pressure, and, therefore, the resultant artesian head in 
valleys is largely a function of the local groundwater level within each 
valley area. 

The artesian gradient, illustrated in the diagrams, Figs. 10, 11, and 
12, is above the valley bottom in some sections of the valleys and below 
in others, depending upon the relative" position of the artesian gradient 
to the slope of the valley. The artesian gradient, which is the head, or 
height the water under pressure will rise in the artesian wells,very ob
viously, forms a more uniform slope in some valleys than the local val
ley bottom, and hence, in those sections of stlch valleys that are nearly 
flat, or' are below the average slope of the rest of the valley for a con
siderable distance, the more uniform and consistent artesian gradient 
will mmally fall below the valley surface. 

It may not be out of place at this point, to refer to the generally er
roneous belief, that flat sections of valleys are more favorable for the 
development of artesian flows than the steeper slopes, whereas experi
ence has shown; that the :flat parts of valleys, in most cases, as above in~ 
dicated, are the least favorable for the development of flows. This er
roneous belief is based, in part at least, on the supposit~on that pressure 
within the artesian reservoirs was mainly transmitted from the more 1'e
m~te catchment area .. While the dip of the water-bearing strata in the 
artesian system, and the consequent pressure transmitted from the 
catch!llent area, is undoubtedly a factor of some importance, it is, appar
ently, not so important in the semi-porous strata of the Wisconsin sys
tems, as the pressure exerted by the local groundwater table. 

Areas near high uplands Of' at the base of bluffs in the valleys are 
more favorable for flows than areas more remote . ...:...The location of flow
ing wells adjacent to high bluffs in valleys appears to be due to the 
fact that these places are more favorably situated for receiving the pres· 
sure transmitted from the local high water table standing in the adja
cent bluffs and uplands than locations farther out in the valley that 
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are more remote from the high water table. The artesian gradient 
descends down the sides of valleys just as it descends down the middle 
of the valleys the descent down the sides of the valleys, however, being 
much more rapid than that down the middle of the valley. The differ
ence in head immediately adjacent to the bluffs and that out in the mid
dle of the valley may not be great, depending much Upon the width of 
the valley,but it may be sufficient to determine whether the well is of 
the flowing or non-flowing type. 

It is also very probable, that conditions for the maintenance of the 
artesian head, are much more favorable in locations immediately adja
cent to a high water table than in locations more remote from such a 
high water table. Favorable conditions for the maintenance of the ar~ 
tesian head, is undoubtedly, far more important thari that of obtaining 
a high initial head. 

The difference in head, obtained by artesian wells along the Missis
sippi river, is very probably largely due to the relative position of the 
wells with respect to the adjacent upland, containing relativ:ely high or 
low groundwater tables. The lowest artesian heads, attained along .the 
Mississippi in Wisconsin, (See table 7 page 64) are those in the 
vicinity of La Crosse, where, on account of the great width of the valley 
and lower adjacent uplands, the most unfavorable conditions for rein
forcement of the artesian pressure from the more distant and lower 
groundwater table are developed. Farther north, at Red Wing, which 
lies at the base of the river bluffs, and also farther south, at McGregor 
and Dubuque, which also lie close against the high river bluffs, the ar
tesian head is high, because in these locations the conditions are very 
favorable for the utilization or pressure from the adjacent high ground
water table. 

The relatively strong artesian head of the wells developed at Du
rand on the Chippewa river, is undoubtedly due to the favorable loca
tion of the wells along the base of the high bluffs, where reinforcement 
of artesian pressure from the adjacent high water table is effective. 

The above described. two sets of conditions are features generally 
characteristic of all the valleys of the state, and should be considered in 
prospecting for flowing artesian wells. 

There are various valleys in Wisconsin, in which no flowing wells 
have been located, but which appear from their location and topography 
to be favorable territory for exploration. The general statement 

. should perhaps be made, that the localities for obtaining flowing arte

. sian wells in Wisconsin are' by no means exhausted. The prospect for 
finding flows in many valleys not yet productive appears to be good. In 
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-the following statement, some of the valleys where success is probable, 
will be pointed out. In many instances, the valleys or sections of val
leys where prospects for obtaining flows are good, are also pointed out 
Ilnder the county descriptions. . 

Valleys in Western Wisconsin in which Artesian Flows may be Ob
tained.-Flowing wells with source of flow in the Upper Cambrian 
(Potsdam) sandstone occur along the Mississippi and tributary valleys 
from Polk county on the north to Grant county on the south. 

Beginning at the north, flows are quite common along the St· Croix 
river between Osceola and St. Croix Falls. The flowing wells in this 
district are generally shallow, usually less than 100 or 200 feet deep, 
and depend upo~ favorable local geological and topographic condi
tions. The source of the flo,~'s may be developed entirely within the 
sandstone formation, consisting of alternating shale and sandstone beds, 
or they may be developed at the contact of the sandstone formation 
with the underlying Keweenawan trap, the latter type of artesian well 
being illustrated by the flowing salt well, about 3 miles north of Osce
ola. 

While flows have 'not been developed along the St. Croix river at 
Hudson, the conditions being unfavorable, as described on page 548, it 
:seems quite likely that flows with low head may be developed in por
tions of the Apple River valley, at favorable locations below rapids in 
the section of the river lying between the St. Croix river and thevil
lage of Star Prairie. Several flows have been obtained in the Kinnick
inick valley at River Falls, and conditions appear to be favorable for 
obtaining additional flows on low ground, along the very narrow river 
valley below River Falls. Conditions should also be favorable for 
'strong artesian flows near the mouth of St. Croix river, below the Ilwa
co springs. 

Some of the valleys tributary to the Red Cedar, Chippewa and Missis
.sippi rivers in southern Pierce, western Dunn and western Pepin coun
ties appear to furnish conditions favorable for the development of flows. 
Most of these valleys head in St. Croix county, but the valley bottoms in 
St. Croix county are probably too high in elevation for developing flows. 
Although no flows have been developed in these valleys, in sections of 
such valleys as the Trimbelle river, the Isabelle creek, Rush river, Plum 
creek, Eau Galle river and lower tributary valleys, Gilbert creek,Wilson 
creel( and Hay river, conditions appear to be favorable for obtaining 
ilows. The flows probably will be restricted to the lowest ground along 
the valleys with head not exceeding 20 or 30 feet above the level of the 
:river adjacent. The lower sections of thc valleys mentioned in Pierce 



PROSPECTISG FOR FLOilTSU WELLS. 107 

county, 5 to 10 miles above the lower end, are probably the productive 
portions. Farther north along the Eau Galle. and in tributary valleys of 
the Red Cedar, the favorable sections may be located at various places 
farther up the valleys. 

South of the Chippewa river, flows are developed in certain sections 
of such valleys as the Beef and Trempealeau rivers, and it seems reason
able to believe that additional flows can be obtained in other section ~f 
these valleys, and in favorable sections of the Waumandee valley, and 
other tributaries. Flows should also be obtainable On low ground up the 
Black river, probably as far as Melrose, and up the La Crosse valley, 
several miles beyond their present development, west of Sparta. 

In Coon Creek valley is a very productive area of artesian flows ex
tending for 15 miles up the valley. Although no flQWS are at present 
known in the valley of the Bad Axe immediately to the south, it is rea
·aonable to suppose that flows may also be developed some distance up 
this valley. 

East of the Mississippi along the north side of the Wisconsin river 
many flowing wells have been developed within the Kickapoo and Bar
aboo valleys. The productive areas of these valleys may be extended so 
as to inClude the west branch of the Kickapoo, and some of the headwater 
tributaries of the Baraboo. 

No flowing wells are known to occur in the valley of the Eagle river 
and of the Pine river in Richland county, although these valleys are 
located betwe:r: the productive Kickapoo valley on the west, and the 
Baraboo valley on the east. While favorable conditions for flows may 
110t be developed in the Eagle river valley, it seems reasonable to believe 
that flows may be obtained in the Pine vallcy, at least above Richland 
Centre. 

South of the Wisconsin river in Iowa, Grant and Lafayette counties, 
no flowing wells are known except those along the Mississippi river at 
Cassville, in Grant county, and on the Iowa side of the river, at Du
buque. It seems very probable that conditions are not favorable for ob
taining flows in either Iowa or Lafayette counties, in valleys tributary 
to the Wisconsin river or within the Pecatonica valley which is a very 
Tound-about tributary of the Rock river. However, conditions appear 
to be favorable for artesian flows with reasonably strong pressure in 
Grant county, within certain sections of the valleys of the Grant, the 
Platte and the Little Platte rivers which empty direetly into the Missis
sippi. 

Eastern Wisconsin, south of Lake Winnebago.-In eastern Wisconsin, 
::flowing wells with source of supply in the Potsdam and St. Peter sand-

• 
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stone formations, occur at Waupun where a flow has been obtained with 
head of 883 feet above sea level (level of Lake Michigan is 581 feet), and 

. farther east, near the lake at Sheboygan Falls, with head of 727 feet. 
Farther south flows have been obtained at Whitewater with head of 

839 feet, at Mukwanago with head of 830 feet, and at the Elm Grove 
Convent, west of Milwaukee, with head of 766 feet. 

The maximum initial head of the flows obtained from the upper Cam
brian (Potsdam) aquifer, in southeastern 'Wisconsin, is about 250 feet 
above the level of Lake Michigan, while the maximum head of flows ob
tained farther north, south of Lake Winnebago, is somewhat higher, 
about 300 feet above the lake. The flowing wells back a' few miles from 
the shore of Lake Michigan are all confined to the relatively low lands 
within the valleys, and the artesian head of non-flowing wells on the up
land divides is still higher than that of the flowing wells within the val
leys, though flows are not obtainable in the uplands, because of the re
latively high elevation of the land surface. 

In a general way, it may be stated, that south of Lake Winnebago, 
in eastern Wisconsin, the probability of obtaining flows from St. Peter 
and Upper Cambrian (Potsdam) sandstone are good, dependent upon 
favorable local conditions, up to 150 to 200 feet above Lake Michigan, 
within 5 or 10 miles of the lake shore, and up to 300 feet or over, in the 
valleys within the higher upland divides, 30 to 50 miles west of the lake. 
It should be stated, perhaps, that flows from the drift and the Niagara 
limestone, with heads at still higher elevations than those from the sand-
stone' occur in various parts'of this region. . 

EasternWisconsin, north of Lake Winnebago.-North of Lake1,Vinne
bago, the artesian head of the Potsdam water declines relatively rapidly 
in goin6 north, down the valley of the Lower Fox river and along the 
shore of Green Bay. At the lower end of Lake Winnebago, iat Neenah, 
the artesian head is 760 fet above sea lcvel,at Green Bay, 672, at Oconto, 
630, and at Marinette, 614 (for respeetiveheads above the curbs see 
tables on pages 77-8). The decline in the artesian head in passing down 
the valley, while conforming'closely to the slope of the valley, has a fall 
much less than the valley itself, asilldicated by the fact that the initial 
head at Neenah was 15 feet above Lake Winnebago while the initial 
head at Green Bay was 90 feet above the bay. 

, Between Green Bay and Marinette, the artesian head declines from 90 
feet ibove the bay at Green Bay, to 50 feet at Oconto, and to 33 feet at 
Marinette. While the decline in the artesian head along the west side 
of Green Bay may be pal'tiydue t6 the decrease in the thickness and in 
the extent of the outcrop area of the Upper Cambrian sandstone in go-

• 
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ing north, the dedine in artesian head is probably mainly due, to the 
greater flatness of the area adjacent to the bay, and the consequently 
less favorable condition for reinforcement of artesian pressure from a 
high water table adjacent to the shore. 

In general, it may be stated, that north of Lake Winnebago in eastern 
Wisconsin, the probability of obtaining flows are good (with the ex
ception named below) from 100 to 200 feet above the level of Green Bay, 
in Brown and Outagamie counties,-probably about 200 feet being the 
maximum head in the valleys 20 to 30 miles back from the bay, and 100 
feet the probable maximum within 5 or 10 miles of the shore. Farther 
north, in the southeastern parts of Shawano, Oconto and Marinette 
counties, flows will probably not be obtainable over 100 or 125 feet 
above the level of the bay, probably from 50 to 125 feet above the bay, 
10 01' 15 mlies up the valleys leading back from the bay, and from 25 
to 50 feet above the bay within a few miles of the shore. 

]icwauncc-Door Peninstda.-Although it was formerly predicted that 
Hows would be obtainable from the St. Peter and Upper Cambrian sand
stones (Potsdam) for the whole of the border of Lake Michigan, subse
quent developments seem to indicate that the sandstone formations are 
barren of artesian pressure along the lake shore, north of Manitowoc. 
While slight flows of about 20 feet above the lHel of the lake have been 
obtained from the Niagara at Two Rivers and Algoma, no additional flm\ 
was obtained at either of these places, in a well that penetrated through 
the Potsdam to the granite at Two RiYers, and through the St. Peter to 
the middle part of the Ijower Magnesian at Algoma. 

An explanation for the absence of artesian flows from the St. Peter 
dnd Upper Cambrian acquifers north of lIanitowoc is offered on p. 81, 
three changes in the geological conditions being pointed out as un
favorable to artesian development in the peninsular district east of 
Gre(\'l1 Bay, as compared with the favorable ('onditions developed farther 
south. Whatever the principal .oauses operative in preventing the dev
elopment of flows from the St. Peter and Lpper Cambrian at Two Rivers 
and Algoma, there is very apparently, in the peninsula east of Green 
Bay, a change in the geology and topography sufficient to develop con
ditions unfavorable for securing artesian flows. It is probable that flows 
may be obtained along the west shore of the peninsula, 5 or 10 miles 
north of Green Bay, but it is not likely tha~ the productive area extends 
farther north. 

Rock River l' alley.-In the tributary valleys of the Rock River, flows 
11ave been obtained at Beaver Dam, as previously stated, with head 886 
feet above sea level. It is reasonably certain that flows may be obtained 
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at still higher elevations near the summit of the divide surrounding the 
Rock river drainage basin. . The areas of probable success are nece8-
sarily confined to the low ground within the valleys, and thB available 
head in these favorable localities is not likely to be more than· 10 or 15 
feet above the curb or above the adjacent stream level, the artesian gra
dient following closely the gradient of the valley bottom. Local geologic 
and topographic features, favorable to the development of a high 
groundwater table in adjacent uplands, are essential requisites for the 
development of artesian flows at these higher elevations, and the favor
able conditions should be considered as having only local, and not gen
eral application. 

While it is not always possible to draw a sharp line between deep
seated surface flowing wells, as both classes depend largely on local con
ditions, and both often occur in the same localities, the foregoing state
ments have been confined to artesian wells having their source mainly in 
the Upper Cambrian (Potsdam) sandstone, and to a minor extent in the 
overlying· St. Peter sandstone or Lower Magnesian limestone form
ations, the latter formations being drawn upon, only in the eastern part 
of the state. Occasionally, artesian wells have been obtained from the 
Galena-Platteville (Trenton) limestone where this formation is the bed 
rock in the valley bottoms, as in the upper part of the Fox river valley, 
illustrated by some of the artesian wells in Fond du Lac, but usually 
the source of the artesian flows in the Trenton is indirectly in the un
derlying St. Peter and Potsdam aquifers. 

PROSPECTING FOR SURFACE FLOWS. 

The surface flowing wells indicated on the general map are far more 
abundant and are scattered over a much larger area of eastern Wiscon
sin than the deeper-seated flowing wells from the St. Peter and Pots
dam horizons. In the southwestern one-fourth. of the state, however, 
within the driftless or thin drift area, the surface-flowing wells are re
latively rare. 

The surface artesian wells derive their flow from beds of sand or 
gravel, sandwiched between beds of clay within the surface formation, 
between the surface clay and the fractured rock below, and from within 
the fractured jointed rock underlying the surface formation. The frac
tured and jointed rock may be any formation, but it is usually the 
Niagara limestone, and only occasionally the Pre-Cambrian Crystal
line rock. The essentials of these surface artesian flows are as follows: 

1. An adeq·uate source of water supply, which is the precipitation, 
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mainly in the form of rain, that falls upon and sinks into th.e adjacent 
porous uplands. 

2.' A retaining agent, offering more resistance to the passage of 
water than the well, which is mainly a bed of clay or other relatively 
impervious material, overlying the water-bearing sand or gravel bed" 
or the fractured and jointed rock. 

3. An adequate source of pressure, which is mainly the weight of the 
groundwater table in the adjacent uplands, pressing down upon the 
water confined within the water-bearing strata from which the flow is 
obtained. 

The surface flows are, therefore, local in origin and depend upon
favorable underground and topographic conditions, developed.within a 
few hundred feet to 5 or 10 miles of the welL The location of the flows is 
always confined to relatively low ground in valleys, or along the lower
slopes of the uplands,or within the slopes of former lake basins. The 
available head is generally low, usually less than 20 or 30 feet, though 
occasionally 50 or 60 feet, above the lowest ground of the immediate
locality. 

Flows from thedrift.-The surface flowing wells from the drift are 
cheaply obtained and are very serviceable. They will undoubtedly be 
found in certain parts of the state where not yet developed, and their 
areas may be extended in some cases much farther up the slopes and 
the valleys where already developed. No detailed statement of locaL 
areas in various parts of the state where success may be obtained is 
warranted. It may be well to point out, however, that the favorable 
areas for the surface flows in the drift, as may be inferred from the 
above described essentials, are necessarily located some distance below 
the general groundwater level of the adjacent uplands, and are confined 
to water-bearing surface formations of glacial, alluvial or lacustrine 
origin in which the water is capable of being held under hydrostatic 
pressure. Especially favorable places for the development of surface 
flows in the drift are in the sand, gravel and clay beds within the former 
expanded Great Lake basins and estuaries, adjacent to Lake Superior, 
Lake Michigan and Green Bay. 

Flows from the Niagara limestone.-Flowing wells in the Niagara 
limestone are quite common in the general outcrop area of this forma
tion in eastern Wisconsin. The Niagara formation has a usual thick
ness of 300 to 400 feet, and overlies the impervious shale beds of the
Cincinnati group. The numerous fractures and open joints in the Niag
ara formation, combined with the impervious shale at the base, undoubt
edly develops conditions favorable for artesian wells in some localities,. 
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entirely independent of the artesian conditions developed in the over
lying surface formation. The area of flowing wells about Rockfield and 
South Germantown, in southeastern Washington county, (see PI. III) 
is a good example of conditions undcr which flows from the Niagara are 
developed. In this area, flows with maximum initial head of 30 to. 60 
feet above the curb, or up to 370 feet above the level of Lake Michigan, 
were obtained. . 

Many of the artesian wells in the Niagara, however, appear to de
pend wholly upon favorable conditions developed in the overlying sur~ 
face fonmation as the flows are obtained at the contact of the two forma
tions, and hence on the map (Plate I) the flowing wells in the Niagara 
and in the surface formations are classed together. 

Flows' from the Pre-Cambrian Crystalline rock.-Occasionallyflow
ing wells with low head have been found with source of flow in the gran-

. ite,slate or other Pre-Cambrian crystalline rock, the flows being usually, 
but not always, restricted to areas where the latter is overlain by porous 
drift formations. The flows from the granitic rock are dependent upon 
the same conditions as those developed within the Niagara, or at the con
tact of t1).e Niagara with the overlying drift. The flows from the granite 
and other crystalline rock are of interest as a type, but are relatively 
rare and unimportant in occurance, on account of the generally flat 
slope of the crystalline area, combined with the relatively shallow depth 
of the fractures and joints and the consequent shallow depth of the 
water-bearing zone in the granite. 

While predictions can be made concerning favorable areas for obtain
ing surface flows from the drift and from the Niagara,. no predictions 
are warranted concerning suHace flows from the crystalline rocks. On 
the contrary, it may be stated, that any general or systematic attempt to 
obtain flows, or even ~my considerable quantity of ordinary groundwa
ter, from the crystalline rocks is wholly unwarranted, and drilling 
should very generally cease within 10 or 20 feet after reaching this 
formation. 

:METHODS OF DRILLING FOR FLOWING WELL'S . 

. While driven wells are occasionally used in obtaining very shallow 
flows, the standard drilled well is the type very generally used in drill
ing for artesian and ordinary groundwater wells in Wisconsin. The driv
en wells consist of.small iron tubes,'usually·1 to 3 inches in diameter, 
provided with a point and screen. The well points are likely to become 
clogged in a relatively short period, and hence this type is used only in 
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very shailow wells, and to a limited extent where the well tubes can be 
readily replaced. 

The standard drilled well is the usual type in Wisconsin and is sunk 
by percussion of a heavy drill, usually 2 to 12 inches in diameter, lift
ed and dropped from a portable rig by means of power, generated by 
steam or gasoline engines. The drill hole is cased with iron pipe in the 
surface formation and soft rock, and is usually not cased in the rock. 

While the specIal operations in drilling of non-flowing and flowing 
wells is much the same, certain precautions are essential in drilling a 
well to obtain flowing water, that are not necessary in drilling ordinary 
groundwater wells. 

Packing and Casing.-In constructing a flowing well, it is very gen
erally necessary to make a water-tight joint between the well casing and 
the rock, otherwise the water ascending from below will find an outlet 

. outside the casing and fail to reach the surface. In some instances, also, 
if porous rock is penetrated below the point to which the well is cased, 
it may be necessary to insert casing through such porous material to 
prevent escape of water. In other instances when a water bed is weak, 
it may be protected with casing perforated to admit the entrance of 
water. The proper· method of casing artesian wells is illustrated on 
page 503. 

The diameter of artesian wells materially affects the yield, for the 
larger the diameter, the less the frictional resistance. The cross-section 
of a tube varies as the square of the diameter, and disregarding other 
factors, an 8-inch pipe would carry 16 times as much as a 2-inch pipe. 
Taking into account both the frictional resistance and the cross section, 
the discharge of a pipe has been calculated to vary as the 2.5 power of 
the diameter. While several small wells will yield a larger inflow than 
one large well, the yield of any well is controlled by the maximum diam
eter of the bore hole at the water-bearing stratum rather than the max
imum diameter at the mouth of the well. 

Records of flowing wells.-It is very important that drillers and own
ers of flowing wells should make and preserve the records, of flowing 
wells drilled, as described on pages 5-7, in order that as complete in
formation as possible may be available for the future exploration of ar
tesian supplies in the locality. 

8-W. s. 
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CHAPTERV. 

SPRINGS AND MINERAL WATERS 

Much underground water returns to the land surface through springs 
or by diffused seepage into lakes, rivers, and marshes. ' The supply of 
groundwater furnished to the surface run-off by springs varies greatly. 
In places the discharge is very limited and the water differs but little 
in character from ordinary seepage water, while in the other localities 
the water gushes forth in small streams. At many places the water bub
bles up through sand or gravel and the spring is not infrequently called 
a bubbling or boiling spring. 

Springs, like wells, are of two classes, surface and deep-seated. The 
conditions giving rise to springs are in part the same as those for ar
tesian wells. The water of a spring flows out of the ground by natural 
processes alone, while in a flowing well the water is made to flow at the 
surface through the agency of man. In the case of some springs the 
water may move downward and have a free zone to escape above some 
impervious bed, while in flowing wells the water reaches the surface on
ly by hydrostatic pressure. Hydrostatic pressure therefore mayor may 
not be one of the requisite conditions oisprings. In every case gravity 
forces the spring water to the surface. 

SURFACE SPRINGS. 

Surface springs, or seepage springs, are usually associated with out
crops of impervious strata. In this class of springs the water escapes at 
the contact of an overlying porous bed with an underlying non-porous 
bed. See fig. 14. 

Seepage springs may also' occur along the. contact of the· drift with 
underlying shale or limestone, the water flowing along the impervious 
basement until it reaches the lowest point of escape. 

Most of the springs in Wisconsin are of the surface type. Many of 
them have dried up, and disappeared, but many others are still yielding 
large quantities of water and in thinly settled districts form one of the 
chief sources of domestic supply. During the unusually w~t years, as 
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in 1903, many of the springs which had formerly gone dry began flow
ing again owing to the unusually heavy rainfall and the consequent rise 
in the water-table. 

Fig. H.-Seepage spring fed from unconfined waters in porous sand. 

DEEP-SEATED SPRIKGS. 

In the deep-seated springs, the water rises to the surface aiong joint 
planes, fissure and fault planes in bed rock. See fig. 15. The waters in 
the deep-seated springs are under hydrostatic pressure, confined in im
pervious channels or between impervious beds. and in their mode of 
origin are artesian springs. The temperature of the water from the 
deep zones of flow is more constant and, as a rule, somewhat higher than 
that of water from surface springs. 

Fig. 15.-Fissure spring. The water springs from tbe underlying sandstone up 
through fissures in the limestone. 

The conditions affecting the amount of groundwater available for 
springs are essentially the same as those already described for artesian 
wells. 

DISTRIBUTION OF SPRL~GS. 

Springs flow from all of the water-bearing horizons mentioned in the 
geological formations; but certain horizons are more important than 
others and give rise to a much larger number of springs. Although the 
yarious springs seem to a casual observer to be scattered promiscuously 
over the state, such does not appear to be the case when their distribu-
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tion is studied a little more carefully. Both classes of springs above 
referred to, originate in the various geologic horizons and owe their 
-distribution and occurrence to a variety of geologic features. 

SPRINGS IN THE CRYS'l'ALLINE AREA. 

The sp:rings in the crystalline area are largely due to faulting and min
m displacements in the rock. The crystalline area abounds in springs 
which are often the chief source for domestic supply, but the springs 
have been very little studied and are scracely ever developed commer
cially. The crystalline area is so compl~tely covered with drift that it 
is rather difficult to determine whether a particular spring derives its 
water from the underlying crystalline rock or from the overlying drift. 
Data that would throw light upon their source, are in nearly every case 
lacking and before such springs can be classified a much more extensive 
study is necessary. . 

SPRINGS IN THE UPPER CAMBRIAN SANDSTONE AND THE LOWER 

MAGNESIAN LIMESTONE. 

The. springs of note in this lower zone of water-bearing sedimentary 
rocks, are at the contacts of the relatively impervious and pervious shale
beds in the Upper Cambrian (Potsdam) sandstone forl~ation and be
tween the sandstone and the overlying Lower Magnesian limestone. 'fhe 
.contacts are the source of supply, although the springs may not always 
~scape or rise to the surface near them. The water often flows under
ground several miles from the contacts before coming to the surface. 
This is notably true where the surface is composed of disintegrated 
sandstone which allows the water ready passag~. 

A number of springs in the valleys rise from the Upper Cambrian 
(Potsdam) sandstone where this formation has been eroded so as to ex
pose its impervious beds thus giving the water flowing along its con
fining walls a chance to escape. 

A pecularity of some of the springs arising from the sandstone is 
worthy of men.tion. The point of escape or the location of the spring 
is often at the elJ.d of a projecting sandstone ridge that extends out into 
the valley, either along the side, or at the head of the main valley. The 
water follows the ridge as far as possible and finally, when no longer 
protected by the overlying cap, escapes to the surface, ncar the extrem
ity of the ridge projecting ont into the valley. 

At the contact of the sandstone and the overlyiIlg Lower Magnesian 
limestone the water may come to the snrface at the foot of a hill, where 
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the two formations join, and then disappear, within a short distance,. 
only to reappear again several miles farther down where the under
ground channels open into the river valley. A fine example of this may 
be seen on Silver Creek one of the tributaries of La Crosse River. Springs
may also escape at levels higher than the contact, by escaping through 
fissures or crevices in the limestone as illustrated by the Ilwaco springs 
on the St. Croix River west of River Falls. They then seem to come en-

. tirely from the limestone. The farther from the line of contact, the less
numerous do the springs become, but there is usually a wide area along 
this contact in which the springs arise or reach the surface. 

From the Lower Magnesian limestone springs arise that derive their 
water entirely from the limestone and are not connected in any way 
with those found at the junction of the sandstone and limestone. They 
are, however, few in number and not important. 

The spring water from the Upper Cambrian (Potsdam) sandstone
and Lower Magnesian limestone usually has a temperature of 48° to 50°
F., is clear, sparkling, comparatively free from organic impurities, and! 
usually low or moderate in mineral content. It contains small percent-
age of lime and magnesium carbonates, little iron, some silica and alu
mina, with small amounts of chlorides. The water has a very pleasant-. 
taste and the small amount of free carbonic acid makes it very palat-
able. 'The springs arising from the epper Cambrian and the Lower
Magnesian are not present along the eastern part of the state. (See
Geological Map Plate I in Pocket) but are plentiful along those streams 
tributary to the Mississippi river, and especially along the St. Croix 
river, as at St. Croix Falls and Osceola. Although these springs are 
used very little at present for watering stock and general farm use, ex
cepting those at St. Croix and Osceola, they fum ish favorable conditions 
for developing trout ponds and for domestic supply. The waters of the 
springs are far superior for. domestic use to much of the shallow welL 
waters used. 

SPRINGS IN 'J'HE ST. PETER SANDSTONE ANil G_\LENA-PLATTEVILLE 

Ln1ESTONE. 

The second horizon for springs, that of the middle zone of water-bear
ing rocks, occurs near the junction of the St. Peter sandstone and thw 
Galena-Platteville (Trenton) limestone. The shaly impervious stratum 
that usually forms the base of the overlying Platte,-ille limestone, rest
ing upon the underlying St. Peter sandstone, dirides this spring horizon 
into two classes, giving rise to springs either abo\"e or below this imper-
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vious stratum. Under normal conditions, the water descending through. 
the fissured limestone is caught by the shale beds and caried along their 
surface to some point where erosion has furnished '8. means of escape, 
thus giving rise to springs directly from the limestone flowing from 
above the shale. The springs from the St. Peter sandstone usually flow 
from the sand below the dense shaly beds. However, some of the water 
of the limestone may find an openingipto the sandstone at some adja
cent higher level and thus give rise to springs from the limestone issu
:ing below the impervious bed, while the sandstone water under certain 
favorable conditions may be the source of springs that flow out above 
the shaly beds. As in the first horizon, there is a zone within .. which 
most of the springs are found, but a careful study of each spring is re
quired before its exact source can definitely be stated. 

A number of springs flow from different levels within the limestone, 
some from the contact of the Platteville and Galena beds, others from 
higher levels in the Galena but they do not appear to be confined to any 
well marked stratum. Although many are found within the Galena
Platteville water horizon, they are rather irregular in their distribution. 
The springs in this horizon are much less abundant than in the last m.en
tioned Upper Cambrian-Lower Magnesian horizon but the general charc 
acter of the water is very similar in both horizons. The quantity of 
mineral ingredients, however, in the water flowing from the Galena
Platteville limestone springs is usually somewhat greater, and the waters 
as a whole are harder, than the spring waters from the Upper Cambrian
Lower Magnesian horizon. They furnish water of the most excellent 
quality and purity, that may be safely substituted for well water in these 
Ioealities in which they occur. 

SPRINGS IN THE CINCINNATI SHALE AND THE NIAGARA LIMESTONE. 

In some respects, the most remarkable horizon giving rise to springs, 
is that found at the upper surface of the Cincinnati shale. The water 
ilowing from the springs at this horizon, which may be called the upper 
zone of sedimentary rocks, all comes from the fissured, cavernous, and 
decayed limestone of the Niagara formation. The direction of the flow 
is along the surface of the beds of the upper portion of the Cincinnati 
shale, either along the dip of the strata, or in some other direction that 
'sooner or later offers an opportunity of escape. The water that flows in 
the direction of the dip, gives rise to flowing wells farther toward the 
east and is the source of many of the springs scattered over the area 
underlain by Niagara limestone; 
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The water that flows in the direction opposite to the dip of the shale 
strata finds an outlet along the western outcrop of the strata. The out
crop of the shale is exposed at frequent intervals along the east side of 
the Lower Fox and the Rock River valleys and forms a well defined zone 
along which the springs are located. In some localities, however, a heavy 
deposit of drift nearly coneeals the horizon, while in others, a heavy 
mass of clay lies against the contact and prevents the escape of the 
water. The water is then forced to rise higher and seek an outlet 
through joints in the limestone wherever opportunity offers. 

Where the glacial drift or rock, fallen from the Niagara limestone 
eliffs above conceal the contact, the spring water may run in concealed 
channels down the slope, and issue some distance below its true point of 
€scape from the shale strata. Some of these springs may, therefore, 
easily pass as drift springs, although their source is only indirectly in 
the drift. However, with a little care the line of contact itself, or its 
trace as indicated by the line of springs may be definitely followed. In 
most cases it is thus possible to determine the source of any spring in 
the vicinity. 

In places along- the east side of the Fox river valley, in the vicinity of 
Lake Winnebago, much of the water passing underground does not re
appear in the form of surface springs, but is caught beneath a clay bed 
Df lacustrine or glacial origin, is once more confined, and later appar
€ntly carried in underground channels directly into Lake Winnebago. 

Along the east side of the Fox river valley, under the protection of 
the Niagara escarpment, are hundreds of springs marking this most re
markable horizon. Some of the springs are very small while others 
furnish sufficient power for small industries. 

As mentioned before, springs which flow from various horizons within 
the Niagara limestone are scattered over the entire eastern district of 
'Wisconsin. Their distribution, is irregular, depending somewhat upon 
the occurrence of fissures and character of the topography of the lime
stone. Their source is much the same as that of the artesian wells ob
tained from the limestone at Rockfield and South Germantown. A num
ber of these springs have dried up since the settlement of the country 
and the development of agriculture, but many of the deeper-seated 
springs remain as strong as ever. These scattered springs from the 
Niagara horizon include some of Wisconsin's most famous springs, such 
as the noted springs at Waukesha. 

The water from these springs is clear, cool and refreshing, the tern: 
perature, ranging between 46 0 to 480 F., remaining rather constant 
throughout the year. The water, from springs in the Niagara, as a 

• 
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rule, is harder than other Wisconsin spring waters and contains con
siderable amounts of mineral matter. Within this horizon a.re found 
many travertine springs. Large speGimens of the travertine have 
been picked up out of the streams and springs east of, Fond du Lac. 

SPRINGS IN THE DRIFT AND OTHER SURFACE DEPOSITS 

The foregoing springs all have their source in the bed rock. .Besides 
these, however, there are a number of springs, both large and small, that 
issue from loose unconsolidated material, overlying the bed rock. This 
surface horizon gives rise to more kprings than any other horizon con
sidered. They are, as a class quite superficial and are subject to 
great variations in volume. They are more liable to contamination 
from surface impurities, and the temperature of the water is more var-' 
ied, than from springs that issue from the rocks. They are, also, the 
first to be affected by any deficiency in the annual precipitation, and are 
controlled more or less, by merely local conditions of the drift material. 

Some of the surface springs have their source in gravel and sand in
terbedded with layers of clay. Of this class, are those issuing under 
hydrostatic pressure from the junction of the porous and impervious 
beds of the lacustrine deposits, bordering Lake Michigan and Lake 
Superior. In places, a continuous line of small rivulets may be seen is
suing from the junction, either below or above the bed of clay. 

Other springs owe their origin to seepage and flow from loose mate
rial, which may give rise to seepage springs on the slope or at the base 
of hills, even if the loose material composing the slopes be of a homo
geneous nature. Between these two classes there is every degree of 
gTadation. To the latter class of seepage springs, belong the vast hum
ber of springs scattered over northern Wisconsin that help feed the 
numerous lakes, rivers, swamps, and marshes that abound in this region. 
They are, for the most part, of little importance and but seldom used. 
They belong to the class that will be affected most when the country is 
opened up to agriculture. Even at the present in the forest areas some 
dr:v up during long continued droughts. 

While, in general, the seepage springs, are small and subject to local 
surface conditions they are, occasionally, very large." In the glaciated 
area, most ,of the springs are found along the terminal moraines. The 
hummocky'topography and porous drift of the moraines are well adapt
ed to catch and temporarily hold the precipitation, and finally discharge 
it through the springs at the foot of the range or in the flats adjacent 
to it, or at some other convenient point midway between the summit and 
the base of the drift hills. -
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The numerous lakes that are distributed along the Important terminal 
morainef\ are largely fed by springs that pour their water into the lalw 
either directly along the shores or through small streams that have their 
source in springs some distance from tl\e lakes. This accounts in part 
for the clearness and purity of the water found in many of the lakes. 
The number of springs opening into the lake below its surface level, is 
not known but is probably not large, although some of the very small 
lakes are probably maintained from this source alone. The" Kettle 
Range" is lined throughout its entire extent with springs, and it has. 
been observed that where lakes are located on either side of the main 
terminal moraines the springs are most abundant on that side of the 
lake lying nearest to the moraines. Many of the springs, besides fur
nishing large quantities of water, are also very constant and uniform 
in both flow and temperature. 

MINERAL SPRINGS OF \VISCO:XSIX. 

To give a detailed description of springs supplying mineral waters,.. 
their location and general features is beyond the purpose of the present. 
report. HoweveJ;, a few of the more important springs are mentioned 

~ in order to show the importance of mineral springs in Wisconsin. From 
the drift are obtained the so-called sulphur springs, the water of which 
varies considerably in chemical composition. The sulphur exists as sul
phuretted hydrogen in the water and readily escapes on exposure to the 
atmosphere. Other springs are sO charged with iron that. tl].ey readily 
pass as chalybeate springs. The total mineral matter in spring waters. 
may range from almost nothing to seveal hundred parts per million, 
as shown by the table of spring water analyses. (Page 124). 

MINERAL WATERS. 

All waters are mineralized, as described on pages 127 to 132, but the 
term "mineral waters" is made to include only those that are s()ld on 
the mark~t as such. Mineral waters include every gradation from waters. 
containing a very low percentage of mineral in solution to those con
taining a very high percentage of dissolved substances. In addition to 
the natural composition, some mineral waters are subjected to artificial 
treatment, such as the addition of mineral salts or the additioh of car
bonic acid gas, but so far as possible, waters that have been subjected' 
to considerable change are excluded from this classification. 

On the basis of use, mineral waters are separated into two groups,-
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those sold for their therapeutic value (medicinal water), and those sold 
for use as drinking water (table water). 

Quantity and Value.-In 1863 the first attempt was made to coiled 
statistics of mineral waters in the United States, and since that year, 
Wisconsin has ranked among the first states, both in production and 
value. Wisconsin is generally considered the leading state ilJ the Union 
in 1hc value of mineral water and third in the quantity of mineral water 
sold on the market, generally ranking first in value of table waters and 
generally fifth in value of medicinal water. In 1911 1 the quantity 
of mineral waters sold in 'Wisconsin was 5,716,162 gallons, the value of 
table water being $862,965, and of medicinal waters, $93,023. 

The production of mineral waters in 'Wisconsin for the past seven 
years is shown in the follo\ving table: 

TABLE 20. -Production and value of mineral10aters in Wisconsin, 1907-1913. 

. ~, .\ Springs report- Quantity sold I " I 
Lear. ingsales. (gallons). ,a ue. 

---------------- -_._--- ----- ------
19u7. . . . . .. . . .. . . .. . . .. . . . . . . .. . . •. . . . . • . .. . . .. . . . 29 6,839,219 l $1, 526, 763 
1908 ............................. " . . •. . . .. . . .. . • . 28 6.084,571 1. 239. 907 
1909 ................•....•............ ,. .... ...... 34 6.101.882 1,132.239 
1910.... ..... .... ... .•.. .... ....•... .... .... ...... 36 6.400,812 974.366 
1911.... . ... .... ... ..•.. .... .... .... ..... .... ... .. 31 5,716,162 955.988 
1912... . .... .•.• ... .. ... . ....... .... .... .... .•.. .• 31 6.045.719 869.495 
1913 .•..................•...•.... " . • •. • • .. . . .. • . . 30 7.234.217 790.552 

Thirty springs reported sales in 1913. There were resorts at four of 
the l'prings, which acommodated over 1,800 guests, and the water at 
three was used for bathing. In addition to the sales, more than 645,000 
gallons ''''Clt' used in the manufacture of soft drinks. 

Besides the quantity of water used in the manufacture of soft drinks, 
a large amount of water, usually artesian water, is annually used in 
Wisconsin in the manufacture of beer and other malt liquors. In the 
production of malt liquors, Wisconsin generally ranks about the 4th 
state in the Union, the quantity of beer, ale and porter produced in 
1913 being 5,171,179 barrels, or 160,306,549 gallons. About three
fourths of the production is manufactured in Milwaukee, the water util
ized being obtained from artesian wells. About 92 per cent of fer
mented liquors consist of water, and the quality of the product depends 
much upon the character of the water. 

'Production of Mineral Waters, Mineral Resources for 1911, U. S. Geo!. 
Survey. Pt. II, p. 1173. 
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The following list of 37 springs (including a few wells) have reported 
:sales in the last 3 years, 1911-13: 

List of Wisconsin lli~eral Springs. 

Allouez Mineral Spring Co., Green Bay, Brown_County. 
Arbutus Mineral Spring, Oconto, Oconto County. 
Badger State Mineral Water Co., Darlington, Lafayette County. 
Bay City Spring, Ashland, Ashland C~unty. 
Bethania Spring, Osceola, Polk County. 
Bryant Silver Springs, Madison, Dane County. 
Castalia Spring, Wauwatosa, Milwaukee County. 
Chippewa Spring, Chippewa Falls, Chippewa County. 
Crystal Spring, Sheboygan, Sheboygan County. 
Crystal Springs, Waupaca, Waupaca County. 
Elysian Spring, Prairie du Chien, Crawford County. 
"Famous" Ginseng Bottling Co., Menomonie Falls, Waukesha County. 
Kusche Spring, Oshkosh, Winnebago County. 
"Leben wasser" J. J. Handeln, Green Bay, Brown County. 
l\'Iaribel Mineral Spring, Maribel, Manitowoc County. 
Maskanozes Spring, Butternut, Ashland County. 
Nee-Ska-Ra-Spring, Wauwatosa, Milwaukee County. 
St. John Mineral Spring, Green Bay, Brown County. 
Sheboygan Mineral Spring, Sheboygan, Sheboygan County. 
Sheridan Mineral Springs, near Lake Geneva, 'Walworth County. 
'Solon Springs, Solon Springs, Douglas County. 
Spring Grove Epsom Spring, Green Lake. Green Lake County. 
Wilmette Springs, H. Tolfson & Son's Cooper Station, Racine County. 
Waukesha Springs, Waukesha County. 

Almanaris Spring. 
Anderson's Spring. 
Arcadian Spring. 
Bethesda Spring. 
Clysmic Spring. 
Crystal Rock Spring. 
Fox Head Spring. 
Glenn Rock Spring. 
Horeb Crystal Spring. 
Minniska Spring. 
Roxo Spring. 
Silurian Spring. 
White Rock Spring. 

It is quite probable that a number of spring waters are sold in vari· 
-ous parts of the state which are not included in the list of mineral 
springs above enumerated. In the various tables of mineral analyses 
of waters of the various counties of the state, is included a large num· 
bel' of spring waters which have been placed on the market during the 
past years. 

Composition. Mineral waters represent rain water which has become 
mineralized in its journey underground, from the point at which it 
·entered the soil to its point of recovery at the spring. The chemical 
character of the soil and rocks tra:versed, the length of the journey, the 
length of stay of the water underground, the depth, as affecting tern· 
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perature and pressure and the general mineralization of the surround
ing body of underground water are all factors influencing the character" 
of the mineralization. Springs flowing from beds of sand and gravel, 
or from the sandstone, in those parts of the state where the body of un
derground water is relatively shallow, yield only slightly mineralized~ 
w~ter; but <,prings that issue from rocks, the waters of which are in con
tact with deep bodies of underground water, yield more highly mineral-
ized waters. . 

The mineral analyses of many of the spring waters in the ab,:·V€ lir,t. 
of mineral springs are given in the following table: 

TABLE 21. Analyses of Mineral Waters. 
(In parts per million) 

I " I 8 ~ 
II~~ ,I S 0 Cw § 
.S'~ ," ~ ~--+ I - - ~ ~ I~ M bD Cj Q,) Q '0 

I ~II .; I ~ I iH i ~ ! i II! ~ ) j 
~ Os - 5:9:g ~ ~ ~ ~ .g £ ~ 3 

;S .= § ~S ce • ;g b m "3 ~ .c; 0 
oo<~< 0 ~tT.l ~ 0100 O~E-< ------------ -.----- ---- --1-- -----

Chippew Spring. I 
Chippewa Falls..... 7.3 .2 .2.... 5.5 2.2 2.0 .6 15.0 1.9 .8.3 36 

Bethania. ~pring, -'-- I 
381 Osceola.... ......... 8.7 1.3 0.8.... 70.5 28.8 31.9 j185.8 15.6 37.8 tr 

Oconto ............ -.. 16.8 2.7 0.1 .... 64.5 27.2 8.6 1.2 163.7 14.8 4.0.... 304 
Arbutus Mineral Spring-, 1 
St .. John Mineral Spring, 

Green Bay .......... 20.0 2.5 .7.... 24.8 22.0 8.2 4.4 56.4 27.8 38.0.... 205 
Bryant Silver Spling, --'-

l'ladison ............ 16.6 ......... 4.3 57.8 32.0 3.4 165.8 
White Cross Spring, --'-

Madison............ !8.0 7.0........ 77.8 42.0 1.9 
Badcer Minsr'al Spring. I 

Darlinl'ton ......... 10.4 1.1 0.5.... 59.4 45.8 4.5 
Maribel ",pring, 

Maribel. ............ H.O 2.1 1.4.... 46.1 27.0 4.6 2.2 141.5 

.8 200. 

213.5 

Nee Ska Ra Spring. --'-
178.6 

Bethesda Spring. 
Wankesha .......... 12.7 2.1 0.2 .... 68.2 35.2 17.7 3.5 200.8 

3.7 

7.6 

4. 

2.9

1 58.1 

9.6 

5.2 .... 

7.0 .... 

4.1 .... 

7.0 .... 

17.1 .... 

8.0 .... 
Wauwatosa ......... 12.4 ......... 2.0 83.4 36.31 11.1 

Arcadian I-Ipring. 
Waukesha .......... l1.5 1.5 0.3 .... 68.7 31.0 7.1 3.5 179.8 14.8 3.2 tr 

289 

375 

332 

249 

399 

358 

321 
Clysrnie Spring, 

Waukesha .......... 11.8 2.0 0.4 .... 76.8 35.5 14.2 4.1 199.8 26.2 4.6.... 375 
. Crystal Rock Spring-. 328 Waukesha.. ........ 8.1 1.5 0.2.... 56.9 27.1 19.0 15.9 149.1 35.3 14.5 tr 

Fox Head Spring, 
Waukesha .......... 16.7 7.1 tr .... 44.0 32.7 2.7 1.3 145.5 9.4 4.2.... 263 

Horeb Crystal Spring-. 
Waukesha .......... 12.5 4.0 tr .... 73.6 34. 194.5 14.3 1.8 .... 343 

Minniska Spring, 
Waukesha .......... 26.7 1.5 0.7.... 71.3 36.3 0.6 194.3 17.7 4.9 .... 358 

Silurian Spring. 
Waukesha .......... 12. 10. 1.1.... 67.9 33.6 

-'--
14.7 186.5 3.4 19.9 .... 349 

White Rock Spring, 
Waukesha.. ........ 9.1 ..... 0.6.... 70.7 57.2 

--'-
15.9 170.6 50.1 10.5 .. .. 385 

Sheridan Mineral Spring. 
Dear Lake Geneva .. 15.8 0.7 0.5 .... 113.6 62.3 345.6 7.7 6.5 .. .. 

--'-
25.2 578 

Spring Grove Epsom 8pr., 
Green Lake ........ . 

~heboygan Miner'l Water 
Sheboygan ......... . 
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Some of the Wisconsin mineral waters are exceptionally free from 
mineral matter. The slightly mineralized waters, like the Chippewa 
Spring water, are ohtained from the region of the Upper Cambrian 

. sandstone and the Pre-Cambrian crystalline rock in the central and 
northern parts of the state. Some of the springs are more highly min .. 
eralized, and those of this class occur in the area of the Niagara lime
stone formation of eastern Wisconsin. The mineral waters from deep 
,veIls at Sheboygan and Prairie du Chien are highly charged with chlo
rides. The well known springs at \Vaukesha yield carbonate waters 

·of only moderate mineral content. 
As mineral waters are usually classifiell, most of the "Wisconsin wa

ters placed on the market are calcic-carbonat ed-alkaline waters, this 
type being well represented by the well-known mineral spring waters at 
Waukesha. While the Chippewa spring water belongs to the calcic-car
bonate type, the remarkably low content of mincral solution in this wa
ter makes it an unique type by itself. The Spring Grove Epsom spring 
water belongs to the magnesic-carbonated-alkaline waters or epsom salt 
water. The Sheboygan mineral water, which is a type of salt water, 
belongs to the class of sodic-calcic-muriated-sulphate waters. 

USE OF MINERAL 'VATERS. 

Most mineral waters sold are used for tablc waters and only a re-
1atively small proportion for medicinal purposes. About 10 per cent 
of the Wisconsin product is used as medicinal water. Necessarily no 
·sharp line can be drawn between the two classes. In general, however, 
the table waters are less mineralized than those sold for medicinal use. 

Medicinal Waters.-Medicinal waters are generally grouped in three 
classes, purgative, "lithia", and sulphur watel'S. rl'he first class in
cludes many widely advertised waters, which usually contain high per
-centages of sulphates with much magnesium or sodium, or both, prob
ably in the form of Epsom salts and Glaubers salts, to which they owe 
their distinctive properties. rl'he" lithia" waters contain lithium, but 
usually in only very small quantity, and their usc is generally ad
vocated for all forms of uric acid conditions. The cures attributed to 
such waters are usually attributed to copious use quite as much as to 
the physiologic action of the lithia compound. The sulphur waters In

clude the abundant waters drunk at various sulphur springs. They are 
usually not sold in bottles and therefore are not included in the statis
tics, but the total quantity annually consumed is \"Cry large. 

The therapeutic application of water, or its use for the correction 
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of diseased conditions of the body, has always been recognized in. 
scientific writings. That natural waters have curative properties seems
to be indicated by the continuous and increased patronage at minerai 
spring resorts. Yet the claims of miraculous recovery by use of min
eral waters, and extravagant statements in regard to the waters, should 
be regarded with considerable skepticism, because the curative proper
ties of such waters are frequently attributed to minor ingredients that 
are present in comparative insignificant quantities. The physiologic
effect of these minor ingredients, such as lithium, bromine, iodine, are
usually overshadowed by that of other substances present in much 
larger quantities. 

No statement can be made here concerning the medicinal value of the
various ingredients of mineral water, or the quantity of such constitu
ents required to produce physiologic reactions. Those interested ill! 
this subject will find it fully discussed in a recent paper by R. B. 
Dole.1 This paper also contains a fairly complete list of references to 
this subject. 

Table Water.-The waters sold for table use in Wisconsin include the
names of many springs that have been widely published, and for wh-ich 
the state is famous. Table waters must be agreeably light and pleas
ant, and few are stJ:ongly mineralized. Many of them are artificially 
carbonated to make them more palatable and to make them keep better. 
Table waters may be divided into two classes,-the still waters sold in 
large bottles or barrels for households, offices and factories, and those
sold in smaller packages,-quarts and pints, much of which is carbon
ated. The former group is largely sold for less than 10 cts. per gallon 
to dwellers in towns and cities where public supplies are objectionable 
or suspicious, and meet the demand for pure and pleasant drinking
water. The latter class are mostly sold at over 50 cts. per gallon for 
bar, restaurant, and hotel trade, and are to be classed as luxuries rather-
than necessities. By reason of their high selling price the total value 
of the annual sales of the latter is greater than of the first group, al
though the quantity sold is much smaller. 

The possibility of the contamination of mineral waters sold on the-
market should constantly be taken into consideration by the ownerI' of 
springs and also by the purchasers of table and medicinal water.,. If 
the water is obtained from a seepage spring especial caution against 
possible sources of pollution within the catchment area should be ob
served. The spring reservoirs should be protected with proper casing 
and extreme care should be exercised to prevent contamination in: 
handling water in the bottling works. 

"'The concentration of Mineral Water in Relation to Therapeutic Actiy
ity." U. S. G€ol. Survey, Mineral Resources of the U. S., 1911. 
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CHAPTER VI. 

THE GENERAL COMPOSITION, USES, CLASSIFICATION 
AND TREATl\fEN'r OF WATER SUPPLIES. 

Water, as it issues from underground channels, by means Qf flowing 
wells, natural springs, or as it is pumped from wells, or as surface water 
in rivers and lakes, is never chemically pure, but always contains various 
solid and gaseous compounds in solution. Furthermore, the waters from 
two neighboring springs, only a few feet apart, or from two artesian 
wells near one another very rarely have precisely the same composi
tion. '1'wo waters may have the same appearance yet be very unlike in 
taste. 

Source of Matter Contained in Water.-The rain, in falling from the 
clouds, absorbs gases from the atmosphere, and on its way through 
the soil and rocks absorbs other gases and takes into solution mineral 
and organic material with which it comes in contact. Other matter, 
as bacteria, soot, various wastes of life, organic and mineral matter, are 
washed from the land and carried along as suspended matter in creeks 
and rivers. The difference in tlie quantities of ingredients COfltamed 
in the groundwater are due to the different paths along which the 
water travels, the variable composition of the country rock and of the 
soil, the time during which the water is in contact with the rock and 
soil, the length of the underground channels, and the differences in tem
perature and pressure. After long droughts surface waters are com
posed largely of water from springs and are, therefore, more highly 
mineralized than after spring floods or heavy rains, when they are most
ly obtained from rain or from the melting snow. 

Materials in Solution.---The materials in solution in the surface and 
underground waters· belong to two classes-gases and solids. '1'he sub
stances of either class vary widely in their solubilities and the presence 
of members of one class greatly affects the solvent action of the water 
upon members of the other. The degree of mineralization of a water 
varies with the solubility of the constituents of the strata, the tempera· 
ture, pressure and composition of th€ solvent. 
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"\V ATER Ax ALYSES. 

There are, in general, two kinds of water analyses,-the chemical or 
mineral analysis of water, and the sanitary analysis of water. 

Sanitary Analyses of Water.-Sanitary analyses of water -are of two 
classes, chemical sanitary analysis and bacterial sanitary analysis. A 
ehemical sanitary analysis of water usually consists of the determina
tion of nitrogen as free ammonia, albuminoid ammonia, nitrites and nit
rates, the amount of chlorine, sulphate, iron, oxygen consumed, total 
'solids, hardness and "alkalinity". In addition, especially in case of 
surface waters, observations on such physical characteristics as color, 
turbidity and .odor are usually made. Bacterial sanitary analyses con
sist of the determination of the numbers of various species of bacteria, 
the numbers developed at certain temperatures, with special reference 
to the quantity of colon bacteria. It is the common practice in report
ing the sanitary quality of a water supply, to make some form of a com
bined chemical and bacterial sanitary analysis. 

Mineral Analyses of tv ater.-The present report, beside describing 
the sources of water supply, deals mainly with the chemical or mineral 
eomposition of the water supplies, the,discussion of the sanitary charac
ter being reserved for some other report, to be based on the research 
work of sanitary chemists. 

Although the amount of mineral matter dissolved in the Wisconsin 
waters is usually small, there is a great variety of the compounds, 
·as will readily be seen on referring to the tables of water analyses. All 
of these constituents in solution are' obtained directly or indirectly from 
the minerals in the soil and rocks through which the water passes. Somo 
are taken in solution by the solvent action upon the rocks; others result 
from the interaction which takes place when solutions from various 
sources intermingle, while some result from the reaction of the constitu
ents upon the chemical compounds within the strata through which the 
waters pass. Of no small consequence is the solvent action of the dis
solved gases. Hydrogen sulphide will precipitate some of the mineral 
eompounds in solution, thus decreaisng the amount of or entirely re
moving certain minerals carried in solution. On the other hand, lime
stone, for example, though scarcely soluble in pure water is readily dis~ 
solved in water containing carbon dioxide. 

SOLIDS. 

Silica (Si02 ).-Silica is present in most waters, in only very small 
amounts, and is therefore generally regarded as a constituent of minor . 
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importance. In boiler waters it is classed as an incrustant. In many 
of t.he slightly mineralized waters of northern Wisconsin, however, silica 
is one of the most important constituents, and while the content is very 
low, it forms an appreciable amount of incrustation in boilers after some 
time o~ service. 

Iron (Fe).-Iron is usually present in natural waters in only very 
small amounts, probably as ferrous bicarbonate. In most of the mineral 
analyses in this report the iron has not been.determined separately, but 
together with aluminum. As little as half a part of iron per million in 
water is detectable by taste, and more than 4 or 5 parts renders 'the 
water very unpalatable. 

Ferric Oxides and Alumina (Fe2 0s+A120 a) .-In all the mineral an
alyses reported by industrial chemists the iron and aluminum is deter. 
mined together and reported as the oxides. In boiler waters these con· 
stituents are classed with the incrustants but form only an insignificant 
amount of scale. 1\1ost of the analyses show a content of only 1 to 3 
parts per million of iron and aluminum oxiues. 

Calcium (Ca) .-Calcium is the principal scale forming constituent 
in water. The heating of waters containing calcium bicarbonate results 
in the precipation of calcium carbonate. Calcium is also one of the soap 

,consuming elements in water and is therefore the principal cause of 
so-called hardness in water. 

Magnesium (1\1g) . ..:.....1\1agnesium is present in all waters that contain 
calcium. In Wisconsin waters there is usually about 50 per cent as 
much magnesium as calcium, but the water of some of our inland lakes 
contains more magnesium than calcium. In most Wisconsin waters 
calcium and magnesium are the predominating bases. Calcium and 
magnesium are very similar in their industrial effects. 

Sodium and Potassium (Na+K) .-In most of the analysis of this 
report, the sodium and potassium are not reported separately. The 
amount of potassium in most waters is very small, being much less than 
the amount of sodium. Sodium is an abundant constituent of all saline 
waters in the form of common salt and sodium sulphate. The salts of 
sodium and potassium in water are non-incrusting solids, but if pres
ent in large amounts are likely to cause foaming in boilers. 

Carbonates and Bicarbonates.-Most waters contain bicarbonates 
rather than c'arbonates, but in the analyses reported by industrial chern· 

. ists the results are stated as carbonates. Hence,' for the purpose of this 
report it was more convenient, in recomputing analyses to the form of 
statement adopted, to report the calcium, magnesium and sodium and 
potassium as metals, i. e.; as Ca, Mg, and Na+K, and the carbonate as 

9-W. s. 
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the bivalent radicle, COa, although it is certain that bicarbonates rather 
than carbonates were present in the waters analyzed. Most of the. 
groundwaters, and all the surface waters of Wisconsin are carbonate 
waters rather than SUlphate or chloride waters. 

SUlphates.-In Wisconsin waters, sulphates are common, but much 
less abundant than carbonates. The industrial quality of sulphate wa
ters depends largely upon whether calcium is als~ present in consider
able amount, when upon heating there is precipitated calcium sulphate 
which is the most objectionable incrusting solid. Sodium and mag
nesium sulphates are readily soluble in hot or cold waters and therefore 
do not form incrustations. 

Chlorides.-'l'he chlorides in Wisconsin waters occur only in small 
quantity and are very generally much less abundant than sulphates. 
Most of the high chloride waters are from deep wells or from waters. 
that are confined to certain kinds of rock formation. The distribution 
of chloride waters in the state is such that it appears possible to con
struct a normal chlorine map of the state, which would be of much value 
in interpreting sanitary water analyses. 

Organic Matter.-Nearly all water contains organic matter, though 
spring and well waters usually carry very small amounts. Surface 
water, however, very generally contains appreciable amounts of 01'-

ganic matter. 

GASES. 

While the gaseous content 0f water is generally not determined in 
making mineral analyses of water, nevertheless certain gases are very 
commonly contained in waters. In nop.e of the analyses quoted in this 
report were quantitative determinations of the gases made, though oc
casionally the presence of certain gases are indicated by qualitative 
tests. 

The solubility of a gas varies directly with the pressure and inversely' 
with the temperature to which it is subjected. The gases most commonly 
present in appreciable quantities in water from natural source are Car
bon Dioxide (C O2 ), Ammonia (N Hs),Oxygen (OJ, Nitrogen (N2), 
and Hydrogen Sulphide (H2 S). 

Carbon Dioxide (C 0 2) .-This gas is found in many of the natural 
waters of this state, but is not always reported in the analyses. Usu
ally no pains are taken to retain it in the waters sent for analyses, while 
in a large number of cases no record is made of the c'arbonic acid gas, 
because the parties concerned are interested only in the dissolved solids 
present. This gas is a valuable constituent in drinking water, making 
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it more palatable and stimulating the digestive organs. As a solvent. 
it often increases the amount of less desirable minerals taken into solu
tion. 

Carbon dioxide is derived in part from the air, where it is absorbed 
by the waters before they reach the ground. It also results from the re
action upon limestone of the various acidic solutions derived from the 

. decomposition of iron pyrites. It may also be evolved by the oxidation 
of organic matter lying beneath the surface at various depths, as in 
certain Paleozoic rocks and in the vegetable accumulations of the 
Pleistocene deposits. The presence of an excess of free carbon1c 
acid holds in solution an excess of mineral matter, which excess is us
ually deposited as soon as the underground waters reach the surface 
where the carbon dioxide passes off into the ail'. 

Ammonia (NH,) .-Ammonia is frequently present in the waters, be
ing washed out of the atmosphere by rain, leached from the soil, or is. 
the result of bacterial decomposition of organic nitrogenous matter. In 
surface water it usually is a m(l,asure of pollution and when present in 
considerable amounts the water is generally considered unsafe for drink
ing purposes. However, in artesian waters, which are above reason
able suspicion, the percentage of ammonia may run high and still 
not indicate pollution or the presence of decaying organic matter. Thee 
ammonia in artesian waters is either carried in from the zone of decay
ing organic matter or from the air itself and kept from oxidation. It 
may also come from the decomposition of organic matter or nitrates. 
within the rock. As stated by Prof. E. H. Smith/ "The extraordinary 
ammonia can be explained on the basis that the sulphuretted hydrogen 
has exerted its well-known reducing action, eithcl' reducing the higher 
oxidized compounds of nitrogen back to ammonia, or preventing en
tirely their formation." In most artesian wat~rs the ammonia has al
ready passed into partially oxidized nitrites or fully oxidized nitrates .. 

Oxygen (02).-No doubt free oxygen is present in all surface and 
groundwater, as shown by the oxidation of organic matter, but its pres
ence is not indicated in the analyses. ,Vhether it is present or absent 
in the deep artesian waters has not been determined in any of the an
alyses quoted in this report, but the corrosion of iron casings in wells. 
indicates its general prevalence. 

Nitrogen (N2) .-Besides the nitrogen in the form of ammcnia and as 
nittates and nitrites in water, the free, or uncombined, gaseous ele
ment, nitrogen, like oxygen, is readily obsorbed from the atmosphere 

1 "Artesian wells as a Sotj.rce of Water Supply"-Technics Pub!. Co., New· 
York, 1893, quoted by W. H. Norton, Iowa Geol. Survey, '\"01. VI, 1897, p. 36L 
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by the solvent action of water. In the free state, however, nitrogen un
like oxygen, is chemically inert and although all surface waters of lakes 
and rivers are generally saturated with nitrogen, it exerts no appreci
able influence upon the character of the water. 

Hydrogen Sulphide (H2S).-Hydrogen sulphide is present in many 
()f the artesian waters and in springs and wells of certain districts, al
though it is seldom reported in the analyses. This gas is probably the 
:result of the reaction of hydrocarbonaceous matter in the strata acces
sible to artesian water with such alkaline sulphates as are usually pres
ent in solution in the waters, or by decomposition of some of the sul
phides, either in the rock, in the solution, or in both. 

PUBLIC WATER SUPPLIES OF WISCONSIN. 

Many villages having a population above 500 and nearly all villages 
and cities with a population above 1500 in Wisconsin are provided with 
public waterworks. Public water supplies are much more convenient 
than supplies obtained. from private wells, and there is the further ad· 
vantage of abundant water and high pressure for protection from fire. 

A still more important advantage of public supplies is the health of 
the consumers. In thickly settled communities, especially in towns 
without sewerage systems, a great quantity of liquid sewage soaks into 
the ground, some of which finds its way into shallow wells used for 
drinking purposes. The best and safest solution of the water problem 
is a carefully planned public supply. 

The best source of public supplies are. deep wells, wherever these are 
possible. In those parts of the state where granite lies near the surface 
and only shallow wells are available the wells should be located as far 
as possible from any source of pollution. In many cities surface water 

. supplies from the lakes and rivers are drawn upon. Where surface 
supplies are utilized, and in all large cities, those above 40,000 or 50,
-000 this is probably the best source, on account of the large quantity of 
water required, care shouid be taken to prevent pollution of the supply 
or it should be properly purified. 

When proper protection from pollution is assured for the supplies 
of public waterworks, it is still essential that care should be taken to 
prevent pollution of the waters while they are stored and before their 
-distribution through the mains. Open reservoirs should be carefully 
guarded to prevent the entrance of surface waters or of sewage by un
derground circulation. In water mains in which the water is under 
pressure any defect will cause a leak outward, but where water flows by 



THE GENERAL COMPOSITION OF WATER SUPPLIES. 13::1 

gravity through the mains, or where suction is used a loose joint or 
opening may permit the entrance of contaminated water from without. 

In the accompanying table of public water supplies much valuable 
information is given concerning the water supply systems in operation 
in the cities of the state. This table is taken directly from the latest, 
1914, annual report of the Railroad Commission of Wisconsin. As 
there is constant change in the amount of pump age and extent of service 
of the various water systems the statements in the descriptions of the 
local water supplies under the county descriptions may only approxi
mately agree with those in the table with respect to these features. In 
some instances also references are made to recently developed public 
supplies in the local descriptions not given in the table. For revised 
editions of this table the reader is referred to subsequent annual re
ports of the Railroad Commission .. 

Municipal and Private Ownership of Public Water Supplies. In the 
table there are 201 public water supplies referred to, of which 31 are 
owned and operated by private companies, and 170 by municipalities. 
The latter are referred to as "Municipal Water Works" and the former 
as a company which usually assumes the name of the city in which it 
operates. 

There are certain advantages inherent in both private and municipal 
ownership. The principal arguments generally accepted in favor of 
private ownership are as follows: 

1., The officials of a private water company do not hold office by po
litical favor, but their connection with the business is permanent and 
their interest in and knowledge of the details is proportionately great. 

2. As a result of better business methods, the cost of running a water 
plant is usually less in private than in public concerns. 

3. The installation of improvements by a private company is simpler 
and does not require the tedious city-council legislation often necessary 
for such expenditures in a municipal system. 

4. It is to the advantage of a private company to furnish as good and 
as cheap a supply as possible, in order to encourage the use. of the 
system. 

On the other hand, there are many advantages in a system owned by 
the village or city: 

1. It is not necessary in a municipal system to charge enough for 
the water to pay a dividend on the capital invested. 

2. In· private companies there is always the tendency to insist that 
the water is pure, no matter what the actual conditions are. In mu
nicipal supplies there is a better opportunity for knowing the actual 
condition of the water. 
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TABLE 21. A. PUBLIC WATER SUPPLIES' OF WISCO;\,SIN-

Number. Depth. feet. 

Name of Company. ,,~ ~ I oJ:: .. 
~'i:: ~ Of well. 

Location. Source of Water Suppl ... 

~~ 5 I 
------------------------ -- --- --_._-
Algoma· .......... 
Alma Center ..... 
Amery' ........... 
Antigo ............ 
Appleton 
Arcadia .. :::::::: 
Ashland .......... 

Augusta ........... 
Avoca ............. 
Baldwin .......... 
Bangor ............ 
Baraboo .......... 

Barron .......... .. 
Bayfield ........ . 
Beaver Dam ..... . 
Belleville ........ . 
Belmont ........ .. 

Beloit ............ . 
Benton ........... . 
BerUn ......... .. 
Birnam wood .... . 
Black River lcalls 

Blair ............. . 
Blanchard ville .. . 
Bloomer ........ .. 
Boscobel.. ...... .. 
Boyd ............ .. 

Bruce ......... _. 
Brodhead ....... .. 
Burlinll'ton ...... . 
Cambridge ...... . 
Cameron ........ . 

Cashton .......... . 
Cassville ......... . 
Chetek ........... . 
-Chippewa Falls .. 
'Clear Lake .•..... 

Clinton ......... .. 
Clintonville ... 
Colby ........... .. 
Columbus ...... .. 
Corliss' ........ .. 

Cuba City, ....... . 
Cudahy .......... . 
Cumberland ..... . 
Darlinll'ton, ...... . 
Deerfield ..... . 

De Forest ........ . 
Delavan ........ .. 
De Pere .......... . 
Dodgeville ....... . 
Durand .......... . 

Eal!'le River' .... . 
E. Mllwaukpe .. .. 
E. Tl'O.I, ......... .. 
EauClaire ....... . 
Edllerton ......... . 

Mqpicipal W~ter W,,?rks Lake, Wells ............. 1 2 20 16-lBB6 
Well ...................... ...... 1 I······ BI8 
Wells ..................... 1 B12 

Antl&'o Water Co ........ R. Imp. Res. and wells "'2" 2 '4:1;" 25--16 
Municipal Water Works R. Imp. Res. and wells 1 4 8 600-823 
Arcadia El. Lt. & W.Co Well ..................... 1 385 
Ashland Water Co ...... Lake, wells ......... .. .. '''i'' 11 23 B8. 60-70 

Mq(licipal W~ter 'V:,?rks WeH and well paints ... ...... 23 20-30 
Well ..................... ...... 1 50 
Well ............ ...... 1 120 

Hussa Bros. Co .......... Wells ............ ::: ..... 2 135 
Municipal Water Works River, wells ......... :::: '''i'' 7 8 15·12-93 

Wells, River.. .. ....................... .. 
Lake Superior.... ...... 1 .:.... 43 

6-8 

Beaver Dam Water Co. 
Mqrlcipal W!':ter 'V:,?rks 

Beloit W. G. & E. Co ... 
Mqplclpal W~ter 'v:,?rks 

'.' 

Lake and wells. .. .. .. .. . 1 3 
Well ..................... ...... 1 
Well .......................... 1 

Spring and wells .... ........ . 
Well ......................... . 
Wells ........................ . 
Well .. ; ................... . 
Creek, sprinll'.... .... .... . . ( 

Well ....................... .. 
Wells ........................ . 
Wells ..................... .. 
Wells ....................... . 
Well ........................ .. 

Wells ........................ . 
Wells ........................ . 

45 
1 
2 
1 

1 
2 
2 
1 
1 

2 
5 

.. '300~500"" 
325 
130 

.. .. [ 40-80 
..... 350 
..... 480 .. .. I 8 

5 ............. . 

.... ·1 12 
80 

130-207 
750 
80 

43 
76 

Chip.V.Hy. Lt.~ Pl'. Co 
Municipal Water Works 

Wells ........................ . 
Flowiu&, well .......... .. 
Well .................... . 

Wells ................. .. 
Well ................. .. 
Wells ......... , ........ .. 

3 

: I: .:::1 i 1::::::1 

155-1.100 
200 
113 

214-240 
1,102 

40 

Mun!~ipal W~ter W,?rks 

Wisconsin Engine Co ... 

Municipal Water Works 
11111 ... Mun. Water Wks 
Mun!~lpal W!':ter W,,?I'KS 

Sprinis, well .......... .. 
Well ................... .. 

WelL ................... . 
Wells ................... .. 
Wells ................... .. 
Wells .................. .. 
Well .................... .. 

Well ..................... I .... .. 
Lake Michill'an ....... .. 
Well .................. .. 
Spring and wells ..... .. 
Wells ................... .. 

~~:n;; red by sp~'i~'g~:::: r:::::: 
Well .......................... .. 
Wells ........................ .. 
Well. ....................... . 

1 
6 
2 
3 
1 

"'j" 
1 
2 

1 
2 
5 
4 
1 

E. Rlv. Lt. & W. co ..... \ Well. rivAr.............. ..... 1 
Milw.Mun. WaterWks Lake MiChigan .......... , ...... j ..... . 
Municipal Water Works Well...... ................ ...... 1 

::. ::.:: ;:n~:::::::::·::·:::::::· :::::: l°f 

. ..... , 

. .... . 

9 
200 

960 
12 

10-22 
84-197 
300 

225 
. .......... . 

73;:; 
6 

129-152 

400 
125-110 
800-1000 
130-450 

303 

12 
..· .. 1;90 ...... 

40-70 
1,000 

1 Report to the Railroad Commission for the year ending June 30, 1914. 
*Repart incomplete. 
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SOUROE, PUMPAGE, PRESSURE ASD COSi!C'~[ERi!.-Continued. 

A verae-e Range 
daily of Ra~ge 
purnp- ordinary of fire 
a~e pressur e p~essure ,''1. inlbs. lDlbs. 

gallons . 

COllS urners. 

Purification 8"stem. 
No. 
of 

Total. metel'S 

Miles 
of dis
tribu-

tion 
mains. 

....... i" 'i20~i40" :::::::::: :::::::::::::::::::::::::::::::::: ····i2 :::::: :::::: ······48 ·······i ····i:08 

..... 720' 
2,560 

40 
1. 277 

...... iii· 
20 
9 

7aO 

90 
103 
703 

20 
10 

1.679 
10 

171 
20 

100 

'35~'44"' "90~iio" ................................. "'i42 ·····9 "'76i ··· .. ili2 ···· .. 26 "'i4:2ii 
60- 65 90-110 ·Co~ei·ed·s;ind·fiii.;r,;:::::::::: 4 29 2,033 2,061i 722 ....... . 

~= ~~ ~tl~~' 4·~~~·d· 'fiit~~s:' ·ro~·ered .. t·oiai .. '26i ... 'iii "i;!i06 2J¥~ 64~ 3U2 
capacitl'.4,000.000 

60- 65 65- 90 101 
65 6:; 22 
<17 37 168 
2H 100 

93-1~: 1l0-:~: ~~::~:::~::::::::::::::::::::::::f::~~ ::::~~ :~:~~~ 
'It!r 'i~~~ilr ~~~~:~~~~~~~~~~~~~~~~~~~~~~~~~~~J~~~~~ ;;;;~~ ;~~~~~ 

82 . 
1,090 

227 
341 

1,370 
72 
69 

50- 55 70- 90 Sand filter .................... , 48 32 2,323 

·4S~·60 .. "so:ioo" ::: :::::::::::.:::::::::::::: ::: ::1 .... 99 .. "is" '606 
59- 80 90-120 ................................................. .. 
75-100 75·100. ................................. 30....... 346 

2,403 
72 

718 
31 

376 

1 
22 
0 

15 
536 

0 
256 

7 
1 
0 

2,136 
1 

432 
0 

113 

2.R 
1.18 
2.05 
0.7 

14.36 

3.4 
5.02 

16.67. 
1.83 
1.35 

28.68 
1.55 
9.58 

.61 
4.35 

36 65- 80 65- 80 ................................. .1. ..... 1...... ...... 108 3 1.81 

~~ 65- ~8 65- ~g ::::::::::::::::::::'::::::::::::l""as!:::::: "'i24 1~ 1~~ U~ 

.. ::~; .. ~ii ·;i;;ii· ••••••• ·....:..1::::.::", :.::1 iB'··;~ ,;:; 
20 32- 38 48-50 .................................. 1.. .... ...... ...... 64 O[ 0.57 

18' ~t ~~ ~t1ig ::::::::::::::::::::::::::::::::::i:::::: :::::: :::::: 1~~ 1~ ~:~ 
50 50 .................................. /...... ...... ...... 26 ~5 .7 

.......... 40- 75 40- 75 ...................... .... ....... ...... 30 1. 887 1,917 203 17.36 

3: 40-:: 40-:~ :::::::::::::::::::::::::::::::::"1:::::: :::::: :::::: 1:~ 6: :::0 
15 55- 65 100-140 ................................ I· .... · ...... ...... n 7~ 2.05 

..... '80" "50:' 65" ::::: ::.:::::.:: :::. :::::: :::: ::: 1 .... 60 .... ·i "'387 448 293 "''7:75 

................................................................ ' .... : ................................. t· .. 

21 54- 56 54- 56 ................................ _ !...... ...... ...... 208 45 1.32 
405 405 9.05 
224 224 2.80 
466 201 .93 
37 0 1.05 

53 ol 1.71 

~55 ~~~l l.: i3 
112 112 2.43 
35 35 3.2 

.......... .......... .............. ................... .. ................. · .. 223 .... "'0 .... 8:58 

...... iii" ";;0':."55" .. 60~' 65" :::::::::::::::.::::::::::::::::::! :::: J. ::::5:1: :2:,:9:2:6: 3,06056 2.06642 412 •. 3697 
2,500 70- 80 110-130 .. _ .............................. I .. 

131 66- 70 75-120 ................................ _ 52; 56 480 568 670 7.06 



136 THE WA.TER SUPPLIES OF WISOONSIN. 

·TABLE 21, A. PUBLIC WATER SUPPLIES OF WISCONSIN-

Number. Depth, teet. 

Location. Name of Company. 

Of wells . 

Source of Water SUPIlly. " ~ 
.E .... 
o ------------------------ --. --------

Elkhart Lake ... . 
F.lkhorn ........ .. 
Ellsworth ....... . 
Elmwood ....... .. 
Elroy* ........... . 

~van!lville •.•..... 
F enmmore ..... .. 
Florence ......... . 
Fonddu Lac ... .. 
Fort Atkinson ... . 
Frooerick* .... , .. . 

Fox Lake ....... .. 
Galesville .... , .. . 
Gays Mills .... : ... 
Glenwood .....•... 
Glidden ......... .. 

Grand RaIlids ... . 
Green Bay ...... .. 
Greenwood ....... . 
Hartford ........ .. 
Hazel Green .... .. 

Elmwood Water Works. 
MuniciIlal Water Works 

." 

". 

Municipal Water Works 
. Green Bay Water Co .... 
Mun!llipal W!!'ter W:,?rks 

Lake........ ............ ... . .. 9 .. .. .. ... .. 
Well.......... ........... 1 1.050 .. 
Well...................... 1 609 
W.el!...................... 1 180 
·Wells. .... .... . .. . .... .... 3 88-196 

Wells............. ....... 3 12 
Wells..... ............... 2 250 .. 800 
Lake..................... 1 "27" 
Imp. res. and wells ...... 1 Res .... Ii" ... 480~50" .. 
River, wells ..... :....... 2 1 :3~i;" 753 
Well...................... ...... 1 84 

Wells..................... ...... 2 129-165 
Wells..................... 3 . 150 
Well...................... 1 200 
WelL ... ·................. ...... 1 200 
River, well.............. 1 1 6 20 

River, wells....... ....... M'Jjy i6-8 6-30 • 
Wells..... ................ 11...... 85<H133 
Well.. ................ .... 1 30 
Wells ................ :.... 3 126 
WelL ........... ;........ 1 197 

Hillsboro.... . .. .. . Hillsboro City W. W.... Well .................... .. 
Horicon ........... Munfllipal W~ter W:,?rks Wells ................... .. 

1 142 

Hudson... ........ Wells ................... .. 
Hurley ........... Hurley Watel' Co ........ River ..................... "'i" 

2 602 
3 '''6'' 356-364 

............... 
Independence .... Municipal Water Works Wells ........................ .. 4 50 

Iron RiTer ...... .. 
Janesville ...... .. 
Jefferson ......... . 
Johnson Creek .. . 

Iron R.W.L.& P.Co ... . 
Janesville Water Co .. .. 
Munfllipal W.~ter W:,?rks 

Juneau ......... . 

Kaukauna ........ . 
Kenosha ........ .. 
Kie!. ............. . 
Kilbourne ....... . 

. La Crosse ........ . 

Ladysmith ..... .. 
La Farge ......... . 
Lake GeneTa .... . ... 
Lan.:aster .•••..... 

Linden .......... .. 

Lake MillS ........ 1 

Lodi..............." .. 
Loyl!-l .............. 1 .. " 
MadIson........... .. U I. 

Manitowoc .....•.. 

Marinette......... City Water Co ....... . l. 
Marshfield........ Mun!lllpa1 W~ter W.<;lrks 
Mau~ton ......... . 
Mayville ........ .. 
Mazomanie ...... . 

Medford .......... . 
M.llen .......... .. 
Menasha ........ .. 
Menomonie ...... . 
Merrill .......... .. 

PeoIlles W.&Lt.Co ...... 
Municipal Water Works 
Menomonie W.W.Co .... 
City Water Works Co ••. 

Merrillan ......... ' MuniciIlal Water Works Middleton......... " .. " 
Milton Jet........ Milton Jet. Water Wks. 
Milwankee ........ MuniCipal Water Works 
Mineral Point.... "," .. 

*Repart ineomIllete. 

Wells ......................... .. 
Imp. res. and wells •.......... 
Well ........................ .. 
Well .......................... .. 
Well .......................... .. 

15 "i2" 26 
4 25-1.160 
1 782 
1 ·332 
1 750 

Wells ................... .. 
Lake Mlchilran... .. 
Wei!.. .................. .. 

'''i'' 3 "iii;" 629-798 
"'i" ...... 29· .. · .. 

Wells ................... .. 
Wells .... , ............ .. 

2 360 
20 120 

W:l~~:::::::::::::.::::::: ...... "'i" .......... ·500 ...... 
;:H~::::: :::: .::: :::. :::: ...... ~ 18rs~·123 
SIlrin&,.. .. .. . .... .. ....... ...... 1 14 

Well...................... ...... 1 
Flowing well .... .. .. .... ...... 1 
Well...................... ...... I 
Wells·.................. . ...... 11 
Wells and well paints... ...... 7 

River, lake and wells... 2 
Imp. res. and wells...... 6 
Wells .................. . 
Wells ................... .. 
Well paints ............ .. 

1 5-25 
18 21 
6 
2 

10 

600 
257 
30 

156-750 
18-40 

765 
60-80 

150-250 
676-855 

25 

Wells ................... . 
Imp. res. and wells .... .. 

...... 11 ...... 40-60 

Fox river .............. .. 
River and wells ........ . 
Prairie River ........... . 

1 Sev.S .................. .. 

~ .. '2" ~~ ... 355:875" .. 
2 2 ............ .. 

Wens ................... ~ ...... 4 28 
Well..................... ...... 1 200 
Well...................... ...... 1 ...... 200 
River, Lake Michigan.. 2 ...... 6-50 ............ .. 
Wells..................... ...... 2 60-100 



THE GENERAD OOMPOSITIOY OF WATER SUPPLIES. 137 

SOURCE, PUMPAGE, PRESSURE A!liD CO!li5ClIERS-Contlnued. 

I 
A ve~age Range 

dally of Range 
pump- ordinary of fire 

Consumers. 
I Miles -; ----,---1 No. of dis-

.~ ~ of tribu-
.;l ~ 13 -' Total. imeters ~~~~s. 
:g 'C §'5 I 
A-. .:: 0 i 

a~e pressure I?ressure 
M. in lbs. III Jbs. 

gallons. 

--- ---- --- ---_._---------- -----~!------
22 54- 60 90-110 Sand filtration............ .... ...... ...... ...... 75 63 1.54 

140 45- 57 60- 80 .................................................... 277 277 5.42 
11 45-110 45-110.... .......................... .... ...... .. ... ... .. 126 124 2.2 

'i40" 117 117.... ...................... ........ ...... ...... ...... 28 0 .53 . 

50 60- 75 .. ~~~.;~ .. :::::::: .. :.:::::::::::::::::::::: :::::: :::::: :::::: ..... ~~~! ..... ~~; ... ~:~. 
26 40- 80 100-120 Sedimentation.................................. 1961 55 3.3 

159' 50- 60 100-120 .... ........ ...................... ...... ...... ...... 148; ........ 2.54 
1,133 30- 40 90-125 ............ ...................... 274 30 3,353 3,659! 2,3921 46.88 

.. , .. :~> .. ~~ .~~ .. :: :~:::::: ::::::::::::::::::: ::::::: :::::::: ::: ::: ::: ::: ::: ::: ..... :~> ... ~:~ '---;::~ 
75 "84~'93" 84- 90 .... .... .................. ........ ... .. ...... . .... 71 43 2.54 
10 106-UO .......... ............................................ ..... 23 4 1.00 
62 10- 60 96 0 1.38 
15 70'" "'iO" ::::: :::: ::::.::::.::::: :::::: :::: ::.::: :::::: .... 82 86 ........ 1.12 

300 75- 92 92-150 
1,204 40 100 'sa:;,d' fiit'~;::::::::::::: :::::::: "'488 .... 83 '4:6i7 

10 50 80 
191 40- 60 40- 60 :::::::::::::::::::: ::::::.::::::: .... ·3 .... is . "599 

25 30 30- 35 

15 20_ 35 70-120 
36 60- 80 60- 80 ::::::::: :::::::::::::::: ::::: :::: • .... 2 :::::: . "i94 

598 60- 8!l 75-190 
145 70-100 100-125 

75 3 743 
s~dim;';';i&iio;; i,Jiil ;';;~cii&';i~ 

cal filters................... .. .......... 
28 70- 80 80-105 

50 90-100 100-125 
1.I64 70-73 100-120 . SiiJid fiit~r.::::::::: :::: :::::::: "'347 . "i29 '2:3i7 

106 40-64 100-115 .................................................. .. 

:::::: :::: "60~'65"1"60~' 65" ::::: :::: :::: ::::: :::: :::: :::: :::: :::::: ::.::: :::::: 
249 30- 65 47-125.................................. 113 10 521 

3.268 70- 75 80-100.................................. 39 65 4.082 
45- 62 45- 90 ................................................ .. 

3, l~i ~b~~ ~gJ~~ ::::::::: ::::::::: ::.::::: :::::::: '''596 ... iii; '4: 75i 
100 60- 65 
36 65- 75 

136 65- 68 
62 45- 60 

107 30- 38 

60-125 
75- 80 

100 
60- 80 
60- 80 

: ::::: :::::::::::: :::: :::: :::: ::: .... 86 · .... 6 ... 349 
:::: :::: :::: :::::: :::: :::: :::: :::: ... ii .... ii '''605 

5 35- ~~ ...... 80 .. :::: :::: ::::: ::::: :::: :::: :::: :::::::: ::::::::: :::::: 
19 50- 60 50- 60 

U~~ ~t ~~ ~g=t~~ ::::::::::::::::::::::::::::::::J .. ¥o: .... ~ f~:~ 

806 
5.187 

23 
620 
45 

1t6 
196 
821 

331 
82 

208 
2,793 

452 
69 

198 

644 
4,186 

158. 

d~~1 
231 

41 
441 
177 
e27 

48 
219 

42 
6.255 
2.067 

I I 

... ~:~:: .. ~t i~ 1~~=~~~ .:':~~.~~~~.~~.~~.~.1~~.~·:::::::::1 ... ~1 .... ~ .:::~~ ... ~'.~:: 

,~ .. ~.~ .. 1;:~ ~~",o~~"~d"~,~::i,~l·:·~~: ~ 
268 85- 95 .............. , .................. In 23 534 6981 
967 40- 55 80- 95 5 mech, open sand filters, ca- l'I8' 17 1.04a 1.258 

40 
16 
4 

47,913 
30 

50- 52 
41 

25- 80 
15- 75 
40-125 

'50~1~~ :: :~:~~~t:~: ~:~~:O:~:O:O::::::::::::::, :::::: I:::::: I :::::: I 631 

I:::::::::: 'tise'of'iiYi;ociiio~ii~:::: :::::: 'i:8iij'i:745i67:59il' 73,~!fl 
40-125 .............................................. I...... 179 

251 14.57 
4.511 99.7 

23 .41 
620 8.95 
11 .36 

0 .26 
196 6.4 
729 8.75 

8 3.75 
47 1.42 

0 2.75 
973 32.1 
429 7.7 

69 1.82 
198 ........ 

229 10.63 
3.205 46.~ 

158 S.1 
319 6. 

2,837 66.3 

0 ~.4D 
0 1.24 

358 7.82 
164 6.25 
52 9.55 

0 .88 
Ii 4.1 
0 .96 

5,720 75.96 
1,567 32.82 

120 34.28 
362 ........ 
187 5.0 
271 5.4 

2a 1.95 

"'I 
3.3 

44 3,70 
604 13.27 
268 11.39 
46 21.32 

10 1.35 
90 3.6 
27 1.5 

60.374 507.91 
179 ........ 
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L'lcation. 

MinoCQua~ ....... . 
Mondovi. ........ . 
JIolonroe .......... .. 
Montfort ..•..•..•. 
Monticello ....... . 

MOSinee .......... . 
Neenah ........... . 
Neillsville ........ , 
Nekoosa· ....... .. 
New Glarus ...... . 

New London ..... . 
New Richmond .. . 
No. Fond du Lac. 
North Freedom ... 
North Milwaukee 

Oconomowoc ..... . 
Oconto ........... . 
Oconto Falls ..... . 
Onalaska ........ .. 
Oregon ........... . 

N arne of Company. 

Sand Rock Water Co ... 
Municipal Watflr Works 
Milw. Mun. WaterWks. 

Municipal Water Wks •. 
OcOnto City W. SuP. Co. 
Mun~~lpal W~ter W,,?rks 

PUBLIC WATER SUPPLIES OF WISCONSIN-

Number. Depth, feet. 

:;ourct' of Water Supply. ,;, i) gl, 
Q); c 
~ .!!"E: 
.!! 'i) c. ..: ~., 

Of well. 

Lake and WelL......... 1 1 20 172 
Well.. .•.. ..... .... ......• .• •.•• 1 415 
Wells..................... ....•. 3 250-1,000 
Well...................... ...... 1 125 
Wells..................... ...... 3 145 

WeI!...................... ...... 1 15 
Wells........ ............. ...... 3 410-672 
Hlack River............. 1· ...... 10 .. _ .......... . 
I"prings ................................................. .. 
Well...................... ...... 1 ...... 180 

River, Wells............. 1 3 8200 
Wells..................... ...... 6 57 
Well...................... ...... 1 420 
Wells..................... ...... 1 ................... , 
L",)ce Michigan ........................................ .. 

Wells..................... ...... 2 .. '6'" 750-829 
River and Wells......... 1 6 318-598 
Well...................... ...... 1 187 
Well...................... ...... 2 47109-4893 
Well...................... ...... 1 

Oshkosh ........... Oshkosh W. Wks. Co .... Lake and Wells......... 2 8 5-19 280·960 

~:i:y~a:* :::: ::::: Mun!cipal W~ter w,,?rksj. ~~.l~::::: :::::::::::: :::: :1:: :::: ... ~ ... :::::: ...... ~~ .... .. 
Park Falls........ Municipal Water Works River..................... 1 ...... 15 ............ .. 
Phillips ............ Phils,;L.W.Ht.&Pr.Co, River..................... 7 6 ............ .. 

Platteville........ Mun!!!ipal W~ter W,,?rks Wells .......................... . 
Plymouth......... Wells .......................... . 
Portage.... .. .. .. . Ri Vel'.. .. .. .. .. .. .. .. .. .. . 3 

...... 1,002-1,741 
20-458 "'3" ............ .. 

Port Washindon. 
Prairie du Chien. 

Lake Michigan.......... 1 ...... 38. .. .......... .. 
Well...................... ...... 1 ...... 42 

Prairie du Sac* .. . 
Prescott .......... . 

Well...................... ...... 1 20 
16 

Racine ............ . 
Randolph ........ . 

Racine Water Co ........ . 
Municipal Water Works 
Municipal Water Works 

Drive Well'.............. ...... 4 "4'0'" 
Lake Michigan.......... 1 ...... .. ... 3.0.0 ....... 

Readstown ...... . 
Well...................... ...... 1 
Wells......... ............ ...... 1 250 

Reedsburl!'.... .... Wells ......................... .. 
Rhinelander...... Ri ver .... .. .. .... . 0> .. .. 1 
RiC(' Lake........ Well .................. .. 
Richland Center. Well.: .................. .. 
Rioon ............ Rloon Lt. & Water Co .. SPling and wells ....... . 

River l<'alls ...... Mnn!!!lpal W~ter W,'?rks Well~ ......................... .. 
St. Croix Falls.... Well ......................... .. 
Sharon.. .. .. .. .... Well.. .. .. .. .. .. .. .... . ... . .... .. 
Shawano.......... Wells. .. .................... .. 
Sheboygan........ Lake Michhran.... ...... S 

150-500 
5 "if' '''i'' ...... 280 .. • .. 
1 662 
4 12-80 

3 
1 
1 

28 

400-600 
100 
610 

...... 21 
12-46 ............ .. 

~g:Us~~~~:::::::: *~~i's::.:::::::::::::::::: "T' 18 · .. • .. 275 .. · .. 
Soldlprs \:lrove... Well ...................... "'2'" 1 ...... 254 
So. Milwaukee.... Lake Michigan.;........ 17-26 ............. . 

Sparta .... ........ Wells..................... 4 25·200 

Spo~mer ........... .. .. .. Well ............... ~...... ...... 1 217 
Spnng valley .... l .. .. .. Well ............................ [ 1 169 

'. Stanley.. ......... Wells..... ............ .... ..... 2 ...... 30 
Stevens Point .... Ste"ens Point W. Co .... River. wells............. 1 2 10 20-30 
Stoughton ....... M unlcip:.::a:.:,I..:W.:..&::ct:::e:.:,r_':.:.1'l",o.:..rk:.:.s",-R=l v",e:.:.r.!., ..:w:.:e",l:.:.lq~ . .:.. :.: .. ..:. . .:.: .. :.:. . .:. .. :.: . .:. .. :,.........:.1.....:..~3'-_.::.5 __ 3:::7'--.::.I,:..:0:.:10::...... 

*Reoort Incomplete. 
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:SOURCE. PUMl'AGE, PRE5SURE AXO CO:S:'lr~n:R"-C"lltinued. 

Consumers . I I I 

. A verage RanO'e I . 
daily ofe Ra.nge ..... 

pump- ordinary of fire Purification system. .~ ~ 
age preSSUI'E:~ PFessure t:J ;... 8-= 

M in lbs. 1 In Ius, , :2l :3 a ~ Total, 

Miles 
No. or dis· 
of tribu

meters tion, 
mains. 

gallons. I ' '" 'g 0 " 

------,--1-.-------=-~ --1----
...... ~~ .... 55~·65 .. i::::::.:::1:::::::.::::::::::::::::::::: .. ::: :::.:: :::::: :::::: .... ·i3tl ...... 66 ''''3:05 

272 40- 70 100-130 I................................. 119 20 586 7251 600 9.50 

.. .... i8 .. "50: '65" .. 50~·6~ .. ( .. · .... · .. · ............. ::. :::: . ::::. :::.: ...... ~~l' 5~ U~ 

4~~ ~t ~~ ~t ~~' i

l

:::::::::::::::::::::::::::.::::::i"·i29 .... 2~ :::~~~ · .... 8~8 .... ·ii91· .. i4:ii 

....... ;,~ .. "80~'8,3' ::::::::::::::: ::: ::::: :::: :::: :::: :::: :::: :::::<:::: :: :::: ..... ~~~I ..... ~:: "'~~:~3 
Ml 60- 65 8;- gr, I .... " .... , .......... ,............ 4' 41 170 1781 217 7.33 

125 53- 62 61- 80 I ...................... ........ 421 7 223 272 [ 271 3.33 

-H,:::-: ;:;;: r'r'I<;~ !!~ ::~ !:!: 
445 30- - 90-130 I........... .................. 14:;, 10 685 840 149 U.511 

~~= ~~ 100-125 Stillwell Filter .................. · .. ·1 .... · ...... 1~~ 8~ g~ 

...... iii.. 48- 50 "50~ 'so' r:: ::: :::::::: ::: :::: :.:: :~: :::: ::::::r:::: :::.:: 94 Hi 2.0 

35- 40 90-115 I' 15 op.m, sed. and mch fitters.: ,,20 91 3.330 3.941 1.188: 60.34 
Total capacity. 4.500.00. I 

2.424 

....... : .... :~~ .~~ .. : i&&~i~~::I::::::::::::::::::::::::::::::::::!:::::: i,:::::: :::::: ...... :~ .... "~:I"" ~:: 
250 75-100 100-110 I .......... • .......... • ........... i"'"'''''''' ...... 103 0 1.61 

129 80- 90 I 80- 90 i ............ ......... ........... 19' 12 94' 978 806
1 

15.22 
110 70- 98 70- 9, I .................................. I nl 16 543 632 592 4.43 
487 60- 80 1 80-120 3 co\'p,rpd sand and SllODIl'Pl, 115'1 13 1,040 1.168 I' 18.58 

, filter;.; I 
212 70- 80 100-110 I .................................. ' 41 35 462 501 50L 7.7:> 
80 122-125 122-125 I................................. .................. 113 113

1 
U.05 

... ~: ~ir .. ~f ~r . ~t~=HrI: ~~,:~.: ~i ~i:I;{~ :~;;i~>:::::::: ::: iiJ:: i~~ :~: ~~;I'" ~.' ~~~ ... ~: ~;~ ... ;r~~ 
60- 6.5 60- 65 ............................. .. .. "..... ...... 51 DII 1.85 

i 50 .......... """'I' ... ...... 35 0
1 

1.04 

292 60 .. 65 60· 65 544 485: i.05 

~~~ 45· ~~ I~Ut~ ::::::::::::::::::::::::::::::::::'''i~''''~~ ... ~~~ 1.~~~ 48~i ~U~ 
250 66- i2 14 15 605 634 3551 7.85 
292 36-54 "90~i20" :::::::::::::::::::::::::::::::::: m 8 691 823 1391 11.69 

239 
II 
21 
90 

3.526 

29S 

[0- 80 
75- 95 

60 

40- 50 
SO-lOO 

10:; 
60- 90 

55- 80 

466 I 20- 30 
18 I .......... 

"· .. ·652 .. 1 ~~= ~g 
288 60- 70 

75- 95 
60 

80-100 
80-110 

422 

90-110 .................................................... 1 

8°'M~ '.:: ::::: :::: :::: :::: :::: :::: ::: ::":: :::::: :::.:: 
60 90 3 cc,.0;~clgY1~~.oO~~d 6l1 .. ". 11lI 14 7061 

100-125 .................................. II 18 443! 

. ~~~~:~ .. I:::: :::: :::: :::::::::::::::::: :::. ::::::.:::::: :::::: I 
6d~3 .j·clo;ed· ~~~d' fiiters:: .. ::::::: . "1;~ .... 32 "'690, 
70-120 ............... .................. m 19 S07i 

480 
66 

241 
214 

5,399 

268 
204 

62 
859 

472 

287i 
4s1 

238' 
8951 
9381 

~~I 225 
209 

1, 345 

Or 
01 
o 

nSi 
481 

0 
0 

238 
231 
408 

5.16 
1.54 
6.0 
6.01 

72.72 

2.5 
2.45 
1.68 
8.02 

12.96 

2.6 
.5 

5.4 
16.41 
13.94 
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PUBLIC WATER SUPPLIES OF WISCONSIN-

Number. Depth. feet. 

Location. Name of Company. Sources of Water Supply. 
of well. 

Sturgeon Bay ..... l\Iun!~ipal W~ter W:C?rks wBaYlland wells. .... ...... 1 52 
Bun Prairie....... e s ......... · ................. . 

36-250 
712 

12-46 Superior...... .... Superior W.Lt. & P .Co. Wells on beach. ......... ...... 107 

,Thorp ............. lIIun!~ipal W~ter W.,?ri{s Wells..... ........ .••. .... ...... 2 
Tomah.... . .... . Wells. .. . .. ... ... . ... . . ... ...... 4 

25-28 
30-100 

Tomahawk ..... .. 
Two Rivers ...... . 
Union Grove...... Union GroTe W. Wks .... 
Viola.............. lIIun!!!ipal W~ter W.C?rks 
viroQUa···········

1 
Washburn ........ Washburn Water Wks .. 
Waterford ........ 'jllluniCiPal Water Works 
Waterloo... ..... ::.:: :: 
Watertown ....... . 
W&uk~ha •••.•••. u " u 

Waupaca ....... .. 
Waupun ......... . 
Wausau....... .... lIIunl~ipal W~rer W!~s .. 
Wauwatosa ...... . 
West Allis ........ lIIilw. Mun. Water Wks. 

West Bend ........ Munl~lpal WI!-~er W/j:s .. 
Westby" ......... . 
West Salem .... .. 
Whitehall" ....... . 
Whitewater.. .... Whitewater W. W. Co ... 

Withee*... ... .... :: :: :: 
Wlnter ............ /lIIunlciPal Water Wks .. 

Wonewoc ......... . 

,. Report Incomplete. 

Springs. wells........... ...... 2 
Wells............ ........ ...... 3 
Well ..................... ...... 1 
Flowing wells... . . .. . . ... ...... 1 
Wells .................... ...... 3 

16-21 
15 
30 

500 
302-568 

*~~tI.~~ .. ~~~:::::::::: ... ~ .. "T" 18 ...... ioo .... · 
Well.................. .... ...... 1 ...... 120 
Wells..... ....... ........ ...... 3 ...... \ 760-1.032 
River and wells.... .... 1 5 10 1.000-1.500 

River, lake and willis... 2 20 4 25-50 
Wells..... ............ .... ...... 2 ...... 755··965 
River, wells.............. 1 41 10 32-135 
Well...... .... .... .... .... ...... 1 ...... 1.350 
Lake Michigan .......................................... . 

Well.. .......... ....... ...... 1 1,235 
Wells......... .... ........ . ..... 2 310-325 
Well...................... ...... 1 420 
Well...................... ...... 1 216 

::~~~:::::::::::::::::::::I::::::/ : \::::::1 40:~800 
Well.. ................ .... ...... 1 ...... 140 
Well...................... ...... 1 430 
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SOUROE, PUMPAGE, PRESS-URE AND OON8UMER>l-Oontlnued, 

A ve!age Range 
dally of Range 
pump- ordinary of fire 

age pressure l!ressure 
M. in lbs. III lbs. 

galions. 

Oonsumers. 

Purification S>~tem. 
Total. 

Miles 
No. of dis
of tribu

meters tion 
mains. 

--------------.-------.- ---- --------
149 

... ~'.~~~ .. 1 

472 
.. ·· .. ·9 .. 

723 
746 

40- 60 
53- 63 
45- 70 

55-- 65 
65- 75 

100-120 
58 

. 80-135 

1 100-110 
85-100 

28 6 82 

::.: :::::::: :::: ::::::~::::::::::: .... 78 ..... :. '''705 

116 24 1.84 
5.05 

68.41 

1.00 
7.71 

50-- 60 125-130 ................................. 50 14 570 634 24 5.3 

:,~ ::~ q~".,."'T~ .. ·:::1:1 ::ro,] ~ ':!~:~ 
H= i~ itil :::::::::::::::::::::::::::::::::: '::i~ ::::~~ iii~l 1,411 1'2~! 2tn 
60- 68 60- 68 .................................. \ 18 14 1.801

1 
1,833 1, 9~~ 27.46 

2,iU ~~ U l~i~:n ~~: ~: ~ ~ ~ ~~~ ~ ~~: ~ ~:: ~~ ~ ~ ~:~: ~:~: ~j::: ~~ : /~ ::?l-... :~~ !~~ ti~!; 
438 1"4'0"'7'0'" ............................................ ! 349 15 1'344

1

1.708 1,367 31.5 

75 - 40-70 .................................. 1...... ...... ...... 306 302 6.1 
20 35- 50 35- 50 ......... ... ...... .............. ..... ...... 159 159 22 2.63 

30- ~~ 50- ~~ :::: :::: :::: .:: :::::: :::: :::: ::::1 :::::: .::::: ""70, l~L ... ~41 .... ~:~~ 
162 70- 90 120-150 .................................. , 112 5 3731 4£0 185 8.13 

... :. '6~ ~'I: :::: :~~:: I :::::: :::: i :~~~~:~:l~~:~.::::::::: :::: :::: ::::[ :::::: :::::: : ::: ::1 .. ·· 'i~: :::: ::::1'" '3:~~ 
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3. It is not necessary, with a municipal supply, to postpone improve
ments until there is a sufficient increase in the receipts of the company 
to insure dividends on the cost of extension. 

4. As the public officers hold their position at the will of the people 
there is a tendency for them to furnish as good a water supply as pos
sible at a fair rate. 

For these and other reasons municipal ownership of public water
works has generally proved more satisfactory than private ownership 
in Wisconsin, as shown by the much larger number of municipal owned 
systems as compared with those of private ownership. 

USES OF WATER. 

In judging the value of a water it is necessary to consider the sup
ply in relation to its use, as well as its relation to other available sup
plies. Besides the use of water for drinking and domestic purposes, it 
is also used extensively in developing power by steam making in loco
motives and in boilers in mills and manufacturing plants. In Wisconsin, 
waters are used extensively in direct manufacturing processes, in paper 
mills, sugar factories, breweries, tanneries, creameries, canning fac
tories, woolen mills, soap factories, chemical works, and various other 
manufacturing plants. The medicinal properties of disolved minerals 
are supposed to give many waters special value. For every purpose the 
relative amounts of certain ingredients in the water determines its value. 
Considerable iron in a water may be harmful in an industrial process. 
The amount of suspended matter in a water may be very important 
and may determine its value for some purposes while for other pur
poses the importance of suspended matter may be insignificant. 

Standards for Classification.--Since the value of a water depends 
largely upon its use, it is necessary to apply classifications dependent 
upon specific purposes and discuss the analyses from' diffurellt points 
of view. It is essential to recognize that no one classification is con
stituted for all purposes. It is also essential to explain the classification 
adopted and define the usage of terms, and then apply the classification 
by hard and fast rules. The various classifications adopted may not be 
the best, but at least they will give definiteness to the descriptions of the 
quality of the water, assist in understanding their character, and give 
a better appreciation of the relative value of the various waters for spe
cific purposes. 
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WATER FOR DRINKING .. !SD DOMESTIC PURPOSES. 

The requirements for a drinking water are more precise than those
precribed in any other branch of water utilization. Water is necessary 
to the very existence of life and it powerfully affects human beings.. 
favorably or unfavorably, according to its character. 

Much of the water supply of Wisconsin used for drinking and domes
tic purposes is from underground sources. Groundwaters from wells are 
usually drawn upon in the rural d~liltricts and villages, and in many of 
the cities having a population up to 20,000 or 30,000. The largest cities. 
of the state draw their water supplies from the large lakes, Lakes Mich
igan and Superior. The Great Lakes furnish more than one-half the 
public water supplies of Wisconsin, being used by a total population 
of about 565,000. The rivers and inland lakes furnish supplies to about, 
85,000. Grou~dwater supplies from deep wells and shallow wells sup
ply a total city population of about 460,000, and a rural population of 
about 1,225,000. (Estimated from the census of 1910.) 

To be wholly acceptable as a domestic supply, water should be free
from suspended matter, color, and odor, and fairly cool when it reaches 
the consumer; it should be free from disease-bearing germs; and it 
should be low in dissolved mineral matter. The nearer a water ap-
proaches these conditions, the more satisfactory it is. 

PHYSICAL QUALITIES. 

Suspended matter in water used for domestic purposes often causes: 
stains in clothes and bad odors. The occurcnce of the bacteria Cren
othrix, forming a filamentous growth in water containing considerable 
iron gives the water an unsightly appearance, and causes rusty stains on, 
clothes. Odors may be caused by various conditions, a principal cause 
being the content of free hydrogen sulphide (H~) in the water. The
presence of iron in Wisconsin water in sufficient quantity to be ob
jectionable is known to occur in only a few supplies. Well waters if 
properly cased are generally free from objectionable physical qualities,. 
whereas, surface waters from the lakes and rivers are likely to contain 
sufficient suspended matter to be very objectionable. 

BACTERIOLOGICAL QUALITIES. 

Before a water is used for drinking or domestic purposes there should' 
be reasonable certainity that it is free from disease-bearing germs. The-
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disease germs most commonly carried by water are those of typhoid 
fever. The bacilli enter the water from some place infected by the dis
charge of persons sick with the disease, and while the germs cannot 
live long in the water, they persist in the fecal discharge and continue 
to infect the water. Wells should therefore be so located and construct
ed that infected waters cannot enter them (See under contamination 
of groundwater wells, pages 59 to 62). 

CHEMICAL QUALITIES. 

The amounts of dissolved substances in· water used for· drinking and 
domestic purposes depends much on their nature. Not more than mere 
traces of barium, copper, zinc or lead are permissable, as these sub
stances are poisonous. However, these constituents are so rare in water 
that tests for them are not usually made. Any constituent, present in 
amounts sufficient to be perceptable to the taste, is objectionable. Iron 
is often present in water in sufficient quanity to be detected by the 
taste. Only two parts per million of iron makes water unpalatable to 
many people. Iron in small amounts also causes trouble by discoloring 
wash bowls, and in producing rusty stains on clothes. \Vaters contain
ing much iron cause an inky black compound with tannin to form in tea 
and coffee. Four or five parts per million of hydrogen sulphide are ob
jectionable to the taste, and this constituent also corrodes kitchen uten
sils. Only a few well waters of -Wisconsin contain sufficient hydrogen 
sulphide to be objectionable. 

Small amounts of silica and aluminum are present in all waters, but 
have no special significance in relation to drinking and domestic sup
plies. The alkali metals sodium and potassium, are usually low in Wis
consin water supplies, and therefore not of much significance in relation 
to domestic supplies. However, waters high in chlorides are very gener
ally also high in sodium and potassium, and approximately 250 parts 
per million of chlorine make waters taste somewhat salty,and less than 
this amount causes corrosio.n. 

In regions like Wisconsin, where the chlorine content runs as low as 
5 to 10 parts per million in normal waters, the amount of chlorine may 
be taken as a measure of contamination by animal pollution. In only 
a comparatively few places in the state are there brackish or I saline 
waters, and these, in nearly all cases, are found in waters whose source 
is in deep lying rocks, some distance below the surface. 

Salt Waters.-The distribution of salt water in Wisconsin is described 
more fully in another place, page 172. In, this report waters ranging 
from 250 to 500 parts per million of chlorine are called salty, or brack-
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ish, and the term" salt water" is confined to those waters containing 
over 500 parts per million of chlorine. 

Because of the fact that the content of chlorine in most normal wa-. 
ters is relatively low, the establishment of i80chlors, or lines of equal 
chlorine, in Wisconsin is entirely practical and would be of much value 
in interpreting the chemical sanitary analyses of waters from various 
parts of the state. 

Hard and Soft Waters.-Calcium and magnesium, C' lime and mag
nesia", are chiefly responsible for what is known as the hardness of 
water. This undesirable quality is indicated by the increased consump
tion of soap and by the formation in kettles of scale composed almost 
entirely of calcium and magnesium carbonates and calcium sulphates. 
In washing, sufficient soap must first be used to precipitate these salts 
before lather is produced. Hardness, therefore, is measured by the soap 
consuming capacity of a water expressed as ~n equivalent of calcium 
carbonate (Ca COs). 'l'he hardness can be computed from the amounts 
of calcium and magnesium in a water, as determined by the mineral an
alysis, or it can be determined by actual testing with a standard soap 
solution. 

The hardness of waters is of two kinds,-temporary and permanent. 
Temporary hardness is due to the presence of bicarbonates of calcium 
and magnesium, and most of it can be removed by decomposing these 
salts by boiling the water and precipitating the normal carbonates. 
Permanent hardness is due to sulphates, chlorides and nitrates of cal
cium and magnesium, and these salts are held in solution, and can be 
precipitated only by adding certain chemical compounds, usually soda 
ash (sodium carbonate), to the water. 

The general meaning of the terms c, hard" and "soft" waters is vari
able and depends upon local usage, as determined by the relative degree 
of hardness of the water in different regions. 

In New England, for instance, waters considered soft usually have 
less than 100 parts per million of total hardness. In Indiana, Illinois, 
Iowa and Kansas, however, it would be difficult to find water with a 
total hardness of less than 100 parts per million, and yet many waters 
in the latter states are called soft. This illustrates the uncertain signifi
cance of general descriptive w~rds in classifying waters, and emphasizes 
the need of defining the exact meaning of such terms. 

The general understanding of the terms "soft" and "hard" water in 
Wisconsin appears to be much the same as in New England, and the 
general usage, therefore, appears to conform fairly well with the scien
tific requirements. For the present report, therefore, it seems advisable 

lO-W. s. 
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to adopt the following classification of waters with respect to hardness, 
which is much the same classification as that used by the U. S. Geologi" 

. cal Surveyl in discussing analyses: 

Classification of Water with respect to Hardness. 

Total hardness 
as CaC03 

(Parts per million.) 
Classification. 

Not less than. Less than. 

.. · .. · .. 50 .. · .. · 50 Very soft, 
100 Soft. 

100 200 Medium hard. 
200 300 Hard. 
300 ................ Very hard . 

In the tables of mineral analyses of the separate county descriptions, 
the total hardness can be computed with a sufficient accuracy from the 
calcium and magnesium as follows: Total hardness as Ca COs =' 2.5 Ca 
+4.,1 Mg. So far as possible this classification is followed in the usage of 
the above terms relative to hardness of the Wisconsin waters. In ac
cordance with this classification most of the waters of Wisconsin are 
hard waters. In central and northern Wisconsin, are many very soft 
and medium hard waters, while in the eastern part of the state are 
very hard waters. The water of Lake Superior is a very soft wa
ter, while that of Lake Michigan is a medium hard water, being very 
near the dividing line between soft and medium hard water as classi
fied in the above table. 

Waters of High and Low Mineral Oontent.-The classification of wa
ter in respect to mineral content is useful in determining the value of a 
water for domestic use. Waters of low or moderate mineral content 
could be accepted for drinking and cooking if they are also low in iron, 
below 1% parts per million of Fe. Waters very high in mineral content 
will be unfit for drinking purposes, as such waters are usually brackish 
or salty. Waters of high mineral content might give trouble in cooking, 
although those with content up to 1,000 or 1,200 parts pel million could 
be used if no better supply is available. 

1 R. B. Dole, personal communication. 
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Classification of 1rat~r8 ,ritl. n8put to mineral content. 

Total solids. 
(Parts per million.l 

Xot less than Less than 

150 
500 

2.000 
2.000 .............. . 

Classification. 

Low. 
Moderate. 
High. 
Very high. 1 

........ ~8r .. ' 
-----------',--------, 

Most waters of 'Wisconsin are either low or moderate in mineral con
tent. Only a few well and spring waters are very high in miner
alization. 

• WATER FOR BOILER rSE . 

The chief industrial use of water is steam making. The customary 
way of interpreting the value of water for boiler use is based on its ten
dancy to cause the formation of scale, and to cause corrosion and foam
ing. 

FORMATIOX OF SCALE. 

The most common trouble is formation of scale, the deposition of 
mineral matter within tbe boiler shell. 'When the water is heated and 
evaporated in a steam boiler, some of the mineral matter is thrown out 
of solution and solidifies on ,the flues or crown sheets, or within the 
tubes. The scale or incrustation includes practically all the suspended 
matter, or mud; the silica, probably precipitated as silica (Si 02) ; traces 
of iron and aluminum; calcium appearing principally in the form of 
carbonate and sulphate; and the magnesium, principally in the form of 
the oxide, but partly in the form of carbonate. Calcium and magnesium 
are the principal bases in the scale forming salts, making up 80 to 90 
pel' cent of the scale in most 'Wisconsin waters. If the magnesium and 
the sulphates are comparatively low, or if the suspended matter is com
paratively high, the scale is soft and bulky and may be blown or washed 
out from the boiler in the form of sludge. On the other hand, if the 
water is free from suspended matter and high in magnesium and sul
phates, a compact hard scale is formed. n('arly as dense as porcelain, 
which offers great resistance to the transmission of heat and therefore 
causes great waste of fuel. The value of a water for boiler use, there-
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fore, depends not only on the amount of scale produced, but also on 
the physical structure of the scale. 

The limits for the classification of water in parts per million, in re
spect to scale-forming ingredients, are shown in the following table: 

(J{assijication in respect to ,qcale-j"orming ing1'edients. 
, 

Probable Scale-forming 
Ingredients 

(Parts per million.) 
Classification. 

Not less than.1 Less than. I 
.. · .. · .. 90 ...... 90 Good . 

200 Fair. 
200 430 Poor. 
430 680 Rad. 
680 ................ VerJ' bad . 

, 

This classification 1 is the one offered by the committee . on water 
service of the American Railway Engineers and Maintenance of Way 
Association, reduced to statement in parts per million. These limits 
must be interpreted liberally in practice; because of the comparative 
hardness of the incrustation. Stabler's2 method for calculating the 
amount and character of scale likely to result from use of a water, are 
given as follows: 

A=.OO8333Sm + .00833Cm.+.01 07]'e+ .0157 Al+ .0138Mg+ .0246Ca. 
B=Sm+Cm+1.3Fe+1.9Al +1.66Mg+2.95Ca. 

A r~presents pounds of scale per 1,000 gallons of water and B (com
puted from the preceding formula) represents parts per million of 

. scale. Sm, Cm, Fe, Al, Mg, and Ca represel).t, r:espectively, the'amounts 
in parts per million of suspended matter, colloidal matter (silica plus 
oxides of iron and aluminum), iron, aluminum, magnesium, and cal
cium in the water. In this formula Ca should not exeeed .668C03 + 
.328HCOa+.417S04 , in which C03 , HC03 , and S04 repr~sent, re
spectively, the amounts in parts per million of the car~onate, bicarbon
ate, and sulphate radicles present in the water as such excess would 
not be precipitated. It is sometimes uneertain whether iron and alumin
um are in solution or in colloidal state, but in applying these formulas 
to Wisconsin ground waters little error is introduced by assuming that 
Cm equals silica only. If it is desired to compute the scale-forming in. 
gredients of waters, whose analyses in this report give no values for 

'Proc. Am. Ry. Eng. & Maint. of Way Assn., Vol. V, 1904, p. 595. 
2 Eng. News, Vol. 60, 1908, p. 355. AlsoU. S. Geol. Survey Bull. 274, p. 176 . 

• 
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silica, iron or aluminum, Cm may be taken as 10 and Fe and AI as 
zero, without introducing great error. In clear waters Sm would of 
course be zero; consequently for most Wisconsin ground waters the 
amount of scale may be estimated practically from the figures repre
senting silica, calcium and magnesium. 

In the following Stabler formula, C represents the amount of hard 
scale in'pounds per 1,000 gallons of water and D .the same in parts per 
million, recomputed from the C formula; Si02, Mg, Ca, S04' Na, and K 
represent .the respective amounts ill parts per million of silica, mag
nesium, chlorides, sulphates, sodium, and potassium. If the alkalies are 
not separated, the figures representing sodium and potassium together 
and computed as sodium may be uSed with 2.7Na coefficient in place of 
the last two terms o,f these formulas. 

C=Si02+1.66Mg+ (1.9,2Cl+1.42S04-2.95Na-1.74K). 
The ratio (b) between the amount of hard scale and the total amount 

of scale is an index of the probable hardness of the scale, expressed thus: 

. AB 
b=

CD 

If b is not more than 0.25 the scale may be classified as soft; if between 
0.25 and 0.5, as medium; and if more than 0.5, as hard. For other for
mulas and the comments on those quoted the original article should be 
consulted. 

The importance of scale formation and of means of preventing or re
ducing it in boilers, may be judged by considering the effect of a hard 
water like the Madison City a.rtesian water, which is about the average· 
composition of the water in the Potsdam and St .. Peter sandstone, as. 
well as that in the Lower Magnesian limestone of the state (see p. 177) .. 
In such waters, under ordinary usage in boilers without condensers, it 
would form about 2.5 pounds of scale in 1,000 gallons of water. Be-· 
sides the increased fuel consumption caused by this deposit, the scale 
itself would amount to nearly a ton in a 1,000 horsepower system for
every seven working days, and. this mass would have to be shoveled, 
,scraped, and hammered from the inside of the boiler. 

The State Capitol Power and Heating Plant uses Monona Lake· wa
ter, taken at depth of 8 feet where the lake is 16 feet deep. No com
plete analyses of the Monona lake water is available, but it probably 
closely resembles the Mendota Lake water in mineral content (see table 
of analyses page 299) and is much lower in incrusting solids than the 
Madison City artesian water. A water softening plant was recently in
stalled at the Heating Plant and Supt. J. C. White estimates the saving 
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due to the treatment in using about 48,000 gallons daily to be about 
$500 annually over and above eost of the treatment, includillg interest 
on the investment .. 

The medium hard water of Lake Michigan, which is taken as the stan
dard of comparison in the testing department of both the C. & N. W. 
Ry. Co., and the C. M. & St. P. Ry. Co., would form only about 1.04 
pounds of scale in 1,000 gallons. The water of Lake Superior, which 
is a very soft water, contains less than 0.50 pounds of incrusting solids 
in 1,000 gallons. 

CORROSION. 

Corrosion not only affects the iron of boilers when water is heated 
within them, but it is also a factor of great economic importfiance in the 
cold water of iron pipes in water systems. The corrosion' under an 
conditions is largely influenced by the character of the water. 

The corrosion which takes place in water pipes is of various kinds, 
tuberculation being an'important type of action. This tuberculation 
not only deteriorates the pipe but it likewise decreases the efficiency 
of the pipe by interfering with the flow of water. The inadequacy of 
many water systems is due to this accumulation. 

The author is indebted to Prof. C. F. Burgess for the following re
sume concerning the corrosion affecting boilers: 

"Corrosion as it affects boilers may have various characteristics de
pendent not only upon the qualities of water but upon the types of boil
ers and methods of operation. The corrosion may be general over a 
large part of the surface, or it may be localized in the form of pits. In 
some cases the pitting may take the form of tuberculation in which an 
adherent quantity of rust or iron compound builds up over the corro
sion spot, forming mounds of considerable dimensions. In the locomo
tive type of boilers, grooving of the tubes is of frequent occurrence, 
this taKing the form of a circular rim of corrosion of the tubes inside of 
the crown sheet. The corrosion may develop primarily on the bottoms of 
the boilers and where the heat is most intense, or in other cases it may 
be most marked at the water line and around the bolt heads, rivets and 
stays. That the constituents of the feed water may have an influence 
on the kind of corrosion is shown by the fact that some water may cause 
the most marked corrosion on the sides and crown sheets of boilers, 
while other kinds of water may have the greatest influence on the tubes. 

"Corrosion or pitting is a result of galvanic action and controlled by 
the nature of the impurities in the water. Among the substal1\~es which 
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promote corrosion most rapidly are acids, hydrogen sulphides, dissolved 
oxygen, and such dissolved salts as produce acids upon heating. 

"Numerous theories have been advanced to explain corrosion phenom
ena and among the leading authorities there is a wide variety of opin
ion. An interesting and valuable compilation of theories and data on 
corrosion is "The Corrosion of Iron and Steel" by J. Newton Friend.l 

One important subject of controversy is whether the dissolved carbonic 
acid is an important factor affecting corrosi()n. The evidence on this 
point is contradictory. 

"On the most generally accepted electrical theory of corrosion the non
uniformity of the iron, caused not only by impurities but by differences 
of physical conditions, such as strain, porosity, and the like, set up gal
vanic couples. 'I'he iron being the positive element acts as the anode 
and liberates hydrogen on the electronegative portions. This hydrogen 
acts as a polarizing material or as a retardent to the further action, but 
any substance in the water which will remove this hydrogen will acceler
ate the action. Dissolved oxygen will readily attack the hydrogen as 
will also various other oxidizing agents. It is in an indirect way, there
fore, rather than by direct solvent action, that the substances in the wa-
ter affect corrosion. . 

"While some materials accelerate corrosion, others may retard it and 
depending upon this fact there are various meritorious methods of 
treating boiler water. Among the retardents of corrosion are soluble 
carbonates. 

"There are so many factors influencing corrosion that a formulation 
of definite data to show the corrodibility of water cannot be made. At
tempts in this direction, however, are illustrated by the interesting an
alysis given by Stabler." 

It is very desirable in investigating the industrial value of a water 
to determine from the analysis of a water whether it is likely to be cor
rosive or not, but it is evident that the problem is somewhat complex. 

According to Stabler2 the following formula may be used to in
dicate whether a water is corrosive or not. c the coefficient of corrosion 
is computed thus: 

c=1.008 (rH+rAI+rFe+rMg-rCOa-rHC03 ) 

=H+.1116AI+.0361Fe+.082Mg-.0336C03-·0165HCOa 

In tbis formula l' is tbe "reaction coefficient"~ of the respective ra
dicles with which it is associated and the reciprocal of the equivalents 

1 The Corrosion of Iron and Steel, J. Newton Friend, Longmans, Green 
& Co., 1911. 

2 Water Supply Paper, U. S. Geol. Survey, No. 274. p. 175. 
3 For definition of "reaction coefficient" and discussion of the formula, see 

H. Stabler, U. S. Geol. Surv. W. S. Paper No. 274, pp. 165-182, and Eng, News, 
Vol. 66, 1908, p. 355. 
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of those radicles; H, AI, Fe, Mg, etc., are the .weights of these sub
stances in parts per million· as determined by the analysis. 

In interpreting the value of c the fact that calcium carbonate may 
be precipitated on boiling should be taken into consideration, since this 
carries out of the system the carbonate radicle C03 with which the hy
drogen may unite to form carbonic acid. Assuming a maximum pre
cipitation of calcium carbonate and a minimum action upon the same, 
the effect of the carbonate radicle in the above formula to counteract 
corrosion will be reduced by 1.008 rCa, or 0.503 Ca. With these con
siderations three classe~ of waters with respect to corrosion may be dis
tinguished as follows: 

(1) Corrosive. If c be positive, the water will cert:;tinly corrode 
the boiler. 

(2) Noncorrosive. If c+.0503 Ca be negative, no corrosion will 
occur on account of the mineral constituents in the water. 

(3) Semicorrosive. If c be negative, but c+.0&03 Ca be positive, 
corrosion mayor may not occur, the probability of corrosive· action 
varying directly with the value of the expression c+.0503 Ca. 

There is reason to believe also, as stated "by Burgess, that corrosion is 
facilitated by other conditions, such as the development of electrolytic 
action upon the metallic iron. Once the action of corrosion or rust is 
started, it is likely to continue and spread at that place producing a 
nodule of rust under which is a pit in the metal. A common illustration 
of this action of rust is shown by knife blades and other steel tools that 
remain bright as long as they are free from rust, but as soon as rust is 
developed the action will continue in spite of all ordinary attempts to 
prevent it. 

FOAMING. 

Foaming is the formation of masses on the su~face and above the sur
face of the water in boilers and it is intimately connected with prim
ing, which is the passage of water mixed with steam from the boiler. 
Foaming results when the free escape of steam from the water is pre
vented. It is usually due to the organic matter in suspension, but a 
very common cause also is an excess of dissolved substances in the wa
ter, either from original sources or where the water has become very 
concentrated by the use of treated feed water and continual evapora
tion. The dissolved substances increase the surface tension and reduce 
the ease with which the stean} bubbles break. 
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The foaming tendency is commonly measured by the content of al
kaline salts in 'solution plus the organic matter, since these constitu
ents remain in solution in the boiler water. Nearly all substances dis
solved in the water, as well as the suspended and organic matter, in
crease the foaming tendency to a variable degree, and the exact calcu
lation, therefore, of this tendency is not a simple matter. It is the usu
al custom to attribute. foaming to the sodium and potassium salts and 
the organic matter because these substances are highly soluble and their 
relative importance in different waters is easily determined from an
alyses .. According to Stabler1, the expression 2.7 Na (Sodium) + 2 K. 
(Potassium) will represent the sodium and potassium salts generally 
within 5 per cent and always within 15 per cent. In most of the analyses 
in this report the sodium and potassium salts are determined together, 
and in tr{tnsforming the statemenet of the analyses in theoretical com
binations, in grains per gallon, to basic and acid radicles in parts per 
million, the molecular weight of sodium was used as if no potassium 
were present, because potassium occurs usually only in very small quan
tity as compared with sodium. For the general purposes of this report 
the expression 2.7(N+K) plus the organic matter may be used to calcu
late the foaming constituents. It will correspond closely to the' 'non-in
crusting solids" usually estimated from the hypothetical combinations, 
and is sufficiently accurate for practical use. 

The limits of classification in respect to foaming ingredients, as sug
gested by R. B. Dole2, may be summarized as follows: 

Ola,siftcation in respect to foaming ingredients. 

Probable foaming 
constituents 

(Parts per million.) 
Classification. 

Not less than. Less than. 

........ 70 .... •· 70 Very 1IOOd. 
150 Good. 

150 250 Fair. 
250 400 Rad. 
400 ................ Very bad. 

, 

To a very large extent Wisconsin waters are either very good or good 
in their classification with respect to foaming ingredients. It is usually 
only in the highly mineralized waters of relatively rare occurrence that 
bad or very bad foaming waters occur. The bad foaming waters are, 

'Water Supply Paper, U. S. Geol. Survey, No. 274. p. 172. 
2 Statement fr·om correspondence. 
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mainly confined to the eastern part of the state, though they are also 
of isolated or erratic occurrence in other parts of the state. Some soft 
waters of moderate mineral content, in Kenosha county, are sufficiently 
high in the alkalies (pp. 400-1) to be classed as fair or bad with respect 
to foaming ingredients. Surface waters from the lakes and rivers, high 
in organic matter, will cause excessive foaming. 

REMEDIES FOR BOILER TROUBLES 

The remedy for troubles caused by substances in bad boiler waters is 
the treatment of supplies before they enter boilers. Among the im
portant methods of treatment is the preliminary heating of a feed water 
to reduce the dissolved gases. This may be done in an ordinary heater 
under pressure, but preferably under a partial vacuum. Since dissolved 
oxygen is an important accelerator of boiler corrosion, the analysis of a 
water for boiler purposes should recognize this factor. The amount of 
oxygen depends to some extent upon the depth from which the water is 
secured and it is also influenced by the method of pumping. The air lift 
system for example, which has a somewhat extended use, increases the 
amount of dissolved oxygen in the water. 

'When treatment of the water cannot be given there are various ways 
of partially reducing the injury. Low pressure large flue boilers are fre
quently used to reduce the trouble caused by bad water with high scale
forming ingredients. "Blowing off" is a practical way of preventing 
foaming, particularly in locomotive practice. 

Boiler Comp01tnds.-Boiler compounds arc widely used in regions 
where hard waters are abundant, but treatment within the boiler should 
generally be given only when it is impossible to purify the supply before 
it enters the boiler. Many substances have been recommended for such 
use, but only a few have proved to be economical. Soda ash, the com
mercial form of sodium carbonate (Na2COa) and lime (CaO) are the 
most valuable substances of this character. The proper amount and kind, 
of boiler compound to be used is a question to be decided for each water 
from its chemical composition and the style of the boiler. The nature 
and reaction of various boiler compounds have been discussed at length 
in various publications\ and it does not appear to be advisable to enter 
into details in this investigation. 

'Cary, A. A., The use of Boiler Compounds: Am. Machinist, vol. 22, pt. 2, 
1899, p. 1153. -\, 

Palmer, Chase, Quality of .the Underground Waters in the Blue Grass Region 
of Kentucky: In Water Supply Paper U. IS. Geol. Survey No. 233, 1909, p. 187. 

Stabler, Herman, The Mineral Analysis of Water for Industrial Purposes and 
its Interpretation by the Engineer: Eng. News, vol. 60, 1908, II. 355. . 
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WATER FOR OTHER b,llLSTRUL USES. 

The use of water in the yarious industries cannot be discussed at any 
length in a report of this nature. It is desirable, howeyer, to point out 
the fact that for each specific purpose the influence of the dissolved sub
&tances in the water should be thoroughly understood. The water used 
in every industrial plant should be analyzed and otherwise investigated 
and the quality of the supply, so far as it effects the product, should be 
thoroughly understood by those in charge of the manufacturing pro
cesses. 

The ingredients of natural waters affect the manufacture of many 
articles. In paper and pulp mills, dyeworks, canning factories, pickle 
factories, distilleries, breweries, woolen mills, starch works, sugar fac
tories, glue factories, soap factories, chemical works, tanneries, cream
eries, and many oth€r manufacturing establishments, water becomes a 
part of the product or is essential in its manufacture. A principal 
function of water in many establishments is that of cleansing or as a 
vehicle for other substances', and as such the supply should be free 
from color, odor, suspended matter, microscopic organisms, especially 
bacteria from sewage, and fairly low in dissolved sub-stances, especially 
iron. Water used in the making of beverages, starch, dairy or meat 
products, or wherever it forms a part of food materials, should be hy
gienically acceptable. 

Effect of Free Acids.-F'ree mineral acids, such as sulphuric and hy
drochloric acid, usually present only in polluted waters, are especially 
injurious in paper and pulp mills, bleacheries and d~-eworks, and gener
ally require purification. 

Effect of S1tspended .iJ1atter.-Suspended matter, consisting of ma
terial of mineral, vegetable and animal origin. and mainly occurring in 
surface waters, is objectionable in all processes in which water is used 
for washing or comes in contact with food material. 'Yater should be 
feeed from suspended matter before being usC'd for laundering, bJeach
ing, wool-scouring, paper-making, dyeing, starch and sugar-making, 

. hutter-making; brewing and distilling, and otht'r similar processes. 
Effect of Color.-Colol' in water is objectionable in water for use in 

the manufacture of fabrics, such as paper-makill!!:. and also in bleach
cries and dyeworks. 

Handy, J. 0., Water softening; Eng. News, l-Iay 26. 1904. p. 499. 
Davidson, G. M., the C. 1& N. W. Method of Water Treatment: Proc. Western 

Ry. Club, vol. 15, No.6, Feb. 17,1903. 
Booth, W. H., Wa.ter-softening and treatment, London. 1906. 
Collet, Harold, Water Softening and Purification. London, 1896. 
Christie, W. W., Boiler Waters, New YOrk, 1906. 
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Effect of Iron.-Iron is a very undesirable constituent in waters, and 
even if it occurs in comparatively small quantities the water must be 
purified. Waters containing iron become turbid on exposure to the air. 
Such waters develop a growth of iron bacteria, Crenothrix that interfere 
in many industrial operations. Waters that contain iron as low as 1 
to 2 parts per million have to be purified before being used industrially. 
Iron is especially objectionable in paper mills, dyeworks, tanneries, 
breweries, and creameries, and in many other industries, by discolor
ing the manufactured product. In some Wisconsin waters iron occurs· 
in sufficient quantity to be objectionable. 

Effect of Calcium and Magnesium.-Calcium and magnesium are sim
ilar in their industrial effects. These constituents are present in all wa
ters in comparatively large amounts and are largely the cause of hard
ness in waters. In Wisconsin waters they form the predominating 
basic constituents. In all boiling processes some calcium and magne
sium compounds are precipitated on whatever is boiled in the water~ 
and this deposit may interfere with later operations. They are a cause· 
of waste, as they decompose equivalent amounts of many chemicals em
ployed in various industrial processes. The calcium and magnesium 
content of waters render an important effect in the processes of manu
facture of paper, pulp, distillery and brewery products, and in soap' 
factories and dyeworks. ~ 

Effect. of Carbonates,.-Carbonates occur in the water mainly com
bined with carbonic acid fn the form of bicarbonates. In the table of 
analyses, however, it is stated as the carbonate (COa). If hard waters. 
are boiled, the bicarbonate is decomposed, free I:l,arbonic acid is giveIL 
off, and the greater part of the calcium and magnesium is precipitated 
as carbonate. For this reason these carbonates in water give it the qual
ity of "temporary hardness" and hence such waters are generally more 
desirable in many industrial processes than waters high .in sUlphates. 

Effect of Sulphates.-Calcium and magnesium sulphates in water 
cause "permanent hardness", as boiling does not precipitate these sul
phates, or at most only small amounts of calcium sulphates. Hard wa
ters with sulphates predominating are desirable in tanning heavy hide~, 
because they swell the skins, exposing more surface to the action of the 
tan liquors. Sulphates, on the other hand, interfere with crystalliza
tion in sugar-making, causing a larger amount of sugar to remain in 
solution in the mother liquor. High calcium sulphate is also objection
able in canning' peas and string beans. 

Effect of Chlorides.-High chlorides in waters are generally accom
panied by high sodium and potassium content. Appreciable amounts of 
chlorides are injurious in many' industrial processes. Wisconsin wa
ters high in chlorides are of relatively rare occurrence, and hence, troub-
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les due t9 chlorides can usually be readily obviated by securing unob
jectionable supplies. The eon tent 0.( chlorides in shallow-well waters, 
however, should be closely scrutinized, as the amount, if relatively high, 
may be a fair inde~ of the amount of pollution. Chloride waters have 
.a deleterious effect in tanning by causing the hides to become thin and 
flabby. Chloride waters effect the quality of sugar, ·and effect the 
growth of yeast, and the germination of the grain in the preparation 
-of alcoholic beverages. The only effective way of removing chlorides 
in water is by distillation. 

Effect of Organic Matter.-:Water containing organic matter that 
.comes in contact with food products should be purified before being 
usoo. If the organic matter is due to sewage pollution it is dangerous. 
·Care in this respect is particularly necessary in creameries, cheese fac
teiies, slaughter houses, canneries, pickle factories, breweri~s, sugar 
factories, and starch works. Organic matter, not only may produc'e 
-disease, but it may cause decomposition in fabrics manufactured by the 
use of such water. 

Effect of Other Substances.-Silica and aluminum are usually not 
-present in suffieient quantities in water to be objectionable in industrial 
processes, and the same· is generally true for the alkalies, sodium and 
:potassium. 

PURIFICATION OF WATER SUPPLIES. 

Purification of water supplies is the removal or reduction in amount 
-of objectionable substances in the water. It is practiced for the pm'
llose of rendering supplies safe and unobjectionable for drinking and to 
reduce the amount of dissolved minerals injurious to boilers, or other 
machinery, or to manufactured products. 

The most important purification plants are those installed for the PUl'

llose of making surface waters pure and safe for drinking. The re
lll,oval of bacteria causing disease, and the'remoyal of turbitity, odor, 
taste, and iron, are the principal requirements in the purification of a 
municipal supply. The usual methods of purification are slow filtration 
through sand, and rapid filtration after coagulation, both methods be
ing combined with processes of sedimentation. The first method is 
known as· slow sand filtration, and the second, as mechanical filtration. 
The efficiency of these filters stated in percentage of removal of bacteria 
should be as high as 98 and often reaches 99.8 per cent. 

Slow sand filtration consists of filtering the water downward through 
a layer of sand of such thickness that the remonl of au suspended ' 
matter is accomplished. The filter consists of a water-tight basin, on 
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the bottom of which perforated tiles are laid in the form of a grid, 
over which is a one-foot layer of gravel graded in size from bottom to 
top, and over the gravel is a layer of sand 3 to 4 feet in depth. When 
the water is applied on the surface it passes through the sand and gravel 
and flow~ away' through the underdrain. The filters require cleaning 
at intervals, depending upon the amount of impurities in the water. 
Filters have been installed in a number of Wisconsin paper mills. 

Surface waters are usually screened of all coarse material, such as' 
sticks and leaves. Very turbid river waters are usually allowed to stand 
in large sedimentation basins to reduce the cost of operating the filters. 
Supplies objectionable on account of their iron content are aerated 
and allowed to trickle over rocks, allowing the oxidation of the ferrous· 
carbonate in solution and the ferric oxide can then be removed by filtra-
fu~ . 

The'distinctive feature of a mechanical filter is the use of a coagu
lant and the high rate of filtration. Aluminum sulphate is the coagu-
1mt most commonly used. The water with the coagulant is allowed to 
stand 3 or 4 hours in a sedimentation basin and is then passed rapidly 
through beds of sand or ground stone to remove the rest of the sedi-, 
ment. If the alkalinity of the water supply is too low to give a proper' 
reaction with the coagulant, lime or soda ash is added. The perman· 
('nt 11ardness of the water will be increased if an excess of lime is em-' 
ployed. 

Purification by the application of chemicals kills organisms that; 
may cause disease or give bad taste or odor. Copper sulphate and cal
cium hypochlorite, and ozone, are the common disinfectants. Puri-r.ca
tion in this manner must be done by the application of substance" not 
poisonous to animals. 

Usc of Hypochlorites.-An exceedingly important method of water 
treatment is in the use of hypochlorites. This has become a widely ac
cepted method for bacterial purification of city water supplies, especi
ally of the Great Lake supplies. Since hypochlorites are active oxidiz
ing agents they are tised for destroying organic matter and coloring; 
for bleaching, and other industrial uses of water. An excellent present9.
ti'JIl of the use of hypochlorItes is given in the work of Albert H. Hook
er/ "Chloride of Lime in Sanitation". 

Scu'age Pllrificartion.-The problem of disposing of the sewage of 
cities is an important one with respect to the health of the communi
lies. The purification of water supplies for drinking purposes, and the 
purification of sewage, are everywhere closely related, for it is usnally 

1 Ch~oride of Lime in Sanitation, A. H. Hooker, Jno. Wiley & Sons, 1913. 
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the case that only the sewage polluted water supplies require purifica
tion. In only a few; cities of Wisconsin, (see reference below), is the 
sewage treated in some sort of a disposal plant before being emptied in
to the waterways of the locality. In most instances, where the public 
water supplies are obtained from lakes and rivers, the sewage is emptied 
into the source of the water supply, and in such instances the city us
ing a lake supply, pollutes its own water supply, while the city using a 
river supply pollutes the supply of the cities located farther down the 
river. 

The problem of sewage purification is outside the scope of this re
port. Occasion, however, is taken in this place to refer the reader to 
a bulletin by Davis and Bowlesl, recently printed by the state, which 
adequately describes the sewage purification systems in Wisconsin, and 
which should be in the hands of all those interested in the public health 
of our cities. 

'Sewage Purification with Special Reference to Wisconsin Conditions, Bull. 
Univ. of Wis., No. 331, 1909. 
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CHAPTER VII. 

THE CHE1\UCAL QUALITY AND THE FACTORS AFFECTING 
THE MINERALIZA'l'ION OF UNDERGROUND WATER. 

The water supplies of Wisconsin, both surface and underground, show 
a considerable range in composition, the extent of mineralization vary
ing in different parts of the state. Since the mineral content of the 
surface waters of rivers and lakes is much less than that of the under
ground waters of the same locality and is determined by influences 
somewhat different from those affecting the rock waters, the surface 
waters are briefly described in a separate chapter. The present chapter 
therefore is mainly confined to a general discussion, or'summary, of the 
chemical quality of the underground waters and the factors influenc
ing the degree of mineralization. The chemical data upon which the 

--general discussion is based is fully stated in the tables of mineral 
analyses of each county in Part II, pp. 223·to 639. 

Information in regard to the analyses of both the underground and 
surface waters of the state is wholly the result of compilation from 
various sources. Some of the analyses quoted were made by chemists 
to determine the value of waters for public supplies for (;ities, alld many 
were made by industrial chemists to determine the value of the waters 
for boiler use in railroad locomotives. A few of the analyses of spring 
waters and highly mineralized waters have been made for the pllrpose 
of showing the therapeutic value of these waters. Only a few have been 
made for purely research work. No analyses have been made in con
nection with the present investigation on the water supplies of the state. 

The mineral analyses, originally stated in the usual hypothetical 
combinations in grains per gallon or parts per million, have been reCOm
puted to the ionic f~rm in parts per million, so far as possible, in order 
that they may be compared with other analyses. The expression of the 
results of water analyses in ionic form in parts per million is now quite 
generally adopted by sanitary and research chemists, and also by many 
technical chemists. 
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THE CHEMICAL QUALITY OF UXDERGROUND WATERS. 

The underground waters of the state show a very great range in 
mineral content. Some of the soft water springs in the northern part 
of the state are very low in mineral content, as illustrated by such 
springs as that near Cedar, Iron county, containing only 22 parts per 
million .of mineral matter, the well known Chippewa spring at Chip
pewa Falls with content of only 36 parts per million, and the Toma
hawk spring at Tomahawk with only 41 parts per million. 

On the other hand some very highly mineralized waters have been 
encountered in a few wells and mining explorations in various parts 
of the state. The highest mineralized water in the state, so far as 
known, was reached at a depth of about 2,075 feet below the surface 
in the Florence Iron mine at Florence in exploring for iron ore in the 
Pre-Cambrian formations. This water contained 18,799 parts per mil
lion of dissolved solids, and 5,122 parts pel" million of organic and vola
tile maater. See page 329. In exploring for copper ore near Osceola, 
a salt water was encountered at a depth of only 90 feet containing 16,99~ 
parts per million of mineral matter. Salt waters containing over 10,000 
parts per million of dissolved solids have been encountered in only two 
other places in the tate; at Sheboygan, Sheboygan county, and at Pal
myra in Jefferson county. 

There are but few localities, only 18, in the state, however where un
derground waters have been found that contain over 1,000 parts pel> 
million of dissolved solids. The relatively rare occurrence of these highly 
mineralized waters as well as their geographic distribution· and geolo
gical source appear to indicate that they are exceptional rather than 
usual or common, and hence are considered as exceptional waters in 
the following discussion. Among the analyses of underground waters 
there are about 100 analyses of spring waters. As there is very slight 
difference in the mineral content of spring waters and of well waters of 
the same locality, the spring waters are included with other waters 
from underground. sources. 

Leaving out of consideration the highly mineralized exceptional wa
ters, the average mineral content of about 600 waters from springS and 
from wells in the surface deposits and in the indurated rock, which 
range in mineral content from 22 to 1,000 parts per million, is about 
:327 parts per million. 

The degree of mineralization of the spring and well waters appar· 
ently depends, not so much upon the character of the geological forma-· 
tions as determined by the chemical composition, as UDon the general 

ll-W. S. 
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depth and thickness of the water-bearing strata in which is contained 
the body of underground water. The relative simplicity of the geo
logy of Wisconsin in its relation to the mineral quality of the under
ground water supplies, gives opportunity to divide the state into areas 
or districts characterized by waters of approximately equal degree of 
hardnesS and mineral content, the boundaries of such areas being deter
mined mainly, but not strictly, by the water-bearing geological forma
tions, as these increase in number and thickness in passing toward the 
outer boundaries of the state. 

To facilitate the study of the .chemical quality of the underground 
waters, therefore, it is convenient to describe them first with respect 
'to their areal distribution or by districts, and second with respect to 
their geologic horizons. 

, CHEMICAL COMPOSITION OF THE UNDERGROUND WATERS BY DISTRICTS. 

The underground waters of Wisconsin with respect to 'heir general 
mineral quality and hardness can be divided conveniently into four 
,areas or districts as follows: 

District A. Area of soft water.l 
District B. Area of medium hard water. 
District C. Area of hard and very hard water. , 
District D. Area of very hard water. 
These districts are shown on the accompanying sketch map, Plate IV. 

It should be understood, of course, that the boundary lines between 
the vario~s districts are somewhat arbitrarily drawn, as there is only 

,a gradual and not an abrupt change in the mineral content in passing 
from ,one district to the other. Within each distict, however, the de
gree of, mineralization of the underground water is approximately the 
. same. ,Such a map may conveniently be referred to, in a general way, 
'as, a "water-composition map", or, a "kydrosystatic2 map". 

DISTRICT A. AREA OF SOFT WATER. 

The area of soft waters, that is, with waters having a total hardness 
•. ~ye~aging below 100 parts per million, is mainly confined to, the north 

, ",c~ntral part of the state, as shown on the accompanying sketch map. 
(Plate IV). This area is underlain very largely by crystall~ne rock of 

. t;h,e Pre-Cambrian formations and of (See geological map) relatively 
.' . ~ , .' , 

. I. ," " f' • 

'For the definition of soft and hard waters, see page 146 . 
. , "'Hydto8Y8tatic, from Greek, hydra, water + 8ystasi8, composition. 
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thin deposits of the Upper Cambrian (Potsdam) sandstone in the south
ern and western portions. The surface deposits consist mainly of glacial 
drift of crystalline debris on the uplands, and of alluvial deppsits. 
largely of quartz sand and gi'anitic gravel, in the valleys. 

The general character of the water in this area by counties is shown 
in the following table: 

~r ABLE 22. Average mineral content of underground water in tlte surface deposits 
and in tlte rock, by counties, in District .A. 

Parts per million. 

Wells in the surface deposits, 1 Wells in indurated rock, sandstone 1 
alluvial and glacial formations. and granite. 

§ 0 : § 8 . 
00 i25 ~7l : iQ5 I 
~ ~_Q.)~ .,~ '~Q.)!S 
~ .-. 0 t,) G) >. I - '0 'Z Q) 
';; bJI::::lc._ ...... -; til A ...... ...... 
r= .-.:a ~ ~ c I::; ~.~ 
CId <N ..a - 't1 ;.. ro ........ . as .,- "CI ~ '"0 ...... • 
.... 0 0 0 t::.-. CIS C,) r.Il ~ IN 0 ~ S::.- GIl 0 r.Il ...... 

o _ ~ a ~~ .£ I;" -- ~ ? C - I ;; ce~ ~ ;.. - ;g !! 
$..e 00 c·.... G ~ Q,) 0 - - c:!1- cO 2S Co) 0 0 " ~ '" gj s+ ;:; .. .5 en ., fTJ C gj s+ I" to .5 '" ..:> 
~ II .~ I=l ~ca 0 1,.1:1 J.i ...... .&J .. .E C ::Sa! 0 ~ I-! - = e " <.) ", -z.fl Co 0 .. 8 <.> <.> l>o -z £ Co 0 to .. 
::1 :::: ~ «1 'g~ :; d :a '0 :s = ";i I as '8- all ~ ::a '0 Q.l 

County. 

Z 0010 ;;::::1.l 0 rn 0 Eo< Z 00 0:::0: rn 0 rn 0 Eo< ;;::: --- --- -1-1-
Adams........ 2 9 13 6 0.5 33 4 2 69 2 8 341 10 8 85 3 3 154 lU 
Clark.......... 3 32 9 15 67 29 152 0 .... .... .... 152 
Chippewa..... 1 18 10 5 4 28 4 S 75 2 16 7 3 5 15 2, 1 55 62 
Eau Claire.... 4 17 16 6 9 29 21 9 118 0 ,.... .... .... 118 
Forest......... 1 21 23 5 9 35 31 13 140 0.... 155 
J ac:kson.. .. .. . 1 8 7 3 16 9 1 47 0.. .. 47 
Juneau.. .... .. 6 5 18 6 9 24 42 5 110 0.. .. 110 
Lincoln ........ 10 4 17 6 8 44 5 4 92 0................................ 92 
Lal1glade .... . 4 14 24 11 9 60 9 13 140 0................................ 167 
Marathon ..... 10 9 18 5 9 42 15 3 101 0 101 
Monroe........ 8 5 19 6 8 29 29 8 104 1 'if 'is' 5 '"2" 23 'if'"4" 'io7 104 
Oneida.. ...... 4 11 19 7 7 42 16 3 103 0.............................. .. 103 
Portage....... 3 1l 39 19 3 93 25 4 197 4.... 31 I 18 7 46 61 I 3 174 184 
Vilas.. .... .... 3 8 9 2 3 14 10 1 3 51 0 ........ I ................ I.... .... 51 
Washburn .... 1 16 24 7 1 43 1 3 109 0 ....... T ....................... 109 
Wcod ........... 8 .... 42 13 13 80 50 9 219. 0 ....... " ........................ 219 

Mean ...... 169 8 22 --;;- 8 45 22 -5 llii912 ~11l6« 30 3 1351122 

Avera ... eof78 analyses for the district .•.............. j~:-:-: -8 221-8-1845 235 ill ~ 

. The analyses shown in the above table are mainly of shallow well-· 
waters in surface deposits, a few analyses are of springs, and 9 are of 
waters from wells in the sandstone and in the granitic rock. The wells: 
in the surface deposits range in depth from 10 feet to over 217 feet, 
while the deepest well in the sandstone reaches only 320 feet. For
depths of the various wells, see the tables of mineral analyses under 
the county descriptions. Most of the wells in this district are less than. 
50 feet deep, and relatively few are over 100 feet deep. In general the 
depth of the underground water over the district will probably average 
between 100 and 200 feet, as measured by the average thickness of the , 
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water bearing formations which overlie the impervious Pre-Cambrian 
Crystalline formations. 

The mineral content of the underground waters in this district which 
comprises an area of about 20,000 square miles or 36 per cent of the 
state, so far as available analyses indicate, ranges from 36 parts per 
million in the Chippewa spring water to 278 parts per million in the 
water of the railroad well at Junction City in Portage county. The 
mean of 78 analyses shows an average content of 122 parts per million 
o()f mineral mater, which would be "low" in the classification in respect 
to mineral content. The average water of the district according to the 
classification in respect to hardness adopted in this report is "soft" 
the average hardness being between 85 and 90 parts per million. 

It should be understood, of course, that many of the underground 
waters within this district are hard waters as the above table of mineral 
analyses clearly indicates. Usually however, the underground 
waters are likely to be low (below 150) in mineral content, and soft 
(below 100 parts of calcium and magnesium carbonate and calcium 
sulphate) and therefore would fall within the classification of soft wa
ters as defined. According to the analyses the amount of boiler-scale 
formed by these soft waters would usually be less than 1 pound in 1,000 
gallons, below that of the water of Lake Michigan. 

It is undoubtedly true that many of the waters whose analyses are 
considered, are contaminated or polluted to a variable extent, and hence 
are somewhat higher in mineral content than the naturally pure water 
of the locality. To whatever extent the underground waters are con
taminated, therefore, they represent waters higher in mineral content 
than the pure waters of the district. 

DISTRICT B. AREA OF MEDIUM HARD WATERS. 

An area of medium hard water, that is of water with a mean content 
between 100 and 200 parts per million of hardness, surrounds the area 
of soft waters in the north central part of the state. This area, except 
in the region adjacent to Lake Superior, is characterized by the out
crop of thick beds of the Upper Cambrian sandstone and the re
latively thin beds of the Lower Magnesian limestone (Oneota and Sha
kopee formations), and to some extent the overlying beds of the St 
Peter sandstone and the Galena-Platteville (Trenton) limestone. Ad
jacent to Lake Superior the indurated rock in this district is mainly 
the Lake Superior red sandstone. 

The surface deposits consist of glacial drift containing limestone 
.debris on the uplands except in the western part within the driftless 
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area where loessial deposits are pre,alent. In the valley bottoms and 
adjacent to Lake Superior alluvial and lacustrine deposits are com
mon, the alluvial deposits being largely sand and gravel, and the la
custrine deposits being largely reddish and bluish calcareous clays. 

The wells in the valleys are quite shallow, usually less than 1;Q0 feet 
deep, while those on the uplands are relatively much deeper often from 
200 to 300 feet deep. In general the depth of the body of underground 
water in the district is probably between 400 and 600 feet. 

The chemical character of the underground water in the surface de
posits and underlying rock within this district is shown in the follow
ing table,: 

TABLE 23-Average Mineral Oontent of Underground Waters in Surface Deposit, 
and the Rock, by Oounties, in District "B". 

(Parts per million). 

Wells in the Surface Deposits. !I Wells in the Rock. 
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County. 

--------_._- -:-!I-----I-----

Ashland'. • • . . . O .................... 1 ••••••..•... ' 319 37 22 33 82 60 255 255 
Barron.. .... .. 0 .... .... .... , .... .... ..... 1 20 33 14 2 85 4 163 163 
Burnett....... 1 16 36 14 9 "82 11 13 184: 0 ................ .... .... .... 184 
Columbia..... 1 14 5 7 40 2 3 72 2 .... 20 10 11 45 4 25 117 102 
Dunn.... .... .. 5 4 18 4 6 38 14 1 91' 2 I.... 48 26 8 131 12 8 244 134 
Iron........... 2 15 29 14 1 77.... 2 U2 0.................... 142 
Forest......... 2 13 32 13 6 80 7 7 i 162 0 'if '44' 'ili' 'is' "80 "8i 'ili' '287 162 
L~c~se:::::: 1~ ''4' '54' '27' 'i7' 'i:ii 39 'ii"295 ~ 9 61 23 10 131 )30 8 283 m 
Langlade ..... 1 17 53 25 6 140 7 7 257 \ 0 ................................ 257 
Marinette..... 8 5 61 24 9 144 12 10 268 i 0 .......... . .... .... .... .... .... 268 
Marquette.... 1 13 47 35 1 149 7 1 258 0.................... .. ...... 258 
Monroe.:...... 3 10 18 9 3· 43 11 3 100 i 10 36 16 7181 24 8 185 159 
Pepin.......... 0 ............ ,.... 21 ;; 5-l 30 ;; 156 11 1 265 265 
Pierce......... 0 .... I.... .... .... 1 M 80 10 .... 69 124 336 336 
Polk.. .. .. . .. .. 0 .... .... .... .... .. .. .... ~ ii 51 19 10 1 22 13 9 235 235 
Richland..... 2 3 37 16 26 104 16 22 ~24 0........ .... .... 224 
St. Croix...... 1 17 17 8 5 58 1 1 1112' f 12 « 17 9 116 10 7' 217 196 
Sauk .......... 2 9 58 32 8 168 11 4 \ 292 6 l! M 16 3 91 2 3 162 194 
Shawano...... 1 10 45 23 6 117 21 10 235 0................................ 235 
Trempealeau, 0 .... .... 3 ; 41 22 9 121 14 5 228 228 
Vernon ....... , 0 ........................... 1 .... : 2 ...... 5 24 3 111 12 9 216 216 
Waushara.... 4 16 43 19 4 109 2 3 208 0 j.... .... .... .. .. 208 ________________ -L-I __ _ 

Mean ...... 51 7 42 20 10 109 19 8. 224 46: , t3 14 10 102 22 11 216 220 

Averageof97analysesforthedlstrict:-:-:-::-. ~17 10 106120 10 220\ 

This district comprises an area of about 18,300 square miles, or about 
33.6 per cent of the state. While the maximum range in mineral con
tent is between 45 parts per million and 430 parts per million in well 
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waters, the usual range in mineral content is between 150 parts per 
million and 275 parts per million. The mean of 51 analyses of water 
from surface wells is 224 parts per million and the mean of 46 analyses 
of water from wells bottomed in rock is 216 parts per million. Some of 
the springs within the district contain as low as 22 and 33 parts per 
million. The average of all the analyses of underground waters in the 
district is 220 parts per million. 

Calcium and magnesium are the principal basic constituents and on
ly rarely are sodium and potassium more important than magnesium. 
Nearly all are carbonate waters and only very rarely is sulphate morc 
important than carbonate. 

The average hardness of the water of District "E" as measured by 
. the calcium and magnesium carbonates and calcium sulphate is about 
170 to 180 parts per million, and is therefore "medium hard" as de
fined in this report. See page 146. The average amount of encrusting 
solids in the groundwaters of the district is less than 2 pounds in 1,000 
gallons, the usual range being between one pound and three pounds in 
1,000 gallons. 

DISTRICT C. AREA OF HARD AND VERY HARD WATERS. 

An area with ground-waters having mineral content, appreciably 
higher than that in District E, lies to the east and south of the latter 
district. In this district there is a mean mineral content of the ground
waters of 335 parts per million and of about 308 parts per million of 
those constituents causing hardness. 
, This district comprises an area of about 9,900 square miles, about 18 
per cent of the state, and lies along the Fox river valley in the eastern 
part of the state and south of the Wisconsin river below Portage in the 
southwestern part. This district is approximately co-extensive with 
the general outcrop area of the Galena-Platteville (Trenton) lime
stone. The eastern boundary of the district lies some distance west of 
the border of the Niagara limestone. The western boundary is a line 
approximating the western border of the relatively continuous out
crop of the Trenton. The indurated rock immediately underlying 
the surface deposits therefore~ is very largely dolomitic limestone and 
only to a small extent sandstone. 

The surface deposits in the glaciated portion of the district consist 
largely of limestone debris. In the valley bottoms of both glaciated 
and driftless areas the surface deposits are largely of alluvial origin 
and consist mainly of sand and gravel. Calcareous clays of lacustrine 
origin are common in the Fox river valley. 
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The wells in the valleys are usually less than 50 or 100 feet deep, 
while those on the uplands are often 200 to 300 feet deep. The ap
proximate average depth of the body of underground water in the dis
trict, overlying the impervious Pre-Cambrian, is between 800 and 1,200 
feet. 

The mineral content of the underground water in surface deposits 
and in the rock in the district, by counties, is shown in the following 
table: 

TABLE 24.-Avertige mineral content of underground water, in the surfact! deposit. 
and in tlter(lck, by countiu, in District C. 

Parts ver million. 

Wells in the surface deposits. I Wells In the indur&ted rock. 
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Columbia ...•• 2 'T 83 40 15 180 86 12 .•.. 66 37 7 177 26 5 322 336 
Crawford ..•• 1 44 14 17 84 52 81 22a a 2 51 26 24 150 18 15 287 271 
Dane ••.•••.•. 6 6 64 37 II 175 38 6 SS5 12 8 68 38 15 170 54 17 374 361 
Dodge •..•...•. 1 22 76 43 7 216 7 11 I 388 4 11 72 42 4 202 19 4 363 368 
Green ••.•..•. 6 6 75 33 18 182 28 II 351 7 4 70 34 14 166 18 18 331 341 
Green Lake ... 4 16 63 39 8 152 76 4 362 1 24 59 32 2 158 18 1 308 351 
Gr~nt ......•. 4 10 53 21 7 125 11 5 245 12 7 67 40 II 184 43 10 376 343 
Iowa •••.••..•. 3 5 56 28 17 151 18 13 289 11 7 73 43 11 178 63 17 396 3a7 
Jeft'etson ...... 10 15 67 32 7 177 12 4 321 17 7 68 33 11 181 20 6 336 330 
Lafayette .•.• 4 9 72 43 12 I 216 Ii 12 374, 

" II 
M I 40 6 183 21 8 339 31i1! 

Marinette .•.. 1 20 38 9 6 72 10 9 168 : 0 .••• •••• 1 •••• .... .... 166 
Oconto ....... 2 12 50 20 7 128 7 2 231: 2 7 35 ;'18 26 63 67 29 250 241 
Outagamie.... 3 16 70 41 3 188 aa 5 360' 0 ........ I .................... 1 .... 360 
Rock .......... 14 7 69 35 12 167 44 7 342 I 10, II 59 i 34 10 169 16 7 301 325 ... ···~······I '1"" .............. ····1···· .... ····1 tit,,, n " '" • 14 'T" Waupaca..... 4 18 68 35 5 177 30 7 ,343, 0: ................................ M3 

Mean .... 65 10 66 M 10 16831-7- 330 i 95:S 6G Mlll 174 Siliur3ii:-:-:-: 

Average 01160 analyseSfor the district ..•••..•.. jl60:8! 6G '35-u 172 32 -9- 3351335 

While the mineral content in the various individual counties of the 
district ranges between 166 and 477 parts per million, the mean min
eral content of the entire district as shown by 65 analysis of water 
from springs and wells in surface deposits is 330 parts per million, and 
the mean mineral content as shown by 95 analyses of waters from wells 
in the rock is 339 parts per million. 

While the underground waters in the district show a considerable 
range in mineral content a large majority of the waters analyzed. 
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closely approximate the average mean analyses, which is about 335 
parts per million of total dissolved solids, and about 308 parts per mil
lion of solids constituting hardness. In the classification adopted in 
respect to hardness, waters containing 200 to 300 parts per million of 
calcium and magnesium carbonate and calcium sulphate are hard wa
ters, and waters above 300 parts per million of these constituents are 
very hard waters, hence, the waters of this district, according to this 
arbitrary classification, consist of hard and very hard waters in about 
equal proportions. 

The mineral analyses show a mean content of about 3 pounds of in
crusting solids in 1,000 gallons, the incrusting solids usually ranging 
between 2 and 4 pounds in 1,000 gallons. 

DISTRICT D. AREA OF VERY HARD WATER. 

The area with underground waters having the highest mineral con
tent in the state, lies in the eastern part of the state adjacent to Lake 
Michigan. In this district the mean content of dissolved solids in the 
underground water supplies is about 435 parts per million. The in
crease in the content of mineral matter in this district as compared 
with district C, is not very pronounced, but is sufficient to be character
istic for the area. 

This district, as outlined on the sketch map, PI. V, comprises an 
area of about 6,250 square miles or about 11.5 per cent of the state. 
It occupies a belt along Lake Michigan, from Door county on tho 
north, to Kenosha county on the south, and geologically includes the 
area occupied by the Niagara limestone with a strip of the underlying 
formations on the west. The surface formations are mainly glacial 
drift containing much limestone debris, and the red calcareous clays 
of lacustrine origin. 

The wells in the valleys are usually shallow, from 50 to 100 feet deep, 
while those on the uplands are quite deep, being usually from 100 to 
300 feet deep. The depth of the body of underground water in the 
district in the water-bearing formations, overlying the impervious Pre
Cambrian granitic rock is approximately 1,600 to 2,000 feet deep. 

The chemical composition of the underground waters in the surface 
deposits and in the rock, by counties, in the district, is shown in the fol
lowing table: 

\ 
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TABLE 25.-Average mineral contmt oj und"grQund .raters in the surface deposits and 
• the rock. b1l eountiu. in Di&trict D . 

Parts per million. 

Wells in the surface depOSits. Wells in the rock. 

County. 

Calumet ...... 314. 58.738.018.4207.0 15.410.41361. 3119.0157.333.419.6156.8[30.322.0339 350 
Brown......... 711. 53.139.428.1167.5 34.024. 1367. 511li.Oj 78.338.831.9157.4 74.316.2419. 389 

1?gg!ed~'Lac:: ~~ ~U ~U :U ~U l~UI1~~:~ ~U~:· 1bllUI ~~:~ iU iU m:~ ~U gU m ~~~ 
Kenosha....... 515.829.220.362.2134.5 59.7 5.0322 41'11.0, 79.019.5 64.8171.61!4.1 6.3467. 387 
Manitowoc.... 210.946.623.812.1124.1 14. 16.9250. 2 .... f 64.842.711.9160,8 18.6 9.6379. 315 
Milwauk~e.... 171p 76.137.5 26,9170.5107.314.~ 447. 29111. 196.331.6 29.2U8.6221.2 9.3525 491 
Outagam.e.... 2 1~.0 50.6 27.2 18.7 141.5 47.8 6.2 308. 31 6.4'158.6 22.3 17.7 158.9 253 9 629 501 
Ozaukee...... 413 74 33 11 179 34 7 358 21 8. I 73 40 14 184'155 10 383 366 
Racine ...... ,. 4., .. 67 34 36 138 148 6 435 21i •... \96 23 41 137 174 10 489 481 
Sheboygan.... 6 .... ~3.8 41. 21 201 56 23 431 7! .... 79 39 '121 176 77 26 420 425 
Walworth..... 14 9 78 39 11 194 28 7. 370 71 8 68 36 15 201 7 8 346 366 
Washington.. 9 .. ' .. 77 41 11 183 73 13 399 9, 3 103 43 28 211 74!I3 477 438 
Waukesha. . . . 4114 73 137 19 190 45 113 391 413 169 35 10' 155 107 .... 389 390 
Winnebago.... 7 .... 64 41 18 198 47 8 385 0 ..•. •.••. .. .•• ..... .... 385 

Mean .•...... Wi 12- 75 39 21 184- 66- 14 408 113 ilfS8 32 30 157 -13415 466 435 

A verage of 262 analyses for the District ..•..•...•.. :-:-:-: ilrSi- 36 25 172- -92 15 43 5 .••• 

\Vhile the maximum range in mineral content in the water in the 
several counties is from 250 parts per million to 964 parts per million, 
the usual range is between 300 and 550 parts per million. Including 
the 26 analyses of spring waters at Waukesha and also some other 
spring waters, the mean mineral content of 149 analyses of waters 
from surface deposits is 408 parts per million, and the mean mineral 
content of 113 analyses of water from wells in the rock is 467 parts 
per million, the average of the total of 262 analyses being 435 parts 
per million. 

The numerous mineral springs at \Vaukesha appear to be appre
ciably lower in mineral content than the usual groundwaters of this 
district, the 29 analyses of these spring waters showing a mean con
tent o( 373 parts per million of mineral matter. The mineral waters 
of the Waukesha springs are classed on the market, generally, as light 
table waters. If the large number of analyses of these spring waters 
be excluded in calculating the general average character and mean 
mineral content of waters for the surface deposits, the average mineral 
content in the surface deposit wells would be 420 parts per million. 
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As in the other districts, calcium is very generally the most im
portant basic constituent. However, sodium and potassium are rela-
tively much more important in this district than in the other districts 
and is usually more important than. magnesium. Carbonate is very 
generally the predominating acid radical, though sulphate is more im
portant in this district than in the other districts. In many of the 
waters, the sulphates exceed the carbonates. The underground wa
ters of this district, therefore, are generally appreciably higher in so
dium and potassium and in sulphates than in District C. 

An area in Kenosha county contains ground-water in the surface de
posits and the Niagara limestone in which sodium and potassium car
bonate is relatively high and calcium and magnesium carbonate rela
tively low. These waters are soft waters of a somewhat different type 
from those in District A, of the north central part of the state. One 
of the waters analyzed from Kenosha County, see page 183 is appar~ 
ently a typical" alkali" water. 

With the exception of the soft sodium carbonate waters in Kenosha 
county, most of the waters analyzed in this district contain more than 
3,00 parts per million of those mineral constituents, calcium and mag
nesium carbonate and calcium sulphate causing hardness in waters, and 
hence, according to the classification adopted in this report, the waters 
of this district would usually be very hard waters. The average hard
neSs of the 262 analyses is about 350 parts per million. 

The hardness of the prevailing ground-waters of this district, how
ever, as already stated, is about the same as that of much of the waters 
in the so-called soft water districts in the adjoining states south of Wis
consin. 

The analyses show a mean content of about 4 pounds of incrusting 
solids in 1,000 gallons of water, the usual range being between 3 and 5 
pounds in 1,000 gallons, as compared with a little over one pound in 
Lake Michigan water. 

EXCEPTIONAL 'VATERS. HIGHLY MINERALIZED WATERS 

In various parts of the state, waters of very high mineral content have 
been encountered. Since these are of relatively rare occurrence, they 
may be classed as exceptional rather than normal, though they are of 
course, of perfectly normal development in the rock strata in which they 
occur. 

In some parts of the state, an underground water with mineral con': 
tent of 800 to 1,000 parts per million would be exceptional, while in 
other parts, water with only 500 or 600. parts per million would be 

• 
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-exGeptional. With respect to underground waters of the entire state, it 
.appears to be a fair assumption to consider waters containing above 
1,000 parts per million of dissolved solids exceptional or unusual. Those 
below 1,000 parts per million in mineral content are considered as of 
fairly common occurrence and, therefore, have been included in arriv
ing at general conclusions in regard to the average prevailing chemical 
character of the waters likely to be encountered in the various districts 
.above described. 

DISTRIBUTION OF HIGHLY MINERALIZED WATERS 

There appear to be only 18 places in the state in which waters above 
1,000 parts per million in mineral content are definitely known to have 
been encountered. Most of these places (See sketch map Plate V) are 
distributed about the border of the state, and many of the localities oc
cur along the shore of Lake Michigan. No highly mineralized water is 
known to occur in the area of soft water in the north central part of the 
state. However, highly mineralized waters are likely to be found in the 
future in all parts of the state, although their relative abundance and 
distribution are very likely fairly well indicated by our present knowl
,edge of their occurrence. 

The location, geologic source and total mineral content of the highly 
mineralized waters are shown in the following table: 
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TABLE 26. Showing locality and source oj highl1/. mineralized waters and salt waters. 

Count.\". 

Ashland ...... 

Brown ........ 

Crawford ...... 

Florence ...... 

Localit.\·. 

Ashland ............. 

A.keaton ............ 

Prairie du Chien .... 

Florence ............. 

Depth of 
well in 

feet. 

3.095 

1.000 

960 

2.075 

.Tefferson ..... Palmyra............. 750 
Jefferson ..... Waterloo ..................... . 

Manitowoc... Manitowoc.......... 110 
Manitowoc... ManitowPC.......... 150 
Marinette.... Marinette........... 716 
Milwaukee... Milwaukee........... Spring? 

Milwaukee ... Milwaukee .......... 160 
Milwaukee ... Milwaukee .......... 1,048 

Milwaukee ... North Milwaukee ... 1,600 

Outagamie ... Town of Buchanan 8 

OutILgamie ... Kaukauna........... 798 
Ozaukee ...... Mequon.............. 1,420 

Polk..... ...... Near Osceola........ 50 
Polk ........... Near Osceola ........ 40 to 90 

Sheboygan ... Oostburg ............. 550 
Sheboygan ... Random Lake ....... 1.038 

Sheboygan '" Sheboy&,an Falls .... 1.200 

Sheboygan '" Sheboygan .......... 1,476 

Sheboygan ... Sheboygan ........... 1,402 

Washington .. Hartford ............. 14 

Geological formation. 

Lake Superior sandstone (Ke-
weenawan) ..................... . 

Total 
mlnera.l 
content. 

945a 

St. Peter and Upper Cambrian 
sandstone....... ........ ........ 1.886 

Upper Cambrian (Pots.dam) 
sandstone....................... 2,333 

Pre-Cambrian carbonaceous i 18, 799 dis. 
schist......... .... .... .......... solids. 

5.122 volatilil' 
Upper Cambrian sandstone..... 11.594 
Probably Upper Cambrian sand-

stone ........................... . 
Niagara limestone .............. . 
Niagara limestone .... ~ ......... . 
Upper Cambrian sandstone .... . 
Glacial drift or Niagara lime-

2,372 
2.544 
3.244 
1,218 

stone...... ............ .......... 4.643 
Niagara limestone............... 1.476 
;;t. Peter and Upper Oambrlan 

sandstone ...................... _ 1,419'· 
St. Peter and Upper Cambrian 

sandstone... ... ... . ... ......... . 1,266 
Galena limestone or Cincinnati 

shal.............................. 2,132 
Upper Cambrian sandstone..... 1,350 
St. Peter and Upper Cambrian 

sandstones... .... ..... .... .... •. 2.552 
Upper Cambrian sandstone..... 1,457 
Upper Cambrian sandstone at 

contact WIth Keweenawan 
trap..... ....................... 16,995 

Probably ~iagara limestone... 1,180 
St. Pet .. r and Lower Magnesian 

formations.... .... .... . ....... .. 1,246 
St. Peter and Lowpr Magnesian 

formations..................... 7,382 
St. Peter and Lower Magnesian 

formations....... ............. . . 10,053 
St. Peter and Lower Magnesian 

formations.. . .... . .... ....... .. 10, ~41 
Surface formation............... 1.313 

a A veral'e or 3 analyses ot samples takeu at 1435, 2000 and 2800 feet. 

Besides the occurrence of highly mineralized waters at Ashland, salty 
water is also reported in some of the deep wells at Superior. 

The depth of wells in which highly mineralized waters have been en
countered, range from only a few, feet up to over 3,000 feet. The depths. 
of wells, as shown in the table, are total depths and the exact depth at 
which the salt water was encountered is very generally unknown. In a 
few instances, however, the depth of strata in which salt water is en
countered is known and is fully described in the description of the wa·
ter supplies of the counties in which they occur. 

The geological source of these highly mineralized waters range from 
the surface deposits to the Pre-Cambrian. Most of them, however, are· 
obtained from deep wells that penetrate a considerable thickpess of wa
ter-bearing strata, for other factors being equal, the more water-bearing 
strata tapped the more likely is a highly mineralized water to be en-
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eountered. The deeper the sea of underground water, the higher is the 
degree of mineralization of the water, as described more fully later. 

Of the eighteen highly mineralized or salt waters twelve are sulphate 
waters, five are chloride waters and one, in Milwaukee, is a carbonate 
water. "Calcium" waters and "sodium" (sodium and potassium) wa
ters occur in about equal proportion among these highly mineralized wa
ters: The salt water n~ar Osceola in Polk county belongs to the rela.:
tively rare class of calcium chloride waters. In only one, the Water
loo well, are nitrates a prominent constituent. 

RELATION OF THE CHEMICAL QUALITY OF THE UNDERGROUND WATER 

TO THE GEOIJOGICAL FORMATIONS 

In the discussion of the quality of the underground waters in various 
districts into which the state has been divided no attempt has been made 
to deBcribe the quality of the water in respect to the geologic source· 
except as such districts are determined by the outcrop of certain geolog
ical strata. In many instances, it is not possible to determine definitely 
the stratigraphic source of the water. Especially is this true where the 
wells extend to a considerable depth and penetrate several water bearing 
horizons. However, the geological structure of 'Visconsin, with. the 
successive strata lying over each other in regular order from the central 
to the outer portions of the state, like an imbricated pattern, lends it
self very effectually to the satisfactory study of the quality of the water 
supplies in relation to the geological source. In a yery large proportion 
of the wells, it is believed the geological source of the water can be deter
mined with sufficient accuracy for the purpose of comparing the chem
ical quality of the water in the various important geologic strata. 

QUALITY OF WATER IN PRE-CAMBRIAN CRYSTALLINE ROCKS 

Only a few analyses of water from wells in the Pre-Cambrian crystal
line rocks have been made, and since the Pre-Cambrian is relatively im
pervious, the waters in such wells have very generally seeped down from 
the immediately overlying formation of drift or thin sandstone and thus 
have the general quality of the water in the surface deposits of the 
locality. 

No analyses of underground water from granite rock are available 
but judging from· the analyses of water from glacial drift made up 
largely of granitic debris, the waters are quite likely to be uniformly of 
very low mineral content, and usually soft water. The chemical com-
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position and slight insolubility of granite is also such as to indicate that 
waters of only very low mineral content characterize this class of rock. 
The groundwater in dark colored basic igneous rocks which are re
latively low in silica and high in calcium, magnesia and iron, such as, 
greenstone and the Keweenawan trap, are likely to be more mineralized 
than the waters in the light colored silicious granites and gneisses. The 
water in the Keweenawan trap rocks appear to be mineralized to a con
siderable degree in many of the deep copper mines in the region of up
per Michigan.1 It seems very probable, therefore, that somewhat similar
highly mineralized water may occur in the Keweenawan trap in Wis
consin. Such highly mineralized waters, however, are not so likely to be
encountered in ordinary shallow wells in the trap, as in wells of tlDn
siderable depth. 

The ground waters available for water supplies in the Pre-Cambrian 
rocks are very probably mineralized only to a slight extent. 

Waters in the quartzite are likely to be low in mineral content, and 
the same is also probably true of waters in the slates and iron-bearing 
rock. Two analyses of water from the Pre-Cambrian iron formation 
rock in the Baraboo district (See page 558) contain only 134 and 147 
parts per million of dissolved solids. Slate formations, however, that 
contain carbonaceous matter, and iron pyrites, (iron sulphides), are
likely to be highly mineralized, as shown by the salt water from the' 
Florence iron mine. (See page 329). 

"'hile the underground waters from shallow wells in the Pre-Carn-
brian formations within the outcrop area of the PrecCambrian are 
likely to be low in mineral content in granite, quartzite, slate., and iron 
formations, highly mineralized waters may be encountered from deep
lying sources and especially in certain phases o£ Pre-Cambrian gra
phitic and pyritiferous slates and in the Keweenawan trap. 

The depth of the sea of underground water in a water-bearing for
mation, as a factor affecting the mineral 'Content, is more fully re
ferred to in the following pages and the application of this principle
to the mineralization of the underground waters in the Pre-Cambrian. 
is briefly referred to on page 197-9. 

QUALITY OF WATER IN THE LAKE SUPERIOR RED SANDSTONE 

Adjacent to Lake Superior some of the deep wells in the great thick· 
nes of red sandstone and shale appear to contain water of relatively high' 
mineral content and often of distinctly salty taste. While only one an-

1 A. C. Lane, "Mine Waters", Lake Sup. Min. Inst., Vol. XIII, 1908, pp. 63-152_ 
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alysis of highly mineralized water from this formation is at hand (See 
page 233) waters of salty taste have been reported to occur in other deep 
wells in this formation at Ashland and at Superior, and jUdging from 
the character of the formation it appears to be likely that highly min
eralized waters are a characteristic feature. Highly mineralized or salt 
waters, however, are not so likely to be found in shallow wells as in deep 
wells in this formation for in the shallow wells the slightly mineralized 
surface waters are likely to predominate. In a general way also, the 
deeper the well, the greater the chance for penetrating salt water hori
zons. 

The very great thickness of the red sandstone in the Lake Superior 
basin (estimated to be 22,000 feet) and in consequence the great depth 
to which the underground waters extend, undoubtedly exerts a potent 
influence on the high degree of mineralization of the underground wa
ter and is referred to again on page 198. 

QUALITY OF WATER IN THE UPPER CAMBRIAN AND ST. PETER SANDSTONE 

The Upper Cambrian (Potsdam) and the St. Peter sandstone forma
tions, as well as the interposed Lower Magnesian formation, may be con
veniently discussed together, since there is generally no essential differ
ence in the quality of their waters. Furthermore, it is generally im
possible to separate these formations . from one another in many of the 
,deep wells, on account of incomplete data, as well as the variable thick
ness of the strata within the St. Peter and Lower Magnesian hori
zons. The fact that the quality of the waters is about the same, whether 
from the St. Peter sandstone or from the Lower Magnesian strata has 
also been noted l in the outcrop area of these formations in north
eastern Iowa. 

There is a gradual increase in the mineral content of the water in 
the sandstone water-bearing horizons as their depth below the land sur
face increases, and hence it is of interest to discuss separately the qual
ity of the water in the sandstone horizons with reference to their posi
tion under the overlying formations of Galena-Platteville (Trenton) 
limestone, and under the Niagara limestone, as well as within the general 
'o-qtcrop area of the Potsdam and Lower Magnesian formations. 

'''Underground Water Resources of Iowa". U. S. CeoI. Sur. W. S. P. 293, 
p. 102. ~ 
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QUALITY OJ;' THE SANDSTONE 'VATER IN THE OUTCROP AREA OF THE UPPER 

CAMBRIAN AND LOWER }\;1AGNESIAN FORMATIONS 

Within this district, mainly District B, above described, the wells In 
this group may range in depth between a few feet up to 600 or 1,000 
feet. However, in those wells, waters of which have been analyzed, only 
a few are more than 500 feet deep. These wells are usually in cities lo
cated in the valleys, and hence the waters probably represent a fair aver
age of the water that has seeped through the entire thickness of strata 
extending over the surrounding region. 

The average mineralization of the waters in the sandstone within the 
general outcrop area of the sandstone from 42 wells in Adams, Barron, 
Chippewa, Columbia, Dunn, Juneau, La Crosse, Monroe, Pepin, Polk, 
St. Croix, Sauk, Trempealeau an~ Vernon countiCl; is shown in the fol
lowing table: 

TABLE 27. Average mineral content of tlle water in the Upp61' Cambrian (Potsdam) 
8andstone in the general outcrop area of the Potsdam and Lower Magnesian. 

(Parts per million.) 
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Adams..................... .... ............. 2 8 36 10 8 85 a 3 154 
Barron .......................... 00.......... 1 20 33 14 2 85 .. '2'" 4 163 
Chippewa................................... 1 26 9 5 1 24 1 75 
Columbia.................................. 2 20 10 11 45 4 25 117 

f::eno:u:::::::::::::::::::::::::::::::::::::: ~ "ii" ~~ i~ 1~ 1~~ ~i 1~ ~:~ 
La Crosse.. ........ ......................... 5 U 61 23 10 131 30 8 283 
Monroe.. ................................... 8 10 33 15 6 74 23 8 175 
Pepin.. .. .. .. .. .. .. .. .. .. . .... .... .... .... .. 2 5 54 30 8 156 11 1 265 
Polk......................................... 2 8 43 14 89 16...... 170 
St. Croix.................................... 4 12 44 17 9 116 10 7 217 
Sauk...... .................................. 4 10 37 17 3 98 1 a 173 
Trempealeau............................... 3 7 41 22 9 121 14 5 228 
Vernon.. ................. .................. 2 ...... 45 24 3 111 12 9 216 

Mean .................................. 42!---U n~ -8- 98 ,20- -8- 209 

Within this district of the outcrop area of this group of water-bearing 
strata, the average total mineral content of 42 analyses of underground 
water is 205 parts per million of dissolved solids, the range in mi:neral 
content usually being between 100 and 300 parts per million. 

r 
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QUALITY OF THE WATER IN THE SAXDSTOXE LXDER l.'HE OUTCROP AREA 

OF THKGALENA-PL..-\TTEVILLE LIMESTONE 

This district corresponds closely to .District C. (See Plate V), and 
wells range in depth from about 200 or 300 feet, in the case of those 
which penetrate through the Galena-Platteville and enter only a short 
distance into the immediately underl~'ing St. Peter sandstone, to those 
1,000 to 1,700 feet deep that reach mainly or entirely through the Pots
dam sandstone and all overlying formations. While there is undoubt
edly a mixture of the water from the Galena and Platteville limestones 
with that obtained from the underlying sandstone in many of the wells 
that penetrate both groups of strata, yet in most instances the source 
of the water under consideration appears to be mainly or entirely from 
the sandstone. Especially is this the case in those wells that obtain 
strong artesian flows from the sandstone underlying the Galena-Platte
ville in the eastern part· of the state. 

The average millf~ral content of the sandstone water mainly from the 
Potsdam under the Galena-Platteville limestone, from 98 wells in Brown, 
Columbia, Crawford, Dane, Dodge, Fond du Lac, Grant, Green, Green 
Lake, Jefferson, La Fayette, Oconto, Outagamie, Rock, and Walworth 
is shown in the following table: 

TABLE 28-Av/J1'age min/J1'al content of water in eM Upp/J1' Cambrian (Potsdam) and 
St. Pet/J1' .andstone •. under the Galma-PlattetJille limestone. 

(Parts per mllllon.) 

Count.y. 

---------------I-!------
Brown. . . .. .. •. . ... .. .. • ... . ... . ... . . .. . . .• . 3 19 48 II S'C 141 68 16 351 
Columbia.... ............ ........ ............ 12 ...... 66 Ii ;, 177 21 5 336 
Crawford ........... ........................ 3 2 51 ZI'~' i 150 18 15 287 
Dane.. . .... ... .. .. . .... .... .... . .. • .... . .. .. . 8 10 64 Ii 11 I 182 30 5 333 

~~~~,;·La.;:::::::.::::::::::::::::::::::::: ~ 1~ ~ g : I lf~ :~ 5~ 1i~ 
Green... .. . ... .. .. .. .. • .... .... .... .... .... .. 4 5 61 &I 10 I 177 22 15 338 
Green Lake.. .................. ............ 1 24 59 IZ Z, 158 18 1 308 
Grant .................. • ..... ·· ... · .... · ..... 1 7 6 6Z Ii; ; I' 172 22 10 318 

J:;:rSOii:::::::::::::::::::::::::::::::::::: i~ 1~ :: ~ 'I' If l~ i~ ~ f~~ 
Lafayette................. ................. 1 1 61 40 11 ISO 34 17 359 
Oconto ....... ;............................... 2 7 35 III ZI 63 67 29 250 
Outagamie...... ................. ........... 3 6 151 Z:! Ii 151 253 9 6211 
Rock ...................................... "110 6 59 It 10 169 16 7 301 
Walworth................................... 7 8 61 &I Ii 201 7 8 346 

Mean .................................... 9s -8- 67 ---U-,-Ii-17Oi40 121349 
= 

12-W. S. 
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The mean total mineral content of 98 analyes of water from the sand
stone group, within the general district of the Galena-Platteville lime
stone, from wells that penetrate through the overlying limestone and 
from wells 'Obtaining their supply from the sandstone with the limestone 
on the higher levels of the adjacent land, is 349 parts per million. The 
increase in the average mineralization of the waters in the sandstone un
derlying the Galena-Platteville over that outside the outcrop of the lat
ter, is about 41 per cent, sufficient to be worthy of consideration in con
nection with industrial use of the water. There is, of course, no sharp 
increase in mineralization of the water at the boundary of the Galena
Platteville outcrop, but it may be stated that, very generally, the wa
ters in the underlying sandstone group are appreciably higher in min
eralization than they are outside the district occupied by the Galena
Platteville formation. The cause of. the increased mineralization is prob
ably mainly due, as more fully described later, to the increased pressure 
on the underground water and higher temperature and other conditions 
developed in the sandstone in consequence of the greater depth of the 
sandstone strata. 

QUALITY OF THE WATER IN THE SANDSTONE UNDER THE NIAGARA 

LIMESTONE IN EASTERN WISCONSIN 

This district corresponds closely to District D., above described, and 
wells that draw their supply from the'sandstone group in this area may 
have .a depth of 500 to 1,000 feet in wells that reach only a short dis
tance into this group, to an approximate maximum depth of 2,000 to 
2,200 feet, in wells that reach through the several formations overlying 
the entire thickness of the sandstone group. While there is undoubtedly 
amixture of water obtained from the deep artesian wells, due to water 
4lowing in from formations overlying the sandstone group, yet in most 
instances, the source of the water considered appears to be from the 
sandstone group in sufficient instances and in sufficient quantity to in
dicate the usually prevailing quality of the sandstone water. The water 
in the sandstone group in this district is very generally .under strong 
pressure and for this reason forms a very large proportion of the' ar
tesian water flowing or pumped from the deep wells. 

The average mineralization of the sandstone water in this district 
from 47 wells in Brown, Calumet, Kenosha, Milwaukee, Racine, She
boygan and Waukesha counties is shown in the following table: 
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TABLE 29. .dVM·age mineml eontent of teater in 1M Upper Oambrian (Pot.damj 
and St. Peter sandstone. under t1~ .:Viagara aM Galena-Platteville (imestones. 

(Parts pel' mlllloa.J 

"0 gj'a! 5 I E 'g 8,...: g I 0 '0 

~ ~-=.. ~ ~ ~8~~ "',! . :.!. ~ ~ rn County. -~ - - • .,....: "'+ ,::.,.., "'.,- iiloo S .. 4) II .:., e ~ ~2 ~ ,g;ao .s::;c;0' ~ ~ 00::1 

~ ~ ~ ~ ~e ~'8 ~ &~ ~ ~s ~ ~r£ - 6 ~;a iil 
_-_----------- --1-- ____ -- __ -- -- --
Brown ............. ................ ......... 1 18 li9 55 39 171 133 23 652 
Calumet.. .... .... .... ... .. .. .. .. .. .. .. .. .. . 2 19 58 28 18 138 30' 28 329 
Kenosha ..... ; .... .... .. ... . .. .... .... .... .. 3 12 104 25 36 164 149 8 500 
Milwaukee.... ..................... ......... 16 11 125 32 22 128 265 9 ~03 
Racine...................................... 17...... 101 21 37 136 160 9 73 
Sheboygan. .. .. .. .. .. .. .. . . .. .. .. .. .. .. .. .. . 4.. .... 102 44 23 196 121 32 511 
Waukesha ................................... ....1..~ ~ ~I~ 155 ~ __ 7 ~ 

Mean ................ ;................... 47 .12 107 29 '.28 143 181 12 509 

The average total mineral content of the 47 analyses of ·water from 
wells 7.64 to 2,000 feet deep that reach the sandstone group under the 
Quterop of Niagara limestone is 509 parts per million, the range in min
eral content, by counties,being between 329 and 652 parts per million. 
The in.creaE!e (160 parts per million) or about 31 per cent in minerlUi
zation of the water in the sandstone under the Niagara limestone over 
that under the outcrop area of the Galena-Platteville, is about the same 
as the increase (144 parts per million) observed in the outcrop area of 
the Galena-Platteville over that in the 'outcrop area of the the sand
stone. rhere is apparently no sharp increase at the boundary of the 
Niagara outcrop, but in a general way, there is a gradual increase. in 
theniineral content of the water in this group in passing from the out
crop area of Galena-Platteville to that of the Niagara. 

QUALITY OF THE WATER IN THE GALENA-PuTTEnLLE LIMESTO~E 

The Galena-Platteville limestone is an important source of water sup- • 
ply within the southwestern-driftless part of the state where this forma
tion is the predominating surface rock. . In shallow wells throughout 
Grant, Iowa; La Fayette, and Green counties it affords an excellent and 
abundant supply. 

Farther east, in Rock, Jefferson, Dodge, and Fond du Lac counties 
it is also an important source of supply but in these counties the sand 
and gravel beds in the glacial drift, overlying the Galena-Platteville, 
usually furnish an adequate supply ,for most purposes. Still -farther 
east,in the counties adjacent to Lake 'Michigan, in the outcrop area of 
the Niagara limestone, the Galena-Platteville furnishes supplies only to 
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a relatively unimportant extent, as wells in that district, either draw 
their supplies from shallow wells in the drift and in the underlying 
Niagara limestone or from deep wells that reach through the Galena-
Platteville into the underlying sandstones. . 

The average mineral content of the water in the Galena~Platteville 
in Dane, Dodge, Fond du Lac, Grant, Green, Iowa, La Fayette and 
Shawano counties is shown in the following table: 

TABLE 30. Average mineral content of ~oater in the Galena-Platteville limestone. 
(Parts Del" million.) 

'0 ",-0 a. 8 I 8 I~ §C '" S 1_1 ~ 
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County. 

Dane=.~~==~:~=~ -2- -;-~ ~ . 25 -~ ~ -:-~ 
;1'; 00 0 :>l IXl 0 en 0'" 

Dodge ....•.•................ , . . .. • . . . . . .. . . . 3 15 67 35 13 194 6 10 343 
Fond du Lac................................ 1 14 100 36 I 24 251 28 6 475 
Grant..... ........ .... .... .... .... .... .... .. 5 11 75 44 1.2 181 73 11 410 
Green. ........................................ 2 ...... 107 33 27 188 20 33 411 
Iowa.............................. .......... 4 10 76 53 14 186 101 17 461 
Lafayette .................................. 2 13 62 40, 3 184 15 3 328 
Sha",ano.. .... .... ......... ...... . .... ..... . 1 \19 51 31 115 154110 114 296 

lIIean .................................... 20 12 75 41 -15- -186 -47- -16- -400 

The water in the Galena-Platteville limestone within the outcrop area 
of this formation is very generally" hard" or "very hard" as classifieq. 
in this report, the mean total mineral content in 20 analyses being 400 
parts per million, the usual range in total solids being between 300 
and 500 parts per million. While there are exceptions, it appears to be 
the general rule that the Galena-Platteville water is somewhat higher 
in mineral content than the underlying sandstone water. The somewhat 
higher mineralization of the water in the Galena-Platteville as compared 
with that in the underlying sandstone is perhaps fairly well illustrated 
by the analyses of water in these horizons in Iowa county and in 
Grant county as shown in Table 31. On the other hand the average 
of two analyses of water in the Galena-Platteville in Im Fayette 
county (See Table 31) show a slightly lower mineral content than a, 
single analysis of water in the underlying St. Peter formation. 

There is, therefore. very generally an appreciably higher mineral 
content in the Galena-Platteville water than in the water of the under
lying sandstone within the general outcrop area of these formations 
as shown in table 31. The higher mineral content in the Galena-Platte
ville water appears to be fairly well illustrated in the table by the av-
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erage mineralization of 400 parts per million as compared with 352: 
parts per mill~on in the sandstone water. 

TABLE 31. Comparison of aver;"ge mineral ~ontent of water in the Galena-Platte
ville limestone with that in the underlging Upper Cambrian and St. Peter 

sanibtoneJJ. 

Wells in the Galena-Platteville Wells in the underlying sand-
limestone. stone. 

Countl·. i Numberot Average Aver&jfe Numberof Average Average 
analyses depth mineral analyses depth mineral 
aTeraged. of wells. content. averaged. of wells. Qontent •. 

------------------------------
Dane •...................... 2 170 397 

I 
8 

I 
685 333 

Dodge ............... ; ...... 3 308 343 7 ~66 426 
Grant ....................... 5 101 410 7 994 318 
Green .~ .................... 2 25 I 411 4 1000 338 
Iowa ........................ 4 172 

461 I 6 
208 321 

La Fayett,e ................. 
2 I 66 

328 1 300 359 
--18" --1~ -------

Mean ................. 400 ~ 600 352 
. . 
No analyses are available of waters from deep wells in the Galena

Platteville formations underlying the Niagara limestone, but it is very
probable that these waters are very generally higher in mineral content 
than the Galena-Platteville waters in shallow wells in the outcrop area. 
of the latter. .. . 

QUALITY OF WATER IN THE CIKCIXNATI SHALE 

The thick Cincinnati (Maquoketa) shale is practically negligible as.. 
a water-bearing horizon, but the impervious character of the formation 
forms an impenetrable floor for the Niagara and the drift waters above
it, and it serves as confining strata for the underlying waters with
in the Galena-Platteville limestone and the sandstone group. 

While no analyses are available of waters obtained from this shaie,. 
it is believed that the shale waters, while very meager, are relatively
much higher in mineral content than waters in the associated formations. 
The several analyses of well water at Oakfield, Fond du Lac county 
(See page 343), where the shale is the bed rock formation, show a rel
atively high content of dissolved solids which may be due to the shale. 
However., as this formation yields practically no water, the quality is 
{)bviously unimportant. 
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QUALITY OF WATER IN THE NIAGARA LIMESTONE 

Throughout its area in eastern Wisconsin, the Niagara limestone is 
almos~ exclusively the source of water supply in shallow rock wells. This 
formation is usually from, 200 to 300 feet thick and it transmits water 
very freely, not only through many small crevices but also through nu
merous large joints, cracks, and along bedding planes. 

The water in the Niagara is usually very hard watel; though of moder
ate mineral content. In a few instances, however, highly mineralized 
waters have been encountered, and in some instances very soft waters 
though of moderate mineral content have been obtained. Only a few 
analyses of water wholly obtained from the Niagara are available but 
there are many analyses of waters from the overlying drift deposits 
made up largely of debris obtained from this formation, and such drift 
waters may be reasonably considered to closely reflect the general' char-.' , 
acter of the immediately underlying Niagara waters. 

The average mineral content of 35 analyses of waters from wells in 
the Niagara is shown in the following table: 

TABLE 32. Average mineral content oj water in the Niagara limestone. 
(Parts per million.) 
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Calumet...... ................ ............ .. 1 55 45 22 195 31 9 3.57 
Kenosha....... ............ . ... .... .... .... .. 1 \ 9 3 1 149 195 9 2 369 
Manitowoc.................................. 2 ...... , 65 43 12 161 78 9 379 
Milwaukee ..... '............................ 13 ..... , 68 33 38 115 184 10 450 
Ozaukee ................................... , 2 8 73 40 14 184 55 10 383 
Racine.... .... . .. .. .. .. .. .. .. .. ... .. . .. .. .. . 4 .. .. .. 75 32 60 112 232 13 528 
ShehoyglLn.................................. 3112 I 4g 32 19 150 18 19 298 
Washington ................................. _9 ___ 3_ ~I~ -.!~ ~ ~ ~ -.!,77 

Mean.................... .... ........... 35 6 I 74 36 36 154 124 12 440 

The average mineral content of the Niagara water is 440 parts per 
million, the usual range ill mineral content being between 300 and 600 
parts per million. As the wells from which the waters were analyzed 
.are necessarily cased through the overlying surface deposits ~nd a few 
feet into the Niagara, the source may be considered as reasonably cer
tain in the latter formation. 

At Sheboygan, in Sheboygan county, and at Manitowoc, Manitowoc 
county, highly mineralized sulphate waters have been encountered in 
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the Niagara. However, these highly mineralized waters are believed to 
be of relatively unusual occurrences in this formation. 

In Kenosha county, very soft sodium carbonate waters have been en
<lountered in the Niagara and in the overlying surface deposits. It is 
a rather unique circumstance that the "softest" water in the state 
:should be obtained fro;m the Niagara limestone. This soft Niagara wa
ter, however, is not low but moderate in total mineral content. This 
water is apparently typical" alkali water". The mineral analyses of 
this soft Niagara water at Bassetts, Kenosha county, from a 224 foot 
well, also given with other analyses of the county table (page 400), is 
~fu~ws: . 

Mineral Analyse, of loft sodium carbonate water in Niagara Limestone, Basletta, 
Kenosha Oounty. 
(I'arts per million.) 

Sodium i I 
Ma,gnes- and Carbon-' I Total 

Sonrce •. 
Silica Calcium ium. potas- ate ISUIPhatelChlorine dis-

ium solved 
SOlids. 

(SI02) • (Ca). (Mg). (Na&K) (C03). II (SO,>. (01) • 

I ------ --- -------------- 195.S-I-:- ---
Niagara Llme-

149.7 stone ............ 8.9 3. 1.3 2.1 369 

Soft sodium carbonate waters of this type appear to be characteristic. 
·over a considerable area of the Niagara in the locality about Bassetts, 
"Bain, and Bristol in southern Kenosha county, the source being in the 
upper portion of the Niagara and in a gravel bed immediately overlying 
the Niagara (See page 400). Their occurrences suggests the possibility 
of other soft water areas within the Niagara district. However, these 
:soft sodium waters, like the highly mineralized waters in the Niagara, 
may, under present knowledge, be considered as exceptional, the usual 
waters being very hard waters ranging between 250 and 500 parts of 
incrusting solids per million. 

QUALITY OF WATER IN THE SURFACE DEPOSITS 

The mineralization of the underground water in the unconsolidated 
:surface deposits, is generally very similar in character and degree to 
the mineralization of the water in the underlying rock. This fact has al
ready been shown in the general discussion of the quality of the,wa
ters in the various districts. There is a close similarity in the mineral 
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quality of the water in the surface deposits and in the underlying rock 
for two principal reasons; first, the general similarity in chemical com
position of the surface deposits, especially of the glacial drift, and of the 
underlying rock; and second, there is generally a very extensive inter
mingling and mixture of water and diffusion of dissolved salts through
out underground channels that extend up ito the surface deposits from 
the underlying rock. 

The average mineralization of the underground water in the surfac~ 
deposits, mainly the glacial drift and alluvial deposits, is shown in the 
following table: ' 

TABLE 33. Average mineral content of water in the surface deposits in the varioult 
dist1'icts of Wisconsin. 

(Parts per million.) 
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North central, District A .................. l 69 8 22 7 8 45 22 5 121 
South central and western, District B ... 51 7 

I 
42 20 10 109 19 8 

I 

224 

E~~fctcec.~~~~ .. ~~~ .. ~~~~~ .. ~~.~:~~~:. ~~~:l 65 10 66 34 10 168 31 7 330 
Eastern, District D ........................ 149 12 75 39 21 184 66 14 408 

The table shows a progressive increase in the mineral content in the 
water of the surface deposits in 'passing from the north central part of 
the state to the eastern part, adjacent to Lake Michigan. The mineraliza
tion or the water in the surface deposits is much the same as that in the 
underlying rock of the several districts. 

However, while there is generally a close similarity in the mineral 
and chemical character of the surface deposits to that of the underlying 
rock, there are some exceptions to this general rule. Where there is 
a marked difference in the composition of the surface deposits and of 
the underlying rock, important differences may develop in the quality 
of the waters in the surface deposits and the rock in some localities. 

It appears to be quite often the condition in, Wisconsin, that the com
position of the surface deposits may be of such a nature as to greatly 
modify or even to determine the general character of the rock waters 
in the region. In those portions of the state where glacial deposits con
sisting largely of limestone debris overlie the thin sandstone and Pre
Cambrian crystalline area, the hard waters derived from the limestone-
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bearing drift may add appreciably to the average hardness of the water 
in the underlying rock. 

QUALITY OF WATER IN THE CRYSTALLINE DRIFT 

Those drift deposits of the state containing only the ground up rock 
debris, derived from the Pre-Cambrian crystalline rocks, very generally 
contain soft waters of low mineral content. The quality of water in the 
crystalline drift is fairly well illustrated by the table showing the aver
age mineral analyses of the ground waters in District A, the north:cen
tral part of the state. While many of the analyses of ground water in 
this district are from wells in alluvial deposits, the latter are closely as
sociated with the drift and the material of the alluvial deposits, such 
as gravel and sand, are very largely derived from the various crystal
line rocks. The average mineral content of the water in the crystalline 
drift maybe considered as about 121 parts per million as illustrated by 
the analyses of the water of the surface deposits in District A in the 
preceding table (Table 33). 

QUALITY OF WATER IN LIMESTONE DRIFT 

The drift deposits of the state containing an appreciable content of 
limestone rock, derived from the limestone formations of Wisconsin and 
the adjoining states, very generally 'contain hard waters or very hard 
waters of moderate m,ineral content. Where limestone drift overlies the 
crystalline area or overlies the sandstone formation, the ground water 
of the locality appears to, be appreciably higher in mineral content than 
where such limestone drift is absent. Because of the work of the glac
iers the district of hard waters, District B, enroaches considerably upon 
the general area of the Pre-Cambrian in northern Wisconsin. 

The district of soft water, District A, would probably have been much 
larger if the ice sheets advancing from northeastern Wisconsin and up. 
per Michigan had not transported limestone bearing drift into the east
ern part of the crystalline area, into Forest, Langlade, Shawano, and' 
Waupaca counties. To a certain extent, also, limestone bearing drift 
has been carried into northern Polk and into Burnett counties from 
northern Minnesota Rnd Manitoba, thereby de"eloping deposits con
taining a higher' content of readily soluble mineral matter than would' 
otherwise have t?btained in that region. 

The character and extent of mineralization of the water in the lime
stone, drift is fairly well represented by the mineral analyses of the wa
ter in the surface deposits in the eastern limestone portion of the state. 
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as the southwestern limestone portion of the state is driftless. While 
a few analyses from the southwestern part of the state are included in 
table 33, they are not sufficiently different from those in the drift to 
affect the gener~l averages. The average mineral content of water in 
the limestone drift is shown in the preceding table 33 as illustrated by 
the average mineralization of the water in the surface deposits of Dis
trict C to be 330 and of District D 408 parts per million. 

The table clearly shows. an appreciable increase in. mineralization of 
. the limestone drift water in passing from the central portion. of the 
state towards the eastern border. This increase, however, is probably not 
due to any change in the composition of the drift, for there is no appre
ciable change in character of the drift, but to the general increase in 
the mineralization of the underground waters throughout all the for
mations in- the eastern part of the state. The increase in mineralization 
of the drift water in the eastern border of the state, District D, there~ 
fore, is considered to be due to the general mixture and intermixture 
of the water and the general diffusion of mineral salts in t~e water 
from deep seated and :underlying sources, along vertical joint and fr.ac
ture planes, that extend throughout the indurated rocks and under the 
drift. 

QUALITY OF WATER IN ALLUVIAL DEPOSITS 

The alluvial deposits consist mainly of river deposited sands and 
gravels in the valleys, not only in the driftless area, but also to a very 
large extent in the glaciated parts of the state. In the glaciated parts 
of the state, the alluvial deposits are closely associated with the glacial 
drift and glacial outwash, and contain ground waters of similar min
eral quality as the associated drift. In the driftless area, the alluvial 
sands and gravels form important deposits in the lowlands and in the 
valleys, and the material of the deposits consists largely of quartz sand 
derived from the adjacent sandstone formations. 

While the alluvial sand contains water slightly less mineralized than 
that of the adjacent rock strata, there is apparently not a very notice
able difference in the various analyses of waters from these two sources 
in Wisconsin. This slight difference is very probably due to the fact that 
the alluvial waters in the valley deposits are very largely seepage waters 
from the adjacent rock uplands and, therefore, are very largely rock 
waters flowing underground down the valleys. 

There is a considerable difference, however, in the degree of mineral
ization of the water in the alluvial sand of the broad valley bottom of the 
Wisconsin river, in Wood and Juneau and Monroe counties, and that in 
the alluvial sand in the narrow valleys farther south and west, in the 
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:region of the high bluffs of sandstone, or of sandstone capped by lime
sto~. In Monroe county the underground water in this alluvial 
sand, in the broad valleys about Tomah and Sparta, is much lower in 
mineral content than the water in the alluvial sand in the narrow valley 
of La Crosse river as shown in the following table: 

"TABLE 34. Average mineral' content of u:ater in alluvial 8and in Monroe and La 
Orosse C()1lntiu. 

County. Localib·. of analyses total mineral I 
Number I Average 

MO=~~~=~ Tomah and spar==~ ~1~ge~_II_:lt:nt_._ 
La Crosse ....................... La Crosse...................... 16 295 

While some of the analyses included in the averages of the above table, 
may be' of contaminated waters, the increase in mineralization on this ac
-cop-nt is not sufficient to materially effect the average results. As shown 

. in the table, the average mineralization of the water in the alluvial sand 
in the broad valley plain about Sparta, Tomah and Wyeville, is only 
.about one third that of the water in the alluvial sand in the relatively 
narow valley of the La Crosse river, at La Crosse. 

The higher mineral content of the underground water in the alluvial 
:sand of La Crosse county as compared with that in the alluvial sand of 
Monroe eounty, shown in the table, is very probably due, as explained 
later, to the greater depth of the underground water at La Crosse as 
,eompared with that at Tomah and Sparta. 

While very generally the water in the alluvial sand is lower in min
-eral content than that in the surrounding rock formation, in some local-

I 
ities, however, there is a strong tendency for a close similarity in min-
eral content from these sources. These eonditions are illustrated in 
various counties, but are especially well shown in :Monroe county where 
the mineral content of the water in the allunal sand is much lower than 
that in the rock, and in La Crosse county, at La Crosse, where-the aver
.age mineral content of the water in the alluvial sand is approximately 
the same as that in the sandstone. 

QUALITY OF WATER IN LACUSTRIXE CLAYS AND SILTS 

In the eastern part of the state, adjacent to Lake llichigan and Green 
'Bay, and in northern Wisconsin, adjacent to Lake Superior, are surface 
<leposits of red days of lacustrine and estuarine origin closely inter-

• 
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stratified with sands and gravels of alluvial origin. The lacustrine clays 
contain considerable amounts of calcium and magnesium carbonat~ and 
the formation of clay and fine silt, as a whole, is generally dark bluish 
in color, the red clays prevailing at the surface being only the weathered 
and oxidized portion of the deposits .. 

These calcarceous clays and silts are relatively impervious and serve 
as the confining strata for the surface flowing wells associated with these 
formations. The quality of the water in the lacustrine clays and silts 
is very generally hard, on account of .the lime content of the clays. In 
the glaciated parts of the state the calcareous lacustrine clays form a 
variable and often iIp.portant portion of the drift deposits. 

The lacustrine clays are also found to some extent in all parts of the 
state, including the driftless area and their presence in certain parts 
of the state doubtless tends to increase the mineral content of the 
ground-waters wherever they occur. 

Tne occurrence of the red clays within the general area of the lime
stone portion of the state, adjacent to Lake Michigan, does not con
tribute materially to the relatively strong mineralization of the ground
waters in the eastern part of the state, and their· occurrence within the 
area of the Lake Superior red sandstone probably does not contribute 
appreciably to the mineralization of the ground-waters adjacent to Lake 
Superior. Generally,' however, the occurrence of the red calcareous: 
clays in the soft water district of the state is likely to effect an impor
tant increase in the mineralization of the ground waters of the soft wa
ter district. 

SUMMARY OF QUALITY OF WATER BY DISTRICTS 

:Most of the wells in the northern half of the state are relativel, shal
low, generally less than 100 feet deep, the deepest wells being llsually 
less than 400 feet deep. As the outer boundary of the state is approached7 

especially towards the south and southeast, there is a much greater 
range in the depth, the wells of relatively shallow depth being from 100' 
to 400 feet deep while those that penetrate through the entire tliickness 
of water-bearing strata reach depths of 1,000.to 2,200 feet. It has not 
been found praetical or convenient in Wisconsin, therefore, to separate 
the wells into shallow and deep wells in . discussing the mineral content 
of the water. It is convenient, however, to compare the water in the 
surface deposits with that in the underlying rock. The wells in the 
surface deposits are always shallow while those in the indurated rock 
range from shallow to very deep. 
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The average mineral content of the wells in the surface deposits and 
in the indurated rock is indieated on the sketch Plate V and is sum
marized in the following table: 

TABLm 35.-.1.verag8 mineral cont~nt of lo~tu.frQm lOells in tlte surface deposits and 
in tlte rllck in. Wucon. .• in. 

(Parts ~ millionl. 

" 
.. s l-gg;:;; Ql 

'r o~ 2- , 
iT. S :::;::i r;d ..... - -+-'a.-

~~-: 
en ..... .;;;~ a"'+!!- . a:> 
;a~ :r. District. Source. 1S~ '" ';- -= ~~ :!~cd 0';::8 ~~o ~~ ->:g a", <:.) <:.) ~:?I-gz -t:~o .. --3~~ _0 'Oit~ "' .. ;:: -;; ;;-li - ~'"- .c-

Z iT. 0 C/O () ~ 
-_.----- --------- ----, 
North Central. ..... 1 Surface depOsits ... 69 8 22 7 '8 45 22 5 121 

District A. Indurated rock ..... 9 12 25 11 6 44 30 3 135 
Mean ............ 8 22 8 8 45 23 5 12~ 

South Central and . 
Western .......... Aurface deposits ... 51 7 42 20 10 109 19 8 224 

District 11. IndUl'ated Jock .... 46 9 43 11 10 102 22 11 216 
Mean ............ ...... 8 43 Ii 10 106 20 10 220 

East Central and 
Southwl'stern ..... Surface deposits ... 65 10 66 34 10 168 31 7 330 

DIstrict C. Induratl'd rock .... 95 6 66 36 11 174 33 11 339 
Mean ............ ...... 8 66 35 11 172 32 9 335 

Eastern ............ '1 Surfa'ce deposits. "1 149 U 75 :Ill 21 184 66 14 408 
Dbtrict D. Indurated rock..... 113 11 88 32 30 157 134 15 466 

Mean ................. 11 81 36 
f 

25 172 92 15 435 

The table shows' essentially the same degree of mineralization of the 
drift waters and of the underlying rock waters. It is only in the e~stern 
partof the state, District D, that the mineralization of the water in the 
indurated rock is appreciably higher than that in the overlying drift of 
the same district. 

The table also shows a gradual increase in mineral content of the wa
ters in passing from the northern part, District A, to the eastern part, 
District D, of the state. This change in mineral eontent is progressive 
and not abrupt. For +.his reason the boundary lines between the various 
districts shown on Plate V are more or less arbitrary and nowhere as 
drawn do they represent any abrupt change in the mineral content. The 
total change in passing from one district to the next adjoining is not 
great, but relatively slight, a difference of only }OO parts per million as 
measured in total solids, yet the percentage increase is sufficiently pro
nounced and so persistent as to enable one to readily divide the state into 
.the various districts as described. In only a few other states in the Un
ion, such perhaps as those in the crystalline areas of Xew England, are 
the waters so low in mineral content. 

The average mineral content of the underground waters in 'Wisconsin 
per 'area is shown in the following table: 
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TABLE 36-Average mineral content of underground water oj all wells in Wisconsin .. 
(Parts ver mijlion.) 

I Area Area Number i ~ 18 '"S':Ei· 8 '0 
of 

8 g I'" ~~c $ OJ 
I in in pel'- '!3. 8 <il. ~~-~ !~ . OJ .. 

District. square cent- analyses 8';;)+ ~.£-:; '" o· 
'" OJ- ::s~~ ~~8 

'0:; 
miles. age. con- ed ._ I=:~ 

...'00 ~~. 
sidered. '" " .. :;: -oz ~ "00 

0 
+",~ 

'8 ""- ~;..- ","'- :a 0'0 
00 0 00 0 E-< 

------------ ---- ---- --- ~ ~ l~-L- ______ 

North Central 

I District. A .......... tO,OOO 36.7 78 8 22 8 8 45 23 5 122 
Soutb Central and 

Western District, B 18,300 33.6 97 8 

I 
43 17 10 106 20 , 10 220 

East Central and 
Southwestern 
District. C .......... 9,900 18.2 1668166 35 11 In 32 9 335 

Eastern District, D .. 6,250 11.5 ~62 11 81 36 25 172 92 15 435 

State .................. 54,450 lOO~ --5G7\-S--'« 1911lo3J32 -9 230 I I 

This table shows the total area as well as the percentage area of each 
of the districts into which the state has been divided and also the aver
age mineral content of all underground water in each district and for' 
the entire state. While the average mineral content of the underground 
water in the large soft water district A is 122 parts per million and 
that in the small very hard water district D is 435 parts per million, 
the average for the entire state is only 230 parts per million. As soft; 
hard, and very hard waters are defined in this report, soft water is char
acteristic of a little over one-third, hard water of about one-third, and 
very hard water of a little less than one-third of the state. 

I t should be noted that the highly mineralized and salt waters from 
18 localities of the state are not considered in the calculations shown in 
this table. Considered per analysis the highly mineralized waters 
would appreciably increase the average mineralization indicated, but 
considered per area affected, the influence 'of the salt waters in the cal
culations would be very slight. In obtaining water supplies in Wis
con~in, the highly mineralized waters can usually be avoided, hence 
average conditions likely to be encountered are believed to be best rep
resented by the averag analyses shown in the table. 

SUMMARY OF QUALITY OF WATER BY GEOLOGICAL FORMATIONS 

The mineral content of-the ground water in each geologic formation 
varies in different parts of the state. This fact is illustrated on·eompar-. 
ing the mineral content of water in the sandstone mainly Upper Cam
brian in the various districts of soft'and hard waters already described. 
The average mineral content of the water in the ,sandstone is shown in 
the following table: . 
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TABLE 37. Average mineral content of !tater in ti,e sandstone (mainly Uppe1' 
Cllmbrian). 

Parts per million, 

Usual Number e 8 E §~-., ... ~ ~ 'al - d . 't:1' .g. 6\ 
depth of ;;: E.E ":i!:.t~., !~ ., 1>. 

Locality. of wells anal- - " gj.,; E ~+ 0"]-0'" ~~ .=: _ Cl~ 
i f t .. - s:I - ::s .... " 't:1 - ., ... "'.-n ee. yses. .: ..= bII~ - oZ ~ C'iSo.au .9 ~~'O 

rei, ulaoo URN uE-< 
= I d cS-"8 ~- cO iLI'-'::s- .l:I orcs rlI 

--------- ---- ----
General outcrop area of' the 

209 sandstone ................. 200--500 42 , 
11 41 18 8 98 21 8· 

The sandstone under the 
Galena-Plattev1lle lime-
stone ............•.......... 500-1000 98 8 67 34 15 168 40 12 849 

The sandstone under the 
509 Niagara limestone ...•.•.. 1006-2000 47 12 107 29 i 28 143 181 12 

In the' above table is indicated the position of the sandstone with 
reference to the overlying formations, and the usual depth of wells be
low the surface. The average mineral content of the sandstone in its area 
of outcrop or where overlain only by 'the Lower l\Iagnesian limestone 
on -the upland divides is 209 parts per million; where the sandstone 
underlies the general area of the . Galena-Platteville limestone, the min
eral content·of the sandstone waterjs-349 parts per million;-and where 
the sandstone underlies the Niagara.limestone the Cincinnati shale and 
the ,Galena-P~atteville limestone ,the ,mineral·content is 509 parts per 
mIllion. There is, -therefore, a progressive increase in the mineral con· 
tent of the water in the sandstone.in passing from its area of outcrop, 
in central Wisconsin, to its position at greatest depth below ·thesuriace, 
in. eastern Wisconsin. 

The .mineral content of the .water in the surface formation also varies 
in different ,parts .of the state. In Table 33 the mineral content of the 
water in the surface _deposits is showuto progressively.inarease from 
121 parts per million to 408· parts per million in passing from District 
A to District D. 
It is impossible to ma:ke aI).y ~nstructive comparison of themineral con

tent of the water in the Galena-Platteville limestone over any extended 
area, a$ this formation is conf!.ned to only the southern and eastern parts 
of the state,and most 0: the analyses of water from. this horizon are 
from its arEla of .outcrop in the southwestern part 6f the state. While 
this formation extends through the eastern part of the state, under
neath the Cincinnati shale arid Niagara limestone, it is not drawn upon 
for water suppliE:~s, as the shallow wells -in this region get their supply 
from the drift and the Niagara limestone, immediately underlying, 
while the deep wells usually penetrate clear through the Cincinntai 
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shale and the Galena-Platteville, and draw their suply from the under
lying Potsdam sandstone There can be little doubt, however, that the 
water in the Galena-Platteville, in eastern Wisconsin, under the Niagara, 
is more highly mineralized than that within its area of outcrop farther 
W!)st, as indicated by the fact that the water-bearing strata, both above 
and below the Galena-Platteville in the eastern district, D, are higher 
in mineral content than that of the latter farther west. 

I t is also obviously impossible to make any instructive comparison of 
the mineral content of the water of the Niagara limestone over any ex
tended area, as this formation is confined to only a relatively narrow 
belt on the eastern border of the state. It is worthy of note, however, 
that the mineralization of the water in the Niagara is appreciably high
er than in the Galena-Platteville and other limestone formations, 
farther west and northwest in the state. 

CORRELATION OF. THE MINERALIZATION OF UNDERGROUND WATER 

BY DISTRICTS AND 13Y GEOLOGIC FORMATIONS 

It is shown, in the above summarization of the mineral content of wa
ter by districts, that there is a progressive increase in the mineral con
tent in passing from the north-eentral district of the state, District A, to 
the outer border, .and especially to District D, the eastern border of the 
state. It is also shown that there is a progressive increase in the miner
al content of water by geologic horizons in passing from District A to 
District D, in all those formations, such as the sandstone and the sur
face deposits, that extend throughout these districts. 

If the increased mineralization of the water in the sandstone alone 
were considered, the conclusion might be reached that such increase was 
due to the increased depth of the sandstone below the surface, in pass
ing from District A to District D. However, it is to be observed that 
there is also a progressive increase in the mineralization of the water in 
the surface deposits in passing from District A to District D, and fur
thermore, the increase in the surface deposits very generally is nearly 
equal to that which takes place in the underlying sandstone or other un
derlying w~ter-bearing formations as illustrated in the geologic sec
tion, Fig. 16. 

The mineralization of the water in any particular geological forma
tion appears, theref.ere, to depend upon some underground geologic con
dition, characteristic of the district or locality as a whole, rather than 
upon the local chemical character or the relative position of the forma
tion in the geologic section of the locality. The progressive change in 
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mineralization varies in a hori
.zontal direction with the geo
graphic district rather tnan in a 
vertical direction with the geo
logic column. 

The underground water con
dition that progressively 
-changes, in passing from the 
north central part to the outer 
part of the state, is the gradual 
increase in the thickness and 
depth of the water-bearing for
mations. The least thickness of 
water-bearing strata, and conse
quently the most shallow depth 
·of the body or sea of under
ground water, is in the north 
·central part of the state, District 
A, characterized by soft water. 
~he greatest thickness of water
bearing strata, and consequently 
the greatest depth of the sea of 
underground water, is in the 
.eastern part of the state, District 
D, characterized by very hard 
water. In the intervening dis
tricts, between the north central 
and the eastern, are intermediate 
thicknesses of the strata and cor
responding intermediate depths 
.of the sea of underground water. 

H once the inference is drawn 
that the controlling factor in the 
mineralization of the water in 
the several districts is the rJ,epth 
of the sea of underground water 
-in the districts. The chemical 
~haracter or the relative posi
tion of the water-bearing strata 
in the geologic section of the 
<iistrict, is, apparently, only an 
unimportant or minor factor in 
~ffecting the degree of minerali
zation. 

13-W. s. 
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The relation of the progressivE;) increase in the mineralization of the 
underground water to the progressive increase in the depth of the sea 
of underground water in passing from north-central to eastern Wis
consin is illustrated in the diagram, Fig. 17. 

That this progressive increase in mineralization with increasing depth 
of the sea of underground water also continues beyond the border of 
the state, is shown by a comparative studY of the mineral content of 
the underground water in the adjoining states so far as these can be 
conveniently examined. In Iowa, the mineralization of the underground 
waterl by districts has been described, and while the basis of the forma
tion of the districts in the report of the water supplies of Iowa 'is not the 
same as that adopted for 'Wisconsin, the increase in the mineral content 
of the waters with depth of the underground water can be readily 
shown for purpose of comparison with the geological districts in Wis
consin. 

The increase in mineralization, with increased depth of the sea of un
derground water, in passing from Central Wisconsin to Southwestern 
Iowa, is shown in the following table: 

T AllLE 38. ShOlcing relation of depth of sea of underground wate1' to the mineral
ization of the underground water in Wisconsin and iowa. 

Dlst.rict. 

Approximate depth of sea of 
underground water or thick

ness of the water-bearing 
strata. 

Centr .. l Wisconsin District A.. 100 to 200 feet. 

Av('ra&,e mineral content in 
parts per ,il~ion. 

Surface dePJslt wells.... 121 
Hock wells. . . .. . . . . . . .. . . . 135 

Western Wisconsin. District B 400 to 800 feet. ................... Surface deposit wells.... 224 
Rock wells.. . ... .... .... .. 216 

Southwestern Wisconsin. DIS-[ 
trict C ......................... 800 to 1.600 feet ................. Surface deposit wells.... 330 

Hock wells.. .... . ... . ... . . 339 

;Northeastern Iowa ...........•.. 111.600 to 2.000 feet ............... Shallow wells.. ....•..... 388 
Deep wells. . . .. . . .. . . .. . . . 351 

Central Iowa ................•... About 3.000 teet., ............... Rhallow wells.. .... ...... 873 
Deep wells ................ 1.759 

ern Iowa ....................... About 4.000 feet ................ Deep wells •............... 3.657 
South Central and Southwest-l Shallow wells ............ 1.587 

I 

The deep wells in the districts of Iowa a't'e defined as those that pene
trate at least the St. Peter sandstone and all other wells more than 700 
feet deep. Shallow wells are those in the drift and in rock generally less 
than 700 feet deep. 

1 Geol. Survey of Iowa. Vol. 21, p. 205-211. 
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The change in mine:ral content in Iowa1 has beE'n described as abrupt # 

rather than progressive and ~-et this abrupt change to be observed in 
a certain portion of Iowa is of relatively minor importance when the 
total change in mineralization in passing from the more shallow sea, in 
northeast Iowa, to the deeper sea of underground water, in southwest. 
Iowa, is taken into consideration. . 

The table clearly shows a close conformity in the increase in mineral 
content with the increase in depth of the sea of ground waters in 
passing from the very shallow sea of ground water in central Wisconsin 
to the deep sea of ground water in southwestern Iowa. 

Central 
B 

EaSTern Wisconsin 
Distric.t D 

Fig. IT.-Diagram showIng the relation of the progressive Increase In the mineral con
tent of the underground water to the progressive Increase in the depth of the Un-' 
derground water. 

A table could be arranged showing the similar progressive increase
of mineral content with increase, in depth of the sea of underground 
water, in passing from Central 'Wisconsin westward along the southern 
border of Minnesota,2 or the norther border of Iowa.s 

The progressive increase in mineral content, with increased depth of' 
the sea of underground water; is likewise shown in passing from the 
northern part of Wisconsin southward to the southern part of Illin
ois4. In southern Illinois, there is a slight arching of the strata and a. 
consequent development of shallow depth of groundwater over the
arch which condition of underground structure appears to be reflected ' 
in the lower mineral content of the ground water oyer the arched dis
trict. In a general way, however, the mineral content of the under
ground waters of Illinois progressively increases in passing from the 

1 Iowa Geol. Survey, Vol. 21, p. 205. 
2 Underground Waters of Southern Minnesota, U. S. Geol. Survey. W. S. P • 

.256, pp. 61-78. ' 
3 Opus cited. p. 205-211. 
• Illinois Water Survey, Bulletin, No.4. 
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more shallow sea of underground water, in the northern part of the 
state, to the deeper sea, in the southern part. 

The dose relationship in the degree of mineralization to the depth of 
the sea of ground water in any district or region is, therefore, 
well illustrated outside of, as well as withi~ Wisconsin. The various 
factors controlling the mineralization of ground water cannot be en
tered into in this paper but may be taken up for a more complete dis
cussion at another time. 

It may be sufficient to state, that the deeper the sea of underground 
water, thc more important become the sulphates and chlorides, and the 
less important, relatively, become the carbonates or bicarbonates. There 
are a great many factors that influence the mineralization of ground 
waters, and while change of pressure and temperature due. to change 
in depth of the sea of ground water, are relatively important, they may 
sink to secondary importance, because of variable underground geolo
gical conditions that characterize the various districts. In this respect, 
reference should be made to pressure other than that directly due to 
weight of the water column, such as that due to earth stresses, to weight 
of rock, and to content of natural gas. 

For the present purposes it is only needed to point out that pressure 
other than that due to weight of the water column is apparently not 
important in Wisconsin. In regions of natural gas, however, as in parts 
of Indiana, Illinois and Ohio, where very highly mineralized salty water 
is the invariable associate of natural gas, the factor of gaseous content 
of the underground water is probably a very important and dominating 
factor to be considered. 

It will be observed, therefore, from the foregoing discussion of the 
gradation in the mineralization of the underground water shown by 
the several districts of Wisconsin, that the mineral content IS very ap
parently closely related to the depth of the sea of underground water 
in each district, the general increase in mineralization being in conform
ity with the general increase in depth of the sea of underground water. 
While there are many other factors modifying mineralization, the in
crease in pressure and temperature due to the increased depth, and 
the direct influence of these factors on the rate of diffusion of salt solu
tions throughout the sea of underground water, appear to be the con
trolling factors in the mineralization of the linderground water of the 
several districts into which the state has been divided. 

To whatever extent the mineralization of any water varies from the 
average normal of the district, to that extent the mineral content may 
be stated as being influenced by local underground geologic conditions 
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other than those directly or indirectly affecting the local pressure and 
temperature. Among other important modifying factors and condi
tions that may be mentioned are the differences in the chemical compo
sition of the rock, and the changes of variable conditions favorable or 
unfavorable to the underground circulation of water and to the molecu
lar diffusion of mineral solutions, in both horizontal and vertical direc
tions. 

But without further discussion of the causes of mineralization, it 
seems far more important, from the practical point of view, that the 
mineral content of any underground supply should be considered with 
respect to its environment in the particular district in which it occurs, 
rather than with reference to its. source in any particular geological 
horizon. The underground water of any particular geological stratum 
cannot be dissociated from its environment unless impervious strata 
of wide extent separate it from all associated water-bearing strata. 
This fact is well illustrated by the low mineral content of water in 
the Upper Cambrian sandstone in Central Wisconsin as compared 
with its high mineral content in the same formation in Iowa, or by 
the low mineral content of the water in glacial drifts in Central or East
ern Wisconsin as compared with the high mineral content in the drift 
of Central and Western Iowa. The mineralization of the ground water 
of any water-bearing strata in a district of shallow ground water, there
fore, is quite different from that of the same water-bearing strata in 
another district of deep groundwater, and this characteristic applies 
equally well to shallow water-bearing strata and to deep water-bearing 
strata. 

It is incorrect, therefore, to state, as is often done, that the mineral 
content of the water in a limestone, sandstone, or shale is typical for 
limestone, sandstone or shale in general; it is typical or characteristic 
only for these formations in the same district, or in another district in 
which the general conditions of pressures and temperature affecting the 
underground water are equivalent. The principal of the close depend
ence of the mineralization of the groundwater in any water-bearing 
strata,. upon its environment is important and should not be overlooked 
in making a comparative study of the underground waters of adjacent 
districts and regions. 

QUALITY OF UNDERGROUND WATER IN THE PRE-C.AYBIUAN FORMATIONS. 

In the foregoing discussion of the relation of the degree of mineral
ization of the underground waters in the geologic horizons of the vari
ous districts of the state, very little or no consideration has been given 
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to the underground waters of the Lake Superior red sandstone or of 
the Pre-Cambrian crystalline formations. This lack of consideration 
is partly due to the fact that these formations are of relative unimpor~ 
tance as source,,; of water supply, and in part to the fact that very few 
mineral analyses of waters from these formations are available. 

However, the same factors very probably affect the mineralization of 
the relatively meager underground waters of these older formations 
as affect the very abundant underground waters of the later Palrozoic 
formations of sandstone and limestone, and the superficial depcsits. 

With respect to the quality of the underground water in the Lake 
Superior sandstone, it is usually very highly mineralized, so far as 
available analyses and numerous qualitative tests appear to indicate. 
The red sandstone in the Lake Superior basin probably attains a very 
great thickness, usually estimated to be over 20,000 feet, hence so far 
as the red sandstone beds are water-bearing and hold underground wa
ter of great depth, a high degree of mineralization should characterize 
the underground water throughout this very thick formation. The 
brackish and salty waters obtained from the red sandstone at Ashland 
and Superior are very probably, therefore, not of unusual or rare oc
currence but indicate the usual brackish quality for the entire red sand
stone formation. 

With reference to the Pre-Cambrian crystalline formations, includ
ingl the Keweenawan trap and the Huronian metamorphic sedimen
taries, all of which are of complex structure and are relatively imper
vious formations, they are affected by somewhat different underground 
(londitions from those that affect the relatively undisturbed and semi
porous Lake Superior sandstone. There are usually only meager 
amounts of underground water in the PrecCambrian formations. While 
large amounts of water may be pumped from some of the iron mines 
in the Pre-Cambrian districts, this mine water, in most cases at least, 
is probably largely drawn down from the surface water-bearing hori
zons of the locality. 

The impervious character of the Pre-Cambrian rock, the water con-
. tained being confined only to the fractures and other open spaces so 
far as these are developed, prevents the ready circulation of the under
ground waters and greatly hinders the movement of mineral solutions 

by osmosis. 
In the superficial zone of abundantly fractured crystalline rock, usu

ally within 100 feet of the surface, the groundwaters are likely to be ' 
only slightly mineralized, due to the shallow depth of the ground wa-

ter. 
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In many instances however, there may occur in the Pre-Cambrian deep 
underground waters held under hydrostatic pressure, and where such 
are encountered, usually in deep mining explorations, they are likely to 
be highly mineralized, as are the deep-seated waters which characterize 
the more abundantly water-bearing horizons of the Paleozoic strata. 

Examples of especially highly mineralized water in the Pre-Cambrian 
are the salt water encountered in the bottom of the Florence iron mine 
and the salt waters! very generally found in the deep iron and copp~r 
mines of Upper Michigan. These highly mineralized waters in the Pre
Cambrian, are usually, if not always, derived from deep lying sources, 
and are very probably primarily due to their ph~-sical environment, and 
only secondarily to the general chemical character of the rocks in which 
they may be imprisoned. 

PROSPECTING FOR WATER SrpPLIES WITH RESPECT TO MINERAL QUALITY 

The prospectin6' for the best available water supplies in any locality 
is important, and is not as fully appreciated as it should be by many 
of those who have charge of securing supplies for manufacturing plants 
or cities. The large corporations, such as the railroad companies, usu
ally appreciate the value of securing the best available supplies for in
dustrial use, and for this reason, maintain laboratories for testing wa
ter and for the purpose of determining the proper treatment to be ap
plied to supplies in case treatment is necessary. Many manufacturing 
plants, however, pay little attention to the character of the water, and 
in many instanCES, use supplies in boilers that have been rejected for lo
comotive use by the railroads. 

In some instances, it is not possible, for local plants to obtain a 
better supply with lower degree of hardness, but in most" instances, 
better supplies from an available source are readily obtainable. In case 
good supplies are not obtainable, special treatment of the water should 
be applied, and for the determination of the proper treatment mineral 
analyses are necessary which cim be furnished by chemical laboratories 
at a relatively low cost ($10 to$20), as compared with the saving result
ing from the treatment of the supplies. The general uses of water and 
processes of treatment are given in Chapter VI. 

With respect to the securing of the best available supplies for in
dustrial use in various localities the descriptions of the local county 
supplies should be examined, and the quality of the water, as given in 
the county tables ef mineral analyses of water. should be studied. 

1 A. C. Lane, "Mine Waters" Lake Superior Mining Institute, Vol. XIII, p. 63':" 
152. 1908. 
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The mineral analyses quoted may be considered as fairly representa
tive of the character of the local supplies. A larger number of analyses, 
especially for certain parts of the state, are perhaps desirable, and yet 
the average conditions appear to be fairly well indicated by the data 
presented for the various parts of the state. That the mineral analyses 
compiled are suffici~nt for jUdging th~ quality in the various districts 
appears to be well illustrated by the fact that only slight changesin an 
earlier calculation of the average mineral content of the water in the 
various districts, and the geological strata, were necessary, after com
piling an additional number of about 250 analyses which later became 
available. 

In the earlier calculation, 29 analyses of water from the Upper Cam
brian (Potsdam) sandstone, in the outcrop are~ of this formation, gave 
an average total mineral content of 210 parts per million, and in the 
final calculation, 42 analyses gave an average total mineral content of 
209 parts per million.· 

In the earlier calculations, 52 analyses of sandstone water, u:nder the 
Galena-Platteville limestone, gave an average total mineral content of 
367 parts per million, while the final calculation of 98 analyses, gave 
an average of 349 parts per million. 

The first calculation of the average mineral content of 13 analyses 
of water in the Galena-Platteville limestone gave an average of 39.7 
parts per million, while the final calculation on 20 analyses gave an 
av.erage of 400 parts per million. 

The first calculation on 12 analyses of water in the Niagara limestone 
gave an average of 430 parts per million, and the final calculation on 
35 analyses gave an average of 440 parts per million. 

The analyses compiled therefore appear to be representative, and 
the average mineral content, as well as the general range in mineral con
tent, as described, can be taken as a sound basis for estimating or judg
ing the probable quality of supplies obtainable in the various districts, 
and counties of the state. 

While the hardness of the underground water on all water-bearing 
strata progressively increases in passing from District A to District D, 
the water-bearing or geologic strata in each district have an individual
ity of their 0WIi. which should be fully understood by those in search 
of the best available supplies in any locality, county or district. An in
dustrial plant in District D, in eastern Wisconsin,. will not be able to.get 
as soft a water supply as a plant in District B or C,· nearer the central 
part of the state, yet a much better supply can often be obtained in 
some of the water-bearing strata than in others in District D. 
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A comparative study of the mineral content of the water of the sev
eral important water-bearing strata has already been presented, but cer
tain generalizations are well worthy of repetition here in conne<>tion 
with the subject of prospecting for water supplies. 

1. The water of relatively shallow wells in alluvial sand is very 
generally less mineralized than that in the associated indurated rock 
of the same locality, in all districts. . 

2. The water in the sandstone group (Upper Cambrian and St. Pet~r 
sandstone, and Lower Magnesian limestone) is very generally less min
eralized than that in the overlying Galena-Platteville limestone within 
the general outcrop area of the Galena-Platteville, mainly in Dis
trict D .. Or stated contra-wise, the mineral content of water in the 
Galena-Platteville limestone is generally higher than that in the under
lying sandstone in the outcrop area of the Galena-Platteville. This re
lationship is shown in table 31, the average content of water in the 
Galena-Platteville being 400 parts per million and that in th~ under
lying sandstone 352 parts per million. 

3. In certain counties, where limestone drift is abundant overlying 
the sandstone, as in Dane and Rock counties, the mineral content of the 
wateI' in the drift is generally slightly higher than that in the underly
ing sandstone. 

4. The mineralization of the underground water in the important wa
ter-bearing strata of District D, in the general area of the Niagara 
limestone in eastern Wisconsin, appears to be consistently d:ifferent for 
each water-bearing group; the average mineral content" generally ap
proximating 408 parts per million in the drift and associated surface 
deposits, 440 parts per million in the Niagara limestone, and 509 parts 
per million in the underlying group of water-bearing sandstone, the 
Potsdam imd St. Peter formations. (See Fig. 16.) 

5. The mineral content of the water of creeks and rivers varies greatly, 
depending much on the stage of the river. (For description of the 
chemical composition of river and lake waters see the following chapter, 
Chapter VIII). In general,also, the waters of creeks and rivers are 
much lower in mineral content than the local underground waters, the 
former usually being from 25 to 50 per cent lower in mineralization 
than the underground waters of the same locality or district. (See p. 
214). 

6. The water of deep inland lakes, those over 50 feet deep, are very 
generally less mineralized than the streams that :O.ow into them, while 
the water of shallow lakes is much ~e same as that of their affluents. 

7. The water of Lake Superior IS soft, and low in mineral content, 
about 60 parts per million, while that of Lake lIichigan is medium hard, 
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though low in mineral content, containing about 134 parts per million. 
The water of the Great Lakes is much lower in mineralization than that 
of the surrounding body of underground water or that of the streams 
flowing into them, apparently having only an indirect or somewhat re
mote relation to the degree of mineralization of , the surface water of the 
streams or of the unqerground waters of the adjacent rock formations. 

The relatively slight differences in the average mineralization of cer
tain water-bearing strata above pointed out, mayor may not be im
portant, for this will depend mU,ch upon the specific use of the water or 
the quantity required. 'l'here are also some exceptions to the general 
averages above given for various localities which should always be taken 
into consideration. 

If the supply from the overlying water-bearing strata is unusually 
high in mineraJ. content, as compa~ed with the average in such strata, 
the well should be sunk to the next underlying strata in case the' average 
mineralization for the underlying strata is appreciably less than that 
already obtained in the overlying strata. Likewise, if a supply is ob
tained from the overlying strata with a much lower mineral element 
than the average, and also lower than the average for the underlying 
usually less mineralized strata, then it is not advisable to drill deeper 
in search of a better supply. 

For each locality and district the average quality of water in each 
water-bearing strata should be understood, for it is only on the basis 
of the average conditions that predictions can be made concerning the 
quality of water most likely t.o be obtained in each locality. To ascer
tain the average quality of the water in various formations, counties 
and districts, the Tables, 22 to 38, and the illustrations, PI. IV, ' and 
Figs. 16 and 17, should be consulted. 

The practical aid obtainable in prospecting for water supplies will 
depend very largely upon the intelligent use of the data presented in 
this report, relating to the quantity, the chemical composition, and the 
general character of the water from the various geologic E!ources in each 
county and locality described. 
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CHAPTER nn. 

SURFACE WATER SCPPLIES AXil THEIR CHEMICAL QUAL
ITY 

Besides the underground water, includinJ that derived from shallow 
wells, deep artesian wells, and springs, an important source of water 
:supply for domestic use and drinking purposes is the surface water of 
lakes and streams. In rural communities the water from lakes and 
streams is generally used only for stock, the water for drinking and do
mestic use being drawn from underground sources. Cities, however, es
peciallyl those of large population, usually draw upon the surface 
waters for their public supplies. 

Many of the cities along th(. 8ho·re of Lake :Michigan, such as Milwau
kee, Racine, Sheboygan, and Kenosha, draw their public supply from 
Lake Michigan; and many of the inland cities, such as Portage, Osh
kosh, Fond du Lac, Stevens Point, and .Merrill, draw their supplies 
from the rivers or lakes on which they are situated. Considering the to
tal supply of all potable water, the surface waters are a less important 
source of supply in Wisconsin than the underground and artesian wa
ters. Considering only the public supplies for city popUlations, however, 
the surface waters are a much more important source of supply than 
both shallow and deep underground waters. For this reason, therefore, 
a statement of the general character of the surface waters seems war
ranted in any discussion of the water supplies of the state. 

SOURCE OF THE SURFACE WATER 

The source of the surface water is directly from rainfall upon the sur-· 
face of lakes and streams, and indirectly from the surface run-off, and 
from underground waters through seepage, and fl'om the flow of springs. 

The principal problem connected with surfaee water supplies is not 
('oncerned with the quantity available and the method of obtaining and 
distributing the supply, but is mainly concerned with the quality of the 
supply and its freedom fl'om sonrces of contamination. 



204 THE WATER S["PPLIES OF WISCONSIN. 

CHARACTER OF SURFACE WATER 

Some impurities are absorbed by the rain as it falls through the air-, 
many of which, however, are lost as soon as it comes into contact with 
the ground; but in its course over the surface of the ground as surface 
drainage or as run-off in streams or rivers many more impurities are 
gathered up and carried along either as matter in suspension, or as 
matter in solution. 'fhe suspended matter is both inorganic, or mineral, 
such as sand, clay and various pulverized minerals, and organic matter, 
both animal and vegetable. The animal matter in suspension includes. 
living microscopic animals, dead fish and other animals that lived in the 
water; decayed animal refuse; manufacturing wastes such as wool scour
ings; blood from slaughter houses, etc.; and the excrement from public
and private sewers. The vegetable matter that is carried by the surface 
water includes such matter as dried leaves, grass, and flowers, decayed 
wood, peaty matter, algae and other living plant life, including bacteria
and disease germs; wastes from pulp and paper mills, linen mills, brew
eries, etc. 

The dissolved matter in the surface waters is both gaseous and solid,_ 
from inorganic as well as organic sour~es. 

For various reasons the use of surface waters, particulal'ly from the
streams flowing through densely populated districts; or thr0ugh cities,_ 
is a menace to health, unless they are subjected to some method of puri~ 
ficl1iion. As a rule the lake waters, especially tl11O' waters of thc Great 
Lakl's, are naturally of much better quality than runninh watE'rs that 
ca~'l'y off the surface waters from the near by popub:-~d lalld areas. 

WATER SUPPLIES FROM RIVERS 

A number of cities in Wisconsin, such as Stevens Point, Merrill, Port
age, and Rhinelander on the Wisconsin river, obtain their water supply, 
wholly or partly, from the rivers, upon which they are located. Many 
small cities of the state use river water for fire protection only, 

Invariably, these rivers are used as a sewer, as well as a source of wa
ter supply. In many parts of the country, because of the large amounts
of water required by large cities or because of unfavorable conditions 
for obtaining an underground water or a lake supply, the rivers are the 
only adequate available source of supply, and will always remain so. But 
this condition does not appear to be true of Wisconsin cities at the pres
ent time. All those cities now obtaining the whole or a part of their
supplies from rivers could readily obtain adequate supplies from under
ground sources. 
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It is possible to purify sewage before discharging it into the rivers. 
If all cities and towns purified their sewage, and if all manufacturing 
plants, which often contribute more to the pollution of the streams than 
-do the cities, purified their waste and refuse, the rivers would be more 
-desirable as sources of public water supply. 

BACTERIAL CONDITION OF FLOWING STREAMS 

The development of hacterial organisms including disease germs in 
surfac~ waters directly depends upon the amount of organic matter 
which is available as food for these organisms. It is a well know'n fact 
that the bactl'lrial pollution of a stream is always greater during high wa
ter stages, when the waters are turbid and carry large amounts of sus-
pended matter than in low water stages when the water is clear. Much of 
the bacteria, of course, is washed into the streams from the soil and land 
surface during heavy rains. According to investigation of Johnstone1 

the bacterial content of uninhabited streams, like the Saguenay in Can
ada, is not materially different from that of rivers flowing through farm
ing regions. However, where a stream flows through it city or town of 
considerable size and receives the sewage of the same, th8 extent of pol~ 
lution is greatly increased. This fact is well illustrated by the follrHving 
conidtions, described by Prausnitz2, of the Isar river, at Munich in Ger
many: 

TABLE 39. Bacterial content of INar River, Germany. 

r 

i Number of bacteria 

________________________ 1 per_c._c_. __ 

Above the city of Munich ..................................... - ............. J 
150 feet above sewer outfall.. ................................................ . 
Directly opposite sewer outfall.. ............................................. 1 
450 feet below sewer outfall ................................................. , 
Ismaulng (8 miles below sewer outfall) ..................................... . 
Freising (20 miles below "ewer outfall) ..•.•................................ 

531 
1,339 

121. 861 
33.459 
9.111 
2.378 

This table not only shows a marked increase of hacterial content of the 
river at Munich, but also shows that a large part of this pollution is lost 
in a comparatively short time, by the time the water reaches Freising,' 
20 miles below. In this instance about 50 per cent of the bacteria in
troduced in the sewage was eliminated in a flow of about 12 miles. A 
number of American streams have been studied recently by sanitary sur-

'Hyg. Rund. B. V. p. 796. 
2 Quoted from Public Water Supplies, Turneaure It Russel, p. 148. 
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veys. A most comprehensive study of the effect of the Chicago Drainage 
Canal on the water of the Illinois river has been made, a part of the re
sult being indicated in the following table1 : 

TABLE 40. Chlorine and Bacterial Determination of Water in Illinois River. 

Miles below Chlorine, parts I Bacteria, 
. Bridgeport. pel' miIIIon. per c. c. 

---------------------_._------
BrIdgeport.. . . .. . . .. . . .. . ... ............... .... 0 
Lockport. .. .. . . . . . . .. .. .. .. .. .. . . .. . . . . .. .. .. . .. . 29 
Joliet·, ................ :........... .... .... ........ 33 
MorrIs.... ............ ............................ 57 
Ottawa................ ............................ 81 
La Salle.. ................ ........ ........ ........ 95 
Henry..... ............ ..... ...................... 123 
A veryville.. .. . .. . .. .. .. .. . .. . . .. . .. .. .. .. .. .. .. . 159 
Wesley City.......... ........ .... .... ........ .... 165 
Pekin .................... ........ ........ ........ 175 
Havana....... .................................... 199 
Gratton.. .. .. .. .. . . . .. . .. . .. .. .. .. .. .. .. .. .. .. . .. . 318 
Mississippi river at Grafton ................................... .. 

119.2 
117.4 
104.8 

68.1 
58.5 
46.1 
44.2 
40.9 
40.1 
38.4 
36.2 
18.3 
2.8 

1,245,000 
650,000 
486,000 
439,000 
27,400 

. 16,300 
11,200 
3,660 

758,000 
492,600 
16,800 
10,200 
7,600 

====================================:====-
The extent of the natural purification of the Illinois river can be seen 

from the above table, table 40. The decrease in amount of chlorine is. 
steady all the way from Bridgeport, where a large proportion of the 
Chicago sewage is present, to the Mississippi river. 'l'he bacterial dim
inution is also steady down the river, until the river receives at Wesley 
City a large amount of refuse from Peoria. 

There are various factors entering into the problem of the pollution 
and the purification of flowing stream waters that cannot be touched 
upon in this report. Enough has been said, however, to show that sur
face water supplies are naturally always subjected to conditions of con
taminationand pollution, and that while self purification of the waters 
takes place by the action of dilution, sedimentation and sunlight,' some 
effects of the pollution always remain. 

It has been a disputed question among sanitary engineers whether, in 
general, it is more economical to purify the sewage before emptying in-· 
to the rivers, or to purify the water supplies obtained froni the rivers .. 
The answer to this problem very probably would depend very much up
on local conditions. 

But in general, the inevitable tendency is toward a requiremnet of 
the treatment and purification of the sewage before its disposal into 
natural water ways of the state, not only for the purpose of preventing' 
the pollution of possible sources of potable water supplies, but also for 
the purpose of preventing the development of local nuisances, such as: 

1 Quoted from Public Water Supplies. Turneaure & Russel. p. 151. 
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the discoloration of the water, the gencral occurrence of refuse floating 
on the water, the deposition of sewage mud on the bed of the river, and 
the production of offensive odors. All of these nuisances tend to make 
the river undesirable for bathing, boating, fishing, navigatio:r;., business, 
residence, and in various other ways less useful to the public and to those 
living in the locality. 

Practically all of our cities and villages are located upon waterways, 
either rivers or lakes, and the practice has been to empty the city sewage 
into these waterways regardless of the health and convenience of other 
communities. In recent years, many of our Wisconsin cities have come 
to realize the danger and folly of such action, not only on account of 
the public health, but also because of its effect upon the value of prop
erty; and as a result, methods of sewage purifieation have been installed 
by the more progressive and enlightened communities. 

These methods of sewage treatment installed, such as septic tanks and 
filter beds, are not intended as a rule to completely purify the sewage, 
but mainly to bring it to a state of reduction in the number of bacteria 
present and put it into' a more soluble form tending toward a more 
rapid purification by the stream1 • 

In the description of local water supplies by eounties the method of 
sewage disposal by the various cities is briefly indicated. It will be seen 
that many of our cities empty their raw sewage, without treatment, into 
the natural water ways of the state. 

WATER SUPPLIES FROM LAKES 

While the many lakes of Wisconsin offer an abundant supply of sur
face water for public or private use, only the largest cities, mainly those 
on Lake Michigan, draw upon lake water for their supply. Lake Mich
igan, therefore, is the most important source of lake supply, the other 
lakes drawn upon being Lake Superior by the city of Ashland and Lake 
Winnebago by Oshkosh. As already stated, because of the large size of 
the city of Milwaukee and other cities on Lake llichigan, the lake sup
plies are the most important source of public water supplies in the state. 

GENERAL CHARACTER OF LAKE SUPPLIES 

The waters of lakes are subjected to the same general influences as the 
surface waters of rivers, but in general the waters of an open expanse, 
such as one of our inland lakes, are less likely to show marked pollution 

'For a more complete discussion of Wisconsin's sewage plants, see Davis 
Bowles, Bulletin Univ. of Wis., No. 331. 
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than flowing streams, because in quiet waters there is less suspended 
matter and therefore less turbitity and less food for bacterial orgaliiqms. 
In large bodies of water, such as the Great Lakes, the effect of pollution 
is mainly restricted to the shore regions. 

Inland Lakes.-In general the water supply from small lakes may be 
quite unlike that obtained from one of the Great Lakes. In small lakes 
and artificial reservoirs some satisfactory protection of the catchment 
area is necessary, and such conditions as the ~tagnation and putrification 
of the bottom water and the growth of organisms in the top water affect 
the character of the water supply. These periods of stagnation in the 
inland lakes in which there is no vertical circulation occur in the winter 
and summer. Between these periods there is an "overturning", that 
is, a vertical circulation due to changes in temperature.1 

In the following tables, 41, 42, 43 and 44, much information concern
ing many of the inland lakes of Wisconsin is summarized. The features 
of all the lakes referred to in the tables have been investigated to a vari
able extent by the State Survey, and the results published in a recent 
report, Bulletin XXVII, and to this worK the reader is referred for 
further detailed information concerning the natural history of these 
lakes. 

The many inland lakes of the state are of interest as available sources 
of water supply for potable and industrial purposes. In Table 41, the 
data concerning the surveyed lakes of southeastern Wisconsin are sum
marized, the location, areal extent, depth, volume, development, length 
of shore'line, mean slop,e of bottom, elevation above sea level, and refer
~nce to the published hydrographic maps are given. 

In Table 42, the surveyed lakes of southwestern Wisconsin, Table 43, 
'the lakes of northeastern Wisconsin, and in Table 44, the lakes of north
western Wisconsin, are' given data concerning the location, length, 
breadth, area, and maximum known depth. 

Great Lakes.-The water in the Great Lakes at 5 to 10 miles from the 
shore is generally crystal clear and essentially pure. The distance to 
elean ~ater from the shore, however, depends upon the nature of shor~' 
deposits and the depth of water. The shore deposits of both Lake Sup
erior and of Lake Michigan are often red clay, and the shallow water 
over these red clays is often rendered turbid during storms. The water 
in Lake Superior at Superior and Ashland is often turbid 6 to 10 miles 
from the shore. 

There is a marked diminution in the germ content of the water in 

'See "Inland Lakes", Birge and Juday, Bull. Wis. Survey, No. XXII. 



Lake. 

BeaTer .••••••••••• 

Beulah ........... .. 

Upper ••••••••••• 

Round ........ . 

Lower •••••••••• 

Mill ... .......... . 

Big Cedar ....... . 

Booth ........... .. 

Crooked ......... .. 

Delavan ......... . 

Devils .......... .. 

East Troy .. ..... .. 

Elkhart ......... .. 

Fowler .......... .. 

Garvin ... ...... .. 

Genesee. North .. . 

Genesee. South ... 

Geneva .. .. ...... . 

Town. Range. County. 
N. E. 

"TABLE 41.-SURVEYED LAKES IN SOUTHEASTERN WISCONSIN. 

Length. Maximum 
breadth. 

Are:J.. 

Km. MI. Km. MI. da.Km Sa. M!. Acres. 

Depth . 

Maximum. Mean. 

Meters Fe~t. Meters 

Volume. Develop- Length ot 
ment. shoreline. 

Dm 

Dmx 
Million Million Vol- Shore Km MI. 
cU . m. cu. yds ume. . 

Mean slope Elevation 
ot bottom. above sea. 

Number Scale of 
by~_ bydro

graphic graDhic 
map. map. 

Scale of 
original 

maD. 

-8- XVI~ waukesh= ~~ 0.70~~-:: 308.~8- .. 46· ~-49.0-..... 5 ... 1.1 . . .. 0 ... 34 .. -~-~~ 
.... ~ ...... ~.~.I.~~ .... ~.~i.\~.~~~~:::. 4.26 .. ~:~I .. ~:~~ 1.10 ~::~ :::: ~3.0 20.4 67 .0 8.0j 0.39 2~:: :::~: .. ;:;; 

1.38 5.4 3.4 1° 44' 3.0 211.4 910 X 

3.18 20.9 13 .0.............. 246 .9 810 XXI 

1:39,600 1:12,700 

1:33,300 1: 8,000 

2.24 8.0 5.0 3° 12' 5.6 ....... . ......................... . ......... . 

•••••••. .............. .. . ..... ..... . . . ....•. ...... ..... . ...... 0.39 0.15 91.2 12.2 40.0 2.8 0.23 1.10 I.H 0.69 1.11 2.5 1.5 1° 51' 3.2 ................ ........................... . 

11 

4 

7 

2 

11 

4 

16 

8 

• 
7 

7 

1 

XIX 

XViI 

XVII 

XVI 

VI 

XVIII 

XXI 

XVII 

XVIII 

XVII 

XVII 

XVII 

W:J.sbington.. 5.90 3.tH 1.00 0.64 

WalworLh.. . . 0.93 0.58 0.69 0.43 

W:J.ukesha ... 1.08 0.67 0.50 0.31 

Walworth ... . 6.00 3.75 1.80 1.10 

Sauk ......... 2.00 1.25 1. 00 9.61 

WalwOl·th .... 0.80 0.50 0.62 0.39 

Sheboygan... 1.76 1.10 1.26 0.79 

Wauke,ha... 1.60 0.9( 0.70 O.H 

Waukesha.... 0.50 0.31 0.26 0.11-

Waukesha.... 0.82 0.51 0.67 0.(2 

Waukesha.... O.tH 0.40 O.4e 0.30 

Walworth .... 12.10 7.50 3.22 2.00 

1. 78 

0.23 

3.87 

0. i9 

0. 22 

7.34 

1.46 

0.31 

1.21 

0.34 

0.08 

0.41 

0.25 

22.10 

0.69 

0.09 

1.47 

0.19 

0.08 

HI. 2 

57 .2 

942 .3 

122.4 

54.8 

2.83 1. "13.2 

0.56 360.8 

0.12 78.2 

0.47 299.5 

0.13 83.5 

0.03 21.6 

0.16 101.9 

0.09 62.7 

16.9 • 55.5 

15.7 

31.9 

7.7 

4.9 

17.2 

13.1 

5.0 

34.5 

15.2 

11.0 

11.1 

14.5 

51.
5
1 

104.7 

25.4 

16.0 

56.7 

43.2 

16.5 

1~::1 
36.1 

36.4 

47.6 

5.3 

9.0 

11.1 

3.7 

1.~ 

8.0 

8.9 

2.9 

13.5 

4.4 

5.0 

4.5 

6.; 

0.31 

0.58 

0.35 

0.49 

0.40 

942 

2. 10 

42.00 

1.84 

0.42 

12 .34 0.93 

2.73 1.14 

54.93 1.05 

2.41 1.47 

0.55 1.20 

2.08 9.8 

1.18 2.0 

2.34 16.4 

1.04 2.6 

1.15 2.9 

6.0 

1.2 

10.2 

1.6 

1.8 

1° 22' 2,4 .............................. ....... . ..... . 

6.5 .............. ........ ... ................. .. 

'6.7 31l.0 1,030 XXIII 1:35,300 1:11,900 

1.9 247.5 812 XXI 1 :33, 300 1: 8,000 

1.9 2tH.6 868 XIV 1:40,000 1:12,700 

0.46 58.67 16.11 1. 38 2.05 19.1 12.2 1° 2' 1.8 283.5 930 XVIII l:iO,ooo 1:10,500 

0.68 13.01 17.03 2.01 1.23 5.3 3,3 1° 27' 2.5 291.0 955 VIII 1:13,100 1:6,000 

0.58 0.89 1.16 1.14 1.11 2.3 1.4 0° 58' 1.7 246.9 810 XXI 1:33,300 1: 8,000 

0.39 

0.29 

0.45 

0.41 

0.46 

16.33 21.39 1.11 1.10 6.6 4. 1 5° 21' 9.4 282 .0 925 XXIV 

1.48 1.92 0.87 1.51 3.2 2.0 3° 0' 5.2 262. 4 861 XII 

0.43 0.56 1.35 1.36 1.4 0.81 2° 47' 4.8 266.1 813 XI 

1.86 2.43 1.23 1.06 2.4 1.5 1° 56' 3.4 264.0 886 XIV 

1.11 2.24 1.38 1.05 1.9 1.2 3° 30' 6.1 263.6 865 XIV 

1:17,500 1: 6,000 

1 :40, 000 1 :12,700 

1 :39, 600 1 :12, 700 

1:40,000 1:12.100 

1:40,000 1:12.700 

'.76 5,451.3 43 .3 142 .0 19.7 0.41 . 434 .11 569.54 1.41 1.94 32.4 20. 1 1° 58' 3.4 263.3 8tH XVII 1:43,5OQ 1:15.800 

Green ..... ........ 15 & 16 XII & Xln Green Lake .. 11.90 7.(0 3.22l 2.00 

Kegonsa ...... .... 6 X & XI Dane.. .. . .... 4.83 3.00 3.62 2.25 

29 .72 

12 .73 

i.60 

11.41 1,342.4 12.2 237 .0 33.1 0.46 984.821,290.20 1.38 1.78 34.2 21.2 2° 52' 5.0 218.0 912 XXV 1:42,300 1:15.800 

4.91 3,145.2 9.6 31.4 4.6 0.49 59.06 71.25

1
1.47 1.22 15.5 9.6 0°20' 0.6 256 .6 8~~3' V 1:41,400 1:11,800 

Lac la Belle.. ..... 8 XVII Waukesha.... i.44 2.70 1.80 1.12 

Lauderdale....... 4 XVI Walworth .... . .............. . ....... . 

Green .......... 

Middle ........ .. 

Mill .......... .. 

Mendota ........ . IX Dane .. ...... . 

1.75 1.09 1.06 0.66 

2.57 1.60 0.72 0.45 

1.20 0.75 0.19 0.49 

9.50 5.90 7.40 i .60 

3.47 

1.12 

1.15 

1.20 

39.40 

Monona ...... .... . 

7 & 8 

7 X & X Dane. .... . ... 6.70 U6 3.85 2.40 14.10 

Mouse ............ . 

Nagawick :J. . .... .. 

Nashotah, Upl>tlr. 

Nashotah, Lower . 

Nemahbin. UPDer 

Nemahbln. Lower 

8 

1 

7 

7 

7 

7 

XVIII 

XVIII 

XVII 

XVII 

XVII 

XVII 

Waukesha.... 1.32 0.82 0.33 0.21 

Waukesha.... 4.42 2.75 1.80 1.12 

Waukesha... . 1.30 0.81 0 64 0.(0 

waukesha····1 
Waukesha ... . 

Waukesha .. . . 

1.21 0.79 0.40 

1.6~ 1.05 0.90 

1.49 0.93 0.96 

0.25/ 
0.56 

0.60 

0.36 

3.11 

0.55 

0.40 

1.09 

1.01 

1.11 1,137.5 a.2 46.6 3.3 0.23 15.16 19.85 0.69 1.64 12.5 1.8 0° 53' 1.5 280.3 ""'" XII 1:40,000 1:12.700 

~:: ::: .... ;~:~ .... ~:~ ..... ;:~ ... ~:~~ .... ~:~~I. .. ~;:~~ .. ;:~ .. ;:~ ... ~:~ ... j ... ;~~~., ... ~:~ 21~:~ ... ...... ~~~ .... ~ :~~:~~ . . ~:~~:: 
0.44 284.0 

0.46 291.4 

15.20 9,729.8 

5.44 3,482.1 

0.14 

1.43 

~.21 

0.15 

0.42 

0.41 

90.3 

911 .6 

136.1 

100.3 

211.1 

265.5 

15.2 

15.2 

25.6 

22.5 

20.2 

28.8 

15 ,6 

14.1 

18.9 

10.8 

50.0 

50.0 

84 .<' 

14.0 

68.3 

94.5 

51.2 

46 .2 

62.0 

35.2 

2.9 

2.5 

12.1 

8.4 

9.1 

11.0 

1 .0 

6.1 

9.0 

2.5 

0.19 

0.16 

3.31 

2.98 

4.33 0.57 

3.90 0.48 

0,41 478.37 626.86 1,41 

2.21 8.7 5.4 

2.26 8.4 5.2 

1.41 32.4 20.1 

1° 44' 

'1° 21' 

0° 43' 

3.0 .... 

2.4 ...................... . 

1.3 258.8 8i9 II 

0.37 118.88 155.13 1.11 1.62 21.4 13.3 O· 43 1.3 257.5 845 III 

0.15 

0.38 

0.45 

0.43 

0.48 

0.23 

3.09 

40.96 

3.68 

2.49 

9.95 

2.67 

4.04 1.35 

53.65 1.14 

5.08 1.35 

3.20 1.29 

13.03 1.44 

3.49 0.69 

1.84 3.9 

1.65 11 .3 

1.34 3.5 

1.35 

1.21 

1.12 

3.0 

4.5 

4.1 

2.4 

1.0 

2.2 

1.9 

2.8 

2.~ 

3° 58'/ 
2° 25' 

2° 32' 

go 4' 

2° 14 ' 

° 3' 

6.9 

4.2 

U 

5.3 

3.9 

1.8 

2&7.3 

211.3 

265.8 

265.5 

265.5 

265.2 

811 XI 

890 XIII 

872 Xln 

871 XIII 

811 XIII 

810 XIII 

1:45, 400 1:10.500 

1 :35,000 1: 7,800 

1 :lIS, 600 1 :12,100 

1 :40, 000 1 :12,100 

1 :40, 000 1 :12,100 

1 :40,000 1: 12,100 

1 :40,000 1 :12. 700 

1:40,000 1:12,100 

"Tables 41 to 44 nre the same as Tables 1 to 4 in Bulletin L,(VII, Wis. Survey, "The Hydrography and l\Iorphometry of the Lakes" by C. Juday. 
1 South part. 

• 



TABLE H.-Continued. 

Length. Maximum Area. Depth. 
breath. 

Dm 
-

Lab. Town. Bann. County. Maximum. Mean. Dmx 
Km. ML Km. hit SQ..Km SQ.. AiL AcrflS. --N. il. 

Meters Feet. Meters 

------------------- ------
Ifcnt.h. east part.. • XVIII Waukeehe. 2.18 1.35 0.75 0.47 1.33 0.51 129.0 23.7 78.0 12.8 0.54 

North. west PIU't. • XVIII Wa.ukesha. 1.07 0.87 0.57 0.36 0.47 0.18 115.0 22.4 73.6 11.4 0.52 

OcoDomowoc, •..•. .7 XVII Wa.ukesha. 2.82 1.75 l.S7 0.85 2.55 0.99 631.3 19.1 62.6 9.5 0.50 
m .. in ba.sin ..... 

Oconomowoc ....• 7 XVII Wa.ukelha. 1.20 0.75 0.80 0.50 0.73 0.28 180.0 15.0 49.2 7.9 0.52 
northea.st basin 

Oka.uchee ....... . 8 XVII & XVIII Wa.ukesha. 3.81 2.37 2.90 1.80 4028 1.65 1,057.0 28,6 04.0 12.1 0.42 

Otis ... ............ 7 XVII Wa.ukesha. 0.7J. 0.43 0.60 0.37 0.16 0.06 40.0 8.6 28.3 4.9 0.57 

Pew .. uke .......... 7 XVIII & XIX Wa.ukesha. 7.2 4.50 1.93 1.20 8.30 8.59 2.298.0 13.8 45.3 3.9 0.28 

Plne ••••••••••••••• • XVTII Wa.ukesha. 8.70 2.30 1.70 LOS S.08 1.11 755.7 27.4 00.0 12.1 0.44 

Rock .............. 7 XIII Jell'erson .. 3.20 2.00 2.00 1.25 4.96 1.91 1.225.0 20.4 67.0 6.1 0.30 

Silver ............. 7 XVI Waukesha 1.56 0.97 8.90 0.56 0.84 '.36 281.9 13.4 44.0 4.8 0.36 

Waubesa. .......... 6 & 7 X Dane .. . ... 6.75 4.20 2.25 1.40 1.24 1.18 2.034.4 11.1 36.6 4.9 O.U 

Wa.uP:l.ca. Chain 21 & 22 XI Wauvaca. ........ ...... .. .... ... ........ ........ ....... . 
O' Lakes . 

Bass .......... ... ..... ... ... ............ .. . ............ 0.09 0.06 0.09 0.06 0.01 0.003 2.5 2.7 9.0 1.3 0.48 

Beas ley .. . . .. .. . .... .... .. .............. . . ............ 0.40 0.25 0.16 0.10 0.05 0.010 ;!B.S 15.6 51.2 8.1 0.30 

Columuian ...... .. ..... . .. ............. .. ............. 0.80 0.50 0.54 0.84 0.33 0.18 82 .0 !20.3 66.8 7.7 0.38 

Dake .. .. .... ... ... .. ... .............. ... . ............ 0.60 0.35 0.50 0.30 0.15 0.06 36.7 8.7 28.5 3.2 0.37 

Hicks .. ... .. .... ...... . '\' ................ .... ........ . 0 .80 0.50 0.60 0.40 0.42 0.1& 105.4 18.2 60.0 8.1 0.45 

Knights . .. .. .... ......................... ..... ....... 0.50 0.34 0.20 0.14 0.09 o.oa 22.4 !B.O 42.6 4.4 0.34 

Long .. ... ....... ......................... ............. 1.50' 0.94 0.60 0.86 0.44 0.17 101.4 23.7 77.7 9.9 0.42 

MacCrossen . ... ........ .. ............... .... ......... 0.50 O.Sl O.SO 0.19 0.14 0.054 85.2 21.S 70 .0 9.0 0.39 

Marl ............ ........ ................. .... ......... 0.50 O.SI 0.30 0.10 O.OS 0.03 21.3 18 .4 60.6 6.2 0.S4 

Miner ........... .. .. .. .. ............... .. . ............ 0.54 0.S4 0.50 O.Sl 0.15 0.06 38.6 14.2 46 .6 6.9 0.48 

Mud ............. ... .... ................. ... .. ....... 0.20 0.13 0 .10 0.06 0.017 0.065 4.2 9.7 32.0 5.1 0.51 

Otter . . . ...... ... ... . .... ................. . ............ 0.64 o 40 0.12 0. 08 0.059 0.023 14.5 12.2 40.0 4.7 0.39 
I 

P ope .... ........ ......... ............... .. . ............ 0.S5 0.22 
0.

17
1 

0.11 0.066 0.025 16.2 12.3 40.6 5.8 0.47 

Rai nbow . ... .. .. ........ .. ............ ... .. .. ... ..... 1.00 0.62 0.75 0.47 0.55 0.21 137. 5 29.0 95 .1 11 .2 0. 39 

Rou nd .... .. .. .. ........ ...... .......... . ............. 0.90 0.55 0.60 0.35 0.43 0.16 106.2 20.3 66.6 8.41 0.41 

Taylor .. .... . .. . . .. -.. ... ... ....... ... .. .. ... .......... 0. 70 0.45 0. 50 0. 31 0.20 0.077 51.2 17.0 55,7 4.4 0.26 

y oung's .. ........ ..... ... ... ..... ... ...... .. ........... 0.13 0.08 0.11 0.07 -0 . 0121 0. 0041 3. 0 3.5 11.6 1.9 0. 54 

Winn ebago .. .. . .. 15 to 20lXVn & XVr lt .... ....... .. 45.00 28. 00 16.60 10.40 557.52 215.2 137. 708. 0 6. 4 21.0 4.7 0. 73 

Volume. D evelop- Length ot Mean slope Elevation 
m e nt. shoreline. ot bottom. above sea . 

Million Mlllio 
cU.m. cU.Y d's ~~~ Shore Km. M1. gPe:s. ~~~. Meters Feet. 

Number 
of 

h .l'dro
g r'avhic 

map. 

Scale ,"cal p-
o f ur 

hydJ'~- o r ij:!'i11 al 
graphIC m '~p. 

mal). 

--- - - -- -------------- - -------- ---
17.02 

5.33 

24.30 

5.75 

U.72 

0.79 

36.69 

37.01 

30.32 

4.50 

40 . 25 

... .... . 
0.013 

0.33 

2:56 

0.48 

S.46 

0.40 

4.36 

1.28 

0.53 

1.07 

0.087 

0. 28 

0.38 

6.26 

3.63 

0. 92 

0.023 

2, 630.09 

22.2 

6.9 

31.8-

7. 

57.2 

1.0 

48.0 

48.4 

39 .6 

5.8 

52.6 

.. ... ... 
0.01 

0.4 

3.3 

3 

5 

0.6 

4. 5 

0.5 

5.7 

1.6 

0.6 

1.4 

0.1 o 
0.3 

0.4 

8 .20 

4.75 

1.20 

0.03 

3,440 .15 

1.62 

1.56 

1.50 

1.56 

1.26 

1.71 

0.84 

1.32 

0.90 

LOS 

1.32 

1.44 

1.17 

1.14 

1.11 

1. 35 

1.02 

1. 26 

1.17 

1.02 

1.44 

1.53 

1.17 

1.41 

1.17 

1. n 

o .7S 

1.62 

2.19 

1.29 5.2 3.3 3° 34' 

1.12 2.7 1.7 4° 15' 

1.32 7.5 4.7 1° 50' 

1.23 1.7 2.3 2' 12' 

2.44 17.9 11.1 1· 43' 

1.30 1.0 1.1 2· 57' 

1.79 19 .5 12.1 O· 3~' 

1.73 10.9 6.8 2° 41' 

1.~3 0.7 6.1 1° 7' 

1.35 4.6 ~.9 1° 44' 

1.36 13.9 8.7 0° 2S' 

. . .... ...... . .. ... . ....... 
1.09 O.S 0.2 . ....... 
1.~2 1.0 0.6 7° 20' 

1.39 2.8 1.7 4° 56' 

1."4 2.2 1.3 2° 19' 

1.57 3.6 2.2 5° 48' 

1. 53 1.6 1.0 6° 55' 

1.81 4.2 2.6 5· 45' 

1.21 1.6 1.0 6° 58' 

1.25 1.3 0.8 5° 50' 

1.37 1.0 1.2 4° 4~' 

1. 32 0.6 0.4 7° 52,1 

2.00 1.7 1.1 8° 15' 

1. 08 1.0 0.6 4° 32' 

1. 51 4.0 2.5 6° 8' 

1. 35 3.2 2.0 3° 15' 

1. 57 ~ .5 1.5 4° 2' 

1.11 0.4 0.25 ~ o 54' 

1. 761 148.0 92 .5 0° 3' 

6 .2 273 .4 897 X 1 :39.f00 1:12 , 700 

7.4 273.4 897 X 1:39,600 1 :12. 700 

3.2 262.4 862 XI 1 :39.600 1:12.700 

3.8 262.4 862 XI 1 :39. 600 1:12.700 

3.0 266.1 873 XI 1 :39. 600 1 :12, 700 

5.1 264 .0 866 XIV 1:40,000 1:12.700 

0.0 259.7 852 XV 1:39.600 1 :12. 700 

4.7 275 ;2 903 X 1:39.600 1:12.700 

1.9 252 .1 m VII 1 :23. 500 1 : 4.S00 

3.0 263.3 864 XIV 1:40. 000 1 :12. 700 

0.8 257.2 844 IV 1 :41.100 1 :11, SOO 

. ..... 244.0 'sao XXVII 1:33.300 1: S, OOO 

...... ......... ...... . . ......... ......... . ..... .... 
12.5 ........ ...... . .......... ........... . .. ....... 

S.6 . ....... ...... . ......... .......... ......... 
4.0 . ....... ... ... . ......... .......... ......... 

10.1 . ... .... ...... . .... , ... . .......... ......... 
12. 1 . ....... ..... . . ......... .. ........ . ......... 
10 .0 . ....... ...... . ......... .......... ......... 
12.2 . ..... .. .. . .. . ......... .......... . .... ... 
10.2 . ....... ... ... . ......... .......... ......... 
8. 2 . ... .... ..... . . ......... ...... .. .. .... ..... 

13.8 . ....... .. .. .. . ....... .. .......... ......... 
14.5 . ....... .. .. .. ..... .. ... . ....... .. .. ... .... 
7.9 . ....... ...... ........ .. . ..... .... ....... .. 

10 .7 . ...... . .. ... . ........ .. . .... ..... .. .... .. . 
5.61 .. .. : .. . .. ... . . ...... ... .......... .. .... ... 
7.0 ..... .. . .. .. .. . .. .. ..... . ..... .... ..... .. , . 
5. 0 .. ...... -... .. . ......... .. ....... . . ... .... . 

0.07 227.7 747 XXVI 1 :185.000 1 :62,500 

- - --

'This elevation Is only an estimate ba ed on the elevation .,f the we ather ' bureau in the city ot Waupaca which Is 261 m. (857 teetl. 



Lake. Town N. 

TABLE 42.-UNSURVEYED LAKES IN SOUTHEASTERN WISCONSIN. 

Length. 

Range E. County. 

Km. MI. 

Direction 
1I1aximum 
breadth . 

Area. Maximum 
known depth. 

ofgreatest ____ ~----- I-----~------~-----I·------~---
length. 

Km. 1111. Su. Km. Su.Mi. Acres. Meters . Feet. 

-----------1------·1-- --1------- --- ---1----1--- - -------- ------ ---

Bear .. ........... . 

Browns ........ . . . 
Butte des Morts 

(Big) .. ...... .. . . 
Butte des Morts 

(Little) ......... 

Camp ..... ...... .. 

Como ..... .. .... .. 

Crystal or Cedar .. 

De Ne veu ....... .. 

Denoon ......... .. 

Eagle ... ...... .. .. 

Eagle .. . .... .... .. 

Five .... .. .. .. . .. . 

Gilbert ........ .. .. 

Golden .. .... . ... . . 

Hills ...... ... .. .. 

Hool<er .......... . 

Keesus .......... .. 

Little Cedar . .... . 

Little Green ... .. . 

Long ............ .. 

Long ............ .. 

Long .. .. .. .. .. .. .. 

Minister . ... .... .. 

Muskego (Big) ... 

Musl,pgo (Little) . 

Paddock ........ .. 

Phantom ..... . .. .. 

Pine .. .......... .. 

Pleasant .... .. .. . . 

Potter ......... .. . . 

Powers .......... .. 

Poygan ......... .. 

Puckaway . .... .. . 

Rockland .. ...... . 

Round .......... .. 

SIl ver ........... . . . 

Silver .. .. .. .... .. .. 

Sliver .. .......... .. 

Silver ... ..... .. . . . . 

Spring ........ ... .. 

Twin ....... . .... .. 

Elizabeth . . . . .. . 

JII .. ry ...... .... .. 

Wilson .......... .. 

Wind ...... .. .... .. 

Winneconne ..... . 

22 & 23 

2 & 3 

18 & 19 

19 & 20 

1 

2 

15 & 16 

15 

5 

3 

5 

9 

20 

19 

1 

8 

10 & 11 

15 

14 

20 

4 

4 

5 

5 

1 

5 

20 

4 

4 

1 

19 & 20 

15 

2&3 

20 

1 

11 

20 

18 

15 

1 

20 

4 

19 & 20 

XIII Waupaca ...... .. 

XIX Racine .. ...... .. 

XV & XVI Winnebago .. .. .. 

XVII 

XX 

XVII 

XXI 

XVIlI 

XX 

XX 

XVlI 

XIX 

XI 

XVI&; I 
XVII r 

XI 

XX 

XVIII 

XIX 

XII [ 

XIX 

XI& XII 

XX 

XX 

XX 

XX 

XX 

XVIII 

X I 

XVI 

XVIII 

XVIII &t 
XIX r 

X~VV& } 

XI&XII 

XIX 

XI 

XX 

XIX 

XI 

Xl 

XIII 

XIX 

XI 

XX 

XV 

Winnebago .. ... . 

Kenosha. ....... .. 

Walworth ...... .. 

Shebo.rgan .... . . 

Fond du Lac ... .. 

Waukesha ..... .. 

Racine ... .. .... .. 

Waukesha .... .. .. 

Wauke,ha ... . . . . . 

Waushara ..... .. 

Jel1'e rson and 
Waukesha ...... 

Wa ushara .. .. .. .. 

Kenosha ......... . 

Waukesha .. ..... . 

Washington ..... . 

Grpon Lake .... .. 

Fond du Lac .. .. 

Wausham . .. ... . 

Rncine ....... .. 

Hacln e .. ... .. .. . 

Waukeshn ...... . 

Waukesha ...... . 

Kenosha ....... . . 

Waukeshn .... . .. 

Waushara . .... . 

Walworth ..... .. . 

Walworth .... .. .. 

Kenosha and 
Walworth .... .. 

Waushara and 
Winnebago ... .. 

Green Lake and 
MarQuette . ... . 

Racine ... . . ... . .. 

Wausharn . . . .. . . 

KenOsha ....... .. 

Washington ... .. . 

Waushara ... . . . . . 

Waushnra ... .. .. . 

Green Lake .... .. 

Kenosha .. .... .. 

,Waushara ...... . 

RacIne ......... .. 

Wlnneba.go .. . .. . 

1.80 1.10 

2.00 1. 25 

7.40 4.60 

4.80 3.00 

2.40 1. 50 

5.23 3. 25 

1.16 0 .72 

1.28 

1.30 

2.10 

1.40 

1.00 

1.53 

2.20 

1.45 

1.20 

1.40 

2.1!) 

1.93 

3.70 

2.57 

1.60 

1.20 

6.03 

2.41 

1.00 

1.09 

1.41 

1.20 

1.20 

1.80 

12 .39 

0.80 

0.81 

1. 31 

0.87 

0.62 

0.95 

1. 37 

0 .90 

0.75 

0 .~7 

1.34 

1.20 

2.30 

1.60 

1.00 

0 .75 

3.75 

1. 50 

0 .62 

0.68 

0.88 

0.75 

0.75 

1.12 

7.70 

8 .10 

0.50 

0.59 

1.25 

0.94 

0.59 

1.62 

N- S 

N- S 

NW- SE 

NE-SW 

N-S 

NE-SW 

E- W 

- 9 

NW-9E 

E- W 

NE- SW 

NW- SE 

E- W 

NW-SE 

NE-~W 

NE-SW 

E - W 

NE-SW 

NE-SW 

N-S 

NE- SW 

NE- SW 

N-S 

NE-RW 

N-S 

N-S 

NE-SW 

NE-SW 

NW-SE 

E -W 

E - W 

E -W 

' E - W 

NW-SE 

NW- 9E 

NE-S IV 

NW-SE 

E - W 

NW- SE 

13.04 

0.80 

0.94 

2.00 

1.51 

'0.95 

2.60 

1.04 

.. ~:~~ .. j .. ~~-.~~~ .. 
4.21 

1.93 

0.82 

3.21 

5.15 

2.62 N-S 

1.20 

0.51 

2.00 

3.20 

NE-SW 

E- W 

NE- SW 

NIV-SE 

1.28 

1.20 

4.18 

1.30 

1.60 

1.00 

0.64 

0.45 

0.70 

1.60 

O . ~O 

0.60 

0.56 

0.80 

0.50 

0.60 

1.30 

0.64 

1.44 

0.64 

0 .80 

0.40 

0.80 

3.21 

1.40 

0. 60 

0 .60 

0.62 

0.80 

0 .70 

1.00 

5.63 

2.90 

0.40 

0.69 

1.40 

0. 53 

0.27 

0.90 

0.80 

0. 75 

2.60 

0 .80 

1.00 

0 .62 

0.40 

0.28 

0.44 

1.00 

0.56 

0 .37 

0. 35 

0.50 

0 .31 

0.37 

0.81 

0.40 

0.90 

0.40 

0.50 

0.25 

0 .50 

2.00 

0.87 

0.37 

0 .37 

0. 39 

0.50 

0.44 

0.62 

3.50 

1.80 

0.25 

0.43 

0.87 

0.33 

0.17 

0.56 

0.48 0.30 

1.40 0.87 

1.12 

0.62 

2.41 

3.21 

0.70 

0.39 

1.50 

2.00 

0.93 

1.58 

18.23 

5.28 

1.04 

3.75 

0. 57 

0.41 

0.75 

1.97 

0.85 

0.51 

0.56 

1.05 

0. 54 

0 .26 

0.96 

1.06 

1.89 

2.05 

1.09 

0.54 

0 . 65 

11 .08 

2. 10 

0 .39 

0.44 

0.62 

0 .57 

0.65 

1.68 

44.50 

12.69 

0.21 

0.41 

2.36 

0.39 

0.21 

1.58 

0.44/ 
4.35 

3.24 

1.11 

0.31 

5.70 

13.21 

0.36 

0.61 

7.04 

2.04 

0 .40 

1.45 

0 .22 

0.16 

0.29 

0.76 

0.33 

0.20 

0.22 

0.40 

0 .21 

0.10 

0. 37 

0.41 

0.73 

0 .79 

0.42 

0 . 21 

0.25 

4.28 

0.81 

0.15 

0.17 

0 .24 

0.22 

0 .25 

0 . 65 

17.l8 

8 .49 

0.08 

0.16 

0 .91 

0 .15 

0.08. 

0 .61 

0 .17 

1.68 

1.25 

0.43 

0.12 

2.20 

5.10 

230.4 

390.4 

4,505.0 

1,305.6 

256.0 

928.0 

140.8 

102.4 

185 .6 

486.4 

211 .2 

128.0 

140.8 

256.0 

134.4 

64.0 

236.8 

262.4 

467.2 

505.6 

268.8 

134. 4 

160 .0 

2,739.2 

518. 4 

96. 0 

108.8 

1 5.~. 6 

140.8 

160.0 

416.0 

10,992.2 

5, 433 .6 

51.2 

102.4 

582.4 

96.0 

51.2 

390.4 

108.8 

1,075.2 

800 .0 

275.2 

76.8 

1.408 .0 

3.264.0 

18.0 

7.0 

3.4 

3.6 

6 .0 

2.0 

19.6 

15.8 

19.0 

4.0 

1. 5 

5.0 

19.5 

]3.0 

9 .0 

7 .0 

12 .5 

11. 3 

7.9 

13.8 

23.0 

6.0 

20.0 

8.0 

14.0 

9.5 

8.5 

14.5 

7.0 

5.0 

10.0 

3.3 

1.6 

8.0 

5.8 

13.0 

10 .5 

14. 5 

13.3 

12.8 

8.0 

8.0 

4.8 

15 .0 

3.0 

59 .0 

23.0 

11.2 

12 .0 

19 .7 

6.5 

64.3 

52.0 

62.3 

13.1 

4.9 

16.4 

64.0 

42.6 

29.5 

23.0 

41.0 

37.0 

26.0 

45.5 

75.5 

19 .7 

65.6 

26. 2 

46.0 

31.1 

27 .9 

47.6 

23.0 

16.4 

32.8 

10.8 

5. 2 

26. 2 

19.0 

42.6 

34.4 

47.6 

43 6 

42 .0 

26.2 

26.2 

15 .7 

49.2 

9.8 



TABLE 43.-LAKES OF NORTHEASTERN WISCONSIN. 

Greatest Greatest 
length . Direction breadth. 

Lake. Town Range E. County. of greatest 

Km. ?til. 
length. 

Km. Mi. 
--- ---

Adelaide . . .... . ..... . . 43 V Vilas ........ . 0.75 0,47 N-S 0.51 0.32 

Alleauash .... .... ... . 41 VII Vilas ......... 2.41 1.50 NE-SW 1.41 0 .88 

Anderson ..... ... . ...• (3 IX Vilas • .. ...... 0.88 0.55 N-S 0.40 0.25 

Arbor Vitae ... ... .. 40 VII Vila •......... 2.90 1.80 N-S 2.25 1.40 

Armour ............... 43 VI Vilas .. ..... .. 1.61 1.00 E-W Irrel!' ular 

Ballard .............. . . 41 VIII Vilas .. . . ..... 2.41 1. 50 E-W 1.30 0.81 

Bass .......... ........ 39 VII Oneida ....... 0.96 0.60 NE-SW 0.35 0.22 

Bass .. . .... .... ... . .. 33 X Langlade .... 2.30 1.43 E-W 1,40 0.87 

BIIrCarr ... . ....... .. . 38 VII Oneida ...... . 2.41 1.50 NE-SW' 0.96 0.60 

BiIrSand .............. 41 & 42 XII Vilas ......... 4.83 3.00 NE-SW 2.01 1.25 

Birch ......... .. . .... 36 XV Forest ........ 2.09 1.30 E-W 1.28 0.80 

Bird .................. 38 
, 

VII Oneida ..... . . 1.50 0.93 N-S 0.88 0.55 

Black Oak .... ...... . 42 & 43 IX &X Vilas .... ..... 3.70 2.30 E-W 1.04 0.65 

Blue or Rusk . ........ 39 VI Oneida ....... 2.17 1.35 E-W 1.61 1.00 

BOulder .. . ............ 42 VI & VII Vilas ......... 3.62 2.25 E·W 1.93 1.20 

Carroll. ............... 39 & 40 VII Vilas and 
Oneid::. ..... 2.09 1.30 NE-SW 0.75 0.47 

Catfish .. .............. 39 & 40 X & XI Vilas ......... 4 . 6~ 2.87 NE- SW irrel!' ular 

Clark ................. 28 & 29 XXVII Door ......... 2.73 1.70 N-S 2.10 1.31 

Clear ...... ........... 42 V & VI Vilas ......... 2.81 1.75 NE-SW 1.10 0.70 

Clear .................. 39 VII Oneida ... . ... 3.38 2.10 N-S Irreg ular 

Clear Crooked ........ 42 VI & VII Vilas ......... 2.25 1.40 NE-SW 1.80 1.12 

Clover Lea! .......... 26 XV ~halVano ..... . ....... ....... . . . .. ....... .. ..... . . ....... 
Golden Rod ......... .. ... .... ... 
Grass .............. . .. ... ....... 
Pine or Shamrock. ..... ....... 

Crab .................. 43 

Cranberry .... .... ... 40 

Crawling Stone .. . .... 40 

Diamond .............. 41 

Duck ............. ... . 40 

Eagle ................. ( 0 

Fence ................. 40 

Fish Trap ............. 42 

Flambeau ............ 40 

George ................ 36 

High ...... . . ...... .... 42 & 43 

Horsehead ............ 43 

Island ................. 42 

Kathrine .............. 38 

Kawaguesaga ........ 39 

Laura ....... .... ...... 41 

Little M uskallonge .. 40 

Little Tomahawk .... 38 

Little Trout .......... 41 & 42 

Long .. .. . .. . ... .. . ..... 40 

Long or Trump ....... 35 

LostCanoe ............ 42 

lI1amle ................ 43 

Manitowish .... ...... 42 

Medicine ............. 38 & 39 

Mud .... . .............. 38 

North Long ........... 41 &42 

North Twin ........... 41 & 42 

Otter . .............. ... 40 

Palmer ....... . ........ 43 

Pelican ................ 35 

Pokegama . ......... . . 40 & 41 

Plum .... ............ . 41 

Pre. aue Isle .... .. . ... 43 

Razol' Back . .......... 41 

!'land .• .••••••••••••••• as & 36 

SIl..-er... •.• •••• •••• •••• 36 

Silver.. ................ 41 

SDlder . . •..•• : •••••• •.. 

SQuirreL ...••••.•••.•• 

Star .. . ................ . 

Stjl.r ..... .. ............. ' 

Stone .•...••••••. •••••• 

Summit ..••••••••••••. 

40 

39 

41 

42 

35 

33 

43 

.............. 

..... ..... .... 

.............. 
VI 

XI 

V 

VI 

X 

X 

V 

VII 

IV&V 

IX 

VII & VIn 

VI 

V&VI 

VI 

VI & VII 

VUI'& IX 

VI 

VII 

V 

V 

XV 

VII 

IX 

V 

XI 

VI[ 

XII 

XI 

X 

VIII 

X & XI 

V 

VII & VIII 

VI 

VIn 

XIII 

XIV 

VI 

VI 

V 

VIII 

V 

XIII 

X 

VIII 

................ 0.40 

..... .... .... ... 0.80 

. ............... 1.37 

Vilas ......... 3.41 

Vilas .. ..... . 2.01 

Vilas ......... 3 .86 

Vilas ......... 1.12 

Vilas ......... 0.80 

Vilas ......... 1.93 

Vilas ......... 5.23 

Vilas . ........ 2,41 

Vilas .. .... .. . 3.22 

Oneida ....... 1.61 

Vilas ... . .. . .. 3.22 

Vilas ......... 2.41 

Vila, ... ...... 3.22 

Oneida ...... . 3.62 

Oneida ... ... 6.84 

Vilas ......... 2.41 

Vilas ......... 1.04 

Oneida . ...... 0 .96 

Vilas. .... .. 2. 81 

Vilas ......... 2. 25 

Forest .... .... 1.70 

Vilas ......... 2.01 

Vilas ......... 1.61 

Vilas ........ . 2.57 

Oneida ... ... 2.25 

Oneida ....... 0.55 

Vilas ......... 5.15 

VlIas ......... 6.60 

Vilas ......... 1.40 

Vilas ......... 2.81 

Oneida ....... 5.79 

Vilas ......... 5.23 

Vilas . ........ 6.76 

Vilas ......... I 6.03 

' rna .... ....... . 1.77 

Forest, .. ... .. f. 83 

FOl'l'st.. .. .... 1. 61 

Vilas......... 1.61 

Vilas......... 2.17 

Oneida....... 6.03 

Vilas......... 3.41 

Vilas... ..... 1.61 

Forest. . . . .. .. ii. 63 

Lallglade..... 1.50 

Vilas......... 2.57 Tenderfoot .•..••••••• 

Thousa.nd Isl&nd ..... 44 XXXXI W Gog e b i c • 
Mich........ 3.62 

Tomahawk ........ .. .. 38 & 39 VI & VII Oneida....... 7.24 

Trout ........ .......... 41&42 VI&VU Vilas . ........ 7.24 

Turtle. North......... 43 & 44 V Vilas.... .. ... 2.0J. 

Turtle, South........ 43 V Vilas . ........ 3.62 

Two Sisters......... .. 38 VIII Oneida ....... 3.05 

Upper Gresham...... 41 & 42 VI Viias........ 2.01 

Vieux Desert......... 42 XI Vilas......... 7.53 

White Sand..... ...... 42 VII Vila~.. ....... 2.65 

Yellow Birch......... 40 X Vilas......... 1.20 

0.25 

0.50 

0.85 

2.12 

1.25 

2.40 

0.70 

0.50 

1.20 

3.25 

1.50 

2.00 

1.00 

2.00 

1.50 

2.00 

2.25 

4.25 

1.50 

0.65 

0.60 

1.75 

1.40 

1.06 

1.25 

1.00 

1.60 

1.40 

0.34 

3.20 

4.10 

0.87 

1.75 

3.60 

3.25 

4.20 

3.75 

1.10 

3.00 

1. 00 

1.00 

1.35 

3. 7;; 

2.12 

1.00 

3.50 

0.93 

1.60 

2.25 

4.50 

4.50 

1.25 

2.25 

1. 90 

1. 25 

4 . 68 

1.6:; 

0.75 

E-W 

E-W 

NW-SE 

NE-S W 

NE-SW 

NW-SE 

NE-SW 

NE-SW 

E-W 

N-S 

NE-SW 

N-S 

N-S 

NE-SW 

E-W 

NW- E 

N-S 

E- W 

W-SE 

N-S 

N- S 

N-S 

N-S 

NE-SW 

N W-SE 

N-S 

E-W 

NE-SW 

NE-SW 

NE- SW 

NE-SW 

N-S 

NE-SW 

E-W 

N- R 

NE- SW 

NW-~E 

N-S 

N-S 

~W 

N-S 

0.35 

0.60 

0.80 

2.17 

1.12 

2. 65 

0.64 

0.48 

1.77 

3.37 

1.00 

Irreg 

1.12 

1.61 

1.28 

1.61 

irreg 

irreg 

1.45 

0.48 

0.56 

2 .01 

0.96 

0.48 

0.61 

UI7 

1.37 

0.96 

0.40 

1.20 

2.57 

0.80 

2.01 

3.38 

1. 9 

2.01 

3.22 

1.45 

2.09 

1.20 

0.32 

I 

I 

0.22 

0.38 

0.50 

1.35 

0.70 

1.65 

0.40 

0.30 

1.10 

2.10 

0.62 

ular 

0 .70 

1.00 

0.80 

1.00 

ular 

ular 

0.90 

0.30 

0.35 

1.25 

0.60 

0.30 

0.38 

0.85 

0.85 

0.60 

0.25 

0.75 

1.60 

0.50 

1.25 

2.10 

1.20 

1.25 

2.00 

0 .90 

l.!0 

0.75 

0.20 

NE-SW irreg ular 

N-S . ~1.61 

E-W 2.57 

E-W 1.04 

N-S 1.12 

N-S 0.59 

E-W 2.41 

1.00 

1.60 

0.65 

0.70 

0.37 . 

1.50 

E-W 

E-W 

irreg ular 

irreg ular 

N-S 3.86 2.40 

NE-SW 1.28 0.80 

N-S 1.01 0.63 

E-W 1.80 1.12 

E-W 1.28 0.80 

NE- SW 3.92 2.44 

E-W 1 .40 0.8i 

N-S 0.71 0.44 

Sa. Km. 
---

0.18 

1.42 

0.21 

4.22 

1.24 

2.17 

0.23 

. 0.80 

1.29 

6.99 

2.17 

0.54 

1.89 

2.20 

2 .48 

1.16 

3.65 

2.69 

2.04 

3 .73 

2.72 

1.18 

0.07 

0.34 

0.77 

5.33 

1.35 

6.47 

0.31 

0.26 

2.64 

13 .73 

1.32 

5.18 

1.06 

3.08 

1.66 

3. 52 

2.46 

8.36 

2.59 

0.31 

0.54 

3.88 

1.81 

0.98 

0.83 

1.55 

2.07 

2.07 

0.163 

4.40 

10.92 

0.80 

2.48 

14 .24 

4.92 

4.40 

7.64 

1.42 

•• OS 

Las 

0.52 

1.11 

6.34 

4.66 

1.08 

3.42 

1.55 

2.61 

3.34 

14.76 

I 

Area. 

SO . Mi. 

---
0.07 

0 .55 

0 .08 

1.63 

0,48 

*0.84 

0.09 

0.31 

0.50 

2.70 

0.84 

0.21 

0.73 

0.85 

*0.96 

0.45 

1.41 

1.04 

0.79 

1.44 

1.05 

0.46 

0.03 

0.13 

0.30 

2.06 

0.52 

*2.50 

0 .12 

0.10 

1.02 

*5.30 

*0.51 

*2.00 

0.41 

'1.19 

*0. 64 

*1.36 

0.95 

3.23 

1.00 

0.12 

0.21 

*1.50 

·0.70 

0.38 

0.32 

0 . 60 

*0.80 

0.80 

0.063 

1.70 

4.22 

0.31 

0.96 

5.50 

'1.90 

1.70 

2.95 

0.55 

3.12 

0.52 

0.20 

*0.43 

2.45 

1.80 

'0 .42 

1.32 

0 .60 

1.01 

1.29 

5.70 

16.83 '6 .50 

2.59 1.00 

3.21 1. 24 

3.68 1.42 

1.45 0.56 

19. 34 7.47 

3.21 ' 1.24 

0.78 0.30 

Acres. 
---

45.0 

352 .O~ 

53 .1 

1.043.2 

307.2 

537.6 

57.6 

198.4 

320.0 

1, 728.0 

537.6 

134.4 

467.2 

544.0 

614.4 

288 .0 

902.4 

665.6 

505.6 

~21.6 

672 .0 

297.6 

19.2 

86.4 

192 •• 0 

1.318.4 

332.8 

1, 600.0 

76.8 

64.0 

652.8 

3,492.0 

326.4 

1.280.0 

262.4 

761.6 

409.6 

870.4 

608.0 

2,067.2 

640.0 

76.8 

134.4 

960.0 

448.0 

243.2 

204.8 

384.0 

512.0 

512.0 

40.3 

1,088.0 

2.700.8 

198 .4 

614.4 

3,520.0 

1, 216.0 

1, 088.0 

1.880.0 

352 .0 

1,996.8 

332.8 

128.0 

275 .2 

1,568 .0 

1,152.0 

268.8 

844.8 

384.0 

646.4 

825.6 

3.648.0 

4,160.0 

640.0 

793.6 

908.8 

358.4 

4.789·8 

793.6 

192.0 

• The areas of the lakes marked with an asterisk were determined by Mr. O. B. Stewart, Consulting Engineer, Madison, Wis. 

Maximum 
known a epth. 

Meters. 

---
21.0 

7.5 

19.5 

8.8 

14 .3 

5.0 

7.0 

6.0 

22.8 

9.5 

IP 
13.0 

24.5 

13.5 

6.0 

7.0 

6.0 

6.0 

8.0 

25.0 

10.0 

. ..... .... 
11.4 

14.8 

10.8 

13.5 

3.5 

28.3 

9.0 

4.9 

7.0 

28.3 

9.0 

15.0 

6.5 

9.5 

6.8 

11.0 

8.5 

17. 0 

12.0 

6.5 

13.7 

28.0 

17.0 

4.9 

12.5 

4.5 

15.0 

4.0 

8.3 

27.0 

13.0 

8.9 

4.5 

12.3 

13.0 

15.5 

24.0 

. 9.:; 

14.1 

6.0 

17.0 

8.0 

10.3 

8.0 

17.5 

23 .3 

4.9 

8.5 

21.5 

2~.5 

35.0 

14 5 

13.1 

19.5 

8.0 

6.0 

20.5 

4.7 

Feet. 
---

68.9 

24.6 

64.0 

28 . 

46.9 

16.4 

23.0 

19 . 

74. 

31.2 

61.7 

42.6 

80. 

44. 

19. 

23. 

19 . 

19. 

26. 

82. 

32. 

... .... 
37 • 

48. 

35 . 

44. 

11. 

93. 

29. 

16 . 

23. 

93. 

29. 

49. 

4 

5 

3 

5 

5 

21. 

31. 

22. 

36. 

27. 

55. 

39. 

21. 

44. 

91. 

55. 

16. 

41. 

14. 

49 . 

13. 1 

27. 

88. 

42. 

29. 

14. 

40. 

42. 

50 

78 

~i 

. 8 

.7 

.1 

48.5 

10.7 

55.S 

26.2 

33 .8 

26.2 

57.4 

76.4 

16.1 

27.9 

70.5 

73.8 

115. 0 

47 .6 

43.0 

64.0 

26.2 

19 .7 

67.2 

15.4 



TABLE 44. tAklDS OF NORTHWESTERN WISCONSIN. 

Greatest Gre atest Are ... Maximum 
length. Direction breadth. known d epth. 

Lake. Town N. Range W. County. of Il"re:o.test 

Km. Ml. 
length. 

Km. Ml. SQ. Km. SQ. Ml. Acres. Meters. Feet. 

------- -------1---- - -- -- - -------- --- -
Atkins ............ . ... 44 V I Bayfield ..... 2.17 1.35 

I 
E-W 1.45 0.9 2.12 0.82 524 .8 18 .0 59.0 

Balsam ............... 34 & 35 XVI r o l ; .... .. .. 2.06 1.28 N-S 1. 61 1.00 1.86 0.72 . 460 .8 11.0 36.1 

Balsam .. . ......... .. . 37 X ~yashl)unl .. . 3.06 1.90 NE- SW 0.64 0.40 1.55 0.60 384.0 13.0 42.6 

Dal'don 0 1' Whlte fbh 43 XII I DOLl " \as ..... . 4.18 I 2.60 NE-SW 1.20 0.75 3.11 1.20 768 .0 I 31.0 101.7 

Beaver Uam . . .... . .. 35 & 36 XIII & XIV BalTon .. .. .. 6.12 3.80 NW- SE 1. 20 0.75 5 .13 1.98 1.267 .2 28 .0 91.9 

B enne l. .... . . ......... 37 IX Hawyel· . .. .. .. 0.60 0.37 N-S 0.32 0.20 0.08 0.033 21.1 19.5 64 .0 

Rig AIlg'llS ........... . 47 & 48 VlII Bay fi e ld .. . . . 1.93 1.20 NE-SW 0.88 0.55 1.10 0.426 272.6 9 .5 31.2 

Big Balsam ........... 34 & 35 XVI[ Pol k .......... 4.83 3.00 E-W 1.61 1.00 7 . 22 2.79 1.785.6 5.5 18.0 

mil' BuLle l·nut ........ 36 XVI[ P Ol k ......... . 1.93 1.20 E-W 0.96 0 .60 1.55 0.60 384.0 6.5 21.3 

Rig n OI·seshoe .. .... .. 34 XIV &XV Bal'l'on & Po ll; 4.02 2.50 N-S 1.61 1.00 8.24 1.25 800.0 18.0 59 .0 

Big Sand ...... .... .. .. 36 XIV Bar ron . . ... .. 3.62 2.25 NW-SE 0.56 0.35 1.42 0.55 352 .0 17.0 55.8 

Big Sissal."'l!"ama .... . 38 IX Sawyer . ..... . 3.94 2.45 NW-SE 1.20 0.75 3.75 1.45 928.0 14.5 47 .6 

Ilig SDlde ...... ...... .. 42 VII Sawyer .. .. .. 4.00 2.49 NE-SW irreg- u la .. 7. 20 2 .78 1.779.2 14.5 47.6 

Bh·ch ........ .......... 37 X Washbul'n ..• . 1.45 0.90 N-S 1.13 0.70 0.98 0.38 243 .2 17 .5 57.4 

Hone .................. 35 & 36 XVI Polk .......... 7.72 4.80 N- S 1.61 1.00 8.31 3.21 2.0;;1.4 15 .0 49 .2 

Bottomless .. . ........ 47 IX Bay fi eld ..... 1.13 0.70 ' N-S 0.56 0.35 0.44 0.17 108 .8 10 .0 32.8 

Cable ................. 43 VIII Bayfield . .. .. 2.90 1.80 N-S 0.8;; 0. 53 1. 50 0.58 371. 2 10 .0 32 .8 

Camp 20 .............. 46 & 47 VIII Bayfield ..... 0. 40 0.25 N-S 0 .18 0.12 0.06 0.02~ 15.4 11.0 

I 
36.1 

Clear ••••••••••••• ••••• j 33 IX Rusk .. ....... 1.09 0.68 N-S 0.40 0.25 0. 28 0.11 70.4 19.5 64 .0 

Crow •••••• ••••• ••••••• 47 VIIT Bayfield .... . 1.61 1 .00 NE-SW 0.72 0 .45 0.70 0.27 172.8 18 .0 59.0 
I 

Deer ... .... .......... .. 34 XVJ[ & Polk . ...... .. .. 4.50 2.80 
X VIlI. 

E-W 1.13 0.70 3.26 1.26 805.4 12 .0 39. 4 

DIamond .............. 44 V[ Bayfield ...... 2. 17 1 35 N- S 1. 32 0 .82 2.02 0.78 499.2 19 .8 65.0 

Eau Clai .. e . ... ...... . . 44 IX i3ay fl e ld ... .. 3.62 2.25 N - S 1. 61 1. 00 3. 11 1. 20 768. 0 20 5 67.2 

Gllmo .. e ........... ... 42 X II Wa,h bu .. n ..... 4.59 2 85 NE ·SW 0.97 0 .60 2.67 1. 03 659.2 10 0 32.8 

G .. indstone ............ 40 VII[ & IX Saw,l'el' ...... .. 5 .47 3.40 NE-SW 3.38 2.10 14.0 1 5.41 3. 46.~ 4 14 5 47 6 

Half Moo n .... .... .. .. 47 vur i3al field ...... 1.13 0.70 E-W O.M 0.40 0.40 0.154 ~8.5 7. 0 ,3 .0 

Hammill s .... ....... . . 44 VTI & VIn i3ayfield .... .. l. 61. l. 00 NE-SW 0. 88 0.55 0. 90 11 .35 2: 4.0 15.0 49 .2 

Hawlp.l" .. .. . . .. ....... 44 VIr i3ayfleld .... .. . . . . . . .. ..... .. . . . . . . . . . . . . . . ....... .. ...... . ...... ... . ...... ... .. . . . .. . . 8 .5 27.9 

I sland . . . . .. .......... 33 v lrr Ltu,I< .... .. .. .. 2.82 1 75 NE- SW 1.05 0 .65 1. 76 0.68 435. 2 14 5 47 .6 

Lac Court O l'e illes ... 39 & 40 VIII & I X SawyeJ' ... . . o . 9 .10 5.65 NE-SIV 3. 06 1. 90 21. 24 8 . 20 5.248.0 20.5 67 . 2 

Little DucIL .. . ..... . . 42 V I Sa wyer . . . ..... 3 .54 2.20 NE-SW 1.77 L.l0 4 .30 1.66 1. 062 .4 5 .0 16.4 

Little Sbsabag-ama .. 38 IX Raw.r e I' .. .. ... . 1.61 1.00 N-S 1. 28 0.80 1. 29 0.50 320.0 15 .0 49.2 

Little Spider .. .. .... 42 VII Sa wyer ........ 1. 91 1.00 NIi:· SlY 1.05 0 .65 0 .93 0. 36 220.4 6.0 19.7 

Long- ... ......... .. ... 37 & 38 X & XI lVa,hbul'lJ .... 1.4. 89 9 .25 NE- SW irreg- ulal' lUI. 5.72 3. 660.8 2~ .0 75.4 

Long ..... . ............ 34 xvn Po ll< ...... .... 2.73 1.70 NW·SE 

I 
0.88 0 .55 l. 55 0.60 38LD 7.5 24.6 

Long .... ........ .... .. \ 32 Vln & IX Chi ppewa . .... 4 .83 3 .00 :,\ R-SIV 1. 37 0.8'; 4 .32 1.67 1. 068 .8 23 .5 77 .1 

Lost Land .... .. ... ... 42 VI Sawyer ........ 4 .02 2.50 N - S ir,flg u lal' G .01 2. 32 1.484.8 4. 8 15 .7 

Love less .. ............ 34 X\7[I Po l k .. .. .... .. l.61. 1. 00 NW-SE 0.51. 0 .32 0 .62 0.24 153 .6 6 .5 21..3 

LowerBass .... .... .. 43 XII Donglas ... .... 1.61. 1.00 l'i - 3 1. 45 0.90 0 .88 0 .34 , 17.6 24.0 78 .7 

Mlnnesuing- ....... ... . 46 X I Douglas .... .. 3.22 2 00 N-S 1.13 0. 70 2. 07 0 .80 512.0 7.0 23.0 

Namel'agon .. . .. .... .. 43 V [ Bay fi l' ld .. .... 7.24 4.50 NE- :;W irreg- u la r 14 89 5 75 B. 680. 0 10 .0 32.8 

Neba gamou .. ... ... ... 46 & 47 XI Doug las .... . .. 4.50 2.80 NW-SE 3.54 2.20 4.14 

I 
1. tiO 1. 024.0 14.0 45 .9 

Nichols. or Chain . . .. S2 & 33 IX CiliPI)eWa 

I 
and Rusk ... 3.70 2.30 ~ E-SW . o 74 0.46 0.75 0.29 185.6 20 0 65 6 

Owe n ........ ..... . .. .. 43 & 44 VI[ Bayfield . . . .. . 10 .05 6 .25 NE- SW il'Jeg ular 8. 10 3 13 3.032 .0 27.0 88.6 

Perr.!' ..... .... .. . . ... 43 

I 
V I[ 

I 
B ayfield .. .... 1. 07 0. 66 N - S 0.40 

I 
0.25 0. 28 

0.11 I 70.4 il 0 l 6 .4 
-

Pike ..... .............. 47 YIlT Bayfield .. .... 3. 22 2.00 N-S 1.93 1.20 2. 19 0.845 540 8 15.0 49. 2 

Pine ................... 32 & 33 IX ChiP}J("H a 

I I \ 100.0 
" 

and HlI~k , . 2.01 1.25 :'<R-!'lW 0.80 0. 50 0 .83 0. 32 204 .8 30.5 

PiLche r ............... 44 VII Ba., fi e ld .... . 0 .82 0.51 NE. SIV 0 040 0,25 0.14 0.054 34.5 4.0 
\ 18. 1 

Pokc aama .......... .. 42 XII ~Yasbbu l'lI . .. 3.86 2.40 NE-S W 0. 97 0. 60 2.03 0 .79 505 .6 7.0 23 .0 

Red Cedar .. ...... .... 36 X Ba1'1'on ....•.. 7.24 4 .50 N- S 2.25 1.40 9.37 3.62 2. 316.8 15. 0 49 .2 

Round ..... . ......... . 41 VII &V lrr Sawyer ....... 7.64 4.75 N-S 4. 57 2. 90 14 .50 5.60 3.584.0 18 .0 59. 0 

Saint CroIx ........... I 45 XI &Xn Douglas ..... , 6.44 4.00 NF:'SW 0.88 0. 55 4.17 1.61 1.030 .4 6.0 19. 7 

Sabbe ry .............. 32 IX Chippewa .. • . 1.61 1.00 NE·SW 0.69 0.43 0.26 0.10 64. 0 ~.5 8.2 

Sh~ll" .... ............ 37 & a8 XU&XIII Wash burn ... 5 .23 3.25 NE-SW 4.02 2.50 12.95 5.00 3.200.0 15 .0 49.2 

Spiri t . .. ............ . . 37 XVIII Burnett ... ... 2.73 1.70 NE-SW 1.6i 1.00 2. 59 1.00 640 .0 7.5 24 .6 

Suck e r ; ....... . ..... .. 33 XVII Poll, ......... 5.63 3.50 NW·SE 1.93 1.20 5.88 2.27 1.452.8 8.5 27 .9 

Swe nson .............. 43 VII Bayfie ld ..... 2.01 1. 25 NE-SW 0.56 0.35 0.80 0 .31 198. 4 5.3 17.4 

Tal/lor ..... ... ....... . 44 VI&VU Bayfield • .• •• 1.16 0. 72 E - W 1.05 0.65 0. 80 0.31 198.4 4.5 14 .8 

Tl'ad~ .... ............. 37 XVIII Burnett ...... 1.61 1.00 NE- SW irreg- ular 2.07 0.80 512 .0 6.0 19 .7 

Trapper ...... ........ 44 VI Bayfield ... • . 2.01 1.25 NE-SW 0. 8S 0.55 1.10 0 .426 272.6 9.0 29 .5 

Upper Turtle . ... .. . .. 34 XIV Barron ....... 3.70 2.30 NW-SE 0.64 0. 40 
1 

1.94 0 .75 480.0 7.0 23.0 

Whlteflsh .. . ...... .. .. 39 IX Sawyer ..... .. 4.18 2.60 NE-SW 

I 
1.05 0.65 

l 
3.63 1.40 896.0 22 .5 

1 

73 .8 

Wild Goose ........... 1 34 XVII Polle .. . ....... 1.53 0.95 I NW-SE 1.03 0.64 LOS 0.40 256.0 4.5 lU 
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large lakes as the distance from the shore increases. Except in the case 
of inflow of rivers of considerable size, the evidence of land pollution 
does not extend far, because out in the deep quiet water the matter in 
suspension falls to the bottom where the organisms l~se their vitality. 

The area, depth, and elevation of the lakes, Superior and Michigan, 
are given in the following table: 

TABLE 45. Area, di'Pth and eleration of Lakes Superior and Michigan. 

Lake Superior ....................... : .......... . 
Lake Michigan ................................ . 

Area In square Maximum Elevation above 
miles. depth in feet. sea level. 

31.200 
22.450 

1.008 
870 

602 
581 

Lake Superior is the largest body of fresh water on the globe. Both 
lakes are drawn upon for public water supplies by many of the cities 
on the lake shores. 

While there is a strong tendeney for the natural purification of the 
waters of the Great Lakes, the effects of sewage pollution are matters 
of great importance for the cities on the Great Lakes as invariably the 
cities put their sewage into the same water from which their supplies 
are taken. 

There is not so much danger of one city polluting the water supply of 
an adjacent city along \the shore, as there is of a city polluting and in
fecting its own supply. There is often, also, more danger of the smaller 
cities mingling their sewage with their own water supply than of the 
larger cities, as in the smaller cities less money is available for water 
works; their intakes do not go out so far into the lake; and their sewers 
are therefore more likely to discharge near the intake. Milwaukee, popu
lation 373,857, draws its water supply from JAlke Michigan, the present 
intake extending out 8,500 feet at a depth of 58 feet. Kenosha draws 
its lake supply from a 5,000 foot intake, at a depth of 35 feet. Sheboy
gan obtains its lake supply from 3 intakes at depths of 12, 27 and 47 feet~ 
None of these cities treat the sewage in any manner before emptying it 
into the lake. In general no serious trouble has been directly attri
buted to the water supply for these and most other Wisconsin cities us
ing lake supplies. And yet the experience at Chicago and the adjacent 
cities and towns in the North Shore district1 seems to indicate that the 
utmost care and watchfulness should be applied in safeguarding the wa-

1 See Eng. News, Vol. 64. p. 325. "Quality of Lake Michigan as a Water 
Supply for the North Shore District." 

14-W. S. 
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tel' supply of those cities that put their raw sewage into the same water 
from which their supplies are taken. 

CHEMICAL QUALITY OF SURFACE WATERS 

The mineral content of the waters in our lakes and rivers, ranges 
from 16.4 parts per million in the water of the lake at Woodruff, Vilas 
county to over 200 parts per million in many of the rivers of the eastern 
part of the state. The waters of lakes and rivers are somewhat unlike in 
their mineral content, hence they are described separately. 

RIVER WATERS 

The chemical quality of the water of creeks and rivers changes some
what in the course of the flow from source to mouth. Small streams are 
the most affected by local conditions. A large river is the average of all 
its tributaries and, as a rule, the composition of the large rivers the 
more nearly resemble one another. The, water of rivers consists of 
ground water plus rain, and contains as already stated a variable 
amount of suspended matter washed from the land and of dissolved sol
ids due to contamination by sewage and refuse from towns and factories. 

The waters from creeks and rivers in the state range from 28 parts 
per million of mineral matter in Morrison creek in eastern Jackson 
county, and 43 parts per million in the Wisconsin river at Tomahawk, 
Lincoln county, to 395 parts per million in the Root river at Racine. 

The high mineralization of 500 to over 1,000 parts per million in the 
water of the Menomonie River at Milwaukee, and of some streams in 
other cities and villages is obviously due to pollution from sewage or 
manufacturing plants. 

The average mineral content of creek and river waters from various 
parts of the state, as determined from about 85 analyses of probably 
nearly pure waters, is about 150 parts per million. The maximUm 
range in mineral content of unpolluted creek and river waters, is prob
ably between 25 parts per million in the northern part of the state to 
350 parts per million in some of the small rivers in the eastern part. 

The mineral content of the water of the Mississippi river at La Crosse 
is 142 parts per million, of the Chippewa'river at Eau Claire 90 parts 
per million, of the Wisconsin river at Portage 98 parts per million, and 
of the Rock river at Watertown Jct. 241 parts per million. The analyses 
of the river waters are given in tables under the county description, but 
in order to show the general range in the composition of the river wa-
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ters of the state, representative analyses of creek and river waters are 
also given in the following table: 

Tc~BLE -!(l, -_,\{';n~ral anxlY,181 of t.l/pi~'Ji "reek and river waters. 
(Parts per million.) 

'" ;; CD 

7. ] 
!I ~ ~ :; g 0 ~ ~ as 

-;; . 8 "'_ ~~ S g 5 ~"g ~ Creek or River. ' Loclltion. 

oc: ; ! a+ ,go ~ ~ .S !i .~~ res 
~ "E) i .=z :~ 2 .g E; ~ ~~ ~ 
~ ': E ;~ =0 ~ Il) CD - \ ~ ~ ~ 

== :; I = '5_ ~= ;: '3 :a ::: ~s "0 
------------------~~;;; ~~~-~~~I~I~ 
Morrison Creek......... Sec.21. T .21, R.I. i _ _ I I 

Jackson Co ........ 3.4 0.. a_I ....... , 10.4 4.3 0.5.... - 28 
Creek.......... .......... Near Cedar. Iron I! 1 

Yellow river ..........•. 
Black river' ............ . 
Chippewa,rivel'· ....... . 
Wbconsin river· ....... . 
Mississippi ri ver' .....•. 

. Fox rivel'6 .••...•......• 
Rock riverll ..•..•....... 
SheboYl!'an river ....... . 
Milwaukee river' ....•. 
Root river ...•.......... 

Co .............. 11. 8. 4.0, 2.· ...... I 23. 3.5.... 36. 54 
Necedllh.......... 8 17. 7. ~.i ...... 1 37 . 4.112.3.......... Z2 
North La Crosse ..... 16 7. a. ' ...... 38. 7. 5. .... ...... 19 
Eau Claite ....... 12 13 4.7 8.1, ~8. I 0 14. 1.1.... 3. 90 
Portage .......... 13 14 7. 8. I 58. 0 17 2. .9 4. 98 

h~~a~~~~:::::::: .~~. ~~ 1" I If ::::::: ~ .1~ ~ ....... ~.. ~:i 
Watertown Jct ...... 48 28 I 8 ' ...... 140 8 6 .... ...... 241 
Sheboyl!'an ...... '110 37 26 6: ...... 93 35 20 .... 13 232 
Milwaukee....... 5 44 ~4 fi i ...... 115 20 8 .. ..22 225 
R~cine ........... 10 74 !38 , 18 I ...... 169 75 8 .......... 395 

, Average of 3 analyses. 
• Average of 35 analyses. 
3 Average of 24 analyses. 
, A \'erage of 3 analyses. 

• Average of 4 analyses. 
• A ..... rRl!'e of 3 analyses. 
, A ,'"rage of 4 analyses. 

It will be observed in the above table that the river waters of 
. the north central part of the state are much less mineralized than the 
river waters of the eastern and southern part. There is also an appreci
able increase in the proportion of sulphates as compared with carbon
ates in going from the northern part of the state towards the southeast-
~~~ , 

The mineral content of river waters per volume is less in stages of 
high water than in stages of low water. This fact is well shown in the 
following tables1 of mineral analyses of water from the Wisconsin river 
at Portage, table 47, and of the Chippewa riwr at ~au Claire, table 48. 

1 Quoted from U. S. Geol. Survey, W. S. P. Xo. 236, pp. 55 and 113. 
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TABLE 47. Mineral analyses of water from Wiscon8in River ne~r Portage, Wi8. a 

(Parts per million unless otherwise stated.) 

Date. 
0906-7). 

From- To-

I ' ~ cb ~ [.!:: ~ .. 
2S~ bI~ (,J'C ~ ..c: ..... ~ ~ o.-:.;a cO '; Q.) "0 ~ 
.. .... --: e A~ I" .... -" i" <Ii 
8 0 i ~ '0+ ~ ,5--;' 'g ;a 6' .!::; ~ 

P; "0'" 0 . ~ 8 ;;z"" .. 0'" " ~ 5l .. 
~ CP ~ ..... Q) ::I ~ cO CD M. CD rJl .s,Q 

§ 'g .~ / FE 5 g .~ 8'81 5-; .8e;1 ~i !5 .E ;a~ ~z 

:::::I ::s 0 .... - M ." - oi.l1 cd- ..... ,-, :;::j- ..... - ,.c::: o oo ~-
-? ~ E ~ ~ ~ '0 S.=; =1.0 0 ~ Q.. -ao ~z 8 ~;:::: ~ ~ 

______ ~_~_~_I oo_~_~ ~ ~_~_~_~_ Z 0 ~ ~ 
~ OJ I !li.....~ 0 - - "0- ;..0 c.J'7: _fl.J - - ~ 0 w ..... 

Sept. 11 Sept. 20 10 7.6 0.76 26 0.25 14 7.3 9.2 I 0.0 66 ..... 1.3 0.8 117 5.2 
Sellt. 21 SeIlt.30 15 9.6 .64 16 .40 14 7.2 9.21 .0 68 13 .9 2.5 109 5.3 
Oct. 1 Oct. 11 10 4.0 .40 13 1'r. 16 8.5 7.3 .11 66 13 .5 1.5 105 4.8 
Oct. 12 Oct. 22 5 5.6 1.12 15 .30 16 8.3 10 .0 75 16 .5 1.0 98 4.9 
Oct. 23 Oct. 31 5 9.2 1.84 19 Tr. 16 8.9 7.6 i .0 60 24 Tr. 4.0 108 6.5 
Nov. 1 Nov. 10 5 5.6 1.12 17 Tr. 15 7.3 7.1 I .0 51 15 Tr. 2.5 100 6.1 
Nov. 11 Nov. 21 10 6.0 .60 6.6 .10 14 6.2 7.8 .0 49 11 .4 1.5 100 5.7 
Nov. 22 Dec. 1 10 4.0 .40 6.4 .10 13 5.4 7.6 .0 48 14 .4 6.0 93 6.8 
Dec. 2 Dec.ll 10 10 1.00 16 .30 .... 4.9 9.7 .0 43 19 1.3 1.3 g9 6.8 
Dec. 12 Dec. 22 10 5.6 .56 22 .40 13 2.4 11 .0 59 19 .4 3.2 112 6.5 
Dec. 23 Jan. 1 5 2.0 ;40 15 .40 14 6.8 ..•.. .0 48 25 Tr. .9 105 ....• 
Jan. 2 Jan. 11 5 Tr ..... 'j16 .40 15 7.6 7.8 .0 72 19 .4 1.8 106 .... . 
Jan. 12 Jan. 22 5 1.6 .3~ 15 .20 ..•.. 7.2 7.3

1 

.0 72 23 1.4 2.8 102 ... .. 
Jan. 23 Feb. 1 5 Tr ...... 13 .25 16 9.6 5.9 .0 11 ..... Tr. 1.8 105 .... . 
Feb. 2 Feb. 12 5 9.2 1.84 13 .40 18 6.7 13 .0 76 2512.4 108 .... . 
Feb. 13 Feb. 23 5 2.0 .40 13 .20 ..... 7.6 10 .0 72 15 2.2 '4:5' 98 .... . 
Feb. 24 Mar. 6, 5 Tr ...... 11 .18 17 8.3 12 .0 75 23 1.6 2.1 109 .... . 
Mar. 7 Mar. 17 10 10 1.00 10 .23 15 ..... 11 .0 73 ..... 1.9 1.8 107 6.4 
Mar. 18 Mar. 28 10 14 1.40 9.0 .20 11 17.2 5.1 .0 47 13 1.9 1.8 78 7.7 
Mar. 29 Apr. 7 5 Tr ...... 5.8 .20 9.t 2.8 4.3 .0 26 11 1.7 1.2 65 12.3 
AIlT. 8 Apr. 17 10 .......... 18 .15 11 4.8 ..... .0 49 21 1.0 .6 96 9.2 
AIll'. 18 AIlr.27 51 Tr ...... 11 .20 10 4.9 5.9 .0 37 16 .5 1.9 78 7.8 
Allr. 28 I May 7 5 Tr ...... 7.6 .25 11 5.0 5.7 .0 35 17 Tr ...... 87 7.9 
May 8 I May 17 ~_ Tr~ :.:.::.~ ~_ ~_:.:.::.~ ~ ~~_ ~_ ~ ~_ 3~~ ~.:!i __ ~ __ ~.:: 
Mean.............. 714.6 .86 13 .22114 6.8 8.1 I .0 I 58 17 .9 t.l 98 ..... 

Per ct. of anhy-
drousresidue ................. 14.3 c.3 15.4 7.5 8.9 31.5 ..... 18.8 1.0 2.3 ..... 1' .. .. 

aAnalysis September 11, 1906. to February 12. 1907. b.v W. H. Barr; Febrllary 13 to Ma.rch 6, 
1907. by H. t-l. Spauldin,,: March 7 to Ma.v 17.1907. by Walton Van Winkle. 

bGaging station at Necedah. Wls .. 50 miles above. 
cFe'20a. 



SURPACE WATER Sr.,-PPLIES. 213 

TABL~; 48. .Jfineral analyse8 of water from CltipJelw Ricer near Eau Claire, Wia. a 

(Parts per million. unless otherwise stated. 

Date 
(1906-7) 

From- To-

1 
~ I ~ ~ [ ~ .i ~ ~ ~ 
~ ~ ~ e ~O! ~ ~ ~ ~ ~ 
8 0""' 8 8 -'8+1.... !l .... ;a S ~ 

b ~ i !Xi ~ ~ 1 ·Zl ~. §~ ~. f. ~ .~. ; 
;a ~ '8' - f::. § ~ I 8- §~ ,00 =~I ~~ ~ "d rn ~-;; £ ~s~= '0 feIE511.f:O~O~o=O·§~~cQ.) 
::l ~ ~ ~ ;8 e ~ '" I rc ~ ~O ~S S'~ ~~ :a "0 ~ ~:; 

______ ~~_~_ oo_~_~_ ~_I r2~! ~- _~_~_~_~ __ ~_~ 
Sept. 141 SeJ)t. ~3 5 Tl' ...... 24 [0.20 11 3.7: 8.4 : 0.0 I 45 12 Tr. 3.2 111 6.4 
Sept. 24 Oct. 3 10 TTrr .. ,., ........ 11 .30 12 4.0 1 7.1, .0 44~ 9.0 1.8 2.1 98 6.1 
Oct. 4 Oct. 13 5 5.8 .20 12 5.1 9.4'.0 u 14 Tr. 1.2 98 5.0 
Oct. 14 Oct. 23 5 4.8 0.96 16 .15 13 6.3 i 7.0 I .0 59 19 '1.'1'. 1.3 103 4.9 

g~~. 2~ ~~;: 1~ ~ IU l:g~1 t~ T~~ tg U i U! :~ U t~ ~~: U t~~ U 
Nov. 13 Nov. 22 5 Tr ...... 112 Tr. 12 4.2 ' ..... ; .0 33 14 Tr. 1.5 87 6.4 
Nov. 23 Dec. 2 15 6.4 .43 16 Tr. 10 ..... 7.5 I .0 39 17 .0 .9 93 6.5 
Dec. 3 Dec. 13 10 4.8 .48 17 .40 12 4.2 9.2 .0 40 19 .0 1.2 94 5.4 
Dec. 14 Dec. 25 5 2.8 .56 15 .30 14 4.910 .0 53 17 .0 2.0 101 5.2 
Dec. 26 Jan. 4 5 Tr. ..... 15 ) .25 14 5.7 7.3 .0 :16..... .9 1.5 97 5.0 

~:~: 1~ i:~: g 13 ~:4 ":64 t~ :ig U ~:L3'" :8 ~ It9 T~:i.1·2:7· ~: .. ~:~ 
Jan. 28 Feb. 7 5 Tl' ...... 15 .25 17 4.8 i 5.6 .0 70 12 .8 .4 109 .... . 
Feb. 8 Feb. 18 5 4.0 .80 15 .15 17 8.5 11 .0 66 [10 1.4 .6 97 ... .. 
Feb. 19 Feb. 28 5 Tl' ...... 15 .25 17 4.1 j 8.7 .0 65 12 1.8 1.6 95 ... .. 

~:~: Ii ~~ng ~ ~~:i .. :64 i~ :~o i~ 6.6 U :~ ~~ l~ U U t~~ "s:i 
Mar. 21 Mar. 31 20 34 1.70 4.6 .37 ..... 2.8 5.4 .0 25 15 1.2 1.5 59 11.2 
Apr. 1 Apr. 10 10 10 1.00 6.8 .19 6.2 3.7 5.2 .0 "2'2" 1184 1.'91 '.41 I 58 11.2 
Apr. 11 Apr. 20 5 7.6 1.52 6.8 .15 11 2.4 8.5 .0 72 7.9 
Apr. 21 Apr.30 Tr. Tr ...... 12 .18 9.8 3.7 4.61 .0 29 17 Tr. .7 73 7.0 
May 1 May 12 Tr. Tr. ..... 9.6 .24 5.2 4.4 .0 39 16 Tr. Tr. 72 7.3 
May 13 May 22 5 Tr. ..... 7.4 .18 8.2 2.3 ..... .0 28 11 Tr. .1 63 8.7 
May 23 June 1 5 Tr. ..... 7.0 .19 7.0 2.4

1
4.9 0128 9.9 Tr. 2.4 89 8.2 

June 2 June11 5 Tl' ...... 5.8 .16 10 3.0 4.3 :0 38 8.7 .8 Tr. 68 6.6 
June 12 June 21 5 Tr ...... 5.2 .25 10 4.3 5.9 .0 46 15 Tr. .2 87 6.0 
June 22 July 1 5 Tr ...... 10 .18 15 ..... 9.5 .0 56 14 1.2 .8 90 6.0 
July 3 July 12 10 9.2 .92 9.8 .20 13 4.41 7.6 .0 45 15 1.0 .2 81 6.3 
July 13 July 22 5 Tr. .. ... 10 .30 14 ...... 7.3, .'00 1"5'9" 10 .5 .3 84 5.1 
July 23 Aug. 2 7 Tr ...... 12 .21 17 ..... .10; 0.9 Tr. .3 93 4.8 

f~~:~! te~t ~i 2g 2I:: :~:~~ U J! n .:::. ti·6! :!: ~ '~r 4~: T~: i: J~ 
SeJ)t. 3 Sept. 12 5 Tr ...... 14 .12 16 6.1 III : O· i2 15 .3 1.0 108 .42 

Mean ............ 7.0 3.7~ -:9712~ --:22~ 13- 4:T 8.l i~-, 4S' 14~ -:6-U~ 9o~ ~:-:-:-: 
Per ct. ot anhy-

drous residut> ................. 15.5 b.4 16.81 6.1 10.5 :30.5 ..... 18.0 .8 1.4 ......... . 

• Anah~es September 14, 1906. to Feb. 7.1907. by W. III. Barr: February 8 to February 28. 1907. 
by H. S. Svauldine; March 1 to September 12, 1907. by Walton Van Winkle. 
bFe~ 03. 
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A fairly close similarity in the mineral content of the creeks and 
rivers and of the underground waters of the same localities may be ob
served on examination of the tables of analyses under the county de
scriptions. In general the surface waters are much less mineralized 
than the underground waters, the mineral content of the surface wa
ters usually amounting to only 50 to 75 per cent of that of the under ... 
ground waters in the same district. 

In the average composition of the underground waters as shown by 
the districts of soft and har~ waters (See Plate V), therefore, the 
usual mineral content of the creeks and rivers in these districts may be 
taken at 25 to 50 per cent less than the average given for the under
ground waters. 

LAKE WATERS 

The waters of lakes are similar to the waters of rivers in being lower 
in content of mineral matter than underground waters of the locality, 
and also are like the river waters in the constant and appreciable con
tent of organic and suspended matter which they carry. 

Inland Lakes.-The content of mineral matter in our inland lakes 
very generally is below that of the rivers that flow into them. The dif
ference in some instances is only slight but in other instances the min
eral content of the inland lakes is at least 35 per cent below that of riv
ers that flow into them. A similar difference is to be noted in the lower 
mineral content of the Great Lakes, as compared with that of their 
affiuents. 

The recent study of the inland lakes of Wisconsin by Birge and Ju
day! shows that the water of many of our lakes, those having proper 
depth and contour, become stratified during certain seasons of the year, 
"turn over" in the spring and autumn, and have in general an ap
preciable increase of mineral content with depth. These changeOl are di
rectly due to the warming and cooling of the water thr()w~h the warm 
and cool seasons of the year. These changes probably influence the liv
ing organisms in the lake and the bio-chemical reactions that are devel
oped. 

The mineral analyses of the water ,of 19 inland lakes of 'Wisconsin, 
samples taken at various depths, are shown in the following table: 

1 Inland Lakes of Wisconsin, Wis. Survey Bulletin No, XXII, 
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TABLE 491-.3Iineral alwlg~eor of Icatn- from inland lakes oj Wisconsin. 
Ana.lyses stated In parts per million. 

, If I 
Depth i~ 

0 a 2 Q) 

Q) Q ~ l.::--;a b] Q B Q) 
I_~ ;;::: ;a oj Q Lake. Date. jH ~ e oj " ;a ,...: 

oj 

S ';d " 3 is § S E; 2l 
oj 

'" S oj " .. ,,- 2l Q) 
~ ;::::-1 S 'Vi '" oro .; 
~~ " S 'Uj " .00 oj " " .. " " " 00 0 ,,0 .s= ''; 

" +" 
~ " b. ;a .. .0 

.§ES .9 0 .... Q) ,,< -;;; .. +" " :a <ll 

" <- 0 0 oj 

" ;;::: ~ 1ii 0 ::s rn il; 0 CQ rn 0 -------- -------------------- ------ _. 

Bass (MinocQua).. .. Sept, 1907 '" 0 0 
Beasley ............... Aug. 25,1906 {1~ 4~ 

5.0 5.0 0.6 1.2 0.3 0.0 0.6 4.9 1.4 2.5 
9.0 0.5 34.3 22.9..... ..... 7.0 93 5.5 5.0 

26.0 1.1 47.0 23.4..... ..... 0.0111 3.4 3.4 

Sept. 9, 1907. J ~ 
114 

I Aug. 3,1908. 

Clear ................. 'Sept. 1007 .. .. 
Devils ................ , Nov. 1908 ... 

r 0 
I 5 
1 5.5 
~ 6 
1 7 
1 9 
114 

o 
o 

o 13.3 
26.3 21.6 
46 33.0 

o 14,4 
16 4 9.5 
18.1 7,8 
19.7 8.0 
~3 14.3 
31.2 20.3 
46 21.0 
o 1.1 
o 2.2 

I 1& 0 6.9 
Elkhart .............. Sept.12,1907 b ~~:~ ~:~ 

L33 108.1 19.8 

Garviu ............... 1 Sept. 5,1907 i ~ 
r 0 

Geneva..... .... .... .. Sept.~26, 1907 
, 15 
i 30 
l41 

r 0 
Green.............. . Sept.l4,1907 40 t15 

Kawaguesaga ....... 

Knights ........... .. 

Long (Waupaca) ... 

Mendota ............. . 

65 

Aug. 26.1907 h~ 

r 3 
Aug. 27,1909 ~ 4 , 4 

l 5 

Sept. 9,1907 {2~ 

Sept.14,1906 j 1~ 122 
Jau. 15,1907 0 

:::. 1:: :::: {~~ 
22 

Mar. 7.1908[17 
Apr. 10,1910 0 
July 4.1910 0 

o 6.1 
19.7 7.6 
29.5 16.9 

o 7.8 
49.2 .... . 
98.4 .... . 

134.5 11.1 

o 8.41 
49.2 8.41 

131.1 10.3 
213.5 10.4 

o 14.2 
49.~ 18.9 

9.9 14.9 
13.1 14.3 
14.8 13.6 
16.4 18.6 

o 14.9 
72.2 21.5 

1) 1.3 
42.6 3.2. 
92.2 4.7 
o 0.8 
o 1.2' 
o 9.t 

46 8.5, 
55.8 9.0, 

72.2j 21.21 .. 
55.8 6.5, 
o 3.5' 
o 4.0: 

1.7 46.6 27.8 2.4 2.0 2.0104 
0.8 43.5 27.8 2.2 2.1 0.0118 
4.0 47.1 28.0 2.6 1.9 ..... 121 

10.3 2.8 
9.4 2.5 

11.8 2.0 

0.5 
0.7 
0.7 
1.2 
1.2 
1.7 
4.6 
0.7 
0.7 

33.11 
33.3 
~O.O 
33.2 
38.3 
39.2 
40.6 
0.7 
3.2 

11.5 ........................... . 
17.9 ........................ , .. . 
18.3 ....................... .. 
17.9 ........................... . 
17.6 ......... , ........... .. 
18.6..... ..... 0.0111 ....... . 
19.8..... ..... 0.0119 ....... .. 

1.1 ..... ..... 0.0 8.4 8.1 8.2 
0.3..... ..... 0.0 11 5.314.5 

0.8 16.2 19.5 3.8 2.4 8.0107 10.7 6.0 
1.1 19.1 24.8 3.9 1.9 4.01121 H.7 5.0 
1.8124.11 26.8 4.3 2.2 0.0129 10.6 5.2 
2.6 24.9, 26.0 4.5 2.4 0.0

1

136 12.4 6.5 

1.5 16.9 9.0 3.6 0.8 11.0 88 12.8 6.0 
1.8: 23.0 23.0..... ..... 0.0117 11.4 5.0 
9.1; 28.4 25.1 2.0 1.4 ..... 153 11.5 5.6 

I . 
12.5 5.0 
13.0 5.0 

0.7, 18.3: 25.8 4.6 2.5 11.0 94 
0.7i 20.01 27.0 4.4 2.5 0,01111 
1.11 21.8i 27.3 4.1 2.2 0.0113 
2.0: 22.8

1 
27.5

1 

4.2 2.8 0.0'1114 

1.6! 16.4
1 

25.9 3.0 3.1 8.0 87 16.0 6.0 
2.0: 23.8 26.0 3.5 2.8 0.0

1
109 15.8 5.5 

2.1: 24.0,..... 3.4 2.9 0.0110 16.3 6.2 

'iG ~:g 

2.2i 21.i' 25.3, 3.6 3.1 0.0
1
112 18.6 5.5 

1.6; 6.9 2.2 2.6 1.7 0.0 29 7.9 2. 
10.8, i .6, 3.4.......... 0.0: 45 ........ 

1.7:
1
, 39.1' 24.1 ............... 1..... 3.7 2.3 

I.! 32.5 ;;.! ..... ..... ..... ..... 4.0 2.5 
O.d 29.3. _-.1 ............... '1..... 4.1 2.3 
1.41 38.81 23.8'1 .... · ..... ..... ..... 3.4 1.9 

1.0 30.4 li.1 2.9 3.3 2.0,111 8.6 2.5 
3.9, 33.3 18.3 3.0 3.0 0.0'120 12.2 2.5 

0.4
1
: 2204 24.2

1 
........................... . 

1.2 Zi.l 26.6 ........................ . 
2.0. 29.1 ~.8' ........................ . 
1.4, 2i.! 2ql' ............... , ........ .. 
0.8, :!:II ... :s.'>..... ..... 5.0

1

89 12.2 3.0 
1.6, liA 21.8 2.7 2.6 10.0 74 15.2 3.0 
1.6 lUI 20.0..... ..... 0.0108 15.4 
1.8 li.6 20.~..... ..... 0.0116 15.7 3.0 
2.8: n.2 21.5 4.6 1.8 0.0/132 15.1 3.0 

1.2, Z2.11 :!3.i..... ..... 0.0 III 17.8 3. 
lA, :!:II.S ~1.1 ........................ . 
1.51. 19.0 22.~..... ..... ..... ..... 3.6 

1 Quoted from Wis. Survey Bulletin, No. XXII, pp. 170-1. 



216 THE WATER SUPPLIES O}i' WISCONSIN. 

TABLE 49-Mineral analyses of water from inland lakes of lVisconsin---:-Continued. 
Analyses stated In parts per million. 

00 

'" '" '" Depth. 0 

" 0 . ...,--: 
bi ,..,,,, 

Lake. Date. 
",0 e "'" .. .or:.. 

I;;) 0 8+ ~ 8 
=,,,, =' 

:!3 a '[i! 
~ .So .;:; '" ...; '" 8..::.' " 2l :§ ,,< " 0. 

" '" ';0 .. 
::0 ~ 00 :;;~ I;;) ~ 

--------- -------

North-East part .... Sept. 4. 19071 {2~ 0 13.6 1.2 34.1 24.2 
72.2 14.3 2.6 41.6 24.8 

( 0 0 2.5 0.5 31.3 30.0 
N orth-West part .... Aug. 10.1906, ~ ~ 21.3 2.6 

"0:8 
46.2 32.0 

26.21 9.1 49.1 27.5 

il15 
49.2 9.7 1.1 49.2 26.4 

l22 72.2 11.5 49.3 n.4 
May 10.1907 0 o 3.0 0.6 47.3 28.0 

Sept. 4.1907 { 2~ 0 11.4 0.7 32.9 25.1 
72.2 20.7 2.7 43.7 25.9 

Sept. 1.1909 M 0 10.2 1.8 34.9 28.3 
72.2 22.0 2.2 49.6 32.7 

Okauchee ............ Sept. 5.1907 27 88.6 17.6 1.5 34.3 25.9 

{1~ 13~.1 8.8 0.8 12.0 4.0 
Owen ................. Au&'. 20.1908 8.9 ..... 15.6 3.3 

26 85.3 12.0 4.5 14.5 3.6 

( 0 0 10.9 1.2 14.9 3.9 
Pike .................. Aug. 25.1908 j I~ 26.3 8.5 1.1 15.1 3.9 

32.9 12.5 2.5 14.8 4.4 
l14 46 15.0 11.2 16.3 4.2 

Rainbow ............. Sept. 10.1907 M 0 12.0 1.4 15.6 14.6 
88.6 26.9 3.0 28.8 17.4 

Trout (South Part.) AUIl.19.1907 0 0 13.0 
1.11 

6.7 2.5 

Two Sister ........... Au&,. 27.1907 19 62.4 22.9 8.5 4.5 2.2 

) 

I 
'" 0 
S 

" ~ ~ 
.~ 'tl 

g '" '" '" ;.. .. ~ ... 2l z 8 '" '" ~ +"' p ~ 1:1--;; 
8 !I B

1

!§ " ;g ~ ~ 0""'" 

17] - ~ - ~ I~~ 
..... 8.0 '126 
..... 0.0139 

..... ..... 8.0 99 ..... ..... ..... ..... ..... ..... 0.0 131 ..... ..... ..... 127 
.... ·112M 
12.0

1
114 

2.4 1.2 

1 ~I 
0 
:!3 
~ 

" ;a 
'" 6 
" 

If '" " 'k 
0 

" :c: 
en I;;) 

16.010. o 
o 18.7 5. 

12.5 3. ..... .. . 
14.4 2. 
12.1 4. 
10.2 2. 
13.4 4. 

18.4 9. 

5 
o 
5 
o 

2.0 1.2 
3.4 1.7 

11.0:115 
0.0,151 I 13.9 

.......... 13.4 
4. 
5. 

o 
5 
7 
7 6.2 3.0 

3.2 1.4 

..... ..... ..... ..... ..... .. -.... 

..... ..... .. .. T .... .......... .......... 
2.2 3.3 
2.5 3.4 

0.8 0.3 

4.5 4.5 
I 

..... ..... 
0.0 66 

1.0 33 
O.Oi 34 
0.0 34 

0.0 34 
0.0 34 
0.0 34 
0.0 38 

8.0 90 
0.0 120 

0.0 28 

0.0 23 

9.2 

13.9 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

8.6 
9.1 

6.4 

8.2 

2. 

4. 

1. 
2. 
2. 

O. 
O. 
O. 
O. 

4. 
4. 

3. 

5. 

o 
5 
o 
3 

5 
5 
5 
5 

5 
o 
o , 

It will be observed on examination of the above table of analyses that 
there is very generally a notable increase with the depth in the content 
of all the constituents, the increase of silica and calcium being especially 
marked. In several of the lakes, the content of magnesia is nearly equal 
LO or greater than that of calcium, as shown in the analyses of the water 
of lakes Elkhart, Geneva, Green and Mendota. Since the analyses of the 
underground waters in the localities of these lakes, as well as the analy
ses of the creek and river waters of the state, show a very general and 
fairly constant proportion of calcium to magnesium of about 2 to 1, 
there is very clearly a loss of calcium in the water of all those lakes that 
show equal amounts of these constituents. The loss of calcium is very 
obviously due to organisms in the lake that utilize carbonic acid and cal
cium in their biological processes. That calcium carbonate is precipita-
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ted on the bottom of Lake Mendota is shown by analyses1 of the mud 
obtained from the bottom of this lake. The analyses .of incrustations 
on the leaves of Potarnoget01~ and the stems of Ohara, which thrive 
in our inland lakes and after death sink to the lake bottoms, consist very 
largely of calcium carbonate, CaCOo• which has been abstracted from 
the lake waters by these organisms. The well known occurence of marl 
deposits in the bottoms of many of our hard water lakes and also in 
marshes that were lakes in relatively recent geological time, show con
clusively the important effects of precipitation of calcium carbonate 
through the bio-chemicalchanges brought about in our lakes, by the 
work of organisms. 

The utilization of silica by the silicious diatoms and the precipita
tion of iron oxide by such bacteria as crenothrix constantly take place 
in the lake waters, as these organisms are vcry generally present in 
the lake waters in large numbers. 

Hence, on account of bio-chemical changes wrought in the lakes, 
thre is a constant loss of certain constituents which result in a gradual 
softening of the lake waters. It is only withiu lakes of certain depths, 
generally over 30 or 40 fcet in depth, in the basin of which the water 
can remain for very long periods, that appreciable loss in the mineral 
constituents can be developed. In ,shallow lakes that a~e usually thor
oughly drained by the rivers that flow through them, no appreciable 
changes are likely to be affected. Such shallow inland lakes as lakes 
Winnebago, Poygan and Puckaway are of this class. On the other hand 
the water of deep lakes such as Green, Elkhart, Geneva and Mendota, 
from the bottoms of which there is little or no outflow, show important 
changes in mineral content as compared with that of their affluents. 

The mineral content of some 37 inland lakes cited in this report 
range from 16.4 parts pel' million in the small lake at Woodruff, Vilas 
County, to 298 parts per million in the small lake. Paul's Lake near St. 
Cloud, in Fond du Lac County. The analyses of the 37 lakes show an 
average mineral content of 141 parts per million. Complete analyses of 
the various lakes are given under the county descriptions. 

In the following table analyses of representative lakes from various 
parts of the state are given to illustrate the general range in the com
position. 

1 Wisconsin Survey Bull. 22, p. 171. 
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T ABL E 50. -"Vineral analysu of water of typical inland lakes. 
Analyses stated In varts per million. 

-.. " S <OS--: § 0 S '""~ 2l , 
§ '" ".~ ~~..-: "''''~ '" B~oo Lake. County. 9 1il SgJ+ '""'" ~~ ~ '" .2 

'" "'- ::J~ce 0-0 '': '" ->~ " '"'" ;8 '0 "'::;: ·~oz -e~o A<OO oS " ,,--_ .. rn 

'" .,00 
';0 ,,~ '8 A- ",..- ","'- .<1 ... Or:Jl:ll 

00 0 ::;: en 0 rn 0 0 Eo< 
--------------- -- -- -- ----

~I~ 
----

Lake at Woodruff ......... Vilas ......... 4.1 2.4 0.6 1.2 3.3 10 16.4 
Lake near Worden ........ Oneida ....... 4. 8. 0.8 4.7 4.7 24.9 ...... 11 48. 
Sumlllit .................... Lauglade .... 5.6 11.3 3.8 3.1 14. 19. 4.8 12 63. 
Long ....................... Florence .. , .. 8. 18.1 8.8 5. 49. ~. 7.7 20 99. 
Lake near Oxford ........ Marquette 4. 24. 12.8 7. 65. 3.4 10.6 128. 
Lake at Gillette ........... Oconto ....... 6. 28. 19. 0.9 89. 'iil:!!' 1.4 28 145. 
Winnebago ........... ! .... Winnebago ... 6.9 35. 20. 8.7 101. 5.3 8 190. 
Elkhart .................... Sheboygan .. ...... 31. , 31. 2.9 117. 6.3 6.1 ...... 195. 
Geneva ..................... Walworth .... 3.6 ~9. f 30. 

8.5 115. 11.4 8.8 . ..... 207. 
Random ................... Sheboygan •. 2.4 41. 34. [ 3.3 140. 11.5 5. . ..... 239. 
Crav&th .................... Walworth .... . ..... 39. 36. 14.8 160. 7.5 2.4 261. 
Paul's ...................... Fond du Lac. 1.7 61. 35. 4.2 169. 17.9 6.7 60 298. 

In the central and northern parts of the state in the region of the 
granite rock and thin sandstone where the groundwater is shallow the 
lake waters are very generally soft as illustrated by the lakes in Vilas, 
Oneida, Langlade and Florence counties. In other parts of the state 
where the groundwater is deep, the lake waters are hard or very hard, 
as illustrated by the lakes cited from Oconto, Winnebago, Fond du Lac, 
Sheboyga.n and Walworth counties. The water of Lake Winnebago 
which lies in a shallow basin is essentially the same as that of the Fox 
River. The mineral content of the water of Elkhart and Geneva., the 
analyses of each showing an excess of magnesium over calcium, is typi
cal of the deep, hard-water lakes. The relatively high mineral content 
of Paul's Lake is probably typical for small hard water lakes that draw 
their principal supply from springs. 

Great Lakes.-The waters of Lake Superior and Michigan are low in 
mineral content and for this reason are excellent for most industrial pur
poses. The mineral analyses1 of water from ;Lake Superior, Table 51 
samples taken at monthly intervals during the year, are shown in the 
following table: 

l-R: B. Dole, U. S. Geol. Sur. Water Supply Paper, No. 236, p. 101. 
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TAllf.'iJ 5L ]finJrnl an'lly/3.! of IrJ'!r f,",'m LII;~ Superior at S,t!tlt Ste . .llfarie, 

J/id •. ' 
[Parts per million, uilles" otherwise stated. I 

Scpt. 22 .•.. 2 . ..... 11 0.09 13 3.2 3.9 0.0 59 4.1 0.25 1.0 63 
·Oct. 22 .... 1 . ..... 8.7 .03 13 3.1 3.5 .0 56 3.8 .t5 1.2 61 
Nov. 22 .... 2 . ..... 5.9 .04 13 2.9 l.O .0 54 1.8 .45 1.4 54 
Dec. 20 .... Tr. . ..... 7.2 .08 13 2.9 3.6 .0 55 1.8 .30 1.3 58 
Jan. 22 .... Tr. . ..... 4.7 .03 13 2.9 l.O .0 55 1.6 .45 1.2 53 
Mar. 22 .... 3 . ..... 12 .04 13 3.2 5.1 .0 55 1.7 .35 1.1 68 
Apr. 20 .... 1 . ..... 12 .11 13 3.1 3.5 .0 56 1.5 .30 1.0 64 
May 23 .... 3 . ..... 4.8 .09 13 3.0 3.0 .0 I 52 1.5 .55 1.0 57 

. .June 22 .... 3 . ..... 4.6 .04 14 3.2 3.3 .0 59 1.7 1.2 1.2 59 

. .July 22 .... 2 . ..... 5.7 .05 12 3.0 2.8 .0 I f8 1.5 1.2 1.0 55 
Aug. 22 ...• 5 . ..... 5.3 .05 13 3.1 2.9 .0 60 1.6 .50 1.1 66 

-- '. 
-~ -~ -~ -~ -~-~ -~ -~ -~ 

Mean .... 2 'rr. 7.4 .06 13 3.1 3.2 .0 I 56 2.1 .5 1.1 60 
Per ct. of 
anb;\rdr's 

..... . 1 12 .7 122.4 47.51 ...... residue .. ...... s .2 5.3 5.5 3.6 .9 1.9 .... -.. 
1 Analyses by R. B. Dole ano M. G. Roberts. U. S. Geol. Sun'ey W. S. P. 236, p.101. 
2 tiag-ing station at Marquette. Mich .. 160 miles west. 
a Fe20a. 

602.95 
602.84 
602.66 
602.45 
602.22 
602.06 
601.94 
602.10 
602.55 
602.70 
602.93 
-~ . ..... 
...... 

The samples of Lake Superior water were taken from St. Mary's 
river just above the locks at Sault Ste. )Iarie, lUichigan. The mean 
total mineral content is 60 parts per million, the individual samples 
ranging from 53 to 66 parts per million. 

The analyses of .the Lake Superior water in Chequamegon Bay at Ash
land show a somewhat higher mineral content than those in the above 
table from St. Mary's river. The average of total solids in 14 analyses1 

of samples taken from the surface and bottom of Chequamegon Bay is 
67 parts per million, the range being from 58 to 7 -! parts per million. 
'l'he analysis of Lake Superior water quoted as No.1 in the table, p. 233, 
which is apparantly of unpolluted water, shows total mineral content 
of 65 parts per million. The water taken at yarious depths in Chequa
megon Bay is, therefore, appreciably higher in mineral content than 
that of samples taken by the U. S. Geol. Survey from the St. Mary's .. 
nver. 

The mineralization of the water of Lake 1Iichigan is about twice as 
strong as that of Lake Superior. Analyses made by R. B. Dole, U. S. 
Geol. Survey2 of Lake Michigan water, Table 52, samples collected from 

1 Analyses made in 1914 by the State Hygienic Laboratory in investigating 
.. Aehland City Water supply. 

2 W. S. P. No. 236, p. 73. 
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a ferry boat in the Straits of :Mackinac at St. Ignace are shown in the
following table: 

TABLE 52-:lfineral analY8e8 of IMter from Lake Micl!igan at St. Ignace, Mich.' 
[Parts per million, unless otherwise stated.] 

Date 
(1906-7) . 

Sept. 20...... 1 .... 17 0.02 
Oct. 20....... 1 .... 9.2 .02 
Nov. 20 ...... Tr. 9.5 .05 
Dec. 20...... 1 .... 10 .06 
Jan. 20...... 1 .... 6.2 .04 
Feb. 19.... ... 12 .03 
Mar. 20 .............. 14 .03 
Apr. 21...... .... .... 8.4 .04 
May 20...... .... .... 9.5 .03 
June 20..... .... .... 8.6 .04 
Au&,. 20...... .... .... 11 .04 

27 7.7 
~6 7.4 
28 8.8 
25 7.1 
26 8.1 
26 8.4 
25 7.9 
26 8.1 
27 8.7 
26 8.4 
28 9.4 

4.9 5.9 
4.4 6.6 
3.4 2.4 
4.7 1.6 
3.2 1.6 
5.4 3.4 
5.0 Tr. 
4.7 .0 
5.4 2.6 
6.6 4.5 
4.2 3.5 

109 6.6 0.20 2.6 
103 6.5 .30 2.6 
117 6.4 .35 2.9 
104 6.2 Tr. 2.6 
110 6.2 .4 2.8 
113 7.6 .35 2.8 
111 7.9 .4 ~.6 
112 9.5 .3 2.4 
115 7.8 .25 ~.5 
116 7.7 .55 3.0 
120 7.4 .4 r3.2 

126 
115 
120 
108 
110 
120 
117 
115 
121 
120 
123 

581.08 
580.85 
580.72 
580.67 
580.62 
580.64 
580.67 
580.83 
581.07 
581.42 
581.51 

-- -- ---- -- ------ -- -- ----
Mean ...... ITr. Tr. 10 .04 26' 8.2 4.7 2.9 112 7.2 0.3 2.7 118 ........ 
Pel' ct. of I 
~~s~a~~?~~........ 8.5 '.0 ~U 7.0 4.0 49.6 ...... 6.1 0.3 2.3 ... 

1 Analyses by R. B. Dole and M. G. Roberts. U, S. Geo1. Survey. W. S. P. 236 P. 73. 
o Gaging st&tlon at Mackinaw. Mich .• 5 miles away. 
I Fe20s 

The 11 analyses of samples shown in the above table range from 108: 
to 126 parts per million of total dissolved solids, the mean of the total 
dissolved solids being 118 parts per million. Quite invariably, however, 
the analyses of Lake Michigan water of samples taken adjacent to the 
lake shore, in eastern Wisconsin, show an appreciably higher mineral 
content than that indicated in the above table. The analyses of Lake 
Michigan water are given under the county descriptions, but for pur
poses of com pal' is on with those of the above table are compiled in the 
following table: 
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"TABI,E 53.-Mineral analyses of ICatn- of Lake .Vkhigan at variou8 localities. 
(Parts IlI!r 1I1J11on. 1 

o I~ I 'I I ~ §: - I -
!:+ ~ ! ~ " . ~ 

;S ro ~ ~ 0 1= ~ _ i; "g 
~ ~O -. _ ~ Cii :; _ ~ .-J > 
-G,) '='I Q>l CIS "0-;" I d - 0 "'cd -~ 0 S~ s e =~., ... S z ~ ~ 
~ m ::;- d .e CIS as I) " - := ~ 

Locality. Analysts. 

2 ~ 8~ ~ ~.~ ~,go -gc ~ f ; -;; 
2 ;:: .E S e; ~ '8~ ;;S --a~ :c: I!:: ~ '0 
p.. 00< u :;:::x.ox. uZOE-< 

.0 ~ = Q) " 00 e+ =-[;;- = " ..:l "0 

----- --------_._------
,Port Wa.shing- Feet. I 

ton ........ /' 18-30 5.6 2.4 SO.8 9.2 5.7 66. 9. 4,7 ........ 134 C.N~v~i90V.. Ry. Co., 

I .... 5·0· 166'.6 "'1".6' 3343.'9 10.2 1.5 72. 6. 3. 142 G, Bode. Before 1877. 
11.9 2.2 66.21.6 S.5 .... tr. 148 Dea.rborn D. & C. Co., 

I ' Mar. 1912. 
50 5,6 1.9 26.6 11.3 6.1 68. 8 0 35.... 1. 131 Dearborn D. & C. Co., 

Milwaukee { Sept. 1907. 
I .......... 1.5 31.6 10.5 3.4 70. 6.9 2.9 ........ 127 C. M. & St. P. Ry. Co. 

July 1889. 

II .......... 4.5 34.0 11.2 4.8J 76. 8.t 3.1 ........ H2 C. M. & St. P. Ry. Co. 
Dec. 1894. 

'l 50 .......... 31.8 10.6 6,7 71. 9.0 7.2 ........ 136 C. M. & Ht. P. Ry. Co. 
Aug. 1907. 

Racine......... 47 2.1 1.2 30., 10,i 5,6 66.122 7 ..... tr. 135 Dearborn D. & C. Co. 
Feb. 1892. 

Kenosha....... 34 5.4 1.8 32.9 10.f 5,2 68 15,1 5.3 .... 6. 145 Dearborn D. & C. Co. 

-Chicago ........ ISO-50? 5.1 
Dpc.1911 . 

. 3 32.1 10.2 3.1 73, 6.8 2,3 ........ 134 J. H. Long Ill. State 
Board of Health. 

The mineral analyses of Lake Michigan water in Table 53 are ap
preciably higher in mineral constituents than those of Table 52. The 
higher mineral content of the lake water at the south end of the lake. 
,as compared with that near the outlet in the Straits of Mackinac, has 
been suggested! as possibly due to the higher mineral content of the 

,streams that enter the southern end of the Lake, as compared with those 
of the northern end, and als02 as possibly due to currents from Lake 
Huron, bringIng into the Straits of Mackinac the less mineralized water 
of Lake Huron. While both of the explanations may be applicable to a 
-certain extent, the writer is of the opinion that the depth at which the 
samples were taken is a controlling factor and should be considered, in 
any study of the composition of the lake wa~er. It has already been 
pointed out, and it is clearly shown in the analyses of the water of the 
inland lakes (,rable 49), that there is a tendency for the lake waters 

10 become stratified there being a fairly constant increase in the mineral
ization of the water in approaching the bottom of the lakes. It seems 

'State Water Survey of Illinois, Bull. 8, p. 35. 
'R. B. Dole, Waters of the Great Lakes, Jour. of X. Eng. W. W. Ass'n. Vol. 

o£3, p. 259. 
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. reasonable to believe that a somewhat similar increase in mineralization 
with depth is also true for the waters of the Great Lakes. Most, if not 
all the waters analysed for city supplies, in the above table, 53, are from 
the bottom of the lake, at depths ranging from 30 to 50 feet, while those 
analyzed from the Straits of Mackinac are from the surface of the lake. 
The difference in degree of mineralization shown at the north and the 
south ends of the lake may be entirely due, therefore, to the difference in 
source of the various samples~analyzed, relative to depth, to the sur
face, and to bottom of the lake. 

In the same manner may be explainable the lower mineral content of 
the water of Lake Superior taken at the outlet, from the surface of St. 
Mary's river, as compared with the higher mineralization of the water 
taken from the bottom of the Chequamegon Bay at a depth of 26 feet 
at Ashland, referred. to on p. 219. 



PART II 

THE DESCRIPTION OF LOCAL 'YATER SUPPLIES 
BY COUNTIES 



Under Part II the description of the local water supplies of each 
county is given separately, undtr the fullowing headings: 

Surface features 
Geological formations 
Water-bearing horizons 
Flowing wells 
Springs 
Water supplies for cities and villages 
Quality of the water 

Mineral analyses of the water supplies 
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ADAMS COUNTY 

Adams County, located in the central part of the state, has an area 
of 682 square miles and a population of 8,604. About 70.3 per cent1 of 
the countYfs in farms, of which 46.2 per cent is under cultivation. 

SURFACE FEATURES 

The surface of Adams County is mainly a broad valley bottom plain. 
Into this plain, the Wisconsin River, along the western boundary, has 
entrenched itself to a depth of about 150 feet, while the short tributary 

Fig. lS.-Geologic section, east-west, across central Adams county. 

streams in the western part of the county have cut down to grade with 
the Wisconsin. The abrupt sandstone mounds apd castle rocks are strik
ing scenic features and generally rise from 100 to 250 feet above the al
.luvial plain. The terminal moraine in the southeastern part is formed 
of glacial drift hills, which rise from 50 to 75 feet above the general lev
el of the plain. The altitude along the Wisconsin River bottoms ranges 
from about 850 feet in the southern part of the county to 950 feet in 
the northern part. The altitude of the alluvial plain ranges from 1,000 
feet in the southern part to 1,100 feet in the northern, while the sand
stone mounds rising above this plain reach altitudes of something over 
1,200 feet above the sea level. 

GEOLOGICAL FORMATIONS 

The geological formations of the county are the Upper Cambrian 
"Potsdam" sandstone, the glacial drift, and the sandy alluvial forma-

1 The per cent of land in farms and of land under cultivation in each of the 
counties is taken from the U. S. Census for 1910, VoL VII., pp. 916-920. 

15-W. S. 
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tion. The sandstone is the bed rock formation of the entire county and' 
projects up through the overlying alluvial sand and the glacial drift~ 
The alluvial sands and loams form the level plains. The glacial drift 
forms a belt of terminal moraine of irregular hills and basins, associated 
with swamps and lakes, crossing the southeastern part of the county .. 
The geologiclll structure is illustrated in Figure 18. 

The thickness of the surface formation varies greatly, and probably 
reaches a maximum of 250 to 300 feet in the valleys. The thickness 
of the sandstone also varies greatly on account of the extensive erosion 
of this formation. The approximate range in thickness of the geological 
formations may be summarized as follows: 

Approximate range in thickness of formations in Adams Oounty. 

Formation. Thickness, 
Feet. 

Surface formations ......................... " ............... , .. " .. . . .. . . .. . . .. . . . . .. . . . 0 to 300 
Upper Cambrian (Potsdam) sandstone..... .................... ........... .•.......... 0 to 600 
The Pre· Cambrian granite ....................................................................... " ••. 

PRINCIPAL WATER-BEARING HORIZONS 

The water-bearing horizons are the sandstone and thE alluvial sand 
formation. The drift is an important source of supply only in the 
southeastern part. The wells are quite generally of shallow depth, vary-· 
ing from 20 to 40 feet in the sand. In the vicinity of Arkdale and 
White Creek, wells are generally 30 to 40 feet to water level. On Dell 
Prairie, north of Kilbourn, many {)f the wells, however, reach a depth 
of 150 to 160 feet to obtain water. 

WATER SUPPLIES FOR CITIES AND VILLAGES 

Friendship.-Friendship, the principal village, and the county seat, 
has a population of about 500. It is located on the alluvial plain, and 
the water supply is derived from wells mainly driven into the sand to 
a depth of about 40 feet. 

QUALITY OF WATER SUPPLIES 

Only four mineral analyses of water of Adams County are available, 
as shown in the table. The water is usually soft and may be considered 
typical for waters whose source is in the surface sand, or in the sand--
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stone formation in this section of the state. In the southeastern part 
of the county, waters from the glacial drift are likely to contain a larger
amoun't of mineral matter than waters from the alluvial sand, on ac
count of the presence of much limestone in the drift. 

The wells are likely to be of shallow depth over considerable portions 
of Adams County, and hence, proper caution regarding the contamina
tion of the well supplies should be obsen-ed. Open wells, less than 20 or-
25 feet in depth, should be avoided. The best type of well is the driven 
or drilled well, properly cased down to a depth of at least 25 or 30 feet 
and preferably 40 or 50 feet. 

The water from the wells near Friendship, in alluvial sand, contain 
only 0.54 and 0.58 pounds of incrusting solids in 1,000 gallons while: 
those in sandstone contain 0.83 and 1.41 pounds in 1,000 gallons. 

Mineral analyses 01 water in Adams County. 

(Analyses in parts per million.) 

I Upper Cambrian 
Surface depOsits. 1 ~.!'~J~r~~~ 

---------·--.--·----I~ -~--I--':-I~--
Depth of well ......................................... feet.. 48 1 24 305 320 
Silica-.(Si02) ..... : ....... :................................... 8.7 I 9.9 9.1 7.0 
Alu~Inlum and Iron OXIdes (AI203+Fe203)..... ......... .. ........ 1.0 0.5 1.5 
CalCIUm (Ca) ................................................ 1 14.6 12.7 35.5 38.1 
Magnesium (Mg) ............ .' ............................... 1 6.3 I 5.9 0.4 18.8 
Sodium and potassium (Na+K) ............................ ' 0.2 0.9 13.0 2.8 
Carbonate radicle (C03) .................................... ! 37.3 30.3 66.5 I 103.4 
Sulphate radicle (804) ...................................... : 2.9 5.5 4.2 2 2 
Chlorine (CJ) ................................................ '._~ _~~I __ :~I_.~~ 

Totaldissolvedsolids ................................. j 73. 66. 132. I 177. 

1. Well on Bidar's farm, Friendship. :>\.nalyst, G. M. Davidson, C. & N. W. Ry. Co .•. 
~~~lmL . . . 

2. R R. contractor's well near Friendship. Analyst, G. )1. Davidson, C. & N. W. 
Ry. Co., Sept. 16, 1910. 

3. Railroad Well No.2, Friendship. Analyst, G. M. Da.-idson, C. & N. W. Ry. Co .• 
May 10, 1912. 

4. Railroad well No.1, Friendship. Analyst, G. )1. Da\"idson, C. & N. W. Ry. Co .•. 
Aug. 30, 1911. 
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AsHLAND COUNTY 

Ashland County has an area of 930 square miles and a population, 
in 1910, of 21,965. About 10.5 per cent of the county is in farms, of 
which 33.6 per cent is under cultivation. Ashland, the principa1 city; 
has a population of 11,594. 

SURFACE FEATURES 

The divide between the Lake Superior and Mississippi drainage, ex
tending across the southern part of the county, reaches an elevation of 
over 1,000 feet above the level of Lake Superior, about 1,600 feet above 
sea level. The slope is relatively steep northward towards the lake in the 
northern part; the central part is broKe-n by a prominent, broad ridge 
of the Penokee Range, and the southern part is very gently sloping to
wards the south. Marshes and lakes.are a common feature iIi the central 
and southern part. 

Fig. 19.-Geologic section north-south. along the boundary of Ashland and Bayfield 
counties. 

GEOLOGICAL FORMATION 

Tr 1) rock formations are the Lake Superior sandstone extending about 
10 to 25 miles south of the lake, south' of which lies a narrow belt or 
ridge of the Keweenawll:n trap, and south of the trap ridge is the Huron
ian formation of granite and metamorphic rocks. The indurated rock. 
iormations are quite generally covered with surface deposits of glacial 
drift, red clays and stratified sands. 

The maximum thickness of the Lake Superior red sandstone is very 
great, apparently 15,000 to 20,000 feet. This formation consists of 
much fine-grained material and only a small portion of coarse sand and 
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grit. Shale bed~are common throughout the formation. The surface 
d:.posits of drift and associated red ela~'s and stratified sands probably 
reaches a maximum thickness of 400 to 500 feet in old filled valleys ad
jacent to the lake. Farther south the drift is very thin or absent in 
many places. '1'he geological structure is illustrated in figure 19. 

The approximate range in thickness of the formations in Ashland 
County may be summaTized as follows: 

Thiekne38 of formations in. .-lgltlmid Oounty. 

Formation. 
Thickn~ss. 

Feet. 

Surface formations..................................................................... 0-600 
Lake Superior sandstone ....... __ .... .... .... .... .... .... .... .... .................. .... 0-20.000 
Keweenawan Trap and the Archean Granite .....................................................• 

WATER-BEARING HORIZONS 

rrhe principal water-bearing formations are th~ surface deposits bf 
glacial and stratified sands. A common source of water supply is the 
sandstone formation although the Lake Superior red sandstone is much 
less efficient than the Upper Cambrian sandstone of southern Wisconsin 
as water-bearing strata. The trap rock and the granite formations also 
contain a sma~l though usually sufficient amount of water for farm pur
poses. In the granitic formations the water is very generally only with
in the open fractures and joints of the rock. 

The depth to water level is variable throughout the county being near 
the surface in valley bottoms and generally less than 50 or 100 feet from 
the surface on the uplands and in the drift hills. . 

An artesian slope of considerable importance lies along the south 
shore of the lake and is fully described under water supplies for the city 
of Ashland. 

WATER SUPPLIES FOR CITIES AXD VILLAGES 

Ashland.-In the vicinity of Ashland conditions are very favorable 
for groundwater supplies, and likewise for some distance south of Ash
land. Here, as at Superior, the red sandstone and the sand and gravel 
strata, from which the water is obtained, outcrop between the lake shore 
and the trap ridge farther south. li'lowing wells are usually confined to 
the vicinity of the lake shore. 

The water in the flowing wells at Ashland has risen 44 feet above the 
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level of Lake Superior, but observations showed that in most of the 
wells at the present time the water rises only from 15 to 20 feet above the 
lake, as at Superior. The water-bearing gravel seam generally does not 
lie as deep as at Superior, varying in depth from 90 to 170 feet. It 
shows considerable variation in thickness. 
,. There are between 100 and 150 flowing wells in the city and immedi
ate vicinity. Besides these flowing wells there is a: large number of sim
ilar wells that must be pumped, where the land surface lies too high re
lative to the artesian water-bearing strata. From all of these wells the 
water is obtained from the sand and gravel strata lying between the 
sandstone rock and the overlying red clay. Some of the wells have 
ceased to flow during the last few years, and it is held by some that the 
supply is giving out, but the facts do not seem to support this view. No 
such decrease seems to be noticeable in other wells situated no less favor
ably, while in a number of cases it has clearly been shown that some of 
the wells stopped flowing because the screen or lower part of the pipes 
became clogged by sand or gravel. Upon removing this obstructIOn the 
wells flowed as vigorously as before. Clogging at the base of the wells 
seems to account for most of the discontinued flows, although other 
causes sometimes contribute to lessen the flows. 

Where the impervious clay, capping the gravel seaIh, rises to higher 
elevations some distances away from the lake, flowing wells may be ob
tained in favorably situated places. This is illustrated by the occur
rence of the flowing well on the farm of J. J. Dubuiska, about four miles 
west of Ashland, near Ashland Junction, Bayfield County, the well be
ing located in a valley at least 25 feet above the lake level. On passing 
through the clay the well digger broke through into a fine flow of fresh, 
,cool water, which rose several feet above the surface. 
( 'The city water supply is furnished by the Ashland Water Company, 
a portion of the supply being obtained from one large open well, 58 feet 
in diameter, 39 feet deep, and ten wells 6 inches in diameter, driven to 
depths ranging from 40 to 60 feet. These are located on the northeast 
side of Twelfth Ayenue East and 'Water Street, about one mile northeast 
of the Ashland Post Office. The wells are put down on a plain, whose 
€levation is 608 feet above tide, or six feet above Lake Superior. The 
supply from thc .wells is usually'only one-fifth of the water used by the 
Company, the remainder being pumped from L'ake Superior and passed 
through filters. 'l'he lake supply is drawn through a 24 inch intake,5,200 
feet long, at a depth of 22 feet. The average daily pumpage is about 1,-
277,000 gallons. The sewage is emptied, without treatment into the 
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lake. About 80 to 85 per cent of the houses are connected with (he wa" 
ter system, and about 30 per cent have sewer connections. 

The accompanying sanitary analyses of the well water, by E. G. 
Smith, May 25th, 1.894, showed a large amount of total solids in the wa
ter as compared with the soft seepage water of Lake Superior pumped 
from the wells at 'Superior. 

Sanitm''1 analy.~es of 7cater from wells of Ashland Water Co. 

Parts per 
million. 

Volatile residue ....................... '. ................ ............ ..................... 256.5 
lIixed residue............................... ............ ............... ......... ......... 212.04 

Total solids ......................................................................... . 468.54 

~~~'{,~ryu~rd'~~;;;o';ia.·::::::::::::::::::::::::::::::::::::: :::::::: ::: ::::::::::::: :::::1 ~:~~~ 
Nitrites .................................................................................. None. 
Nitrates .................................................................................. None. 

{)x::en cons~med, af::er ~0:::;:i6~i~.:.::::::::::::: :::: ::: ::::::::: ::::::::::::::::: H 
Chlorine. . . .... . .. . . . .. . . .. . . .. . . . . .. . .. . .. . .... .... .... .... . .. . . .. . ... . . ... . .. . ... . . .. . .. 94,5 

Hardness (Clarke Scale) ........................................................... TempOlar.v.- 4· 
.. Permanent.- 7° 

Total _11° 
Result afterheatiog ressdue ................................... ' .......... No change in color. 

Recently plans have been made and adopted for installing a new city 
supply, the water to be obtained from flowing springs located in the 
southwest part of the city. 

At the works of the Ashland Iron & Steel Company1 is the deepest 
we!l in Wisconsin, having a total depth of 3,095 feet. The water is used 
for cooling the condensers at the chemical plant, and is pumped by com
pressed air. 

Section of ~oell of the Ashland Iron &- Steel Company. 

Strata. Thick
ness. 

Pleistocene formation Feet. 
Red clay....................... .................................................. 40 
Hard pan with boulders ........................................................ i 43 

L~ked s~a;e~io;: ~a.;';d~io~~ ......................................................... i 92 

Fine-grained red and white sandstone ....................................... .'1' 825 
Coarse. loosely cemented sandst.one, chief water borizon................... 30 
Red and white sandstone with thin shale beds... ............................ 1.640 

Red s~::~~::::: :::: :::::::::: :::::::::::::::::::::: :::: ::: :::: ::::: ::: ::::: :::: :1-3~~-
1 At present, 1914, tbe Lake Superior Iron & Cbemlcal Co. 

Diam· 
eter of 

well. 

Inches. 
10 
10 
10 

8 
6 
6 
6 
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This well is remarkable locally for its great depth, and because it 
furnishes a definite record of the great thickness of the Lake Superior 
sandstone formations, on the south shore of Lake Superior. Analyses 
of the water were made from three levels, namely: 1,435 feet, 2,000 feet, 
and 2,800 feet. 

Mellen.-Mellen, having a population of 1,833, has a' public water sup
ply, recently installed, the supply being obtained from a large spring 
located 2 miles south of the city and 186 feet above the level of the 
main street. The water is carried from the spring in a 6-inch pipe, flow
ing into a stand-;pipe built on a hill in the city. The rock formation 
at Mellen is the Keweenawan trap and Huronion slate overlain in places 
with glacial dl'ift. 

Glidden.-The population is estimated to be 1,000. A public water 
supply is installed, the source of the supply being the Chippewa river, 
rIle intake at depth of 6 feet, and one well 20 f~et deep in surface gravel. 
The average daily pump age is 15,000 gallons, and about 82 houses are 
connected with the supply. Private wells are usually 30 to 35 feet deep, 
drawing 1be water supply from gravel beds. 

At Sanborn most of the water is obtained in wells at depths of from 
90 to 150 feet without reaching rock. The water occurs in sand overlain 
by clay. 

At Marengo, in the river valley, a flowing well 60 feet deep in drift, is 
reported. Throughout the La Pointe Indian Reservation wells at log~ 
ging camps range from 100 to about 400 feet in depth, passing through 
clay and fine sand. At Birch a well 300 feet in depth passes through dry 
sand. At Odanah, a few feet above the lake level, flowing wells nre ob" 
tnined at a depth of about 150 feet. 

. I 

QUALITY OF THE WATER. 

The water of Lake Superior is soft water, showing a content of only 
65 parts per million of mineral matter, as shown in analyses No. 1. The 
analyses No.2 and No.3 of the Ashland City Water Supply shows a cer
tain amount of. pollution, as indicated by the higher content of the chlor
ine and sulphate radicles and of organic matter, a condition certain to 
develop wherever the city sewage and refuse from mills is emptied into 
the source of the water supply. 

As shown in the table, the relatively shallow wells in Ashland con
tain watc'r of low or moderate mineral content, while the deep' weil of 
the Ashland Iron & Steel Company contains water highly mineralized 
and distinctly salty. The hard water of low or moderate mineral con-
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tent is obtained from surface deposit wells or wells which penetrate on
lya short distance into the Lake Superior sandstone, while the salty wa
ter is obtained from wells that reach the deeper strata of the Lake Sup
€rior red sandstone. 

The pure unpolluted water of Lake Supe)~ior, Analyses 1, contains 
0.49 pounds of incrusting solids, in 1,000 gallons. The railroad shop 
well at Ashland, Analyses 7, contains 1.72 pounds of incrusting solids 
III 1,000 gallons. 

Mineral analyses ot water in Ashland County. 

(Analyses in parts per million.) 

Lake Superior. HiveI'. Lake Superior red sandstone. 

~-1-2-.--~ 4. 5. 6. l i. 8. 9. 110 Ill. 
Depth ot ~:~.~feet~ = ~~ ~~ ~~ = ~~ 1-200 = --; 435 Il~ 000 \~~ 
Silica (Si02). ........ ..... 2.9 4.8 3.6 4. 15.2 9AI 15.4 2.8 Trace ........... . 
Aluminum and iro,D I 1 

OXIde, (A1203+Fe203 1.0 1.2 5.2 1.6 1.7 I 1.0, 2.9 6.4 ........ 1 ........... . 
Calcium (Ca) ............. 18.1 20.2 19.6 14.1 24.1 24.61 34.3 53.3 148.6\' 82.0 119.5 
Mallne,ium (Mg) ......... 2.9 5.9 3.9 4.4 12.2, 8.i' 27.7 31.7 80.9 24.7 34.5 
SOdiuI'1 and patasium 1 

(Na+K) ................. 2.2 13.8 9.2 11.1 1.61 32.0. 32.2 34.6 180.0 197.0 165.8 
Carbonate ra?icle (C03). 3J.5 44.9 30.4 28.9 66.3 58.4! 121.7 68.0 75.~ 171.7 255.7 
Sulphate radlCle (804)... ...... ...... 13.9 5.2 ......•. , ...... '...... 18.7 84.1 20.5 13.9 

g~~~~rce~~Ue;.::::::::::: .. ~:~~JU .. ~~~ ~~~:~ _ I~:~ I ... ~:~V~:~ ~~~:~ TI6~~~£ ~~~:~ ~~~:~ 
Total dissolved solids .. 65.2 112,0 100.0 86.4 123.611M.6! 269.0 351.1 1.193.7 798.9 844,5 

1. Chequamagon Bay, Lake Superior. Sample taken through ice. Analyst, G. M. 
Davidson, Dec. 1897. 

2. Chequamagon Bay, Lake Superior, Ashland City water s~PpIY. Analyst, G. M. 
Davidson, Aug. 1902. . 

3. Chequamagon Bay, Lake Superior, Ashland City water supply. Analyst, Milwau
kee Ind. Chern. Institute, Feb. 23, 1909. 

4, City water, direct from mains, Asbland. Analyst, Dearborn Drug & Chemical Co., 
Sent. 13, 1905. . 

5. Water from junction of White and Bad rivers, at Odanab. Analyst, G. )1. David
son, Aug. 21, 1902. 

6. Well at Railroad_Shops, C. & N. W. Ry. Co., Ashland, ~ mile N. E. Analyst, G. M. 
Davidson, Dec. 1897. 

7. Well at Railroad Shops, C. & N. W. Ry. Co., Ashland. Analyst, G. M. Davidson, 
Nov. 1899. . 

R. Well at Ashland. Analyst, l\fil~aukee Ind. Chem. Institute, Feb. 23, 1909. 
9. Well of Asbland Iron & Steel Co. well 3095 feet deep, sample taken at depth of 

1435 feet. 'Analyst, Chemist, Ashland Iron" Steel Co. 
10. Well of Ashland Iron & Steel Co., well 3095 feet deep, sample taken at depth of 

2000 feet. Analyst. Cbemist, Asbland Iron " Steel Co. 
11. Well of Ashand Iron & Steel Co., weI! 3095 feet deep, sample taken at depth of 

2800 feet. Analyst, Chemist, Ashland Iron" Steel Co. 
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BARRON COUNTY. 

Barron County located in the northwestern part of the state has an 
area of 878 square miles and a popUlation uf 29,114. About 72.6 per
cent of the county is laid out in farms of which 41.4 per cent is un
der cultivation. 

SURFACE FEATURES. 

The surface of Barron County varies from slightly undulating in the 
northern part where the drift deposits are abundant to hilly in the 
southern part where the drift is thin and the sandstone formation is 
deeply incised by the rivers and streams. A belt of low hilly terminal 
moraine extends across the n~rtheastern and also the northwestern parts 
of the county. Quartzite ridges are prominent features east of Rice 
Lake and north of Canton and Lehigh. 'A broad valley bottom plain 
lies along the Red ~edar river in the vicinity of Rice Lake, Cameron 
and Chetek. .A similar valley, but more narrow, is occupied by the Ver
million river at Barron and east of Cumberland and by the Hay river 
at Prairie Farm. The altitudes generally range from 1,000 to 1,200 feet 
along the valley bottoms, and 1,200 to 1,400 feet over the intervalley 
areas. The quartzite ridges east of Rice Lake reach a maximum alti
tude of over 1,600 feet. The soils in the bottom lands are generally 
sandy loams and silt loams, while those on the uplands are generally 
silt loams. 

GEOLOGICAL FORMATIONS. 

The geologic formations are the Barron quartzite, in the eastern part 
of the county, and the Upper Cambrian (Potsdam) sandstone over the 
remaining parts of the county. The Lower Magnesian limestone caps 
the upland ridges in the southwestern part. Glacial drift is an abund
ant formation over th~ bed rock in the eastern, northern and western 
parts of the county. Alluvial gravel and sand foTIns a broad plain 
along the Red Cedar river and its tributaries in the central and south-
ern portions of the county. . 

The geological structure is illustrated in Fig. 20. 
The thickness of the surface formations of glacial drift on the inter

stream areas, in the northern part, probably reaches a maximum of 150 
to 200 feet, though the thickness ia usually only 25 to 50 feet. The thick
ness of the alluvial sand and gravel in the valleys probably reaches 200 
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-to 250 feet in the deepest parts of the old channels. The complete thick
ness of the Upper Cambrian (Potsdam) sandstone is preserved only 
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Fig. 20,-Geologic section, east-west, across central Barron County. 

where overlain by the Lower Magnesian limestone in the southwestern 
part of the county. 'rhe approximate range in thickness of the geolo
gical formations may be summarized as follows: 

ApproJ:fmate range in thickn~88 of formations in Blll'ron C01tnty. 

Formation. rrhickness. 

Feet. 
Surface formation......... ............................ . .......... , ................. .. o to ~50 
Lower Magnesium Limestone (onl.v in southwestern part) .. ..................... . o to 100 
Uppe.r Cambrian (Potsdam) sandstone .............................................. .. o to 800 
'The Pre-Cambrian formations ...................................................... .. 

PRINCIPAL WATER-BEARI~G HORIZOXS. 

The water-bearing horizons are the sandstone. the glacial drift, and 
the alluvial sands and gravels along the river. The wells are of variable 
depth from 10 to 30 feet in the valleys, up to 200 feet upon the upland 
ridges. Well records show a depth of drift of 0\'('1' 200 feet in places 
north of Barron and west of Rice Lake. 

SPRINGS. 

Springs are a common source of water suply ill the yalley bottoms of 
the southwestern part of the county. These springs are especially a
bundant along the Hay river and tributari('s aJld are the source of an 
~xcellent water supply on many farms. 

WATER SUPPUES FOR CITIES AXil YlU_\GES. 

Rice Lake.-Rice Lake, located on Rice Lake. an ('xpansion of Red 
'Cedar river, has a population of 3,968. The city water supply is obtained 



236 THE WATER SUPPLIES OJ!' WISCONSIN. 

from a 6-inch well, 220 feet deep, 20 feet in sand and gravel, 200 feet 
in sandstone, striking hard rock, probably granite or the Barron quartz
ite formation, at bottom. The elevation of the surface at the well is· 
1,146 feet. The water level is abOut 15 feet below the surface. Private· 
wells in the city are generally from 15 to 40 feet deep in the sand and 
gravel. No sewerage system is installed, though one is being contem
plated. 

Barron.-Barron, the county seat, situated on the Vermillion river,. 
has a population of 1,449. The city water supply is obtained from a 
large open well, fed by springs, located on the bank of the river. No· 
sewerage system is installed. About 25 per cent of the families are on 
the water supply system. Private wells generally vary in depth from. 
15 to 30 feet in sand and gravel. 

Cumberland.-This city, population 1,445, is situated on Beaver Lake. 
The city water supply is obtained from a 6-~nch well, about 615 feet: 
deep, located near the lake. The capacity of the well is 360,000 gal
lons per day. About 60 per cent of the houses are connected with the· 
water supply. Best information that could be obtained in regard to· 
the formation passed through in the city well shows 179 feet of drift,. 
and 436 feet of sandstone and soft clay or shale, most of the latter for
mation being soft red formation of shale of unusual character for the· 
Potsdam formation. The private wells in the city vary from 20 to 125-
feet in depth in gravelly and sandy drift. No sewerage system is in-· 
stalled. 

Cameron.-This village, population about 562, is located' on a sandy
gravelly plain. A city supply system is installed, the water being ob
tained from a 4-illch well 85 feet deep. Private wells are generally 
from 30 to 45 feet in sand and gravel. The daily consumption of wa
ter from the city supply is about 100 barrels. About 75 per cent of the· 
holises are reported to connect with the city system. No sewerage sys
tem is installed. 

Chetek.-Chetek, situated on Lake Chetek, has a population of 829 .. 
It is located on a sandy alluvial plain. Most of the private wells are 
shallow, the ,veIls being 10 to 30 feet in sand and gravel. The city sup
ply is obtained from three 6-~nch wells, 40 feet deep. About 20 per cent 
of the houses connect with the city water supply, the average daily 
pump age being 5,000 gallons. 

T,tt1'tle Lake.-This village, having a population of 442, is supplied 
with water from private wells in the drift and sandstone varying in 
depth from 30 to 150 feet. The deepest wells, only those more than 135 
or 140 feet, reach the sandstone. The deep well water is hard water. 
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Prairie Fann.-On Hay Creek, population 368, is supplied with water 
-from shallow wells, generally from 30 to 40 feet deep in sand and sand
;stone. Dallas, population 342, located on Pine Creek, is supplied with 
water from shallow wells, from 20 to 40 feet deep in sand. 

QUALITY OF WATER SUPPLIES 

Only one mineral analyses of the water of Barron County is ayailable, 
"that of the city supply at Cumberland. However, the water is probably 
·of low mineral content for all parts of the county, except that portion of 
"the southwestern part, where limestone is present. The water supplies 
obtained from shallow wells in the sand and gravel formation in the 
broad river valleys is likely to be softwhile that obtained from the deep 
wells in the sandstone uplands is likely to be hard water. 

Mineral analyses of water in Barron County. 

(A~alyses in parts per million.) 

Upver Cambrian 
(Potsdam) 
sandstone. 

------.-----~ ----;;----~---------------------

Depth of well ................................................................ fpet.. 615 

Aluminium and it'on oxiaes (A120a+l!'e203) ...... o ••••••••• o ...... _............ 'J 6 
Rilica (Ri02) ....................................................................... j 20.2 

i'1a,;~~~~u~al~igi::::::::::::::::::::::::::::::::: '.::::::: '.:::'.::: '.:::::::::::::::: ~n 
Sodiumandpota-;sium(Na+K) .............................................. ,.,

1 

2.7 

~~\i~~t:\ri~i~~~l.~~.~~~~~.::::::::::::::::: ::::::: :::::::::::::::::::::::: ::::::::::, ....... : .. ~:.: ..... . 
Org'anic matter ......................... 0. , •••• 0 ••••••••••••••••••••••••••• • •••••• -I 7.7 

. . I---~-----
Total dIssolved sollds ........................................................ 1 16~. 

I 

1. City Water Supply, Cumberland. Analyst, G. )1. Davidson, Nov. 27, 1911. 

BAYFIELD Coc~n.-

Bayfield County, bordering on Lake Superior, has an area of 1,497 
square miles and a population of 15,987. Only 12.5 per cent of this 
-county is in farms of which 18 'per cent is under cultivation. Washburn, 
popUlation 3,830, and Bayfield, about 2,500. are the principal cities. 

SURFACE FE..-\TCRES 

The land surface is quite gently sloping and rolling, with altitudes 
-varying from 602 feet above sea level along the lake up to 1,300 and 
1,400 feet in the northern part of the county along the Bayfield Ridge. 
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The Bayfield Ridge, so far as known, consists wholly of drift and the' 
summit shows considerable areas of very rough sandy glacial moraine. 
The deep pits among the hummocky moraine hills are often over 15(}' 
feet deep. In the central and southeast part of the county is a broad 
sandy country known as the "Pine Barrens", in which small lakes are 
a common feature. 

GEOLOGICAL FORMATIONS 

The geological formations are the Pre-Cambrian granitic formations, 
the Keweenawan trap, the Lake Superior sandstone, the glacial drift 
and the lacustrine red clays. The northern part of the county is un
derlain with Superior red sandstone, over which is a thick mantle of 
clay and gravel, forming an artesian slope. and producing an excellent 
source of underground water supply. The southern part of the county 
is underlain with crystalline rock, over which is a variable thickness €)f 
glacial drift. The thickness of the formations may be summarized as. 
follows: 

Range in thickness offormations in Bayfield County. 

Formation. Thickness. 

Feet. 
Surface formation ............................................................ 0 •• 0 .. 00 .. 0 0 - 600-
Lake Supel'ior sandstone. 0 ....... 0 ................................. 0 ... 0 ...... 0...... .. 0 - 15.000 
Keweenawan Trap and Huronian granite .......................... 0 ............... o .............. . 

The section, Fig. 19, illustrates the general geological structure of 
Bayfield and Ashland counties. 

WATER-BEARING HORIZONS 

The principal '\'uter-bearing formations are the surface deposits of 
sand and gravel associated with the glacial drift and the red clays. The 
Lake Superior sandstone varies considerably in content of water. The 
coarse sandstone beds carry an abundant supply but the fine grained 
beds of shaly sandstone are poor aquifers. Usually, however, a consider
able increase in the supply over t~at obtained in the drift can be ob
tained by drilling 20 to 40 feet into the underlying sandstone. 

The Keweenawan trap rock and the Huronian grani,tic formations. 
are impervious, the supply being confined to the op~n fractures and. 
joints. 
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A well defined artesian slope is developed in the surface deposits of 
stratified clays and sands adjacent to Lake Superior, with head of 20 
to 40 feet above the lake. 

WATER SUPPLIES FOR CITIES AND VILLAGES 

BaJJfield.-The city water supply is taken from Lake Superior. The 
sewage, without purification, is emptied into the lake. About 95 per 
cent of the houses use city water and about 75 per cent are coimected 
with the sewer system. Cess pools are not allowed. 
Washburn.~At Washburn, the city water supply is at present pump

ed from Lake Superior. No sewage system is installed. Artesian flows 
from the sandstone are possible in this locality, as is shown by the well 
owned by the Washburn Electric Light and Power Company. 

South of Washburn very much the same conditions are encountered 
as at Superior. Near the shore the sandstone outcrops in places, as it 
does to the north of the city.' The sandstone is struck in the city at the 
Washburn Electric Light and Power Company's well at a depth of 265 
feet. 

Iron River.-Iron River, located on a small river of the same name, 
has a population of about 1,000. A water system for fire protection only 
is installed, the supply being obtained from the river. The private wells 
are generally from 20 to 100 feet deep in the drift. ' 

Orienta.-At Orienta, water, somewhat salty, was obtained from wells 
in sandstone, 150 to 200 feet in depth. Several good springs also occur 
along the Iron River. 

Port Wing.-At Port Wing the water is obtained from the sandstone, 
and the wells range in depth from 10 to 100 feet. The shallower wells 
have poor water, and often contain considerable sediment. 

Cornucopia, Redcliff and Houghton.-At Cornucopia the supply is 
chiefly drawn from springs, with a few shallow wells in the drift 10 to 
20 feet deep, while at Redcliff the water is obtained from wells in the 
sandstone 50 to 300 feet deep. Farther south, at Houghton, a sufficient 
supply is obtained from open wells, dug 20 feet into ,the sandstone, 
which at this place is covered by a few feet of red clay. 

Bibon, Benoit and Drummond.-At Bibon are several driven wells. 55 
to 80 feet deep in drift: At Benoit are a number of dug wells 74 to 104. 
feet in the sandy drift, yielding 10 to 50 barrels per day. 'At Drum
mond a good supply of water is obtained in granl and sand at 50 to 65 
feet. The hard trap rock outcrops in the village but in places a thick
ness of 100 feet of drift overlies the trap. 
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Mason.-At Mason, wells find an abundant supply of water from the 
drift or sandstone at depths of 105 to 135 feet. The well of the White 
River Lumber Company is 796 feet deep, passing through sandstone 
and shale below a depth of 145 feet of drift. In section 8, T. 45, R. 5 
W., a well was reported by J. A. Colwell in 1900 to penetrate 511 feet 
of drift, mainly quicksand, before sandstone was reached. 

Engoe.-At Engoe only a few settlers have dug shallow wells, most 
of the water being obtained from springs. Some wells have been put 
down here and obtained artesian flows. Some wells, however, pass 
through clay into sand to depths of 180 feet without obtaining water. 
However, between this place and the lake, flows may be expected in 
favorable localities as high as 30 to 40 feet above lake level. 

QUALITY OF THE WATER 

Only three analyses of water of this county are available,-that of the 
White River at Drummond, which is a soft water and low in mineral 
content and two analyses of very soft lake waters. The water obtained 
from lakes and rivers, as well as that from the surface deposits of 
gravel and sand, associated with the surface deposits of drift and lacus
trine clays, is very likely to be relatively soft water, while that obtained 
from the Lake Superior sandstone is likely to be highly mineralized in 
some places and possibly salty, while in other places the water from the 
sandstone especially in shallow wells, may be only hard water of low or 
moderate mineral content. The mineral analyses of Lake Superior 
water is shown on page 219. 

Mineral analyses of water in BaYfield Oounty. 

(Analyses in parts per million.) 

Lake. I RIver. 

1. 2. [ 3. 

----------------_._----------

Silica.(Si02) ......... ............ .................................. 14.4 I 11.7 9.9 
Alummum and I1'0n oxide» (AI20a+Fe203).................... 7.5 4.0 2.6 
Oalclum (Oa) ....... :............................................. 24.5 15.3 14.0 
Magnesium (&Ig)............................... .................. 7.9 4.1 3.6 
Rodium and IlOtassium (Na+K) ................................ 2.5 undet. undet. 
Oarbonate radicle (003).. ............. ......... ...... .......... 56.4 I 32.6 28.2 
Ohlorine (OD ................................... .................. . 3.9 0.0 0.0 
Organicmattel' .................................................. 17.1 0.5 1.9 

Total dissolved solids ................................... lU:--I-68:-1-~-

1. White river at Drummond, 1 to S feet deep. Analyst, G. M. Davidson, C. & N. 
W. Ry. Co., July 22, 1901. 

2. Pike. Lake, mean of 4 analyses. Analysts, E. B. Hall and C. Juday, Aug. 25, 
1908. Wis. Survey Bull. 22, p. 170. 

3. Owen Lake, mean of 3 analyses. Analysts, E. B. Hall and C. Juday, Aug. 20, 
1908. Wis. Survey Bull. 22, p. 170. 
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BROWN Couxn.-

Brown County, located at the south end of Green Bay in the eastern 
part of the state, has an area of 518 square miles and a population of 
54,098. About 89.1 per cent of the county is in farms, of which 64.8 
per cent is under cultivation. 

SURFACE FEATURES 

The surface is gently sloping along the Fox river and in the north
western part of the county, and is somewhat high and undulating on the \ 
upland plain in the eastern and southeastern part. The valley of the 
Fox river from Green Bay to Lake Winnebago is a continuation of the 
depression or trough occupied by Green Bay. The slope down the Fox 
river valley from Lake Winnebago to Green Bay is relatively steep, 
about seven feet per mile, the descent in 29 miles being 166 feet. 

A relatively steep cliff of limestone, the Niagara limestone escarpment, 
extends along the east side of the l!-'ox valley east of which is a higher 
undulating plain largely drained by streams flowing eastward to Lake 
Michigan. The drift deposits furnish no characteristic morainic fea
tures, but faint traces of the old shore lines and beaches of a former ex-. 
pansion of Green Bay extend up the Fox river valley. The elevations 
range from 580 feet above sea level along the shore of Green Bay to 
about 900 feet along the northwestern side of the Green Bay valley, and 
to about 1,000 feet on the uplands in the southeastern part. The cliffs 
east of Green Bay valley generally rise quite abruptly from 200 to 250 
feet above the level of the valley adjacent. 

GEOLOGICAL FORYATIO~S 

The geological formations which appear at the surface, or lie immedi
atley beneath the drift are the Galena and Platteville dolomite "Tren
ton" in the western and northwestern part of the county, and the over
lying Cincinnati shale and Niagara limestone in the eastern and south
eastern parts. The geological structure is illustrated in the cross sec
tion, figure 21. 

The usual thickness of the Galena-Platte.ille is 100 to 150 feet, the 
maximum thickness where un eroded however probably reaching 200 to 
250 feet. The underlying St. _ Peter sandstone and Lower Magnesian 
limestone together are usually 140 to 250 feet thick, the Lower Mag-

16-W. S. 
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nesian being variable in character, consisting largely or entirely of sand 
and shale at De Pere and of sandstone and 80 feet of limestone at Green 
Bay. The Upper Cambrian (Potsdam) sandstone is probably between 
450 and 550 feet thick, being 541 feet thick at Green Bay. 

The Cincinnati shale underlying the Niagara has a thickness of 325 
feet in the southeastern part of the county at Denmark, and very prob
ably over 500 feet in the northeastern part. The Niagara limestone is 
of variable thickness, depending upon the extent of its erosion, the max
imum thickness in Brown county on the highest uplands probably reach
ing 400 to 500 feet. 

Fig 21.-Geologic section, east-west, across central Brown County. • 

The thickness of the surface deposits is variable, ranging from 0 to 100 
or 200 feet. The red lacustrine and pebbly clay which extends oyer· 
most of the county varies in a general way from 5 to 20 feet in thick
ness. In the valley of the Fox the clay is quite free from stone and over
lies stratified sands and gravel. 

The range in thickness of the geological formations in the county may 
be summarized as follows: 

Probable range in thickness oj formations in Brown Oounty. 

Formation. Thickness. 

Feet. 
Surface formation...................................................................... 0 to 250 
Niagara dolomite.............................................. ........................ 0 to 500 
Cincinnati shale............... ........................................................ 0 to 500 
Galena-Platteville (Trenton) dolomite........ ....................... ..... ........... 0 to 250 
St. Peter ann Lower Magnesian................................ ................. ... 200 to 250 
Upper Cambrian (Potsdam) sandstone............... ............................. 450 to 550 
Pre-Cambrian granite .............................................................................. .. 

PRINCIPAL WATER-BEARING HORIZONS 

Water supplies are obtained from all the geological formations, but 
the most important sources are the surface deposits of sand and gravel 
underlying the red clay and the sandstone strata underlying the Galena
Platteville dolomite. The ground water level in the valley of the Fox 
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river and Duck Creek is usually not far below the surface, generally 
less than 100 feet. Upon the uplands of the eastern part of the county 
water can generally be obtained within 100 or 200 feet of the surface. 
The shale underlying the Niagara is impervious and there are also some 
shaly seams within the dolomite which favorably influerices the water
bearing condi tions of the Niagara. 

FLOWING "WELLS 

Water contained within the sandstone underlying the Trenton lime
stone is under strong pressure and in the low ground of the Fox river 
valley and adjacent to Green Bay strong flows are developed. Flowing 
wells from the surface deposits are not known to occur in this county, 
though they may be present. 

The flowing wells and artesian conditions are described more fully 
under the water supplies for Depere, Green Bay and Big Suamico. At 
Big Suamico the head is 45 feet above the surface, at Green Bay it or
iginally was 97 feet, and at Depere 92 feet above the surface. At pres
ent, however, on account of the pumpage and leakage from the artesian 
reservoir, thB normal head is only 9 feet above the surface at Green Bay 
and 12 feet at Depere. 

The strongest artesian flows in -Wisconsin, as developed originally, oc
cur at Depere and Green Bay. At Depere the pressure, 40 pounds per 
square inch, was sufficient to convey the water over the city for domestic 
and city purposes. At present a pumping plant arid storage reservoir 
are installed. 

SPRIXGS 

Springs are a common source of water supply -in the eastern part of 
the county at the base of the limestgne escarpment or ledge east of Green 
Bay. In this locality, wherever the shale outcrops along the bluff, 
springs are likely to issue either directly from the shale or from the over
lying drift some distance from the ledge. 

Within the city of Green Bay are several well known mineral springs 
whose source appears to be in the drift onrlying "Trenton" limestone. 

WATER SUPPLIES FOR CITIES _~"D nLLAGES 

Green Bay.-This city, located at the junction of the Fox river and 
Green Bay, has a popUlation of 25,236. The city water supply is ob
tained from nine 8-inch wells 911 to 913 feet deep, striking the granite 
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floor at about 910 feet. The sewage without treament is emptied into 
the Fox river. About 65 per cent of the houses are connected with the 
city water supply and the sewage systems. 

The wells furnishing the city water supply are cased 400 to 450 feet 
in order to prevent leakage. 'fhe wells after being packed originally 
flowed about 1,000,000 gallons per day. When the first city wells were 
drilled, the water rose 97 feet above the surface. At present the nor
mal head is 9 feet above the surface. On account of the lowering of the 
artesian head by sinking other wells the normal flow became insufficient 
and an air lift system was installed. The air pipes extend 180 feet into 
the wells and with 85 pounds pressure it is possible to secure 2,000,000 
gallons per day. 'When the air pressure is applied it stops the flow of 
nearly all the other wells in the city and lowers the water in the eight 
wells to a depth of 30 feet. The water is discharged into a large cov
ered reservior. The average daily pumpage in 1910 was 1,305,000 gal
lons. The most recent well drilled by the Water Company (in Jan. 
1914) is reported to have a depth of 837 feet and diameter of 20 inches. 
A large flow of water was struck at a depth of 500 feet and the flow was 
gradually increased as the well was sunk to a greater depth. 

The log of the city wells, as given by 'V. G. Kirchoffer, is as follows:. 

Seetion of (-}reen Ball Waterworks Wells. 

1<'U) mation. I Thickness. 

:lmt~~~:e ........................................ ' ................ , .................... I-;e~~o~ 
Limestone........................ ...................................................... 130 

St. Peter 
Sand,ton" ... , .................... .................................... ................ .. 80 

Lower Magnesian 
Limestone ............................................................................. 6) 

Upper Camb.-ian (Putsdam) . [41 
Sandstone .................................................................... , ....... . 

Depth ........................................ '... . ... •. ........................... 913 

Eight of the wells, those put do,!,n in 1901, were tested with the follow
ing results: 

Test of Green Bay Wells. 

At 577 feet 60 gallons per minute. 
At 650 feet 1-00 gallons with a pressure of 16 pounds. 
At 735 feet 150 gallons with a pressure of 40 pounds. 
At 825 feet 180' gallons with a pressure of 49 pounds. 

These tests show a steady increase in pressure and flow on approach
ing the bottom layers of the Upper Cambrian sandstone. 
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Besides these wells there are at least 30 other wells within the city 
drawing water from the Upper Cambrian strata, all of them using large 
quantities of water. 

In addition to the Green Bay deep city 'wells there are numero.us wells 
that terminate in the St. Peter sandstone which are partially dependen,t 
for their supply upon water from the underlying sandstone horizon; 
West of the river, there are very many wells scattered through the city 
and country as far as Duck Creek northwest of Green Bay. They are 
too numerous to give a detailed account of but one record may be given 
for West Green Bay, which will serve as a type. 

Section of well, elevation of curb, 600 feet, owned by Ernefjt Smith, We&t Green Bay. 

Formation. Thickness. 

Feet. 
Clay ....... ,...... .... .... .... .... .... .... .... .... .... .... .... .... ........ .... ........ .... 78 
Galena-Platteville dolomite.... .... .... .... .... .... .... ... ........ ................... 142 
St. Peter sandstone.. .... .... .... .... .... .... .... .... ........ .... .... . ................ 83 

Total..... .... .... ... .... .... .... .... .... .... .... ....•............ .... .... .... ........ 303 

The private wells in Green Bay that enter the Potsdam sandstone are 
much lik~ the deep city wells, and the strata passed through may bfr 
judged from the records of the latter. Mr. Charles Green, a well driller 
of Green Bay, states. that the St. Peter sandstone in Green Bay is very 
irregular. In places it is 80 to 100 feet thick, as in the Waterworks wells 
and at one of the wells in West Green Bay, at other places it does not 
exceed 6 to 10 feet, and in some places it was not found at all. In these
cases the" Trenton" limestone apparently rests directly upon the Low
er Magnesian limestone and the thickness of the combined limestones is. 
somewhere between 250 and 300 feet. The same thing without doubt 
occurs at the other places along the Green Bay shore north of Green 
Bay and accounts for the greater thickness of limestone in certain of 
those wells. Mr. Green further states that at De Pere and also north of 
Green Bay to Oconto he finds the St. Peter sandstone much thicker than 
at Green Bay. At Depere it reaches a maximum thickness of 150 feet. 
The St. Peter seems to occur in pockets in and about Green Bay. Where
ever the St. Peter sandstone is very thick, no Lower )Iagnesian limestone 
is found, the sandstone being underlain by red marl and shale and then 
by the Potsdam sandstone. Similar conditions oecur farther south. 

The decrease in water supply about Green Bay is not due to the de
crease in the supply at the source, as so many are inclined to think, for' 
the wells nearerthe gathering ground show no decrease in their flow or-



246 '1'HE WATER SDPPLIES OF WISOONSIN. 

head. It must, therefore be due, to the inability of the aquifer to trans
mit a sufficient water to the wells to supply the increased local demand . .t 

De Pere.-This city located on the Fox river has a population of 4,-
477. The city water supply is obtained from artesian wells. 

The old system, using direct well pressure, was superseded in 1905 
by pumping into elevated tanks, an entirely separate and complete sys
tem being installed for each side of the Fox river. The same wells were 
used as formerly, and in addition, the city purchased one situated on the 
east side, the site of the old dock and furnace. Three wells are used on 
the East Side, and two on the West Side, the depth of the wells rang
ing from 800 to 840 feet, the diameter of each being 5 td 8 inches. The 
average daily pumpage is 130,000 gallons. The sewage, without puri
fication, empties into the Fox river. About 75 per cent of the houses 
are reported to have water supply and sewer connections. 

The wells at De Pere are within the artesian basin about Green Bay, 
and are affected in their supply in the same way as at the city of Green 
Bay. Owing to only a thin strata of sand to a depth of 12 to 15 feet 
over the rock the water from s\lrface wells here are generally unfit for 
domestic use and early attempts were made to get a supply from deeper 
sources. 

In 1886 East De Pere sunk its first well, six inches in diameter, 830 
feet deep, in order to obtain a city supply. When first drilled there was 
a pressure of over 40 pounds to the square inch and the water rose 92 
feet above the surface. The flow as estimated at. that time· amounted 
to more than 1,000,000 gallons every 24 hours. The pressure was util
ized in conveying the water over the city for domestic and city purposes, 
and for fire protection. In 1893 another well was put down by the 
East De Pere Water Supply Company. about three-fourths of' a mile 
east of the old well. The number of wells later put down greatly re
ducedthe pressure and flow, and in 1904 the city wells had a pressure of 
only about 12 pounds per square inch! and barely raised the water to 
the second floor of the houses. About 200 consumers were supplied in 
East DePere by the direct well pressure when this system was super
SEded by the present systm in 1905. 

·The West De Pere Water Company put down two wells 8 inches in 
diameter and 800 feet deep. The flow at first was over 1,000,000 gallons 
every 24 hours, with a pressure of 42% pounds per square inch, but in 
1905 the capacity was about 400,000 gallons every 24 hours with a pres
sure of about 12 pounds per square inch. About 160 consumers were 
formerly supplied in West DePere on this direct pressure system. On 
account of the great waste of water and falling pressure pumping 
plants were built on each side of the river, as above described. . 
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There are between 20 and 30 wells in DePere that draw their water 
from the sandstone under the Trenton formation. The St. Peter, Lower 
Magnesian and Upper Cambrian {Potsdam) formations cannot be easily 
differentiated at DePere, since the Lower Magnesian is either absent or 
is largely sandstone, as illustrated in the following log of the St. Nor
bert College well, as interpreted by F. T. Thwaites: 

Log of well of St. Norbert ('oUege, De. Pere, elevation of curb 611 ft. drilled in 1902. 

Formation. Depth. Thickness. 

Feet. Feet. 
Pleistocene: 

Yellowish sand ...................................................... . 
Galena- Platteville (Trenton): 

Gray-blue limestone ................................................ . 
Blue shaly limestone .............................................. . 
Fine calcareous white quartz sandstone .......................... . 
Gray and blue limestone ............................................. 1 
Medium graIned. gray quartz sandstone and blue shale ......... . 
~oft blne calcareous shale ......................................... .. 

St. Peter: 

0- 50 

50-145 
145-175 
175-185 
185-190 
190-202 
202-225 

Fine grained. pure quartz sandstone... ..... .... ..... ........... . ... 225-325 
Ver.v fine pinkish sandstone.. .... .......... ....... ........ .... .... .. 325-340 

Lower Magnesian: 
White chert and greenish shale..................................... 340-350 

Madison: 
Fine yellowish quartz sandstone.. .... . ... ........ . ........... .... .. 350-365 

-Pure white sandstone.......................................... ...... 365-400 
Ferruginous sandstone... . ... .... .... .... .... .... .... ............ . ... 400-425 

Mendota: 

50 

.. · .. i7S ...... 

.... ·ii5 ...... 

10 

Pink calcareous shaly sandstone.................................... 425-440 ............ .. 
Greenish shale and some gray limestone........................... 440-460 I .... · ·5·0· .... .. 
Brick red sandstone.. . ........................................... .... 460-475 

~bbm: I Fine brownish saudstoue............................................ 475-520 ............. . 
Pinkish quarlz sandstone............................................ 530-560 ............ .. 
Pure white sandstone... .... ........ .... ... . . ....... .... .... .... .... . . 560-635 I ............. . 
White sandstone with some blue shale ............................. 1 635-680 I ............ .. 

Pure white sandstone.. . ... .... . ... .... ............ . ........ ....... .. 680-800 I 325 

Total depth............................ ......................... .............. 800 

The generalized section of two other wells in DePere are as follows: 

Sections of wells at Depue. 

Formation. 

Pleistocene. I 
Gal~~~~P~~ft:';'1il~I: .................................................... '1 

Lime'tone ........................................................... .. 
St. Peter. Lower Magnesian. &nd Upper Cambrian (Potsdam.) , 

Sand,;tone ........................................................... .. 

Total depth ............................................................ 1 

West Depere Goodenough 
city well. paper mill 

well. 

Thickness. Thickness. 

feet. 

80 

120 

640 

840 

feet. 

22 

137 

657 

816 
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The well at the paper mill 816 feet deep is said to reach granite, and 
also the one at vVest DePere 840 feet deep. The chief water veins are 
found at depths of about 300 and 500 feet. In order to get highest pres
sure the wells should be packed so as to shut out leakage into the over
lying limestone. In many wells this was neglected and the crevices of
fered a ready means of escape for much of the water. 

Big Suamico.-At Big Suamico flowing wells occur like those in Green 
Bay. The well of Wm. Malchow, 284 feet deep, has ahead 45 feet above 
the surface. This well passed through 60 feet of surface sand, 200 feet 
of Trenton limestone, and 24 feet of St. Peter sandstone. 

Askeaton.-The log of the well at the cheese factory, near Askeaton, 
in S. E. of section 33, is as follows: 

LOll of IDell at Askeaton. 

Formation. I Thickness. 

Fppt. 
Probably drift, no record.. ... ................. ... ............ ........ .... .... ........ 100 
Cincinnati !Shale. 

Gray to bluish calcareous clay.... .. .... .... .... .... .... .... .... .... .... .... .... .... 200 
"Trenton" Limestune. 

Gray limestone ................... ".................................................. 199 
St. Pet!'r Sandstone. 

Gray saudstone....... ........ .................... ........ ........ ............ ........ 35 

Total depth.............. ........................................................ 534 

Denmark.-The railroad well at Denmark, 975 feet deep, analysis of 
t he water of which is given ·in the table, has the following record of 
the formations penetrated: 

Log of O. &; N. Tv. well at Denmark. 

____________ F_o_rm_at_io_n_. ___________ 1 Thickness. 

Feet, 

k!~; ~~{~:~~aAir.~~::.:::: ::::::::: :::: :::: ::::::::::: ::::: ::::::::::::::::::::::: :::::: ~Ii 
Lime rock (Galena-Platteville)........................................................ 179 
Sandstone (St. Peter)................................................................... 66 

Total.............................................................................. 975 

Wrightstown.-This village, population 525, located on the Fox River, 
obtains its water supply from private wells ranging in depth between 
15 'and 200 feet. The surface formation is red clay containing some sand 
and gravel seams. 
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111m CentC1'.-The section of the well of Jeff Kimbs at Mill Center in 
the town of Pittsfield, in the northwest part of the county is shown in 
the following log: 

Log of well at .y,ll Center. 

Formation. 1~~Pth. ~T_h_lc_k_ne_,~s_'. 
Feet. 

Plebtocene ............................................................... , No sample. 
Galena-Platt~yille 

Gray dolomite.......................................................... 137-180 I 

Feet. 
137r 

43 
St. PRter I 

Hands1 one .................... ,. .......... ,. .. ,. .. ,.. .... .... .......... .. 180-215 I 3~ 
Lower Mal'ne,ian 
~andstone ann c,?ICal'eOllS red shale,. .. ,. .. ,. .. ,. ...... ,. .• ,. ........ , 2!5-275 I,. .......... .. 
Shale and (1olornlte ...... ,. .. ,. .................. ,. .. ,.. ................ 215-315 100 

----------
Total depth,. ...... ,. .. ,. .. ,. .............................................. ,.... 3Vi 

THE QUALITY OF WATER SUPPLIES 

The mineral analyses of the water shows a considerable variation in, 
the character, depending on the source of the supply. The spring wa· 
tel' at Green Bay, and the Fox River water at Green Bay and DePere, , 
are hard waters while that obtained from th2 deep wells in DePere, from 
the St. Peter and Upper Cambrian sandstones, is very hard water 
though of only moderate mineral content. The water from the shal
low 76-foot well near Denmark, either in the glacial drift or Niagara 
limestone, is also a very hard water. The deep railroad well at Den
mark, 975 feet deep, has very hard water, high in mineral content, while 
the deep well at Askeaton, 1,000 feet deep, has yery hard water, high in 
mineral content and is distinctly salty. Both of these deep wells at 
Denmark and Askeaton have their source of supply in the St. Peter or 
the Upper Cambrian sandstone underlying the thick Cincinnati shale 
and the Trenton limestone. Calcium is the predominating basic con
stituent though sodium is abundant in the deep Askeaton well. All the 
waters are corbonate waters except that from the deep Askeaton well 
in which sulphates and chlorides are much more abundant than the 
carbonates. 

The Fox river water at Green Bay, 1\0. :?, contains 1'.29 pounds of in
crusting solids in 1,000 gallons, while that from the well at Denmark. 
No. 15, contains 5.35 pounds in 1,000 gallons. 
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M~neral analyses of water in Brown Oounty. 

(Analyses in parts per million.) 

River. Spring. Surface deposits. ______ . ___ ~~ ~~_I~~ 4. 5. 6. 7. 8. 9. 

Depth of well ....... feet: . . ...... ........ ........ ........ ........ ........ 94 ~5' 60' 

o~ides(AI28~+Fe20~i \ ! 0.8 2.9 1.2 3.2 undet. r·il • 

~:icai~S~~2)"'d'i~o;,"'1 1.5 j 2.5 7.0 20.0 21. 20.01 undet. L 39" 34 

Aluminum oxide (A120s) ........ ........ ........ 2.5 ...................................... .. 

~~~~~~~~'k:i;:::::::::"'f~J "'~~I "'~~III ~d 1"'~n""in'I'''f~:{'}i~J .... ~f 
Sodium (Na) .............. l 87 127 60) 8.2 20.8 t 184 5 6 138 337 
Potassium (K) ............ r' . .! <1.4 1. 7 \. -. . . 
Carbonate radicle (COh 99.4 88.8 99.2 56.4 I 183. 46.9 82.4 195. 195. 
Sulphate radicle (S04)... 23.2 11.1 13.3 27.8 58.8 88.6' 44.7........ trace 
Chlorine (Cll.............. 3.9 19.5 1.9 38.0 31. 28.4113.41 21.9 1.9 

~~~~70~~~iiii~~~~I~cii~ -~~~ -i9~~ ~~~ -~~ ~F ~~i~ -~~ ~~i" 

1 

1 

Surface Drift and St. Peter and Upper Cambrian (Potsdam) 
deposits. Niagara. sandstone. 

1 
I 10. 11. 12. 13. 14. 15. 16. " 

I -------1--------.----- --------'-
Depth of well. .... feet .. ! 
'ilica (Si02), ............ 1 

63 73 130 & 360 840 800 975 1,000 
S undet. 20.2 7.2 30.7 18.3 6.8 
Aluminunl and iron ox- 1 1.7 0.5 6.1 ides (~120s+Fe203) ... , undet. 
Alumin'm oxide (A120s) I ............ 
ron (Fe) ............................ 
alciuII! (Ca) ............ 1 50.0 

I 
C 

............ 

.. · .. 69:2 ... '"28:5''' 
.9 .9 . ......... .......... 
.6 .8 "i79:!;" . "373:8" . 54.4 60.2 

MagneSIUm (Mg)........ 38.9 44.0 13.1 46.9 34.4 55.7 47.8 
Sodiull). (Na). ............ I} 43.0 7.7 52.3 { 20.6 12.7 } 39.1 165.0 PotaSSIUm (10 •.•........ 16.2 11.2 

arbonate radicle (COs) 186.3 192.3 92.1 154.3 176.2 171.2 120.3 C 

C 
Sulphate radicle (S04) .. 17.6 48.4 61.1 104.8 24.1 133.3 919.0 

hlorine .................. 33.6 9.5 14.8 21.6 12.2 23.2 I 253.7 

un~~~:lo~i:::l:~t::~~ ~~~ ~~~ ~~-:.J~:~~ ~::~ _2~0_1~~ 
ids ................ ~. 369. 392. 264. I 427. 363. 652. 1,886 

1. Fox River and Reservoir, Green Bay Shops, Green Bay. Analyst, Chemist C. M. 
& St. P. Ry .. Co., July 9, 1897. 

2. Fox River at Green Bay. Analyst, G. M. Davidson, Sept. 17, 1907. 
3. Fox River at De Pere. Analyst, G. M. Davidson, Feb. 8, 1892. 
4. St. John Mineral Spring, Green Bay. Analyst, W. Daniells for M. Holgknecht. 
5. Allouez Mineral Water, Green Bay. Analyst, U. S. Bureau of Chern., 1905. 
6. Well at Green Bay. Analyst, Milwaukee Ind. Chern. Institute. 
7. Well & Reservoir of C. M. & St. P. Ry. Co., Green Bay. Analyst, G. N. Prentiss, 

Feb. 6, 1912. 
8. Well of C. M. & St. P. Ry. Co., Greenleaf. Analyst, G. N. Prentiss. Oct. 16, 1902. 
9. Well of C. M. & St. P. Ry. Co., Askeaton. Analyst, Chemist C. M. & St. P. Ry. 

00., Jan. 1, 1892. 
10. Wells and Reservoir of C. III. & St. P. Ry. Co., Askeaton. Analyst, G. N. Pren-

tiss, Feb. 7, 1900. . 
11. Flowing well 5'\1, miles southwest of Denmark. Analyst, G. M. Davidson, July 15, 

1907. 
12. Two wells of C. ilL & St. P. Ry. Co. shops, Green Bay. Analyst, Chemist C. III. .& 

St. P. Ry. Co., July 11,1891. 
13. Tbe City Well at East De Pere. Analyst, W. W. Daniells. 
14. Cit v Well at West De Pere. Analyst, W. W. Daniells. 
15. Well of C. & N. W. Ry. Co., Denmark. Analyst, G. M. Davidson, Sept. 13, 1907. 
16. Railroad well at Askeaton. Analyst, Chemist C. III. & St. P. Ry. Co., April 4, 

1891. 
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BUFFALO COCXTY 

Buffalo county located in the western part of the state, has an area 
'Of 662 square miles and a population of 16,006. About 92.8 per cent 
of the county is laid out in farms, of which 49 per cent is under cul
tivation. 

SURFACE ]'EAT"LTRES 

The surface consists of alternating uplands and valleys, the latter 
trenched relatively deep near the Mississippi river, as much as 500 feet 
below the general upland area. The uplands are generally covered with 
silt loams, while the valley bottoms are covered with sandy loams of al
luvialorigin. The valleys of the Mississippi, Chippe,,-a and Beef rivers 
are flat bottomed and filled with alluvial sand and gravel while the small 

Fig. 22.-Geologic section, east-west, .across Buffalo and Pepin counties. 

stream valleys are relatively narrow. The altitudes range from less 
than 700 feet along the Mississippi river to 1.200 or 1,300 feet on the 
uplands. 

GEOLOGICAL FORM:ATIO~S 

The rock formations are the Upper Cambrian (Potsdam) sandstone 
and shale, with the Lower Magnesian limestone capping the highest 
ridges in all parts of the county, except the n0l1heastern corner. The 
surface formations are the loess oli the uplands and the alluvial deposits 
in the valley bottoms. The geological structure is illustrated in Fig. 22. 

'Ihe thickness of the alluvial deposits in the valleys may possibly 
reach a maximum of 200 feet. The thickness of the Upper Cambrian 
sandstone and the 1Jov"er Magnesian limestone is variable on account of 
the extensive erosion of the strata. The complete thickness of the sand
stone is present only where protected by the owrlying Lower Magnesian 
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limestone formation. The limestone attains its greatest thickness on· 
the highest ridges. The depth at which the Pre-Cambrian granite floor 
is reached is 418 feet below the surface of the valley bottom of the Beef 
River at Mondovi, and about"500 feet below the surface along the valley 
bottom of the Mi!lsissippi. 

The approximate range in thickness of the geological formations may 
be summarized as follows: 

Approximate range in thickness oj formations in Buffalo Oounty. 

Formation. Thickness. 

Feet. 
Surface formation................................. ................ .................. .... 0-200 
Lower Magnestan dolomite.... .... ............ ... ......... ........................... 0-200 
·UpperCambria.n (Potsdam) Sa.ndstone................... ............................ 300-S00 
The Pre-Cambrian Granite.... .. ....................................................... _ ......... .. 

PRINCIPAL WATER-BEARING HORIZONS 

The principal water-bearing horizons are the Upper Cambrian (Pots
dam) sandstone and the alluvial sands and gravels. The wells upon the
limestone divides quite generally have to go down a depth of 300 to 400' 
feet to the general water level i~ the Upper Cambrian sandstone to ob
taina supply. Along the l\fississippi river bottoms the wells are shal
low, generally from 20 to 100 feet deep. In Nelson the wells are usually 
in sandstone from 25 to 50 feet in depth. In Cochrane, the wells are
from 15 to 35 feet in sand. 

FLOWING ARTESIAN WELLS 

Flowing artesian wells in the Potsdam sandstone, at Fountain City 
in the valley of the Mississippi, and at Mondovi and north of Alma in 
the valley of the Beef. River, aj~e imp'ortant sources of supply at tliese
localities. 

Artesian flows have apparently not been sought at any other plaee
along the Mississippi River in Buffalo county than at Fountain City. 
It is to be expected, however, that flows can be struck all along the river' 
on low ground above Fountain City, similar to the flows obtained be
tween Fountain City and La Crosse. The underground conditions at 
Fountain City are about the same as at La Crosse and Onalaska, and: 
Villona, Minnesota, where important flows are obtained. The maximum 

head at Fountain City is about 40 feet above the Mississippi River_ 
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Flows should be obtained not only on the low ground of the Mississippi 
flats, but also on the tributaries of the lIisissippi, or in the. "coolies" 
leading up into the ridges from the main vaUey. Flows have been struck 
in some of the larger valleys, as illustrated by the flowing wells near the 
mouth of the Beef River and at ~Iondo\'i, far up the valley. This region 
promises good returns to the careful prospector. Further details con
cerning the flowing wells in Fountain City and Mondovi are given on 
the following pages. 

Since the above statement was sent to the press it has been learned 
that during 1913 and 1914 about 20 flowing wells were drilled in the 
Beef Valley within 5 or 6 miles above and below :Mondovi. The wells 
,are usually drilled through the sandstone to the granite, to depth of 
400 to 450 feet. The artesian head is usually 6 to 8 feet, in some wells 
reaching up to 10 feet, above the well curbs and about 30 to 40 feet 
above the level of the Beef river adjacent. The maximum pressure is 
;said to be reached in many of the wells at depths of 280 to 300. ',feet. 
, 'l'he bottom lands throughout the Beef valley, and also in many of 
the tributary valleys, should be favorable localities for the develop
ment of flowing artesian wells. The wells should be properly cased so 
that the artesian heads will "be preserved at the maximum heights. The 
water from the artesian wells should not be allowed to run to waste but 
the flows should be shut off when not in use, otherwise the artesian 
pressure in the district will be gradually lowered until the wells cease 
to flow. 

Automatic pumps, a modification of the hydraulic ram, are installed 
:at many of the wells for the purpose of driving the water from the ar
tesian wells up into the farm-houses and· barns. These automatic 
llumps produce 10 or more gallons per minute frem a 5 or 6-foot head 
and are reported to be satisfactory in all respects. 

WATER SUPPLIES FOR CITIES AXD "ILL.\GES 

Alma.-Alma, the county seat, on the Mississippi RiYel', has a popula
tion of 1,011. The city is built on a relatively steep slope bordering the 
Tiver, on the outcropping Upper Cambrian (Potsdam) sandstone and 
shale. The private wells obtain their supply from the sandstone and 
are generaly from 10 to 100 feet deep, depending upon elevation above 
the river. 

A flowing artesian well was recently obtained 011 the farm of F. Glei
tel' about three miles north of Alma on the Beef Riwr. The formations 
penetrated are as follows: 
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Log of F. Gleiter' 8 flolDing well near Alma. 

Formation. Thickness. 

The water flows about 24 feet above the level of Beef River. The first 
flow was struck at a depth of about 207 feet and a second flow at depth 
of about 250 feet. . 

Fountain City.-This city, located on the Mississippi river, has a pop
ulatIOn of 1,031. The city supply is obtained from a 4-inch artesian 
well 300 feet deep. Four of the artesian flowing wells in Fountain City
are as follows: 

Artesian well' in Fountain Oity. 

When Size Depth Depth Elevation Water 
Owner. risesabov drilled. (in.) feet. to rock. of curb. curb. 

City ......................... 1895 4 300 75 670 20 
John Baecheler ............ 1900 6 365 80 663 25 
Brewing Company ......... 1896 6 350 80 685 0 
Creamery ................... 1900 , 4 220 80 665 13 

, . 

All these wells are cased to rock. The city well ordinarily has a flow-· 
ing capacity of 383 gallons per minute. The temperature of the water· 
is 51 0 F. Most of the water supply for the city is derived from private
wells about 50 feet deep in the gravel and sand. 

The artesian wells at Fountain City get their supply from the Upper
Cambrian (Potsdam) sandstone. The first 75 to 80 feet in surface de
posits is reported as sand, clay and gravel, mostly gravel. The Pots
dam sandstone is mostly a white sandstone. The water from the lower· 
horizon contains more iron than that from the upper horizon and for' 
this reason was not used at the city creamery. 

All of these wells show a marked increase in flow and pressure when
ever the river is high, which indicates that there is considerable influence 
exerted by the weight of the groundwater on the artesian head. This 
fluctuation may be best observed in the city fountain where the flow is 
comparatively small due t~ the hig~er elevation. 
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Mr. Baecheler's well is on the lowest ground, and if allowed to flow 
freely will stop the flow in the city well and greatly reduce the heads of 
the other wells which lie within a few blocks of it. The four· artesian 
flowing wells are within a few blocks of each other. 

Mondovi.-Mondovi, located on Beef River, has a population of 1,325. 
The public water supply is obtained from a lO-inch well 418 feet deep. 
The well penetrated 68 feet of sand and gravel,and 350 feet of sand
&tone, striking granite at bottom. 'Vater was first struck at 28 feet; at 
200 feet water began to rise in the well; at 300 feet it reached the surface 
of the ground; and at depth of 360 feet the well flowed 75 gallons per 
minute. The well has yielded 400 gallons per minute under suction for 
10 hours. Continuous pumping for four or five hours lowers the water 
in the well so that it does not flow for one-half to two hours after pump
ing is stopped. Another similar well was drilled on Mr. Meyer's place. 
The well is not quite so deep and is located too high to flow at the sur
face. Other flows could be obtained on low ground in the village and 
for some distance up and down Beef River. 

The city sewerage is emptied without purification into the river. 

QUALITY OF THE WATER 

No complete analyses are available of the water supplies of Buffalo 
Couaty. It seems very likely, however, that the water obtained from 
the alluvial sand, as well as that from the sandstone formation, will be 
found to be hard water. The groundwaters are likely to contain only 
200 to 300 parts per mililon of dissolvcd solids. The groundwater sup
plies are likely to be somewhat more highly mineralized than the sur
face waters from the Mississippi and other ri"ers. Very little water is 
probably obtained from the limestone formation capping the upland 
areas, but where the limestone or the underlying sandstone is the source 
of supply it is very probably hard water, like that in wells at La Crosse 
(see page 416.) 



256 THE WATER SUPPLIES OF WISOONSIN. 

BURNETT COUNTY 

Burnett County, located in the north
western part of the state, has an area of 
881 square miles, and a population of 
9,026. About 40 per cent of the county 
is in farms of which about 25 peL' cent IS 
under cultivation. 

SURFACE FEATURES 

The surface of the county is quite level 
throughout, the only exception being the 
broad ridge of Keweenawan trap, ex
tending northeast through the south-

\ eastern part of the county. Much of the 
central and western parts is a broad 
sandy plain. The St. Croix River is in
trenched deeply in the plain on the west
ern boundary. The general altitude of 
the plain about Grantsburg is 900 to 
1,000 feet while altitudes on the trap 
ridge reach 1,200 to 1,300 feet. 

The principal drainage lines are the 
Wood, Clam and Yellow rivers, flowing 

. west and northwest to the St. Croix. 
Many lakes lie in the southeastern and 
northeastern parts, among which may be 
mentioned Trade, Big Wood, Clam, Big 
Sand, Yellow, Fish and McKenzie lakes. 

GEOLOGICAL FORMATIONS 

The geological formations of the 
county are the trap in the southeastern 
part, and the Upper Cambrian sand
stone in the western part, and the sur
face formations distributed over the en
tire county. The sandstone, however, 
is effectually covered with surface for-
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mation, with exception of a few outcrops along the St. Croix river. 
'fhe surface formations consist of glacial drift, mainly confined to 
the morainic 'ridges in the southeastern part, and the broad, nearly 
level plain, consisting of sand, gravel and strat.ified clays, in the 
central and western parts The thickness of the various formations 
varies greatly. The Keweenawan trap formation is practically un
limited in depth, as this formation is erupted from deep seated 
sources; hence, it is useless to attempt to penetrate through this for
mation when encountered in drilling wells. The sandstone forma
tion, un~erlying the surface deposits in the central and western 
parts, probably does not exceed a thickness of 100 t'o 200 feet, and 
is probably underlain either by the trap or by granitic formations. 
The glacial drift, consisting of boulders, sand and gravel mixed with 
some clay, ranges in thickness from a few feet up to 100 or 300 feet. 
'{'he surface sand, usually underlain by the stratified clay deposits, 
forming the broad, level areas of the county, is variable in thick
ness on account of the uneven surface of rock upon which it was de
posited. The sand and clay formatioiIs usually range in thickness 
from 50 to 200 feet, and may reach 300 feet in places. 

The geological structure of Burnett and other counties in the north
ern part of the state, where only the surface formations overlie the 
Pre-Cambrian granite, is illustrated in Fig. 23. 

The approximate range in thickne88 oj thejormation8 in Burnett County. 

Forma.tion. Thickness. 

Feet. 
Surface formation...................................................................... 0 to 300 
Sa.ndstone.. .... . ... .... .... .... .... .... . ... . ... .... . ... ............ ........ .... .... .... .. 0 to 200 
Keweenawan trap ........ o ••••••••••••••••••••••••••••••••• _ ••••••••••••••••••••••••••••••••• 0 ••• _ ••• 

PRINCIPAL WATER-BEARING HORIZONS 

The principal source of water supply is the surface formation of sand 
and gravel. Where the sandstone is reached in some of the deeper wells 
a good supply is readily obtained. The trap, however, is relatively im
pervious and furnishes a small supply only where much fractured. A 
good supply can generally be obtained at the contact of the trap with 
the overlying surface formation, where the latter has a thickness of 20 
or 30 feet, or more. 

17-W. S. 
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WATER SUPPLIES FOR CITruS AND VILLAGES 

Gmntsburg.-This city (population 721) js located upon the Wood 
river in western Burnett County. No city water supply system has been 
installed. The forination ia stratified alluvial sand and clay to a prob
able depth of at least 100 feet, overlying the sandstone. An abundant 
supply of water is easily obtained from this alluvial sand formation. 
Wells are generally from 10 to 75 feet deep. 

QUALITY, OF WATER SUPPLIES 

Only one analysis of the wat~r of Burnett County is available, namely 
that of a well water at Grantsburg which is hard water. Where the wa
ter supply is obtained from formations directly or indirectly asso
ciated with the stratified clays which are calcareous, or with the lime
stone-bearing glacial drift, the water is probably hard water. Where 
the supply is obtained .from nearly pure sand overlying the clay, or 
from very sandy drift, the supply is likely to be soft water. The water 
obtained from the trap rock may be highly mineralized in some places 
and in other places may contain only a small amount of mineral matter. 

Mineral analyses atwater in Burnett Oounty. 

(Analyses in parts per million.) 

Rurface 
deposits. 

Depth of well .................................................................... fe~t.. 20 
~l1ica (8i02).............................................................................. 15.9 
Aluminium andiron oxides (AhOa+Fe20s) ........................................... ' 1.1 
Calcium (ua) ..........•.....•.............................................•............. 36.0 
Magnesium (Mg)........................................................................ 14.4 
!'odium and POtas,iuDl (", .. +K)... .... .... ..•. .... .... ...... .......................... 8.0 
Carbonateradlde (C03) ............•...•••..........•................•.............•... 1 82.5 
Sulphate radic1e(S04) ..........•....................•................................. \ 11.2 
Chlorine (Cl) .........•.•................................................................. _~~ 

Total dissolved solids............................... .•...........•............•........• 184. 

1. Well at (;rantsburg. Analyst,.Dearborn Drug & Chern. Co., Jlln. 26. 1905. 
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CALUlIET COUNTY 

Call1lmet County, located in the eastern part of the state, east of Lake 
Winnebago, has an area of 317 square miles, and a population of 16,70l. 
About 94.8 per cent of the county is in farms, of which 73.4 per cent is 
und<er cultivation. 

SURFACE FEATURES 

The surface of the county is a relatively high undulating plain, with 
a gentle slope in the central and eastern part towards Lake Michigan, 
and a more abrupt slope to the west in the western part towards Lake 
Winnebago and the valley" of the Fox river. The central and eastern 
part is drained mainly by the Manitowoc river flowing eastward to Lake 
Michigan. The western part is drained by short streams flowing into 
Lake Winnebago and the Fox river. 

Upon the relatively high upland portion of the central and eastern 
part of the county the altitudes of the valley bottoms range from 800 to 
950 feet, while tM upland ridges along the divides reach up to 1,000 and 
Jver 1,200 feet. The highest land in the county is in the southwestern 
part, a short distance east of Lake Winnebago. The surface of Lake 
Winnebago has an altitude of 747 feet, and the broad valley bottom at 
the north end of the lake lies between 750 and 850 feet. 

The most prominent relief in the county is the steep escarpment or 
ridge of the Niagara limestone on the east side of Lake Winnebago, 
which rises abruptly 200 to 400 feet above the lake. 

GEOLOGICAL FORMATIOXS 

The principal rock formation in the central and eastern part of the 
county is the Niagara limestone. On the low ground in the western and 
northwestern part adjacent to Lake Winnebago is a narrow belt of Oin
cinnati shale and north of the lake is an area occupied by the Galena
Platteville (Trenton) limestone. The drift is generally quite abundant 
over the entire county. The geological structure along the southern 
boundary of Oalumet and Manitowoc counties is illustr~ted in Fig. 24. 

The thickness of the drift is variable but is generally much greater in 
the Fox River valley than on the high upland to the east. In the vicin
ity of Forest Junction are many wells 50 to 200 feet deep in the drift 
without striking rock. At Brillion many of the wells strike rock at 100 to 
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150 feet. Most of the surface drift of the county is red clay mixed with 
some stone and gravel. 

The Niagara formation of limestone lies east of Lake 'Winnebago, 
Sherwood and Forest Junction. The formation varies in thickness from 
less than a foot along the western margin of its outcrop to a probable 
maximum thickness of 300 or 400 feet on the upland ridges in the east
ern part of the county. 

Fig. 24.-Geologic section, east-west, along southern houndary of Calumet and 
Manitowoc and northern houndary of Sheboygan counties. 

The Cincinnati shale which underlies the Niagara limestone and out
crops in a belt one to five miles wide along the wester!]. border of the Ni
agara has a known maximum thickness of 300 feet where unel"oded, as 
shown by the deep well at Chilton. Along the east shore of Lake Winne
bago, south of Clifton, about 175 feet of this formation is exposed above 
the level of the lake. The altitude of the contact with the Niagara at 
Lake Winnebago is about 920 feet, and at Chilton 679 feet. The shale 
is a relatively soft formation and therefore is easily eroded. The forma
tion is impervious. 

The Galena-Platteville (Trenton) limestone, within its area of out
crop north of Lake Winnebago in the Fox River valley is eroded to a 
variable extent. 'Vhere uneroded it has a known thickness of 225 feet. 

'rhe approximate range in thickness of the formations in Calumet 
County may be summarized as follows: 

Prflbable range in thicknees of formations in Calumet C~unty. 

. Formation. I Thickness. 
--.-----------------------------_._-

I Feet. 

~f,~~~Y~ ~~~!~\~~~::.::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::':::::::: ~ ig !g~ 
.Galena-'tllatteville (Trenton) limestone....................... ... .................... 200 to 250 
-St. Petel' and LOl"er Magnesian formation........... .. .... .... .............. ..... 200 to 250 
Upper Cambrian (Potsdam) sandstone ...................... _, ......... , ..... ... ...... 500 to 600 
Pre-Cambrian granite ............................................................................. .. 
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PRINCIPAL WATER-BEARING HORIZONS 

The principal water-bearing formations are the surface deposits, the 
Niagara limestone in the central and eastern part, and the Trenton lime
stone in the northwestern part. 

The drift is the most common source of supply, the water level being 
near the surface in the valleys and usually less than 100 feet from the 
surface on the slopes of the hills. Shallow open dug wells are common 
in the drift on the uplands in all parts of the county, the depths of the 
wells being 10 to 40 feet. In recent years, however, most of the new 
wells are being drilled, the supply being obtained at greater depth in 
the drift or from the underlying rock. Between Chilton and Brillion 
are many drilled wells from 100 to 200 feet deep. 

The Niagara limestone is an important source of supply on the high 
uplands. The formation contains numerous open fractures and fissures 
and on the gentle slopes of the hills where the drift is 50 or 60 feet thick, 
abundant supplies are usually obtained from this formation. 

The Cincinnati shale is impervious to water, hence no supplies are ob
tained from this formation. The shale, however, exerts a strong influ
ence on the underground water supply because of its impervious char
acter. Hundreds of springs issue along the outcrop of this formation, 
the source of the supply being in the overlying drift or Niagara lime
stone. Wells within striking distance of the shale generally obtain an 
abundant supply when this formation is reached . 

• 

FLOWiNG 'VELUl 

Flowing wells in the surface deposits and in the Niagara limestone 
are an important source of water supply in various parts of Calumet 
county. 

Along the northeast shore of Lake Winnebago no flows are obtained 
except in the vicinity of Stockbridge. A mile north of Stockbridge the 
high cliff leaves the lake and swings toward the east, leaving a somewhat 

. level area between the ridge and Lake Winnebago. Along this gentle 
slope flowing wells are struck on the low ground along the east shore 
of the lake as far south as Fond du Lac, and south of the lake as far as 
Byron and Oakfield. 

The wells in the vicinity of Stockbridge and Brothertown range in 
depth from 60 to 90 feet, none of them striking rock. 

Nearly all of the flowing wells lie on the west side of the old Military 
Road leading from Stockbridge to Fond du Lac. .\ few flows have been 
obtained east of this road, but for the most part the land is rather too 
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high for flows. Between Stockbridge and Brothertown about 25 or 
30 of these flowing wells may be seen a)ong the road. Some of the wells 
are decreasing in rate of flow, others are as strong as when originally 
drilled. Flows ought to be obtained on low ground east of the road 
along the small valleys and streams. In places they are obtained as high 
as 100 feet above the level of Lake Winnebago. As a rule the flows on 
the higher land are weak, the water rising only a few feet above the sur
face. As along the Fox river, the local topography must always be 
taken into consideration before predicting a flow. (For description of 
flowing wells south of Brothertown, see under Fond du Lac County, 
pages 335-6). 

In the northeastern part of the county at Brillion, located in a small 
valley tributary to the Manitowoc river, local conditions favorable for 
an artesian slope are developed in the surfoce deposits overlying the Ni
agara limestone. The flowing wells are from 50 to 150 feet deep, the 
source of the flows being in gravel beds underlying clay seams, and in 
the underlying shell rock. The heads are relatively low and the wells 
usually interfere with one another. An account of these wells is given 
under Brillion and Forest Junction on the following page. 

Flowing wells, with source of supply in the sandstone strata under
lying the Trenton limestone, are not likely to -be developed in Calumet 
County, on account of the relatively high altitude of the land surface. 
In one of the d~ep wells of the Malting Co., at Chilton, which penetrates 
through the overlying formations and reaches into the St. Peter and 
Lower Magnesian, water was found in the l'renton, which rose to with
in 32 feet of the surface, but dropped to 75 feet below the surfac~ on en
tering the St. Peter sandstone, where it remained 

SPRINGS 

The important spring horizon, found at the upper surface of the Cin
cinnati shale, extends across Calumet County along the foot of the 
"ledges"-east of Lake Winnebago. While springs are common in this 
horizon, they are not so numerous as they would be if it were not for the 
impervious covering of clayey drift that overlies the shale. While there 
are many springs on the west slope of the ridge that help feed the gravel 
beds, much of the water from the contqct zone between the Niagara lime
stone and the Cincinnati shale usually· does not come to the surface, but 
remains beneath the clay strata in the drift and furnishes the supply 
for the flowing wells. 

Springs are also quite common in the area of the Niagara limestone 
within the lower slopes of the valley of the Manitowoc river and its tribu-
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taries. In many places the springs issue from the limestone, where over
lain by the clay drift, as at Brillion. 

WATER SUPPLIES FOR CITIES AND VILLAGES 

Ohilton.-Chilton, situated on the lIanitowoc river, has a population 
of 1,530. It has no municipal water supply and sewage systems. The 
water in the rock at Chilton generally stands from 30 to 75 feet below 
the surface. Wells in the drift strike water nearer the surface, and flow 
in a few cases. 

Inthe Malt Company's two wells as already stated the water from the 
Trenton limestone rose to within 32 feet of the surface, but dropped to 
75 feet below on entering the St. Peter sandstone, where it remained. 
The water is raised by means of an air compressor. The water is used 
for malting _purposes, and contains only a normal amount of carbonate 
of calcium and magnesium, as indicated by the analyses. 

The folowing material was passed through in drilling the deeper well : 

Section qt lIte Oltilton Malting 00. well No.2-Altitude of curb 877. 

Formation. 

Pleistocene. 
Red clay ............................................................................ . 
Lightclay ..... _ .................................................................... . 

Niagara. 
Limestone ........................................................................... . 

Cincinnati. 
Blue and green shale ............................................................... . 

Galena-Platteville (Trenton). 
Limestone ........................................................................... . 

St. Peter. 
Sandstone ................................................... , -....................... . 

ReIJOrted os Potsdam but probably 
Lower Magnesian (127 feet). 
Red shale .......................................................................... . 
Red sandstone ...................................................................... . 
Limestone ........................................................................... . 
Blue shale .......................................................................... . 
Limestone ........................................................................... . 

ff~:s'~~e.·::::.: '::.: '::.: ;::.: :':.: :.: ::::::::::::: :::: ::: :::: ::::: ::::::: :::::::::::::: 
Cherty limestone ....................................................... _ ........... . 
Silicious materilil {quartzile) ........................................... _ .......... ' 

Feet. 

10 
18 

170 

SOO 

225 

47 

12 
1I 

5S 
5 

22 
6 
6 
6 

12 

Total depth.. .... . ....... .... . ....... .... .... .... .................... .... ...... 897 

The silicious material at the bottom, reported as quartzite, may be on
ly hard, compact sandstone. 

BriUion.-The population of Brillion is 998. ..:\t Brillion flowing wa
ter is obtained from the gravel below the clay, from the drift, and from 
the Niagara limestone. A good supply is often found in the Niagara 
shell-rock only a few feet belo; the drift. Probably the water under 
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pressure in the gravel seam below the clay, and that in the shell-rock, 
have the same source. Most of the wells are from 50 to 150 feet deep, 
and are from the same water vein. 

All wells interfere with one another, but the Chicago and Northwest
ern Railroad Company's well affects the others most. When pumped 
hard it lowers the head of all the others, and if the pumping continues 
long enough, stops the flow from all the wells near it. The railroad com
pany's well is as low as the other wells, and water is allowed to escape 
as soon as the reservoir is full. Measurements on city wells, taken while 
the railroad tank was being filled, showed that before pumping began the 
water at the railroad well was flowing over the surface, through the 
trough, and all the wells in the vicinity were flowing. After one and 
one-half hours pumping the water in the railroad well was lowered two 
feet four inches, while in a well 50 feet south, and in one 350 feet south, 
the water had fallen an equal amount. After two and one-half hours of 
pumping the water in the railroad well had fallen three feet nine inches, 
while the other two wells were lowered the same amount. Further low~ 
ering in the reservoir had no effect upon the level in the other two wells, 
since the casing of the well that supplied the railroad reservoir was at 
this level and water had to rise to this height before it could flow into 
it. The 8-inch pipe supplied a full stream, but it did not flow quite as 
fast as the water was pumped out, several hours being required for the 
water to regain its original head. 

Several of these flowing wells have not been properly cased and have 
since lost their flow. The considerable leakage from some of the wells 
has greatly increased the surface supply. In other cases part of the wa
ter rises to the surface outside of the casing and is a source of annoyance. 

The source of the flowing water is from the gathering ground to the 
north and west of Brillion. Numerous springs are also found in this 
vicinity. East of Brillion similar wells are struck, but do not flow on 
account of the higher elevation of the land surface. 

Forest Junction.-At Forest Junction the drift is very deep, being, in 
many places, over 200 feet thick. The water comes from quicksand and 
gravel. Here, too, are found several flowing wells from drift, and often 
gas is encountered in the drift. The pressure at the curb of some of the 
wells is as high as 22 pounds per square inch, and in one of the wells, it 
is reported, the gas was thrown up 50 feet and burned steadily for two 
days before the well was shut off. The gas cpmes from the_ seams below 
the clay, and very likely resulted from the decay of vegetable growth, 
since logs and twigs are often encountered in drilling wells. It is neces
sary to case through this gas vein and then water is obtained from quick-
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sand below. Some oil has also been struck in these wells, but not as fre
quently as gas. Similar drift conditions are found at other points in the 
Fox river valley. 

New Holstein.-The population is 839. The water supply is obtained 
from private wells 60 to 100 feet deep. Sewage is disposed of in open 
diains. The formation is clay loam over the Niagara limestone. The 
limestone appears at the surface in places, but usually it is covered with 
30 to 40 feet of drift. 

Hilbert.-The population is 572. The water supply is obtained from 
private wells 12 to 40 feet deep in drift overlying the limestone. Some 
of the wells are drilled to depth of 128 feet in the underlying limestone. 

QUALITY OF THE WATER 

The water of Calumet County, at least that obtained from the 
surface formations and the Niagara limestone, as shown in the follow
ing table is hard water of moderate mineral content. They are carbonate 
waters with calcium as the predominating constituent, and magnesium 
generally second in importance. Water from the deeper seated forma
tions may, or may not, have a higher content of mineral matter. 

The water of the flowing wells at Brillion, ~o. 1, contains 2.52 pounds 
of incrusting solids in 1,000 gallons. 

Mineral analyses of water in Oalumet Oounty. 

(Analyses in parts per million.) 

Surface Dewsits. 
Ni
agra 
IIme

ston". 

St. Peter' 
sandstone. 

_~_1 __ 2. !_3·_1. 4'_r_~_I_~_ 
Depth of willi .................... feet.. 120 25 I' 52 ,I 254 I 740 I 897 
Silica (8i02)... .... ........ ..••... ...... 15.4~ I \ 20. 18. 
Aluminum and iron oxides (AI203+ 20.7 ..... ..... undt. ~/ I 

Fe20s) ... ....... ... .... .... .... ...... 3.9 I 12. 8. 
Calcium (Ca).................. ......... 64.2 56.3 ;;;;.6 I 55.4 67.9 48.7 
:'vlagnes!um (Mg).. .... .... .... ... ...... 33.4 a6.5 ~.2 44.8 13.9 41.7 
Sodium and potassium (Na+K)....... 6.4 29.0 I 1904 22.2 i 22.8 14. 
Carbonate radicle (003)............... 225.9 196.3 1911.0. 194.? I 118.4 157.3 
Sulphate radICle (804)................. 19.4 22.8 ~.I· 31.2 28.8 30.9 
Ohlorine (01)............. ........ ...... 8.9 2.8 19.7 I 9.3. 35.7 21. 

Total dissolved solids ........... -377~1-3~·m-. -:--a5s-. -1-3i9~ 340-. -

1. Flowing weI! at Brillion. Analyst, G. ]\1. Davidson, C . .\ X. W. Ry. Co., -Aug. 17, 
1895. 

2. Well of C. M. & St. P. Hy. Co., Hilbert Jet. Analyst, G. So Prentiss, July 7, 1891. 
3. Well of C. M. & St. P. Ry. Co., Hilbert Jet. Analyst. G. !'. Prentiss, Mar. 7, 1900. 
4. Well of C. M. & St. P. Ry. Co., Hilbert Jet. Analyst. G. !'. Prentiss, Jan. 12, 

1913. 
5. Well No. 1 of Chilton Malting Co., Chilton. 
6. Well No.2 of Chilton Malting Co., Chilton. 
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CHIPPEWA COUNTY 

Chippewa County, looated in the northwestern part of the state, has 
an a!ea of 1,022 square miles, and a population of 32,103. About 58.4 
per cent of the county is in farms, of which 50.5 per cent is under cult i
-vation. The most thickly settled portion is the southwestern part, only 
·a sparse population being in the northeastern part. 

SURFACE FEATURES 

The southwestern portion of the county, occupied by the Upper Cam
brian (Potsdam) sandstone, has the hilly features characteristic of the 
sandstone outcrop. The thick drift covered portion of the county, the 
northeastern two-thirds, is an undulating plain. The belt of choppy 

Fig. 25.-GAologlc section along Chippewa river in Chippewa county. 

moraine lies diagonally across the county, extending northwest and 
southeast, in the central part, crossing the Chippewa River at Jim Falls. 
Numerous picturesque lakes lie in the north central part. Altitudes 
generally range from 800 to 1,050 feet along the Chippewa River to 
1,000 and 1,200 feet over the inter-valley areas. Flambeau Ridge, an 
isolated hard quartzite ridge in the northern part, reaches and altitude 
of about 1,500 feet. The soil is usually a sand loam along the 
Chippewa in the southern part, and silt loam in other parts of the 
county. 

GEOLOGICAL FORMATIONS 

The geological formations are the Pre-Cambrian crystalline rocks in 
the northeastern part, and along the- Chippewa River, as far south as 
Chippewa Falls, and the Upper Cambrian (Potsdam) sandstone in the 
southern and western parts of the county. Glacial drift in thick ridges 
of terminal moraine extends across the northeast portion. Alluvial sand 
and gravel fills the valleys in the southwestern portion. The cross section 
(figure 25) parallel to the Chippewa River, illustrates the geological , 
structure of the county. 



DESORIPTION OF LOCAL WATER SUPPLIES. 267 

The thickness of the surface formations of glacial drift in the morain
jc ridges, in the northeastern part, probably reaches 100 to 150 feet. The 
thickness of the extensive filling of sand and gravel probably reaches 200 
to 250 feet in the deepest portions of the pre-glacial valleys. The thick
ness of the sandstone ranges between wide limits on account of the ex
tensive erosion of the strata. The complete thickness of the sandstone is 
nowhere preserved within the county. The approximate range in thick
ness of the geological formations may be summarized as follows: 

Approximate range in thickne88 of formation8 in OltippelCa Oounty. 

Formation. Thickness. 

FeAt. 
Surface formation...................................................................... 0 to 250. 
Upper Cambrian (Potsdam> sandstone ............................................... 0 to 500. 
The Pre-Oambrlan granite .................................................••. ~ .................... . 

PRINOIPAL WATER-BEARING HORIZONS 

The chief water.-bearing horizons are the sandstone, the glacial drift 
;and the alluvial formations. A small amount of water only can usually 
be obtained from the granite. The amount obtained is generally suffici
€nt for farm purposes but is wholly inadequate for villages or city sup
plies. The small amount of water obtainable from the crystalline rock 
is well illustrated by a well 333 feet deep recently drilled in granite fore 
mation at Cornell. This well as shown by a test showed a production 
-of only a little over 6 gallons per minute or a daily capacity of only 8,-
640 gallons. By continuous pumping for many days this production 
would undoubtedly be greatly reduced. It may therefore be considered 
;as very impractical to attempt to obtain more than small amounts of 
water from the Pre-Cambrian crystalline formations. 

Most of the wells in the county are relatively shallow, from 10 to 40 
feet deep. On hilly land the wells are deeper, from 40 to 100 feet or 
more, depending upon elevation above the generalle.el of the streams of 
the locality. Springs mainly occur only along the lowest portion of the 
Chippewa valley, where the sandstone formation, containing shaley stra
ta, outcrops along the river bank, as illustrated by the well known Chip
pewa Mineral Spring at Chippewa Falls. 
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WATER SUPPLIES FOR CITIES AND VILLAGES 

Chippewa Falls.-Chippewa Falls, situated on the site of extensive
water power on the Chippewa river, has a population of 8,893~ The city 
is located upon sandy, gravelly terraces of alluvial origin, which overlies 
the Upper . Cambrian (Potsdam) sandstone and the Pre-Cambrian gran
ite formations. The granite and sandstone formations are well exposed 
in Irvfne Park. 

Formerly the city water supply was derived from 36 six-inch driven 
wells, but this system was abandoned because of insufficient supply. At 
present the· supply is derived from a sand and gravel bed lying along the
Chippewa River about a mile above the city. The water level in this bed 
is 8 feet above the usual level of the river. Five steel cylinders, 5 feet in 
diameter, were sunk into this bed to a depth of 16 feet, probably to the
granite. The water comes in from the bottom and from % inch holeg, 
drilled into the cylinders. The capacity of the five wells is 2,000,000 gal
lons per day; the average daily consumption is about 500,000 gallons. 

About 80 per cent of the houses are connected with the water system. 
Sewage is emptied, without purification, into the river. About 10 per 
cent of the families have cess pools. Private wells are from 10 to 100. 
feet deep in the gravel and sand, the depth depending· upon elevation 
above the river. 

Stanley.-'-This city, situated on the Wolf River, a small branch of the
Eau Claire, has a' population of 2,675. It is located on glacial drift. The
Pre-Cambrian granite is generally struck at a depth of 60 to 80 feet. The 
sandstone overlies the granite in places attaining a thickness of 30 or 40. 
feet. 

The city has a water supply system, which, until very recently, was 
used for fire service only. The city supply is obtained from two large 
. wells aO feet deep in the drift. The private wells average about 25 feet 
deep. Sewage is discharged, without purification, into the river. About 
40 per cent of the houses have sewer and water connections. About 75-
per cent of the families have cess pools. 

The present city supply (1913) is reported to be inadequate and a new 
source is being investigated. A very good and sufficient supply should 
be obtainable from the sandstone underlying the surface drift. 

Cadott,-Cadott, population 765, located on the Yellow River, has a 
water system for fire purposes only. Private wells in drift and crystal
line rock are from 10 to 40 feet deep_ 

Boyd.-Boyd, population 527, situated on Hay Creek, has a water 
supply system for fire purposes. Private wells are from 20 to 40 feet 
deep generally. Sandstone underlies the drift in this locality. 
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Bloomer.-Bloomer, situated on Duncan Creek, has a popvlation of 
1,204. This place is located upon the sandstone formation. A city wa
ter supply has been installed. The private wells are generally from 10 
to 40 feet deep. On the low ground about Bloomer, and on Eagle Prai
rie, wells are generally from 16 to 20 feet deep to water. The city sup
ply is obtained from two wells, 130 and 207 feet deep. 

QUALITY OF THE WATER 

The water of Chippewa County is but slightly mineralized, as indi
cated by the available chemical analyses. The shallow depth of the 
water-bearing formations indicates that only slightly mineralized water, 
though somewhat higher in mineral content than that analyzed in the 
table, is likely to occur in most parts of the county. 

The water of the well known Chippewa Mineral Spring at Chippewa 
Falls is very soft water. The analysis shows a content of only 36 total 
solids in 1,000,000 parts, and it is probably one of the softest, if not the 
softest spring water in the United States extensively placed upon the 
market. The city water supply at Chippewa Falls is also· soft water. 
The water from the sandstone in the railroad well at Bloomer contains 
only 0.61 pounds of incrusting solids in 1,000 gallons. 

Mineral analyses of water in Chippewa County. 

(Analyses in parts per million.) 

I 
I Upppr 

Spring. Surface I Cambrian 
deposits. ,(Pot,dam) 

_____________________ , I. I ,. 1'=':00' 
'Depthof well .......................................... , ... feet .. 1. ........... I! 16 169 
Silica.(SHh) .•.. : ....... : ......................................... 1 i.3 18.6 26.8 
AlumInum and Iron OXides (A1203 + Fe203) .................. ,............ 0.8 5.5 
Aluminum oxide (AI20s) ........................................ 1 .2!............ ......... . 
b:il~i~~~C~J:::::::::::::::::.:::::::::: :::::::::::::::::::: ::: ::' d ' ... 'io:S'" .. ·"il:X .. ·· 
Ma2'n(~sium {Mg).............. .............................. ..... ? ? I 4.9 5.0 
:-odium (Na)............................................ .... ...... 2:0 ! '. 4 2 I .8 
Potas,ium ([0 ................................................... ' .6 i \ . r ........... . 
Carbonate radide (C03) ........................................ ~ 1;;.0 28.3 24.0 
Slllphateradicle (804) ......................................... .' 1.9 4.0 2.6 
Chlorine (CI) ................................................... "'I'S 3.5 1.3 
Phosphate radicle (P04)........................................ .3 ....................... . 
Organic matter ........... '" ........ '" . ... . ... .... .... .... ...... ~oDe. 

Total dissolved ~lids ............•........................... -'36-. - -75,"- -75,"-

1. Chippewa Spring, Chippewa Falls. Analyst, Chas. W. Dreed. 
2. City ~~gf.lY, Chippewa Falls. Analyst, Dearborn Drug'" Chemical Co., Jan. 16, 

3. Well of C. & N. W. Ry. Co. at Bloomer. Analyst, G. 1I. Dartdson, Aug. 29, 1910. 
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CLARK COUNTY 

Clark County, located in the north central part of the state, has an 
area of 1,200 square miles and a population of 30,074. Neillsville is the 
principal city with a population of 1,957. Prominent villages are Ab
botsford, Greenwood, Loyal, Colby, Thorp, Withee, Dorchester, Hum
bird, and Owen. About 52.8 per cent of this county is laid out into 
farms of whi~h 36.9 per cent is under cultivation. 

SURFACE FEATURES 

The topography depends upon the character of the underlying rock 
formation. The northeastern two-thirds of the county ocupied by thick 
drift over sandstone, is quite leveL The southwestern part of the coun-

N~.i//..sJt'///e t:r~rnr,q 

: P.r- I . V V V v V I 

V V V V V V V V V V v V /, •• 
V V V V V V V V V V V V v v v 

. vvvvvvVVvvvvvv 
-.6r. ~ iPrln/,Jc "'r~Q~/~n .. V V V V V f 

V Y V V V V'V v v v V V \1 V V 
V V V V V V V V v VSOO·lfboveSet1.Lel'l!/. 

Fig. 26,.~Geologic section, -east-west, ae-ross southern Clark county, 

ty, occupied by the very thin drift Over sandstone, is characterized by 
hills of sandstone and broad level sandy valley bottoms and gentle 
slopes. Some of the highest sandstone mounds reach 150 to 200 feet 
above their immediate surroundings. The land gradually rises from 
an altitude of 900 feet in the southern part to over 1,200 feet in the 
northern part of the county. The difference in elevation between val
ley bottom and adjacent uplands is generally less than 100 feet. 

GEOLOGICAL FORMATIONS 

The geological formations are mainly the Upper Cambrian (Pots
dam) sandstone, with the outcrop of the underlying crystalline rock ex
posed along the Black river, and in various places in the eastern part 
of the county. Glacial drift is abundant in the northern and northeast
ern parts of the county. Clay loam soil predominates over the thick 
drift covered portions, and sandy soils or sandy loams in the thin drift 
area in the southwestern part. The geological structure is illustrated in 
figure 26. 

The thickness of the glacial drift probably does not 'exceed 200 feet. 
There appear to be no .deep valleys of pre-glacial origin filled with al
luvial sands and silts in this county. Hence, the surface formation is 
probably thickest in the old drift ridges. The sandstone occurs only as 
relatively thin remnants overlying the crystalline rocks in the northeast-
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ern part of the county, and in somewhat thicker and more widespread 
areas in the southwestern part. The maximum range in thickness of 
the geological formations may be summarized as follows: 

Approximate 1'anrte in thickntIJ8 of f"rmaJ.ions in Clark County. 

Formation. Thickntss 

Feet. 

Surfaf!e formation ................................................. : ........ ... . .... ... . . 0 to 200 
Upprr Camurian (Pobaam) sanastone ............................................... 0 to 200 
The PIe-Cambrian grauite .......................................................................... . 

PRINCIPAL WATER-BEARING HORIZONS 

The ground water supplies are derived from the crystalline rock,. 
from the sandstone and from the glacial and alluvial formations. Most 
of the wells in this county are shallow, usually less than 100 feet deep, 
but along the thick drift ridge east of Neillsville are a number of wells. 
from 100 to 150 feet deep. The depth of. the wells in eastern Clark 
County is shown on the map, Plate 50, in 'Wisconsin Survey Bulletin 
No. XVI. 

WATER SUPPLIES FOR CITIES AND VILLAGES 

N eillsville.-The source of the city water supply at Neillsville, popula
tion 1,957, formerly was a large open well on the bank of the Black 
river, 35 feet deep, 20 feet being in glacial drift and 15 feet in the un
derlying granite. At present the supply is obtained from the Black river
at a depth of 20 feet. . The average daily pumpage is 90,000 gallons. 
About 75 per cent of the houses connect with the city supply. A number 
of private wells in the city are from 75 to 100 feet deep in drift. The city 
sewage is' emptied without treatment, into the Black river. 

Abbottsford.-The deepest wells in Abbottsford, population 947, pass. 
through 30 to 40 feet of glacial drift and about 40 feet of sandstone, 
striking granite at 80 to 85 feet. An abundant supply of good water for" 
the city can be derived from the sandstone beds. In the southwest part 
of the village, at Paul Wooche's, is 34 feet of drift and 2 feet of sand-

• stone. At another place on Main Street is 29 feet of drift and 1 foot of 
sandstone. The railroad water tank well is reported to be 85 feet deep, 
40 feet of drift, 40 feet of sandstone, and 5 feet of granite at bottom. . 

Dorchester.-The deepest well in Dorchester reported is at Keen's 
Planing Mill, which is drilled 34 feet in drift and 6 feet in rock, probab
ly granite. Most of the wells in this village are about 16 feet deep in 
drift. 
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Colby.-The population is 869. Most of the wells in Colby are shallow 
wells. In the northeastern part of the city, at the stave factory, is a 
well 101 feet deep in drift, striking hard granite at the bottom. The 
city supply recently installed is obtained from a 30-foot well. 

Curtiss.-:-Most of the wells in Curtiss are shallow wells. At the saw
mill is a well 107 feet deep, 100 teet in drift and 7 feet in rock, probably 
sandstone. 

Loyal.-The populati(;m is 677. A public water supply was recently 
installed, the supply being obtained from one well 16 feet in diameter 
and 30 feet deep. The average daily pump age is 19,000 gallons. About 
40 houses connect with the city supply. Private wells in Loyal strike 
sandstone at variable depths, from 5 to 65 feet. At C.Ehlerts, half a 
mile east of the village, is a well 89 feet in drift. At the Lutheran 
Church is 84 feet ,of drift. The average depth to sandstone is said to be 
about 60 feet. An abundant supply of good water can be derived from 
the sandstone beds under the drift in Loyal. I 

Greenwood.-Along the Black river at Greenwood granite is exposed; 
but many of the wells in the village on higher ground strike sandstone 
at depth of 10 to 30 feet. In a few wells the drift rests directly on the 
granite. A good supply of water is derived from the sandstone. The 
known maximum thickness of sandstone is 32 feet. A city supply was 
recently installed, the supply being obtained from a well 30 feet deep. 

Witkee.-The village of Withee has a public water supply, recently 
installed. The supply is obtained from a well 140 feet deep, 80 feet in 
glacial drift and 60 feet in the underlying sandstone. The diameter of 
well is 12 inches in the drift and 5 inches in the sandstone. Casing ex
tends to depth of 90 feet. The water level is about 25 feet below the sur
face. By pumping 16 gallons per minute the water is lowered to depth 
of 60 feet in 20 to 30 minutes,at which depth it remains stationary. 
Only a small proportion of the houses are connected with the system. 
Private wells are generally 35 to 40 feet deep, striking water at 25 feet 
in the drift. 

Owen.-Owen, with a population of 745, is installing a water supply 
system (1912), and plans to have a groundwater supply. At present 
the city mains are filled with water from the river and is utilized for fire 
protection only. A partial sewage system is installed on Main Street,
with connections with 15 or 20 houses. Wells strike sandstone in Owen 
at depth of 45 feet. Most of the wells are shallow, from 10 to 30 feet 
deep. The latest report states that the city supply is obtained from a 
well 30 feet deep. 

Tkorp.-The population of Thorp is 741. Sandstone is struck in two 
of the wells in Thorp, at depth of 8 and 22 feet. The city supply is de
rived from a large open well 12 feet in diameter and 30 feet deep, the 
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lower 15 foot being blasted out of the granite. The water in the city well 
is obtained from fissures in the granite and is under light pressure, the 
well overflowing through a·one-inch pipe when not being pumped. 

Granton.-Sandstone underlies the drift at Granton, with granite out
crops only along the vall~y bottom of O'Neill Creek. At F. W. Davis' 
place, below the hill, near Granton, the well is 16 feet deep in drift, but 
on th~ hill in the northeast corner of Section 2 is a well 60 feet deep, 
with 16 feet of sandstone at the bottom. At J. E. Lee's is a well 65 feet 
deep, 34 feet of drift, 6 feet of sandstone, and 25 feet of hard granite. 
At Nelson Marsh's place the well is 67 feet deep, 7 feet of drift and 60 
feet of sandstone. 

Ckili.-In Chili wells are generally from 15 to 25 feet deep. Sand
stone is struck after penetrating clayey drift at a depth ot 18 to 22 feet, 
from which good supplies of water are obtained. 

QUALITY OF THE WATER 

Only three analyses of the water supplies of Clark County 
are available, namely those of the railroad wells at Lynn. The 
water from these wells is probably fairly representative of the quality 
of the groundwaters over the entire county. The average quality is ap
parently close to the dividing line betwen soft and hard waters and thus 
closely approximating the water of Lake Michigan. Analyses No.1 is 
medium ·hard water, while No.3 indicates soft water. Thegroundwa
ters of the county will probably very generally contain from 100 to 200 
parts per million of mineral matter while the surface waters in the 
creeks and rivers will probably generally contain less than 100 parts 
per million of mineral matter. 

Mineral analyses oj water in Clark Oounty. 

(Analyses in parts per million.) 

I :"urface depOsits. 

I . I 
I 1. ; 2. I 3. 

Depth of well ... ; .......................................... feet.'li---~I--3-S -1---:--
Silica (Si02) .................................................... , rndet. 4? I' Undet. 
Aluminium and iron oxides (A1203+Fez03) ................. i .-

~";t~~'!~u~a(~t'ij::::::::::::::::::::::::::::::::::::::::::::::::: fU 2~:g I 2~:~ 
:"odium and potassium (Na+K)......... ..... ................... 17.0 13.0 16.4 
CarbonatE> radicle (CO~).. .... .................... ............... &.6 69.7 49.7 
Sulphate radicle 804).. ........... ....................... ........ 3;;.5 IS.1 34.1 
ChlorIne (CI).. ................................... ..... .......... l"mlet. Undet. Undet. 

Total dissolved SOlidS ........................................ ! Ilia. 141. 129. 

1. Railroad well, Lynn, 18' x 12'. Analyst, Chemist C. Y. " st. P. Ry. Co., April 18, 
1900. 

2. Stockyard well, Lynn. Analyst, Chemist, C. Y. " st. P. Ky. Co., Sept. 22, 1899. 
3. Railroad well, Lynn. Analyst, Chemist C. M. 4: st. P. Ky. Co., Mar. 29, 1900. 

18-W. S. 
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COLUMBIA COUNTY 

Columbia County, located in the south central part of the state, ha& 
an area of 776 square miles, and a population of 31,129. About 94.5 per 
cent of the county is laid out in farms, of which 65 per cent is under cul
tivation. 

SURFACE FEATURES 

The surface of the county varies from undulating and hilly land to 
gently sloping upland plain!>. The area is drained by the Wisconsin, the 
Fox and the Rock river systems. The highest land, except the Baraboo 
Bluffs and Gibralter Bluff, is along the divide between the drainage flow
ing southeast to the Rock and that flowing west and northwest to the 
Wisconsin and Fox. The valley of the Wisconsin is broad and flat bot
tomed between the mouth of the Baraboo river and the Dells at Kilbourn 
city. Below the mouth of the Baraboo river the valley is relatively deep 
and narrow as far as Prairie du Sac. At Kilbourn City are the pictures
que Dells of the Wisconsin river. At Portage is a canal, provided with. 
locks, connecting the waters of the Wisconsin and Fox rivers. 

The Wisconsin river at Prairie du Sac is 740 feet above sea level and 
below the dam at Kilbourn 815 feet above sea level. The Fox river at 
the Portage lock is 781 feet above sea level. The general altitude of the 
Crawfish river valley at Columbus is between 840 and 850 feet. The 
highest land along the divide in the central part of the county is us
ually between 1,100 and 1,150 feeL Gibralter Bluff west of Lodi reach
es an altitude of 1,240 feet. The high quartzite range forming the east 
end of the Baraboo Bluffs in Caledonia reaches elevations of 1,200 to 
over 1,400 feet above sea level. 

GEOLOGICAL FORMATIONS 

The geological formations include the Pre-Cambrian quartzite, the 
Potsdam sandstone, the Lower Magnesian limestone, the St. Peter sand
stone, and the Trenton limestone. The Pre-Cambrian quartzite forms 
the east end of the Baraboo bluffs in the town of Caledonia, in the west
ern part of the county. The Upper Cambrian (Potsdam) sandstone 
forms the principal outcrops in the valley of the Wisconsin river. The 
Lower Magnesian limestone covers a large part of the southern and east
ern portions of the county. The St. Peter sandstone and the Galena-
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Platteville (Trenton) formations coYer a small area in the southeastern 
and northeastern parts of the county. Glacial drift of variable thickness 
covers the entire county, and thick a1luYial deposits occur in the valleys 
of the Wisconsin and other rivers. The geological structure is illustrated 
in Fig. 27. 

Fig. 27.-Geologic section, east-west, across Columbia county. 

The thickness of the surface formation is variable, and probably at
tains a maximum of 300 to 350 feet in the old pre-glacial valleys. The 
thickness of the hard rock formations also varies greatly on account of 
the extensive erosion of the strata. The Pre-Cambrian crystalline floor 
lies at depth of 465 feet at Kilbourn and 550 feet at Portage. Its depth 
in the eastern part of the county is not known, but may be estimated at 
800 or 900 feet at Columbus. The approximate range in thickness of the 
geological formations in the county, outside the area of the Baraboo 
quartzite bluffs, may be estimated as follows: 

Approximate range in thicknes8 of formations ea/lt of Baraboo bluff:' in Gulambia 
couI/ty. 

'Formation. Thickness. 

Feet. 
Surface formation .............. ".................................. ... . .. . . . . . . . . . . . . 0 to 350 
Galena-Platteville (Trenton) lime,tone .. ................. ................ ...... 0 to 100 
St. Peter and Lower Mallnesian formations............ .•.. .•....... ........... ...... 9 to 250 
Upper Cambrian (Potsdam) sandstone........ .... .... .... ..... .... .... .... .... ...... 200 to 800 
The Pre-Cambrian granite ......................................................................... . 

PRINCIPAL WATER-BEARING HORIZO"S 

The principal water-bearing horizons are the l"pper Cambrian (Pots
dam) sandstone, the glacial drift and alluyial deposits .. In the eastern 
part of the county the Lower Magnesian limestone is important. The 
water level is usually less than 100 feet below the surface. On high iso
lated ridges in the western part of the county the wells are often 150 to 
200 feet deep. 
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FLOWING WELLS 

Artesian flows are known to occur only along the Crawfish river in 
the vicinity of Columbus, and in a tributary valley of the Wisconsh: 
river at Lodi. At both these localities the flow is derived from sandstone 
strata in the upper portion of the Potsdam formation. The pressure 
is low, the water normally flowing a maximum of only 3.feet above the 
surface at Lodi, and about 13 feet above the surface at Columbus. The 
head at Lodi is at altitude of about 820 feet, and at Columbus, at 840.to 
850 feet. (For further description of flowing wells see under Lodi and 
Columbus). 

WATER SUPPLIES FOR CITIES AND VILLAGES 

Portage.-This city, population 5,440, on the Wisconsin river, has a 
city water supply and general sewage. system, the latter only recently 
installed. Probably not more than 10 or 20 per cent of the houses are now 
connected with the sewer system. About 80 per cent of the houses are 
connected with the water supply. The water supply is taken from the 
Wisconsin river, the processes used for purification not being wholly 
satisfactory. At one time a sand strainer was used, and later Cook 
points were laid in the sand of the bottom of the river, but without ap
parent success. At the present time a filter is used which apparently 
gives satisfactory results. 

The following is the log of the Court House well in Portage as kept 
by the driller, elevation of curb-818.52 feet above sea level: 

Section of the MUTt house 1Dell at POTtage. 

Formation. Thickness. 

----------------------------------------------~-----

Alluvial formal'on. 
Clay and sand ........................................................................ . 
Hard pan ............................................................................ . 
Quicksand.. .. . .. .. .. . . .. . . .. .. .. .. .... ... .. ............. , .......................... .. 
Redclay ........................................................ , .................. . 
Quick sand .......................................................................... .. 

Upper Cambrbn (Potsdam) sandstone. 
Shale rock ........................................................................... .. 
Hard pan ............................................................................ .. 
Caving sanel ........................... o ••• o ••• o ••••••• o ••••••• o ••• o ••• o ••••••••••• o ••• 

Hard sandstone .................................................................... .. 
()Pen seam ........................................................................... .. 

~;~g!!~::::H::::::· iii 
Rlue shale ........................................................................... .. 
Hard blueJlhale ...................................................................... . 
Granular shale: ........................... " ......................................... . 

Cr.vstalIlne rock. 
Quartz-porphyry .................. '" ............................................... .. 

Tolal det'th ........................................................................ 1 

Feet. 
40 
1 

82 
1 
5 

5 
1 

13 
7 
1 

37 
25 
45 

176 
44 
6 
6 

29 
1 
5 

~-----

555 
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The E1l1Derg Brothers Brewing Company well, elevation of curb 809 
feet, is 470 iEreet deep in Potsdam sandstone, like the above. 

The wa1l:ler supply for the city, 88 already stated, is taken from thE: 
Wiseonsm ['iver through three intakes at depth of 3 feet, and is not 
whoHy:silisfactory. The average daily pumpage is 487,000 gallons. 
Judgillllgifrom the two wells in the sandstone, a good artesian system of 
water e(!):l1ld easily be developed at Portage that would furnish an abun
dant su.pply of pure water for city purposes. 

Coblmbus.-This city, popUlation 2,523, located on the Crawfish 
river, has a water supply system and a sewage system. About 4'00 fami
lies I\llse the city supply. 'l'he sewage, without treatment, is emptied into 
the river. Many of the families still have cess pools. The water supply 
is oiI»tained from three wells casea. to rock, 74, 89 and 197 feet deep, 
which strike the Potsdam sandstone at 13 feet, the water rising 3 feet 
aboVie the surface and flowing at the rate of 41 gallons per minute. Two 
private artesian wells, those of John Freudell and August Alschwager, 
are reported 110 and 157 feet deep, having a flow of 13 feet above the 
surface. The water in 8 other wells, varying in depth from 56 .to 192 
feet rise up to, or very near the surface. 

Artesian flows, similar to those at Columbus, are obtained farther to 
the northwest, in the vicinity of Fall river, and at other points about 
Columbus. To the east and northeast the wells obtain water chiefly from 
the Trenton limestone, and from the drift. 

KiZbourn.-The population of Kilbourn is 1,170. The city supply of 
water for Kilbourn is obtained from five 8-inch wells, 100 to 150 feet 
deep in the Potsdam sandstone, and two large open wells 20 feet in di
ameter by 16 feet deep. The wells are about 150 feet apart-and occupy 
the low ground along the creek bottom near the river. Two of the 8-inch 
wells are drilled into the bottom of the large open wells, and all the wells 
are connected so as to draw from one another when the open wells are 
drawn down below the general ground water level. 

No sewage system is installed. About 75 per cent of the families use 
the city water. The private wells vary from 20 to 40 feet deep in the 
sandstone. A deep well* was drilled at this place in 1874 to a depth of. 
1,320 feet, striking the crystalline rock at 465 feet. The elevation of the 
·curb is 928 feet above sea level; hence, the crystalline rock was struck 
at 463 feet above sea level. 

Lodi.-The city of Lodi, population 1,074, obtains its water supply 
at present from a flowing well, 10 inches in diameter and 257 feet deep 
in drift and blue clay and the Potsdam sandstone formation. The 

*Geology of Wis. Vol. II, pp. 50-51. 
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average daily pumpage is 40,000 gallons. About 75 per cent of the popu
lation use the city supply. The C. & N W. Ry. Co. well, elevation of curb 
818 feet, flows 3 feet above the surface if valve is placed on the well cas
ing so water may be shut off when not used. It is cased 175 feet. The well 
is allowed· to flow only when pumps are running, and in this way no 
draft is made upon the underground reservoirs. If this precaution were 
always taken our reserv9irs and artesian basins would be more service
able. The water is hard, though of moderate mineral content (See table 
of analyses), and is used extensively for boilers, supplying daily about 
60 locomotives. 

Pardeeville.-This village, population 987, has no city water supply 
or sewage system. The wells vary in depth from 15 to 25 feet, the for
mation being 2 or 3 feet of surface loam and the rest sand or sand and 
gravel. Most of the wells are driven wells. 

Gambria.-This village, population 657, has a water supply for fire 
protection only. Many of the private wells are from 40 to 100 feet deep, 
usually in the rock. 

QUALITY OF THE WATER 

The mineral content of the water is variable, depending upon the 
source of the supply. The Wisconsin river water is soft water; likewise 
that obtained from the city wells at Kilbourn. The water from the St. 
Peter sandstone and likewise that obtained from the Upper Cambrian 
(Potsdam) sandstone, is hard water. At Doylestown, within the area 
·of limestone, overlying the sandstone, is very hard water with relatively 
high content of sulphates of calcium and magnesium. All the waters 
analyzed ar~ carbonate waters. 

The railroad well at Lodi, Analysis No. 23, contains 2.40 pounds of 
incrusting solids in 1,000 gallons, while the \Visconsin river water at 
Portage, Analysis 1, contains 0.64 pounds in 1,000 gallons. 
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Mineral analyses 01 water in Columbia County. 

(Analyses in parts per million.) 

1 
I River. Lake. 

I----~------~------~---
I 1. I 2. ~. I 4. 5. 6. 

---'--~-------i------------------
~1~C~i~!~\ind·il:on·o~ide~ .......... ll 13.0 l ........ / ........ I .. · .. · .. I ........ l ........ 

(AI.03 + Fe.Oa) .................... 1 I' ........ f undet. f 5.4 I' undet. \ undet. f 10.8 
t,.~~(W~~.~~i~~.~~I.~~~). :::::::::::::j" .. :2 ..................................................... . 
Calcium (Oa)........................... 14.0 .... 7:0 .. · .. i5:S ...... i7:2· .. · .. :ii:2 ...... 33:5 .. .. 
Magnesium (Mg) .... .................. 6.8 2.9 7.2 6.0 2Z.6 13.6 
SOdIUm and potassium (N .. + K)..... 8.1 6.5 6.1 5.5 4.2 1.4 
Oarbonateradicle (003) .............. .......... 22,9 48.0 42.6 101.0 8Z.7 

,Eil~~~;r~~V~!~i~~~;r~~:~~::::: ::::: ~t~ ... '5:2'" :: :::j:::: .. '~f" .. If" .. '~r" 
Nitrate radicle (NO.) ................ .9 .............................. , .................. .. 

~:::~:~:s:~::l::;;~~ ... :::::::::::::::: -is~-I~~!~~I~~~I~~~I~~~ 

Surface deposits. Upper Oambrian (Pots
dam) sandstone. 

9 10 11 1~ 

DAPth of welL ..................... r~et 17. 20. 30. 65. 74. 85. 

~il~~i~l~~·)a~d·ij.oii·ox·ide~ ...... ····I'1 ...... Il........ .......... 15.4 
(AhOa + F ... Oa) ................... I' undet.lf 1.4 undet ......... · ... 1' ........ .. 

Aluminum oxide (Ah03}............ .................... .......... 2.5 .8 .... 2:7 .. 
bl;3.~i~~)(C~C :::.: ::: ::::::::::::: ::: "'00:0-' '"70:6''' "'14:7'" 6d . "63:9'" "'65:!;''' 
Mag-nesium (Mg):.: .. ' ..... _ ....... ' 49.2 i 32.4 ,~.4 3~.9 36.8 39.1 
Sooium and potassIUm (Na + I~)"""I 15.7 I 14.5 '1 .. 2 8.2 4.4 3.0 
Oarbonate radlcle.(Cu31.............. I~O.9 1'I1.4! 40.! 190.0 186.9 195.1 
Sulphate radicle (:,;0.) ................ 11124.3 49.1, 2... 6.4 8.2 4.6 
Chlorine (OJ) .............. ............ 21.5 I 2.0 i 2.8 1.9 .8 1.3 

Total dissolved solids .......... - .. 4u8~-6 - 341-.--!~ 325:- 302:- -311:--

1. Wisconsin river, near Portage. Me,an of 24 analyses. L. S. Geol. Survey, W. S. 
P. No. 236, p. 113, 1906-7. 

2. Wisconsin river. City water works, Portage. Analy.t, G. N. Prentiss, Nov. 8, 
1900. 

u. Wisconsin river. City Water Works, Portage. Analyst, G. X. Prentiss, Mar. 16, 
1891. 

4. Wisconsin river. City Water Works, Portage. Analyst, G. N. Prentiss, Dec. 12, 
1903. 

5. Silver Lake, Portage. Analyst, G. N. Prentiss, Dee. 12, 1903. 
6. Silver Lake, Portage. Analyst, G. N. Prentiss, Feb. 3, 1888. 
7. Well of C. M. & St. P. Ry. Co., Poynette. Analyst. G. !Ii. Prentiss, Dec. 12, 1902. 
8. Well of C. M. & St. P. Ry. Co., Clipnogen side tracl<. Sect. 4. T. 12, R. 11. An

alyst, G. N. Prentiss, Sept. 10, 1889. 
9. Well of City Water Supply, Kilbourn City. Analyst. G. !Ii. Prentiss, Nov. 4, 

190;:1. 
10. Well of J. C. Brill, Columbus. Analyst, G. Bode. 
11. City well at Columbus. Analyst, H. E. Smith. 
12. Railroad well at Columbus. Analyst, Chemist. C. Y. " St. P. Ry. Co., Jan. 16, 

1891. 
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Mineral analyses of water in Columbia County-Continued. 

Upper Cambrian (Potsdam) sandstone. 
, ----.---~~~-~~~-----

13. 14. 15. 16. 17. 
--------------- ---------------
Depth of well ........ o •••• ,. ....... o •• : •••• feet.. 90 75 55 r,o 168 
Silica (SI02) ...................................... I 2 1 8 2 7 undet. undet. 
Aluminium and iron oxides (A120s+Fe20a) .. r' . . 
Calcium (Ca).. ..... .... ..... ... .... .... .... ...... 62.8 63.0 65.6 47.6 49.0 
Maenesium (Mg)................................ 36.0 37.2 39.4 26.9 26.7 
SOdium andpota.,ium (Na+K)................ 2.1 4.5 6.5 3.2 6.4 
Carbonate radicle (COs). .. ..................... 178.3 187.1 199.6 131.3 115.3. 
Sulphate ra<licle (S04)................... ........ 12.7 83l 4.6 4.1 25.5 
Chlorine (C])............. .... .... ............ ..... 1.8 .8 1.4 'I 8.1 9.1 
Nitrate radicle (N~3) ............................ :":"':_::~I:...:.:.:.:.:..:.:.:.: :...:.:.:.:.:..:.:.:.: :::; ::.:.:.:.: .....2~~_7_ 
Total dissolved sol1ds...... ... .............. ..... 297. 302. 320. 221. 248. 

Upper Cambrian (Potsdam) sandston,?, 

18. 19. 1 20. i 21. 22. 23. 

Depth ...................... --.. -.-.-. -'e-e-t-.. 'I--1-4-0 - --4-6--,-1-3-5~ ~ ~ -2-1-2-

Silica.(~"'2) .. · .. : ..................... 1 I j 15.9 
AluminIUm and Iron oXIdes (A120al" untlet. undet· I· .. · .......................... I 10 

+Fe20s) ............................ ! . . 
Aluminium oxide (AI20S) .. ........... .......... ...... .... 1.2 1.0 1.7 ......... . 
Calcium (Cal........................... 11.2 54.9 28.6 97.3 97.4 60.2' 
Magnesium (Mg)...... ................. 4.0 30.4 16.8 62.4 51.7 33.7 
Sodium and potassium (Na+K)...... 8.6 10.9 I 13.8 0.2 13.9 5.8 
Carbonate radicle (COs).. ............. 33.9 156.1 58.6 205.5 210.5 169.5 
Rulphate radicle (SO.)................ 2.0 8.6 6.0 112.4 111.4 6.4 
Chlorine (CI) .......................... _~ _1~1~~.....2~ .....2~I_~ 
Total dissolved SOlidS .................. 1 ' 68. 272. 172. [492. 501. 301. 

13. 

H. 
15. 

16. 
17. 
18. 

19. 
20. 

21. 

22. 

23. 

Well 1<>i9!f 111. & St. P. Ry. Co., Columbus. Analyst, G. N. Prentiss, Mar. 16, 

City well, Columbus. Analyst, Chemist. C. M. & St. P. Ry. Co., Mar. 2. 1896. 
Well of C. M. & St. P. Ry. Co., Columbus. Analyst, Chemist, C. M. & St. P. Ry. 

Co., Jan. 30, 1890. 
Well at stock yards, Poynette. Analyst, G. N. Prentiss, Dec. 7, 1905. 
Well at stock yards, Arlington. Analyst, G. N. Prentiss, Mar. 28, 1907. 
Well at Kilbourn. City, open well 80 ft. by 6 ft. drilled 60 ft. by 6 in. Analyst, 

G. N. PrentIss, Nov. 4, 1903. 
Well of Louis Sevens on, East Rio. Analyst, G. N. Prentiss, Mar. 15, 1906. 
Railroad well at Kilbourn City. Analyst, Chemist, C. M. & St. P. Ry. Co., 

Feb. 15. 1890. ' 
Private well at Doylestown. Analyst; Chemist, C. M. & St. P. Ry. Co., Mar. 16, 

1899. 
Railroad well at Doylestown. Analyst, Chemist, C. 111. & St. P. Ry. Co., Feb. 15,. 

11'90. 
Well of C. & ~. W .. Ry. Co., Lod!. Analyst, G. III. Davidson, Oct. 6, 1896. 
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CRAWFORD COliXTY 

Crawford County, located in the southwestern part of the state has 
an area of 557 square miles, and a population of 16,288. About 92.6 per. 
cent of the county is in farms, of which 44.8 per cent is under cultiva
.tion. 

SURFACE FEATURES 

The surface of Crawford County is a dissected upland plain, charac
terized by deep and narrow valleys and'Iong upland slopes with nearly 
level summit ridges. The Mississippi river on the western border, and 
the Wisconsin river on the southern border, lie in flat-bottomed valleys 
with precipitous valley sides or bluffs rising 300 to 400 feet above the 

.river. The Kickapoo valley in the eastern part of the county has a nar-

Fig. 2S.-Geologlc section, east-west,· across southern Crawford county. 

row bottom, generally less than one mile wide and from 300 to 400 feet 
below the general level of the uplands. The altitudes along the Wiscon
sin and Mississippi bottoms are generally between 620 and 640 feet, 
while that along the Kickapoo ranges from 640 at Wauzeka to 740 at 
Soldiers Grove. The highest uplands, a few miles from the rivers, reach 
altitudes of 1,200 to 1,300 feet above sea level. 

GEOLOGICAL. FORMATlOXS 

The geological formations of this county are the Upper Cambrian 
(Potsdam) sandstone, the Lower Magnesian limestone, the S,t. Peter 
sandstone, and the Galena~Platteville (Trenton) limestone. The Upper 
Cambrian (Potsdam) sapdstone occurs orily along the lower slopes of the 
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principal valleys, such as the Mississippi, the Wisconsin and the Kick
apoo rivers. The Lower Magnesian limestone is the formation of most 
common outcrop. The area of the Platteville and Galena formations, 
(Trenton) is mainly west of the Kickapoo river. The geological struc
ture is illustrated in ]'ig. 28. 

In the valleys is a thick deposit of alluvial sand and gravel, probably 
-attaining a thickness of 2QO to 300 feet, and upon the uplands is a vari
able amount of loess, usually from 1 to 5 feet thick, overlying the bed 
rock. The rock formations vary in thickness on account of the extensive 
erosion of the strata It is only where a formation is protected by the 
next overlying formation that the complete thickness is preserved. The 
maximum range in thickness of the geological formations may be sum
marized as follows: 

Appr();rimate range in tltirkne88 ()f formation 8 in Cra1~ford County. 

Formation. Thickness. 

Feet. 
Surface formation.. ........ .......... . ....... ............ .... .... .... ..... .... ... ...... 0 to 300 
Galena-PlattevlIJe (Trenton) limestoOf'..... .................................... ..... 010 150 
fit. Peter and Lo wer Magnesian formations... .... ... .. ..... ..... ... . ... .... . ... . ... .. 0 0 250 
Upper Cambrian (Potsdam) sandstone .............................................. 500 to 1,000 
The Pre-Cambrian granite.... .... ..•..... .... .... ................................ .... . ............ . 

PRINCIPAL WATER-BEARING HORIZONS 

The principal water-bearing horizons are the Upper Cambrian sand
stone, the Lower Magnesian limestone and the St. Peter sandstone. The 
alluvial sand is a common source of water in shallow wells in the valleys. 
The depth to water level is generally from 10 to 40 feet in the valleys 
and from 100 to 400 feet on the uplands. 

Near Steuben, in the eastern part of the county, several of these wells 
are from 350 to 400 feet in depth, with only a few feet of water in them. 
The great depth of the water table in the hilly uplands is due to the 
steep slopes, from which the water readily drains into the valleys. At 
A. Kopon's farm 3 miles south of Steuben, Sec. 19, T. 8 No., R. 4 ,W., a 
well is drilled on a hill to a depth of 374 feet. The water was struck at 
355 feet in limestone (Lower Magnesian) and must be pumped from 
345 feet, the water in the well being only 29 feet deep. The well is 
cased 158 feet, but rock was struck 12 feet below the surface. 
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FLOWL.'Ii"G WELLS 

Flowing wells are common along the valley bottoms of the Mississippi 
and the Wisconsin, and also up many of the side valleys leading from 
these main streams. Most if not all the flowing artesian wells get their 
supply from the Upper Cambrian sandstone. At least five water hor
izons are found in the Upper Cambrian at Prairie du Chien. MO'lt of 
tne wells range in depth between 30 to 1,000 feet. In Prairie du Chien 
there are four deep flowing wells and 30 or 40 flowing wells ranging in 
depth between 350 and 400 feet. 

One of the first, if not the first, artesian weIll in Prairie du Chien, was 
drilled in 1875-76, depth 959 feet, diameter 55/ 8 inches. The water in 
this well, when first drilled rose about 100 feet above the level of the 
Mississippi river, having a pressure of 40 pounds per inch, and a daily 
flowage of 869,916 gallons. 

Along the WiscOllsin river valley flowing wells from the Potsdam hor
izon may be had all the way from Wauzeka to Prairie du Chien. Along 
the Kickapoo river, north of 'Wauzeka, within Crawford County watel" 
is pumped from shallow wells, but there is no reason why flows should 
not be obtained in the lower part of the valley, south of Barnum, 
as well as at such places as Rockton and Ontario, at the upper end of the 
valley. The distribution of the flowing artesian wells in the Kickapoo 
valley and the probable explanation of the absence of flowing wells be
tween Soldiers Grove and Barnum is given on pages 71-2. 

Additional data concerning flowing wells are referred to on the fnl
lowing pages. 

WATER SUPPLIES FOR CITIES L .... O VILLAGES 

Prairie du Chien.--This city, having a population of 3,149, is situated 
at the junction of the Wisconsin and Mississippi rivers. Prairie du 
Chien was one of the first cities in the state to have a public water sup
ply, mainly because of the occurrence of strong artesian flows. The 
wells developed sufficient pressure for a direct pressure system like that 
later developed at De Pere. This supply was in use for many years until 
the pressure decreased so much that it would no longer supply the de
mands. At present the water supply is principally from private wells. 
Recently the city has developed a groundwater supply, drawn from an 
open dug well in alluvial sand, 30 feet deep, into the bottom of which 
are driven 4-inch well points 8 feet long. Only about 10 per cent of 

'Geol. of Wis., Vol. IV, p. 61. 
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the families use the city water. The city sewers empty into the Missis
sippi river. About 25 per cent of the families have cess pools. Although 
pure artesian water may be obtained; there are many shallow wells in 
use from 10 to 30 feet in depth. Even the city supply, as above stated, 
is drawn from an open well only 30 feet deep: Since this formation is 
a sandy alluvial deposit, an old river bar, or filled bank, there is nothing 
to prevent the well water from being contaminated at any time. A 
much better, and certainly as cheap a supply might have been derived 
from the sandstone formation, with much safer water and nearly as free 
from iron. 

All the artesian wells get their supply from the Upper Cambrian 
(Potsdam) sandstone and none have struck crystalline roc~. At least five 
good water horizons are found in the sandstone at Prairie du Chien, and 
possibly more, since no detailed record is available below 990 feet. Mr. 
Winnegar, however, stated that the flow continued to inc·rease. between 
1,000 and 1,044 feet, clearly showing that there is at least one more wa
ter vein below 990 feet. 

FlO1oing\ wells in Pra,'rie du Ohien. 

Owner. 

Stock Company ............ . 
F. L. Winnegar ........... .. 
F. L. Winnegar ............ . 
F. L. Winnegar ............ . 
SanItarium ................. . 
I. B. Brunsen ............. .. 
T.L. Bower ................. . 
C. M. & St. P. Ry. Co ....... l 
H. L. Dousman ............ . 
H. L. Dousman· ............ .. 

When 
drilled. 

Depth. 
feet. 

1876 960 
1878 ) fl,017 
1878 1.044 
1884 500 
1903 990 
187937li 
1880 350 
1880 371 
1882 374 I 
1881 365. 

In 190~ 

Dia. of Lenl!'th ------.---
casing. of 

Temper-

Inches. casing. 
feet. 

6-41 
6 
8 
8 
6 
4 
4 
4 
4 
4 

148 
118 
115 
115 
147 
IR5 
132 

.. ·~~~ .... I 

!f~~~ Flow pel'atF!e. 
surface minute. 

fept. gallons. 

18 
60 
60 
SO 
24 
25 
29 
41 
41f 
12 

I 
';I 57 

540 57 
540 57 

20 54 I 150 57 
97 54 

160 54 

I 192 54 
218 54 . .................. .. 

In order to show the relations of the various beds the sectiQn of the 
new well at the Sanitarium is given.1 A set of samples of the new well 
may be seen in the Geological Museum at the University of Wisconsin. 

1 For description of the old well see Geology of Wisconsin, Vol. IV. p. 61. 
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Section of sanitarium artuion Irdl, Prairu du Olden, Altitude 653, 

Formation, [)epth. : Thickness. 

Alluvium. 
Fine surface sand ........................ .. 
Coarse river-washed sand ................. . 

Upper Cambrian (Potsdam) 
Hard cherty limestone (Mendota) ...... .. 
GreeniSh sandy shale ..................... . 
Coarse sandstone, ........................ .. 

.-.... 1. 
0- ;).j 

55-Ui 

Ui-152 
152 -273 
273-290 

Fine white sandstone............ .......... 290-4Ml 
'Gray greenish shale .......... ,............. U~500 
-:;t1cky red clay.. . . .. . . . . . . . . . . . . . . . . . .. . . .. 500--515 
Bluish green sandy shalE> ... ,. ......... .. 515-560 
'Bluish grefln sandstone. .................. 560-620 
Coarse bluish green sandstone............ 620-720 
Very coarse yellow sandstone.. . . . . . . . . . . . 720-805 
Red clay .......... , .. .. .. .. .. . . .. . .. .. .. .. .. 805-806 
Fine pinkish white sandstone. .... ........ 806-945 
Yellowish white sandstone................ 945,-990 

Feet. 
55 
92 

;:) 

121 
17 

159 
51 
15 
45 
60 

100 
85 
1 

139 
45 

Blue shale ..... , ................... ,........ ......... .. ............. .. 

Total depth.. .. . . . .. .. .. .. . .. ... ......... ......... .. . 990 

Remarks. 

Water "ise" to surface 
and supplies most of 
the wells. 

No water. 

Strong flow. 
Dry. 
Much water. 

Water vein. 
Much water. 

The iron and saline properties of the waters corrode iron pipes so rap
idly that it was found necessary to line them with copper. It is also 
stated that the copper lining in the old city well did not extend quite to 
the bottom of the iron casing and a slight leak may occur at this place. 
Proper tests at the well would soon prove this. The water from the old 
<city well has been used at the Sanitarium, but a new well drilled at the 
new Sanitarium furnishes practically the same kind of water. 

The two wells at Mr. Winnegar's mill are used for water power. The 
pipes corroded in two years and new pipes with copper lining were put 
jn,'which have remained until the present time. These wells are on the 
lowest ground in the city and will stop the flow of other wells in the 
city if opened and allowed to run at their full capacity. 

The two wells at Winnegar's mill have a capacity of 144 cubic feet per 
minute and approximately force enough for a 30-foot head. About 8-
horse power is developed. A 10-inch turbine wheel was put in in 1878, 
and has been doing the grinding at the mill ever since. In 1894 auxiliary 
steam power was added. This however, is used only during the' busy 
season. The third well, a 500 foot well, is not used at present. 

It seems most probable that the decrease in the old Stock Company 
well is largely due to the Winne gar wells, for the head in the new Sa~
itarium well is approximately the same as the wells at Winne gar 's mill, 
while the first city well, is somewhat less, due partly to 5 feet of filling 
and to leakage at the place where the copper lining did not cover the 
Iron casing.' If the wells at the mill are allowed to flow freely the well 
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at the courthouse will stop flowing in about 3 hours. There are several 
wells 300 to 400 feet deep, as at the C. M. & St. P. R. R. Stock Yards, 
which are more or less neglected and allow water to escape at lower levels> 
tending to reduce the head. It appears that in the deep wells, the head 
has decreased about 20 feet, while in the shallower wells it has not dim
inished and in some cases has increased·. In some wells, however, the
flow has stopped entirely, owing to neglect. It, therefore, seems prob
able that as more deep wells penetrate the lower horizons water may es
cape into the higher horizons which have 'a lower head, and thus de
crease the head in the lower horizons, but increase the heads in the up
per horizons. After enough holes have been drilled the heads from the 
lower and the upper horizons will be approximately the same. To avoid 
loss in the v~rious flows this leakage from the lower horizon ought to be 
confined to their respective horizons by means of proper casing. The 
deeper waters contain much more iron than the shallow waters, and also
much more saline mineral matter. 

Prairie du Chien to De Soto.-North of Prairie du Chien, along the 
M;ssissippi river, wells much like those at Prairie du Chien are obtained, 
and therefore no detailed record of each well IS necessary. Although· 
none of the wells at Prairie du Chien, and in Crawford County, have 
struck granite, those farther north frequently penetrate through the 
sandstone. and reach the granite. 

Wauzeka.-Mr. Steisel's well is at the highest point in the village but 
gives a fine flow. 

Section of A. W. Stei8el's well at Wauzeka. 

Formation. Thickness. Rema.rks. 

Alluvial. Feet. 
Sand................................................... 24 

Upper Cambrian (Potsda.m) 
Shale, blue............................................ 151 

::::::::: ::;~::::::::: :::::::::::::::: ::::::::::::: ~:: I :~iif:ed::p:~ 6 i:a::1S 

Sandstone, white..................................... 175 At 470 fellt stood at t feet. 
-----

Total depth.................... ........ ......... 600 At 600 feet a strong flow. 

The water in all the wells at Wauzeka comes from the Upper Cam
,brian sandstone. In some of the wells crevices occur in the upper part of 
the formation, and ill order to maintain a flow wells must be packed at 
proper places and kept in repair. Some of the wells have been re
packed several times and are as strong today as ever. These fissures 
'may account for the lower head from the upper part of the horizon. 
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Soldiers Grove.-This village, with a population of 667, has a public 
water supply obtained from an 8-inch well, 250 feet deep. The daily 
pump age of water is about 5,000 gallons, about one-third of the houses 
being connected with the water supply. The average depth of the pri-
vate wells is about 40 feet. . 

Gays Mills.-The village well is an 8-inch well 202 feet deep. The 
supply is mainly used for fire protection. The private wells are gener
ally from 30 to 40 feet deep. 

QUALITY OF WATER 

The mineral content of the waters of Crawford County are fairly well . 
shown in the table of analyses. The waters from the sandy alluvial de
posits along the Mississippi, Wisconsin and Kickapoo rivers are likely 
to be somewhat lower in mineral content than the waters obtained ~rom 
the sandstone as illustrated by the old railroad well at Lowertown. The 
water from the upper horizons of the Upper Cambrian sandstone is 
likely to be hard water of only moderate mineral content. The waters 
from one of the beds in the middle horizons of the sandstone is of a salty 
character at Prairie du Chien, as shown in analysis No.5 of the deep 
artesian well. 

At McGregorl, Iowa, on the west side of the Mississippi River opposite 
Prairie du Chien, salt water was struck at a depth of a little over 520 
feet below the surface, the total depth of the well being 1,006 feet. This 
deep well contained 2,789 parts per million of mineral matter, while, a 
well only 520 feet deep at McGregor contains only 495 parts per million. 

The salt2 water of the artesian well at Prairie dli Chien, analyses No. 
5, was obtained at depth of 514 feet. 

The source of the salt water at Prairie du Chien and McGregor is 
very apparently the same bed in the sandstone formation. The salt wa
ter occurs only in a restricted area, as it is not encountered.in deep wells 
farther east in Wisconsin or farther west in Iowa, which penetrate the 
same strata. 

While the source of the salt water at Prairie du Chien is very ap
parentlya water-bearing stratum at depth of about 514 feet, the escape 
of the salt water from this depth into the upper horizons through the 
numerous .deep wells that are now abandoned or are improperly cased 
has polluted the fresh water supplies in the upper horizons. This is 
shown by the fact that many of the shallow wells at the present time con
tain salt water. 

'Iowa Geological Survey, Vol. XXI, p. 352. 
2 Geoi. of Wis., Vol. IV, p. 61. 
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MineraZ analyses of water in Orawford, Oounty. 

(Analyses in parts per million.) 

I 

sand. sandstone. 
AlluViall UpwrCambrlan (Potsdam) 

1 3 4 5 

--I-~---------.-------
. Depth of well .............................. feet"1 30 300 371 203 960 
Silica(8i02) ..................................... ! 12 24 20 Undt 65.1 
Aluminium and iron oxides. (A1203+Fe203) f . '1 . . 
Aluminium oxide (A1203) ....................... j.......... .......... .......... .......... 1.0 
Iron (Fe).... ........ .............................. .......... .......... .......... .. ........ 1.2 

·Calcium (C&L .................................... I 44.5 53.2 57.6 44.6 ·79.9 
Magnesium (Mg)................................. 14.4 33.0 26.2 19.6 54.6 

~~~~~u~(ki::::::::::::::::::::::::::::::::j [ 17.7 4.0 39.9 29.1 {6~U 
Carbonate radicle (C03)......................... 84.4 161. 7 151.2 136.8 140.8 
Sulphate radicle (804)........................... 52..7 7.1 29.0 19.6 333.4 
Chlorine (CI)...................................... 8.3 0.9 40.1 4.1 967.1 

----~-------------
. Total dissolved sollds ..................... ;.. 223. 262. 346. 254. 2352. 

1. Well of C. M. 8q St. P. Ry. Co., Lowertown, Prairie du Chien. Analyst, Chemist 
C. M. & St. P. Ry. Co., Aug. 3, 1890. . 

2. Well of C. M. & St. P. Ry. Co., Wauzeka, flowing well. Analyst, Chemist C. M. &; 
St. P. Ry. Co., May 29, 1890. 

Z. Well of C. M:. & St. P. Ry. Co., Prairie du Chien, flowing well. Analyst, Chemist 
C. M. & St. P. Ry. Co., Oct. 26, 1894. 

4. Village well, Gays Mills. Analyst, Chemist C. M. & St. P. Ry. Co., Dec. 7, 1907. 
5. Park well of Stock Company at Prairie du Chien. Analyst, G. Bode, prior to 1873. 

DANE COUNTY 

Dane County, located in the southern part of the state, has an area 
of 1,188 square miles, and a population of 77,435. About 95.7 per cent 
of the county is in farms of which 72.5 per cent is under cultivation. 

SURFACE FEATURES 

The surface is an undulating plain with gently sloping hills and broad 
valleys in the central and eastern part where glaciated, and relatively 
rough topography with narrow valleys and abrupt slopes in the western 
part where unglaciated. Most of the county is drained by streams flow
ing southeastward to the Rock river, only the northwestern' one-fourth 
being drained by streams flowing west to the Wisconsin. 

The most conspicuous elevation is the Blue Mounds on the west'ern 
boundary, the highest point in s.outhern Wisconsin, reaching an eleva
tion of approximately 1,700 feet above the sea level, being about 500 feet 
above the general level of the summit of the surrounding upland area, 
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and nearly 1,000 feet above the 'Visconsin river ten miles to the north. 
The uplands in the northeastern part of the county reach in general a 
maximum altitude of 1,000 feet and in the southeastern part about 1,100 
feet, while those in the western part reach up to 1,200 feet. The general 
altitude of the valley bottoms in the eastern part ranges from 800 to 860 
feet, the altitude of the lakes in the Yahara valley being as follows: Lake 
Kegonsa, 824; Lake 'tV aubesa, 844; Lake Monona, 845 and Lake Mendo
ta', 849. The.yalley bottom along the 'Visconsin river on the northwest 
boundary of the county reaches an altitude of only about 740 feet, 
about 60. to 100 feet lower than the lowest valley bottom in the eastern 

Fig. 29.-Geologic section, north-south. across Dane county. 

part. The difference in altitude between valley bottom and adjacent up
land ridge in the eastern part is usually therefore less than 200 or 250 
feet, while in the western part the difference in elevation is often over 
400 or 450 feet. 

GEOLOGICAL FORMATIONS 

The geological formations outcropping in the county (see map) are 
the Upper Cambrian (Potsdam) sandstone, the Lower Magnesian lime
stone, the St. Peter sandstone and the Platteville and Galena limestones. 
The northeastern part of the county, east of Cross Plains, Verona and 
Brooklyn, is covered with glacial drift. In the Blue Mounds the over
lying formations of Cincinnati shale and Niagara limestone are repre
sented. A belt of terminal moraine marks the border of the glaciated 
area. The southwestern part is driftless. The geological structure is 
illustrated in fig. 29. 

The thickness of the surface formation of glacial drift varies greatly 
on account of the very uneven surface upon which it is deposited, and 
on account of inequalities in the accumulation of drift in ridges and de
pressions through the direct work of glacial deposition. Along the line 
of the Yahara valley the thickness of the drift is from 200 to 300 feet, 

19-W. S. 
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the surface of the bed rock in the old pre-glacial valley being about 250 
feet below ~he present level of the Yahara. 

The thickness of the rock formations is also variable between wide 
limits'on account of the extensive erosion of the strata. The complete 
thickness of any formation is preserved only where protected by an over
lying formation. The Pre-Cambrian granite floor at Madison lies at a 
depth of about 740 feet below the level of Lake Mendota, which is about 
500 feet below the bottom of the pre-glacial valley of the Yahara. The 
approximate range in thickness of the geological formations may be sum
marized as follows: 

App1'oximate range in tlticknlJ88 of formations in Dane Oounty. 

Formation. Thickness. 

Feet. 
Surface formation.. ......... ... ........ •••••.• •.••• ........... ........ ............ ...... 0 to 350 
Niagara limestone (only In Blue Mounds).. ................ ............. ............. 0 to 200 
Cincinnati shale (only in Blue Mounds>.. ............................................ 0 to 200 
Galena-Platteville ('l'renton) limestone ....................... , ....................... , 0 to 300 
St. Peter and Lower Magnesian formation............................................ 0 to 250 
Upper Cambrian (Potsdam) sandstone .................... 0............. .............. 500 to 850 
The Pre-Cambrian granite ........................................................................... .. 

PRINCIPAL WATER-BEARING HORIZONS 

All the geological formations are drawn upon for water supplies; but 
the principal water-bearing horizons are the Upper Cambrian sandstone 
and the surface gravels and sands. The St. Peter sandstone and the 
Lower Magnesian limestone, and the Galena-Platteville limestone, are 
important sources for domestic and farm supply within the area of these 
formations. The water level is near the surface in the valley bottoms 
and on the lower slopes of the uplands, and at various depths below the 
surface on the hills and uplands, depending on the elevation above the 
adjacent valleys. In general the water level is usually less than 100 
feet below the surface in the eastern part, but in the western part, where 
the hills rise higher above the level of the running streams, many wells 
reach depths of 200 to 300 feet to obtain a sufficient supply. 

Shaly strata, or other relatively impervious formation within the rock 
formations, strongly influence the underground water levels, and tend 
to hold up the water relatively high in the hills. This condition is il-

o lustrated by the city well at Mt. Horeb, the altitude of the curb being 
1,200 feet, the water being obtained from the St. Peter sandstone under
lying the Galena-Platteville limestone, the watei standing at depth' of 
only 90 feet below the surface. 
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FLOWlXG WElLS 

Flowing wells occur in both the surface deposits and the underlying 
rock in Dane County, but are unimportant as sources of water supply. 

Surface flowing wells furnish the city water supply of the village of 
Mazomanie, the source of the supply being the gravel beds underlying 
day. 

Deep seated flows from the Upper Cambrian (Potsdam) sandstone 
were developed in Madison and Stoughton when the city wells were first 
drilled, but the initial head was sufficient to yield only a small supply. 
When city well No.1 was drilled in Madison in 1882, there was sufficient 
pressure to raise the water in the well 4% feet above the surfaee of 
Lake Mendota, to an altitude of about 853 feet. The artesian head 
though not high enough to develop flows above the surface reaches 
higher as the land surface rises, and the distance from the lake and Ya
hara river increases, as shown by the head of 12 feet above the lake level 
at the Slichter cottage on the north shore of Mendota, and the head of 
16 feet above the lake level at the State Capitol. The new city well in 
Stoughton, altitude of curb about 842 feet, drilled in 1910, when com
pleted flowed at the rate of only 10 gallons per minute. 

SPRINGS 

Springs are quite common in Dane County on the lower slopes of the 
valleys. A state fish hatchery is located at the site of a small group of 
springs four miles south of Madison. These springs issue from the 
drift. One near Mt. Horeb is used to run an electric light plant. 
Several springs, including the Merrill and the Livesey springs, are lo
cated on the west shore of Lake Mendota. The Bryant Mineral Spring 
near Madison supplies a large demand for spring water in the local 
market. The Keyes spring is located on the east side of Lake Monona. 
Other springs occur on many of the small streams that flow into the 
Yahara lakes, and along Black Earth Creek. The White Cross spring 
also supplies the local Madison market. 

WATER SUPPLIES FOR CITIES AXD VILLAGES 

Madison.-'l'his city, having a population of 25,531, the capital of the 
state, has a water supply and sewage system. The sewage is treated by 
a system of septic tanks and trickling filter, and empties into the Yahara 
river. About 84 per cent of the houses are connected with the sewage sys
tem.About 86 per cent of the houses are connected with the water sup
ply system. The pl,'ivate wells are few, usually being from 20 to 40 feet 
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deep in sandy and gravelly drift. The use of these surface wells is ob
jectionable, as the water is in much danger of contamination. 

The water supply system at Madison has had an interesting growth, 
and as it represents the various stages of development, with the diffi
culties usually encountered in pumping large quantities of water from 
artesian sources, a brief review may throw considerable light upon un
derground water supply conditions elsewhere. Madison, at present, has 
probably the best developed arte~ian supply in Wisconsin, with an avail
able daily capacity, as the pumps are now placed, of about 5,000,000 gal
Ions.. Under the present power development, however, as reported by 
City Engineer Icke in 1912, the daily pumpage capacity was about 3,-
000,000 gallons. A total of 535 hydrants are now in use (Feb. 1914). The 
approximat~ average daily consumption in 1910 and 1911 was 1,800,000 
gallons, the consumption during some of the summer months closely ap
proximating the pumpage capacity. A greater amount of water for city 
purpose!!, over 700,000,000 gallons, annually, is pumped for artesian 
wells only by Rockford, Illinois, where the shaft and tunnel system are 
in use. 

In 1913,776,157,750 gallons of water were pumped, an increase of 61,-
220,650 gallons over the preceding year. The average daily pumpage, 
in 1913, was 2,126,000 'gallons and the cost was five cents per 100 gal
lons. In the summer of 1914, the usual daily pumpage was 2,500,000 to 
3,000,000 gallons. 

In 1881, when Madison decided to put in a system of waterworks, two 
artesian wells had been drilled in the city, one at the capitol, and the 
other at the Chicago, Milwaukee and St. Paul Railway station at West 
Madison, so that the underground conditions were fairly well known. 
See the geologic section, Fig. 30, illustrating character of the strata in 
the Madison city wells. 

Sections of wells at Madison. 

Drift. 

----------------------·1------
Capitol Park ............. '" ........... . 
C.M.& 8t. P. Ry.Co ........... " ....... . 
City well No.4 .•.................... ; .. 

1~6 
, 75 

105 

IUlIper Cambri
'I" an (Potsdam) sandstone. 

[
I 679l 

715 
645 

Archean 
crystalline. 

209t 

" 

Total 
dellth. 

1.015 
795 
750 

The first city well, No.1, was drilled in 1882 on the present water
works block, 6 inches in diameter and 751 feet deep to granite. The well 
was full of water all the time, and when completed the water rose 41;2 
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feet above the surface of Lake )Ieudota. The same year, another 6-inch 
well, No.2, was drilled 55 feet northeast of the first and to the same 
depth. -Well No.2 seemed to interfere with Xo. 1, but the amount was 
not determined. A third well, Ko. 3. was then drilled in 1883, 55 feet 
north of east from the second well, and upon completion the total ca
pacity of the three wells was about 600 gallons per minute, and the three 
wells furnished, per well, only 4/7 of the amount furnished by the first 
well. Another well, No.4, was then drilled in 1883, 8 inches in diameter, 
77 feet northeast of well No.2. This well interfered with the well in 
the Capitol grounds 2,063 feet away, where the pumps had to be lower
ed 5 feet. As the supply was still insufficient in 1885 another 8-inch well, 
No.5, was drilled 1,225 feet northea~t from the third. On the advice of 
experts another 8-inch well, No.6, was drilled in 1885, 700 feet east of 
well No.3, and 700 feet south of well No.5. This new well interfered 
with the flow of well No.5, and only netted a gain of 80,000'gallons per 
day. By this time it was learned that the flow of the underground water 
furnishing the supply was moving from north to south, so the next step 
was to sink two wells in 1886, No.7 and No.8, only 226 feet deep, and 
drawing water through a depth of only 8 feet, the remaining 218 feet 
being shut off by casing, Each of these wells gave 80,000 gallons per 
day. 

At this time it was discovered that the laterals supplying the wells 
with water, fed from within a radius of about 400 or 500 feet. In drill
ing the next two wells in 1894 this information was made use of with 
remarkable results. The ninth well, No.9, 10 inches in diameter, and 
821 feet deep, was locatcd 1,050 feet east of well No.5 and 2,275 feet 
from the pumps. In a 48-hour test of this well the water receded to 18 
feet from the surface, where it remained stationary and showed a capac
ity of 589,040 gallons of water in 24 hours. The tenth well, No. 10, 10 
inches in diameter, was located dircctly east of well No.9 at a distance 
of 1,235 feet, or 3,500 feet in direct line from the pumping station. 
This well, with the same test as well No.9, showed the same capacity. 
Well No. 11, located on Patterson St., 15 inches in diameter,/ and 760 
feet deep, was drilled in 1909. 

It will be noticed that each of the last two wells supplied about 390 
gallons per minute more than the first well, which indicates that at the 
same head no marked interference resulted at this distance. The extra
ordinary dry season of 1901 conclusively prowd the need for more wa
ter. To increase the yield of the present well system two methods were 
possible,-one to pump the water from a greater depth in the wells, the 
other to sink more wells at a considerable distance from those in opera. 
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DEPTH 
Feet 
04 
4-12 

12-40 

80-100 

100-135 

135-180 

180-182 
182-185 
185-210 

210-230 

230-235, 

235-580 • 

680-700 

700-728 
728-730 
730-731 
731-736 

THE WATER SUPPLIES OF WISCONSIN. 

THICKNESS 
Feet 

4, __ _ 

8·· 

!It 

4,0 

35 

2 
S 

25 

5 

20 -

-10 --

DESORIPTION 

Sand and fine gravel 

Oalcareous sand 

Sand and gravel 

coarse·grained sandstone 

f~~~~c~~~~e limestone 
Oalcareous sandstone 

Oalcareous ferruginous shale 

Speckled w!,lte sandstone 

,j-·,-Wt.it", sandstone 

Ooarse-grained calcareous sandstone 

j---'- ~ne'~IrJI,a white sandstone 

Ferruginous sandstone 

/:i----Ce'arse-gfl.ln.ed calcareous sandstone 

',,'J_-_-J!',errug!ll(lUS sandstone 
ferrug;nous saudstone 

1 

::::;te~U~m~:::M!~IS~b'~ ferruginous shale decomposed diabase-Pre-Oambrian 

Fig SO,-Geologic Section Illustrating Ch3racter of the Strata in lh2 City Wells 
of Madison. 
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tion. Experience indicated that it would not be economical to sink more 
in connection with the present system, as the influence of the present 
well extends over a considerable distance, which may be seen by the fol
lowing summary of the tests made. 

Tests Show~ng IntlJrferenu'of Madison Wells. 

------------------------------------

Gallons per 
day. 

One well at the pumping station....... .... ... ........• ..••...• ..• •..•• ..• •...•...•. 350,000 
Four wells at th" pumping station... ... ..... ...••.• .•... ..•..•.••.•.•.•. .... ....... 1,000,000 
Four wells at the pumping station and four wells scattered along a line within 

3,000 feet ............................................................................. 1 1,750,000 
Four wells at pumping station and one remote well............................. .. 1,300,000 

Tests of the artesian well at the C. M. & St. P. roundhouse, a mile dis
tant, failed to show any effect of the pumping at the city wells. 

Additional wells could, therefore, be drilled at a distance of about a 
mile in either direction from the present system of wells at right angles 
to the direction of the flow without any decrease at the present wells. 
This plan, however, would necessitate a subsidiary pumping station, 
and was not resorted to. 

To pump water from an increased depth there are two praticable 
methods. First, by sinking a large shaft and placing ordinary suction 
pumps at the bottom, and then connecting by tunnels to a sufficient num
ber 'of wells: second, by using so-called deep-wen puinps', which are 
designed to be placed at any desired depth. 

Four deep well pumps were recently installed. These pumps have 
very large capacities and can readily be applied to the present system. 
The efficiency of the deep-well pumps installed is about 50 per cent, con
siderably above the theoretical requirements. One of these pumps has 
been installed at well No. 10, and another at the remote 8-inch well, No. 
5, thereby increasing the capacity of the system from 1,750,000 to 4,000,-
000 gallons per day. In 1911 deep-well pumps were installed at well No. 
9, and in the new well, No. 11. This new well, No. 11, is located about 
half a mile from the waterworks station, and has an estimated daily ca
pacity of 1,000,000 gallons, the well being lowered about 18 feet when 
pumped at this rate. That the capacity of the Madison system could be· 
further increased and made to furnish double the present supply by in
stalling a first-class shaft and tunnel system can scarcely be doubted. 
Of the 700,000,000 gallons used in 1911, about one-third was pumped by 
the direct suction system from the 7 wells located on and near the water-
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works station, and about two-thirds, by 4 deep-well pumps at the 4 wells 
located some distance from the. statWn. In 1914, 90 .per cent of the 
supply was pumped by deep well pumps, and 10 per cent by the new 
air lift system. 

In 1911, and also previous to that time, tests were made as to the san
itary condition of the water supply. In the examination made by the 
State Hygienic Laboratory in 1911 it was found that the supply from 
the wells on the direct suction system was never uniformly good, but 
that the bacterial content of the water from these wells seemed to in
crease after heavy rains, indicating some connection with contaminated 
groundwater. It is the general opinion that contaminated surface water 
is likely to be drawn into the artesian water supply when pumped by 
the direct suction system. 

Stoughton.-This city having a population of 4,761, has a water sup
ply and sewage system. The water supply is obtained from two artesian 
wells, each 1,011 feet deep. An auxiliary supply from the Yahara river, 
one intake at a depth of 6 feet, is also available. The daily pumpage is 
88,000 gallons. About 800 houses are connected with the supply. Sew
age is emptied, without treatment, into the Yahara river. 

The section of the city well, No.2, is as follows: 

Section of well No. 2 at Stoughton. 

Formation. 

Drift ..................................................................................... . 
Upper Cambrian (Potsdam) sandstone ............................................... . 

Thickness. 

I<'eet. 
201 
810 

·Total. ......................... : .... '" ......................................... --1-,0-11-

Sun Prairie.-The population of Sun Prairie is 1,119. The Sun Prai
rie city supply is from a 10-inch well, 712 feet deep, cased to a depth of 
153 feet. Formerly the supply was-taken from a well 212 feet deep, im
properly cased, the supply oeing contaminated with marsh water. Dur
ing 'a period of three years the level of the marsh water was lowered 
about 13 feet. The new supply is very satisfactory and has a capacity 
of 500 gallons per minute. The city uses a ,Vood's deep well pump, 
and raises the water 60 feet. Pumping lowers the water about 15 feet. 
The average daily pumpage is 123,000 gallons. The total number o~, 
service connections is 1761 • 

1 For details of water pressures in this well, see W. G. Kirchoffer, Bull. 
Univ. of Wis. 106, p. 232. 
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Section of tlte Ntg Ir~ll of Sun Prairie. 

J<'ormation. Thickness. 
------------,--------------1---··-

Pleistocene 
Drift ................................................................•...•.............. 
Gravel ............................................. '" ................................. . 

Lower Magnesian 
Limestone ............................ " ........................................ : ..... . 

Upper Cambrian (Potsdam) 

Feet. 
38 
8 

52 

Sandstone (lost 19 feet of water)....................................... .... •... . ... .. 32 
Red grey sandstone.. ............ ................ ................ ............... ...... n 
Gre.v limestone ... " . . .. . . .. . . . . . . .. . . .. . . .. . . .. . . .. . . .. . . .. . . .. . . ... ................. 6 
Reddish sandstone. . . . . . . . . . . . . . . .. . . .. . . . . . . .. . . .. . . .. . . .. . . .. . . .. . . .. . . .. . . .. . . . . . . . 67 
Red sandstone (lost 7 feet of water) .. ~ . ........ ... ... . .... ............ ........ . .. . . . 15 
Red sandstone .... " .............. " . . .. . . .. . . .. . . . . . . .. . . . . . . .. . . .. . . .. . . . . . . . . . . .. . . . 50 
White sandstone.: .... .... ........... .... ... .... . ... .... .... .... ............ ..... ... .. . 6 
Pink shale............ ............... ..................... .... ....... .... .............. 38 
Reddish sand,;tone ............ , ................... ,................................... 9 
Fine red sandstone ........................................................... , ..... , .. "1 48 
Coarse sandstone ...... , ............. " . . . . . . .. . . .. . . .. . . .. . ... . . .. . . . . . . .. . . .. . . .. . . . 7 

-------
Total................ ........................ ............ .... .... ................. 712 

Oregon.-The population is 712. The city water supply is obtained 
from a 6-inch well, 175 feet deep, in drift and sandstone. Theestimated 
daily capacity of the well is 100,000 gallons; the daily pumpage is about 
00,000 gallons. About 50 per cent of the houses connect with the city 
supply. The private wells vary in depth from 40 to 200 feet. 

Mount Horeb.-The population is 1,048. The city water supply is oh
tained from an 8-inch well, 217 fe()t deep. The water is obtained from 
the St. Peter sandstone, the water level standing 90 feet below the sur
face. 

Carnbridge.--,-The population is 507. The city supply is obtained from 
an 8-inch well, 200 feet deep, from the St. Pett'r sandstone. 

Mazornanie.-The population of this village is 917. The village sup
ply for both fire and domestic use is obtained from 10 driven wells, 25 
feet deep, spaced 8 to 10 feet apart, in two parallel rows. The water is 
obtained from a gravel bed. The average daily pumpage is 4,000 gal
lons. There are ,30 service connections. 

Black Earth.-The population of Black Earth is ·fi9. The water sup
ply is obtained from private wells, driven about 20 feet into a bed of 
sand and graveL 

Middleton.-The population of this vilage is 679. The village supply 
is obtained from a 10-inch well, 200 feet deep. The estimated capacity 
is 80,OGO gallons; the daily pump age is 17,000 gallons. About 50 per 
cent of the houses are reported to connect with the village suply. 

Deerfield.-The popUlation is 533. The village supply is obtained 
from two wells, 6 and 8 inches in diameter, ]29 and ]52 feet deep, 20 
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feet in drift and the remainder in rock. About 50 per cent of .the 
houses are reported to connect with the supply. Private wells are from 
20 to 80 feet deep. 

QUALITY OF THE WATER 

The waters of Dane County are either hard or very hard waters, 
though almost wholly of only moderate mineral content. ,The surface 
waters, those of the lakes and rivers, are appreciably lower in mineral 
cobtent than the groundwater supplies. The water from the Galena. 
Platteville (Trenton) limestone, and the St. Peter sandstone, appears 
to contain the highest content of mineral matter. The Madison artesian 
water supply, obtained' from the Upper Cambrian sandstone, contains 
approximately the same amount of mineral matter as ,the water of wells 
in surface deposits. Most of the waters from various sources throughout 
the county are carbonate waters and are much the same in chemical com
position. Only two of the waters analyzed, Nos. 7 and 8, from surface 
deposits, are sulphate waters. 

The lower content of mineral in the Lake Mendota water than in the 
surrounding groundwater and spring supplies, is very apparently due 
largely; though not wholly, to the loss of lime, either through the work 
of organisms or through chemical precipitation in the lakes. In all the 
groundwater of Wisconsin of carbonate character there is very generally 
an excess of lime over magnesia in the proportion of 2 to 1. In the lake 
water, however, through the growth of charaand the shells of molluscs, 
a certain amount of lime carbonate is utilized, and hence, the lake wa
ters and the Yahara River water, as shown in the analyses, contain a 
smaller amount of lime than of magnesia. In general there appears to 
be a loss of from 25 to 50 per cent of the calcium, through organic and 
chemical changes wrought within the body of the lake. 

The water from the Yahara River, analyses No.3; contains 1.48 
pounds. of incrusting solids in 1,000 gallons; that frum the artesian 
well In Madison, No.9, contains 2.46 pounds in 1,000 gallons, while that 
from the well at Mt. Horeb, No.8, contains 4.13 pounds in 1,000 gallons. 
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Mineral analyses 01 tcater in Dane Oounty. 

(Analy~es in parts per million.) 

River. Lake. Spring. 

1. 2. 3. 4. 5. 

Silica (Si02)........... .... .... .......•. 0.3 1 15.2 16.6 18. 
Alumlnum,aud iron oxides r ······iiX· 2.2 4.3 

(A12tJa+Jie20a) ..... .... .... .....•.•.. 0.3 I •••••• "7'" 
Aluminum oxide (A120a) ........................ J .................................... • 
Calcium (Ca) ........................... 1 33.0 54.8 19.8 57.3 77.8 
Magnesium Oig) ....................... 1 26.2 29.9 21.6 I 32.0 42.0 
Sodium(Na) .......................... J 75 51 3.6

1

1 34 19 
Potassium (K~ ...................... II . . 2.2 r' . 
Carbonate radicle (COa)... .... ........ 108.0 161.0 77.2 165.8 213.5 
SulphateradlCle(~04)................. 11.41 trace 15.3 3.7 7.6 
Chlorine (Cl).. ..... .... .... ............ 9.2 1.8 3.0 I 5.~ 7.0 

~:::;~:s:::~:~~;;~~:::::::::::::::::: ~~I:=~~I~~ --2~ ~~~ 

flurface depOsits. 

6. 7. 8. 9. 10. 

Depth of well ................... feet.. 12 14 25 238 28 
Silica (S[02) ........................... I 2 2 14.9 'I 
Aluminum and iron oxides. i' 1.5 2.2 I det 

(A.12Ga+Fe20a)....................... ............ 2.9 run . 
Alumlllum oxide (AI20s) .............................................................. J 
Calcium (Ca).. ......................... 67.2 29.5 51.9 87.4 94.9 
Magnesium (Mg)....................... 33.8 32.6 38.3 41.7 46.5 
Sodium (Na) ............................ t 9 4 59 14 4 184 I 93 
Potasslul!l ([0 .................. _ ...... f' . . . . 
Carbonate radicle (GOa).............. 192.4 112.8

1 

172.7 234.4 173.1 
Sulphate radicle (804)................. 4.7 18.8 14.51 55.9 133.8 
Chlorine (CI) ............................. I ___ ~I __ ~ __ 1~ __ ~I~:..:.:..:.:..: 
Total dissolved solids................. 311. 221. 305. 447. I 458. 

1. Yahara River at Madison. Analyst, G. M. Davidson, for C. & N. W. Ry. Co., Mar. 
1894. 

2. Black Earth Creek at Mazomanie. Analyst, Cbemist, C. M. & St. P. Ry. Co., 
Nov. 3, 1891. 

3. Lake Mendota-Mean of two Analyses. Analyst. E. B. Hall and C. Juday, Wis-
consin Survey Bull. 22, p. 170, Sept. 9, 1907. 

4. Bryant's Silver Spring, Madison. Analyst, Paul Fisber. 
5. White Cross Spring, Madison. Analyst, Columbus lAboratories, Jan. 7, 1914. 
6. Well of C. M. & St. P. Ry. Co., Cross Plains. Analyst. Cbemist C. M. & St. P. Ry. 

. Co., Nov. 3, 1891. 
7. Well of C. & N. W. Ry. Co., Riley. Analyst, G. 11. Davidson, Feb. 2, 1909. 
8. Well of C. M. & St. P. Ry. Co., Mazomanie. Analyst. Chemist C. M. & St. P. Ry. 

Co., June 3, 1893. 
9. Well of C. M. & St. P. Ry., Stoughton. Analyst, Cbemist C. M. & St. P. Ry. Co., 

Sept. 20, 1889. 
10. Well of C. M. & St. P. Ry. Co .. Stoughton. Analyst. G. S. Prentiss, Feb. 6, 1902. 
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Mineral analyses of water in Dane County-Continued. 

(Analyses in parts per million.) 

Gale~~l~~~~~ville St. Peter Sandstone~ 

Depth of well................................ feet .. 
Silica (8i02) ....................................... .. 
Aluminium and iron oxides (AI203+Fe20s) ..... . 
Calcium (Ca) ...................................... .. 
Magnesium (Mg) .................................. .. 

11. 

188 
5.9 
1.0 

72.2 
37.3 

Sodium (Na) ......................................... t 440 

12. 

153 
14.9 
1.2 

72.0 
40.2 
5.8 

13. 

60 
16.1 
20.9 
79.8 
25.7 
37.7 

14. 

214 
17.9 
2.7 

74.8 
64.8 
9.7 Potassium (K) ...................... , ................ r . 

Carb:mate radicle (C03) ........................... .' 172.2 178.9 72.6 167.9 
Sulphatel'adicle (804).............................. 16.5 45.1 177.0 166.6 
Chlorine (OJ) ........................................ 77.7 8.9 5~.0 I 15.0 
Organic ~atteI' ...................................... :.:..:..:..:..::..:..:..:..:..\:.:..:..:..:..::..:..:..:..:.. ~_.9_ .:..:..:..::..:.:..:..:..:..:.. 

Total solIds.. .... .. .. .. .. .... .. .. .... .. .. .... . ... .. .. 427. 367. 488. 520. 

Upper Cambrian (Potsdam) sandstone. 

___________ 1._15_._ .. ~[~_ ~ 19. 20. __ 21_. _I 22. 

Del'th of well .......... feet.. 736 751 1.015 1.011 85 800 749 332 
Silica ("i02)..... ..... ........ 7.0 ........ 26. 2.7 15.5) 
Aluminium and iron 1 

oxides (AI203+Fe20s)... 1.3 ........ 1 6. 10.5 2.8 r undet. undet. undet. 
Aluminium oxide I 

I~lt~!?:::::· ......... :::::::::::: :::::::: Trne. :::::::: :::::::: ::::::~ ............................. . 
Calcium (Ca) ................. 63.6 64.4158.5 60.2 61.0 74.3 74.6 57.5 
Magnesium (Mg)..... ........ 34.1 36.5 35.4 41.l 35.9 41.2 38.9 32.6 
Sodium (Na) .................. 1 58 J 8.61 28 22 1"8 52 126 72 
Potassium (10; ............... r· 1 1.81 • . I. .. • • 

Carbonater.a~IiCle(C03) ...... 154.1 1'.194.7 198.2' 18~.4 168.8 191.2119~'0 lu9.9 
Sulphate radIcle (S04).. .... 25.5 5.6119.2 I 12.0 48.2 43.8 3~.3 4.1 
ChlorIne (01)....... .......... 8.2 3.0 7. 3.5 5.3.. ........ 8.2 5.1 

Total solids: .................. 300:- 316:- 378-. -Iw-. - '355:-1356.- 365:- 276. 

11. Well of Hanson & Schneider's Mill, Mt. Horeb. Analyst, G. M. Davidson. 
12, Well of C. & N. W., Blue Mounds. Analyst, G. M. Davidson, Jan. 22, 1909. 
13. Well of C. & N. W. Ry. Co., Klevenville. Analyst, G. M. Davidson, Jan. 30, 1909. 
14. Well of C. & N. W. Ry. Co., Stock Yards, lin. Horeb. Analyst, G. M. Davidson, 

May 9, 1909. • 
15. Artesian well, Madison. Analyst, G. M. Davidson, Mar. 1894. 
16. Well of City Water Supply, Madison. Analyst, W. W. Daniells. 
17. Well of State Capitol, Madison. Analyst, G. Bode, Geol. of Wis. Vol. 2, p. 32, 1877. 
18. Well of City Water Supply, Stoughton. Analyst, Dearborn Drug & Chern. Co., 

Jan. 15, 1903. 
19. Well in city quarry, Madison. Analyst, Dearborn Drug & Chern. Co., Mar. 22, 

1912. 
20. Well of C. M. & St. P. Ry. Co., Madison. Analyst, G. N. Prentiss, Feb. 9, 1902. 
21. Well Of C. M. & St. P. Ry. Co., Madison. Analyst, G. N. Prentiss, Feb. 11, 1911. 
22: Well of C. M. & St. P. Ry. Co., Windsor. Analyst, G. N. Prentiss, IlIaI'. 22, 1907. 
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DODGE ('OT.:':-;;TY 

Dodge County, located in the southeastern part of the state, has an 
area of 884 square miles and a population of 47,436. About 90.4 per 
-cent of the county is in farms, of which 75.1 per cent is under cultiva
tion. 

SURFACE FEATURES 

The surface of Dodge County presents no prominent reliefs, but con
sists mainly of broad valley bottoms and gently sloping uplands. The en
tire county is occupied by drift largely deposited by the latest glacial in
vasion. Undrained marshes and lakes are common. Fox Lake and 
Beaver Lake are prominent lakes located in the northwestern part of 
the county. Rock river and its tributaries, Beaver Dam river and Craw
.fish river, are the principal streams. The valley bottom of the Rock 
river at Watertown is a little above 800 feet above sea level. The gen
erallevel of the Horicon marsh, which covers an area of about 50 square 
miles along the west branch of the Rock, north of Horicon, is about 860 
feet. Mud Lake, Beaver Dam Lake and Fox Lake on the BeavCl; Dam 
river are respectively 780, 873 and 895 feet above sea level. The land in 
the eastern part' of the county on the divide between the Rock river and 
the Lake Michigan drainage, is higher than that of the central and west
ern part, the divide usually reaching 1,150 to 1,200 feet above sea level. 
The uplands are usually less than 200 feet, and rarely exceed 300 feet, 
above the adjacent valley bottoms. 

GEOLOGICAL FOR:llATIO:-;;S 

The geological formations range from the Lower :J,Iagnesian limestone 
in the western part of the county, through the St. Peter sandstone, the 
Galena-Platteville (Trenton) limestone and the Cincinnati shale up to 
the Niagara limestone on the eastern border. In the southwestern part 
of the county at Waterloo are a few outcrops of the Pre-Cambrian 
quartzite. Glacial drift of variable thickness overlies the several bed 
rock formations, and a variable amount of allm-ial sand and gravel as
sociated with the drift fills the valleys. The geological structure is il
lustrated in Fig. 31. 

The thickness of the surface formation is quite variable on account of 
the uneven surface upon which these deposits were laid down. In the 
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filled valleys of the pre-glacial rivers a thickness of 250 to 300 feet of 
sand and gravel may be expected, while on the uplands the usual thick
ness of the drift is probably less than 100 feet. The thickness of the 
rock strata is also quite variable on account of the great diversity in the 
amount of erosion. As indicated in the cross section of the formations, 
Figure 31, it is only where a formation is protected by the next for-

~ 

~ 
I:! 
~ ~ 
~ St'orl'rLJQm Ni/7/'t'St>TQ(/CTc ~ /1'(,rico/? 

1.8~i II.I~! .1i/O"" . r&~~ 
;c/..?c/-'?nor/ ..s';I1/'~ 

t:FQ/'I'7QL . ..s 
... A S"tJ. 

Fig. 31.-Geologic section, east-west, across central Dodge county. 

mati on above that the entire or maximum thickness is preserved. In the 
western part of the county the complete thickness of only the Upper 
Cambrian (Potsdam) sandstone is usually preserved, while in the east
ern part, where the Niagara limestone caps the uplands, the complete 
thickness of all the strata under the Niagara is present. 

The approximate range in thickness of the formations in the western 
half of the county, and also in the eastern half, may be summarized as 
follows: 

Approximate range in tltickneas of formations in 7Deatern half of Dodge Oounty. 

Formation. Thickness. 

Feet. 
Surface fot·mation....... ........ .... .... .... ............ .... .... ........ .... .... ........ 0 to 300 
6alena-Platteville (Trenton) limestone.. .... .... ... ..... ... ........ .... .... .... .... 0 to 200 
St. Peter and Lower MlL6rne.htn formations........... ... ........ ................... 0 to 250 
Upper Cambrian (Pot,dam) sandstone .................................... c.... .... ... 500 to 800 
Pre-Cambrian granite or Quartzite ............................................................... . 

Appro:vimate range in thicknes8 of formations in eastern half of Dodge Oounty. 

Formation. Thickness. 

Feet. 
Surface formation...................................................................... 0 to 300 
Niagara limestone.......... ............ ................................ .............. 0 to 200 
Cincinllati shale........................................... ..................... ....... 0 to 220 
Galena-Platteville (Trenton) limestone.. .... .... ..... ... .... .... .... .... .... .... .... 100 to 250 
St. Peter and Lower Magnesian formations.... ...... .... .... ..................... ... 200 to 250 
Upper Cambrian (Potsdam) sandstone .. ~. .... .... .... ........ .... .... .... ............ 600 to 800 
Pre-Cambrian e-ranite........................... ........ .... ........................... . ......... .. 
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PRINCIPAL WATER-BEARING HORIZONS 

The principal water-bearing horizons are the St. Peter sandstone, the 
Galena-Platteville (Trenton) limestone and the glaeial drift. The other 
geological formations especially the Upper Cambrian (Potsdam) sand
stolle also furnish an abundant supply wherever they can be convenient
ly drawn upon. The county as a whole is relatively flat lying, and us
ually wells are shallow, varying from 20 to 60 feet in drift or in the un
derlying rock. 

FLOWING WELLS 

Flowing wells from the surface deposits. occur at Herman, Imd from 
. the underlying sandstone, the St. Peter, Lower Magnesian and Upper 

Cambrian horizons along the Rock river and its tributaries. The flows 
are not as strong as those farther duwn the Rock river valley in J effer
son County. Flowing wells occur at Reese"ille and Beaver Dam, as de

'scribed on the following pages. (See also pages 75 and 97. 

WATER SUPPLIES FOR CITIES AXD VILLAGES 

Beaver Dam.-The population of Beaver Dam, situated on Beaver 
Dam Lake, is 6,758. The city has both a ground water and artesian wa
ter supply. The ground water well is 20 feet in diameter and 20 feet 
deep, and supplies 450,000 gallons per day, not sufficient for the ordin
ary demand, which is about 700,000 gallons per day. The sewage, with
out treatment, is drained into the Beaver Dam river. About 80 per cent 
of the people use the water and sewage system. 

The artesian water supply is obtained from two 6-inch artesian wells, 
one 308 and the other 504 feet d~ep. The elevation of the curb" is 885 
feet, and the water flows a foot above the surface from the 504 foot well, 
and rises to the surface in the 308 foot well. The artesian water is said 
to carry much iron in solution, and to be brown in color. 

The two waterworks wells are cased to rock, but P. Spellman's well 
which is 208 feet deep and flows 2 feet above the surface, is cased 
only through 20 feet of clay, though it is reported not to have 

. struck rock until 80 feet of clay and gravel were passed through. The 
flow in Spellman's well was considerably increased after drilling the 
deep waterworks well, the latter no doubt p-artly feeding the upper 
strata of the sandstone. 



304 THE WA.TER SUPPLIES OF WISOONSIN. 

Section of tlte Beaver Dam lVater Oo's. well. 

Formations. 

Clay and marsh muck ................................................................ .. 
Galena-Trenton limestone ............................................................ . 
Sandstone. red brown .................................................................. . 
Sandstone, coarse white. much water ............................................... .. 
Sandstone, yellow ..................................................................... .. 
Sandstone. hard white ......................... ~ ..................................... .. 

Thickness. 

Feet. 
20 
55 

175 
15 

110 
129 

TotaL..... ......................................................................... 504 

The surface formations in the river valley at Beaver Dam either lies 
directly upon the Trenton limestone or the St. Peter sandstone,. and 
the latter rests upon sandstone of the Lower Magnesian and Upper 
Cambrian (Potsdam) horizons. The ridges are capped by Galena
Platteville' (Trenton) limestone and most of the wells on higher 
ground get their supply from this formation. 

Mayville.-The p'opulation is 2,282. The city has a water supply 
and sewage system, recently installed. The water supply is obtained 
from two artesian wells 670 and 855 feet deep, 8 and 9 inches in diam
eter. The source of supply is mainly from the St. Peter and Potsdam 
sandstones. The yi~ld is reported to be 144,000 gallons per day. The 
average daily pumpage is about 50,000 gallons. Total number of wa
ter connections is 270. The sewage is pumped to a system of sedimen
tation, the capacity of the settling basins being 30,000 gallons. 

Horicon.-The popUlation is 1881. The city has a municipal water 
supply but no sewage system. Private sewers empty into the river. 
The water system was completed in Nov. 1912 and a sewage system 
will soon be installed. The water supply is obtained from two flowing 
wells 600 feet deep, 10 in. diameter for 100 feet, and 8 in. diameter the 
remaining distance. Both wells flow sufficiently for present require-

·ments (Dec. 1912). The pump age capacity is 600 gallons per minute. 
A. large per cent of the houses have already been connected up with 
the water system. 

The log of the city wells is as follows : 
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Log of tlco 1I.'r~on city ,r~llll. 

Formation. Thickn('ss. 

Feet. 
Surface fm-mations.......... .......... .... ........ ..................................... 60 
Galt,na-Platteville (Trenton) limestone......... ............................ ...... ... 190 
St. Peter land Lower Magnesian) sandstone........................... ............... 250 
UpperCambl'lan (Potsdam) sandstone........................... ............... ...... 200 

TotaL................. ........ ................. .................................... 600 

Reeseville.-The population is 352. The water is obtained from the 
Trenton limestone, or from its contact with St. Peter sandstone. Flows 
are struck on low ground. Wells range in depth from 20 to 200 feet. 

Section of Well oloned by P. Runkle, Reue'Dille. 

I,'ormation. Thickness. 

Feet. 
Clay.... .... .... .... .... .... .... .... ........ ............ .................... .... .... ...... 20 
Hardpan ........... ,..................................................................... 62 
Gravel.................................................................................... 15 
"!lhelJ Rock"...... . .. . .... . .. .. .. .. .. . .. .. . .. .. ... . .. . .... ... .. .. .. ... .... .... . .. . . .. . .. 13 
Limestone ............... ,................................................................ 30 

Total............................................................................... 140 

Juneau.-The population of Juneau is 1,003. The city water sup
ply is obtained from a 6-inch well 350 feet deep, cased 30 feet. The wa
ter in the well stands 70 feet below the ground, and the average daily 
pump age is about 20,000 gallons. About 75 per cent of the families 
use the city water. No sewage system is installed. I 

At Burnett Junction the Chicago & Northwestern Railroad well is 
about 50 feet deep and flows one foot above the surface. At Lowell, the 
well of G. Ganes is 380 feet deep, obtaining water from the St. 
Peter sandstone horizon. At Clyman the deepest wells are 144 and 
150 feet deep in the Trenton limestone. 

Randolph.-The population of Randolph is 937. The village has a 
public supply, mainly for fire purposes, obtained from an 8-inch well 
300 ft. deep, daily capacity 140,000 gallons. Only a small percentage 
of houses connect with the system. Private wells are generally from 
30 to 60 feet deep. 

The drillers log of the 240 foot well at South Randolph, a station on 
the C. & N. W. Ry. is as follows: 

2Q-W. S. 
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Driller's log of C. &; N. W. Ry. Co. 'Well at Soutlt Randolph. 

Formation. 

1. Glacial drift .................................................•.................. ' .... . 
2. Limestone ........................................................................... . 
3. Brown sandstone ................................................................... . 
4. Blue sandstone ..................................................................... . 

t ~~~e~a~ad~~~')e~~::::::: ::: ::::: ::::::::::::::::::::.'::::: ::::: :::: :::: ::::::: :::::::: 
7. Green sandstone .................................................................... . 
8. White sandstone ................................................................... . 

Thickness. 

F~8t., 
108 . 

2 
2 
5 

70 
6 
9 

Total........................................................................... 240 

Analyses of this water is No. 29 in the table. No.2 in the above log 
is probably the Lower Magnesian limestone, and Nos. 3 to 8 Upper 
Cambrian (Potsdam) sandstone. This well supplied, on a pumping 
test, 62,000 gallons in 10 hours. 

Clyman Jct.-The well of the C. & N. W. Ry. Co. at Clyman Jet., 
depth 335 feet has the following section: 

Drillers log of C. &; N. W; well at Clyman Junation. 

Formation. Thickness. 

Feet. 
1. Loose earth ......................................................................... '1 30 
2. Limestone ......................... , ............................... ,...... .... .... . ..... 238 
3. Sandstone............................................................................ 67 

, -------
Total... .... .... ... ................. ................ .... ............. ....... .... 335 

No. 1 is glacial formation, No. 2 is Galena-Platteville (Trenton) 
limestone, and No.3, St, Peter sandstone. The water analysis of this 
well is No. 28 in the table of analyses. 

Askippun.-At Ashippun station two wells were drilled' in 1912 by 
the .C. & N. W. Ry. Sections of these wells, 345 and 458.3 feet deep, 
have the following driller's logs: ' 
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Driller's logs oj two C. d: Y. W. Ry. IU[z" at Ashippun. 

Forma.tion. , Thickness. 

I Feet Feet. 

t~~~g~s~~a .: ::::: :::::::::::: :::: :::: :::: :::::::: ::: :::: :::: :::: ::::::1 If 1~ 
t ~~:l:'a;;d'bi;;~'cl~Y:::::::::::::::::: ::: :::: ::::: :::: ::: ::::: :::: ::: ::1 ~~ ~~ 
5. Lime rOck ............................................................. , 32 39 

~: ~~~~~t~h:le.:::::::::::::: :::: :::::::: ::: ::::: :::::::: ::: :::: :::: :::: :: ........ ~ ..... 7~.3 
8. Hard crystallized limestone ........................................ i 205 215 
9. Green shale and calcite crystals .................................... '... .... ....... 15 

Total ............................................................. 1-345--- 458-.3-

These wells are 160 feet apart. The 458.3 foot ~eil differs from the 
345 foot well in having a very thick sandstone bed represented by 
No.6. Nos. 1 and 2 are glacial and alluvial formations. Nos. 3 to 7 
are probably within the Cincinnati shale group, the transition beds be
ing represented by 6 and 7. Nos. 8 and 9 are probably within the Gal
ena-Platteville (Trenton) group. The analyses of water from thesp 
wells are shown in the table of analyses, Nos. 20 and 21. Bothare 
hard carbonate waters and contain a small amount of hydrogen sul-

. phide gas. Water in the 345 foot well rises within 13 inches of top of 
well. 

QUALITY OF THE WATER 

The mineral content of the waters of Dodge County is shown in the 
several tables of analyses. AbOllt one-half the waters analyzed are hard 
waters, and one-half are very hard waters. The waters from the rail
road wells at Juneau and Rubicon are unusually hard water from the 
surface formations, which may be due to the occurrence of material 
from the Cincinnati shale formation in the surface deposits at these 
places. Most of the waters are carbonate waters. Analyses No. 13, 
16, 26 and 27 are of sulphate waters. The creek waters, Nos. 3 and 4, 
are relatively high in minera} matter for surface waters in Wisconsin. 
The water from the creek at Burnett Jet., No.4, contains 2.77 pounds 
of incrusting solids in 1,000 gallons; the water from the C. & N. W. Ry. 
well at South Randolph, No. 29, contains 2.64 pounds in 1,000 gallons; 
and that from the railroad well at Juneau, No.8, contains 4.74 pounds 
in 1,000 gallons. 
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Mineral analyses of water in Dodge Oounty. 

(Analyses In parts per million.) 

River. Oreek. Springs. 

_______________ ~ ___ ~_I--~- _~ ____ 6 ___ ~_ 
Silica (S.102) ...... :........... .......... .......... 14.0! 14.9 22.0 ....•...•. ! 
Alumlmum and Iron oxld ... s ! . 12.2 
(A12.0(l+Fe2Q~).... ........ ......... ...... .... 2.01 1.5 ...•................ \ 

Aluml~lUm oXIde (A120a).. .......... . .................. '1' . • •. • . .• . 4 . ~ 2.9 ••.•••.••• 
Iron (Fe). .................................................. ,.......... .~ .................. .. 
Calcium (Ca).. .... .... ...... 49.71 49.5 12.61 71.7 76.1 66.1 65.3 
M~neslum (Mg)............ 46.1 37.4 37.41 37.7 43.9 33.8 36.7 
SodlUm and potassiulll 

(Na+K)................ ... 3.7
1 

6.6 4.11 10.3 7.3 1.6 6.6 
Carbonate radicle (COal.... 175.7 151.4 177.4 186.6 216. 179.5 167.0 
Sulph~te radicle (SO.)...... 1~. 71 26.3 34.3

1
' 20 1 7.8 5 4 30.8 

Chlorme (01). ............... _~,_~I __ ~I __ 15.8 11.2 2.4 9.9 

Total dissolved solids... 299. I 279. 348. i 359. --389." -292. -329. 
. " 

Surface deposits. 
----.--.--~--~--~------~----

i W" U U 14 

Dep~ gr~:~~~~~~: --~-\---.~- ---:---~--~--~- ---~~ 
~1~C!l;t~~1-an(i'i~on·o~·i·ci~~ b.5

1 
........ •• .................. t 4 0 l undet 

(A120gHFe20a) ...... ..... 1. 0' ............................ f r' 1.7 
Aluminium oxide (A120g) ............ !.......... .......... .......... J 
Iron (Fe) ............................... ' .9 ................................................ . 
Calcium (Oa)................ 1203' 58.9 .90.8 109.2 37.0 "3.0 86.6 
Magnesium (Mg)............ 62.0 32.0 53.0 55.0 29.0 61.2 43.5 
Sodium and pata.sium 

(Na+IO.................... 40.5 10.4 15.5 6.8 4.2 9.6 .6A 
Carbonate radicle (COg).... 2781 166.7 204.7 210.5 127.3 J80.1 186.5 
Sulphatera<licle (SO.)...... 102.8 17.0 119.7 1447 . 2.61 222.6 79.8 
Chlorine (OJ).. .... .... •••••. 53.7 4.4 9.6 10.4 4.4 14.7 10.0 

Total dissolved solids ... --674." -'200.
I
---''4ii3.'' --537.1-'209.' -'601.'" -'414:" 

1. Rock River at Horicon Junction. Analyst, G. N. Prentiss, April 3, 1908. 
2. Rock River at Mayville. Analyst, G.' N. Prentiss, Oct. 5, 1910. 
3. Honey Creek near Lowell. Analyst, G. M. Davidson, Sept. 22, 1910. 
4. Creek at Burnett Junction. Analyst, G. M. Davidson, June 23, 1896. 
5. Peerless Spring, Fox Lake. Analyst, G. Bode~ 
6. Woodland Spring, Woodland. Analyst, Chemist C. M. & St. P. Ry. Co., July 9, 

1889. 
7. Spring of PaulO. Hustings, Mayville. 
8. Well of C. & NJ W. Ry. Co., Juneau. 

Analyst, Chemist, C. M. & St. P. Ry. Co. 
Analyst, G. M. Davidson, June 23, 1896. 
Analyst, Chemist C. M. & St. P. Ry. Co., 9. Railroad well at Fox Lake Junction. 

10. 
11. 

12. 

13. 
14. 

Sept. 30, 1889. 
Private well at Horicon. Analyst. Chemist C. M. & St. P. Ry. Co., May 9, 1901. 
Railroad well at Rubicon. Analyst, Chemist C. M. & St. P. Ry. Co., Feb. 19, 

1902. 
Railroad well at Mayville. 

1889. 
Analyst, Chemist C. M. & St. P. Ry. Co., Aug. 10, 

City well at Mayville. Analyst, G. N. Prentiss, Sept. 14, 1905. 
Railroad well at Horicon Junction. Analyst, Chemist C. M. & St. P. Ry. Co., 

July 8, 1889. 
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Mineral analyses 0/ water iJl Dodge County-Oontinued. 
(Analyses in parts per mllUon.) 

30~ 

8urract' depOSIts. 
Galena-Platteville 

limestone. 

15 16 i Ii 18 19 20 21 
1 

---------------·---i---i----------
Depth of well................ 25 40 I 42 I~,.l! 120 345 458.3 
Silica (SI02) .................. ~ ~. I 22.2 11.8 12.5 
Aluminium and iron oxides undet. undet. undet. 

(AI20s+Fe20s(............. 1.5 .5 1.0 4.9 

Magnesium (MII")............ 57.8 46.3 60.7 44.9 39.3 37.9 30.1 
Calcium (Ca)................. 109.9 101.5 U;U 62 61 64.5 68.0 69.5 

Sodium and pOtassium 
(Na+K) ..... ..... .... ....... 6.8 17.6 18.2 5.3 10.8 20.9 8.1 

C&rbon&te radicle (COs).... 211.0 165.3 211.2 201.9 190.6 211.5 180.1 
Sulph&teradicle (S04)...... 145.0 197.9 34.9, 12.6 5.2 6.0 7.4 
Chlorine (01)................. 17.3 50.2: 2.0 14.0 8.7 5.& 
Nitrate r&dicle (NOs)....... 144.7; .......... " ......................•..... 

Tot&l dissolved solids ... 548. 529. 635. 1 348. 347. 366. 318. 

Lower 
Mag-

neshin St. Peter and t;pper Cambrian (Potsdam) sandstone. 
lime-
stone. 

____ . _____________ 2_2 _ ~1--"-1--"-1-2~-1~~-_~ ~ 
Depth of well .............. feet.. 154 234 130 I" ...... 232 426 335 240 
Silica (8i02) ....................... [ 9.9 13.1 12.0 1.4 ' ......... 1 .... 14 10.!'; 
Aluminium and iron oxides ,un- \" .0 

Ir~~l~~!t~~~~~).:::::::::::::::: :1 ..... ~:~ ...... :~I ~:g ..... ::~ .1 •• ~~~: ••••• ~:~I ..... ~:~ ..... ~:: 
Calcium (LJa)..................... 65.3 67.1 98 Of 61.11 82.6 110.7 68.2' 62.4 
Magnesium (1I1g).... ... .... ...... 31.4 35.5 61.0 1 32.0 39.6 40.6 36.~ 39.2 
Sodium and po.tassium (Na-t'K) 4 3 1.8 l.Ui !l.6. 1~.3 99.0 ~.2 2.9 
Carbon&te radIcle (C03)... ...... 165.1 181.8 287.0

1
, I,OA IS_.3 173.6 185.4 170.8 

Bicarbon&te.radicle (HC03).... ........ ... ..... 2.36 ..............•............•....•.•..... 
Sulphate radicle (S04)........... 19.2 12.7 J8.0' U.7 141.0 328.1 12.3 31.2 
Chlorine (CI).. ..... .... .......... 4.6 1.7 1.5' 7.0 18.8 18.9 2.0 4.6 
Organic matter................... ........ ........ 21 0 .•••.........................• , ........• 

NIt;=a::~:::~:dO:~~;~~:::::::: ~~ ~ii ~~;7i-~~ ~~ ~~ ~~ 
.,.---

15. 

16. 

17. 

18. 
19. 
20. 
21. 
22. 
23. 

24. 
25. 

26. 

27. 
28. 

29. 

Well of Rubicon Malt & Grain Co., Rubicon. Analyst, Chemist C. M. & St. P. Ry .. 
Co., Feb. 19, 1902. 

Well ilior. & St. P. Ry. Co., Horicon Junction. .\nalyst. G. N. Prentiss, April 11, .. 

Well of Joseph Hauser, Rubicon. Analyst, Chemist C. :\I. " St .. P. Ry. Co., Feb •. 
19, 1902. 

Well of A. Swenson, near Ashippun. Analyst, G. :\I. Davidson, Nov. 14, 1910. 
Well of J. Drew near Ashippun. Analyst, G. M. Davidson, Nov. 14, 1910. 
Well {If C. & N. W. Ry. Co., Ashippun. Analyst. G. Y. Davidson, May 6, 1912. 
WeH of C. & N. W. Ry. Co., Ashippun. Analyst. G. Y. Davidson, May 29, 1912. 
Well of J. Kuhlman, I.owell. Analyst, G. 111. Davidson. Nov. 22, 1910. 
Well of C. & N. W. Ry. Co., South Randolph. Analyst. G. M. Davidson, Jan: 13,. 

1911. 
Well {If Woolen MiJI at Beaver Dam. 
City Water Supply, from Wells, Beaver Dam. Analyst. Dearborn Drug & Chern .. 

Co., Jan. 21, 1910. 
Well of C. l\f. & St. P. Ry. Co., Horicon Junction. Analyst, G. N. Prentiss,. 

Mar. 18. 1912. 
City well MayvllJe. Analyst, G. N. Prentiss, Sept.. H. 1905. 
Well of C. & N. W. Ry. Co., Clyman Junction. Analyst. G. Y. Davidson, Sept. 25..-

1911. 
Well of C. & N. W. Ry. Co., South Randolph. Analyst. G. Y. Davidson, July 6.-

1911. 
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DOOR COUNTY 

Door County, forming the main body of the peninsula between Green 
Bay and Lake Michigan, has an area of 454 square miles and a popula
tion of 18,711. About 84.2 per cent of the county is in farms of which 
:53.4 per cent is under cultivation. 

SURFACE FEATURES 

Door County, with the exception of its southern boundary adjacent 
to Kewaunee county, is bounded on all sides by the waters of Green 
Bay and Lake Michigan. It is a broad upland ridge reaching up to 200 
and 300 feet above lake level, and having a relatively gentle slope to 
the southeast, and a steep slope, often with precipitous cliffs, on the 
west adjacent to Green Bay. 

Fig. 32.-Geologic section. east-west. along the boundary of Door and Kewaunee 
counties. 

In the narow northern part Of the county the surface is rough and 
rugged, while the broader southern part is more level and rolling. 
Elevations in the northern part rarely exceed 200 feet and in the south
~rn part rarely exceed 300 feet above the level of the lake. The drainage 
is very largely by streams flowing southeast to Lake Michigan. 

GEOLOGICAL FORMATIONS 

Wit4 the exception of a narrow belt. of Cincinnati shale in the south
western part of the county, adjacent to Green Bay, the rock formation 
at the sunace is wholly the Niagara limestone. Outcrops of the lime
stone are very common in the northern part, but south of Sturgeon 
Bay over the more level portion the drift covering is more abundant. 
Besides the surface deposits of glacial drift, there are thick deposits of 
beach gravels and lacustrine clays adjacent to Lake Michigan. The 
geological structure is illustrated in figure 32, a cross section east and 
west along the boundary of Door and Kewaunee counties. 
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The thickness of the surfaee deposits is ,"ariable but apparently not 
as great anywhere in the county 88 in the counties farther south. Over 
much of the peninsula, no surface deposits overlie the rock, and the 
maximum thickness of drift is probably not more than 150 oj' 200 feet. 

The thickness of the Niagara limestone, howeyer, is probably .88 

great as in the co.unties further south. No records of wells are avail
able which have penetrated through this formation in the eastern part 
Df the county where the greatest thickness is likely to be attained. On 
the upland areas, however, many wells have been drilled to a depth of 
200 feet into this formation. At Algoma, (see p. 403), a short distance 
south of Door County, a thickness of 485 feet of Niagara was penetrated 
in the new city well. The maximum thickness in Door County is very 
probably"between 450 and 550 feet. . 

The Cincinnati shale outcrops only in the southwestern part of the 
county adjacent to Green Bay. The exposed thickness under the Ni
agara, ranges from about 15 feet at its most northern point of outcrop, 
south of Little Sturgeon Bay, to 50 or 60 feet at the southern border 
of the county. In this locality the formation is a hard compact fine 
grained calcareous shale showing abundant mud cracks. 

East of Green Bay on Door Peninsula, three-fourths of a mile from 
the shore and 18 miles southwest of Sturgeon Bay, a well was drilled 
by the Calumet Land and Oil Company of Calumet, Michigan, of 
which the following record was obtained: 

Record of well of Calumet Land d'; Oil Co. Sec. 24 •. T. 27 N. R. 23 E. 

___________ F_ormatton. I Thickness. 

Gla.clal Feet. 
Sand and gra vel. . . .. . . .. . . .. . . .. . . . . . . .. . . .. . ... . . ... . ... . .. . . .... .. . . .. . . .. . . .. . . . 6 

CincinnatI 
Soft greenish blue shale............................................................ 540 

Galima-Plattev1lle (Trenton) . 
Limestone and soapstone........................................................... i20 
Sandy limestone (water bearing).. .... .... .... ...•.•.•.••..••...•... .... .... .....• 90 
!'Ilatey limestone................... ......................................... ..•...... 30 

St. Peter 
Sandstone (water bearing) ....... ,.............. ........ .... ........ .... .... ......... 175 

Total depth.................................................................... 961 

The thickness of the Cincinnati shale formation in Door COUhty, and 
for some distance farther south in Kewaunee and Brown counties, as 
illustrated in the deep well of Joe V.andermessen, near Dyckeville, is 
of special interest, as stated on page 405. 

Another well was drilled near by when prospecting for coal, the ma
terial penetrated as reported by Mr. Burns being 88 follows: 
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Section of well in Suo e4, T. 27 N. R. 23 E. 

Formation. Thickness. 

Pleistocene Feet. SOU................................................................................... 5 
Cineinnati . 

Shale. ~................................. .... ..... ...................................... 516 
Galena.-Platteville (Trenton) 

Limestone. . . .. . . .. . . .. . . .. . . .. . . .. . . .. . . .. .. . . .... . .. . ..... .... . .. . . .. . . .. . . .. . .... . . 200 
St. Peter 

Sandstone.. ............ .... .... ................. ....................... .............. 80 
Remainder . 

(Beds of limestone. sandstone, soapstone, slaty shale, clay, ending In a clay 
bed)................................................................................ 239 

Total depth.. ................ .................................. ............. 1,040 

The approximate thickness of the geological formation from the sur
face down to the Pre-Cambrian in Door County may be summarized 
as follows: 

Approximltte thickness of formations in Door Oounty. 

Formation. Thiclmess. 

Feet. 
Aurface formation.. . ... ...... .... .... .................... ................ .... ........ .. 0 to 200 
Niagara limestone ............................................................. ,........ 0 to 550 
Cincinnati sbale....................... ................................................... 500 to 550 
Galena-Platteville (Trenton) limestone............................................... 200 to 250 
St. Peter and Lower Magnesian........................................................ 200 to 250 
Upper Cambrian (Potsdam) sandstone................................................ 300 to 500 
Pre-Cambrian granite ................................................................................ . 

PRINCIPAL WATER-BEARING FORMATIONS 

The principal sources of the water supply are the surface depositsc 

~nd the Niagara limestone. Water can generally be obtained from the 
gravel seams in the drift and lacustrine deposits where the surface for
mation attains a thickness of 30 or 40 feet or more. 

The Niagara limestone furnishes a good supply of water at depths, 
. of a few feet up to 200 feet. On the limestone ridges most of the wells 
are from 100 to 200 feet in rock. 

The Cincinnati shale is ~mpermeable to water and hence no appreci. 
able supply is obtained from this formation. In the small area of out
crop of this formation abundant water is found in the surface gravels; 
overlying the shale. 
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WELLS IN THE Rl.."R.\L DISTRICTS 

The depth of the wells in Door county is quite variable. In the town 
of Forestville the wells are 60 to 80 feet in rock; in Jacksonport 50 to 
200 feet in rock; in Sawyer 20 to 80 feet in rock; in Sister Bay 50 to 200' 
feet in rock; and in Vignes 10 to 200 feet in drift and rock. 

WATER SUPPLIES FOR CITIES AND VILLAGES 

Sturgeon Bay.-The city of Sturgeon Bay, located on Sturgeon Bay, 
an inlet of Green Bay, has a population of 4,262. '1'he city has a sys
tem of waterworks, recently installed, the water supply being obtained 
from the bay, through one intake, laid at a depth of 8 feet, and from 
five wells, each 250 feet deep. No records of the wells are at hand, but 
they probably reached to the approximate base of the Niagara lime
stone formation. The average daily pumpage is 150,000 gallons, there 
being about 80 service connections. There are a number of shallow 
flowing wells in the city, ranging from 25 to 30 feet deep in the gravel 
and the Niagara limestone. These wells are located on ground 5 to 10 
feet above the level of the bay and flow as high as 10 feet above ground. 

QUALITY OF THE WATER 

No analyses of the water supplies of Door County are at hand. The 
water of Lake Michigan containing about 140 parts per million of min
eral matter, is shown in the table, page 221. The water of Green Bay is 
likely to be only slightly higher in mineral matter than that of Lake 
Michigan. The groundwater derived from the surface formation and' 
Niagara limestone are likely to be hard waters ,while that derived from 

- the formations underlying the Cincinnati shale may be very hard wa
ter, high in mineral, like that from the Stephenson well at Marinette,. 
or. it may be hard water of only moderate mineral content, like that 
from the new city well at Algoma. 
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DOUGLAS COUNTY 

Douglas County, located in the northwestern corner of the state, on 
Lake Superior, has an area of 1,319 square miles, and a population in 
1910 of 47,422. Only about 10.8 per cent of this county is laid out in
to farms, of which 21.5 per cent is under cultivation. The principal 
portion of the population is in Superior, a rapidly growing city of 
40,284. 

SURFACE FEATURES 

The principal topographic featu~e is the ridge extending east and 
west across the middle part of the county, separating the drainage 
flowing to Lake Superior on the north from that flowing to the Missis
sippi River on the south. The elevations vary from 602 feet above sea 
level on the shore of Lake Superior to 1,200 to 1,500 feet on the divide, 
about 20 miles to the south. The surface is very gently sloping in the 
vicinity of Superior, but farther south, and to the east, the land rises 
more abruptly to the summit of the divide. The slope north of the di
vide, towards the lake, is relatively steep, while that south of the di
vide, to the south, is relatively gentle.~ 

GEOLOGICAL FORMATIONS 

The geological formations are the Keweenawan trap, the Lake Sup
erior red sandstone, and the surface deposits of lacustrine and glacial 
clays and gravel. The most common formation is the Keweenawan 
trap. The Lake Superior red sandstone forms a belt of variable width 
near the lake. 

The surface deposits on the slope towards Lake Superior, especially 
fringing the lake, consist of alternating beds of clay, sand and gravel, 
which· dip toward the lake. In the southern part of the county irregu
lar deposits of glacial boulders, sand, and gravel predominate at the 
surface. 

The accompanying section (figure 33) illustrates the geological for
mations along a north-south line through Douglas County. 

The thickness of the geological formations is quite variable through
out the county. The granite and Keweenawan trap, which un
derlie the Lake Superior sandstone and the surface deposits, as 
elsewhere are of great depth, as they are el"Upted from deep seated 



DESORIPTlOS OF LOC.J.L ll".J.TER SUPPLIES. 315 

-sources. The thickness of the sandstone at Superior is probably be, 
tween 5,000 an~ 10,000 feet, thinning out rapidly towards the trap 
range. 

The glacial deposits over the trap range, and in the southern part 
of the county, probably vary in depth from 0 to 200 feet. Along the 
shore of the lake, over the Lake Superior sandstone, the surface de-

Fig. 33.-Geologic section, north-south, across Douglas county. 

posits of stratified clays and gravels in places attain a very great 
thickness. The maximum thicknes of the surface deposits is attained 
in the old buried valley under the St. Louis river where it is known to 
have a thickness of nearly 600 feet. The county may be summarized as 
follows: 

Probable ronge in thickness of formations in Douglas County. 

Formation. Thickness. 

Feet. 
Surface formatiou ........... .......... .... ........ ............. . .... .... .... .... ....... 0 t.o 600 
Lake Superior sandstone.. ........ ..... .......... ...... ........ ....... ................ 0 to 10,000 
Keweenawan trap..... ...... .... ............. .......... .. ......................................... .. 

PRINCIPAL WATER-BEARING HORIZONS 

. The princIpal water-bearing horizons are the surface formations, of 
glacial drift, and the stratified sands and gravels. Small amounts of 
water may be obtained from the fractured portions of the trap rocks. 
The Lake Superior red sandst6he contains a variable amount of water, 
which at Superior appears to be highly mineralized alid of salty char
acter, and hence, is generally unfit for use, either for industrial or 
drinking purposes. 

FLOWING WELU; 

Flowing wells occur along the shore of the lake, and for some dis
tance to the south on the Superior slope. The source of these flows ap-
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pears to be wholly within the surface ,deposits. The alternating beds 
of sand, clay and gravel fringe the shore of Lake Sup.erior and dip to
ward the lake, developing a typical artesian slope. The gathering 
ground for the water lies south of the lake, on the ,north slope of the 
dividing trap ridge, some 15 to 20 miles south of the lake. 

At Superior and south of the lake shore, where the artesian slope is 
developed, much of the water supply is drawn from relatively shallow 
wells in the superficial deposits of gravel and sand, or from the imme
diately underlying sandstone and the Keweenawan trap formations. At 
Itasca, flowing water is obtained at 30 feet, and at Plum Grove, at 40 
feet. South of Superior there are flowing wells in sections 22, 27 and 
28 of T. 47, R. 14. The wells of H. D. Coyne, John Anderson and Olaf 
Olson, are in sand and gravel after passing through clay and hard pan, 
and are 40 to 53 feet deep. There are also some strong chalybeate 
springs in this locality. An artesian well is also located at Frank Des
mond's, 60 feet in gravel, in section 24, T. 47, R. 13. 

W A'TER SUPPLIES 01<' SUPERIOR 

Private wells in and about the city vary in depth from 100 to 500 
feet, most of them getting their supply from the gravel beds. Most 
of the wells along the docks on Lake Superior, and dn St. Louis Bay, 
are, or have been flowing wells, the water rising from 10 to 20 feet 
above the level of the lake. Similar wells are scattered over various 
parts of the city, but most of them are not flowing, since the ground lies 
too high, being for the most part 30 to 60 feet above lake level. 

The irregular thickness and variable depth of the water-bearing 
gravel in Superior is shown by the following experiences. On the 
same property two wells were put down, the first 011e to a depth of 
181 feet without striking either water or gravel, and after getting 
salty, red water at 700 feet in the red sandstone the well was abandon
ed. A new well, started 275 feet from the former, struck the gravel 
bed carrying an abundant supply of pure, cold water at a depth of 
196 feet. On the next block a similar well of abundant good water 
was obtained after penetrating 110 feet of clay and 45 feet of sandy 
gravel. 

In general there is porous sandstone underlying the drift in the 
,eastern part of the city, and impervious shale beds under the drift in 
the western part; hence, if water is not struck in the overlying drift 
in the western part, conditions are unfavorable for getting a supply
from the shale beneath. 
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The log of the Great NortheMl Elevator Company' well, on St. Louis 
Bay, is as follows: 

Log of Great Nortl.ern. Ekrattn" Co. 1vell. 

Formation. Thickness. 

Feet. 
Clay ................. '" ............................................. '" ..... .... .... ..... H5 
Drift. sand and gravel.... .............................................................. 325 
Sand with hard pan streaks............................................................ 111 
Gravel and wattr-bearing sand...... .................................................. 4 

Total depth.. . ... . ... . ... ......•. . ... . ... . ... ................ ........ .... .... .... . 525 

At the Hotel Supreior, about a mile from the lake shore, Mr. J. A. 
Colwell drilled five wells without getting a good supply of water; in 
most of these wells the drift or gravel material was over 225 feet in 
depth, but was nearly dry. No doubt this material was of the same 
nature as the drift above the gravel seam furnishing the water at the 
Great Northern Elevator Company's well. One of the wells at the 
hotel was put down to a depth of 420 feet. Here the sandstone, or 
rather, shale of the Superior sandstone formation, was encountered, at 
245 feet. Into this shale the well was drilled 175 feet, obtaining but 
little water, which gave a saline taste. 

The city water supply of Superior has had a varied history. (For de
tails see W. G. Kirchoffer, Bulletin 106, Univ. of Wisconsin, p. 188-9.) 
'The city supply is obtained from 107 wells, from 40 to 45 feet deep, 
spaced 12 to 15 feet apart, with 4, 6 and 8 inch diameters, with the 
lower 20 feet of Cook points in sand and gra\"Cl. The wells are located on 
:}linnesota Point, a sand spit extending across the mouth of Superior 
Bay. These wells furnish an abundant quantity of water, and would 
have been a very simple solution of the water supply problem of Sup

-erior had it not been for the fact that the water contains iron in solu
tion. which, on standing, deposited iron oxide, besides supporting a 
growth of Crenothrix in the suction and city mains. To remedy this 
the company has constructed a sand filter with suitable aerator to re
move the iron. The capacity of the aerating and filtering plant is 
five million gallons per day, and the daily consumption varies from 
1,500,000 to 2,500,000 gallons. 'r'he sewaJe is discharged without puri-
11cation into Superior Bay. About 30 or.w per cent of the houses 
have water and sewer connections. 

Gordon and Solon Springs.-At Gordon there are dug and driven 
wells 10 to 80 feet deep, in gravel and sand. At Solon Springs, the 
wells arc generally from 20 to 40 feet deep in the drift. At this place 
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is a well known mineral spring, from which a large amount of spring 
,vater was sold a few years ago. 

QUALITY OF THE WATER 

No analyses of water from the wells .of Douglas County are avail
able. In the table the analyses of the city water supply of Superior 
from Lake Superior and the water of Lake Superior at Sault Ste. 
Marie, Michigan, is quoted. The water of Lake Superior is soft wa
ter and essentially uniforn:t in low content of mineralization through
out. However, wherever the sewage of cities and refuse from mills, 
is emptied into the lake it becoI?es polluted and unsafe for drinking 
purposes. 

The water supply obtained from wells in the surface deposits and 
crystalline rocks is undoubtedly of good. quality and is very likely re
latively soft water throughout. On the other hand, the water obtained 
from the Lake Superior rcd sandstone, is very liKely to be highly min
eralized, of salty character, and therefore unfit for industrial and 
drinking purposes. No mineral analyses of salty water from the sand
stone in Superior are available but waters with strong saline taste 
have been reported from various wells in the' city. The occurrence of 
saline water in the sandstone, however, may be of only local distribu
tion and not of general occurrence throughout tv.is formation. In 
some of the shallow wells in Ashland fresh water of excellent quality 
is obtained from the sandstone. (See Analyses 6,7, and 8, page 333). 

Mineral analyses of water in Douglas Oounty. 
(Analyses in parts per mUHon.) 

Lake Superior. 

1. 2. 

Silica(Si02)....................... ....................... 5.9 7.4 
Aluminum and iron oxides (A120a + Fe20a) .... .... .... 2.2 ...... "" ... . 
Iron (Fe) .............................. "'" .... ........ .... ............. .06 
Calcium (Ca) ..................... ;.... ............... .... 12.4. 13. 
Magnesium (l\lg).................. ........................ 3.6 3.1 
Sodium and potassium (Na+K)........................ 7.4 3.2 

Creek. 

3. 

19.5 
5.9 

.... ··9:3 .. ··· 
7.9 
1.0 

33.5 Carbonate radidclle1(C(OH8C) ·0 .. ) .... ···; ... ....... .............. 31.4 .. · .. "6 ....... .. 
Bicarbonatera c e 3...... ....................... .............. u ............ .. 

Sulphatel'adlcle (SO.>. ... · .................... ;........... .............. 2.1 
Chlorine (CI)............................................... 6.9 1.1 
Nitrate radicle (COa)......... ........... .................. .............. .5 ............. . 

~~~~~ge!a~t!~:~~:::::::::::::::::::::::::::::::·::::::::: I?~~:~'·.'::::: . ~~:~~:::: =. 33:5' = 
Total dissolved solids................. ..... ........ ...70. 60. 78. 

1. City Water Supply of West Superior-Lake Superior. Analyst, DearborIl' Drug 
& Chemical Co., 'May 8, 1899, . . . i . . • 

2. Water from Lake Superior at Sault Ste. Marie, Mich., mean of 11 analyses, D. S. 
Geol. Sur. W. S. P. No. 236, p.101,1906-7. 

3. Water from Bluff Creek at Itasca. Analyst, G. M. Davidson; C.&N. W. Ry. Co., 
July 25, 1901. 
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DCNN COUNTY 

Dunn County, located in the northwestern part of the state, has an 
area. of 844 square mjles and a population of 25,260. About 83.5 per 
cent of this county is laid out in farms, of which 52.8 per cent is un
der cultivation. 

SURFACE FEATURES 

'The surface of Dunn County is generally hilly and uneven, its prin
cipal rock outcrop, the Upper Cambrian (Potsdam) sandstone, being 
deeply trenched by rivers and valleys. In the northern part, the val
leys are relatively narrow, while in the southern part, especially along 
the Chippewa river, the valley plain is broaa.Rusk Prairie, the for~ 

N'~""'#h""e . ....... /41C.'. 
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Fig. 34.-Geologlc section, east-west, across central Dunn county. 

mer course of the Red Cedar, is a broad valley bottom plain, lying 
east of the narrow valley, now occupied by the Red Cedar. The south
western part of the county is the eastern portion of the limestone up
land extending west across Pierce and St. Croix counties. The altI
tudes generally range between 800 and 1,000 feet in the valley bot
toms to 1,100 and 1,200 feet over the inter-valley areas. 

GEOLOGICAL FORMATIONS 

The geological formations in the county are the Upper Cambrian 
(Potsdam) sandstone and the Dower Magnesian limestone. The latter 
occurs only in the southwestern part. Glacial drift occurs in most 
parts of the county, but is present in only nry small quantity, with 
the exception of a few places on the limestone uplands. Alluvial sand 
and gravel forms a thick formation along the Chippewa and Red 
Cedar rivers, and their tributaries. The geological structure is illus
trated in the cross section, Fig. 34. 
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The surface formation, consisting mainly of the alluvial deposits, 
has a probable maximum thickness of 200 or 250 feet in the deepest 
parts of the valleys. The thickness of the hard rock formations is 

-quite variable on account of the extensive erosion of the strata. The 
complete section of the sandstone is preserved only where protected 
by the overlying lA>wer Magnesian limestone on the highest upland 
ridges. The approximate range in thickness of the geological forma
tions may be summarized as follows: 

App1'oximate range in tlticknes8 of formations in Dunn Oounty. 

I 
Formation. j Thickne~s. 

Feet. 
Surface formation...................................................................... 0 to 250 
Lower Magnesian limestone.... .... .... .... .... .... .... ...... .... .... ................ 0 to 150 
UpPPr Cambrian (Potsdam I ~andstone........................... ..................... 300 to 800 
The PrecCambl'ian granite ......................................................................... . 

PRINCIPAL WATER-BEARING HORIZONS 

The water-bearing strata are the sandst?ne and the alluvial forma- -
tions.. On the valley bottoms wells generally go down 10 to 20 feet for 
water. On the limestone uplands, especially in the southwestern part 
of the county, the wells are often 100 to 200 feet deep. 

FLOWING WELLS 

Flowing wells, so far as known, have been develop~d only at Meno
IDonie in drilling for the city water supply. Conditions, however ap
pear to be favorable for obtaining artesian flows on low ground along 
the narrow valley of the Red Cedar river, between Menomonie and 
Dunnville. It is barely possible also that flowing wells may be ob
tained up some of the tributary valleys of the Red Cedar, on the west 
side of the river. The artesian head in Dunn county is not likely to be 
more than 10 or 15 feet above the valley bottoms. 

SPRINGS 

Springs are quite common in ~he western part of the county at. the 
base of the Lower Magnesian limestone, and at the horizon of shale 
:strata within the sandstone formation. The springs are located on the 
lower slopes and in the bottoms of the valleys, and are often the start
ing point of the permanent streams. Many of the farm houses are 
located near springs, which furnish an excellent supply of water for 
domestic use. 
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WATER SUPPLID; FOR CITIES A.. .... n VILLAGES 

Menomonie.-This city, the county seat of Dunn, situated On the 
Red Cedar river, has a population of 5,036. It is located upon an 
alluvial terrace of sand and gravel overlying the Potsdam sandstone, 
the latter formation being exposed quite generally along the RedCe
dar river. The city water supply is obtained from two 12-inch wells, 
330 and 360 feet deep, (also reported 380 and 412 feet deep), reaching 
the granite. The elevation of the surface at the wells is 810 feet and 
the water, when the wells were first drilled, rose 10 feet above the sur
face. The wells are 500 feet apart, and directly connected with the 
pumps and to each other. An intake connects with the river, and is used 
only in case of emergency. The average daily pumpage is estimated 
at 268,000 gallons. There are 537 service connections. The water 
contains sufficient hydrogen sulphide to produce a strong odor on com
ing in contact with the air and leaves a yellowish brown stain wherever 
evaporation takes place. The sewage, without purification, empties 
into the river. 

Knapp.-At Knapp a deep well was drilled for oil several years ago. 
The depth of this well is reported to be 635 feet, striking granite at 
630. Only about 20 feet of surface sand and gravel was passed 
through before striking the shale and sandstone. The elevation of 
the surface at the well is about 970, about 40 feet above the rajlroad 
station. The water rises in the well to 40 feet below the surface. 
The wells in Knapp are generally from 20 to 50 feet deep, depending 
upon the elevation above the creek. 

Meridean.-At lVIeridean on the Chippewa river is a deep well reach
ing the granite. The log of this well is as follows: 

Log of well at Meridear •. 

Strata. Thickness. 

Feet. 
Sand.............. ........................................................................ 140 
Gravel.................................................................................... 25 
Sandstone.. ............ .... .... ..... ... .... .... .... ............................ .... .... .. 187 
Decomposed granite..................................................................... 60 

Total. ......................................................................... 1-412-
The surface of the well is at the same elevation approximately as the 

railroad station, 746 feet. Granite was struck at 362 feet, or 42 feet 
higher than the granite at Durand. The sliaIe beds penetrated by 
wells in Durand have obvi~usly been eroded away at the Meridean 

21-W. S. 
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well, their horizon being occupied in the valley by alluvial sand and 
graveL 

Colfax.---:Colfax, having a population of 701, is located on the Red 
Cedar river. The formation is alluvial sand and gravel, essentially a 
level plain. The city has ;tlnderconsideration the installation of a wa" 
ter supply and sewerage system. A good supply of water could un
doubtedly be obtained by a proper system of wells sunk to a depth ot 
100 to 150 feet in the alluvial sand and graveL The private wells in 
the city are usually from 20 to 40 f~et deep . 

. QUALITY OF THE WATER 

The chemical composition of the water supplies from various places 
in Dunn County is shown in the table of mineral analyses. The water 
is usually soft in the alluvial deposits within the general area of th~ 
sandstone outcrop. The water in the sandstone is hard within the area 
of the limestoIl'e at Weston and also in the deep city wells in Men
omonie. The spring water at Meridean, where source of supply is in 
the sandstone, is very soft water. 

The water of the Red Cedar river at Menomonie, Analysis No.1, 
contains 0.89 pounds of incrusting solids in 1,000 gallons, while that 
cf the railroad well at Weston, Analysis No.7, contains 2.14 pounds in 
1,000 gallons. 

Mineral analyses of water in Dunn Oounty. 

(Analyses in parts per million.) 

River. I Springs. 
Upper Cam

Surface deposits . brian (Pots-
(alluvial). dam) sand-

stone-, 
---,---;---1---------1----;---

1. 2. 3. 4. 5. 

i 
14 

Silica (8i02) .................... .. 

6. 

48 

7. 

140 
11.9 

8. 

400 
Undet. 

Depth of well ............... feet. ... ·S".g"r· I'" "1",4" .. "2".4" 18 
Aluminium and iron oxides 5.9 5.6 3.7 

(A1203+Fe203) ................. 1.7' 2.2 Undet. 
Calcium (Ca)..................... 21.7 I 5.7 19.5 18.9 35.9 14.1 53.6 43.5 
Magnesium (Mg)... .... .......... 114'.07' I' 6',77 66 .. 92 5.6 6.4 3.1 30.0 21.1 
Sodium and potassium (Na.+K) 5.5 5.6 7.8 .9 15.7 
Carbonate radicle (C03)......... 64.1 I 18.2 51.& 22.3 74.7 22.7 146.9 116. 
Rulphate radicle (804) ........... 3.5 ,........ 2.1 42.4 4.0 2.4.5 12.1 11.9 
Chlorine (01) ..................... _~J __ ~I __ ~~ _~ ~~ _1.3 ~~ __ ~ 

Total (lissolveds~~~~ ......... 1120. i 34, 90. 102. 132. 77.6 259. I 224 . 

. 1. Red Cedar river at. Menomonie. Chemist, G. M. Davidson, Sept. 26, 1912. 
2. Meridean Spring at Meridean. Chemist, C. M. & St. P. Ry. Co., Nov. 22, 1891. 
3. Downsville Spring at Downsville. Chemist, C. M. & St. P.Ry. Co., Nov. 30, 1891. 
4. Railroad well at Meridean. Analyst, Chemist, C. 1\1. & St. P. Ry. Co., Nov. 22. 

1891. ' 
5. Railroad well at Caryville. Analyst, Chemist, C. M. & St. P. Ry. Co., Sept. 2. 

1892. . 
6. Railroad well at Red Cedar. Analyst, Chemist, C. 1\1. & St. P. Ry. Co., Sept. 3. 

1892. 
7. Railroad well at Weston. Analyst, G. M. Davidson, C. & N. W. Ry. Co. 
8. City well, Menomonie. Analyst, Chemist, C. M. & St. P. Ry. Co., Dec. 5, 1903. 
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EAG CLAmx COUNTY 

Eau Claire County, located in the northwestern part of the state, has 
an a~ of 620 square miles and a popqlation of 32,721. About 73.1 
per cent ·of the county is in farms of which 62.2 per cent is under cul
tivation. About one-third of the county, northeastern part, is sparsely 
settled. 

SURFACE FEATURES 

The surface of Eau Claire County is quite uneven and hilly over 
most parts of the county, being typical erosion topography developed 
I 

in thte sandstone formation. A quite level valley bottom tract lies north-
east of Augusta along the Eau Claire river. Altitudes generally range 

Fig. 35.-Geologic section. east-west. across northern Ean Claire county. 

from 800 to 900 feet along the valley bottoms of the Chippewa and 
Eau Claire rivers to 1,100 and 1,200 feet upon the summits of the 
sandstone divides. The soils along the Chippewa and Eau Claire riv
ers are sands and sandy loams. On the uplands sandy loams and silt 
loams prevail. 

GEOLOGICAL 'FORMATIONS 

The outcropping rock formations are the Pre-Cambrian granite rocks 
along the rivers and streams in the northeastern part, and the Upper 
Cambrian (Potsdam) sandstone over the remaining portion. Alluvial 
sand and gravel is a widespread formation, along the Chippewa and 
Eau Claire rivers, and principal tributaries. Glacial drift, in thin de
posits, of one of the early drift sheets, is distributed over the e~tire 
county with the exception of the southwest corner, which is driftless. 
Deposits of loess are common over the uplands in the southwestern part. 
The geological structure of the county is illustrated in the cross section~ 
fig. 35. 
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The thickness of the surface formations, consisting mainly of the al
luvial filling in the valley, is variable, but probably reaches a maximum 
of 200 to 250 feet in the deepest parts of the filled valleys. The al
luvial formation at Altoona is at least 168 feet thick. The thickness 
of the rock formations is also variable on account of the extensive 
erosion of the strata. Some of the highest divides in the southwestern 
part of the county are capped with thin beds of limestone, which· may 
belong to the Lower Magnesian formation. I t is only in these highest 
upland ridges that the complete section of the Upper Cambrian sand
stone is preserved. The approximate range in thickness of the geo

logical formations may be summarized as follows: 

Approximate range in thickness of formations zn Eau Claire Oounty. 

Formation. Thickness. 

Feet. 
Surface formation.... ... .... .......................... ............................. ..... 0 to 250 
Upper Cambrian (Potsdam) sandstone ............................. , .................. 0 to 800 
The Pre-Cambrian granite .......................................................................... . 

PRINCIPAL WATER-BEARING HORIZONS 

Tfhe chief water-bearing strata are the sandstone in the uplands 
and the alluvial sands and gravels in the valley bottoms. Both these 
fo:r:mations are quite porous and furnish abundant supplies. In gen
·eral a common water level prevails, approximately on a level with the 
floWing streams of the immediate locality, to which the farm wells must 
be drilled in order to secure an abundant supply. Occasionally shale 
beds within the Potsdam sandstone and lying above the general wa- / 
ter level develop an impervious basement for the accumulation of suffi
dent ground water to supply shallow open dug wells. The wells in the 
valley bottoms are usually from 50 to 100 feet deep, while those on 
the sandstone uplands are often from 100 to over 200 feet to water. 

SPRINGS 

Springs are located along the stream valleys where there are out
cropping beds of sandstone. Several large springs of this type occur 

along the Chippewa river below Eau Claire. 



DESCRIPTION OF LOCAL WATER SUPPLIES. 325 

WATER SUPPLlll; FOB CITIES .L~D VILLAGES 

Eau Claire.-Eau Claire, situated at the junction of the Eau Claire 
and Chippewa rivers, has a population of 18,310. The city is located on 
terraces of river gravel and sand, with the underlying Upper Cambrian 
(Pot'sdam) sandstone exposed in many places along the river and on the 
hills back of the city. The city water supply is from a system of 100 
wells, 40 feet deep, six inches in diameter, located about 2 miles above 
the city near the Chippewa river. The supply is furnished by the Eau 
Claire Water Co./ and the source of supply has been changed several 
times. It was originally taken from springs, but on account of the in
sufficient quantity was changed to the Chippewa river, being filtered 
and treated with chemicals for purification. The river water being un
satisfactory, the source was changed back to the springs supplemented 
by ground water supply from 100 wells in the gravel. The water has 
a low mineral content and a small amount of organic matter, except in 
summer, on account of the presence of algae. The average daily pump
age is about 2,000,000 gallons. There are 2,922 service connections, 
about 80 per cent of the population being supplied. The city sewage, 
without purification, empties into the Chippewa river. Cess pools are 
allowed. Private wells are from, 20 to 140 feet deep, depending upon 
elevation above the river. Granite lies at a depth of 82 feet (also re
ported 108 feet) at the Brewing Company well, the elevation of the sur
face of the well being about 790 feet above sea level. 

The city water supply of Eau Claire is said to be not wholly satis
factory, though geological conditions here are yery' favorable for secur
ing an abundant supply of good water, low in mineral content. 

Augusta.-This city, situated on Bridge Creek, has a population of 
1,405. The city water supply is obtained from two wells 20 fee\t deep, in 
sand and gravel. Private wells are from 10 to 20 feet deep usually. 
No sewage system is installed. About 35 per cent of the houses are con
nected with the water supply system. 

Fairchild.-This village has a population of 678. The water supply 
if from relatively shallow wells 20 to 40 feet deep, in sand and the 
sandstone formation. 

Altoona.-Altoona, a village of 821, has no public water supply. The 
village is located on a sandy alluvial terraee. and the private wells are 
generally from 20 to 60 feet deep, in sand, grawl, and sandstone. The 
well of Aug. Rahn is a 4-inch driven well, 168 feet deep, through 80 
feet of sand, then clay, and then through grayel and sand. 

1 Changed in 1911 to a municipal system. 
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QUALITY OF THE WATER 

only five analyses of the' water supplies of Bau Claire County are 
:available. The water of the Bau Claire spring at Eau Claire, the source 
,of supply being the sandstone, is very soft water. The Chippewa riv
'er water near Bau Claire is soft water. The city water supply at 
,Augusta, obtained from the surface/ sand, is a hard water of moderate 
mineral content. The other waters analyzed are soft waters. The wa
ter throughout the county is very probably either low or moderate in 
mineral content. The water supply at Augusta is relatively high in 
chlorine and may possibly be contaminated. 

The s~ries of mineral analyses of water of the Chippewa river, sam
ples taken at the Shawtown bridge, extending throughout an entire 
year, 1906-7, is given on page 213. The series of analyses illustrates the 
variation in chemical character of the river water at various intervalS, 
the river water being more highly mineralized at low water stages than 
at high water stages. 

The water of the spring, analyses No.2, of the table, contains 0.67 
pounds of incrusting solids in 1,000 gallons, and that of the city water 
works in Augusta; No.4, contains 1.13 pounds in 1,000 gallons. 

Mineral anaZyses of water in Eau Olaire Oounty. 

(Analyses in parts per million.) 

River. Springs. Surface deposits. 

1. 2. s. 4. 5. 

DepthofweU ..................... feet ................ ~......... ............ 19 168 
Silica (8102) ................ ....... ... 12. 17.1 ...... ".... 9.7 24.6 
Aluminum and iron oxides (AhOa+ 

Fe20a)................. .... .... .... ... ............ .6 2.6 .... ........ .3 

~!S~i~~) (Cae::::: :::: ::: :::::::: ::;: 1~:2 ., .. i4:7"'" .... ili[" ... ·27:iJ···· .. " i2T" 
Magnesium (Mg) ......... "............ 4.7 5.3 3.7 2.3 4.6 
Sodium and pota.sium (Na+K) ...... , 8.1 7.8 8.1 12.6 8.3 
Carbonate radicle (COa) ..... , ............ "...... 23.6 33.5 45. 14.2 

:~~;~~~~a::.Ji~1~cl(~6If>~~~).::: :::: :::: tt ····2.~:O···· .... ··:5···· ""<iC ........ 2D:i;···· 
Chlorine (C1) ......... ." ........... ".... 1.1 7.7 1.3 19.4 9.2 
Nitrate radicle (""Os)................ .6 \ .......................................... " ... . 
Organic and ~usvended matter ........ _~ __ 17.5_\ ........................ _2_2.6_ 

Total dissol ved solids.............. 90. 101. 60. 167. 103. 

1. Chippewa River near Eau Claire, mean of 35 analyses, U. S. 'Geol. Sur. W. S. P. 
No. 236, p. 55, 1906-7. 

2. Spring in bank of Eau Claire River near . Altoona. Analyst, G. M. Davidson, 
Nov. 6, 1911. ' 

3. Eau Claire Spring at Eau Claire. Analyst, Chemist, C. M. & st. P. Ry. Co., Nov. 
27, 1891. 

, 4. Well of city water works, Augusta. Analyst, G. M. Davidson, May 24, 1900 . 
.5. Well of August Rahn, Altoona. Analyst, G. M. Davidson, Nov. 6, 1911. 
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Florence County, located in the northeastern part of the state, has 
an area of 498 square miles, and a population of 3,381. Only about 
9.2 per cent of the county is laid out in farms, of which 29.1 per cent 
is under cultivation. 

SURFACE FEATURES 

Florence County is a plain with minor undulations of drift hills and 
ridges of crystalline rock. The main drainage line is the Pine rIver, 
flowng east through the central porton. The Menominee river and the 
Bois Brule river are on the eaRtern and northern boundary. Important 
lakes are Long lake and Fay lake in the western part, and Spread Eagle 
in the eastern part. The elevation above sea level is generally between 
1,000 and 1,500 feet. The soils are mainly sandy loams in the eastern 
part and silt loams in the central and western part. 

GEOLOGICAL FORMATIONS 

, 

The geological formations consist of Pre-Cambrian crystalline rocks 
overlain by glacial drift . The crystalline formations contain iron ore 
deposits, which are being mined in the vicinity of Florence and Com
monwealth. The glacial drift is of variable thickness and very gen
erally covers the erystalline rock, except in the eastern. portion. See 
Fig. 23. 

PRINCIPAL WATER-BEARING HORIZONS 

The principal water-bearing horizon is the surface formation of 
drift, containing numerous beds of sand and gravel, in whi~h an abund
ant supply of good water can be obtained. The massive rock of the crys~ 
talline formation, such as the granite and greenstone, eontainonly a 
small amount of water, but the soft and schistose rocks, such as the iron 
ore formation and associated slates, usually contain an abundant wa
ter supply, as shown by the large volume of underground waters in the . . 
Iron mInes. 

WATER SUPPLIES FOR CITIES .\XD VILLAGES 

Florence.-Florencc, the county seat, has an estimated popUlation of 
1,500. It is located on the site of iron mines, near Fisher Lake, at an el-
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evation of 1,200 feet. The city water system obtains its supply from the 
lake through a lO-inch intake extending 200 feet from the shore. The 
supply is used for fire and domestic service but is not used for drink
ing. The average daily pumpage is 75,000 gallons. The drinking wa
ter is mainly from wells 12 to 28 feet deep in the sandy and gravelly 
drift, and caution should be observed in using such well supplies as 
they are likely to be contaminated. 

QUALITY OF THE WATER 

Only two analyses of the water of Florence County are available; 
that of the water of Long Lake and that of a deep mine water at Flor
ence. The water of Long Lake is hard water of low mineral content. 
The water in the surface formation, and most of the crystalline rocks, 
is likely to be soft or hard waters low in mineral content throughout 
the county. Water obtained from graphitic slates, associated with deep 
iron ore deposits, may, however, show a high content of mineral mat
ter, and may be even salty in places, as illustrated by the analysis of 
the mine water described below. 

Mineral analyses of water ,in Florence County. 

(Analyses in parts per miIlion.) 

Lake. Pre-Cambrian 
graphitic schist. 

----------
1. 2. 

Depth of well. .............................. _ ... _ .... _ ......... feet ..... _.,. _ ..... . 
8ilica (8i02) ................. _._ .......... _ .............. _ .... _..... 8.0 

2,075 

Aluminum and iron oxides (A1203+Fe20a) .............. _ .. _. .... .5 ................. . 
Calci~m (0110) ....... _ ............................. _ ....... _ ... , _. .... 18.1 1. 270. 
Magnesium (Mg) ..... _ ................... _ ... __ .. _ .. ___ ._ ....... _.. 8.8 987. 
80dium andvotassium (N&+K) ...... _ ... __ ... __ ...... _.... ........ 5.0 4,494. 
o arbon ate railicle (003) ....... · ...... __ ... _ ....... _ ........... _..... 48.9 14. 
Free carbonicacid ............. _ .......... _._ ..................... _ .......... _..... 416. 
8ulphate radicle (804) ........................ _ ........... _ ....... _. 2.1 43. 
Ohlorine (01) ...... _ .... _ ............................. _ ........... _.. 7.7 11,991. 
Organic matter ... _ ....... _ ........ _ ........... _ .......... _ .. _ ... _.. 20.2 ...... _ ... _._ .... . 
Organic and vol&tlle m&ttH .................. _ ........... __ . .... .... .... ...... .... 3,722. 

---------
'rotal dissolved solids ...... _ .......... _ ... _ .... _ ............... . 99. 18,799. 

1. Long Lake. Analyst, G. M. Davidson, C. & N. W. Ry. Co., Oct. 5, 1907. 
2. Water from diamond drill hole in Florence Iron j\Iine. Analyst, Bird Archer, 

Compound Co, 1910. 

SALT WATER IN FLORENOE MINE 

A chloride water very similar to that from a flowing well near Osee·· 
ola in Polk County was recently struck in drilling a deep hole in the 
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Florence Iron Aline. '1'he analysis of this water made by the chemist 
of the Bird Archer Compound Co. in 1910 stated as salt compounds 
in -grains per gallon, (see also the above county table) is as follows: 

AnalY8is of 8alt ~ollter from Drill Hole 95 9th Let'el, Florence Mine. 

In grains 
per gallon. 

Orl'l'anic and volatile matter........ ................. ................................. 299.12ti 
Sodium chloride.... ...... ............... .... .... .... ..... ...................... .... .... 666.159 
Calcium carbo" ate..... ... ....... ..................................................... 1. 238 
C&lcium sulphate .................. : .. ,. .... .... ...... .. ....... ........ ........ .... .... 3.572 
Calcium chloride.... .... .......... ............................................ ....... 200.998 
lIIagnesium chloride.... .... .... .... .... .... .... .... .... .... .... ... .... .... .... .... .... 225.780 
Free carbonic acid.: ................. " ................................................ , 24.324 

Total.. ............................................................................. , .\1.m.19-6 -

The description of the source of this chloride water furnished by Mr. 
O. W. Wheelwright is as follows: 

"This water is an artesian flow from a diamond drill hole drilled 
vertically from the 9th level of the Florence Mine to a depth of 1,494 
feet. The 9th level at this point is 581 feet below the surface making 
the bottom of the hole approximately 2,075 feet from the surface. It 
is not known that this water flowed from the hole before its completion. 
The work was completed on June 15, 1910, and the water is still flow
ing (Dec. 21, 1912) at the rate of probably 20 gallons perhour.1 The 
material crossed by the diamond drill hole was ore and iron formation 
to a depth of 150 teet and black graphitic slates and pyritic cherty car
bonates for the remainder of the distance. The hole still gives off con
siderable quantities of gas which I assume to be marsh gas. It comes up 
in such quantities that the water oozing over the top of the casing has 
the appearance of violently boiling water. The gas burns with a slight 
blue flame and has a tendency to explode when slightly mixed with air 
and ignited. 

"The water has a very distinctly saline taste. So far as I am aware 
there is nothing unusual about the ordinary mine water of the Flor
ence Mine. I have drunk water from horizontal drilled holes on the 
7th level without tasting anything unusual." 

Somewhat similar chloride waters containing much calcium chloride 
have been observed in deep wells and mines in other parts of the Lake 
Superior region. 2 

1 It is reported, Jan. 23, 1915, that the water has ceased to flow, but gas still 
issues from the pipe. 

2 See Data of Geol. Chemistry, U. S. Geol. Survey Bulletin 330, p. 144. 
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The high content of organic and volatile matter and free carbonic 
.acid in the Florence mine water appears to be unusual. These constitu
ents are very probably de:rived from solution of minerals in the graphi
tic and pyritic slates with which the waters come in contact while im
prisoned under high pressure. 

FOND DU LAC COUNTY 

Fond du Lac County, located at the south end of Lake Winnebago, 
in the eastern part of the state, has an area of 720 square miles, and a 
population of 51,610. About 95.8 pet cent of the county is in farms of 
which 72.5 per cent is under cultivation. 

SURFACE FEATURES 

The surface of Fond, du Lac County is u!'lually gently sloping 
throughout, the notable exception being the relatively steep escarp
ment of limestone east and southeast of Lake Winnebago. The land is 
also quite undulating in the vicinity of Ripon in the northwestern 
cprner of the county, and ridges of limestone are also abundant in the 
eastern part in the area of the Niagara limestone. A belt of hum
mocky drift hills trends north and south across the western part of the 
county. The central and northern part of the county. is drained by 
streams flowing northward into the south end of Lake Winnebago, and 
the eastern part by streams flowing eastward into Lake Michigan, the 
southern part by streams flowing south into th~ Rock river, and the 
western part by streams flowing west into the Fox river. 

The surface of Lake Winnebago is 746 feet above the sea, about 166 
feet above Lake Michigan. The general elevation of the upland divides 
is 1,000 to 1,150 feet with some of the highest ridges in the eastern part 
of the county rising to 1,150 and 1,200 feet. The limestone escarpment 
east of Fond du Lac rises abruptly 150 to 250 feet above the low land 
to the west, but the usual range in elevation of upland ridges and ad-
jacent valleys is between 100 and 150 feet. ' 

GEOLOGICAL FORMATIONS 

The geological formations are the same as those of Dodge county and 
range from the Lower Magnesian limestone in the northwest co~er of 
the county up through the St. Peter sandstone, the Galena-Platteville 
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(Trenton) limestone and the Cincinnati shale to the Niagara limestone, 
in the eastern part of the county. The county is usually covered with 

.a variable thickness of glacial drift. Red lacustrine clay and silt over
lying sand and gravel. beds occupy the depression about the south end 
-of Lake Winnebago. 

As shown on the geological map, Plate 1, the bed rock of most of the 
'central and western part of the county is the Galena-Platteville (Tren
ton) limestone. Along the east side of Lake Winnebago and continuing 
southwa:-rd are the prominent limestone bluffs, the Niagara escarpment, 
east of which the bed rock is the Niagara limestone formation. The geo
logical structure is illustrated in Fig. 36. 

Fig. 36.-Geologic section, east-west, across northern Fond du Lac county. 

The thickness of the surface formation of glacial drift, lacustrine 
:and alluvial deposits, is variable between wide limits on account of 
the very uneven surface upon which it is deposited. The greatest thick
'ness probably occurs in the pre-glacial valleys, where the filling may 
reach 300 to 350 feet. Upon the inter-stream area the usual thick

lless of the surface deposits is between 50 and 100 feet. The thickness 
'of the rock formations is also variable on account of the extensive ero
sion of the strata. The complete thickness of any formation is preserved 
only where protected by the next overlying formation. The approxi
mate- range in thickness of the geological formations may be summarized 
:as follows: 

Approximate rang" in thickness of formations ill Fond du Lac Oounty. 

Formation . rrhickness. 
.. _--'--'._--. - - --------

Feet. 
Surfa<:e formation ................ '...................................................... 0 to 300 
Niaga.ra limestone...................................................................... 0 Lo 400 
Cincinnati shale......................................................................... 0 to 250 
Galena-Platteville (Trenton) lime,'wne..... ....... ........ .... .... ........ .... ...... 0 to 250 
St. Peter and Lower Magnesian............................... .... ... ..... .... ......... 0 to 250 
Upper Camhrian (Potsdam) sandstone ................................................ 300 to 600 
The Pre-Cambrian granite ........................................................... "1" ............ . 
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PRINCIPAL WATER-BEARING HORIZONS 

All of the geological formations are drawn upon for water suppli~~ 
but the most important water-bearing horizons for the deep wells are- . 
the sandstone strata underlying the Galena-Platteville (Trenton) lime
stone formation. The sandstone strata comprise the St. Peter and Up
per Cambrian (Potsdam) formations, as well as some sandstone of the' 
Lower Mangesian. As illustrated at Fond du Lac and Waupun, there is; 
apparently much St. Peter sandstone and shale beds in the usu~l place 
of the Lower Magnesian limestone rock. 

The rock formation immediately underlying the surface deposits of 
glacial drift and stratified sand and clay is limestone throughout the 
county, except in deeply filled valleys along the Fox river, either the 
Lower Magnesian, the Trenton, or the Niagara, and these limestone
formations furnish an abundant supply in common shallow wells in the
rural districts within the area of their respective outcrops. In the val
leys the water level is near the surface, and even upon the gently slop
ing uplands it is usually less than 100 feet below the surface. Relatively 
impervious strata, at, or near the junction of the several geological for
mations tend to hold up the water level in the upland areas. The im
pervious Cincinnati shale formation, lying below the Niagara limestone, 
and above the Galena-Platteville (Trenton) limestone, in the eastern 
and southeastern part of the county, exerts an appreciable influence on 
the maintenance of the water level within the overlying Niagara forma
tion, as illustrated at the St. Lawrence College well at Mt. Calvary, 
the water level in which dropped from 90 feet to 110 below the surface, 
after passing through the shale into the underlying Trenton limestone 
and the St. Peter sandstone. 

SPRINGS 

Springs are common in Fond du Lac county on low' ground within 
the general outcrop area of the Cincinnati shale. These springs are es
pecially abundant along the base of the escarpment of Niagara lime~ 
stone east and southeast of Fond du Lac. The springs in Taycheedah 
are especially important. The shale or clay is an impervious stratum 
and above it lies a v;;trying thickness of fissured Niagara limestone,. 
through which the water descends till its progress is arrested by the 
shale from the surface of which it flows out wherever opportunity offers. 
The springs may issue either from the shale directly or from the over
iying surface deposits of drift on lower ground after flowing some rlis-



DESCRIPTION OF LOCA.L WATER SUPPLIES. 333 

tance underground along the surfaee of the shale under the drift. In 
some instances, also, the springs issue from the overlying Niagara. 

There are important springs also which issue from the horizon at the 
junction of the St. Peter sandstone and the overlying Trenton limestone 
in the western part of the county, as illustrated by the springs at Ripon, 
some of which furnish the city water supply. 

FLOWL. ... G WELLS 

'In number and variety of source, the flowing wells of Fond du Lac 
-county are of much importance and interest. The flows are obtained 
from both the surface deposits and the underlying rock strata. Around 
the south end of Lake Winnebago, the flows are obtained from sand and 
gravel beds under the red clays within the surface deposits, and from 
the limestone immediately underlying the surface deposits. The deeper 
wells obtain their flows from the various horizons of sandstone strata 
that underlie the Trenton limestone. 

In Fond du Lac and vicinity are a number of flowing wells, the source 
-of the flows being at various depths, from 50 to 512 feet. The strongest 
initial flow appears to have been that of George Maliall's, one and one
half miles south of the Court House, the well being 335 feet deep, cased 
100 feet, having sufficient pressure to raise the water 36 feet abovl( the 
surface. 

The head of the artesian wells in the sandstone in Fond du Lac is 
quite variable on account of the interference between the wells. The 
-original head of the water from the St. Pete.r and Upper Cambrian 
(Potsdam) sandstone was probably 25 to 50 feet above the level of 
Lake Winnebago, or up to an altitude of about 800 feet above Sea leveL 
The original head, however, has been greatly reduced since the earliest 
wells were put down. 

The head of the water in the surface deposits, in the gravel beds un
derlying the fine lacustrine silts and clays, is generally 10 or 15 feet 

.above the surface at the well mouth. The head in the surface deposits 
is sufficient to develop flowing wells at an elevation of 100 feet above the 
level of the lake. The artesian gradient in the surface deposits, how
-ever, closely conforms to the land surface, and slopes rapidly down to
wards the lake. 

At Fond du Lac the geological conditions are very like those at 
Oshkosh. The St. Peter sandstone seems to rest directly upon the Up
per Cambrian (Potsdam), as indicated by the fact that in places lime
stone of the Lower Magnesian horizon is missing. Flows are struck in 
the Galena-Platteville (Trenton) limestone, in the St. Peter and Lower 
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Magnesian sandstone, and in the Potsdam sandstone, the latter furnish~ 
ing the best supply. Several hundred flowing wells have been drilled in 
and about Fond du Lac. The Fond duLac Water Company has nine 
wells of various. diameters and varying in depth from 480 to 1,106 feet. 
Some of the shallower ones get most of their supply from the St. Peter 
sandstone, while the deeper ones draw on both the St. Peter and the 
Potsdam formations. Mr. W. H. Masson, Superintendent of the Wa
ter Company stated in 1905 that all of the city wells drilled up to that 
time were packed at a depth of about 275 feet,' near the base of the 
Trenton limestone, so as to shut out· all the water except that coming 
from the St. Peter and Potsdam sandstone, no Lower Magnesian lime
stone being present. The St. Peter head is not as high as that from the 
lower strata of the Potsdam, but the exact division between these two 
sandstones can not be definitely given. 

All the old wells reported by Chamberlain in the Geology of Wis
consin, Vol. II, 1873-1877, have been abandoned. Mr. Wild's fountain 
was pumped up to a few years ago when it gave out entirely, presum
ably due to the giving way of the casing. It is unfortunate that the old 
wells should be neglected for every leak due to rusted casing, or over
flow will help to destroy the favorable artesian conditions. If· these 
old wells could be permanently plugged before allowed to cave in much 
leakage would thus be obviated. The neglect of these wells if continued' 
wil1' in time destroy the usefulness of the artesian basin. In order to 
get the strongest flows, it is necessary to shut off the limestone by pack
ing or casing to avoid any leakage that may occur in this formation. It 
has been found by the Superintendent of the County Asylum that or
dinary iron pipes last ~bout 15 years. At the end of that period the 
pipes are so corroded that the water leaks out and will not rise to the 
surface. In many places it requires only half as many years to produce 
these conditions. In many cases complete renewal of casing will restore 
the full head. 

The common source of water supply of the town of Oakfield is the 
drift. The flowing wells are found principally in Sec. 9, 14, 15, 16 and 
17, where they occupy an extensive depression, stretching northeast- . 
ward to Fond du Lac. These wells average about 30 feet in depth, have 
small flows, low pressure, and draw their water from seams of sand and 
gravel between beds of clay. The older wells, drilled early in the six
ties, have, in some cases, ceased flowing because they are choked or filled 
with sand. Some of these flows have been recovered by pumping. Hun
dreds of flowing wells have been drilled within this basin. 

The logs of some of the flowing. wells are shown in the following 
sections: 
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Section of J. Kauffmann', reell. T. 14 N., R. 17 E., Set:. 18. 
r= 

Formation. I Thickness. 

. I Feet. , 

tE1EF?::":"::::::::::::::::::::::::::::::::::::::::::::: :::::::::::<::I--~-' . 
Section of O. Wherton', full. T. 14 N., R. 16 E., Sec. 12. 

Formation. Thickness. 

. Feet .. 
Clay a.nd sand ..................................................... ' ........ '" . . .. . . .. . . . 60 
Ral"! ...................................................................................... 10 
Rhale .............................................. ...................................... luO 
Limestone ................................................................................. 1 100 

Total .......................... ,: ................................................. !---270--

Section of S. O. Stanchfield' 8 !cell. 

Formation. Th1ckne,s. 

Feet. 
Redclay.................................................................................. 45 
Blue clay. with sandy layer............................................................ 5.5 

Total. .................................... : ............................... :......... 100 

x=====================================================.~ 

. Between Fond du Lac and Brothertown, along the shore of Lake Win
nebago, the wells' are much deeper than those south of Fond du Lac, 
many having penetrated three water-bearing gravel seams. As a rule
the deeper horizons have the strongest flows. 

North of Calumet, on the east side of the road, on rather high ground, 
a well showed the following strata: 

Section of flowing well in Bur face formati"n IUdr Calumet. 

Formation. 

Redclay .... : ............................................................................ . 
Fine gravel ............................................................................. .. 

~!~~s~l~~~vei:::.:·. :'.::: :::: :::: ::: ::::: :::: ::: ::::::::: ::: :::: :::::::::::: :::::::: :::::: 
Blueclay ................................................................................. ' 
Coarse gravel. . . .. . . .. . . .. . . .. . . .. . . .. . .... . . .. ...................................... . 
Blu.e clay ............................................................................ , .. .. 
Coarse IrraveI. ............... , ............ '.' ............................................... . 

Thickness. 

J!'eet. 
39 
14' 
5 
2 

. i; 
40 
10 

Total.. .............. ·.............................................................. 142 
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East of Calumet flows have been obtained two and one-half miles 
east of Lake Winnebago, at least 100 feet above lake level. That these 
wells draw their supply from the same gravel seams is indicated by the 
way the wells interfere with each other. Near Peebles Corners, a well 
was put down on low ground and immediately took the water from flow
ing wells on the higher elevations, and lowered the heads in many of 
the wells that did not flow. 

At Winnebago Park, east of the lake, a large number of flowing wells 
have been drilled near the lake and only 5 to 8 feet above the lake 
level. The water rises only 1 to 5 feet above the surface. . The drop in 
head toward the lake is very rapid, showing that the water finds escape 
into the lake, otherwise the head at or near lake level would be much 
higher" as indicated by the much higher heads on higher ground one
half mile to two miles farther east. The terminal escape of the water 
into the lake is also shown by the increase in head during high-water 
along the east shore of the lake and vice versa. The rapid drop in ar
tesian head down the slope is not confined to this locality, but has been 
generally observed at other places. 'l'he water, in places, may merely 
seep into the lake, and thereby only partially reduce the head. 

WATER SUPPLIES FOR CITIES AND VILLAGES 

Fond du Lac.-The population of Fond du Lac is 18,797. The city 
has a water supply and sewage system. The sewage system is supplied 
with septic tanks and contact beds, and the effiuent is emptied into the 
Fond du Lac river. The water supply is obtained from nine artesian 
wells 480 to 1,106 feet deep, connected with a large reservoir. One 
testl well was put down to a depth of 1,106 feet and penetrated granite 
either 46 or 54 feet. This did not yield enough more water in com
parison with the 750 foot wells to pay for the increased depth. The 
wells, now used, are four 10-inch wells, 724, 760 and two 784 feet deep, 
and four 6-inch wells, one 756 feet and two 600 feet and 480 feet deep. 
The ten inch wells were put in last; one is located at the pumping 
station, and two, 1,000 and 2,000 feet north of the station. The 6-inch 
wells are located on the station lot, and all interfere with one another, 
while the two to the north do not affect those a.t the station or one an~ 
other. The constant increase in the number of private wells put down, 
and the heavy draft upon these city wells are responsible for the gradual 
reduction in the yield of the underground supply at Fond du Lac. 

An electrically driven deep-well propeller pump has been installed 

, w. G. Kirchoffer, Bull. Univ. of Wis. No. 106, p. 215. 
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in one of the 10-inch wells having a capacity of 700 gallons per minute, 
which will lower the water to the bottom of the pump, 90 feet in 10 
hours. The water-works wells have taken the water from some of 
the private artesian wells and decreased their flows. The average daily 
pumpage is about 1,200,000 gallons. There are 3,256 service connections. 
The capacity of the impounding reservoir is 2,500,000 gallons. 

The log of the 1,106 foot city well at Fond du Ilac is as follows: 

Log of well oj the Fond du Die lI'ater Company. 

Formation. Thickness. 
, ---------_._------------------ ----

Feet. 
Pleistocene: 

Drift (red clay and sand) ................................•......................... 106 
Galena-Platteville (Trenton) : 

Limestone.. . ... ..... ...•... . ..•. .... . ... .... .... ....... ..... ............... .... . .... . 17;; 
St. Peter (and Lower Magnesium): 

White sandstone ............................. , ... , .................. ........... ..... . 200 
Upner Cambrian (Potsdam) : 

Dark red sandstone.................. . ... . ... . ... ...... .... ....... ..... .... ... . .... . 19 
Coarse sand.. . .... ... . .... ... .... . ... . ... .... .......... . ........... ............ . ... . . ~5 
]i'ine liand .•••••••••••••..•...•.•.•.•..•...•...•......•.•.•.••.•..••......•..• ¥ • • •• • • • 7f) 
White sand.............................. ............................................. 100 
Yellow sand......................................................................... 40 
Coal'se calcareous sand .•.•.•...•.. o ••• o ••• o ••• o ••• o ••• o.o •• _0 ••• 0 ••• 0 ••• 0 ••• 0 _ • '0... 30 
Various red s .. nd.................................................................. .. ~90 

Archean: 
Granite....................................... ........................................ 46 

Total depth........... ....................... ..... ................... .......... 1,106 

.The log of the well of Emil Thun, drilled by P. Roughen, 5 miles 
south of Fond du Lac, showing a considerable thickness of the Cincin
nati shale is as follows: 

Logs oj well oj Emil Thun, 5 miles South of Fond du Lac. 

Formation. 

Pleistocene: 
Soft red calcareous olay ........................................... .. 
Soft bluish calcareous clay ......................................... . 
Browr,ish blue calcareous clay ............. '" ..................... . 
Same as last ........................................................ .. 
Same as last ........................................................ .. 
['ame as last ........................................................ .. 
Brownish sand (and gravel). some hard water .................. .. 
Brownish' (blue) hard clay ........................................ .. 
Gray calcareous clay ............................................... .. 
Same ................................................................ .. 
Same. hard and. dry ................................................ .. 

Cincinnati Shale: 
Light brownish gray shale. slightly calcareous. Cased tbrotlC'b 

this bed ......................................................... . 
Dark brownish gray. gritty calcareous shale ...................... . 
Gray (brownish) shale ............................................. .. 
Same as last ........................................................ .. 
Same as above. sticky ............................................... . 
Same as above. soft and tough ...................................... . 

Galena, Platteville (Trenton limestone: 
Brownish limestone ................................................. .. 

Total depth .......................................... . 

22-W. S. 

Depth. Thickness. 

Feet. Feet. 

0- 12 
12- 30 
30- 50 
5()- 70 
70- 90 
90-101 

101-106 
106-125 
125-140 
1~0-156 
156-170 

liO-179 
liS-l00 
190-290 
:?OO-Z20 
no..wJ 
2W.25ii 

..·"i70 ...... 

I
··· .... ·· .. · .. .............. .............. .............. 
...... S5 ..... 

264 
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Ripon.-The population of Ripon is 3,739. The city has a water sup
ply system owned by the Ripon Light and Water Co. A city sewage 
system is installed. The average daily pump age of water is about 
300,000 gallons. There are 816 service connections. About 80 per 
cent of the houses have water connections, and 40 per cent have sewer 
connections. Filter beds are used in disposing of the sewage. Many 
private wells in the city are from 15 to 20 feet deep. 

The city water supplyl is obtained from three wells, varying in di
ameter from 20 to 30 feet each about 18 feet deep, and located about 
20 to 30 feet apart. These wells were installed in 1889, and the water 
of the wells is doubtless furnished by the water-bearing gravel of this 
section, which for the most part is nearly horizontal, and in places only 
10 or 12 feet below the surface of the ground. 

When the wells were first installed an analysis showed the water to 
contain 5.8 parts per million of chlorine. Later it was found that the 
chlorine content varied from 15 parts to 23 parts per million. This in
crease in chlorine was partly accounted for by the presence of a hide 
house about 450 feet from the wells, and above the strata furnishing 
the water supply. When the hide house was cleaned up the chlorine 
content fell to 12 parts per million. It is Prof. Gilman's opinion that 
the normal chlorine content of the water in this section is about 3 or 
4 parts per million. 

During the summer of 1911 a collecting basin was constructed about 
a mile east of the wells, and a pipe laid to conduct the water by gravity 
to the wells. This collecting basin acts as a reserve supply, and is 
about 4 feet deep and 3 feet wide, extending along for several yards in 
the gravel. Since this has been connected with the original supply the 
hardness of the city water has been diminished and the water improved 
in other ways. 

Waupun.-The popUlation of Waupun is 3,362. The city has a water 
supply and limited sewage system. The water supply is obtained from 
artesian wells. The average daily pumpage is 114,000 gallons. A sewage 
system is provided for on only one street, and this, without treatment, 
empties into the west branch of the Rock river. About 35 per cent of 
the houses are connected with the sewage system. About 20 per cent 
of the families have cess pools. 

1 Data furnished by Prof. C. F. Gilman. 
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The first city well, No.1, elevation of curb 905, A. T., was drilled in 
1892, 6 inches in diameter, 700 feet deep, cased 150 feet, failed to flow, 
water standing 20 feet below the surface. The second well. No.2, on 
lower ground, 883 feet A. T., 6 inches in diameter, 755 feet deep, cased 
140 feet, flowed at the surface. The third well, No.3, drilled in 1897, 
same level as No.2, 10 inches in diameter, 965 feet deep, cased 140 feet, 
also flowed at the surface. The two latter wells now flow 4 feet below 
the surface into a reservoir, from which the water is pumped for all 
city purposes. In well No. 2 is an air lift of 110 feet, which is used in 
case of shortage in water. While pum~ing No.2, the other well, No. 
3, is shut off to prevent water flowing into it, for lowering water in No. 
2 draws the water down in No.3, which is only 130 feet west. The city 
well No.4 was drilled in 1904. There are many private wells in the 
city from 20 to 40 feet deep. At the State Prison, the water supply is 
obtained from a deep. well drilled in 1902, 6 inches in diameter, 755· 
feet de~p. The logs of the deep city well No.3, and of the State Prison 
well, are as follows: 

Logs of welliJ at Waupun. 

Formation. 
I City well 

No.3. 
Thickness. 

------- ~---

State prison 
well 

Thickness. 

Pleistocene. Feet. Feet. 
Drift ....................................... " . . . . . . . . . . . . . .. . . .. . . .. . . . 13 55 

Galena-Platteville (Trenton). 
Limestone.. ......................... ..... ............................. 62 52 

St. Peter Lower Magnesian and Potsdam 
Sand rock.............................................................. 101 103 
White sandstone...................................................... 220 140 
White and pink sandstone...... ........ ............................. ............... 103 
Red sandstone........................................................ .............. 12 
White calcareous sandstone......................................... 189 95 
W.hlte sandstone ...................................................... 1 80 . 140 
Colored sandstone.. . .. . .... .. .. .... .... . .. .. .. . .... .... . .. .. .. . .... .. 300 55 

Total depth ..................................................... -- 965 - --7~ 

The city well No.4 drilled in 1904, samples of which are on file in 
the State University, and in which limestone in the Lower Magnesian 
horizon was penetrated, has the following log: 
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Log of Waupun city well No.4. 

Formation. 

Surface formation ...........•.......................................................... 
Galena-Platteville (Trenton) limestone .............................................. . 
St. Peter sandstone .•................................................................... 
Lower Magnesian limestone ........ , .............. : ................................... . 
Upper Cambrian (Potsdam) sandstone ..•............................................. 
Pre-Cambrian, soft feldspathic rock ................................................. . 

Tota\. ...................... '" ................................................... 1 

Thickness. 

Feet. 
3 

157 
125 

41 
424 
50 

----
800 

Mount Calvary.-East of Fond du Lac, at Mount Calvary, a deep well 
was drilled for the St. Lawrence College. The altitude of the curb is 
1,060 feet. The water from the first limestone rose within 90 feet of 
the surface, but on passing through the shale into sandstone the water 
dropped down to 110 feet of the surface. The following record was 
furnished by the President of the college, who has a complete set of 
samples in his possession. 

Log of St. Lawrence College Well, Mount Calvary. 

Altitude of Curb 1060. 

__________ . __ ~~mati~ ______________ 1 Thickne:s~ 
. li'eet. 

Glacial drift: 
Clay, sand, houlders................................................................ 138 

Niagara limestone: 231 
Dark, light, and gray limestone ............................................... · .. ·· 

Cincinnati shale: 
Blue, and green shale............................................................... 111 

Trenton limestone: 
Blue and buff limestone............................................................ 155 

St. Peter. Lower Magnesian and Potsdam: 
White and colored sandstone with beds of shale.................................. 541 

Archean: 
. Granite......... .... .................... ........ ................ ................ ...... 44 

-----
Total depth ........................................................................ 1 1220 

Brandon.-The population of Brandon is 684. The water supply is 
.obtained from private wells. The dug wells are from 20 to 40 feet 
·deep, and the drilled wells from 50 to 100 feet deep. 
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QUALITY OF THE WATER 

Th~ waters of Fond du Lac county, as shown in the table of analyses, 
are generally either hard or very hard. The water from the deep wells, 
drawing their supply from the underlying St. Peter and Potsdam sand
stone, appear to be less mineralized on the average than the waters de
rived from the Galena-Platteville (Trenton) limestone; the Cincinnati 
shale and the surface deposits. The only soft water analyzed is that 
from the Potsdam sandstone, No. 24. Very hard waters, it will bp. 
noted, occur in shallow wells in surface deposits at Ripon and at Bran
don. The hardest water is that from the well 57 feet deep at Oakfield, 
the SOllrce of the supply apparently being the Cincinnati shale. Very 
hard waters of this sort, and often of a saline character, may be charac
teristic of the Cincinnati shale. formation in other parts of eastern Wis
consin. 

With one exception, No. 24, among the waters analyzed, calcium is the 
predominating basic constituent. In the surface waters and waters 
from the surface deposits, magnesium is very generally more abundant 
than sodium, but in the hard rock formations the sodium generally pre
dominates over magnesium. Most of the waters are c·arbonate waters al
though sulphates are important in many of the waters. Sulphate is 
more abundant than carbonate in three of the deep well waters and in 
one of the shalow well waters. 

The chlorine content is ·realtively high in flowing wells from deep 
seated sources in the sandstone and other formations and is very evi
dently 1herefore a naturally abundant constituent of the deep under
ground ;water. 

The city artesian supply of Fond du Lac, Analysis No. 28, of the 
table of mineral analyses, contains 2.85 pounds of incrusting solids in 
1,000 gallons; the city water supply of Ripon, Analysis No. 13, con
t~ins 3.31 pounds in 1,000 gallons; and the water of the hotel well at 
Oakfield, Analysis No. 19, contains 5.47 pounds in 1,000 gallons. 
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Mineral analyses of water in Fond du Lac Oounty. 

(Analyses in parts per million.) 

I ___ ---,-_L_a_k_es_._. ______ S_pr_i_n_gs __ . __ I Snrface deposits. 

1. 2. 3. 4. 5. I 6. 7. 

-. ---------------~--- -------1'-----
1 

J 18 fr,. 18 ft. 
Depth of well ......... feet .•............................. '1'" ................ '1' r~~~r. r~~~. 
Silica (SI02) ................. 13.7 17.8 1.7 10.8 10.6 ~ 
Aluminium and iron oxides I 1 4.6 1.2 

(AhOs+Fe20s... .......... 0.7 1.0 1.0 1.0 2.5 
Calciu~ (Ca)... •.••.... ..... 34.8 54.4 61.9 63.0 74.9 43.8 90.0 
Mall.'nesmm (Mg).. ..... ..... 18.3 39.8 35.3 33.5 41.2 I 32.4 49.5 
Sodium and potassium 

(Na+K)... ... ..... ......... 1.7 4.4 4.2 3.2 10.0 10.5 1 2 
Carbonate radicle (C03) .... 100.6 121.5 169.1 170.9 165.9 I 142.3 198'6 

Chlorine (Cll .•............. 3.1 4.3 6.7 4.8 10.8 I 6.3 1 8 
~ulllhate radicle (804)....... 9.8 96.5 17.9

1 

9.5 85.8 17.5 92:0 

~:::~~:s:o~:t::':~~i~~::::::: !~~1-3~~ -2~ ~~~ ~~l~~ ~~ 

Surface deposits. 

~. 9. 10. 11. 12. 

Depth of well, .......•. feet.. 18 20 40 48 10 

13. 

18 
23.8 

(AI20s+Fe20s) ............ \ 'I 1.0 2.9 
Calcium (Ca) ................ 156.9 113.4 96.6 114.7 56.6 I 77.4 
Ma.&'1lesium (Mg) ............ 66.8 58.7 54.3 64.0 26.8 45.9 
Sodium and potassium 

14. 

30 
16.4 

1.0 
130.2 
50.4 

~t~c;;i~l.?,;1 ;':';,i' i~;;'; '~~'id~s l 5.5 5.6 Undet. r Undet. \ 11.8 

(Na+K).................... 23.4 70.4 34.4 59.7 4.7 15.9 30.1 
Carbonate radicle (UOa).... 171.1 270.8 203.1 l 211.6 140.3 200. 162.8 
Sulphate radicle (S04) ...... 368.6 94,9 96.\1 312.2 18.4 55.~ 313.6 
Chlorine (01) .... "........... 32.3 93.2 51.0.. ........ 7.2 18.2 28.1 

:::::t:i::~i::: ~:l~::::::::: ~~I~~F 5:~1~~ ~~~I'~~I~ia~ 
1. Lake Winnebago near Nortb Fond du Lac. Analyst, G. M. Davidson, Jan. 1905. 
2. Mill Pond at Ripon. Analyst, G. M. Davidson, Aug., 1901. 
:~. Paul's Lake at St. Cloud. Analyst. G. M. Davidson. May 6, 1903. 
4. Spring near Creamery at Eden. Analyst, G. M. Davidson, Feb., 1899. 
G. Spring at Oakfield water piped into a well. Analyst, G. M. Davidson, June, 1896. 
G. Hailroad well and Rock River, Waupnn. Analyst, Chemist C. M. & St. P. Ry. Co., 

Aug. 10, 1889. 
7. Railroad wen and Rock River, Waupun. Analyst, Chemist C. M. & St. P. Ry. Co., 

May 9, 1901. 
8. Well of C. M. & St. P. Ry. at Ripon. Analyst, Chemist C. M. & St. P. Ry. Co., 

May 10, 1901. 
9. Wen of the C. M. & St. P. Ry. Co., Brandon. Analyst, Chemist C. M. & St. P. Ry. 

Co., Aug. 10, 1889. 
10. wen of the C. M. & St. P. Ry. Co., Brandon. Analyst, G. M. Prentiss, March 28, 

1912. 
11. Well of the C. M. & St. P. Ry. Co., Brandon. Analyst, G. 1\1. Prentiss, May 29, 

1900. 
12. Well of C. & N. W. Ry. Co., St. Cloud. Alialyst, G. M. Davidson, Nov. 17, 1905. 
13. City Water Supply, Ripon, 3 wells. Analyst, G. M. Davidson, Jan. 22. 1901. 
14. Well of C. lVI. & St. P. Ry., Ripon. Analyst, G. M. Davidson, June 24, 1901. 



DESCRIPTION OF LOCAL WA.TER SUPPLIES. 343 

MineraZ anaZyses 01 water in Fond au Lac County-Continued. 

(Analyses In parts per million.) 

I 
Sn rface deposIts. 

Cincinnati 
shale. 

Galena
Platteville 
limestone. 

I I . 
15. 16. 17. I 18. 19. 20. 

Depth of well ............ feet .. -~- .... 4.8 ... i: .... I·;·.7 .. ·I--~lt-.4- --;-176.3- --8104.'7--
Silica (Slo02)............. . .. . .. ~ d 0 

Alumiuium and iron oxides 3.6 
(AI203+Fe203)............... .......... 2.0 1.0 12.3 

Calcium (Ca) ................... 76.5 110.0 47.5 231.7 138.7 100.8 
Malrnesium (Mg)............... 41.6 6lA I' 36.5 24.9 78.9 36.6 
Sodium and potassium (Na+K) 21.0 51.0 11.3 33.9 94.8 24.8 
Carbouate radicle (C03)....... 180.8 244.1 153.1 334.5 374.0 251.6 
Sulphate radicle (804)......... 87.4 130.3 75. 86.4 154.1 28.1 
Chlorine (CI)................... 11.5 67.6 6.9 75.8 106.8 I 5.9 

Total dissolved solids .......... -m-. - 66"4:- 344~-I808:- --9~- --475."""-

St. Peter and Upper ClWlbrian (Potsdam) ,andstone . 
.. --- ---------. --c-----c------c---

21. 22. 23. 2!. 25. 26. 27. 28. 

Depth of well ............ fept.. 360 400 350 600 T326 ..... 700 385-756 
Silica (8102).................... 6.6 6.9} 1.7 ]6.2 i ......... "13. 11.6 10.4 
Aluminium and iron oxides 

(AI203+Fe203)............... Trace ........ ! ........ ........ 1.6 1.0 
Aluminium oxide (A1203)..... .. ........ 0.9 ........ : ...................................... .. 
Iron (Fe) .......... ........ ..... .. ........ 0.1 ............................................. .. 
Calcium (Ca)................... 68 ~ 113 4 496 17 9 56.51 45. 745 92.9 
Magnesium (Mg).. ........ ..... 275 31.7 20.6 ]6.7 1 23 . 24. [33.2 24.2 
Sodium (Na) .................... I 390 31.9 "85 30 8 50. 45. 48.7 59.2 

6~~~~~~~ r<,~~1cie·(co~'C::::: r 128.5 14b:~ il\~2:7 iU "g7:'" "iii:" 'jisT' 'ii5:o" 
Sulphate radicle (81)4)......... 987 1170 21.3 1182 117.6 58.8 128.4 54.9 
Chlorine (01)................... 33.5 98.9 28.0 38.7 423 45'168.7 77.1 

~:::~~~:o~:~:·~~~;~~:·::::::::I~~~~i~I~~~I~~~~~~~~~ 
15. Well of C. M. & St. P. Ry. Co., Ripon. Analyst, Cbemist, C. M. & St. P. Ry. Co., 

Aug. 10, 1889. 
16. Well of C. M. & St. P. Ry., Brandon. Analyst, Chemist C. M. & St. P. Ry. Co .• 

. May 10, 1901. 
17. City Water Supply, Ripon. Analyst, Dearborn Drug" Cbern. Co., Aug. 26, 1896. 
18. Well of :\Ir. Botzen, Eden. Analyst, G. M. Davidson. Feb .• 1899. 
19. Well of Hotel at Oakfield. Analyst, G. M. Davidson. Dec., 1898. 
20. Well near C. & N. W. Ry. Co.'s office building, N. Fond In Lac. Analyst, G. M. 

Davidson, July 28, 1903. 
21. Well of "Soo" R. R., North Fond du Lac. Analyst. G. Y. Davilson, Sept., 1901. 
22. City well, North Fond lu Lac. Analyst, W. S. Ferris. 
23. Well of C. M. & St. P. Ry. Co., Fond du Lac. A.nal7st. Chemist, C. M. & St. P. Ry. 

Co., Aug. 10, 1889. 
24. Artesian well, Fond du Lac. Analyst, A. C. Barry. 
25. B. Wild & Co.'s Artesian well, Fond du Lac. Analyst, G. Bode. 
26. Wild's Artesian well, Fond du Lac. Analyst. G. Bode. Geol of Wis., Vol. 2, p. 32, 

1877. 
27. Flowing well at Fond du Lac. Analyst. Dearborn Drug" Cbern. Co., May 22, 1907. 
2S. City Water Supply from four artesian wells, Fond dn Lac. Analyst, G. M. David

son, June 18, 18!J5. 



344 THE WATER SUPPLIES OF WISCONSIN. 

FOREST COUNTY 

Forest County, located in the northeastern part of the state, has an 
area of 1,424 square miles, and a population of 6,782. Only about 3.1 
per cent of the county is laid out into farms, of which 21.7 per cent 
is under cultivation. 

SURFACE FEATURES 

The county is a gently sloping plain, with undulating hills of glacial 
drift. Numerous lakes lie in the southern and northwestern parts of 
the county. The northern part is drained by the Pine and Brule rivers, 
tributaries of the Menominee; the southeastern part is drained by the 
Peshtigo river, and the southwestern part by the 'N olf river. The eleva
tions above sea level generally lie between 1,300 _ and 1,600 feet. The 
soils are generally clay or silt loams and sandy loams. 

GEOLOGICAL FORMATIONS 

Glacial drift of variable thickness quite generally covers the bed 
rock of Pre-Cambrian crystalline fromations. The drift, which con
sists of clay, sand, gravel and boulders, varies in thickness from a few 
feet to over 200 feet. See the geologic section, Fig. 23. 

PRINCIPAL WATER-BEARING HORIZONS 

The principal source of the water supply is the surface formation of 
glacial dirft. An abundant supply of good water can readily be obtained 
in this formation throughout the county at relatively shallow depths 
of 20 to 50 feet. 

WATER SUPPLIES FOR CITIES AND VILLAGE8 

Crandon. Crandon, the county seat, has a population of 1,833. It 
is situated on Lake Matonga, the head of Wolf river. The soil forma
tion is silt loam. No city water system has been installed, but a good 
supply could be obtained from wells in the drift. Private wells are 
generally from 10 feet to 30 feet deep' in drift. No sewage system has 
been installed. 
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QUALITY OF THE WATER 

The water of Forest County is either soft or medium hard water, as. 
shown by the analyses of ground water supplies at 'Wabeno, Laona and 
Crandon, and also the surface water of the creek at Wabeno. The 
waters are low in mineral content. 

The railroad well at Crandon contains 0.99 pounds of incrusting 
solids in 1,000 gallons, while that from the well at Wabeno contain$ 
1.22 pounds of incrusting solids in 1,000 gallons. 

Mineral analyses of water in Forest County. 

(Analyses in parts per million.) 

Creek. 

Depth of well ......................... feet. .............. . 
i;lllca (Si02).................................. 16.9 
Aluminium and Iron oxides (A!203+ ~e203 1.7 
Calcium .(Ca) ................... .............. 27.3 
Magnesium (Mg).. .... .... .... .... .... ...... 16.6 
Sodium and potassium (Na+K)... .... ..... 4.4 
Carbonate radicle (OU3).................... 81.9 
Sulphate radicle (SU.) ................ .•... 2.5 
Chlorine (CI)................................ 4.9 

Totaldissolved solids ...................... . 156. 

2. 

12 
9.9 
:i.0 

33.1 
13.3 
3.8 

78.2 
8.4 
5.9 

155. 

Surface deposits. 

3. 

12 
16.8 

2 .~ 
32.2 
12.9 
9.1 

82.5 
5.5 
9.9 

171. 

4. 

41 
21.7 

.8 
23.2 
5.3 
8.9 
~5.4 
31.5 
13.5 

. 140. 

1. Creek at Wabeno. Analyst, G. 111. Davidson, C. & N. W. Ry. Co., Sept. 13, 1907. 
2. Railroad well at Wabeno. Analyst, G. M. Davidson, C. & N. W. Ry. Co., Sept .• 

1897. 
u. Railroad weI! at Laona. Analyst, G. M. Davidson, C. & N. W. Ry. Co., Sept. 13, 

1907. 
4. Railroad weIr at Crandon. Analyst, G. M. Davidson, C. & N. W. Ry. Co., June 3,. 

1909. 

GRANT· COUNTY 

Grant county, located in the southwest corner of the state. has an 
area of 1,157 square miles and a population of 39,007. About 92.1 per 
cent of the county is laid out in farms, of which 59.8 per cent is under 
cultivation. 

SURFACE FEATURES 

The surface of Grant county is a deeply dissected upland plain, 
sloping gently to the southwest towards the Mississippi river. The 
uplands consist of rather level-topped elevations or ridges. Below 
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the level-topped uplands are the numerous valleys, those along the 
minor streams being narrow with slopes gradually rising to the upland 
areas. The elevation above sea level ranges from a little above 600 
feet along the Mississippi river bottoms to 1,000 feet on the level-topped 
uplands in the southern and southwestern part of the county, and over 
1,200 feet on the uplands in the northeastern part. Sinsinawa Mound 
reaches an altitude of 1,150 feet, about 200 feet above the general level 
. of the surrounding uplands of the southern part of the county. The 
nighest land in Grantcouuty is on the summit of the divide in the 

Fig. S7.-Geologic section across Grant County from Boscobel to Platteville. 

northern. part at Fennimore, Mt. Ida and Mt. Hope, where altitudes 
over 1,200 feet are reached. Maximum differences in elevations are 
therefore over 600 feet in the county. 

GEOLOGICAL FORMATIONS 

The geological formations of the county are the Upper Cambrian 
(Potsdam) sandstone, the Lower Magnesian (Shakopee and Oneota) 
limestone, the St. Peter sandstone, and the Platteville-Galena (Tren
ton) limestone. The most common formation, forming the uplands of 
most of the county is the Galena limestone. The Lower Magnesian 
limestone occurs mainly along the lower slopes of the valleys and the 
Upper Cambrian (Potsdam) sandstone occurs only in the valley bot
toms of the Wisconsin river and adjacent tributaries. The formations 
above the Galena, such as the Cincinnati (Maquoketa) shale and the Ni
agara limestone, occur only on the Sinsiniwa Mounds. Superficial de
posits of loess lie over the upland areas, and alluvial sand and gravel 
is abundant in the valley bottoms. The general geological structure is 
illustrated in Fig. 37. 
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The thickness of the alluvial sand and gravel in the valleys of the 
Wisconsin and Mississippi rivers probably reaches a maximum of 200 
to 250 feet. The thickness of the loess on the uplands varies from a few 
inches up to 10 or 15 feet. Along the Mississippi Bluffs the accumula
tion of loess, washed down from the uplands, attains a thickness of 
50 or 60 feet. 

The thickness of the rock formation is variable on account of the ero
sion of the strata. The complete thickness of a formation is preserved 
only where it is protected by the overlying formation, as indicated in 
the cross section, Fig. 37. The formations also vary in thickness to a 
considerable extent on account of variable conditions at time of de
position. The thickness of the formations underlying the Galena
Platteville in Grant county is apparently much greater than in the 
region farther north and east, as indicated by the logs of the deep wells 
at Platteville and Dubuque, indicated in the following sections. While 
granite is reported to have been struck in the Cassville well at 1,102 
feet, this report is doubtful. 

The total thickness of the geological formations at Platteville, as in
terpreted from the strata in the two wells, only a part of the Galena 
being present on account of erosion, is approximately as follows: 

Geologica l section at Plattepille. 

Formation. Thickness. 

Feet. 
Galena dolomite. partly eroded..................................................... .. 35 
Platteville limestone. . ... .... . ....... .... ........................ .... ......... ... . .. . . . 65 
St Peter sandstone....... .... ........ .... .... .... .... ........................ .... .... .. 103 
Lower Magnesium (Shakopee and Oneota) dolomite................................. 345 
Upper Cambrian (Potsdam) sandstone................................................ 1, 146 

The data in regard to the old well was received from the city clerk 
by Prof. W. W. Daniells in 1897, while the water was being examined, 
and gives as a total depth of well to granite of 1,714 feet. F. Gray of 
Milwaukee, who drilled the well, reports that the well is 1,744 feet 
deep, and that it was finished in red granite for a distance of about 30 
feet. 

It is of interest to compare the geologic section at Platteville with 
that at Dubuque, as follows: I 
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General Geologic Section at Dubuque. 1 

Formation. 

Elevation , I of stratum 
Thickness. + above, 

- below sea· 
level. 

Galena dolomite to Platteville limestone: 
Dolomite ......................... , ...................................... . 
Limestone. bituminous shale, green shale ........................... . 

St. Peter sandstone: 
White sandstone. water bearing ....................................... · 

Prairie du Chien group: 
Dolomites. (Shakopee and Oneota). arenaceous in places, Newl 

Richmond sandstone perhaps at 376 feet, with some shaly beds .. 
Jordan sandstone: 

Sandstone. water bearing .............................................. 1 
St. Lawrence formation: 

Dolomites and shales; dolomites to sea level, shale, red marls, 
arenaceous and glauconiferous ..................................... . 

Dresbach sandstone: : 
Sandstone, water bearing .............................................. j 

USh:~Se~ ~~~~~~~~. ~~~.~t.~ ~ ..•............................... .. 0 •••••••• i 
Sandstone, water bearing above ....................................... 1 

Feet. 
237 
46 

.58 

310 

95 

170 

m 
121 
768 

Feet. 
+550 
+504 

+446 

+136 

+41 

-138 

-359 

~480 
-1.248 

"'Underground Water Resources of Iowa." U. S. Geol. Sur. W. S. P. 293,. 
(j. 314. 

The approximate range in thickness of the geological formations
may be summarized as follows: 

Apprl1ximate range in thickness of formations in Grant County. 

Formation. I Thickness. 
_------------ ----1----

I Feet. 
Surface formation .. , .................................................................... '1 0 to 250 
Niagara limestone (only on Sinsinawa Mounds) ...................................... 1 0 to 50 
Maquoketa Shale (on1.v in southeastern part of county) ............. · ............... 1 0 to ~OO 
Galena- Platteville (Trenton) llmestone.............................................. 0 to 300 
St, Peter and Lower lIIa&,nesian (ormations..... .... .... .... .... .... .... . ... .... .... . . 0 to 450 
Upper Cambrian (Potsdam) sandstone ................................................. 1000 to 1400 
The Pre-Cambrian granite ................ , .................... · ... · .... · .. ·· .. ·· .. · .. 1 ...... · ..... .. 

PRINCIPAL WATER-BEARING HORIZONS 

The water supplies are drawn from .all the geological horizons. For 
deep wells the principal horizons are the St. Peter sandstone and the
Upper Cambrian sandstone. The shallow wells in the valley alluvium 
vary from 10 to 30 feet, while those upon the uplands reach a depth 
of 100 to 200 feet or more in the Platteville-Galena and St. Peter for
mations. Springs are common along the valleys at various geological 
horizons, but mainly at the bottom of the St. Peter, the Platteville and; 
the Galena formations. 
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While a large part of the county lies far above the level of the Mis
:sissippi river on the southwest, and above the Wisconsin river on the 
north, on account of the relatively impen'ious strata at or near the bot
tom of the Galena, the Platteville limestone and the St. Peter sand
stone, the underground water table is generally held relatively high, 
throughout the uplands of the county. _\s a general rule the water 
level On the uplands, in the lead and zinc mines, is generally less than 
100 feet1 below the surface. Even upon the high divide in the north
·ern part of the county at altitudes closely. approximating 1,200 feet, 
abundant water is generally found less than 200 feet below the surface. 
This is well illustrated at Montfort, where the altitudes range between 
1,160 and 1,200 feet, the water supply being obtained, either from with
in the Platteville limestone or at the top of the underlying St. Peter 
;sandstone, at depth of 60 to 200 feet. Over most of the undulating up
lands a sufficient supply is obtained from the Galena limestone, which 
immediately underlies the surface. In some places the water in the 
Galena is let out by crevices, and in such places it is necessary to drill 
beyond the ordinary depth. 

FLOWING WELLS 

Flowing wells from the Upper Cambrian (Potsdam) sandstone occur 
.along the Mississippi river, the water rising to an altitude of 658 feet 
·atCassville, about 50 feet above the level of the river. At Dubuque2 

artesian wells in the Upper Cambrian sandstone have, at present a 
head of 40 to 100 feet above the Mississippi river. Artesian flows 
.along the north side of the 'Wisconsin river are common between Wau
.zeka and Prairie du Chien, but none are reported along the south side 
of the river in Grant county. The water in the deep city wells at Bos

·cobel rises to an elevation of 30 to 35 feet above the level of the Wiscon
sin river adjacent. Going down the river from Boscobel the artesian 
head should gradually rise to 50 or 60 feet above the level of the Wis
consin, where it joins the Mississippi. The heAd of one of the earliest 
artesian wells at Prairie du Chien, Crawford County, was about 100 
feet above the level of the Mississippi river. 

While no artesian flowing wells are known to occur in the valleys 
-of the Grant and Platte rivers, conditions appear to be favorable for 
flows in the lower sections of these valleys. 

'U. S. Grant, "Lead and Zinc Deposits." Bull. ·Wis. Sun,ey, No. IX. p. 48. 
• Lancaster·Mineral Point U. S. Geol. Sur. folio. Xo. 145. p. 14 and Iowa 

~eol. Survey. Vol. 21. p. 380. 
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SPRINGS 

Numerous springs occur in the county, most of which have their 
source at the bases of the St. Peter sandstone, the Platteville limestone, 
the Galena limestone, and the NIagara limestone. Springs also issue
at the shaly layers within the Galena and the Lower Magnesian lime
stone formations, along the lower slopes of the valleys. Many of the
springs are large and furnish an excellent suply of water for domestic
use. 

WATER SUPPLIES FOR CITIES AND VILLAGES 

Platteville.·-This city, having a population of 4,452, has a water' 
supply' system, the supply being obtained from two deep wells. 1,00!} 
feet and 1,740 feet deep. The average daily pump age is about 13'0,000-
gallons. A sewage system was installed recently. Sewage is purified by 
a system of three septic tanks and emptied into the creek. About 6(} 
per cent of the people use the city water. 

The city supply until recently was obtained from a 6-inch well 1,714 
or 1,744 feet deep. At present the supply is mainly from a new wen 
1,000 feet deep, 16 inches in diameter for the first 300 feet and 91;4 
inches in diameter for the remaining depth. The present city supply is 
obtained mainly or entirely from the St. Peter sandstone which lies at 
depth of 100 feet. 

The .geological section in the new city well (elevation of curb about 
900 feet) as interpreted from samples of the new well, and from addi
tional data of the old well, is as follows: 

Log oj Platt(!'IJille Oity Wells. 

Formation. 

Surf&ee ............................. .. 
Galena ............................... . 
Platteville .......................... .. at. Peter .. ____ ...................... .. 
Lower Magnesian (Shakopee and 

Oneota) ........................... .. 

Upper Cambrian (Potsdam) ......... 

Pre-Cambrian ....................... . 

Character of Rock. Thickness. 

]feet. 
Soil, clay, sand................ ........ .... ..... 20 
Hard. gr&Y limestone.. .. .. .. .. .. .. .. .. .. .. ... . 35 
Bluish limp.stone with fossils... .............. 66 
White s&Dd.. .. .. . .... ... . . ... . .. .. .. .. .. .. .. .. . 103 

Thin limestone....... .. .. .. .. .. .. .. .. .. .. .... . 2 
Hard limestone................................ 179 
Sandy limestone. .... .... . .. . . .. . . .. . .... .... .. 26 
White sandstone......... ...................... 3D 
Limey sandstone.............................. 10-
Hard limestone.. . .. . .... . .. . .... . .. . . .. .. .. . .. 8S 
Limpstone. .. . . .. . .... . .. . .... . .. . . ... . .. . .... .. U 
Soft. limestone.. . . .... . .. . . . .. . .. . . .. . . .. . . . 2 
Limeysandstone (Madison beds)............. 48 
Limey shale (Mendota beds).................. 43 
White sanaatone............................... 162: 
Llmey sand.............................. ...... 83 
Gray limey, sandy shale...................... 10 
Rpd lImey, s&Ddy shale.. .. .. ... .... .... .... .. 18 
White and brownish sand..................... 64 
Additional Sandstone in old well.. .. ... ... . . . 714-
Granite ........................................ 'I~_ 

Total depth ................................ !1. 714 or 1,744 
! 



DESORIPTION OF LOCAL WATER SUPPLIES. 351 

CassvilZe.-The population is 890. This village, located on the Mis
sissippi river, has a city supply obtained from a deep artesian well in 
the Upper Cambrian (Potsdam) sandstone, which normally has a flow 
of 16 feet above the surface. Elevation of curb is 642 feet. The well 
is 6 inches in diameter, is cased 172 feet, has a depth of 1,102 feet, and 
is reported to have struck the granite at bottom. Only a small portion 
of the water is used, the remainder fiowing into the Mississippi river. 
There are about 59 houses connected with the city supply. 

Lancaster.-Thepopulation of Lancaster, the county seat, is 2,329. 
It is situated upon the divide between tributaries of the Grant and 
Platte rivers at an elevation ranging between 1,060 and 1,100 feet. Thb 
bed rock formation is the Galena limestone. The city water supply is 
from springs in the limestone, two and one-half miles from the city. 
The capacity of the springs is 4,000,000 gallons per day. The average 
daily pumpage is 107,000 gallons. Sewage is treated by septic tank and 
filtered before it is emptied into the creek. About 75 per cent of the 
houses are on the water supply system, and about 20 per cent have 
sewer connections. About 5 per cent of the families have cess pools . 

. Cuba City.-The population is 967. The water supply is obtained 
from two 6-inch wells, 133 feet and 225 feet deep in the Galena-Platte
ville limestone. The water bed is '30 feet below the surface. The aver
age daily pumpage is 21,000 gallons. 

Wells along the ridges in the vicinity of Cuba City get their supply 
from limestone at depths of from 75 to 200 feet. In the valleys many 
open wells draw their water from the surface soil, and are only 12 to 30 
feed deep. Until lately most of the wells in this vicinity obtained their 
supply from the Galena·Platteville limestone. In recent years, how
ever, the water level has dropped until at present a great many of the 
wells go down into the underlying St. Peter sandstone formation, and 
occasionally through the St. Peter into the Lower Magnesian limestone 
to secure an abundant supply. 

Muscoda.-The population is 798. This village located on the Wis
consin river, has a water supply system for fire protection only, ob· 
tained from 24 3-inch wells with 5 foot points driven 32 feet into the 
river sand. Recent reported information indicates that this system 

. has not been utilized for some time. The water supply for domestic 
purposes is obtained from driven wells 20 to 40 feet deep in sand and 
gravel.. 

Boscobel.-This city, population 1,525, is located on the Wisconsin 
river. A public water supply was installed in 1913, the supply being 
obtained from a well 700 feet deep and 12 inches in diameter. The alti
tude of the well curb is approximately the same as at the C. M. & S1. 
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P. Ry. station, 674 feet. The water in the well rises to within 3% feet 
·of the surface. In a partial test the well furnished 150 gallons per min
ute in 5 hours, the capacity undoubtedly being much greater. The city 
reservoir, capacity 100,000 gallons, is' located on the hill south of the 
city at an elevation of 170 feet above the curb. A sewage system is 
being installed. The sewage is to be treated in septic tanks before be
emptied into the Wisco:qsin river. Water is supplied from private 
wells 30 to 60 feet deep in the alluvial sand and the underlying sand
stone. The well of the C. M. & St. P. Ry. Co. is reported to be 1,000 
feet deep, elevation of curb 675 feet, water standing one foot below the 
surface. The city well in the city park, elevation of curb 690 feet, is 
reported to be 965 feet deep, the water standing 20 feet below the sur
face. Both of these wells reach the granite. 

The section of the new city well, elevation of -curb 674 feet, 12 in. 
-casing down 140 feet, drilled in 1913 is as follows: 

Drilltr's log oj well oj Boscobel Water Works. 

Formation. 

l. Surface sand ................................. ; .................................... .. 
2. Gravel.. ............................................................................ . 
3. Shale ............................................................................... . 
4. White sandstone .................................................................. .. 
5. Shale ............................................................................... .. 
6. White sandstone ................................................................. .. 
7. Brown sandstone ................................................................ .. 
8. White sandstone ................................................................... . 
9. Shale ............................................................................... . 

10. White sandstone .................................................................. . 

B: WiNt:;!:aa:ddsS:nnd~~~ee:::::::: :::::::::::::::::::::::::::: :::: :::::::::::::::: ::::: 
13. Gray sandstone .................................................................. .. 
14. White hard sandstone ............................................................. . 
15. Sandstone containing Iron pyrite .............................................. .. 
16. White sandstone .................................................................. .. 
17. Shale ............................................................................... . 
18. White sandstone with coarse sand .............................................. .. 
19. White sandstone with red pigment ............................................ .. 

Thickness. 

Feet. 
125 

5 
5 

105 
~ 

15 
10 
55 
10 

165 
10 

2 
15 
98 
]0 
40 
5 

20 
5 

Total dellth .................................................................... 700 

As indicated by reported depth to granite in the other deep wells in 
the city, above referred to, an additional thickness of sandstone of 250 
to 300 feet may be expected below No. 19. Nos. 1 and 2 are alluvial 
formatio~s, and the elevation of the contact between the Upper Cam
brian and the Lower Magnesian about 4 miles south of Boscobel is 
about 860 feet; hence the total thickness of the Upper Cambrian sand
stone in this locality is probably about 1,100 feet, about the same as at 
Platteville. 
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Fennimore.-The population is 1,159. The city water supply is ob
tained from two wells, 250 and 800 feet deep. No sewage system is in
stalled. 

Montfort.-The population is 558. This village has a water supply 
system mainly for fire protection, obtained from an 8-inch well, 114 
feet deep. Forty-six houses are reported to be connected with the wa
ter system. The deeper wells penetrate through the Galena-Platteville 
limestone into the St. Peter sandstone. 

Hazel Green.-Hazel Green, population 621, has a city water supply 
obtained from a well 190 to 195 feet deep. Only a small per cent of the 
population use the city supply. 

QUALITY OF THE WATER 

The water supplies of Grant county are hard waters of moderate min
eral content throughout, and quite uniform in composition, as indicated 
in the following table of mineral analyses. Most of the supplies from 
the deep wells at Fennimore and Platteville, though such wells reach 
the Upper Cambrian (Potsdam) sandstone, receive their supply mainly 
from the St. Peter sandstone. No analys('s of water from the Maquo
keta shale are available, but water from this shale or immediately as
sociated formation is likely to contain a higher content of mineral mat
ter than that from the other formations. All the waters analyzed in 
the above table are carbonate waters with the exception of No.5 from 
the Galena formation at Fennimore. The water from the Galena-Platte
ville limestone is very generally much higher in sulphate than the wa-

,ter from the underlying sandstone formations. Calcium and mag-, 
nesium are the predominent basic constituents. 

The water from the city well at Platteville, analyses No. 14, con
tains 2.80 pounds of incrusting solids in 1,000 gallons, and that from 
the city spring at Lancaster No.2 contains ~.38 pounds in 1,000 gal
lons. 

23-W. S. 
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MineraZ anaZyses 01 'Water in Grant County. 

(Analyses in parts per mlllion.) 

Spring. 

1. 2. 3. 

Depth of wei!.. ....................... feet ......................................... . 
Silica (Si02).... ..................... ........ 16.5 12.5 11.5 t 
Aluminum and iron oxides (Ai203+Fe203) 11.5 1.0 ............ .. 
Aluminum oxide (Ai203)..... .............. .............. .......... ..... .6 

Allnvial 
sand. 

4. 

21 

4.7 

Iron (~'e)................ ................... .............. .............. Trace ................. .. 
Calcium (Ca)........ ........................ 28.7 69.5 67.7 46.5' 
Magnesium (Mg).... ........................ 6.9 26.1 23.9 24.9 
Sodium (Na)............ ............. .. .. l 1 6 I 3 14.8 
Potassium (K) ........................... r' . 2.9 10.2 
Carbonate radicle (C03) .................... 47.7 156.9 161. 135.9 
Sulphate radicle (~04).. .................. 19.7 ......... .... 13.3 10.9 
Chlorine (CI)....................... ........ 2.5 2.0 14.9 1.7 

~:::ln~:S:I~~:r~~~;~~::: :::: :::: :::: :::: :::: -~-.:.:..::.~.:.:..::. .:.:..::.~I.:.:..::.~~~ 

Galen a-Platteville dolomite. 

5. 7. 8. 9. 
6. I 

-------------...,-�~---I---- ---- ----1----

Depth of well .................... feet.. 101 40 40 135 

~1~~I~~~2~nd·i.~on·oxid~~ .. (Ai2o:i+ 26.0 1 .. ·1 ... 0 .... · l 5.6 8.4 
Fe20a)............. .................... 24.5 \ \ ........... . 

Calcium (Ca)...... ......... ............ 96.1 87.9 67.4 72.0 
Magnesium (Mg).. ..................... 52.8 47.7 41.3 39.3 I 
Sodium (Na) .......................... l 148 86 92 J 8.0 I 

190 
3.6 

3.1 
53.7 
39. 
17.2 Potassium (K) ....................... r' . . I ........ r 

'Carbonate radicle (C03)............... 156.5 I 207.8 203.4 1 153 .6 184.5 
Sulphate radicle (S04) ................. 18~.7 67.6 12.7 83.3 13.6 
Chlorine (Cl)........................... 22.8 .12.7 4.7 9.0 7.0 

------- ----------. 
Total dissolved solids......... ......... 582. 433. 344. 374. 322. 

1. Spring of C. & N. W. Ry. Co. near Werley. Analyst, G. M. Davidson, Aug. 24, 1911. 
2. Spring snpplying city water works, Lancaster. Analyst, G. M. Davidson, Jan, 22; 

1909. 
3. Klondyke Spring at Lancaster. Analyst, A. S. Mitchell. 
4. Well of C. M. & St. P. Ry. Co., Blue River. Analyst, Chemist C. M. & St. P. Ry, 

Co., Dec. 29, 1891. 
5. Well of C. & N. W. R. Co., stock yards, Fennimore. Analyst, G. M. Davidson, 

Ang. 24, 1911. 
6. Well of C. M. & St. P. Ry. Co., Platteville. Analyst, Chemist C. M. & St. P. Ry. 

Co., May 12, 1899. 
7. Well of C. M. & St. P. Ry. Co., Platteville. Analyst, Chemist C. M. & St .. P. Ry_ 

Co., Oct. 28, 1891. 
8. Well of city water works,. Montfort. Analyst, G. M. Davidson, Oct. 22, 1901. 
9. Village well, Hazel Green. Analyst Dearborn Drug & Chem. 00., April 29, 1905. 
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Mineral analyses of water in Grant County-Continued. 

(Analyses In parts per nu1llon.) 

l.pper C&mbrl&n (Petsdam) sandstone. 

10. 11. I 12. 13. I 14. 15. 16. 

----------- ---,-----------
Depth of well ......... feet .. 300 300 1.102 775 1,740 . 1.740 1.000 
Silica (8i02) ............... ~ 1.3 .......... 2i.O 2.1 9.9 

~ .8 
log 

Aluminum and irou ox-
2.7 .8 1.2 ides (AI203+Fe20s) ..... "'45:7""' 1.5 .• '74:9'" Calcium (Ca) ................ 61.3 51.2 70.0 63.3 66.6 

Magnesium (Mg) ............ 36.0 34.9 33.0 41.0 39.9 37.0 35.3 
Sodium and potassium 

(Na+K) .................... 11.3 26.6 . ......... 1.4 1.7 4.1 5.6 
Carbonate radicle (COa) .... 157.6 168.7 159.8 164.5 182.4 186.5 185.5 
Sulphate radicle (S04).. .... 1.6 I 29.9 55.0 22.0 33.5 4.3 7.0 
Chlorine (Cl) ................ ~~~ ~~ :.:.:::-.:.:..:..:..: 2.1 2.7 3.2 5.3 

------_._-----
Total dissolved solids... .... 270. 364. 349. 287. 341. 299. 308. 

I I -, 
10. Well of C. M. & St. P. Ry. Co., Boscobel. Analyst, G. N. Prentiss, May 27, 1899. 
11. Well of C. M. & St. P. Ry. Co., Boscobel. Analyst, Chemist C. M. & St. P. Ry. Co., 

Mar. 28, 1890. 
12. Well of City Water Supply, Cassville. Analyst, Wahl'" Henlus. 
13. Well of city water supply, Fennimore. Analyst, G. M. Davidson, Nov. I, 1904. 
14. Well of city water supply, Platteville. Analyst, G. M. Davidson, Jan. 22. 1909. 
15. Well of city water supply, Platteville. Analyst, G. N. Prentiss, May 12, ;1.899. 
16. Well of city water supply, Platteville. Analyst, Dearborn Drug & Chern. Co .• 

Dec. 15, 1911. 

GREEN COUNTY 

Green County, located on the southern boundary of the state, has 
an area of 576 square miles, and a population of 21,641. About 94.4 
per cent of the county is in farms, of which 62.6 per cent is under cul
tivation. 

SURFACE FEAT~ 

The surface of Green County is characterized by undulating uplands 
in the western part and the broad fiat-bottomed valley of the Sugar 
river in the eastern part. Below Albany the valley bottom of the Sug
ar river has a general width of 3 or 4 miles, while north of Albany the 
valleys of the various branches of the Sugar are generally one or two 
miles wide. The highest elevations in the county, along the divide, be
tween the Pecatonica and Sugar rivers, are a Jittle over 1,200 feet above 
sea level, while elevations in the northeastern part are about 1,100 feet, 
and in the southeastern part rarely exceed 1,000 feet. The elevation 
of the valley bottom of the Sugar river at Brodhead is about 780 feet" 
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and at Belleville, about 880 feet. The elevation of the Pecatonica val
ley at Martintown is about 780 feet. The difference in the altitude of 
valley bottom and adjacent upland ridges is therefore generally only 
a little over 200 or 300 feet. 

GEOLOGICAL FORMATIONS 

The geologi~al formations, exposed within the county, are the Lower 
Magnesian limestone, the St. Peter sandstone, and the Galena-Platte
ville (Trenton) limestone. The Galena forms the main upland areas, 
and the St. Peter and Lower Magnesian, the valley bottoms. Glacial 
drift in relatively thin deposits is scattered over most of the county, 
and the valleys are filled with alluvium to a variable depth. The geo
logical structure is illustrated in Fig. 3S. 

Fi,g. 38.-Geologic section, east-west, across Green County. 

The thickness of the glacial deposits over the uplands is not import
,ant. While the known thickness of the river deposits in the valleys is 
only 140 feet at Brodhead, the maximum depth of the filled valleys very 
probably reaches 300 or 350 feet. The thickness of the rock forma
tions appearing at the surface, is also quite variable on account of the 
extensive erosion of the strata. The approximate range in thickness of 
-the formations may be summarized as folows: 

Approximate range in tldckn(JIJs of formations in Green Oounty. 

Formation. Thickness. 

Feet. 
Surface forma.tion. . .. . . .. . . .. . . .. . . .. . . .. . . .. . . .. . . .. . . .. . . .. . . .. . . . . . . .. . . .. . . .. . . .. . . . 0 to 350 
Galena-Platteville (Trenton) limestone............................................... 0 to 200 
St Peter and Lower Magnesian formation............................................ ,0 to 200 
Uvper Cambrian (Potsdam) sandstone................................................ 700 to 900 
Pre-Cambrian granite ............................................................................... . 
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PRINCIPAL WATER-BEARING HORIZONS 

The chief water-bearing horizons are the Galena-Platteville (Tren
ton) limestone and the St. Peter sandstone. The Lower Magnesian 
which is mainly dolomite, but which also contains much sandstone, is 
drawn upon in the valleys. The deepest wells penetrate to the under
lying Upper Cambrian (Potsdam) sandstone. 

The wells in the valleys, in sand and gravel, range from 10 to 30 feet. 
The deepest wells on the upland range from 100 to 300 feet deep. The 
water level as a rule is less than 100 feet below the surface over the 
broad upland areas, the water usually being obtained either from the 
Galena-Platteville limestone or the underlying St. Peter sandstone. 

FLOWING WELLS 

Flowing wells in Green county are known to occur only in the vicin
ity of Brodhead, on low ground along the Sugar river. The source of 
the best flows at Brodhead appear to be in the upper strata of the Up
per Cambrian (Potsdam) sandstone, at depth of about 300 feet. The 
normal head of the flowing wells appears to be at an altitude of 805 to 
812 feet, from 5 to 15 feet above the surface. Flows should be obtain
able on low ground along the Sugar river, farther up the valley. 

WATER SUPPLIES FOR CITIES A~D VILLAGES 

Monroe.-The popUlation of Monroe is 4,410. The city has a water 
supply system, the water being obtained from three 8 to 12-inch wells, 
50, 880 and 997 feet deep: Elevation of the well curb is 1,012 feet, the 
water standing 40 feet below the surface. The water is from the St. 
Peter and Potsdam sandstone formations. The pumpage capacity is 
said 1'0 be 300,000 gallons pCI' day, and the awrage daily pumpage is 
272,000 gallons. The sewage is disposed of by the use of a septic tank 
and filter system. About 50 per cent of the houses have water and sew
age connections. Common wells in Monroe vary in depth from 30 to 
100 feet in drift and rock. The Electric Light Company's well, 700 
feet deep, elevation of curb 1,047 feet, is now abandoned. 

The deep well of the Borden Condensed ~Iilk Co., elevation of curb 
about 1,004 feet, drilled in 1914, 16~in. hole 150 feet and 8-in. below has 
the following log, as interpreted by F. T. Thwaites from samples taken 
every 25 feet: 
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Log of Well of Borden Oondensed Milk 00., Monroe. 

Formation. Thickness, 

Feet. 
Surface clay. .... .......................................................................... 17 
Galena-Platteville: . 

Gra.y dolomite........................................................................... 108 
St. Peter: 

Gray to brown-yellow sandstone. red shale at bottom............................... 175 
Lower Magnesian (Oneota): 

Gray dolomite with chert.. ... .... .... .... .... .... .... .... .... . ....... .... .... .......... 75 
Potsdam: 

Fine yellowish calcareous sandston" (Madison)...................................... 75 
Dolomite and brownish shale (Mendota)................. ........ ..................... 75 
Calcareous and glauconitic sandstone (Franconia)................................... 125 
Gray and yellowish sandstone (Dresbach)............................................ 100 
Brown shale and fine whitish sandstone (EauClaire)................................ 200 
Coarse and fine sandstone and shale (Mt. SimOn) ......•............................. ] 128 

Total depth. . .... . .... ....... ..... ....... .... .... .... .... .... .... ............ .... .... .. 1,113 

Brodhead.-The population of Brodhead is 1,517. The city water 
supply is obtained from two 6-inch artesian wells 908 feet and 1,002 
feet deep. The elevation of the curb is 798 feet. These wells are flow
ing, with heads of 5 and 14 feet above the surface. Capacity of wells 
reported to be 332,000 gallons per day. About 90 per cent of the peo
ple use the city water. No sewage system is installed. 

The best flow in the city well No.1 was secured at a depth of 30tf 
feet after the well was cased to shut off the leakage in the crevices 
above. The same bed in the new well, No.2, about one block west of 
No.1, lies from 3 to 6 feet deeper than in the latter. 

The strata penetrated at well No.1 data furnished by Wm. Roantree 
is as follows: 

Section of Brodhead city well No 1. 

Formation. 

Drift and alluvial formation. 
Sandy loam ......................................................................... . 
Yellow sand .................................................... " .................. . 
Yellow sand and gravel. .......................................................... . 
Clay and sand ...................................................................... . 
Cl:w and sand ...................................................................... . 
Coarse.sand ......................................................................... . 

Lower Magnesian limestone formation. 
Broken stone ....................................................................... . 
Calcareous shale ................................................................... . 
Sand and limestone ................................................................ . 
Limestone ........................................................................... . 
Redmarl.. ......................................................................... .. 

upxPe~a9a:~i;~~a;; ('PoiSi:i:lmj '~an'dsio;'ii'io;m9:tiori"'''' .... . ... .... ... · .. ·· .. ··· .. ··1 
WhIte sandstone ................................................................... . 
Coarse white sandstone (first flow) ................................................. 1 

Blue calcareous shale .............................................................. . 
Blue slat.v rock ..................................................................... . 
Blue shale and sandstone ......................................................... . 
White sandstone ................................................................... . 
White sandstone .................................................................... . 
Whit .. sandstone .................................................................. . 
Coarse white sandstone ............................................................ . 
Coal's" white sa"dstone ............................................................ . 
Sandstone, (no samples) ... : ...................................................... .. 

Thickness. 

Feet. 
2 

50 
4R 
12 
18 
8 

4 
3 

47 
33 
65 
10 

52 
73 
43 
40 

222 
53 
47 
30 
11 
22 

109 

Total depth................................................................... 1,002 
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F. M. Gray of Milwaukee who drilled the well says that the well 
-ended in granite at a depth of 1,030, but the city authorities at Brod
head state that the well is only drilled 1,002 feet in depth. The well 
of the Artesian Well Co., elevation 802 feet, 500 feet deep, flows 4 feet 

.above surface and the well of the Cemetery association, elevation 798 
feet, depth 382 feet, flows 14 feet above the surface 

Albany.-Albany has a population of 669. The wells in Albany gen
-erally vary from 10 to 125 feet in depth in the rock formation. The 
well of Wm. Smiley, about two miles west of the village, in section 30, 
is 290 feet deep in rock. 

New Glarus.-The population of this village is 708. The private 
wells in the village vary from 30 to 50 feet deep in rock. The village has 
a public water supply from an 8-inch well, 186 feet deep, having! an 
average pumpage of 50,000 gallons. About 50 per cent of the houses 
connect with the water supply. 

QUALITY OF THE WATER 

The water of Green County, as indicated in the table of analyses, are 
all hard waters or vcry hard waters, and all are of moderate mineral 
content. Only the waters analyzed from Monroe and Juda should be 
classed as very hard waters. The water of Gomber's well at Brodhead, 
in St. Peter sandstone, analyses No.9, is unusually low in mineral con
tent for this locality. 

The waters analyzed from Monroe are unlike the others in the high 
{lontent of chlorine, and the analyses of the city water in addition shows 
a high content of nitrate. Both of these constituents very probably in
dicate a contaminated source of supply. In the case of analyses No. 
4 the well is only 30 feet deep and in the city supply of analyses No. 
12, made in )907, the nitrates and chlorides are probably in the water 
,obtained from the 50-foot well. The analyses No. 13 of the Monroe 
'city supply, from the deep 1,000-foot well, made in 1899, indicates a 
pure supply, without nitrates and high chlorine. 
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MineraZ anaZyses 01 water in Green Oounty. 

(Analyses in parts per million.) 

Spring. Surface depoSits. 

1. 2. 3. 4. 5. 6. 

-------------- ------------ --- ---
Depth of well .................... feet ........... . 
Silica (SI02)............................ } } 
AluminIum and iron oxides( AhOa+ 8;0 

Fe20a) .........•....................... 
Calcium (Ca) .... ..... .... .... •... ...... 115.7 
Magnesium (Mid.... ..... .•.. •... ....•. 42.9 
Spodlum (Na)........ .•..... ......... ... 23.4 

otassium \K) ...............•......... 
Carbonate radicle (COa) .............. 254.7 
Sulphate radicle (804)...... ........... 39.9 
Chlorine (Cl)..... ............ ..... ..... 3.5 

Total dissolved solids ..... .... ....... 488. 

26 

5.8 

50.9 
21.9 
8.9 

82.5 
87.3 
6.3 

264. 

Galena and 8t Peter 
Platteville lime- sandstone. 

stone. 

7. 8. 9 

18 

11.1 

77 .2 
36.5 
21.7 

206.2 
5.6 
4.5 

363. 

10. 

30 

6.8 

98.9 
35.4 
25.7 

229.9 
24.5 
28.7 

11 

4.1 

57.5 
31.6 
7.6 

168.5 
5.0 
3.4 

40 

5.8 

53.0 
28.2 
9.1 

149.3 
7.5 
8.5 

450. 278. I 261. 

Upper Cambrian 
(Potsdam) sandstone. 

11. 12. 13. 

---1----1------------
Depth of well~ ....... feet .. 25 

Aluminium and iron oxides 4.4 
(A120a+Fe20al. ........... . 

25 

.7 

30 
11.8 

1.002 
8.9 Silica (~102). . ........... } 

Aluminium oxide (AhOa).. 2.2 3.9 
Iron (Fe). ... .... ......... .... ....... .. .... ...... 1.2 1.2 
Calcium (Ca) ... ... .... ...... 126.0 88.4 28.1 46.3 
Mal?nesian (Mg)............. 19.8 47.4 13.8 33.5 
Rodlum (Na) ................ , 296 250 j 3.2 2.8 

1.002 

} 7.0 

50-997 
1.8 
5.2 

1.000 
1 
J .7 

.... 46:6" ····78:5·· .. 74:i"" 
33.4 50.7 38.3 
3.7 25.2 10.7 

PotassIum (K) ............... i ' . 1...... .... 1.1 
Carbonate radIcle (C03) .... 136.5 240.4 77.7 163.8 148.9 '''205:7'' 191.6 
Nitrate radiclp (N03).. .... .......... ....... .. ............ ... ....... .......... 34. .. ..... . 
Sulphate radicle (S04)..... 17.0 22.6 1.9

1 
11.6 10.6 33.3 22.5 

Chlorine (Cll................ 33.71 32.2 ·3.3 3.8 I 1.4 38.8 16.3 

~:::~::l::t~~.r.::::::::::::: ~~~~--ds~~~~1~~1~~1~~ 
1. Luxinl8eg~~ Spring, Monroe. Analyst, Cbemist C. M. & St. P. By,. Co .• May 29. 

2. Well of C. 11. & St. P. By. Co., Brodhead. Analyst, Chemist C. M. & St. P. By. Co., 
May 27, 1891. 

3. Well of C. 1I1. & St. P. By. Co., Juda. Analyst, Chemist C. M. & St. P. By. Co., 
Oct. 5th. 1891. 

4. Well of C. 1I1. & St. P. By. Co., Monroe. Analyst, Chemist C. M. & St. P. By. Co., 
May 29. 1891. 

5. Well of C. M. & St. P. By. Co., New Glarus. Analyst. Chemist C. M. & St. P. By. 
Co .• Oct. 28. 1891. . 

6. Well of C. M. & St. P. By. Co., Browntown. Analyst, Chemist C. M. & St. P. By. 
Co., 1I1ay 25. 1891. • 

7. Well of C. M. & St. P. By. Co., Monroe. Analyst, Chemist C. M. & St. P. By. Co., 
May 29, 1891. 

8. Well of C. lII. & St. P. Ry. Co., Monroe. Analyst, Chemist C. M. & St. P. By. Co., 
April 27, 1899. 

9. Gomber's well at Broadhead. Analyst, G. Bode, Vol. 2, Geol. of Wis., p. 660, 1877. 
10. Well of city water works, Broadhead. Analyst, W. W. Daniells. 
11. Well of city water works, Broadhead. Analyst, Chemist C. M. & St. P. By. Co., 

May 27, 1891. 
12. Wells of city water supply, Monroe. Analyst, Dearborn Drug & Chern. Co., May 23, 

1907. 
13. Well of city water works, Monroe. Analyst, Ohemist C. M. & St. P. By., April 29. 

1899. 
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GREEN LAKE COLNTY 

Green Lake County, located in the south central part of the state, 
has an area of 364 square miles, and a population of 15,491. About 
90.3 per cent of the county is in farms, of which 62.6 per cent is un
der cultivation. 

SURFACE FEATURES 

The surface of Green Lake county varies from quite level and gently 
undulating in the western and northwestern part to somewhat more un
dulating and hilly in the southeastern part. The broad, low valley of 
the Fox river extends through the northwestern part. In the eastern 
and southeastern parts are upland ridges and tablelands, fluted by 
trough-like valleys extending in an east-northeast direction. 

The general altitude of the valley bottom of the Fox river is between 
750 and 780 feet, the river level at Berlin being 750, and at Lake Puck
away, 760 feet. Much of the valley bottom is only from 10 to 20 feet 
above the river level. 'The upland ridges in the eastern part of the 
county reach altitudes of 1,050 to 1,150 feet. Green Lake lies 25 to 3~ 
feet higher than Lake Puckaway and has a depth of 287 feet. The 
upland ridges in the eastern part, near Green Lake, rise from 100 to, 
200 feet above the level of the lake and have broad, gently rolling tops 
occupied by farms. 

GEOLOGICAL FORJl-lATIONS 

The principal geological formations are the t:pper Cambrian (Pots
dam) sandstone, the Lower Magnesian limestone, and the surface for
mations of alluvium and glacial drift. In the southeastern part of the 
county the St. Peter sandstone and the Galena-Platteville (Trenton) 
limestone are present. At Berlin, and in the northeastern part of the 
county, are outcrops of the Pre-Cambrian granite. The geological 
structure is illustrated in Fig. 39. 

The thickness of the surface formations of river and lake deposit, 
and of glacial drift, is quite variable in the county. The pre-glacial 
channel of the Fox river has been filled to a depth of over 300 feet with 
gravel, sand and clay, as shown by well records near Berlin. Outside 
the old valley, however, the surface formations art' usually less than 
100 feet thick. The thickness of the rock formation of sandstone and 
limestone is also quite variable on account of the difference in amount. 
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of erosion of these formations. The Lower Magnesian and the Galena
Platteville (Trenton) limestone formations occur only in the higher 
lands of the southeastern part of the county, being wholly removed by 

~ Fig. 39.-Geologlc section, east-west, across northern Marquette and Green Lake 
counties. 

erosion from the area adjacent to and west of the Fox river. The us
ual range in thickness of the formatIons in the county may be summar
ized as follows: 

Approximate range in thickness of formations in Green Lake Oounty. 

Formation. Thickness. 

. Feet. 
Rurface formation ............•..........•..•.•..••.•.•....•..... ' '.' .. . . .. . . .• . . .. . . .. . .. 0 to 350 
Galena-Platteville (Trenton) limestone .............•....•............................ 0 to 200 
St. Peter and Lower Magnesian formations ..........•.•.... ; ......................... 0 to 250 
Upper Cambrian (Potsdam) sandstone................................................ 0 to 750 
Pre-Cambrian granite ..•...•.•...•...••.........•••..••..............•.............•.......•....••..• 

PRINCIPAL WATER-BEARING HORIZONS 

The principal water-bearing horizons are the Upper Cambrian (Pots
dam) sandstone and the surface formations of alluvial sand, claYf and 
glacial drift. Most of the wells of the northwestern part of the county 
are shallow, on account of the generally level character of the land, the 
wells being generally from 15 to 20 feet deep. On the uplands of the 
eastern part of the county wells are generally from 50 to 150 feet deep. 

FLOWING WELLS 

Flowing wells occur throughout the county along the Fox rlver, The 
water is obtained from two sources-the surface formation and the un
derlying Potsdam sandstone. The head is generally from 10 to 20 
feet above the level of the Fox river, rising slightly to higher altitudes 
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as the distance from the river is increased. (See page 91.). The following 
wells are more fully described under water supplies for Berlin and 
Princeton. 

WATER SUPPLIES FOR CITIES A...'1D VILLAGES 

Berlin.-This city, population 4,636, located on the Fox river, has a 
water supply and sewage system. The water supply is obtained from 
two 8-inch artesian wells 430 and 450 feet deep and 100 feet apart. The 
sewage is emptied without purification into the Fox river. About 50 
per cent of the houses are connected with the water supply and sewage 
systems. 

The two city wells flow 150 gallons per minute at the surface under 
a 3-foot head, and about 700 gallons per minute 20 feet below the sur
face of the ground. The water is pumped into a 100,000 gallon re
servoir. The average pumpage is 171,000 gallons per day. 

The water is obtained from two sources, the upper source is a gravel 
seam under 48 feet of clay, the lower is the Potsdam sandstone. About 
one-fourth of the water pumped comes from the gravel seam. 

The city wells are located on low ground near the river, half a mile 
southwest of the Berlin rhyolite outcrop which rises about 200 feet 
higher than the surface at the well. No crystalline rock was encoun
tered in either well. A slight variation in the amount of water has been 
noticed from one year to another. This variation is due chiefly to the 
supply from the gravel seam which is affected materially by the amount 
of rainfall. 

A number of wells along the Fox river, varying in depth from 60 to 
100 feet, draw their supply from the gravel bed above the sandstone. 
Two of these wells are used by the Sears Tannery Company, and are 
about 100 feet deep. At present nearly all of these wells have ceased 
flowing, the waterworks wells having reduced the heads of all the wells 
in the vicinity of the plant. One of the shallowest flowing wells drilled is 
only 25 feet deep, and flowed 12 feet above the surface, filling a 2-inch 
pipe. The glacial and associated deposit in this vicinity varies from 50 to 
more than 300 feet in thickness. Most of the flowing wells are be
t:veen 80 and 150 feet in depth. In this connection see description of 
the flowing wells in Fox River valley pp. 90-93. 

The following log of a well, in Sec. 10, the southern part of Berlin, 
shows the character and thickness of the surface formation in the val
leys of this locality: 
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Drillerll Log oj·well drilled by A. R. Heald in S. 10., T. 17. R. 13, in 1897. 

Formation. Thickness. 

Feet. 
Sand and clay ............................................... '. . .... . .... . .. . .... .... . .. . . . 20 

·Clay...................................................................................... 45 
~and.. .................... .... ........ .... .... ........................ .... .... ............ 10 
Clay...................................................................................... 135 
Gravel anti cement clay.............. .................................................. 20 
Clay...................................................................................... 40 
Gravel and cement Clay ................................................................ \ 54 
Potsdam, red sandstone ................. '. .................................... .... ...... 42 

Total depth .................................................................... -366-

Princeton.--This village located on the Fox river has a population of 
1,269. Artesian flows have been obtained near Princeton ~nd farther 
up the Fox river, as described in Marquette county. Most of the wells 
in the village are from 24 to 90 feet deep in clay and sand. 

Markesan.-Markesan, located On Grand river, has a population of 
892. The water supply is obtained from private wells, which are gen
erally from 35 to 65 feet deep in sand and gravel. The deepest wells 
reach into the Lower Magnesian limestone. . 

Green Lake.-This village, located on Green Lake, has a population 
of about 500. The private wells are of variable depth from 20 to 100 
feet in drift and rock. 

QUALITY OF THE WATER 

The waters of Green Lake county, as shown in the table of analyses, 
are hard waters of moderate mineral content. The water of the Grove 
House spring at Green Lake is somewhat unusual and contains a re
latively high content of magnesium sulphate, epsom salt, and is utilized 
for medicinal purposes. The water of Green Lake shows the same char
acter as. the water of some other lakes in Wisconsin, in containing a 
smaller amount of calcium than of magnesium, a condition undoubtedly 
brought about within the lake itself through the abstraction of calcium 
from the water by chara and other organisms. 

The water from the Fox river at Princeton, No.1, contains 2.28 
pounds of incrusting solids in 1,000 gallons, and that from the welJ 
at Princeton, No.7, contains 2.53 pounds in 1,000 gallons. 
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Mineral analyses o/1Cater in Green Lake Oounty. 

(Analyses in parts per million.) 

I 
I , 

Ri ver. Lake. I Spring. ' Surface deposits. 

--------- ----;-------

365 

Upper 
Cam
brian 
(Pots
dam) 
sand-, 
stone. 

1 2 3 4' 5 6\ 7 

'--- ----~------------ --------------
Depth of wen ............ feet . ...... ... .......... ...... .... 10. 16. 109. I 300. 
Silica (8i02). .... .... .... .... 23.7 9.4 U. {6.1 2.2 35.5 24.0 
Aluminum and iron oXidesl 

(A1203 + Fe203) ...... .... 18.6 2. .......... ........ .......... 17.8 12.8 
Cal~ium (Ca) ..... '" .... .... 43.1 21.5 59.5 70.9 63.1 59.5 59.1 
l\'!ae-nesium (Mg) .••.•••..... 1 28.2 25.7 62.4 38.4 33.0 24.2 32.5 
Sodium (Na) ................ J 3.6 3.4 J 1.3 10.9 I 14.3 7.2 1.8 

b~~t~~~~ ~~Jici.;·c'oo~):::· l'ii8 :1i" 8~: l .. sli :2" ·"ilii.6" '''isil:7'' "'i:iiJ:3" 158.9 
SulDhateradicle ('304)...... 36.3 16.7 246.51 1N.S 12.8 26.9 18.0 

i3~~~~rce~~I,)te~::: :::: ::: :::. r:~ 5.8 ..... ~: ........ ~:~ .. I .... ~:~. .. .. ~::.. 0.0 

Total dissolved solids ....... 278~-174:- 475:-;-s.50. -'-3i3~- -3ll.- --308~ 

0'====-= .. =;======================== 
1. Fox River, Princeton. Analyst, G. 1\1. Davidson, C. & X W. Ry. Co., Feb., 1901. 
2. Green Lake. Analyst, E. B. Hall and C. Juday, Wis. Geol. Hist. Survey. Bull. 22, 

p. 170. Sept. 14, 1907. 
3. Spring Grove Epsom. Spring, Green Lake. Analyst, A. F. Gilman. . 
4. Railroad well, Berlin. Analyst, Chemist C. M. & St. P. Ry. Co., Sept. 9, 1889. 
5. Railroad well, Markesan. Analyst, Chemist C. M. & St. P. Ry. Co., Sept. 9,.1889. 
6. Well of American Hotel, Princeton. Analyst, G. ::'1. Davidson, Jan., 1901. 
7. Well of C. & N. W. Ry. Co., Princeton. Analyst, G. )1. Davidson, May 21, 1901. 

IOWA COUNTY 

Iowa county, located in the southwestern part of the state, has an 
area of 763 square miles, and a population of 22,497. About 92.5 per 
cent of the county is in farms, of which 63.4 per cent is under cultiva
tion. 

SURFACE FEATURES 

The surface of, Iowa county consists of deeply dissected uplands, 
whose nearly even summits reach an approximately common elevation. 
The valleys are quite generally V-shaped, or narrow flat-bottomed. The 
relatively high divide, separating the waters flowing north to the Wis
conisn river from those flowing south through the Pecatonica river to 
the Rock, extends east and west across the central part of the county. 
The highest elevations upon the divide generally rangs between 1,200 
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and 1,300 feet. The summit of Blue Mounds, however, reaches an al
titude of approximately 1,720 feet. The lowest elevation along the 
Wisconsin river, along the northern border of the county, is about 700 
feet. The lowest elevation along the flat-bottomed valley of the Peca
tonica in th~ southern part is about 900 feet. The maximum difference 
in elevation between valley bottom and main uplands is 500 to 600 feet 
in the northern part of the county, and about 400 Uet in the southern 
part. 

~ 
.~ 
~ LJ"""9 .. ,,///e Nil?erf/ Ptl/AT' 

, 
I ~e LS 

~~[~itilitg/j]f({'~':;i"'J'J;t;r&~'~~~&~fI,i'i;[,':;Q'Wsit~ 
Fig. 40.-Geologlc section. north-south, across central Iowa County. 

GEOLOGICAL FORMATIONS 

The geological formations of this county are like those of Grant 
county, and consist, from the base upwards, of the Upper Cambrian 
(Potsdam) sandstone, the Lower Magnesian limestone, the St. Peter 
sandstone, and the Galena-Platteville limestone. The Potsdam occurs on
ly in the valley of the 'Wisconsin river and adjacent t:ributaries. The 
Galena-Platteville limestone forms the main uplands of the southern 
part of the county. In the Blue Mounds, located on the boundary of 
Iowa and Dane counties, are the Maquoketa (Cincinnati) shale and th~ 
overlying Niagara limestone. A thin deposit of loess is common over 
the upland slopes. The valleys are filled to a variable depth with al
luvial sand. The general geological structure is illustrated in Fig. 40. 

The surface formation is mainly confined to the lower slopes and in 
the bottoms of the valleys, where a maximum thickness of 200 to 300-
feet of river deposit of sand and silt is present. The thickness of the 
rock formations is variable on account of the extensive erosion of the· 
strata. It is only where the formations are protected by the overlying 
formations that the complete sections are p~eserved. The Maquoketa 
shale occurs only in the Blue Mounds and in a small area a few miles 
northeast of Mineral Point. The Niagara limestone formation occurs 
only on the summit of the Blue Mounds. The complete thickness of 
the Galena-Platteville is usually between 250 and 300 feet, the Platte
ville beds being 50 to 60, and the Galena, 220 to 250 feet thick. The· 
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, usual thickness of the geological formations may be summarized as fol
lows: 

Approximate range in thickruu of ftwmatiuru in Iowa Oounty. 

Formation. Thickness. 

Feet. 
Surface formation.. . . ... . ... . .. . . .. . . .. . . .. • . ••. . .. . . ... . ... . ... . .. . . .•. . .. . . . . .. . . ... . . 0 to 300 
Nlaa-ara limestone (only on Blue Mounds),........................................... 0 to 200 ' 
Cincinnati shale (Maquoketa).......................................................... 0 to 200 
Galena-Platteville (Trenton) limestone............................................... 0 to ~oo 
St. Peter and Lower Magnesian........ .......................................... ...... 0 to 250 
Upper Cambrian (Potsdam) sandstone ............................••... ,............. 600 to 900 
The Pre-Cambrian granite ..................................•....••..••......................•..•••..• 

PRINCIPAL WATER-BEARING HORIZONS 

All of the geological formations from the Upper Cambrian (Pots-
,dam) sandstone up to the Galena limestone are drawn upon for water 
supplies in various parts of the county. Over most of the uplands in 
the central and southern part of the comity abundant supplies are ob
tained from the Galena-Platteville limestone. The relatively impervi
ous strata at the base of the Galena limestone and at' the base of the 
Platteville limestone control the underground circulation in these for
mations. In the valleys in the southern part shallow wells 10 to 40 
feet deep generally find abundant water either in alluvial sands or in 
s.t. Peter sandstone. In the northern part of the county the St. Peter 
sandstone lies upon the upland ridges and where of sufficient thickneSs 
furnishes a good supply. Many of the wells in the northern part; how
ever, are in the Lower Magnesian limestone and range in depth be
tween 20 and 200 feet. Adj acent to the Wisconsin river the wells are 
generally in the Upper Cambrian (Potsdam) sandstone. In the val
ley plain along the Wisconsin, water is generally obtained at depth of 
10 to 30 feet in the alluvial sand. 

SPRINGS 

No flowing wells are known to occur in the county, but numerous 
springs occur, most of whieh are seepage springs having their sources 
at the' bases of the St. Peter sandstone, the Platteville limestone, and' 
the Galena limestone. On the ;Blue Mounds numerous springs occur at 
the contact of the Cincinnati shale with the overlying limestone. The 
bed of blue. shale overlying the St. Peter sandstone is a very common 
source of springs. Many of the springs are the heads of running 
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streams and furnish an excellent supply of cold water for domestic 
use. The springs often determine the location of the farmhouses. 

WATER SUPPLIES FOR CITIES AND VILLAGES 

Mineral Point.-The population of Mineral Point is 2,92~. The city 
water supply is obtained from an 8-inch well, 150 feet deep, from the 

,St. Peter sandstone. The average pumpage is 30,000 gallons per day. 
The .city has no sewage system.' About 20 per cent of the houses con
nect with the water system. Private wells are generally from 60 to 
150 feet deep. . 

The city well was started near the contact of the Platteville limestone 
and underlying St. Peter sandstone. The curb of tha well is about 25 
feet above the bottom of the valley. 

The Mineral Point Zinc Co. has 6 wells, from 110 to 140 feet deep. 
Five of the wells are on the west side of the stream, and one on the 
east side, at the zinc oxide plant. The suction pipes in these wells ex
tend down only 25 feet, but the water has never been lowered to this 
depth. During the running of the pumps about' 20,000 gallons an 
hour were pumped from the wells. The water in the well on the east 
side is at the same height as that in the wells on the west side of the 
stream. After the pumps were stopped for 20 minutes the water. stood 
12 and 8 feet below the surface respectively, and at the end of forty 
minutes it had practically regained its normal head, being respectively 
10 feet and 5% feet below the surface. 

At the Ice Company's plant the water is pumped from a well similar 
to the city well, and the water used in the manufacture of ice .. The St. 
Peter sandstone, furnishes abundant quantities of water. 

Dodgevt7le.-This city has a population of 1,791. The city water 
supply is obtained from three 8-inch wells, 130, 300 and 450 feet deep. 

The 300 foot well passes through the Galena-Platteville limestone, 
and into the St. Peter sandstone about 100 feet. The average daily 
pumpage is reported to be only 50,000 gallons, there being less than 
100 houses connected with the system. The city has no sewage system. 
Many private wells are reported 200 to 300 feet deep. 

Highland.-Highland is located on the divide between streams flow
ing north to the Wisconsin river and those flowing south to the Platte 
and Pecatonica rivers. It has a population of 1,096. The highest part 
of the village is a little over 1,200 feet above sea level. The St. Peter 
sandstone lies at an altitude of 1,070 feet in the adjacent valley. An 
abundant supply of water can be obtained from wells reaching the St. 
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Peter sandstone at depths of 50 to 130 feet, depending on the altitude 
of the surface. 

Linden. This village, population 580, has a public water supply 
obtained from a 10-inch well, 575 feet deep. The well probably reaches 
150 to 200 feet into the Potsdam sandstone. No sewage system is in
stalled. About 25 per cent of the houses are connected with the water 
system. Private wells generally vary from 80 to 100 feet deep. 

Avoca. This village is located in the valley of the Wisconsin river. 
The population is 436. The water supply is obtained from private 
wells, generally quite shallow, from 10 to 30 feet deep, in sand and 
graveL A public supply was recently installed, obtained from a well 
{iO feet deep. 

QUALITY OF THE WATER 

The composition of the water supplies of Iowa county is shown in the 
following table of mineral analyses. In general the water from the 
S1.- Peter sandstone, and that from the surface deposits, is hard water 
and much less mineralized than that obtained from the Trenton lime
stone, which is very hard water. The greater softness of the water in the 
St. Peter sandstone as compared with that in the Trenton limestone, 
seems to indicate that it is generally advisable to drill wells through 
the limestone and draw the suppl;}~ from the underlying sandstone 
formation. The water in the Upper Cambrian (Potsdam) sandstone is 
arso very likely to be appreciably softer than that in the Trenton. 

All the waters analyzed are carbonate waters, though all those from 
the Galena-Platteville (Trenton) are relatively high in sulphates. The 
.alkalies· are subordinate to calcium and magnesium. 

In this connection reference should be made to the analysis No. 5 of 
water from a 14-foot well near stockyards at Mineral Point. The 
water from this well showing high chlorine and other constituents is 
undoubtedly contaminated from surface sources, and does not repre
sent a pure wat.er of the locality. 

The wiater from the railroad well at )Iontfort Jet., No. 12, from the 
St. Peter sandstone, contains 2.35 pounds of incrusting solids in 1,000 
gallons, while that' from the railroad well at Barneveld, No.8, from 
the Galena-Platteville limestone, contains 3.84: pounds in 1,000 gallons. 
The softest water analyzed in the cOlmty is from the well in alluvial 
sand at Avoca, No.3, which contains about 1.5 pounds of incrusting 
solids in 1,000 gallons. 

24-W. S. 
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Mineral :analyses 01 water in Iowa Oounty. 

(Analyses In parts per million.) 

Creek. Spring. Surface deDOsits (alluvial). 

1. 2. 3. 4. 5. 

Depth of welL .................... feet.. ............ ............ 25 18 14 
Silica. (Si02) ............................. } .......... t 13.0 1.3 I 2.0 ~ ........ .. 
Aluminium and iron oxides (A1203+ undet. I 3.0 ............ I .......... undet. 

Fe203) ................ : ............... . 
Calcium (Oa) ........................... 64.7 54.5 35.7 77.3 159.2 
Magnesium (Mg)....................... 40.6 29.8 8.8 4d.3 60.7 
Sodium and potassium (Na+IO.. ..... 21.0 12.6 20.3 18.2 76.6 
Carbonate radicle (003) ............... 168.0 144.9 82.7 225.8 38.2 
Sulphate radicle (S04)................. 39.1 29.1 20.3 4.9 415.8 
Chlorine (CI)............................ 32.2 7.0 7.5 24.4 118.8 
Nitrate radicle (N03).. ................ 8.9 ............ ............ ............ 64.5 

Total dissolved solids.............. 376. 294. 177. 934. 

I Galena-Platteville (Trenton) lime- St.Peter sand-
stone. stone. 

__ 9_. _ 10. l~~ 6. 7. '8. 

-----~ ---
Depth of well .................... feet.. 180 260 252 142 198 170 
Silica (SI02)........................... 8.9 7.9 9.1 5.1 7.7 20.0 
Aluminum and iron oxides (A1203+ 

Fe203).................. ............. 2.0 7.9 1.0 
Calcium (Ca).... ....... ............... 81.3 59.7 65.5 

9.0 I 8.0 3.6 
83.0 

I 
64.5 75.0 

Mal<nesium (Mg)...................... 47.6 32.6 38.9 40.8 55.5 67.1 
24.0 15.5 Sodium and potassium (Na+K) ..... 13.5 3.1 2.2 

Oarbonate radicle (003).............. 209.2 156.1 185.0 
3.6 

188.9 189.5 155.6 
Sulphate radicle (S04).. ............... 63.8 22.4 19.5 90.7 133.1 117.0 

24.1 Chlorine (CO.................. ....... I I 16.5 4.7 3.4 

orlr;:~:~::::~;~~·~~;;~~::::::/::::::::1~2 ~~ ~ir~ ~ia~ ~~~ -3~;-
5.4 24.2 

i. Creek at Mineral Point. Analyst, G. N. Prentiss, July 10, 1912. 
2. Spring at Cobb, depth 10 ft. in Trenton limestone. Analyst, G. M. Davidson. 

Jan. 29, 1909. . 
3. Well of C. M. & St. P. Ry. Co., Avoca. Analyst, Chemist C. M. & St. P. Ry. Co .• 

July 23, 1891. 
4. Well of O. M. & St. P. Ry. Co., at Mineral Point. Analyst, Chemist, C. M. & St. P. 

Ry. Co .. Nov. 3, 1891. 
5. Well of C. M. & St. P. Ry. Co., Mineral Point. Analyst, G. N. Prentiss, May 8. 

1912. 
6. Well of C. & N. W. Ry. Co., Dodgeville. Analyst, G. M. Davidson, Feb. 2, 1909. 
7. Well of C. & N. W. Ry. C'O., Barneveld. Analyst, G. M. Davidson, Sept. 3, 1909. 
8. Well of C. & N. W. Ry. Co., Barneveld. Analyst, G. M. Davidson, Jan. 29, 1909. 
9. Well of C. & N. W. Ry. Co., Barneveld. Analyst, G. M Davidson, May 28, 1895_ 

10. Well of C. & N. W. Ry. Co., Rewey. Analyst, G. M. Davidson, Jan. 22, 1909. 
11. Well of C. & N. W. Ry. Co., Rewey. Analyst, G. M. Davidson, Jan. 28, 1903. 
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Mineral analyses 01 water in IOW4 Covnty-Continued. 

(Analyses lD parts per million.) 

St. Peter sandstone. 

371 

12. 13. I U. 

-.---1--
15. __ 1_6._~ __ 1_8._ 

Depth of well ......... feet .. 224 UO 152 152 208 220 220 
Silica (Si02) .................. 19.4 1.2 .......... .......... .......... .......... ........... 
Aluminum and iron oxides 

(A120s+Fe203) ............ 6.3 · .. ·56:2" undet. undet. undet. undet. undet. 
Calcium (Ca) ................ 55.5 81.5 113.5 142.8 1I0.1 68.5 
Magnesium (MIr) ............ 31.5 37.1 42.7 50.9 57.5 51.5 38.5 
Sodium and llotassium 

(Na+K) .................... 12.0 4.5 10.8 30.3 42.0 40.8 5.3 
Carbonate radicle (C03) .... 150.4 176.3 178.1 200.2 ~00.1 184.8 166.4 
Sulphate rad icle (S04) ...... 9.0 6.1 69.0 I 125.2 172.6 1I6.0 38.0 
Chlorine (CI)· ................ 1.7 2.4 23.8 67.1 1I9.9 73.8 11.1 
Nitrate radicle (NOs) ....... ..................... 50.5 7.7 

----------.------------
Total dissolved solids ..•.... 286. 284. 406. 587. 735. 628. 336. 

12. Well of C. & N. W. Ry. Co. at Montfort Junction. Analyst, G. M. Davidson, Oct. 1. 
1910 

13. Well of Mineral Point Zinc Co., Mineral Point. Analyst, Chemist C. M. & St. P. 
Ry. Co., Dec. 19, 1894. 

14. Well of C. M. & St. P. Ry. Co., Mineral Point. Analyst, G. N. Prentiss, April 22. 
1913. . 

15. Well of C. M. & St. P. Ry. Co., Mineral Point. Analyst, G. N. Prentiss, April 14. 
1913. 

16. Two wells of C. M. & St. P. Ry. Co., Mineral Point. Analyst, G. N. Prentiss, 
April 8, 1912. 

17. Wel1l'J1f M. & St. P. Ry. Co., Mineral Point. Analyst, G. N .. Prentiss, May 8, 

18. Well of C. M. & St. P. Ry. Co., Mineral Point. Analyst, G. N. Prentiss, July II}, 
1912. 

IRON COUNTY 

Iron c~mnty, bordering on Lake Superior, has an area of 786 square 
miles and a population of 8,306. Only about 2.8 per cent of the county 
is in farms, of which 28 per cent is under cultivation. Hurley and 
Mop.treal are the largest towns. 
11,1,'\\\\1,\1" .• ". ' I , 1 \\ 
]\ilii ..•• ,\, ....... \ -",,',' I 

\ I 1\" 
\ 'I, 'i, ':, 

SURFACE FEATURES 

The surface of the county is generally undulating, the Penokee
Gogebic Range extending northeast'through the north-central part. Al
titudes range from 602 feet along Lake Snperior to 1,600 and 1,800 
feet on the Penokee range and farther south in the southern part of 
county. The southeastern part is dotted with many small lakes and 
numerous swampy tracts. The soil in the northern part is mainly 
clayey loam, and in the. southern part mainly lighter sandy loams. 
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GEOLOGICAL FORMATIONS 

The indurated rock formations from south to north are the Pre
Cambrian granitic and metamorphic formations, the Keweenawan trap 
and the Lake Superior sandstone. Over these indurated rocks are the 
surface deposits of glacial drift, red lacustrine clays and stratified 
sands. 

The Keweenawan trap and Lake Superior sandstone lie in the north
£rn part, north of the Penokee iron range, the sandstone being confined 
to a small area near the lake shore at Oronto Bay. 

The vertical depth of the trap and the Pre Cambrian (Huronian) 
erystalline rocks is very considerable. The sandstone is also a very 
thick formation, with bedding dipping to 50° to 90° to the northwest. 
'J'he thickness of the sandstone is estimated to be 12,000.to 14,000 feet. 
'J'he thickness of the surface deposits is variable and ranges from noth
ing up to 300 or 400 feet. The maximum thickness of surface deposits 
probably occurs in the vicinity of Oronto Bay, and among the hills of 
terminal moraine in the central and southern part of the county. The 
approximate range in thickness of formations in Iron County may be 
summarized as follows: 

Range in thickne88 of formation8 in Iron Oounty. 

Formation. Thickness. 

Feet. 
Surface formations ................................................. ,. . . .... ... .......... 0- 400 
Lake Superior sandstone............................................................... 0-14.000 
Keweenawan trap and Archean ..................................................................... . 

PRINCIPAL WATER BEARING HORIZONS 

The principal ,vater bearing horizon is the surface formation of drift 
and stratified sand and graveL Usually an abundant water supply 
can be obtained in this formation at depths of less than 50 feet. The 
Lake Superior sandstone is of uncertain character with respect to its 
water bearing capacity but usually a sufficient supply for farm pur
poses can be obtained from it. 

The massive granite, quartzite, and Jrap rocks are generally low in 
water bearing capacity though small amounts can generally be obtained 

in these formations sufficient for farm supplies. 
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No artesian wells appear to be developed along the small portion of 
this county bordering on Lake Superior. It seems quite likely, how
ever, that flowing wells in the surface deposits may be found in low 
places in the small valleys adjacent to the lake shore. 

WATER SUPPLIES FOR CITIES AND VILLAGES 

At Upson and Montreal, wells seldom are deeper than 25 feet, at 
which depth a sufficient supply of water is obtained from the sand and 
gravel underlying the drift clay. Numerous springs are found in this; 
locality. A spring within the village of Upson could at a small expense 
be made to supply water sufficient for a town of 1,000 inhabitants. 

At Hinkle and Kimball spring water is used entirely for the lumber'
ing camps. 

Hurley. Hurley, a city of about 2,000 inhabitants, has a public 
water supply, for fire protection mainly, obtained from Montreal River. 
An adequate pure water supply could readily be obtained for this 
place from underground water sources. A filter plant was recently in
stalled to purify the river supply. (See p. 136). 

Saxon. At Saxon, near the crest of the Keweenawan trap range, 
wells are from 20 to 40 feet in depth. They draw their supply mainly 
from gravel, between the layers of red clay and the underlying hard 
pan. Wells reaching to trap rock are of rare occurrence. Some wa
ter is also drawn from the sand overlying the red clay. Wells in drift 
are from 10 to 20 feet in depth, but are not very satisfactory from a 
sanitary point of view. The water stands about 10 feet below the sur
face. Numerous springs occur at various places in the swamp and 
marshes near the village. Drilled wells furnish a fair supply for all 
domestic purposes, but do not furnish a sufficient amount for railroad 
engines or other important economic uses. The underground water 
conditions at Saxon are much the same as at other localities along the 
ridge of trap rock. 

The C. & N. W. Ry. Co. has drilled two wells near Saxon to supply 
their locomotives. The first well is cemented down for 43 feet, and 
draws its supply from 3 feet of gravel lying on the trap rock. It was 
drilled 43 feet further into the trap rock but secured no increase in 
flow. The water supply stands 6 to 10 feet above the surrounding 
swamp water, subject to seasonal variation. The well can be pumped 
dry in a few hours. 

The second railway well is 5.00 feet north of the first. Two pumps, 
together lifting 15,000 gallons per hour, pumped this well dry in a few 
hours. Pumping from this well does not affect the water level in the
first well. 
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The well of the John Schroeder Lumber Company at a camp in sec
tion 15, T. 47, R. 1 W., is 300 feet in depth, passing through clay and 
fine sand, until gravel was reached. . 

QUALITY OF THE WATER 

The surface waters of Iron County are very soft or soft waters, as 
indicated by the analyses cited in the table. The waters analyzed from 
the springs, creeks and rivers show a very low content of mineral mat
ter, about the same cont~nt of mineral matter as the water of Lake 
Superior. 

The water from the well at De Fees mill at Saxon is hard water and 
contains 2.15 pounds of incrusting solids in 1,000 gallons. The city 
water supply of Hurley from the Montreal river, contains 0.60 pounds 
of Incrusting solids in 1,000 gallons. 

The high organic matter in the city water at Hurley, however, is a 
bad feature for both industrial and domestic use. The same water 
plant supplies the city of Ironwood, Mich. A good pure water supply 
could readily be obtained for both of these cities from ground water 
sources. A filter system was recently installed to remove the organic 
matter and other impurities in the river supply. 

Mineral analyses of water in Iron County. 

(Analyses in parts per million.) 

Creeks. River. 

1. 2. 3. 

Springs. 

4. 

Surface 
deposits. 

5. 

·Depth of well. ................... feet ................................................ 35 
'Sillca (Si02)............................ 11.8 8.2 9.2 10.5 18.8 
Aluminum and iron oxides I 

A1203+Fe203)........................ 0.8 4.4 2.2 ~ •• 36 5~'~ 
·Calcium (Ca)........................... 8.2 15.3 16.0 . 
Magnesium (Mg)....................... 4.8 4.3 6.3 trace 27.6 
Sodium and potassium (Na+K)....... 2.2 2.7 1.8 1.8 1.2 
Carbonate radicle (COs).............. 23.5 33.6 38.8 4.0 154.2 
Aulphate radicle (30,)....... .......... 3.5 2.0 2.7 2.6 2.0 
Chlorine CJ. .. .. .. .... .. .. . .... .. ..... ... ............ ............ ............ . .... ,...... .. ........ .. 
Qrganic matter ......................... _ 36.0 _I_~~ _~~ __ 9~. I __ ~ 

Total dissolved solids .............. I 55. 70. 77. 23. 263. 

1. Creek 4 miles northeast of Cedar. Analyst, G. M. Davidson, Dec., 1900. 
2. Creek at Mercer. Analyst, G. M.Davidson, Sept. 23, 1909. 
3. Montreal river, City Water Supply, Hurley. Analyst, G. M. Davidson, Aug., 1909. 
4. Spring 1'h miles north of Cedar, Analyst, G. M. Davidson, Dec., 1900. 
5. Well at De Fee's mill at Saxon. Analyst, G. M. Davidson, June 3, 1902. 
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JACKSON COIDo"TY 

Jackson eounty, located in the west central part of the state, has an 
area of 978 square miles, and a population 'of 17,705. About 59.2 per 
cent of this county is in farms, of which 48.3 per cent is under culti
vation, mainly in the western part of the county. 

SURFACE FEATURES 

The eastern part of the county is a broad, sandy alluvial plain, 
while the western part, west of Black river, is hilly, uneven land, char
acteristic of the sandstone formation. 

The altitudes range from less than 800 feet along the valley of the 

-,,?'C~q'/q .... ::c.:. '.:.:.: ":. Bloc~fl/"6rr;,//.s C/rv/"'d/nr 
I I ~//uv/t:71 I IV".-
, ::-:.: .... :.: .......... .s.s. ... . :,,::.":::.:'.:. . :v v v v v v' y \/ y y y' :.;.'-:t'" 

...... ·Cal?1br1t7r? .... :.......... v y y v v Y Y v V Y V V V V v 
/(f'I'.~r. .... ::.:'. ::::., ·v··.,;· v" vVv VyVVV vYvv vYvvvvvvvv vvvvv v vVv vvv vVv vvv or_' 

y y y v v v v V v v v v v v v v v v v v v v v v v v v v 
vVVVVVVVyVVVvY~~~~~Qr~,~~a~/reVvYvVyYvYvVyYyYyVy~VVVVVVVVVVy 
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TREMF'£RULERU co. "'RCK~DH co. 
Fig. 41.-Geologic section, east-west, across central Trempealeau and Jackson 

counties. 

Black river· to 1,100 and 1,200 feet on the sandstone uplands. The 
broad sandy bottom plain of the eastern part of the county is mainly 
betw('en 950 and 1,000 feet above sea level. 

GEOLOGICAL FORMATIONS 

The Pre-Cambrian erystalline formations of granite and. gneiss oc
cur along the bed of the Black river, above Black River Falls. Over
lying the rrystalline rocks over all other parts of the county is the Up
per Cambrian (Potsdam) sandstone. East of the Black river is the 
broad plain of sandy alluvial formation, a relatively low tract, char
acterized by wet and marshy areas. A large amount of alluvial filling 
occupies the valley of' the Black river below Black River Falls, and 
similar surface deposits occur in all other valleys of the county. The 
geological structure of Jackson and Trempealeau counties is illustrated 
in Fig. 41. 

The surface formation probably attains a maximum thickness of over 
200 feet in the deepest parts of the filled valleys. The thickness of the 
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Upper Cambrian (Potsdam) sandstone is variable on account of the ex
tensive erosion of the strata. The approximate range in thickness of 
the geological formations may be summarized as follows; 

The range in thi.ckne88 of formation8 in Jackson county. 

Formation. Thickness. 

-~~~~~~~~~~~-~ ~---:-

Fept. 
Rm'face formation .............. '" .... . ... .... .... .... .... ..... ... .... .... ..... ......... 0 to 200. 
Upper Cambrian (Potsdam) sand.tone ................................................ 0 to 800. 
The Pre-Cambrian granite .................................................. ; .......... T' ............ . 

WATER SUPPLIES FOR CITIES AND VILLAGES 

Black River Falls. This city, the county seat of Jackson county, 
has a population of 1,917. It is situate.d on the site of a large water 
power on the Black river. The bed rock, in the river rapids, is the gran
ite formation, and overlying this are some ledges of sandstone and a 
thick deposit of loose sand and gravel of alluvial origin. The principal 
part of the city is located on a sandy alluvial terrace on the west side of 
the river. During the high water stage of September, 1911, the river
broke through at the west end of the dam and destroyed a considerable 
part of the city located on the lowest terrace. 

The city water supply is derived from springs located about 4 miles 
from the city and a well 10 feet deep located at the pumping station. 
The average daily pumpage is 100,000 gallons. Sixty per cent of the 
houses are reported to be connected with the water system. No sew
age system is installed. 

Merrillan. ~Ierrillan, located on Halls Creek, has a popUlation of 625. 
It is located upon a level area of sand and sandy loam soil. A publi(~ 
water supply is installed, the supply being obtained from four Cook 
points in a bed of sand, 17 to 30 feet from the surface. The average 
daily pump age is 40,000 gallons. About 50 per cent of the houses are 
connected with the system. The private wells are shallow, from 10 to-
20 feet deep. 

Hixton. At Hixton the wells are in sand and sandstone to depths of 
15 to 60 feet. In Irving the wells are from 25 to 50 feet in sand and 
sandstone rock. In Millston the wells are from 20 to 70 feet deep in 
the sand and sandstone formation. In Taylor wells are from 20 to 50 
feet in sand and gravel. 



DESCRIPTION OF LOCAL WATER SUPPLIES. 377 

A~ma Center. Alma Center, population 417, has a public water sup
ply obtained from a 6-inch well, 386 feet deep. The formation is 20, 
feet of surface sand, and 336 feet of the upper Cambrian (Potsdam) 
sandstone. The water level stands near the surfa<'e, and the daily 
capacity of the supply is about 216,000 gallons. The average daily 
pumpage is 8,000 gallons. About 50 per cent of the houses are con
nected with the system. 

QUALITY OF THE WATER 

Judging from the character of the geological formation, the water 
is very likely to be soft in the alluvial sand, and hard water of mod
erate mineral content of from 100 to 300 parts per million in the sand
stone formation. The water of the Black river is very probably soft 
water containing less than 100 parts per million of mineral matter. 
Analysis of the soft water characteristic of the alluvial sand formation 
is shown in No. 3 of the table of analyses . . 

Mineral analyses of water in Jackson County. 

(Analyses in parts per million.) 

Creek. 8urfa.c" sand 
or sandstone. 

--------~~----- ' . 

1. 2. 3. 

--_----------.---- -----1----- -----

~t~~I~~:?;~iid·iioD .. O;.:ii!es·iAi2·03+Fe20~C:::::j 3.7 7.5 8.6 
Calcium (Ca) .. ..... .... ... .... .... .... ....... .... .... 3.4 8.3 7.0 
Maaneslum (MIr) ........................................ 1 0.7 4.1 3.5 
Sodium and potassium (Na+Kl ........................ , 5.1 14.9 .... . 
C .. rbonate radicle (ODs) ............................... , IU ~8. 7 . iti:s .... ·· 
Sulphate radicle (804).... ......... ... ........ ........ ~.3 2.7 9.8 
Chlorine (Cn ............................................. [ 0.5 [1.6 1.6 

Total dissolved solids ........ ·: .. · .... · ...... · .... ·I-~-·~-- --47,""'--

1. Morrison Creek, at McKenna, an abandoned station on Goodyear Logging R. R., in 
Sect. 21 or 28, T. 21 N., R. 1 W. Analyst. Chemist, C. M. & St. P. Ry. Co., 
Feb. 17, 1892. 

!l. Morrison Creek mill pond at McKenna. Analyst. Chemist, C. M. & St. P. Ry. Co., 
Feb. 11, 1892. 

3. Well near Sulsich & CO.'A office, at McKenna. Analyst, Chemist, C. M. & St. P. 
Ry. Co., Feb. 15, 1892. 
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JEFFERSON COUNTY 

Jefferson county, located in the southeastern part of the state, has 
an area of 548 square miles and a population of 34,306. About 95 
per cent of the county is in farms, of which 64.9 per cent is under eul
tivation. 

SURFACE FEATURES 

The surface is largely a broad valley bottom plain with only a. 
small proportion of upland area reaching 100 to 200 feet above the 
valley bottoms. The county is drained by Rock river and its tributaries 
mainly the Crawfish and the Bark rive!s. Broad marshes are a char
acteristic feature of t~e eastern part 0:& the county especially along the 

Fig. 42.-Geologic section, east-west, across central Jefferson County. 

Bark and Scuppernong rivers. Elsewhere small marshes quite gener
ally lie at the base of the oval ridges, "drumlins", which are common 

. in Jefferson eounty. 
The lowest part of the county, Lake Koshkonong, lies at an elevation 

of 779 feet above sea level. The gener~ level of the land along Rock 
river is a little below 800 feet in the southwestern part of the county, 
and a little above 800 feet in the northern part, above Watertown. 
The bottoms of the tributary 'valleys of the Crawfish and :Bark rivers 
are also only a little above 800 feet where they enter the county. Most 
of the elongated ridges reach an elevation of 900 feet to 950 feet, and 
only a very' few exceed 1,000 feet. A belt of terminal moraine lies 
across the southeastern corner of the county, southeast of Palmyra. 

GEOLOGICAL FORMATIONS 

The geological formations are the Lower Magnesian limestone, the 
St. Peter sandstone and the Galena-Platteville (Trenton) limestone. 
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Glacial drift is fairly abundant over the whole of the county, and in 
the valleys there is a considerable amount of stratified gravel and sand. 
'The' Galena and Platteville (Trenton) limestone form a fairly con
tinuous bed east of Rock river; west of the river are the Platteville the 
St. Peter and the Lower Magnesian formations. The geological struc
ture is illustrated in Fig. 42. 

The usual range in thickness of the geological formations in J effer
son county may be summarized as follows: 

Probable range in thickne81 oftlteforlnations in Jefferson County, 

Formation. Thickness. 

Feet. 
:Surface formation... .... ...•.... .•.•.... .... .•.. ........ .............................. . . 0 to 350 
-Galena and P IIitLeville limestone ...............................•.................. :.. . 0 to 250 
St. Peter and Lower Magnesial1 furmation........................................... 200 to 250 
Upper Cambrian (Potsdam) sandstone.......................... .... ................. 600 to 800 
Pre-Cambrian granite ............................................................................ : .. . 

PRINCIPAL WATER-BEARING HORIZONS 

The principal water-bearing horizons are the St. Peter and the Up
per Cambrian (Potsdam) sandstones, the glacial drift and the alluvial 
.deposits. The Galena-Platteville (Trenton) limestone is an important 
:source for wells in the eastern part of the county. Many shallow.wells 
in the rural districts are from 20 to 100 feet deep in the glacial drift. 
Usually abundant water is obtained at shallow depth, less thail100 feet. 

FLOWING WELLS 

Flowing wells are common on low ground throughout Jefferson 
-county. Flows are obtained from the surface deposits as well as from 
the underlying strata. Flowing wells occur along Rock river and 
tributaries at Jefferson, Ft. Atkinson, Watertown and Waterloo, as 
described'under the water supplies of these cities. Some of the flows 
are obtained in the drift and in Galena-Platteville limestone, but the 
usual source is the underlying St. Peter and Upper Cambrian (Pots
,dam) sandstone formations, the head being generally from 5 to 20 feet 
above the level of the river adjacent. 

Numerous flowing wells' are found in the vicinity of Ft. Atkinson, 
ranging in depth from 200 to 500 feet. Besides the artesian wells from 
the St. Peter and Potsdam sandstone, artesian flows are obtained from 
glacial drift all along the lowlands bordering Rock river. The drift 
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in this locality, in many places, is over 200 feet deep. Most of the ar
tesian flows are found in Sees. 1, 4, 3, 6, 9 and 12 of Koshkonong town
ship. (See page 96). 

There are many flowing wells in Palmyra township, along the Scup
pernong river. Artesian flows are struck in the drift in Galena-Platte
ville (Trenton) limestone and in the St. Peter sandstone, the wells 
ranging in depths from 50 to 400 feet. The largest number of flows 
are obtained in Secs. 8, 14, 16, 19,20,21,23,28,29,30 and 31, T. 5 N., 
R: 16 E. (See also page 75.) 

SPRINGS 

Springs are a common source of water supply in Jefferson county, 
about the border of marshy tracts and along the streams. The large 
springs in the vicinity of Palmyra are especially well known. The 
springs at Palmyra issue from the drift along the base of the terminal 
moraine ridges, the Kettle Range, and have their ultimate source in 
the rainfall in the morainic hills. 

WATER SUPPLIES FOR CITIES AND VILLAGES 

". 
Fort Atkinson. The population of Fort Atkinson is 3,877. The city 

water supply is mainly obtained from a flowing well 750 feet deep. 
The supply is connected by an intake from the Rock river at a depth of 
Gfeet used in case of emergency. The average daily pumpage is 262,-
000 gallons. About 65 per cent of the houses are connected with the 
system. The sewage, without treatment, empties into the Rock 
river. The city well is cased 250 to rock with 10-inch casing, and is 8 
inches in diameter within the rock. The flow at the surface was 950 
gallons per minute when first completed, and some flow would take place 
l)ver the top of a 3-inch pipe, 28 feet above the surface. The well flows. 
into a large covered reservoir, from which it is ·pumped into the mains. 

Jefferson. The popUlation is 2,582. The city water supply is ob
tained from a flowing well, 782 feet deep. The average daily pump
age is 110,000 gallons. About 65 per cent of the houses are connected 
with the water supply. The sewage, without purification, is emptied 
into the Rock river. Families living on the outskirts of the city have 
cess pools. The city well is 10 inches in diameter and is cased 185 feet 
to rock. The deepest well at Jefferson is the County Farm well 998 feet 
deep, 40 feet to rock and strikin·g granite at 988 feet. The water iIll 
this well rises to 13 feet below the surface. 
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The section of the city well, elevation of curb 794, is as follows: 

Log of Jefferson city full. altitude 794ft. 

Formation. 

Pleistocene. 
Clay .................................................................................. . 
Gravel. ............................................................................... . 
Fine sand ................ , ........................................................... . 
Coarse gravel. ........................................................................ . 

.st. Peter. Lower Magnesian and Potsdam ........................................ . 
Red sandstone ....................................................... , .............. . 
White sandstone.: ................................................................. . 
Shaly sandstone~ ................................................ ' .................... . 
Gray shale ..............................................•............................. 
Red sandstone..... ............. . .................................................. . 
iRed shale ............................................................................. . 
Gray sandstone ..........................................................•.......... 
Red sandstone. '" ................................................................... . 
.Gray sandstone..................................... . . .. . .. . . . .... . . .. . ... . . . . . . .. .. 
Red sandstone .... ·......... .......................... . ............................ . 
,Gray sandstone (Calcareous) .............................••................•....... 
Red saudstone ...................................................................... . 
·Sandstone ..........................................•......... ' .....................•••. 
Silicious ro~IL . . . ... . . ... . .. . . . . . . . . .. . .............................................. . 
Red sandstone ....................................................................... . 
Sandstone ........................................................................... . 

Thickness. 

Feet. 
160 
10 
10 
Ib 

82 
38 
5 

10 
10 
9 
8 
4 
8 
4 

22 
74 

100 
36 
2 

180 

Total depth ............................. :. . . .. . . ... ... .. ...... .................... 782 

All the wells in·the city failed to strike limestone in the Lower Mag
nesian horizon. 

The section of the Jefferson County Farm well, elevation of curb 
:826, is as follows: 

Log of County FW'm lull. 

Formation. 

Drift ..................•................................................................... 
Limestone (Trenton) ................................................................... . 
Sandstone (8t. Peter, Lower Magnesian and Potsdam) ............................. . 
Granite: Pre Cambrian) .............................................................. . 

Thickness. 

Feet. 
40 

100 
848 
10 

Total deJ;lth .................................................................. :....... 998 

Watertown. . The population of this city, partly in Dodge but mainly 
in Jefferson county, is 8,829. The city has a water supply and sewage 
system. The average daily pumpage is 723,000 gallons. The sewage, 
without purification, is discharged into the Rock rh-er, in the southern 
part of the city, which is considered' objectionable. About 60 per cent 
<of the houses are supplied with water and sewer connections. 

The water supply is obtained from· three 8-inch wells, No.1, drilled 
in 1892, 600 feet deep, cased 300 feet, and No.2 drilled in 1896, 1,145 
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feet, cased 250 feet, and No.3, drilled in 1911, 745 feet deep. The ele
vation of the curb of the No.2 drilled in 1896, is 899 feet, and the water 
flows 11 feet above the surface. The elevation of the curb of No.1, the 
600- foot well, drilled in 1892, is 823 ft. and the water rises to 4 feet be
low the surface. Records are at hand of 6 other wells in Watertown, 
ranging in depth from 168 to 385 feet, four of which are flowing wells 
from 4 to 14 feet above the surface, and in two the water rises 'within 
3 feet of the surface. Many private wells vary in depth from 10 to 40 
feet. ' 

In the Watertown city wells the temperature of the water is 48° to. 
50° F., depending upon depth. At most of the wells the strata pene
trated are much alike, the chief difference being in the thickness of the 
overlying drift. No Lower Magnesian limestone appears to be pres
ent; if there is any, It is very thin. Five feet of limestone is reported 
at the city well, between the St. Peter and Upper Cambrian (Potsdam). 
but whether this is one of the limestone beds of the Lower Magnesian 
limestone, or whether it belongs to the limestone beds of the upper part 
of the Upper Cambrian (Potsdam) is not known. The pre-Cambrian 
quartzite (or associated slate), like that outcropping at Waterloo, is 
reached in several places before penetrating the normal thickness of the 
sandstone. 

Flows are struck at several horizons, the first one at the shale layer 
within the Galena-Platteville (Trenton) limestone. Water from this 
source has a very low head and flows only at the low places. An ex 
ample of this class is the well on the island in the Rock river, east of 
the city. The C. & N. W. Ry. well, depth 55 feet, flowing capacity 
25,000'to 30,000 gallons in 10 hours, may, also belong to this class. 

With the exception of the deepest city wells, most of the deeper 
flowing wells in the city get their supply from the St. Peter sandstone, 
which has a considerably higher head than the wells in the Galena
Platteville limestone. Over 50 wells have been sunk into the St. Peter 
sandstone and furnish flowing wells. Many of these have been neg
lected and at present do not flow. The city wells also aff~ct the head of 
these wells, in part, by pumping and in part by allowing the water 
from the St. Peter horizon free flow outside of the inner casing at an 
altitude of about 820 feet, which is considerably lower than the mouth 
of many of the uptown wells. This, with the abandoned wells, greatly 
reduces the head of the St. Peter horizon. 

The St. Peter sandstone outcrops a few miles to the west at approxi
mately the same elevation as in the city and it is very probable that 
the feeding area lies toward the northwest, but there can be no doubt 
that in part this head is m3:intained by the pressure of water in th~ 
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underlying Potsdam sandstone horizon, which in places at least is in 
direct contact with the St. Peter sandstone and has the same head in 
the wells. 

Here is another case indicating how friction in underground waters 
favors artesian Rows. If these old wells could be plugged so as to 
prevent the escape of the waters into the drift at lower depths than the 
curbs of the flowing wells, pressure at the various flowing wells could 
be considerably increased. 

The following is the log of the 1,145 foot city well, samples of which 
were sent by the Mayor of Watertown to Professor J. M. Clements at 
the University of Wisconsin, in 1896: 

Log of Watertown city well No.2. 

Formation. Depth. Thickness. 

Feet. 

:::~}1~t~:~ie:';i'lie'(;r~en'ion),: .......................................... j 0- 60 
Limestone .......... '" ......... '" ........ .... .... ..... ....... ..... ... 60-110 

St. Peter. 
Sandstone............................................................. 110-320 

Lower Magnesian(?). . 
Limestone............................................................. 320-325 

Upper Cambrian (Potsdam). 
White sandstone .... '" .... .... . ... .... . ... ..... .... . ............... .. 325-455 
Brown sandstone... . .... ... ..... .... . ....... .... .... . ............... .. 455-495 
White sandstone... ... ........ .... .... . ..... .... ..... ........... .... .. 495-545 
Red shale... .... . ... .... . ... . ... . .... .... . ....... .... ............ .... .. 545-550 
Pink sandstone.................... ................................... 550-590 
Pink limestone......................................... .............. 590-630 
Red shale................... . ... .... ... ..... ... ..... ....... ......... . 630-635 
Pink sandston~....................................................... 635-712 
Shale and streaks of red sandstoae................................. 712-760 
Sandstone.............................................................. 760-770 
Shale and sandstone.................................................. 770-1,000 
Hard silcions shale ................................................... 1,000-1,085 

Archean. 
Granite ................................... : ............................ 1,085-1,145 

Feet. 

60 

50 

210 

130 
40 
50 
5 

40 
40 
5 

77 
48 
10 

230 
85 

60 

Total depth.......... ............................................ .............. 1, 145 

The log of the city well No.3, based on examination of samples by 
F. T. Thwaites, in 1911, is as follows: 
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Log of Watf-Ttmon city toell No.3. 

Formation. 

IE'leistocene. . I 
No sample ............................................ : .................. 1 
Glacial till ............................. '" .............................. 1 

Coarse. reddish brown sand ................................... ' ........ '1 
Very calcareous reddish brown sand ...... , .......................... . 

Trenton limestone, i 
Hard dolomitic limestone top half light brownish color, lower half! 

St. ~~t:~s·~it;'d~tO;;~:···· .............................•.......... ·········1 
Light gray to pinkish fine grained, slightly calcareous sandstone .. [ 

G~~t:l:~.~~:":~~~ .. ~i.~~~ .. ~i.~I~. ~~~~~ .. ~~~.~~. ~~~. ~~~~~~ .. ~~.l~.~:~~~~l 
Lower Magnesian limestolle. 

Gray. sandy dolomitic limestone. showing some chert at the top 
and a little iron oxide and blue shale ............................... . 

Potsdam sandstone. 
Fine to medium grained Ilrayish, slightly calcareous Quartz sand

stone with a few dark iron ;:rains and sometimes a little sandy 
grajT magnesian limestone ......................................... . 

Very sandy grayish limestone passing below to sand.tone mixed 
with shale 01' limestone (this layer is given as the Lower Mag
nesian Limestone in sume records. It is probably the Mendota 

G;.~~et~~~it~· fi~~' to 'medi;';m' iiiitin;;,i' ~iightly'~aic':i~o;"~ ·~it;'·,i~1 
stone with some iron stained grains, shows brownish. shaley 
sandstone at 450-454; some white to green or VAry calcareous 
sandy limestone mixed with sandstone at 510-580 and 600-605. 

Ver.v calcareous pinkish shale with some fine sand ................. . 
"andstone like that above shale ....................................... ' 
Hard 2'reenish gray shale mixed with sand at tOI), In the samples 

there is much red oxid" 01 iron which probabl.y comes from red 
layers in the shale .. 'fbe shale Is not very calcareous and is 
hard .................................................................. . 

Depth. I Thickness. 
I ---------

Feet. Feet. 
0-15 15 

15-30 15 
30-40 10 
40-59 19 

59-100 41 

100-180 80 

180-215 35 

215-228 13 

228-280 52 

28"-305 25 

305-605 300 
605-610 5 
610-715 105 

715-745 30 
---------

Total depth: .... , ....................................................... ,............ 745 

Lake 'Mills. The population of Lake Mills is 1,672. This village has 
a water supply and sewage system. The water supply is obtained from 
two 6-inch wells, 380 feet deep. The average daJly pump age is 62,000 
.gallons. The sewage, without treatment, empties into a branch of Rock 
river. About 75 per cent of the houses have both city water and sewer 
'Connections. 

Waterloo. The population is 1,220. There are many artesian wells 
in this village, ranging in depth from 140 feet to 695 feet. The water 
rises to an altitude generally varying between 810 to 815 feet, about 
10 or 15 feet below the level of the railroad track at the depot. Some 
of the best flows rise 10 and 12 feet above the surface. Most of the pri
vate wells range from 15 to 100 feet deep. 'rhe city supply, recently 
installed, is obtained. from a well 120 feet deep. 

The Waterloo flowing wells interfere somewhat with one another, 
and in order to get,the best possible flow, wells must be packed prop
~rly. Packing usually is put in at about 160 feet depth. The fact that 
all the wells are not properly packed or cased has lowered the head and 
affected the flows considerably. In all the wells in the valleys no lime-
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stone was reported. They pass through from 10 to 100 feet of drift, 
below which they are entirely in sandstone and calcareous sandstone 
beds. 

Johnson Creek. The population is 425. A system of municipal 
water works and sewage was recently installed. The water supply 
is obtained from a well 333 feet deep, 8 in. diameter, cased 110 feet. 
The formations penetrated consist of 92 feet surfacQ deposit and 241 
feet of shale and sand rocks of the St. Peter and Lower Magnesian for
mations. About half the population use the supply, the average daily 
pumpage being about 7,000 gallons. The sewage is treated in septic 
tanks before being emptied into the Rock river. 

Palmyra. The population is 649. At Palmyra a very deep well was 
sunk in 1865, in searching for oil. It is described by Chamberlin, in 
Geology of Wisconsin, Vol. II, p. 161. The following summarized sec
tion shows the thickness of formations passed through: 

Summarized section oj well at Palmyra. 

Formation. Thickness. 

Feet. 
Drift ..................................................................................... 46 
Galena-Tren ton limestone ........... :.. .. .. .. .. . .. . .. .. .. .. .. .. .. .. .. .. .... .. .. .. .. .. .. 211 
St. Peter sandstone.. .... ........ .... .... .... .... .... .... ........ .... .... .... ........ .... 93 
Lowpr Magnesian........ .... .... .... .... .... .... .... .................... .... .... .... .... 62 
Potsdam...... .... .... .... ............................................................... 338 

Total depth ....................................... _ .... _....... ............. ........ 750 

The large springs in the vicinity of Palmyra have already been re
ferred to. Recently plans have been formulated for installing a sys-
tern of waterworks for the village. 

QUALITY OF THE WATER 

The mineral analyses of the water supplies of Jefferson county are
shown in the following tables. The Rock river water at Watertown 
Jct. and Jefferson is unusually hard water for a surface water in Wis
consin. These four analyses, probably represent the range in compo
sition of the Rock river water. See mean analysis of the Rock river 
water at Rockford, Ill., p. 542. The Palmyra spring waters are hard 
calcium and magnesium carbonate waters and quite uniform in moder
ate content of mineral matter. The well waters, obtaining their sup
plies from the drift and the sandstone of the St. Peter and Upper Cam-

25-W. S. 

'\ 
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brian (Potsdam) formations, are also all hard calcium and magnesium 
carbonate warers of moderate mineral' content, with only two notable 
.exceptions. These two exceptions are waters of an artesian well at 
Palmyra, No. 32, depth 750 feet, aRdof an artesian well at Watel'loo, 
No. 33, d.epth unknown, both of which are highly mineralized waters 
'containing large amounts of sodium chloride, and therefore clal!lSed 
with "salt waters". The large amount of nitrates in No. 33 is worthy 
()f note. . 

:The eity water supply of Ft. Atkinson No. 25 contains 2.08 pounds 
'of incrusting solids in 1,000 gallons. The city water supply of Jeff
oerson, No. 24, contains 2.28 pounds in 1,000 gallons, and the water froom 
the C. & N. W. railroll-d well at WatertoWD, No. 12, contains 3.07 
pounds in 1,000 gallons. 

MineraZ analyses of water in Jef!er_ Ooun~y. _ 

(Analyses in part~ per million.) 

Rivers. Springs. 

1. 2. 3. ~. 5. 6. 7. 

--------------.- ---------1----- ---- --------

'Silica (SI02) ..... · .......... i 
Aluminum and iron oxides r undet. 2.6 6.7 4.4 

1.5 15.0 12.5 13.6 
(AJ20+Fe20a) ........... 1 

Aluminum oxide (1\120a) ...................... _._ ... __ . .......... 0.6 0.9 0.4 
Iron (Fe)......... ..... ....... ......... ........... ..... '" ... .. .. 0.4 0.6 0.3 
Calcium (Cit)......... ...... 67.2 4:1.4 32.6 66.6 59.6 p5.3 68.3 
Magnesium (Mg) •...• .... ... 36.3 18.2 28.6 34.1 2~:~ 33.2 33.8 
Sodluml (Na()K·)··············1 10.1 8.2 6.6 7.6 IOn g 
~t~~~~n~~ radicie' (coi):::. 186.9 114.3 'I 119.1 133.0 11;9:9 172:8 179:2 

l'hllohate radicle (SU4) ...... .7.3 4.6 3.5 88.8 9.3 19.7 14.5 
. Chlorine (Cn ........ ........ 6.1 3.9 6.8 6.4 1.61 5.0 3.0 

PhO;:~:::~:::~:d(:~~~::: ~~ri~~ ~~~~I~~it~~ =~~~l=~~~ ~~~=I~~;-

1. Rock River, Watertown Junction. Analyst, Chemist C. M. & St. P. Ry. Co., 
Nov. 4, 1903. 

2. Rock River, Watertown Junction. Analyst, Chemist C. M. & St. P. Ry. Co., 
Sept. 14, 1891. C I 1 

3. Rock River, Watertown Junction. Analyst, Chemist C. M. '" St. P. Ry. 0., Ju Y ~ 
1891. 

4. Rock River, Jetl'erson. Analyst, G. M. David~on, June 23, 1896. 
5. Great Geyser Spring, Palmyra. Analyst, E .. G. Smith. 

'6. House Spring, Palmyra. Analyst, E. G. SmIth. . 
';:;. Mineral Park Spring No. I, Palmyra. Analyst, E. G. ~mlth. 

/ 
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Mineral analyses 01 'UXJter t • .Telleraoa COIJratg--Continued . 

. (Analyses In parts per mUllon.) 

SPrinr.l. 

387 

8. 9. t 10. 11'- 12. 
_13_. ·1~14. 

-------------- -------------
Silica (SIOil ....... : ....... ~ 
Aluminum and iron oxides . 13.9 14.4 13.0 15.0 15.3 15.6 20 . 

AhOs+Fe20s) ............ 
Aluminum oxide (AhOs) ... 0.4 0.6 0.8 0.6 0.4 3.8 .......... 
·Iron (Fe} ..................... n.R 1.4 '.l.9 4.8 4.1 ... 58.4" .. .. oo.S' <lalcium (Ca) ................ 70.5 71.3 71.9 61.4 59.4 

33.4 37.1 35.5 32.9 30.5 ;·28:8. M8oI!'nesium (Mil). ........... " 30; 
Hodium (Na).... .. .......... 3.8 3.~ 2.7 2.9 2.5 } 5:0 '" Le'··2B. 
Potassium (K' .......... 2.2 1.5 1.9 1.11 2.1 
<larbonate radicle (COsl::::I 184.6 191.1 190.4 l£S. 168.8 153.5 . 220. 
Sulphate radicle (SO.) ..... 12.6 16.7 17.7 6.2 4.S 14.1 14.2 
Chlorine (CJ) ............... 1.9 2.2 2.2 2.2 2.2 4.5 14.0. 
PhOsphate radicle (PO.) ... : 

l.S I 1.6 0.1 I 0.5 0.5 .......... .......... 
. ----------------

Total dissolved soUds .... 825. 341. 389. 281. 290. 284. 

Drift or 
Ilmestone. St. Peter sandstone. 

15. 16. I 17. 

-------I 
Depth of well. ................ feet .. 
'SlUca (S102) ....................... } 
Aluminum and iron oxides 

(AhG3+Fe20s) ............... .. 

55 187 I ZOO 
14.0 17. I 

9.5 2.5 4. i 
Iron (Fe) ............. -............. .. 
·Calcium (Ca) ............... : ...... . 
Maa-neslum (Mg) ................. .. 
'Sodtum (Na) ...................... .. 
Potas'lium (K) .................... . 
Oarbonate radicle (COs) .......... . 
'~ulphate J;&dicle (SO.) ............ . 
<lhlorlne. (C1) ..................... .. 

.... ·64:0 .... .. .... j7:i .... I .... Ii5:i·· .. 
45.8 1I6.0 ! 26.4 
14.1 9. 

I 
12.1 

158.6 200. 204.7 
90.6 27.6 11.0 
15.8 2. I 11.6 

oOl'II'anic matter. , .................. . .............. .... ......... j 1.1 

Total dissolved soIlds ......... . -'06-. --8ii-. -I 173. 

's. Mineral Park Spring No.2. Palmyra. Analyst, E. G. Smith. 
9. Mineral Park Spring No.3, Palmyra. Analyst. E. G. Smith. 

~O. Mineral Park Spring No.4, Palmyra. Analyst, E. G. Smith. 
n. Minenl,Park Svr,ing No. 0, Palmyra. Analyst, E. O. SmIth. 

18. 

189 

5.2 

0.5 
51.1 
16.5 
8.S} 
0.4. 

129.4 
0.5 

.... ·5:9 .... 

212. 

419., 

19. 

230 

.'.,.~:,r,~, 
.. .. 'ioi:o" 

25.5 
19.6 

z07.9 
49.7 
. 1.5 . ........... 

----
412. 

12. Mineral Park Spring No.6. Palmyra. Analyst. E. G. Smith. 
13. Zenobia Spring, Palmyra. Analyst, G. Bode. Geol. of WIa, Vol. 2, p. 31, 1877. 
14. T.owes Sorlng. Palmyra. Analyst, G. Bode. Geol. of WI&, Vol. 2, p. 31. 1.877 • 

. 15. Well of C. & N. W. Ry. Co., W)atertowp.. Analyst, G. 11. Davidson, June. 2.11, 1596. 
Flows 2.500 gals. per hour., .. :c·~'·'·" " , 

16. Magnetic well, Watertown. Analyst, G. Bode, Geol. of WI&, VoL 2; p.3l!;·1877. 
17. Well of F. M1ller, Watertown.' Analyst, J. W. Teseb. , ' 
18. Buchert's Fountain Well. Watertown. Analyst, L. Braudecte, Geol. of WIs., Vol. 

2, p. 161, 1877. " 
19. Railroad Well, Watertown. Analyst. Chemist. C. Y. .. St. P. By. Co. 
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Mineral analyses of water in Jefferson Oounty--Continued. 

(Analyses in parts, per mlJlion.) 

, 
I 

I 
St. Peter sandstene. 

20. 21. 22. 
I 

23. I 24. 25. 26. 
\ 

I ! ----------------------1-------------

Depth of well .......... feet .. .......... ...... ... 215 100 517 7[0 600 
Silica (SI02) ................. 19.3 10.9 11.4 1.0 Aluminum and iron oxides 1 undet. undet. undet. U 1.9 2.4 (A120a+Fe20a) .......... 
Iron (Fe) ..................... .... 7U .. .... 48:i" .... 65:3 .. .... 60:5 .. .... 57:0 .. .... 46:0 .. 0.8 
Calcium (Ca) ................ 64.3 
Magnesium (l\1g).: ........... 38.3 46.9 35.a 31.0 28.6 31.9 34.8 
Sodium (Na) ................ 24.7 30.6 7.7 10.0 3.5 4.1 5.7 
PotassIUm (EO .............. 1.0 
Carbonate radicle (COs) .... 225.9 213.7 181.8 liS.5 142.8 J32.6 174.5 
Sulphate radicle (S04) ...... 6.6 11.9 11.9 804 25.6 24.7 '1.7 

~~!;:~a~~~.~~~~~ :~~;;~~::,: I~' ~;~;~ ~~:~ ..... ~~::~~c .31:;- ~~;::~~,~~;~ ~~ri;:' 

Upper Cambrian (Potsdam) sandstone. 

27. 1 28. I 29.. 30. 31. 32. 33. 

----------. -----i-------------
Depth of well .......... feet.. 1.145 I 400 1,145 1,200 1,345 750 ......... . 
Silica (Si02)........... .. r I 
Aluminum and iron oxides • 1.1 2.2 5.3 undet. 2.7 18.8 24. 

('\.120a+Fp 203) ....... .. 
Aluminum oxide A120a).... 4.41.......... .. ........ I ............................ . 
g-a3.~i~~) (Cia):::::::::::::::: 7~:t .... 74:6" .... 73:7" :. "7U" .... 73:3" .. '564:2" '''228:''-
Magne8ium (Mg)............. 32.4 35.0 34.2 34.2 33.2 233.1 121. 
Sodium (Na)........ ........ 3.2 7 3 3.9 8.4 6.9 3,542. 311.0 
Potassium (K).. ............. 1.1 . 55. 
Carbonate radicle (C03).... 181.6 198.0 188.4 190.1 187.6... ...... 340. 
Sulphate radicle (S04)...... -15.1 11.7 14.9 16.2' 15.9 764.0 I 163.6 
Chlorine (CJ)......... ........ 4.9 2.7 2.6 7.2 3.1 6,461.0 I 657.6 
Free (C03) ........................................................................... 1 ......... . 
Nitrate (N03) ................ , .............................. , .......... 1.......... .......... 46.9. 

Lit~::ll~~~;:~~·~;;~~:::I~~I~~ ~~ ~~:~ ~iF ~isi~ 2.3~ 

20. Well No. I, Watertown. Analyst, Chemist, C. M. & St. P. Ry. Co., Oct. 2, 1895. 
21. Well No.2, Watertown. Analyst, Chemist, C. M. & St. P. Ry. Co., Oct. 2, 1896. 
22. Well, Watertown Junction. Analyst, Chemist, C. M. & St. P. Ry. Co., Nov. 4, 1903. 
23. Well of C. Stoppenbach's Sons, Jell'erson Junction. Analyst, V. LeHner, May 4, 

1910. 
24. Well of City Water Works, Jell'erson. Analyst, G. M. Davidson .. June 25, 1901. 
25. City Artesian Well, Fort Atkinson. Analyst, G. M. Davidson, Jan. 21, 1902. 
26. Well of City Water Works, Watertown. Analyst, E. G. Smith. 
27. Well of City Water ·Works, Watertown. Analyst, W. W .. Daniells. 
28. Well, Watertown Junction. Analyst, Cbemlst, C. M. & St. P. Ry.Co., Sept. 13, 

1892. 
29. Well of City Water Works, Watertown. Analyst, Chemist, C. M. & St. P. Ry. Co., 

Jan. 17, 1896. 
30. City well of Watertown. Analyst, Chemist, C. M. & St. P. Ry. Co., Nov. 4, 1903. 
31. City well, Watertown. Analyst, Chemist, C. M. & St. 1'. Ry. Co., May 27, 1896. 
32. Artesian well, Palmyra. Analyst, P. Schweitzer. Also contains Li. Cl. 5.3 ani! 

Na. Br. 5.1. ' 
33. Artesian well, Waterloo. Analyst, G. Boae, <{eol. of Wis., Vol. 2, p. 31, 1877. 
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JUJI.'EAl:" COOi"TY 

Juneau county, located in the south central part of the state, has an 
area of 790 square miles, and a population of 19,569. About 67.1 per 
cent of the county is in farms, of which 47.1 per cent is under culti
vation. 

SURFACE FEATURES 

The surface of Juneau county is a broad valley bottom plain in the 
northeJ;ll two-thirds, and a deeply dissected upland plain in the south
western one-third. The alluvial plain in the northern part contains 
isolated mounds and ridges of sandstone that generally rise from 100 
to 200 feet above the general level of the plain. The hilly southwestern 
part, capped with the Lower Magnesian limestone on the uplands, is , ~ 

~ .~ 

1 i ~ 
i:i~.:))\:~:~=0:.~.:-7:\rL:;::.:\/?\.··~·;.·;:~, ... ~~"V4"A 1 N".' 

!\«iJ}n??X{:;:d:!:):;.~!~;~{A#;~»'1;;f·i·~:;\\~·~:(:::~i~i:~:}YJ~~~~~'i~:\i::'::~~;-Zi~~H' 
.: .... :····::···v··v·~··~·v v V vv"vvvvvvv v v v v '! vvvvvvvvvvvvvvvvvvv 

v v v V v V v V v V V V V V V V v ... e C .. -~,."'''~ V V V V V v- v v' v 
v v v V V v v v v v V V v v v v v v v v v v v " v " v V v:·... • 

Fig. 43.-Geologic section, east-west, across southern Juneau County. 

deeply dissected by small streams flowing southward into the Baraboo 
river ~nd northward i~to the Lemonweir river. 

The altitude of the valley botom plain is about 875 feet along the 
Lemonweir river in 'the southern- part, and about 975 to 1,000 feet in 
the valleys of the northern part. The highest mounds in the alluvial 
plain reach an altitude of over 1,200 feet, while some of the uplands 
of the limes-tqne divide, in the southwestern part, reach altitudes of 
Qver 1,300 feet. 

The alluvial bottom lands are mainly sand and sandy loams, while' 
the upland soils are generally silt loams. 

GEOLOGICAL FORMATIOXS 

The geological formation of this county is mainly the Upper Cam
brian (Potsdam) sandstone. The Lower Magnesian limestone extends 
over only a small area of the uplands in the southwestern part of the 
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county. A few small knobs of Pre-Cambrian quartzite occur at Ne
cedah and in the vicinity of Babcock. The northeastern two-thirds of 
this county is a comparatively flat valley-bottom plain of alluvial sand 
formation, dotted here and there with isolated sandstone ridges and 
mounds. The alluvial sand ~nd clay varies in depth from a few feet 
up to over 200 feet. The cross section, Fig. 43, illustrates the geologi
~al structure. 

The thickness of the Upper Cambrian (Potsdam) sandstone and the 
Lower Magnesian limestone is variable on account of the extensive 
erosion of the strata. It is only where the sandstone is capped with 
the overlying· Lower Magnesian limestone that the complete thickness 
of the former is preserved. The approximate range in thickness of the
geological formations may be summarized as follows: " 

Approximate range in tldcknes8 oj jormations in ,Juneau County. 

__________________ ~_or_m_a_ti_oo_· ____________________ ,IThickness, 

Feet. 
Snrface formation ...................................................................... 0 to 250 
Lowpr Magnesian limestone........................................................... 0 to 100 
Upper Cambrian (Pot.dam) sandstone................................................ 0 to 800 
The Pre-Cambrian granite ................................................................... , .... ,' ,. 

PRINCIPAL WATER-BEARING HORIZONS 

The principal water-bearing horizons are the Upper Cambrian sand
stone and the alluvial san'd. In some places on the upland ridge of 
the southwestern part of the county, shallow wells are developed in the 
surface silt loam of loessial origin. The wells on the uplands, however~ 
generally range from 100 to 250 feet in depth. Th,ose on the sandy 
bottom lands are usually from 10 to 30 feet deep. 

FLOWING WELLS 

Flowing wells in the surface deposits, and from the underlying 
Potsdam sandstone, are an important source of water supply on low 
ground in the Baraboo river valley at Elroy and \Vone~oc. The head 
of these flowing wells is uslially only one or two feet above the sur
face of the curb, and is lowered rapidly in conformity with the slope 
of the valley down the river. .• 

Flowing wells 'are not known to occur in the surface deposits along 
low ground in the Lemonweir valley, but· it seems possible that sucb 
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ma.y be developed in favorable localities. The flowing wells at Elroy 
and 'Vonewoc are described on the following page. ' 

_ WATER SUPPLIES FOR CITIES AND VILLAGES , 
Elroy. This cit y, ' with a population of 1,729, situated on the Bara

bo.o river, has a water supply and sewage system. The water supply 
is obtained from three 6-inch artesian wells, 88, 96 and 198 feet deep. 
The daily pump age is about 140,000 gallons. About 80 per cent of the 
houses are connected with the system. The sewage -is emptied without 
treatment into the river. 
. At Elroy about thirty artesian wells have been drilled along the flat 

north .of the river, particularly in the northwest part of the city. Most, 
of the wells along this valley pass through a black loam or marshy 
muck 6 to 14 feet deep, fine clay' 10 to 20 feet deep, and then enter a 
bed of sand and gravel over sand rock. This bed of sand and gravel is 
the source of the artesian water, which rises, to the surface, and in 
places 1 to 2 feet above. The water in this gravel and sand bed comes 
from the outcrop along the valleys and in part from the sandstone hills 
and from the underlying Upper Cambrian (Potsdam) sandstone upon 
which the ~and and gravel rests. -

The city water supply of Elroy i,s pumped from three wells 'sunk into 
the sandstone. The altitude of the curb is 936 feet. The pumps are 
attached direct to the casing of the well, thus forming a continuous. 
suction pipe. The wells flowed before the ground around the pump
ing station was filled in, but now stands 3 feet below the present sur
face. The wells are arranged in an east-west direction at intervals or 
about 40 feet, the middle one being below the pumps. 

Besides these deeper artesian wells, which formerly flowed, there are
several shallow artesian flows from the: soil overlying the rock. The
water from all of them as stated" is obtained from a seam or gravel or' 
layer of sand and gravel over rock, after passing through black muck: 
and fine clay. The wells are affected by dry seasons and also slightly' 
by heavy continued pumping at the waterworks plant, which see:rruJ; 
to indicate that most of the supply at the water works plant comes from 
the underlying sandstone. 

W onewo,c. The population of Wonewoc is 789. The city artesian 
well, 428 feet deep, has a normal head of 3 feet above the surface, and 
a flow of 60 gallons per minute. When pumped it furnishes 242 gal
lons per minute under a 14 foot head. Th~ formations passed through 
jn this well are as follows: 
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Log of Wonewoc city 1})ell. 

Formation. I Thickness. 
------------_______________ ------------------1-------

'I Feet. 
All u vial clay and sand................................................................. 54 
Upper Cam.brian (Pot:sdam) sandstone .............................................. I 374 

pre~:::~~:~.~ ~~~~~~~~~ .~~. ~~t.t~~:::: ::::::.:: ::::::::::::::: : .::::::::::::::::::: :}= .. ~;~ ..... 
I 

In the vicinity of Wonewoc are numerous flowing wells from 40 to 
60 feet deep, in the alluvial sand in the valley of the Baraboo river. 
When the deeper city well is heavily pumped, most of the shallow wells 
cease to flow, one well 413 feet deep up the' valley loosing 18 inches 
of head, and one 150 feet down the valley loosing 30 inches of head. 
These facts indicate that the flow from the alluvial sand very prob
ably depends upon the pressure from the sandstone below. 

Mauston. The population of Mauston is 1,701. The city water sup
ply is obtained from six 6-to 8-inch wells from 143 to 220 feet deep in 
the Upper Cambrian sandstone. A sewerage system was installed a 
few years ago. The sewage is emptied, without treatment, into the 
Lemonweir river. The general water level is about 10 feet below the 
surface, and at the city wells only 7 feet below the surface. Private 
wells are generally driven from 30 to 100 feet in the alluvial sand 
formation. 

New Lisbon. The water supply of New Lisbon, population 1,074, is 
taken from private wells, either drilled or aug, and generally vary 
from 20 to 50 feet in depth. 

Necedah. The population of Necedah is 1,054. The city water sup
ply obtained from the Yellow river is. used for fire protection only. 
Private wells are generally from 20 to 46' feet deep in sandy alluvial 
formation. The alluvial sand and gravel at Necedah varies in thick
ness from 30 to 198 feet, and an abundance of water for a city supply 
could easily be obtained from this alluvial sand formation or from the 
sandstone below. The Pre-Cambrian granite, a short distance from the 
quartzite knobs, lies at a depth of 200 to 210 feet.1 

T1,le section of the C. & N.W. Ry. well at Necedah, drilled in 1911, 
generalized from description of samples made by F. T. Thwaites, is as 
follows: 

1 Bull. XVI, Wis. Geol. & Nat. Rist. Survey, p. 519. 
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Log of C. &: N. w: By. weU at Xeudal!. 

]formation. 

Pleistocene (Alluvial sand) 
Fine browuish yellow sand .........................•...•...••.•.•..... 
Same as above. . . . . .. . . .. . . . . . . .. . . . . . . .. . .. . ............•............. 

~~~ :~~~':. ~~~~ .:~~~~~~~.~~.~~~. ~.~~~.':~~~~: ~~~~~~~'~~'):'~~~:::::::I 
Pinkish gray quartz sand .............................•......•......... 

:!~e~~~~.i~~.~~.~:~~ .~~.~~~~ ~.~~~ ~:~~. ~.l.~~~. ~.~~~~:::: ::::::::::::::: 
Same ............................................•....•.......••......... 
Conl'Se-grained white sand wIth specks of pink feldspar ........... . 
Same as la-;t .........•............................. '" ..............•... 
Same but finer grained ................................................. . 

Upper Cambrian (Potsdam) Sand, tone 
White sandst.one ....................................................... . 
Fine-lO(ralned sandstone ..........................................•..... 
Nearly white fine quartz sandstone ......................•............ 
Much coarser grained ,anasWoe."coior a lIght .I·ellow .....•......... 
Very fine grained pinkish white pur" quartz sandstone ...........• 
Variable grain 'yellowish sandstone WIth specks of iron oxide ..... . 

~:~:::: ::':::::::::::::: :::: ::::::: ::::::::::::: :::::::: ::: ::.::: :::: ::::: 
Abont the same a, at 170, but coarser grained. pinkish white quartz 
~ame .................................................................... . 
Mainly very fine. but some medIUm "rained pinkish white quartz. 
Rather fine but variable gra11led yellowish sandstone .............. . 
Almost whit,- quartz (sand) rather fine grained ................... .. 
Same. more yellowish ................................................ .. 
Anout the same as at 250 ............................................. .. 
Extremely fine qUal·tz sandstone. with occasional larger grllills. 

nearly w.llite in color ................................................. . 
SaQle but slightly more yellowish .................................... . 
Slightly eoarspr grainpd bllt l1£l'hter colored ........................ . 
Fairly coarse grained quartz .anOswne ............................ .. 

Pre-Cambrian 
Light pinkish-gray "shale" .......................................... .. 
Weathered red granite ................................................ . 

Depth. 

Feet. 
10 
20 
30 
40 
50 
60 
70 
90 

100 
110 
120 

130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
210 

280 
290 
300 
310 

315 
320 

393 

Thickness. 

Feetl 

.... · .. iio· .. · 

.... · .. iiJo .... 

........ io .... 

Total depth.... ...... .... .... . .. . . .. . .... .... .... .... .... ..... .... ............ .. 320 

QUALITY OF THE WATER 

The mineral analyses of the water s.,upplies of Juneau county are 
shown in the following table. The water obtained from the Yellow 
river and the sandy formation of the alluvial plains about Babcock, 
Mather, and Necedah is 'soft, wp,ile that obtained from the Upper Cam
brian sandstone is hard water. In all the waters, lime greatly predomi
nates over the sodium. All the waters are carbonate waters except 
that from the railroad wells at Elroy, Nos. 8 and 9, which are sulphate 
waters containing considerable alkalies. The large amount of organic 
matter in the city water supplies of Elroy, No.7, indicates a contami
nated source of supply at the time the sample was taken. 

The soft waters 6f the Yellow river at Necedah, No.4, contains 0.66 
pounds of incrusting solids in 1,000 gallons. The soft water from the 
well of T. Williams at Necedah, No.7, contains 0.74: pounds in 1,000 
gallons, while the hard waters from the city wells at Elroy, No. 12, 
contains 1.36 pounds in 1,000 gallons, and the hard water from the rail-

. road WillI at Elroy, No. 14, contains 2.78 pounds in 1,000 g~llons. 
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Mineral analY8e8 of water in Juneau County. 

(Analyses in parts per million.) 

Creeks. Rivers. Surface deposits. 
(Alluvial sand) • . 

I 1 2 # 3 4 5 6 7 

D 

---------- ----'----------1---1--
........ i 19' well 19' well I I 

epth of well ............ fpet and and \ ........ .......... 10 70 
crepk. ere .. k. 

iliea (Si02) ....... : .......... S 
A 

5.0 8.7 2.2 8.4 11.1 1.5 8.9 
lumlnum and iron oxides 
(A120g + J<'e20s) ......... ' 0.5 5.6 i.o I '''i5T'' ···22·2···!···i.j·S··· .... 2~'7" &!cium (Ca) 17 2 18 4 18 1 ~~~:;;I~t,;'d(~r~~~i~~:::::1 6:2 :6 7:0 7:0 7:1 6:7 9:8 

I (Na + K)... ... ............ 7.6 4.1 3.4 0.7 2.3 13.6, 6.6 
Carbonate radicle (COs) .... 37.9 24.5 39.0 37.4 28.4 36.4 51.5 
Sulpbate radicle (804)...... 12.0 23.0 4.1 9.2 27.0 49.5 ......... 
Chlorine (CI)................ 2.8 1.4 2.3 I 0.9 3.6 r 6.6 10.1 

org;:::~~:::~~~.~.~~;;~~::: ~=I~i= ~i= ~~ ~is~ ~~'~ ~~~ 

sand-Continued. stolle., 
SUl'faee OenositR (Alluvial 'I' Upper Cambrian (Potsdam) san,d-

_________ ~~ 8. _9 __ !_1_0 _i~_1 _1 __ 12 __ ~ _~_l~_ 
Depthofwell.. ........ feet 17. 67. 17. 117. I' 75 toO 180 150. 150. I 67. 
~1~c~i~S~~\.n(i'ij.(in·~x: 7.0 3.2 I &.0 2.9, 14.4 16.4 20.1 i undet ... 

ides (A120a + Fe20s) ....... ' .... "1',4".1'" I" "'2'3 ... 0'1"1'1--,'''1 5.6 3.2 1.8, Cakium (Ca) ,............ 18.8 u 33.4 48.0 68.6 "'ii;:i;" 
Magnesium (MIr) .. ....... Hi 6.9 I '6.0 3.0 17.1 24.3 23.2 12.9 
Sodium and potassium , 

(Na + K) ........... :..... 9.8 6.2! 10.3, 7.6 21.5 11.9 19.4 13.5 
Carbonate radich, (,COs).. 3.7 44.2 ' .. , .... I 6.8 115.5 80.9 61.0 77.4 
Sulphate radicle (SO.\.... 64.6 1.7 94.3 39.0 0.0 157.3 162.4 3.7 
Cblorine (CI) .......... .... 5.8 1.2 4.2 3.9 7.8 J 18.4 27.4 10.4 

SOL::::e:I~~~;~~~'~;;~~: .. ~~~:- ';7~ "~~::-I':;~~ "'~~~~I~io~ 3~~1~~:'" 
, ' 

1. SmallCl'eek, Lyndon. Analyst, Chemist C. lIL & St. P. Ry. Co., Feb. 1, 1890, 
2.'Webst~r Creek and well 19 ft. deep, New Lisbon. Analyst, Chemist C. M. & St. P~ 

Ry. Co., Feb. 2, 1890, 
3. Webster Creek and well 19 ft. deep, New Lisbon. Analyst, Chemist C. M. & St. P. 

Ry. Co., April I, 1890. ' 
4. Yellow River, Necedah. Analyst, G. M. Davidson, Sept. 16, 1910. 
5. Yellow River througb city water works at Necedah. Analyst, G. M. Davidson, Oct .• 

1899. 
6. Well of C. l1. & St. P. Ry. Co., Necedah. Analyst, Chemist C. M. & St. P. Ry. Co., 

Aug 14, 1892. 
7. Well of T. Williams, Necedab. Analyst, G. M. Davidson. Sept. 16, 1910. 
8. Railroad well, Mather. Analyst. Chemist C. M. & St. P. Ry. Co., June 20, 1895. 
9. Railroad well, Babcock. Analyst, Chemist C. M. & St. P. Ry. Co., Jan. 30. 1896. 

10. Railrotid well, Matber. Analyst, Chemist C. M. & St. P. Ry. Co., Aug. 6, 1892. 
11. Railroad well, Mather. Analyst, Chemist C. M. & St. P. Ry. Co., June 5, 1894. 
12. Wells of City Water Supply, Elroy. Analyst, G. M. Davidson, Dec., 1900. 
13. Well, C. & N. W. Ry. shops, Elroy: Analyst, G. M. Davidson, Nov. 23. 1909. 
14. Two wells, C. & N. W. ,roundhouse, Elroy. Analyst, G. M. Dayidson, July 15, 1907. 
15. Well of C. M. & St. P. Ry. Co., ,New Lisbon. ,Analyst, G. N. Prentiss, Jan. I, 1910. 
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Kenosha County, located in the southeastern corner of the state, has 
, an area of 274 square miles, and a population of 32,929. About 90 

per cent of the county il!l in farms, of which 74.2 per cent is under 
cultivation. 

SURFAcE FEATURES 

The surface of Kenosha county is a gently undulating -plain sloping 
eastward towards Lake Michigan. The valleys and ridges trend north 
and south, parallel to .the lake shore. The drainage is mainly to the 

Fig. 44.-lGeologlc section. east-west, along the boundary of Kenosha and Racine and 
through central Walworth counties. 

south into Illinois, through the Des Plaines river in the central part, 
and through the Fox river in the western part, both rivers being tribu
tary to the Mississippi. 

The surface of Lake Michigan is 580 feet above sea level. The alti
tude of the,valley bottom of the Des Plaines river is about 700 feet, and 
of the ,Fox river, about 750 feet. The upland ridges in the eastern 
part of the county, adjacent to Lake Michigan, reach elevations of 700' 
to 740 feet; those in the central part reach 840 to 880 feet, and those in 
the western ,part reach over 900 feet. The usual range in altitude in
all parts' of the county rarely. exceeds 150 feet, and is usually less than 
100 feet. 

GEOLOGICAL FORMATIOllo'"S 

The rock formation immediately underlying the drift is the Niagara. 
limestone. The geological structure of Kenosha, Racine and W ahv~rth 
counties is illustrated in, Fig. 44. The drift is generally from 50 to 
100 feet deep, and in many instances it is 100 to 200 feet deep. The
terminal moraine, consisting of abrupt hills and depressions, lies acroslt 
the western part of the county, west of the Fox river. . 
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The thickness of the Niagara is variable on account of the unequal 
()rosion of the surface in preglacial time. The known maximum thick
ness is 280 feet in Kenosha, but it is quite probable that a thickness of 
350 to 400 feet occurs where the drift is relatively thin on the upland 
ridges.· The minimum thickness in pre-glacial valleys is probably not 
less than 50 or 100 feet. 

The probable range in thickness of the geological formations in Ken
·(lsha county may be summarized as follows: 

Probable range in thickness of formations in Ken(Jsha Oounty. 

Formation TbicknebS. 

Feet . 
. Surface r<nmation.... .... ........ ........ .... •.... ....... .... .... ...• .... .... ....... .... 0 to 300 
Niag-ara lime_too"'............ ........................................... .............. 100 to 300 
CUn'on formatIon..... .... .......... ........ . .... .... .... ........ ........ .... ....... .... 0 to 70 
Cincinnati sbale.. ... ............................................••..... ... ............ 150 to 200 
·.(la]pna-Plattevllle (Trenton) itnkstone .............. :........ .... .... ........ ....... 250 to 350 
St. 1'etpr and Lower Magnpsian for'mation ............ ............... .......... .... 200 to 250 
lTpIlPr Camhrian (Potsdam) .andstone..... ... .... .... .... .... .... .... .... .... .... .... 800 to 1000 
·Pre-Cambrian granite ...................................................................... " .... . 

. PRINCIPAL WATER BEARING HORIZONS 

The water bearing horizons for the shallow wells are the drift and 
the Niagara limestone, and for the deep wells the underlying St. Peter 
sa.ndstone and the Potsdam sandstone: 

FLOWING WELLS 

Along the shore of Lake Michigan flowing wells are obtained at vari
-Qus places in the drift. In the vicinity of Winthrop Harbor, Ill., sev-
-eral flows h~ve been struck in gravel at a depth of 126 to 130 feet. 
North of Kenosha in the valley of Pike River surface flows have b~en 
·obtained. Similar flows Can probably be obtained over much larger 
:areas in this little valley. 

Strong flowing wells from the deep-seated rock, the St. Peter -and 
Upper Cambrian (Potsdam) sandstone, occur in Kenosha, the wells 
ranging in depth from 1,000 to 1,800 feet. The normal head above 
lake level appears to increase from about 80 feet in the St. Peter sand
stone to as much as 120 feet near the base of the Potsda1p. sandstone. 

"The head should increase with the' distance from the lake, and hence 
·deep-seated flowing wells may be expected along the vaney of the Des 
"plaines river, up to altitudes of 750 feet, and in the valley of the Fox, 
"Up to altitudes of 800 feet. 

0. 



DESCRIPTION OF LOC.A.L W.A.TER SUPPLIES. 397 

WATER SUPP~ FOR (''lTIES AND VILLAGES 

,', 
Kenosha. Kenosha, situated on Lake Michigan, has a population of> 

21,371. The water supply is obtained from seven artesian wells, and' 
from Lake Michigan, mostly fr9m the latter source at present. The 

intake is 24 inches in diameter and extends 5,000 feet into the lake
at a depth of 34 feet. Estimated daily capacity of the lake supply is. 
8,000,000 gallons; the average daily pump age ,is 3,268,000 gallons. 
The sewage, without purification, empties into the lake. The analysis 
of the lake supply shows at times some contamination from sewage. 

The underground water conditions at Kenosha are similar to those· 
at RaCine, although not as many wells have been drilled. The city 
formerly pumped its supply from seven artesian wells, ranging in 
depth from 1,300 to 1,850 feet. Most of the wells have a pressure of 
25 to 30 pounds when first put in. The flow from the St. Peter sand
stone was 250 gallons per minute, while that from the Potsdam was 
nearly 500 gallons per minute. Most of the water for the city 
supply is now pumped from Lake Michigan, and the wells are nearly 
abandoned. The pipes have partly rusted and there is considerable 
leakage. The artesian conditions here are favorable for a good supply 
of water from the St. Peter and Potsdam sources, and with little diffi-· 
culty a good supply could be obtained equal to the Madison supply. 
However, the cost of pumpage would probably be greater than at Madi
son, and the mineral quality of the underground supply less favorable .. 

. The section of the Pettet Malt House well is as follows: 

Log of Pettet Malt Co. ll~ell. Kenosha. 

Formation. 

Drift .......................................... ' ......................................... .. 
Niagara limestone .......................................................................................... . 
Cincinnati shale .. : ................................................................. . 
Galena-Platteville ('.rrenton) lim\'stone ............................................ .. 
St. Peter sandstone ................................................................... .. 
Lower Magnesian limestone .......................................................... .. 
Upper Cambrian (Potsdam) sandstone.............. ............................. .. 

Thickness. 

Fep.t. 
86 

280 
180 
340 
160 
80 

477 

Tot.al. . ... ... . .... ..... .............................................................. 1.603 

The log of the well of Louis Turner, 3 miles southeast of Kenosha,. 
is as . follows : 



.398 THE WATER 8UPPLIES OF WISOONSIN . 

Log of L. Turner's U1~1l, 3 miles S. W. of Ken08ha. 

Formation. Thickness. 

'Surface formation. Feet. 
Clay, sand, etc .. no water.... ......... .... ... ..... ....... .... ........................ 138 

Niagara limestone. 
Hard, gray limestone. no water ..................................... '. .... ............ 249 

Cincinnati shale . 
. Bhtlsh shale and some limestone. no water..... .... .... .... .................... .... 213 

'Trenton limestone, water..................... ............... ........................ 173 

Total. .............. . 773 

=========================================-~-~---

Ranney.-The log of the C. & N. W. Ry. well, one-half mile from 
~anney, is as follows: 

Log of O. &; N. w: Ry. ~oell at Ranney. 

I Thickness. 

Pleistocpne. F .... t. 
Brownish calcareous clal' with some sand and pebbles.... ...... .... ...... ........ 152 

N~::'~~~~~:~~I~iimestone.......... .. .............. ............ ............ ........ 260 
"Cincinnati shale. 

Formation. 

Calcareous shale.... ...... .......................... . ............................ .. 118 
-Galena-Platteville limestone. 

Gray dolomite I1mestone .......................................................... .. 180 

Depth (unfinished).... .. .. .. . .. .. . .. .. .. .. .. .. .... .... .... .. .. .... . .. . .... .. .. .... 710 

Bn·stol.-Most of the water in the village of Bristol is pumped from 
'wells 125 to 280 feet deep that reach to the Niagara limestone. The 
Bristol Creamery well is the deepest; it gets its supply from the Stl 

Peter sandstone. . 

Log of Bristol creamery l1)ell. 

Formation. 

Drift ..................................................................................... . 
Niagara limestone ..................................................................... .. 

-Cincinnati shale ....................................................................... . 
Galena-Piatt'wllle (Trenton) limestone ............................................. .. 
St. Peter sahdstone ........................ , ............................................. 1 
St. Peter or "Potsdam" sandstone .................................................... . 

Total depth .......................................................... : ........ 1 
""l"" . 

Thickness. 

Feet. 
195 
105 

70 
311 
70 

149 
----

900 

Somers.-Near Somer-s, Sec. 14, T. 2, R. 22, is the deep well of Her
IDan Kreuder, which shows an interesting section, as follows': 



DESORIPTION OF LOCAL WATER SUPPLIES. 399 

Log (If Herma1l X,.."fln-·II IttV. Somers. 

Formation.. !Thickness. 
i __ _____ 1----

. . 1 Feet. 
Pleistocene. I 

Nii~~~:~:~~;.~~ :.;;:.:.;; ~:.; ;:. :.;; ~ ~;; ~ ~;;~ ~;;~ ;;;~;;;~~;;~; ;;~ ~;; ~ ~;~~ ~ :.:;~ ~;; ~ ~;;~ ~;; I Iii 
CJin1~~~ty limestone ............................................................... ····1 100 

Reddish purple limE-stone .... '" ..................... " . . ...• . •. .....••.•.......... 32 

~ln~:t~~!~~~;~ ... ·: : .. :: : .. :: : .. :: : .... :: .. :: : .. :: : .... : : .. :: :.': :: .. :: : .. :: : .. :: : .. :: ::: ........ · ... ·.· ......... ::::::1 ~~ 
Sort blue shale ... ; ................................................................. 1 150 

'Galena- Platteville-( rrenton) ....... ; ................................................. i 

~~':.'o~,h>~e;'tOiie· (~at~r;·. '. '. ':.'. '. ':. '. '. ':.'. '. ':.'. '. '::. '::.'. '. ':.'. '::::. '::.'. '::::::. ':::. ':::. ':::.: :! 
~~~ ~;:; ;;:::ZZ· :":'.::'.:.::' :'.:.::' :'.:.:.: :.:.~':' :.:.:.::.:.:.: :'.:.::':'.:.:.::.:.::':'.::: :.:.:.::.:.:.::.:.:.:~".::':':: : I 

50 
100 
170 

10 
20 

'St. Pet!'r. _ I 
Whit e sandstone... .. . .. .. ... • .. . . .. . . .. . .... .... .... ...... .. ....................... : 10 

Total dppth .................................................................... I-ill-

This record is valuable in showing the Clinton iron ore beds at the 
base of the Niagara limestone. The Clinton group certainly occurs 
.elsewhere, but it is usually not recognized where common churn drills 

" ;are employed. This section also shows the bed of sand that is so often 
·encountered near· the base of the Galena-Platteville (Trenton) lime
,stont. 

QUALITY OF THE WATER 

The mineral analyses of the various waters of Kenosha county are 
,shown in the following table. The waters of the surface deposits and 
·the Niagara limestone are both ·soft and hard waters, while that from 
-the deep wells in the St. Peter and Potsdam sandstones are more high
Jy mineralized and should be classed as very hard water. All the wa
ters analyzed from Kenosha are somewhat wlUsual, as eompared with 
--waters from other parts of the state, in their relatively high content 
·>of sodi,um and potassium as compared with calciwn and magnesium. 
All the waters from the shallow wells in the surface deposits and the 
Niagara limestone and the spring at Bristol, in respect to chemical 
character should be classed as sodium waters, while those from the 
·deep wells from the St. Peter and Potsdam sandstones, should be 
clasSed as calcium waters. The waters from the shallow wells are car

'JJonate waters, while that from the deep wells contain about equal pro
portions of carbonates and sulpliates. 
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The spring water, No.2, and the well waters, Nos. 4, 5, and 6, are 
much softer waters than Lake Michigan water, on account of thElir 
lower content of calcium and magnesium. The water from the well 
at Basset, No.6, is a remarkably soft water, even softer than some of 
the soft spring waters from the northern part of the state. These very 
soft sodium carbonate waters are all of the same type, and from their 
occurrence at Bassett, Bristol, Truesdell, and Bain, appear, to be char
acteristic of a coarse sand and gravel bed overlying the Niagara lime
stone or from within the upper beds of the limestone, over a consider
able part of the county. 

The water from Lake Michigan, at Kenosha, contains 1.09 pounds 
of in<lrusting solids in 1,000 gallons; the soft sodium water from the 

. 224-foot well at Basset, reaching 92 feet into Niagara limestone, con
tains only 0.17 pounds of incrusting solids in 1,000 gallons; that from 
the shallow drift well at Bain, 140 feet deep, contains 1.02 pounds in 
1,000 gallons; while that from the deep well at Bain, 1,639 feet deep, 
contains 3.76 poundiil in 1,000 gallons. 

Mineral analyses of water in Kenosha County. 

(Analyses in parts per million.) 

Lake Spring. 
Michigan. 

\ . 
Surface deposits <Drift). 

3. I • I ------1-----
Depthofw!'ll ..... " feet .. 

j

............ ........... 45 72 130 

Aluminium and- iron ox- 2.4 2.1 

1. 2. 4. 5. 6. 

140 
19.2 

1.5 

Silica (~i02) ..... ........... 5.4 13.7 ~ Ii 1 14.5 

ides (AI20s+Fe20s) ..... , 1.8 .......... 1.9 

~~~~i~~)(Oa·)::.:·: ::::: :::::! .... 32:9 .... 

1 

1~:~ · .. ·46:3 .. · .... 47:6 .. · .... ii;X'" .... i7X'" 
Magnesium (Mg) ........... I 10.6 9.1 31.4 32.8 11.7 16.8 
Sodium and PotaosiumC''1a 

+K) ...................... 5.2 87.3 48.0 43.6 70.2 62.0 
Carbonate l'adlcle (COs).. 68.6 .107.5 147.2 150.4 139.2 128.3 
~ulphate radicie (804).... 15.1 89.5 97.2 91.5 0.7 19.6 
Chlorine (Cll ........... ·· .. 1 5.3 4.5 1.8 I 2.4 6.7 9.7 
Organic matter............ 6. .. ....................................................... .. 

sus~::;::::::d·~;;~~::I_~~ __ ~~~I~~~~I~~~I~~~~I~~~~~ 

1. City supply-Lake Michigan direct, Kenosha. Analyst, Dearborn Drug & Chem. 
Co., Dec. 4, 1911. 

2. Bristol Soda Spring at Woodworth. Analyst, G. A. Mariner. 
3 .. Railroad well at Truesdell. Analyst,Chemist, C. M. & St. P. Ry. Co., Feb. 18, 

1890. 
4. Railroad well at Truesdell. Analyst, Ohemist, C. M. & St. P. Ry. Co., Dec. 12, 

1894. 
5. Well on Rogers farm at Bain. Analyst, G. M. bavidson, C. & N. W. Ry. Co., 

Aug. 3, 1905. 
6. Well of contractor at Bain, 6 in. diameter. Analyst, G. M. Davidson, C. & N. W. 

Ry. Co., Aug. 7, 1905. 
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Mineral analyses oj tcGter ia Keraoau County-Continued. 

(Analyses ID parts per mIDIcm.) 
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:S'luara 
Ilmeo;toDe. 

St. Peter and Upper 
Cambrian sand .. tone. 

7. 8.' . 9. 10. 

----~----~-----::------- -'----1-- ------
Depth of well................. . ................. feet· 22' 1,650 1,365 
t;llica (8i02).... ............ ... .... ...................... 11.9 8.2 7.7 
Aluminium and Iron oxides (AhOs+Fe!Osl .......... :.............. 1.3 ......... . 

1,639 
19.3 
1.5 

Alumlniumoxide (AI20s) ............................... I.............. .......... 0.5 
Iron (Fe) .............................................. '........ ...... ... ...... 0.4 ... 1.0.7 .... .. 
Calcium (Ca) .......................................... .'1 3.0 111.9 93.8 ~ 
MallDesium (Mg) ...... ...... . ............ ........... .11.3 20.0 22.8 33.9 
!"odium and Potassium (Na+K) .. ·.......... ............ 1'49.7 38.2 36.1 35.3 
Carbonate radicle (COs).... ............................ 195.5 168.1 152. 170.8 
:';ulphate radicle (804) ........... ........ ..... ........ 8.9 128.1 136.0. 183.4 
CblOl'lne (CI)...................... .... .... ............ 2.1 8.0 8.9 6.2 
Ph~sPhate radicle tP04) ................................. ==::~::.:. .:.:...:::::.::I~~~I.:.:.:.:=:: 

Total dissolved solids....... ........... ............ 389. 494. 458. 558. 
) 

7. Well of C. & NI W. Ry. Co. at Bassetts, 6 in. diameter. Analyst, G. M. Davidson. 
C. & N. W .. Ry. Co., Mar. 27, 1900. 

8. Artesian well of "Park City Water Co." at Kenosha. Analyst, G. M. Davidson. 
June 23,. 1891. 

9. City well at Kenosba. Analyst, E. G. Smith. 
10. Wen of C. & N. W. Ry. Co. at Bain, 6 to 12 In. In diameter. Analyst, G. M. 

Davidson, C. & N. W. Ry. Co., lIar. 8, 1906. 

KEWAUNEE COUNTY 
-- "\ 

Kewaunee county, located in the eastern part of the state, on Lake 
Michigan, has an area of 327 square miles and a population of 16.784. 
A.bout 97.3 per cent of the county is in farms, of which 68.5 per cent 
is under ~Ultivation. 

SURFACE FEATURES 
, 

The surface of the county is an undulating plain mainly sloping 
southeast towards Lake Michigan. In the northwestern comer, bor
dering on Green Bay, is a relatively steep slope to the northwest. 

The central part of the county is drained by the Kewaunee river, 
the northeastern part by the Ahnapee river, and the southern part 
by the Twin rivers. 

The Kewaunee river has a prominent valley throughout most of its 
course. The dissected upland plain is slightly modified bya belt of 

26-W. S. 
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hummocky drift hills, a cimtlnuation of the Kettle Range, extending 
northeast, through the central part of the county. , 

The altitudes range from' 581 feet, the level of the lake, to a maxi
mum of 900 or 950 feet in the western and northern parts of the 
county. The general level 'of the highest parts {)f (he county is be
tween 850 and 900 feet. The main valley of the Kewaunee river does 
not reach above 200 feet above the lake level. The most prominent re
liefs are the high banks along the shore of Lake Michigan in the east
ern part and on Green Bay in the northwestern part, which reach from 
100 to 200 feet above the level of the lake within 3 or 4 miles from the 
ahore. 

GEOLOGICAL FORMATIONS 

With the exception of the northwest corner bordering on Green Bay 
where the Cincinnati shale is present the county is underlain by the 
Niagara limestone. The drift and other surface deposits overlie the 
limestone in va~iable but considerable thickness. The ge?logical struct
ure is illustrated in Fig. 32. 

Adjacent to the shore of Lake Michigan is a considerable thickness 
~f lacustrine clay and beach gravels, associated with 'the glacial drift. 
The thickness of the surface deposits is variable, but has a known max, 
imum thickness at Algoma of 140 feet. ' It is very probable, however, 

\ that the thickness of the surface deposits greatly exceecls this in vari
ous parts of the county. 

The Niagara limestone, as elsewhere in the eastern part of the state, 
contains occasional strata of fhie-grained shaly limestone which exert 
a marked influence on the movement· of underground waters. The 
thickness of the Niagara formation is variable on account of erosion. 
The known maximum thickness at Algoma is 485 feet. The usual 
thickness of the formation within the county is probably between 200 
and 500 feet. 

The Cincinnati formation consists of fine-grained impervious clay 
and shale beds, and outcrops only along the Green Bay shore at the 
base of the Niagara limestQlle ledge.' From 50 to 60 feet of the for
mation is exposed above the level of the bay. The thickness of this 
formation where uneroded is known to be 518 feet at Algoma, and 
from 500 to 550 feet in Sec. 7 near Dyckesville. A short distance 
north of Kewaunee county, in Door county, along the shore of Green 
Bay, in Sec. 24, T. 27, R. 22 E., two deep wells were drilled to the St. 
Peter sandstone, and in these wells the thickness of the Cincinnati 
shale was reported to be 516 and 540 feet, see pp. 311-12. 
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T~e description of drillings mainly of the Cincinnati shale, from 
the new city well of Algoma, drilled in 1912, samples and record sent 
bi J. O. Posson, and drillings described by F. T. Thwaites, is as fol
lows: 

Log of well of Oity Water cf: ~hJ Plant. Algoma. Wiscon,in. 

Formations. 

Surfae!' ......................•......................•....•......•.......... 
Niagara limestone .................•.•..................• " .....•......... 
'Cincinnloti shale ..................... " ....................••..•..•....... 

Gray-blue shale.' .......................................•••.•...••..... 
80ft Gray -blue shale and one piece of limestone ................... . 
Soft· bluish shale ....................................................... . 
Same described as "soft and sticky until it strikes the air when It 

Depth. 

0-27 
27-512 

512-1,030 
730 
740 
825 

hardens" ........ , .......... , ..............................•..•..... " . 850 
Hard blue shale......................................................... 870 
Soft blue shale................................. .... .... .... ..•..... ..•.. 915 
Bluish shale .... ; ................ , .. " ................................... , 930 

Galena_Platteville (Trenton) limestone ......................•........ 1.030-1.225 
Gray llmestone,......................................................... 1,125 
Gray limestone finely pulverized.. ............. ........................ 1,185 
Same.................................................................... 1,200 

Thickness. 

27 
485 
518 

195 

Same ....... .... .... .... .... ... .. .. . .... .... .... .... .... ... .. ... .... .... .. 1,225 . 
St. Peter sandstone ....................................................... 1,225-1,336 111 

Fine gray sand........ .... ........ ...................................... 1,230 
Lower Magnesian red shale .............................................. 1.336-4" [ 

Total depth., ............................................... ,' ........ l==~ '--1;336-:4 

The approximate thickness of the geological formations in Kewau
nee county may be summarized as follows: 

App1'oximate thickness of formations in K6'lcaunee OO"f,nty. 

Formation. Thickness. 

Feet. 
Surface formation ........... ,......................... ................ ........ .......... 0 to 300 
Niagara limestone...................................................................... 0 to 550 
Cincinnati shale .......................................................................... 300 to 550 
Galena-Platteville (Trenton).Iimestone ............................................... 150 to 250 
St. Peter and Lower Magnesian ........................................................ 150 to 250 
Dpper Cambrian (Potsdam) sandstone ................................................ 400 to 500 
Pre-Cambrian granite ...................... , ......................................................... . 

PRINCIPAL WATER-BEARING FOR:MATIO~S 

The usual sources of the ground-water supply are the surface de
posits of glacial drift, lacustrine .and beach deposits, and the Niagara 
limestone. 

Abundant water can generally be obtained from the surface forma.-· 
tions at depths varying from 10 or 15 feet up to 100 feet. There are 
many shallow dug wells on the upland area from 20 to 40 feet in the 
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drift. Drilled wells, however, are generally deeper and usually reach 
100 to 150 feet, either wholly in the drift or some distance intI) the un
derlying rock. 

Wells obtain an abundant supply ·0£ good clear water in the Niag
ara limestone, the source of supply being in the open fractures and 
seams. The water level varies from a few feet below the surface in 
the valley bottoms to 100 feet below the surface on the broad upland 
areas, and somewhat deE)per on the narrower q.nd higher ridges. 

The Cincinnati shale is unimportant as a source of water supply, 
but within the area of this formation, adjacent to Green Bay, abun
dant water is found at the contact of the shale and overlying surface 
gravels. 

The deep-seated strata of sandstone are dra'wn upon only in the 
deep city well recently drilled in Algoma. (See under Algoma). 

FLOWING WELLS 

Flowing wells vety probably occur in various parts of Kewaunee 
county, in the surface deposits and at the contact with the underlying 
rock. Flowing wells of this type occur at Kewaunee, at depth of 40 
to 60 feet, the water rising to 7 feet above lake level. 

Flowing wells from the St. Peter and Upper Cambrian (Potsdam) 
sandstone formatio~s are very probably not obtainable along the' shore 
of Lake Michigan mid Green Bay in Kewaunee county. Only one 
well reaching into the St. Peter sandstone has been drilled, namely the 
new city well in Algoma, which developed a head of 22 feet above the 
surface of Lake Michigan. This well, though it reached 111 feet into 
the St. Peter sandstone, apparently receives its flow from the lower part . 
of the Niagara limestone, at a depth of 465 feet. The explanation of 
the unfavorable artesian conditions of the sandstone formations is 
given on page 80. 

WATER SUPPLIES FOR CITIES AND· VILLAGES 

Kewaunee.-This city located on the shore of Lake Miclllgan has a 
population of 1,839. The city has no water works system and no sew
age system. The surface sewage empties into the river. Cesspools are 
allowed. Private wells are from 20 to 60 feet deep. The W. F. Wain
niger Co. have a flowing well, 49 feet ·deep in drift, that flows 4% feet 
above ground. At Kewaunee, in the 'depression formed by the Kewau
nee river where it enters the lake, are several flowing wells, deriving 
their flows at the surface of the limestone or a few feet withln it. The 
water in these flowing wells rises to seven feet above the lake. 
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Algoma.-The population of .Algoma, located on Lake Michigan, is 
2,082. The city water supply is mainly obtained from wells, one deep 
artesian well and one shallow well. The shallow well has a depth of 
16 feet, and diameter of 21 feet, and daily capacity of 100,000 gallons. 
The artesian well has ,depth of 1,336 feet, diameter of casing 6 in. and 
daily capacity of 125,000 gallons. The deep artesian well has a head 
of 22 feet above lake level, source of :flow at 465 feet in the Niagara 
limestone ~nd flows under its own head iilto a reservoir, from which it 

• is pumped into the transmission system. The average daily pumpage 
is 50,000 gallons. About 200 houses are connected with the city water 
works, about 60 per cent of the population being supplied. Only about. 
30 houses are connected with the sewage system. The sewage, without 
treatment, is emptied into the Ahnapee river. The city water works 
is connected with a 12 inch pipe extending 360 feet int~ the lake, used 
in case of fire emergency and for use in boilers. 

The private wells in the city are generally shallow and range in 
depth between 20 and 40 feet. The log of the deep city well is giyen on 
page 403. 

In the village of Casco, popUlation 350, are many wells from 20 
to 30 feet in the drift. 

A well 540 feet deep, belonging to Joe Vandermessen of Dyckesville, 
in Sec. 7, T. 25, R. 23, on the shore of Green Bay, is reported to be 
drilled all the way in blue shale, which is very thick at this place, is 
very impervious, and yields no water. 

QUALITY OF THE WATER 

No complete mineral analyses of the water of Kewaunee county are 
available, but judging from th~ character of the geological formations,' 
it seems very likely that the supplies obtained are very generally very 
hard waters of moderate mineral content. 

A chemical sanitary analysis of the water from the new city artesian 
well of Algoma, drilled in 1912, was made, sample being taken when 
well was drilled to depth of about 1,000 feet (though it is the opinion 
of the water works superintendent that the water came from a depth 
'of 465 feet, near the base of the Niagara limestone) and' showed a 
total mineral content of 368 parts per million. The content of chlorine 
was 5.22. The total solids consisted of calcium, magnesium and sodium 
carbonates. No salt wa\erwas encountered in drilling this well and 
the water now is without taste. 

The mineral analyses of the water from Lake Michigan, an imp or- , 
tant source of supply for cities located along the lake, are cited on 
page 221. 
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LA CROSSE COUNTY 

La Crosse County, located in the western part of the state, has an 
area of 475 square miles, and a population of 43,996., About 89.9 per 
cent of the county is in farms, of which 54 per cent is under cultiva-
tion. ' 

SURFACE FEATURES 

The surface of La Crosse county is broken and hilly. The levelland 
is mainly confined to the principal valley bottoms and the summits of 
the upland areas. The La Crosse river, flowing westward across the 

r;:;,4:iJh:~~B++~~~.: .. ;.';:-:.~ ... ,;::.:~:.,,:;:,;:;": ... ~,.:.~.·~. ~2+e55*~~%~ . . ::':. fr, .. +;,:-:'+:.::4:.' so,,' 
.',,' :.' ." ",- . 

Fig. 45.-Geologic section, east-west, across southern La Crosse County. 
, 

central part of the' county, has throughout a flat bottomed valley from 
one to three miles wide. The bottom lands along the Mississippi and 
the Black rivers occupy considerable areas in the Western part. The 
altitudes generally range from 650 to 750 feet along the prominent 
valley bottoms, to 1,300 and 1,360 feet on the relatively level narrow
topped ·uplands. The soils in the valleys are mainly sands and sandy 
loams, and upon the uplands, either sandy loams or silt loams of the 
loessial type. 

GEOLOGICAL FORMATIONS 

The indurated geological formations are the Upper Cambrian (Pots
dam) sandstone, and the Lower Magnesian limestone, the latter be
ing confined to the summits of the uplands in the southern and north 
central parts of the county. The limestone in the north c~ntral part 
forms the summit of the divide between the drainage of the La Crosse 

. and Black rivers. Alluvial sand and gravel fills the valley to a prob-
able maximum depth of 200 to 250 feet. A fairly abundant deposit 
of loess loam, from 5 to 10 feet thick overlies the uplands. The geo
logical structure is illustrated in Fig. 45. 
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The thickness of the Upper Cambrian (Potsdam) sandstone and the 
Lower Magnesian limestone is variable on account of the extensive 
erosian of these formations. The complete thickness of the Upper Cam
brian is preserved only where overlain by the limestone formation. 
The limestone reaches its maximum thickness on the highest upland 
areas. The Pre-Cambrian granite floor lies at a depth of 520 feet be
low the valley bottom at La Crosse. The approximate range in thick
ness of the geological formations ma~' be summarized as follows: 

Approximate range in thickness of formations in La Crosse county. 

Formation. Thickness. 

Feet. 
Surface formation. .................................................................... 0 to 250 
Lower Magnesium limestone ........... ', ....... ,.... .... .... .... .... ........ .... .... .... '0 to 200 
DDper Cambrian (Potsda'll) sandstone ... , ...... ,.... . ............................... 400 to 800 
The Pre-Cambrian granite, ......................................................................... . 

PRINCIPAL WATER-BE..-tRING HORIZONS 

The principal water-bearing horizons are the Upper Cambrian sand
stone and the alluvial sands and gravel. The limestone is an impor
tant source of supply only on the uplands in the southern part of the 
county. In the larger valley bottoms most wells reach abundant wa
ter in the surface formations at depths of 20 to 40 feet, In the nar~ 
row valleys many of the wells are from 30 to 50 feet deep. On the 
limestone uplands the wells are much deeper, most of them being 100 
to 200 feet in depth and very generally reaching down some distance· 
into the underlying sandstone. 

FLOWING WELLS 

Considerable interest was aroused 30 or 40 years ago concerning
the artesian conditions in La Crosse. 

The first well was drilled in 1876 on the corner of Fourth and Main 
streets. A flow was not obtained because of the high altitude. Since 
then it has been repeatedly demonstrated that artesian flows can be 
obtained from the sandstone on lower ground in and about the city. 
The original head was 20 to.30 feet above the Mississippi river, about 
660 to 670 above sea level. Near the center of the citY, where most of 
the wells are located, the head is now very low, due to the great num
berof wells and to the heavy pumping at the water-works to supply 
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the 20 public artesian fountains in various parts of the city. The 
mills, and breweries also draw heavily upon 'the artesian. supply and 
tend to keep th~ heads below the surface, except on low ground. It 
has been observed that when new wells are sunk between Tenth Street 
and Mississippi river, where all of the fl,owing wells in La Crosse have 
been drilled, the new wells get their supply partially at the expense of 
the older ones. 'Y'ithin th,is limited area the overdrafts are noticeable, 
but not so outside. 

South of La Crosse, on the Mormon Cooley road, there are flowing 
artesian wells 400 to 500 feet deep on many of the farms. Some of 
these wells are on the lowlands of the Mississippi and generate power 
enough to drive hydraulic rams which raise the water to the houses 
and barns. 

These artesian flows are not merely con~ned to the Mississippi river 
banks, but are struck on comparatively high ground in tlie valley bas
in, and also at points one or two miles east of the river, on the banks 
of the streams that empty into the Mississippi. The rich f!J,rming lands 

. of the" coolies" are also supplied with flowing wells, which penetrate 
the sandstone to some depth. Usually, however, the wells do ... ot enter 
the Upper Cambrian (Potsdam) sandstone deep enough to get a flo,w, 
even where the land 'is low enough. 

The present heads of the wells increase and reach a height of 650 
to 700 feet above tide, a short distance south of La Crosse. This is 
doubtless partly due to the high range of bluffs to the east. A safe 
estimate would place the average head south of La Crosse at about 
680 feet above tide. 

The absence of flowing wells at West Salem and Bangor in the La 
Crosse valley, although flowing wells are abundant farther up the val
ley at Rockland and Sparta in i.\1onroe county, is referred to under 
Monroe county, page 472. The explanation of the absence of favor
able conditions for the development of flows. about West Salem and 
Bangor is given under the general description of the flowing wells in 
La Crosse valley on pages 67-9. 

WATER SlTPPLIES FOR .CITIES AND VILLAGES' 

La Crosse.-La Crosse, loeated on the ,east\b~mk of the Mississippi 
river, at the mouth of the Black and the La Crosse rivers, has a 
population of ~bout 30,417. It is located on a flat, sandy alluvial for
mation with relatively high uplands of sandstone capped with lime-
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stone, lying immediately to the east. The eity supply until very re
cently was obtained from the Mississippi river, from a point about 
200 feet from the bank, where the water is about 8 feet deep: In times 
of high water the ri.ver is turbid with sediment, causing the intake to 
clog. The water was not purified and has been used principally for in
dustrial purposes and fire protection. The pump age is about 3,000,000 
gallons· per day: About 60 per cent of the houses are connected with 
the water supply. The drinking water is obtained mainly fromshal
low wells and a few artesi~n wells. About 30 per cent of the houses 
are connected with the sewage system. The sewage is emptied, without 
purification, into the river below the intake pipe. 

After considerable agitation extending over a period of several years 
the city finally decided to change its source of water supply from the 
Mississippi river to a ground water supply. At the present time 
(March 1913) the new system is being illBtalled on the low ground ad
jacent to the La Crosse river in the northeast part of the city. The 
new supply! is obtained from the alluvial sand and gravel deposits 
which attain a general thickness of 110 to 200 feet in the valley at La 
Crosse. The water is obtained from a system of 5 groups of 4 wells 
each; each well being'10 in. in diameter, cased 100 feet with 25 feet 
of No. 20 Jo,lmson strainers' attached to the end of the casing. The 
well groups are spaced about 800 to 900 feet apart. The wells in 
each group are placed about 100 feet apart. Each group of wells IS 

. to be operated by a vertical electric driven centrifugal pump of 2,-
000,000 gallons capacity, against a head of 40 feet, delivering water 
into a. 1,000,000 gallon reservoir at the pumping station in Myrick 
Park. See also the table, page 136 . 
. A 20 day test of one of the 10 in. wells was made with the following 

result: 

Summary Test ot One 10 in. Well January 10th to 30th, 191:2. 

Time-.lan. 10th morning to Jan. 30th evening ..... .' ..... ,... 21% days 
Total water pumped ...... '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 11,397,900 gals. 

Average rate, gals. 24 hours ............................... 531,000 gals. 
Average rate g.als. per minute .............................. 372 gals. 

'Data obtained from plans submitted by Messrs. Alvord & Burdick. 
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Observations of Rate ana "Drawaown" 

Date. 
Rate, gals. Drawdown Specific 

Jan. 16 ............................................... . 
Jan. 23 ................................................ . 

f~:~~::::::::::::::::::::::::::::::·:::::::::::::::::: 
Jan. 30 ............................................. .. 

per mln. in ft. capacity. 

473 
390 
495 
478 
525 

12.9 
106 
13.7 
13.4 

14.75 

36.6 
36.8 
36.1 
35.8 
35.6 

-·--~-I------- -------
Average ................................................... :. ...... .......... ...... 36.2 

NOTE:-Water recovered its origlnallevel40 to 48 hotlrs after pump stopped. 

UpQn . the results of this test it is calculated that this system of 20 
wells would have a capacity of 10,000,000 gallolUl per day. However, 
there will be intederence in the well supplies when all the wells-are 

continuously drawn upon, and hence the total daily . capacity will 
probably be much less than 10,000,000 gallons for any extended period. 

In . determining the amount of available ground water supply with
in the new well tract, observations were made by engineers to deter
mine the general direction and rate of underground flow. For this pur
pose the ground water level in about 30 wells located in North La
Crosse and in South La Crosse north of Main St. was measu:red. The 
observations were made as rapidly as possible on April 9th and 10th, 
1911 when both the Mississippi and La Crosse rivers were higher than 
normal. 

The observations made on the ground water.levels indicated as would 
be expected, that in North La Crosse the flow of ground water is al
most directly westward from the La .Crosse to the Black river, the 
La Crosse river being about 14 feet higher than the Black where it 
emerge~ from the bluffs, the distance between the two rivers at this 
place being about one and one-third miles. In general the data in
dicated that the flow was toward the west in North La Crosse, and 
southwest in South La Crosse. In the vicinity of the Interstate Fair 
Grounds the ground water is apparently being replenished by a flow 
coming out from Miller's coulee. 

There are many private wells in the city that are from: 10 to 30 feet 
deep that get their supplies from the sand formation along the Missis
sippi river. The water in thesl1 shallow wells may easily be contamin
atedand in many places it is' dangerous to drink it. Good pure water 
is obtainable from private artesian wells, and from many public foun
tains supplied by the waterworks from the two deep city artesian 
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wells. In 1899 these two wells were tested and yielded 763,200 gallons: 
in 24 hours. The wells are only a few feet apart and readily inter
ferewith one another. Within a block northeast of the city wells are 
also the Listman Milling Company'6 well, from which about .200,000 
gallons are pumped daily, and the Edison Light & Electric Company's, , 
well, which has not been used recently. .At Gund's brewery are three 
deep wells, the water being raised from one of the wells by means of' 
an' air lift 140 feet down in the well. The other two wells have the 

'suction pipe attached to the casing and furnish about 6f)0,OOO gallons. 
per day. These wells are so close together that they interfere with 
one another, and if the well, containing the air lift, is worked to its' 
full capacity the other two' will be of litle value. The water stands. 
23 feet below the surface at present and the above pumpage causes, 
the water to lower about 15 feet in the well. By pumping from great
er depth, as is done at Madison, the capacity of one of these )Vell_s might 
be made to equal approximately a million gallons per day. 

Fora complete record of the first artesian well drilled in 1876 see, 
Geology of Wisconsin, Vol. 4, page 60. In this well the surface sand 
has a thickness of 170 feet. Samples of the City wells drilled in 1889 
may be seen at the office of the City Engineer of La Crosse. The log' 
of one of the city wells and of the well at Grand Crossing, owned by 
the Chicago, Burlington and Quincy Railway Company, are given 
below. These records may be taken as representative records of the, 
La Crosse wells. Many of the deeper wells strike granite, and all show 
the bottom of the old valley to be at a considerable depth below the' 
present surface. 

Logs of art68ion tcells in La Cr08,e. • 

Formation. 

Alluvial sand,: ,I 

~~~es~gbies:: ::.:: :::: :::.:::: ::::: :::: ::: :::: :::: :::: :::: :::: :::: I 

City well, C. B. & Q. 
drilled In 1889. R. R. well. 

Thickness. Thickness. 

Feet. l~eet. 

146 
8 
o 

91 
53 
9 u:::~:~~;~~· ;~~~~~~~; .~~~~~~~.~; ........................... , 

White sandstone ••..•...••.. :........................ ••.••. •••• •••. 150 56 
Yellow sandstone •... ' •......••..••..............•..•••.......••.••.. 1 50 87 
Yellow "andstone (coarse). •... •.•. .•.. •... ••.. ....••.. •••.•••.•••. 25 111 
Brownish-sandstone (coarse) .•....•............••..••..........•. ' 14005 28 
Whit\, lumpish sandstone (hard) ..... ' ••••....•...•••..•.. •••. ••• 86 
Pre-Ca.mbrian gr8llite ............. ,' ................................. ; 2 at bottom. 

Total depth ....................•••......•...•...••...•..••.••••. '---:5~26~-I'--:4:7::-1---
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Onalaska.-At Onalaska, population 1,146, a few miles north (of 
Grand Crossing and La Crosse, the artesian conditions .are tp.e same as 
at Nor~h La Crosse and Grand Crossing. The public water supply is 
obtained. from two' flowing wells 8 inches in diameter and 470 and 493 
feet deep. The supply is obta:ined from the sandstone, and the average 
daily pumpage is 45,000 gallons. About 50 per ecnt of the houses are 
connected with the system. 

The ~og of the Onalaska city well as determined from examination' 
of samples by F. T. Thwaites is as follows: 

Log of Onala,ka city well. 

Formation. Depth. Thickness. 

_____ . ____ , -~------------I-----I-------

Feet. Feet. 
Alluvial Sand. ' 

~~~~e ~~~s~P~~iid:: ::::::::::::: :::::::: :::: :::: ::::: ::: :::: :::::: 8g=lg~ ::::::: :::::::, 
Coarse g,·avel. Water at river level............................... 105-125 ...... 
Fine grlloY sand (gravel).............................................. lz5-14H ..... i4B 

Upper Cambrian. (Potsdam) saIidstoue.................. .... .......... 148-180 , .......... ' .. . 
Same. cuarser grained ................................ ',' .... ... .... .. 180-200 ............ .. 
Very fine graiued shall' gray sandstone........................... 2 0-250 ............. . 
Gray calcarl'ousshaie.......... ........................ .............. 250--285 ............. . 
Coar,se white sandstone ............................................ ,.. 285-30;; ............. . 
Same ................................................................. I.. 305-33~ ............ .. 
Finer grained sandstone....... ..... ................................. 335-365 .............. . 
Brown shale .................... : ...................................... 365-370 ............. . 
Medmml(l'aln"d white .a.nd.tune....... ............ ................ 370-410 ............ .. 
Very coanoe white sandstone. some pink ieid.pars................ 410-'-440 ............. . 
Same. ('rhought to be within 80 feetorthe granite.).............. 440-445 297 

Total ~ePth .............. ' ....................................... I~~= --445--

West Salem.-West Salem, population 840, has a public water sup
ply obtained from one well 8 inches in diameter and 400 feet deep. The 
formations peneU'ated consist of 120 feet of sand and the remainder 
the Upper Cambrian (Potsdam) sandstone. About 33 per cent of 
the population use the public supply. A sewage system is installed, 
with which about 40 houses are ~onnected. The sewage has outlet 
through settling basins to the La Crosse river. The private wells varY 
in depth from 8 feet, near the river, to 30 and 40 feet further back 
from the stream. Most of the wells do not enter rock. On the .Jinfe
stone ridges, in the vicinity of West Salem, toward the south, the wells 
are much deeper, 100 to 200 feet in depth, but in ih~ small valleys 
they are from 30 to 50 feet in depth. 

In the County :Asylum well a strong flow was obtained at 8. depth 
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of 23 feet, from fissures in the Potsdam sandstone. The fissure strikes 
in a northeast-southeast direction. The present head of the water is 
reported at 44 feet below the surface . 

.Sectio! of w: A. HtIUfIAton 1M/l, West Salem. 

Formation. 

Red clay~ ............................................................................ .. 
f:and and clay .......................................................................... .. 
Blue elM· ............................................................................ .. 
Sand ................................................................................... .. 
Potsdam sandstone............................................................... . .. . 

Thickness, 

Feet. 
20 
40 
10 . 
4~ 
18 

Total depth .................................................... ,.................... 130 

Conditions about West Salem are aboun the same as at La Crosse. 
The old valley is filled with sand and clay to a depth of \ 100 to 200 

- feet, but the surface is overlain by thick beds of clay so the water 'from 
sand beneath thes~ clay beds is as pure as from the sandstone. ?,hus 
far no artesian flows have been obtained, and it is likely that no flows 
will be struck on the lowest ground in this vicinity, see page 68. 

Bqngor.-This village, population 692, like West Salem, mainly. de
pends upon private wells for water. The wells generally vary between 
10 and 40 feet, in sand formations, and increase in depth farther back 
from the river. R. B. Johr'Lsl reports that granite was struck in the 
railroad well at depth of 400 feet, about 345 feet above sea level. 

For water supply for public use the village depends upon the Hus
~a Brewing Company's two 7-inch artesian wells, 135 feet deep. About 
60 houses are connected with the public water supply. 

QUALITY OF THE WATER 

The available mineral analyses of the wa!er supplies in La Crosse 
aI~d the city water supply at Onalaska are shown in the accompanying 
tables. The water is generally hard water from both river and ground
water sources though the river water is much lower than the ground 
water in hardness. The river water from the Mississippi and La 
Crosse have about the same content of mineralization as Lake Michi
gan water. The water of Blac~ river is soft water and appreciably 
iower in mineral content than th43 water of the Mississippi and La 
Crosse rivers. 

1 R. B. Johns, Thesis, Univ. of Wis., 1900. 
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The mineralization of the water supplies in the surface sand is much 
:the same as that from the underlying sandstone. The table of anal
yses shows a number of mineral- analyses of water from the city test 
-wells at a depth of 100 feet. The samples analyzed in Sept. 1911 are 
very uniform in chemical composition and show a low n.?rmal content 

-{)f chlorine. However, the high content of chlorine and nitrates in 
samples 15 and 17 in table analyzed in April, 1908 indicate a ~ontam
inated source of supply at that time. If those analyses in the table 
that appear to be of polluted supply are not considered in the gen

-erl11 averages, the content of mineral in water of the surface sand de
posits would be about 268 parts per million compared with about 282 

parts per million in the indurated t;jandstone. The similiarity in the 
-composition of the water from the surface deposits and that from the 
rock is probably due to the fact'that most of the water in the surface 
·deposits in the valleys is ground water from the sandstone bluffs. 
It may be stated as a general observation that the alluvial sands in the 
broa:d level alluvial tracts -in central and northern Wisconsin are very 
generally characterized by soft waters. On the other hand, the al

luvial sands in narrow\ valleys adjacent to the sandstone uplands cap-
ped with limestone are very generally characterized by waters min, 
·eralized to the same extent as water in the adjacent ~and8tone up
lands. 

In general the water at La . Crosse from the Mississippi river con
-tains about one pounti 'of incrusting solids in 1,000 gallons, while that 
from the ground water supp1ies contains about two pounds in 1,000 
,gall~ns._ 
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Mineral analyses of water in La Crosse Oounty. 

Silica (8102)............. . .. 
Aluminum and iron oxides 

(AI203+ Fe20s) ........... . 
Calcium (Ca) .............. .. 

Sodium and potassium 

(Analyses in parts per million.) 

Rln·rs. 

1. 2. 3. ~. 

---r-- ---- ----, ---

11.2 

1.6 
30.1 
12.4 

9.5 

1.5 
21.8 
7.9 

9.9 

~.2 
3.~.0 
8.1 

2.6 

1.5 
28.8 
13.8 

5. 

undt. 
13.1 
5.8 

6. 

undt. 
21.3 
8.& 
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7. 

undt. 
14.1 
5.0 Magnesium (Mg) ............ 1 

(Na+K).................... 7.6 6.4 9.8 4.2 4.5 5.0 7.1 
Carbonate radicle (cOa) " 76.0 47.1 n.3 76.4 33.2 45.8 35.4 
Sulphate radicle (804)...... 6.4 13.0 16.3 7'.7 4.8 13.0 4.2 
Chlorine (CD. .............. 7.0 6.8 2A 1.7 4.1 7.2 4.1 
Organic matter.. ........ .... 24.0 .................... I ...................................... .. 
Nit;::a~:~~::~:dO:~~i'~~::: ~~;:~ .. ~~~:~.. 15~+-1~~:;" · .. ·~~:~ .... ·~~~:~:·I~~~:~ .. 

. I I 

Rivers. Surface de.posits. 

_8_. ___ 9_. ___ 10_. _1 __ 11_. _ -=-1 13. I 14. 

Depth of well .............. feet.. ............ ........ 25 30 30· 35 80 
Silica (8i02) ...................... ~ 15.0 16.00 i........ .......... ........ ........ 9.0 
Aluminum and iron oxides 

(AI20s+Fe20s) ................ .. ...... .. ........ l.t nndt. undt. undt. 22.4 

~r~~i~~~i5ai::::: .. ·::::::::::::: 40:~7 33.:5~ .... 52:t" .... 72:2" "69:2" "64:7" "56'.7" 
Magnesium (Mgl................. 14.0 13.00 l6.~ 21.4 21.2 21.7 31.4 
Sodium and potassium (Na+K) 10," 1000 ?? 0 306 286 166 46 
Carbonate radicle (COs)........ 92:6 74:80 126:0 98:0 I 98:1 117:9 145:3 
Sulphate radicle (S04) ......... i 18.0 24.00 17.6 164.3 1151.4 51.5 34.5 
Chlorine (Cll ...................... I 1.6 3.70 12.6 uudt. undt. 25.5 2.2 
Nitrate radicle (",Os) ........... 1.4 1.80 .................... 1 ....................... . 

sus;:~:;:i::l~:~·~~;i·~~:::::::: \~~I-i:~~+~38~I~+~~ioiT 
1. Mississippi River at I,a Crosse. City Water Supply. Analyst, Dearborn Drug & 

Chemical Co .• Nov. 12, 1907. 
2. MissiSSippi River at La Crosse. City Water Supply. Analyst, W. G. Kirchoffer. 
3. Mississippi River at La Crosse. City Water Supply. Analyst, Floyd Davis. 
4. La Crosse River at La Crosse. Analyst, Dearborn Drng &: Chemical Co. 
5. Black River at North La Crosse. Analyst, G. N. Prentiss, Sept. 3, 1907. 
6. Black River at North La Crosse. Analyst, G. "X. Prentiss, Sept. 12, 1910. 
7. Black River at North La Crosse. Analyst, G. N. Prentiss, June 24, 1904. 
8. ;\fississippi River at Minneapolis, Minn. Mean of 3;; analyses. U. S. Geological 

Survey. U. S. P. No. 236, P. 75, 1906--i. 
9. ;\IississiPpi River at Moline, IlL Mean of analyses. r. S. Geological Survey. 

U. S. P. No. 236, p. 117, 1906--7. 
10. Well of C. 1\1. & St. P. Ry. Co. at La Crosse. Analyst. Chemist, C. M. & St. P. Ry. 

Co .• Feb. 1. 1890. 
11. . WeI! of C. M. & St. P. Ry. Co. at North La Crosse. Analyst, G. N. Prentiss, 

Nov. 4, 1900. 
12. Well of C. M. & St. P. Ry. Co. at North La Crosse. Analyst, G. N. Prentiss, 

Nov. 15, 1900. 
13. Well of C. M. & St. P. Ry. Co. at North La Crosse. Analyst, G. N., Prentiss, 

Feb. 28, 19"07. 
14. Copeland Well, Myrick Park. Analyst, Davis, 1005. 
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Mineral analyses of water in La Orosse Oounty-Continued. 

(Analyses in parts per million.) 

Surface deposits. 

15. 16. 17. 18. 19. 22. 

-- --- --- --- -- ~I~ 
Depth of well ............... feet .. 100 100 100 100 100 100 I 100 100 . 
Silica (SI02) ....... .. 

. "ox'ides" 
13.7 2.6 2.3 3.7 1.6 4.0 5.5 6.8 

Aluminum and iron 
(A120a+l"e20a) ~ ................ 1.9 1.5 6.9 2.1 2.1 2.1 2.0 2.0 

C alclUm 'Ca) ..................... 34.7 28.8 37.7 54.9 59.1 58.6 57.5 55.4 
Magnesium (Mg)... .. .. ....... 
Sooium and Potassium (Na+K). 

19.0 13.6 21.0 27.0 30.7 29.3 28.6 U.1 
45.4 4.2 65.5 5.0 5.0 6.9 9.1 6.2 

Carbonate radicle (CUJ) ......... 102.0 76.4 115.0 144.0 156.4 157.2 157.0 150.0 
Sulphate radicle (804) ........... 12.4 7.7 12.8 18.0 18.2 18.3 15.5 13.6 
Chlorine «('1) ...................... 48,8 1.7 75.0 1.7 3.5 3.5 3.5 3.5 
Nit/'ate radicle (N03) ............ 8.1 ........ 8.2 ........ ........ ........ . ....... ......... 

----------------
Total dissol:ved solids. ...... 286.0 136.5 354.4 256.4 276.6 279.9 278.7 265.6 

. I . 
Surface deposits. I Upper CambrIan (Potsdam) sand

stone, . , 
1 ----.-------c-

I 
-----:j----:-.-,---

~~~~~,~I~~ 
Depth of well ............... feet .. 100 100 110 471' 471 493 500 526 

, Silica (,;iU2)............... ........ 5.5 6.0 2.6 1.7 24.0 2.0 6.0 9.7 
Aluminum and iron oxides 
At,~?~t~e~~~e .. ('Ai;o~i:::::::: 2.0 U 4.3 .. '~:6" 3.0 1.9 16.0 6.1> 
Calcium tCa).................... "57:0" "54:7" "56:5" 52.4 .. 66:3 .... 60T' "39:9"1" 86:6"' 
MagnFsium (\1g)................ 28.7 .27.9 23.7 31.9 25.3 22.3 16.0 21.7 
Sodium an\1 potassium (Na+ K). 8.8 5.8 5.6 4.4 2.2 8.6 25.2'1 8.9 
Carbonate rao.iele <COa) ......... 154.9 14166 .. 60 , 146~'.~ 147.1 130.1 135.2 71.9 173,0 
8ulphate radicle (804)......... 17.6 "16.6 55.9 24.9 32.9 22.'1 
Chlorine (CI)...................... 3.5 3.5 3.5 6.8........' 7.() 19.3 1 8.0 
Nitrateradicle (N03) ........... :..:..:..::..:..:..::..:..:..::..:..:..: ~"':":":"::":":"::":":": ~ . .':..:..:..::..:..:..::..:..:..: ~:~J~~ 

Total dissolved solids ........ 278.0 262.6 246.5 263.5 306.8. 262.14 '242.3 1339.1 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 
27. 
28. 

29. 
30. 

City Test Well No.1, La Crosse. 
1901!. 

Analyst, Dearborn Drug & Chern. Co./ Apr. 24, 

City Test Well No.2. La Crosse. Analyst, Dearborn Drug & Chem. Co. Apr. 9, 
1911. 

City lio~. Well No.2. La Cro~se. Analyst, Dearborn Drug & Chern. Co; Apr. 24, 

City Test Well No.2, La Crosse. Analyst, Dearborn Drug & Chern. Co. Sept. 9, 
1911. 

City Test Well No.3, La Crosse. Analyst, Dearborn Drug", Chern. Co. Apr. 28, 
1908. 

City Test Well No.4, La Crosse. Analyst. Dearborn Drug & Chern. Co. Sept. 9, 
1911. 

City Test Well No.5, La Crosse. Analyst. Dearborn Drug & Chern. Co. Sept. 9, 
1911. 

City lift Well No.6, La Crosse. Analyst, Dearborn Drug & Chen;t. Co., Sept. 9, 

City Te.t Well No.7. La Crosse. 
1911. 

Analyst.· Dearborn Drug & Chern. Co., Sept. ·9, 

City Test Well No.8, La Crosse. Analyst, Dearborn Drug & Chern. Co. Sept. 9, 
1911. 

Well at Ruhber Mills. La Crosse. Analyst. Dearborn Drug & Chern. Co., Sept. 10, 
1911. 

WeI! of C. B. & Q. Ry. Co. at La Crosse. Analyst, Chemist, C. B. & Q. Ry. Co. 
Well·of C. B. & Q. Ry. C'O. at La Crosse. Analyst, Chemist, C. B. & Q. Ry. Co. 
City Water Supply, Onalaska. Analyst, Dearborn Drug & Chemical Co., March 12. 

1910. 
Well 'Of Michel Brewing Co. Analyst, Murphy, Sept. 18, 1911. 
City. well at Club House, 1..a Crosse. Analyst, Flbyd Davis. 1905. 
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LAFAYETTE COUNTY 

Lafayette County, located in the southwestern part of the state, has 
an area of 634 square miles, and a population of 20,075. About 92.8 
per cent of the county i.s in farms, of which 78.2 per cent is under cul
tivatiOl'l. 

SURFACE FEATURES 

The surface of Lafayette county is a deeply trenched upland plain, 
the uplands rising to a general elevation of 1,100 feet above sea leveL 
Above this general elevation the Platte Mounds, in the northwestern part 
of the county, rise about 300 feet, the highest mound reaching an alti
tude of 1,430 feet. The Pecatonica river has a flat-bottomed valley gen
erally less than half a mile wide. The main valleys are generally nar
row, with continuous slopes upward from the streams. The altitude 
of the valley bottom of the Pecatonica ranges between about 780 feet 
below Gratiot to 880 feet at the Iowa county line. The greater part 
of the land of the county is therefore less than 300 feet above the valley 
bottoms. 

GEOLOGICAL FORMATIONS 

The geological formations are the same as those in southern Grant 
and Iowa counties. The Platteville-Galena limestone (Trenton), forms 
the main bed rock of the undulating uplands. The Upper Cambrian 
(Potsdam) sandstone is nowhere ex.posed at the surface. Along the 
principal valleys, such as the Pecatonica and the Fever rivers, only 
the Platteville-Galena limestone and the St. Peter sandstone usually 
occur, and occasionally the Lower Magnesian formation. Southeast 
of Shullsburg the Maquoketa shale (Cincinnati) group forms the sum
mit of the upland ridges. The valleys are filled with abundant alluvial 
deposits, and upon the uplands loess loam is commonly present. In 
the southeastern corner of the county are a few scattered boulders of 
glacial drift. The geological structure is illustrated in Fig. 46. 

The surface deposit, mainly consisting of loess, on the uplands, 
is relatively thin, usually ~anging between 0 to 5 or 10 feet in thick
ness. In the valley bottoms, however, the river deposits of sand and 
gravel probably attain a maximum thickness of 200 to 300 feet. The 
thickness of the rock formations is alse variable, on account of the ex-

27-W. S. 
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tensive erosion of the strata. The complete section of the Platteville 
and Galena beds, is preserved only where this formation is protected 
by the overlying beds of Maquoketa shale, in the Platte Mounds and 
in the southern part of the county. Where the section of the Galena-

Fig. 46.-Geologic sgction, east-west, across central Lafayette Connty. 

Plat~eville (Trenton) formation is complete the usual thickness is 
from 250 to 300 feet. The complete thickness of the Cincinnati (Ma
quoketa) shale is preserved only where protected by the overlying Ni
agara limestone in the Platte Mounds. The approximate range in 
thickness of formations in this county may be summarized as follows: 

AppI'oximate mnge in thickness of formations in Lafayette County. 

FormatlUIl. i Thiekne:-s. 

SU:CE formatlon~~.~~~~~~~~~~=.~~~~~=I-6~~tioo 
Niagara limestone (only on Platte Moundb) .••....•...•.............................. tOto 100 
Cincinnati shale (Maquoketa) ........... :............................................. 0 to 160 
Galena- Platteville (T,...nton) IImpstone..................... ..... ....... ............ .. 0 to 300 
f't. Peter' and Lowe,. Mal!"neSian ....................................................... \ 100 to 250 
[lpPf'r Cambrian (Potsdam) bandstone................................................ 750 to 1100 
The Pre-Cambrian granite .......................................................................... . 

PRINCIPAL WATER-BEARING HORIZONS 

The principal water-bearing horizons are the Platteville-Galena 
limestone and the St. Peter sandstone. Some wells obtain their sup
ply from the I.Jowel' Magnesian, but no records of wells penetrating to 
the Upper Cambrian (Potsdam) are known in the county. The wells 
throughout the county generally vary from 20 to 40 feet deep along 
the valleys up to 250 feet upon the limestone uplands. . 

The groundwater supplies of Lafayette county are controlled by the 
same beds of shale at the base of the Galena and Platteville limestone 
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and at the base of the. St. Peter sandstone as in Grant county. The 
water level in most of the lead and zinc mines in the southwestern 
part of the county is 60 or 70 feet, and only rarely over 100 feet, be
low the surface. Some wells in the eastern part of the county, as on 
the uplands near Darlington and Blanchardville, are 200 to 250 feet 
deep, probably getting their supplies either from the St. Peter or Low
er Magnesian formations. 

SPRINGS 

No flowing wells are known to occur in the county, but springs are 
common where the shale strata outcrop in the valley. A well known 
mineral spring is located in Darlington, and the public supply of this 
city is also obtained from a large spring issuing from the base of the 
Platteville limestone. 

WATER SUPPLIES FOR CITIES AND VILLAGES 

Darlington.-The population of Darlington is 1,808. This city has 
a water supply system, the water being obtained from a spring in the 
city limits. The spring has a diameter of 27 feet and depth of 21 
feet, the water standing 8 feet below the surface. About 75 per cent 
of the houses are on the water system. No sewage system is installed. 
About 20 per cent of the houses have cess pools. Private wells in the 
city are reported at 20 to 150 feet in the rock, the deepest wells prob
ably drawing supply from the Lower Magnesian limestone. The well 
of .James Smith, near Darlington, has a depth of 213 feet in Lower 
Ma.gnesian, and that of Charles Johnson, 220 feet, reaching the St. 
Peter sandstone. 

ShuUsburg.-The population is 1,063. The city water supply is 
from an open well, 10 feet in diameter, 38 feet deep, from the bottom 
of which a 6-inch well, 265 feet deep, is drilled. The average daily 
pumpage is 30,000 gallons. The city has no sewage or disposal plant . 
. Blanchardville.-The population of Blanchardville is 643. Private 

wells in Blanchardville are reported to be from 40 to 200 feet deep. 
This village has a public water supply and partial sewage system. The 
water supply is obtained from one well, 6 inches in diameter, 75 feet 
deep in the surface sand and gravel. The average daily pumpage is 
24,000 gallons. The sewage is emptied, without purification, into the 
East Pecatonica river. 
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QUALITY OF THE WATER 

The available mineral analyses of the water supplies of Lafayette 
county are shown in the following table. The waters from the sur
face deposits, the Galena-Platteville (Trenton) limestone, and the St. 
Peter sandstone are either hard or very hard waters. The waters from 
tue St. Peter sandstone appears to show about the same degree of hard
ness as that from the limestone. Water obtained from the Maquoketa 
\ Cincinnati) shale is likely to show a higher content of mineral than 

that obtained from the other formations of the county. All the waters 
analyzed are carbonate waters with calcium and magnesium as the im
portant constituents. 

The water from the railroad well at Ipswich, No.6, contains 2.59 
pounds of incrusting solids in 1,000 gallons, and that from the "300 
foot well" at Shullsburg, No.7, contains 2.76 pounds in 1.000 gallons. 

Mineral analyses of water in Lafayette Oounty. 

(Analyses in parts per million.) 

Surface dew,its or Galena- Galena-Platte- St. Peter 
Spring. Plattevillb limestone. villI' limestone, sand-

stone. 
--- ---, 

I 

____________ 1_. ___ 2_. ___ 3_. ___ 4_. _1 __ 5_. ___ 6_. __ ._7_._ 

D epth of well .......... feet.. .......... 16. 35 ......... 'j 21 111 300 

I 

Silica (8102) .........••... I 10.4 I. 18.' 8.5 10.4 1 15.4 1. 
Aluminum and iron ox- r • 2.2 

ides (A\20s+Fe20s) .... 1 \ i. ..... .... 1.0 6.3 
Aluminum oxide (A\203). ...... 'i.t" .............................. , 11.2 ....... , .......•... 

ron (Fe). ............. .... .5 .. . ... ...... .......... 0.5 ...............•..• 
Calcium (Ca) ....... ....... 59.4 ····67.5· '70.1 90.7 593 64.3 68.6 
M agnesium (Mg).... .... .... 45.8 32.1 34.9 61.2 4~.7 I 35.7 40.2 
~odium(Na).; ............. l 45 t 9.1 6.4 27.7 o'f} 1.3 11.3 fI 
P otasslum (h) .......... f .8 ,f . 
Carb'}[)ate radicle (C03) .... ~00.9 186.7 191.5 287.5 201.5 168.2 180.4 

ulphateradicle (8U4)...... 4.0 7.4 9.7 1.2 3.9 26.1 34.1 S 

P 
Chlorine (CI) ........... 4.1 1.5 2.8 41.~ 4.1 2.0 j 17.1 

hO;:::~I'~:::~~:d(P~::~~:: \ ~ri~ ~~ ~~ ~~ ~~ ~ii.~ ~~F 

1 Badger Mineral Spring at Darlington. 
2' Railroad well at Calamine. Analyst, Chemist;" C. M. & St. P. Ry. Co., Oct. 28, 1891. 
3: Railroad well at Gratio. Analyst, Chemist, \.:, M. & St. P. Ry. Co., Oct. 6, 1891. 
4. Railroad well at Shullsburg. Analyst, ChemIst, C. M. & St. P. Ry. Co., Nov. 3, 

1891. 
5. City water supply at Darlington. Analyst, W .. W. Daniells. 
6. Railroad well at Ipswich. Analyst, G. M. DaVIdson, C. & N. W. Ry. Co., Jan. 22, 

1909. 
7. Well, "300 feet deep" Shullsburg. Analyst, Dearborn Drug & Chem. Co., Mar. 22, 

1905. 
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Langlade County, located in the northeastern part of the state, has 
an area of 855 square miles, and a population of 17,062. About 23 
per cent of the county is laid out in farms, of which 37.1 p'er cent is 
under cultivation. 

sum'ACE FEATURES 

The southwestern part of the county, in the vicinity of Antigo, and 
westward, is quite level, while the southeastern, eastern and northern 
parts are relatively quite undulating on account of the terminal mor
aine hills that characterize those portions. The northeastern part is 
drained by the Wolf river flowing southeast, while the we~tern part 
is drained by the Eau Claire and Pine rivers flowing southwest. 

The altitudes above sea level generally range between 1,400 feet about 
Antjgo to 1,800 to 2,000 feet in the undulating hills on the divide in 
the northern part. 

The soil is generally a loam, with subsoils of gravel and sand over 
most of the county. 

GEOLOGICAL FORMATIONS 

'The prineipal formation is the glacial drift and associated alluvial 
sand and gravel plains, which quite effectually cover the older rock 
formations. In only a few places are there outcrops of the underlying 
granitic formations. The drift is g.enerally from 50 to 200 feet thick. 

PRINCIPAL WATER-BEARING HORIZOXS 

The principal water-bearing formation is the surface deposit of drift, 
gravel and sand. This formation very generally furnishes an abund
ant supply at relatively shallow depths of 20 to 50 feet. Very few 
wells in the county are over 100feet deep. 

WATER SUPPLIES FOR CITIES AXD nlLAGES 

Antigo.-Antigo, the county seat, has a population of 7,196. It is 
located on a plain, with a sandy, gravelly subsoil, and sandy loam sur
face soil. The elevation of the railroad station is 1,483 feet. The 
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thickness of the sand and gravel formation is 58 feet, as shown by the 
boring of the city well. 

The city supply was originally drawn from a single large open well, 
20 feet in diameter and 25 feet deep, dug through 5 feet of gravelly 
clay loam and 20 feet of white sand and gravel. Recently a new sys· 
tem was installed, consisting of 8 tubular screen wells, 6 inches in di
ameter with 5 foot screen, laid out 8 feet below the surface, and one 
rectangular well, 22 feet wide, 80 feet long, and 5 feet deep. This sys
tem is laid adjacent to Spring Brook Creek and approximately on the 
same level. The average daily pumpage is about "720,000 gallons. The 
city sewage is emptied, without purification, into the creek. 

Some years ago there was an unsuccessful attempt made to sink an 
artesian flowing well at Antigo. The well was put down with a churn 
drill to a depth of nearly 400 feet, wholly in granite below a depth of 
58 feet. Only a very small amount of water was obtained from the 
granite. 

QUALITY OF THE WATER 

The water of Langlade County, al3 shown by the analyses, is mainly 
soft water. The analyses, Nos. 2 to 4 of the Antigo well waters, may 
be considered typical for the formation about Antigo. The high con
tent of chlorine in No.3 is probably due to a contaminated source of 
supply. The hard water, No.5, obtained from the glacial drift at 
Elton, may indicate the presence of limestone in the drift of that local
ity, as the source of the drift in that vicinity is from the eastern part 
of the state, wherc limestone is abundant. All the waters are likely 
to be carbonate waters with calcium predominating. 

The soft water of Summit Lake contains only 0.47 pounds of incrust
ing solids in 1,000 gallons. The city water works well of Antigo, 
Analysis 2, contain!! 0.74 pounds of incrusting solids in 1,000 gallons, 
while the hard water at Elton, No.6, contains 2.02 pounds of incrust
ing solids in 1,000 gallons. 
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Mineral analyses of water in Langlade County. 

(.\nalyses in parts per million.) 

.Lake. Snrface deposits (alluvial). 

1. ~. 

Dellth of well ................................... . 
81l1ca (8102)............................ 5.6 
Aluminium and iron oxi<les (Ah03+ 

3. 

27 
10.6 

4. 

? 
18.6 

5. 

126 
12.3 

423 

Glacial 
dl'ift. 

6. 

< 24 
17.8 

Fe203) .. : ........................... .. 1.3 2.5 34 3.4 1.8 0.3 
Calcinm (Ca) .......................... . lUI Ii.l 23.8 22.2 34.8 53.9 
Magnesinm (M&,). ..................... . 
Sodium and potassium (Na+K) ..... .. 
Carbonate radicle (C03). ............. . 
8ulIlhate radicle (SO.) ............... .. 
Chlorine (CI) .......................... . 
Organic matter .... '" ................. . 

3.8 7.2 7.5 10.5 18.7 25.4 

!H .... tL .... ~J.I.. .. t! .. ·<It· ... ~tL 
Total dis80lvlld S( lids ............. -sz- -97-. - ~I-lzg:- -169~ 257-. -

1. Summit Lake at Summit Lake. Analyst, G. M. Davidson, July 24, 1909. 
2. Well of City Water Works, at Antigo. AnaYBt, G. M. Davidson, March 1896. 
3. Drive well in Antigo. Analyst, G. M. Davidson, Ang., 1902. 
4. Well at Antigo. Analyst, Dearborn Drug .\ Chem. Co., June 7, 1909. 
5. Railroad well at Malcolm, 4 ft. diameter. Analyst, G. M. Davidson, C. & N. W. Ry. 

Co., Aug., 1902. 
6. Railroad well at Elton, 17 ft. diameter. Analyst, G. 11. Davidson, C. & N. W. Ry. 

Co., May 28, 1907. 

LINCOLN COVXTY 

Lincoln County, located in the north central part of the state, has 
an area of 885 square miles, and a population of 19,064. About 21.6 
per cent of the county is laid out in farms, of which 26.8 per cent is un-
der cultivation. ' 

SURFACE FEATUR~ 

The surface is mainly a gently undulating plain. The kettle mo
raine,.a belt of hummockly drift hills extends east and 'west across the 
central part, north of Wood river, and in the vicinity of Schultz Spur 
and Dunfield. The northern half of the county is usually very gently 
sloping, while the southern and southeastern part is more undulating. 

The principal river is the WiscollBin, flowing southward through 
the central portion. The soil is generally a loam, with the exception 
of the northeastern part, where sandy loam and sandy soil prevails. 

The altitudes generally range between 1,250 and 1,600 feet. 
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GEOLOGICAL FORMATIONS 

Most of the county, except the southeastern part, if. quite effectually 
covered with glaeial drift and the associated alluvial sands and gravels. 
In the southeastern part of the county, where the surface is character
ized by relatively prominent valleys, the drift overlying the granite is 
relatively thin in many places. Rock rapids occur at Merrill and at 
Grandfather Falls, and at many places along the tributaries of the Wis
consin, such as the Prairie, the Pine and the Copper rivers. . 

PRINCIPAL WATER-BEARING HORIZONS 

The principal water-bearing formation is the surface formation of 
drift and alluvial sand and gravel, which very generally furnishes an 
abundant supply at a relatively shallow depth of 20 to 50 feet. Only 
rarely are the wells over 100 feet in depth. Where the underlying 
crystalline roek is near the surface it must be relied upon to furnish 
local supplies. While an abundant supply is not usually obtained from 
the crystalline rock, very generally an amount can be obtained sufficient 
for stock and domestic use on the farms. The water in the crystalline 
rock is wholly within the fractured zones, and the more the rock is fn-:)
tured the larger is the supply obtainable. Where the crystalline rock 
is massive, and free from fractures, very little or no water is obtain
able. 

WATER SUPPLIES FOR CITIES AND VILLA.GES 

Merrill. Merrill, the county scat, located at the junction of the 
Prairie and Wisconsin rivers, has a population of 8,689. The city is 
located upon gravelly and sandy terraces of the river formation. The 
city water supply is obtained from the Prairie river, at a point where 
it is about 100 feet wide and from 2 to 5 feet deep, the water being 
taken in at the bank through a screen. The average daily pumpage is 
967,000 gallons. In the spring and fall, during times of high water, 
the water is purified by a set of gravity filters having a capacity of 
1,500,000 gallons per day. Sulphate of aluminum is used to remove 
the suspended matter and vegetable stain. The sewage, without treat
ment, is discharged into the Wisconsin river. The private wells in the 
city vary in depth from 10 to 90 feet. 

An insufficient supply for the city from 17 six inch wells, put down 
25 feet in the drift, was abandoned a few years ago. I t is reasonable 
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to believe, however, that an adequate groundwater supply could eas
ily be obtained at Merrill by a properly arranged system of wells at 
depth of 50 to 100 feet in the Sand aud gravel. 

Tomahawk. This city has a popuJation of 2,907. It is located on 
the Wisconsin river, at an elevation of 1,450 feet. The formation is a 
sand plain of glacio-alluvial origin approximately level and about 
10 or 15 feet above the level of the river above the Tomahawk dam. 

At Tomahawk the supply is obtained from springs located near the 
edge of a swamp. The system of waterworks was installed in 1891. A 
well 30 feet in diameter was· sunk to a depth of 18 feet over the site of 
the spring, and when not pumped the water flows over the top of the 
well. The swamp is filled with numerous springs, and a small stream 
of water flows by the well, almost touching -its walls, clearly showing 
the natural drainage in the direction toward the well. The supply of 
water is limited, and only by judicious pumping can a sufficient supply 
be obtained. The average daily pump age is about 165,000 gallons. A 
second shallow well was recently put in. 
. About 70 per cent of the houses have water and sewage connections. 

The sewage,. without treatment, is discharged into the Wisconsin river. 
Most of the private wells are drive wells, ranging in depth from 10 

to 80 feet. Many private wells vary from 10 to 20 feet deep in sand 
and gravel. A few wells have Ii. depth of 50 to 80 feet, being cased 
down nearly to the bottom in order to obtain a deeper and more pure 
supply. 

At Irma, wells in the drift are from 10 to 40 feet deep. At ,Heaf
ford Junction the wells are from 20 to 40 ieet in sand and gravel. At 
Gleason and Bloomville the wells are generally from 20 to 40 feet in 
the drift. 

QUALITY OF THE WATER 

The water supplies of Lincoln County, as shown by the analyses in 
the following table are usually either very 80ft water, or soft water, 
as should be expected from the shallow depths and non-calcareous char
acter of the water-bearing formations from which the 8upplies are ob
tained. The water, of analysis No. 11 is probably contaminated, as in 
dicated by the high content of chlorine. 
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Mineral analyses of watel' in Lincoln County. 

(Analyses in parts per million.) . 
I 
I Rivers. Springs. 

1. 2. 3. 4. 5. 6. 7. 

---------- -------~------------._-------
S 
A 
mca (Si02) ..... " ....... } 
luminum and lrou ox-
Ides (AhOs + Fe20S) .... 

0.9 undt .•.. 2.7 7.0 ~.7 2.7 undt ...• 

alcilim (Oa) .....•..•....... C 
M 
S 

23.1 7.4 5.6 6.4 5.0 5.6 38.0 
8.4 2.8 2.3 2.5 2.5 2.3 10.0 almesium (Mg) ............ 1 

1J~~ ~).~ .. ~~~i~~ .... 10.4 5.4 6.6 7.7 9.7 7.1 5.4 
arbon ate radicle (COs) . ... 64.3 19.1 22.2 24.0 26.8 22.3 81.7 o 

S 
C 

ulphate radicle (S04)...... 1.0 
hlorine (Cl) ................ 4~0 

4.1 0.7 1.0 trace .. \ 0.7 4.3 
4.1 0.8 1.2 1.0 0.8 4.1 

Total dissolved solids ... -m-. ,----------- --------
43. 41. 50. 49. 41. US. 

Surface deposits. 

8. 9. 10. 

I 
11. 12. 

,----
Depth of well ............•...•....•.. feet 41. 14. 28. 

I 

23. 30. 
Silica (Si02). .•......••. . ............. } 

2.2 Aluminium and Iron oxides 21.7 4.2 0.5 8.2 
(Ai20a + Fe20s) ........•.... , .....•. 

Calcium (Oal ••.. .........•.............. 24.6 18.4 15.8 25.8 24.3 
Malmesium Mg)............... . ...... 2.8 6.2 5.7 11.7 10.1 
Sodium and lJOtassium (Na + K) •..••.. 2.7 2.0 12.3 19.4 11.3 
Carbonate radicle (OOs) .....•.•.••... 43.9 43.1 43.6 78.8 57.1 
Sulphate radicle (S04) .................. , 0.9 1.5 I 15:1 5.1 26.4 
Chlorine (01) ............................ _~ __ -=_.0 __ ~_ ~_I_~_ 

Total dissolved solids...... ......... 100. 77. 94. 173. 139. 

1. Prairie River, City Water works, Merrill, Analyst, Chemist C. M . .\; St. P. Ry. Co., 
Oct. 7, 1896. 

2. Wisconsin River, Tomahawk, .-\nalyst, Chemist, C. M. & St. P. Ry. Co., .-\ug. 22, 
1904. 

3. Tomahawk Spring, Tomahawk, Analyst, Chemist C. M . .\; St. Ry. Co., July 16, 1904. 
4. Spring, City Water Works, Tomahawk, Analyst, Chemist C. M. & St. r. Ity. Co., 

Aug. 15, 1892. 
5. Spring, City Water Works, Tomahawk, Analyst, Chemist C. M. & St. P. Ry. Co., 

June 7, 1894. 
6. Spring, City Water Works, Tomahawk, Analyst, Chemist C. M. & St. P. Ry. Co., 

Oct. 9, 1896. 
7. Spring at Harts' Spur, Merrill, Analyst, Chemist C. M. & St. P. Ry. Co., Feb. G, 

1904. 
8. Railroad well at Tomahawk, Analyst, Chemist C. M. & St. P. Ry. Co., Dec. 24, 1887. 
9. Private well at Merrill, Analyst, Chemist C. M . .\; St. P. Ry. Co., Mar. 24, 1888. 

10. Private well at Irma, Analyst, Chemist C. M. & St. P. Ry. Co., Oct. 9, 1896. 
11. Well of C. M. & St. P. Ry. Co., Merrill, Analyst, C. M. & St. P. Ry. Co., Oct. 1, 1889. 
12. Well of C. M. & St. P. R. Co., Irma, Analyst, Chemist C. M. & St. P. Ry. Co., 

Aug. 15. 1892. 
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MANITOWOC COt:'XTY 

Manitowoc county, located in the eastern part of the state, on Lake 
Michigan, has an area of 590 square miles and a pOP!llation of 44,978. 
About 93.3 per cent of the county is in farms of which 68.7 per cent is 
under cultivation. 

SURFACE FE...\TURF.8 

The surface is a moderately undulating plain, rl..sing to a common 
level in the central and western part, and sloping towards Lake Michi
gan in the eastern part. The county is drained by the Manitowoc river 
flowing east to the lake in the central and western part, and by the 
East and West Twin rivers in the northeastern part. The valley of 
the Manitowoc is quite prominent throughout its course. The Kettle 
Range of drift hills extend northeast across the central part of the 
county. The land along the East and West Twin rivers is gently 
sloping, the land in the northeastern part of the county being much 
lower than that in the western part. The altitude of the valley bot
tom of the Manitowoc river in the western part is between 000 and 850 
feet above sea level and the upland ridges are generally less than 200 
feet above the valley .. 

GEO~OGICAL FORi\lATIOXS 

The only rock formation is the Niagara limestone, over which usually 
lies a variable amount of glacial drift. The geological structure is 
illustrated in Fig. 24, showing a cross section along the southern bor
der of the county. Besides the glacial drift, there are gravel deposits 
and lacustrine claYi! in considerable thickness adjacent to the lake 
shore. In the western part of the county red day is abundant over the 
upland areas. The Kettle range consists of hummocky drift hills that 
are usually 50 to 100 feet above the surrounding lower land, being much 
less prominent in relief than the range farther south in Sheboygan and 
Washington counties. 

The Niagara limestone is generally effectually covered with the 
surface deposits, but in many places along the abrupt ridges or along 
streams the formation is well exposed. Many quarries are developed 
along the limestone ridges for the purposes of burning lime. 
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An interesting record probably showing the complete thickness of the' 
Niagara formation is that of the well of the Northern Grain Co. lo
cated near Manitowoc. The following is' the record of this well, with 
the geologic correlations of the various formations by E. O. Ulrich of 
the U. S. Geol. Survey, from samples submitted: 

]Record oj well oj Northern Grain Oompany, in Sec. 31, T. 19, R. 24. Near 
Manitowoc) 

Formation. Depth. Thidness. 
-------.-----1----- -----

Drift: 
Yellow sand .......................................................... . 
Hard yellow clay ...................................................... . 
Medium-hard blue clay ............................................... . 
No sample ........................................................... . 

Niagara: 
Medium hard to very hard browni.h and grayish ];mestone ....... . 
Hard, sandy limestone and dark graY shale ........................ . 
Medium hard brownish and grayish limp-stone ..................... . 
Very hard white limestone .......................................... .. 
Hard gray limestone: water stands within 30 feet of surface ...... . 
Very hard white limestone .. , ....................................... . 
Soft gray limestone ................................................. .. 
Hard grayish and brownilih limestone, fossiliferous at 3~8 to 350 

and 398 to 410 feet: sulphul' water at last depth. ......... . ..... . 
lIard grayish and brownish cherty limestene: water stands within 

26 feet of surface at 450 feet ........................................ .. 
Very soft gray limestone ............................................. . 
Har'd grayish and brownish llmestone: water stands within 22 feet 

of surface' at 505 it ........ ......................................... .. 
Soft gra.\' limestone.. .. .... .. .. .... . .. . .. .. ... . .. .. ... ............ .. . 
Soft and verY soft grayish limestone: hard stratum at 630 to 650 

feet ...... ; ......................................................... .. 
Hard gray limestone: water stands within 14 feet of su'rface ..... .. 

Clinton:" 
Very soft dark-red ferruginous shale .............................. .. 

Maquoketa (or Cincinnati) shale: 
Very soft gray limy shale.. .... . .. . . ... .. .. ... . .. .. .. .. ... . ... .. ...... 

Feet. 
3- 6 
6- 20 

20- 85 
85- 90 

90:148 
. 148-180 

180-195 
195-230 
230-2B7 
237-287 
287-315 

315-410 

410-450 
450-470 

470'-;;05 
505·513 

513-735 
735-825 

825-880 

880-986 

Total depth ..................................................................... .. 

I Bulletin 298. U. S. Geol. Survey, P. 295. 
2 'l'he Clinton is described by F. T. Thwaltes as iron ore. 

Feet. 
3 

14 
65 
5 

58 
32 
15 
35 
7 

50 
28 

95 

40 
20 

35 
8 

222 
9C 

55 

106 

986 

Another possible interpretation is to place the 105 feet of brownish 
and grayish limestone associated with the sandy limestone and gray 
shale, depth 90 To 195 feet, with the Milwaukee (Hamilton) shale for
mation of the Devonian, as the latter is known to overlie the Niagara 
at various places farther south .along the lake snore in Ozaukee and 
Milwaukee counties. According to this interpretation the complete 
thickness of the Niagara at this place would be 630 feet. 

The Niagara formation is of variable thickness on account of ero
sion. The thickness at· Chilton in Calumet county under 28 feet of 
drift is 170 feet, and at Two Rivers, under 92 feet of drift, 280 feet, 
and near Manitowoc under 90 feet of drift at least 630 feet. The 
minimum thickness in the county is probably not less than 150 feet, 
and the maximum thickness of the ridges may reach over 600 feet. 
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'The second city well of Two Rivers shows a thickness of 670 feet of Ni
agara. 

The approximate thickness of the formations in Manitowoc county 
from the surface down to the Pre-Cambrian granite based on the logs 
of various deep wells may be summarized as follows:-

App'roximate thickness of formations in Manitowoc County. 

Formation. 

Surface dellosit~ ....................................................................... . 
Devonian shale (proba ,ly IH·es~lIt) .................................................. . 
Niagarallmcstone ...................................................................... . 
Cincinnati shale ....................................................................... . 
Galena-Platteville (Trenton) lhlle.tone ............................................ . 
St. Peter and Lower Magnesian ...................................................... . 
Upper Cambrian (Potsdam) sand.tone .............................................. . 
Pre-Cambrian granite ................................................................. . 

PRINCIPAL WATER-BEARING HORIZONS 

Thicl\llI?ss. 

Feet. 
o w200 
o t0150 

150 to 650 
280 to 300 
200 to 250 
200 to 250 
600 to 650 

The principal water-bearing horizons are the glacial drift and the 
Niagara limestone. In a few very deep wells the formations underly
ing the Niagara are drawn upon. The glacial drift consists of clay, 
sand, gravel and boulders indiscriminately mixed to form the glacial 
till which was deposited directly by the ice, and distinct beds of sand 
and gravel interstratified with clay which were deposited by water as
sociated with the ice. It is in the beds and seams of clear sand and 
gravel that water in the drift is found in abundance, at depths rela
tively near the surface. The wells in the drift are generally quite 
variable in depth, being deeper on the uplands than on the lower slopes 
of the valleys. Open dug wells are UBUally shallow, but drilled wells 
in order to obtain a good supply generally reach about 100 feet on the 
uplands, obtaining their supply in gravel beds near the underlying 
rock, or from a short distance into the rock. 

The wells in the Niagara limestone obtain an abundant supply of 
good clear water from the numerous fractures and open fissures that 
permeate this formation. Wells in the limestone are drilled to vari
able depths depending on their location on the uplands or in the val
leys. The water level is near the surface in the ",alleys and on the 
uplands is usually less than 100 feet below the surfacf. 
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FLOWING WELLS 

Flowing wells are common over various parts of Manitowoc county in 
both the surface deposits and in the underlying Niagara limestone. 

The flowing wells in the drift have their ~ource of supply in gravel 
beds underlying clay and between beds of clay on the slopes of the up
lands and in the valley bottoms. There are a number of fl~wing wells 
in the city of Two Rivers, from 75 to 10Q feet deep, in gravel or the un
derlying limestone, the head being 4 to 20 feet above ,ground. 

In the village of Cleveland is a flowing well 23 feet deep owned by 
J, Hill. This well passed through 18 feet of clay and 5 feet of gravel 
hardpan. The water was struck in the gravel and rises 4 feet above 
the surface, but ceases to flow during the dry season. 

Northeast of Cleveland near the Lake in Sees. 14 and 15, T. 17 N., 
R. 23E., Centerville, are four copious flows which spring from the 
gravels overlying the rock. The depth of wells is greater than that of 
the Pigeon Valley wells, averaging about 130 feet. The wells have 
high pressure and strong flows. There are other good wells in this 
vicinity and in the town of Mosel to the south, wnich draw their water 
from the Niagara limestone. In the town of T)Vo Creeks, on the lake 
shore, about half way between Manitowoe. and Keyraunee are foul" 
flowing wells about 80 feet deep. Three of these wells owe their flow 
to a water bearing bed of gravel just above the rock, while the fourth 
is fed from crevices a few feet within the Niagara limestone. 

The surface of the Niagara limestone at the city of Manitowoc as 
elsewhere along the eastern part of the county, is thickly covered with 
impervious drift and lacustrine clays, and the rock strata beneath 
rise to the ·westward and readily transmit the water from the up
lands, 1\0 that the requisite conditions for flowing wells are found in 
many places on the slope at no great distance within the limestone. 
The flowing well of J. Haltz, 203 feet deep, and that of the Manitowoc 
Malting Co., 110 feet deep in Manitowoc, are of this type, the artesian 
heads being 24 and 3 feet respectively above the surface. 

The water in the deep seated strata of St. Peter and Potsdam sand
stone is very probably not under sufficient pressure along the lake 
shore north of Mll;nitowoc to develop a head above the level of the lake. 
The deep city 'well in Two Rivers drilled to the pre-Cambrian granite, 
at depth of 1,800 feet, failed to obtain a flow from the deep sandstone 
horizons, though a small flow was obtained from the Niagara limestone 
at depth of 230 feet. No' other wells 'are known to reach the sandstone 
in this county. The explanation for the absence of artesian flows from 
the sandstone, north of Manitowoc, is given on pp. 80-1. 
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SPRI!'GS 

Springs arc a common souree of water supply along the lower slopes 
of the hills, especially near the eontaet of the drift and the underlying 
rock, or directly from the rock. The fact that the water in many places 
on the lower slopes is held under pressure develops conditions favorable 
for springs. The Maribel Mineral Spring near Manitowoc furnishes a 
large supply of mineral water for the trade. 

WATER SUPPLIES FOR CITIES AND VILLAGES 

Manitowoc.-Manitowoc, situated on Lake Michigan, at the mo:uth of 
the Manitowoc river,'has a population of 13,027. The city water supply 
is obtained from two large wells, 25 feet in diameter, and 20 feet deep 
on the shore of the lake. The well water is obtained from layers of gravel 
IJetween red clay. An auxiliary supply is obtained fro~ two intakes 
extending into the river at depth of 5 feet. The average daily pump
age is 1,200,000 gallons. The sewage, without purifieation, empties into 
the river near its mouth. About 60 per cent of the houses are connected 
with the water and sewage systems. Continuous pumping for a rew 
hours will exhaust the well supply. 

There are many private wells in the city from 20 to 60 feet deep in 
drift. There are also a number of deeper wells that penetrate some dis
tance into the Niagara limestone. The two best wells furnish about 200,-
000 gallons in 24 hours each. William Rahr's well, 210 feet deep, when 
heavily pumped, yield~ as much as 500 gallons per minute. No meas
urements as to lowering of water have been taken, but it has been noted 
that these wells affect others on higher ground. 'Villiam Rahr's well 
and the Manitowoc Glue Company's well interfere with each other as 
shown by test, but as they are both on the same lewl and heavily pump
ed one well does not take the water at the expense of the other. The wa
ter for the most part comes from the Niagara limestone and some of it 
is too hard for boiler use. (See table of anal~·ses, No. 3 and No.4.) 
The logs of other wells at Manitowoc, man~' of which are flowing, are on 
tlle in the office of the State Survey. 

Two Rivers.-This city located Ol}. Lake lliehigan, at the mouth 01 
'1'win river, has a population of 4,850. The city water supply is ob
tained from 3 large open wells on the bank of the lake into which the 
water filters from the lake. The sewerage empties into the Twin river. 
About 45 per cent of the houses have water and sewer coimections. The 
average daily pump age is 108,000 gallons. 

Many of the private wells in the city are from 20 to 40 feet in the 
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gravel and sand. There. are also a number of flowing wells 
gravel and underlying limestone, from 75 to 100 feet deep. 
wells flow from 4 to 20 feet above the ground. 

III the 
These 

The deep city well was drilled in 1898 by F. M. Gray of Milwaukee. 
At a depth of 230 feet in the limestone a flow was struck that yielded 
one-fourth inch stream hut the water from the deeper horizons failed 
to flow. Mr .. Dunn, who helped drill the well, reports the following 
section: 

Section of Two Rivers Oity Well. 

Formation. I Thickness. 

9an~ a~d c~y (Plei::~ne) ..• ~~~=~~~~~~~~~=.I Fjj~-t.-
Limestone (~Ia'l"ara).. •.• ••....... ..•. ... ........ .•... .... .... .... .... ... .•...... •..•.. 280 
Slate or shale (Cincinnati)..................................................... ....... 300 
Limestone (Galena Trenton)..................... ...................................... 250 
Sand rock (St. Peter. Lowe,' Magnesian).......... .......... ................ ... ...••. 250 
Alternating sandstone ~nd limestone (Potsdam)............... ............ .......... 628 
Granite (Pre-Oambl'ian).. .... .... .... .•.. ................................ ........ ...... 60 

Total depth.......... ........................................ ...................... 1860 

Another well was drilled by the city in 1914 to depth of 1,640 feet, 
striking, however, highly mineralized water, as indicated on the fol
lowing page. This well passed through a much greater thickne.ss of 
the Niagara limestone than the former city well, as is shown in the 
following log: 

Log of well tal Oity Water Works, Two Rivers, Wis. 

Drilled by W. H. Gray Bros., 1914. 
Samples sent by Geo. H. Wehnusen. 
Samples examined by F. T. Thwaltes, Jim., 1915. 

Formation. 

Glacial drift and lake deposit: 
Sand .................................................................. . 
Hardpan .......................... : ••.........................•........ 
Quicksand •.•••.•••.••.•..••..•.•.....•.....•.......•.................. 
Dry red clay .......................................................... . 

Niagara Umestone: . 
Hard gray dolomite with chert towards bottom .................. .. 
Darker gray shaly dolomite ......................................... .. 
Gray to yellowish cherty dolomite .................................... . 

Olnclnnatl shale: 
Grayish-blue shaly dolomite and dolomite shale .................... . 
Bluish gray clay shale ................. , ............................. .. 

Galena-Trenton limestone: \ 
Graylsh·blue to brownish dolomite ................................. .. 

St. Peter: 
Fine to medium grained grayish ferruginous sandstone ............ . 
Reddish yellow line sandstone, to yellowish gray and light reddish 

in some layers .................................................... .. 
Lower Magnesian: . 

Dark reddish sandy dolomite shale ................................. .. 
Potsdam: 

Gray and yellowish brown medium sandstone ...................... . 

Depth. I Thickness. 

0- 15 
15- 17 
17- 32 
32- 100 100 

100- 560 
560- 6'20 
620- 770 670 

770- 950 
950--1100 330 

1100-1295 195 

1295-1340 

1340-1595 300 

1595--1610 15 

1610-1640 30 
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The second city well is located 1,750 feet east of the first well, the 
eurb is 6 feet above Lake Michigan, and the head of water is level with 
the lake. 

Kiel.-Kiel, population 1,244, recently installed a public water sup
ply system, the supply being obtained from one well 29 feet deep. 
About 40 per cent of the population utilizes the system. The average 
daily pump age is about 50,000 gallons. 

The log of the city well in Kiel, drilled in 1905, which did not fur
nish sufficient water for a city supply, is as follows: 

Log at city well at Kiel. 

Formation. I Thickness. 

------------------------j---
I Feet. 

Surface (no recot·d).................................................... ................. 150 
Niagara limestone...... ....................................................... .......... 304 
Cincinnati .hale......................................................................... 17 

Total depth...................................................................... 471 

A sufficient artesian water supply could very probably have been ob
tained if the well hed been drilled to a depth of about 1,200 feet and 
dr~wn its supply from the underlying St. Peter sandstone. 

QUALITY OF THE WATER 

The available mineral analyses of water supplies of Manitowoc 
county /!ore shown in the following table. The water obtained from 
springs, and from the wells in the surface deposits and the Niagara 
limestone, is usually of moderate mineral content. Some of the wa
ters, however, obtained from the Niagara, even in relatively shallow 
wells, as illustrated by No.5 and No.6 in lIanitowoc, are very high 
in mineral content and contain large amounts of calcium sulphate, 
gypsum, in solution. The amount of chlorides is relatively small as' 
compared with the sulphates. 

The water from the well recently drilled by the city of Two Rivers; 
in 1914, to depth of 1,640 feet, is high in calcium and sulphate, and is 
much like the highly mineralized water from the wells in the Niagara 
in Manitowoc. The analyses of two samples of this water mad~ by 
Hantke's Brewer's Laboratory, of Milwaukee, Sample No.1, taken 

28-W. S. 
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after plugging well at 800 feet, date of analysis Nov. 25th, 1914, and 
sample No.2, taken at 1,640 foot level, date of analysis Dec. 4, 1914, is • 

. as follows: . 

Analyses of water of Tiro Rivers citY10ell. 

(Analyses stated as salts In parts per million) 

No. 1 

Silica (Si02).... ....... .................................................. 70.8 
Aluminum and iron oxides (Ah03 Fe203)..... ..... ........ ........ ... 92.5 
Calcium sulphate.... ..................... ................ ................ 1,860.0' 
Magnesium sulphate ........ ;. ........................ ........ ........ 885.0 
.Magnesium carbonate.................................................. .. ........... . 
Magneslu'll dhloride ................................................................. .. 

~g:U~: ~~~~:: :::::. :::::::::::::::::: :::::: :::::::: :::: ::.:: ::.:::::::: ~~i:~ 
Total....... .......................... ................ ........ ........ 3,547.6 

No.2 

20.0 
trace 

2.307.1 
200.4 
161.2 
154.5 
405.0 

3.257.2 

The Manitowoc city well water, No.4, contains 1.73 pounds of in
crusting solids in 1,000 gallons, and the artesian well water at Cleve
land, No.7, contains 3.67 pounds in 1,000 gallons. 

Mineral analyses of water in Manitowoc Oounty. 

(Analyses In parts per million.) 

Rivers. 
Sur
face 
de-

·POSits. 

Niagara limestone. 

----------I-----~--~.----.-----

1. 2. 3. 4. 5. 6. 7. 8. 

DPllth of well......... ........... .. ...... ........ ........ 20 110 150 219 472 
Silica (S.02) ...................... } { 7.8 ~ {20.0 } 
Aluminium' and Iron oxides undt. 2.6 14.0 10.6 20. und.t. 

lAhOs+lre20s)................. O.S 0.8 
Alinniniumoxlllle lAhUs)....... ........ ........ 2.1 ........ 1.7 .; ..................... . 

~:r.s~i!~e)(C.;.j::::::::::::::::::::: "'46:U""'4i:ti' J:t '''47:2' 578:g 1"602:6' '''78:8' '''50:8' 
MlWmesium (Mg).·................ 24.9 2~6 27.0 20.6 99.S 165. 49.71 85.9 
Sodium (Na) ...................... l S 2 8.6 I 46 t 17.5 {6~.9 205.7 I 1S.1 10.7 
Potassium (K).................... f 1 2.2 \ 11.6 5.8 f 
Carbonate radlclA (COs) ........ 107.2 138.2 141.5 106.8 142.6

1

259. 157.4 164.3 
Sulphate radicle (S04)........... 45.2 2.3 2.9 25.1 1538.7 1790. 144.H 12.5 
Chlorine ~CI) ..................... I:..::..:.:..::. __ 1.5 _~I~ 105.5 196. ~~~ 

Totaldissolve<l solids........ 227. 223. 249. 252. 2544. 3244. 477. 281. 

1. Sheboygan River, Kie). Analyst, G. N. Prentiss, April 8, 1901. 
2. Sheboygan River, Klel. Analyst, Chemist C. M. & St. P. Ry. Co., July 8, 1891. 
3. Maribel Springs, Maribel. Analyst, W. W. Daniells 
4. Well ot City Water Works, Manitowoc, Analyst, G. M. Davidson, Oct. 19, 1907. 
5. Well of Manitowoc Malting Co., Manitowoc, Analyst, E. G. Smith. 
6. Well of Rahr & Sons, Manitowoc, Analyst,~. Bode, Geol. of Wis. vol. 2, 'p. 31, 

1877. 
7. Artesian 1I0wing well, Cleveland, 800 feet north of station. Analyst, G. M. David· 

son, May 2, 1907. 
S. City well, Kiel. Analyst, G. N. Prentiss, Sept. 21, 1905. 
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MARATHON COl:~T\: 

Marathon County, located in the north central part of the state, 
the largest county in the state, has an area of 1,532 square miles, and 
a population of 55,054. About 53.6 per cent of the county· is laid out 
in farms, of which 34.6 per cent is under cultivation. 

SURFACE FEATVRES 

Marathon County! is a dissected upland plain, the uplands gen
erally ranging from 1,300 feet in the southern part to 1,500 feet in 
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Fig. 47.-Geologic section, east-west, across Marathon County. 

the northern part, with the valley bottoms and slopes lying from 200 
to' 300 feet below these altitudes. The quartzite hills below referred 
to extend above the general level of the upland plain, Rib Hill reach
ing an altitude of 1,942 feet. The soils are generally. loams, with 
sandy soils along the Wiseonsin river. 

GEOLOGICAL FORMATIONS 

The geological formation is principally the Pre-Cambrian granite. 
In a few places only, namely in the southeastern and in the western 
parts of the county, occur small outcrops of the overlying Upper Cam
brian (Potsdam) sandstone. Glacial drift is abundant in the eastern, 
northern and western parts of the county. The alluvial formation of 
sand and gravel has a considerable width along the Wisconsin river 
in the southern part of the county. Rib Hill. )[08inee Hills and Hard
wood Ridge, southwest of Wausau, are prominent topographic feat
ures. The cross section, Fig, 47, illustrates the geological structure. 

The thickness of the glacial drift is variable and probably reaches a 
maximum of 150 to 200 feet in some of the morainic ridges. The al-

1 For topography of Marathon County see the Wausau and the Marathon 
epecial maps published by the. U. S. Geological Survey. Washington, D. C. 
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luvial filling of sand and gravel in the valleys is known to be ove!'" 
130 feet at Wausau, and may reach 150 to 200 feet in the deepest 
parts of the old channels. The Potsdam sandstone occurs in only a few 
localities, and nowhere exceeds a thickness of 50 feet. The approxi
mate range in thickness of the formations overlying the Pre-Cambrian 
granitic formations may be summarized a.~ follows: 

Approximate range in thickness of formations in Marathon Oounty. 

Formation. 'l'hicimess. 

Feet. 
Surface formation........ ... ........ ....•.......• ........ ....... ............•...•... .... 0 to 200 
Upper Cambrian (Potsdam) sandstone (present In only a tew localitle .. >... .... .... 0 to 50 
The Pre-Cambrian a-ranlts ........••.•........••..•...•...•......................................... 

PRINCIPAL WATER-BEARING HORIZONS 

The source of the groundwater supplies is in the crystalline rock, 
the glacial drift, and the alluvial sand and gravel. Only a limited 
supply is derived from the cracks and fissures of the crystalline for
mations, but thi.s is quite generally sufficient for aomest~c purposes 
on the farms and in the small villages. The glacial drift is relatively 
abundant in the eastern, northern ana western parts of the county, 
and generally a sufficient supply for domestic purposes is obtained in 
the drift or at the contact of the drift and underlying granite, where 
the .drift is 20 feet or more in thickness. The sandy alluvial forma
tions are an important source of the supply for those cities located 
along the Wisconsin river and tributaries. As most of the cities like 
Wausau are located on rivers on the sites of water powers, the alluvial 
sa,nd and gravel formation is an important source of water supply. 
Figures 48 and 49 illustrate the geological relations of the alluvial for
mations to the Pre-Cambrian granite at Wausau and Mosinee. The 
Potsdam sandstone, which is an important source of water supply In 

Clark County, is drawn upon in only: a few farm wells on the west
ern margin of Marathon County. 

WATER· SUPPLmS-FOR CITIES AND VILLAGES 

Wausau.-,\Vausau, with a population of 16,560, is located on al
luvial terraces of the Wisconsin river, at the site of extensive water 
power. Most of the city lies on the valley bottom, but a portion lies 
on the slopes of the valley carved out of the crystalline uplands. 
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Most of the private wells in the city, either dug or driven, range ill 
depth from 20 to 60 feet, depending upon their location and elevation 
with respect to the level of the river. Prior to 1907 the city supply of 
water was derived from a well located 150 feet from the Wisconsin 
river, which was 35 feet deep and 40 feet in diameter, and had con
nected with it a 24-inch vitrified pipe, 180 feet long, laid parallel to 
the river, and 20 feet below the surface of the ground. The water con
tained a large quantity of iron in solution, which supported a copious 
growth of crenothrix, the growth of which seriously clogged the city 
mains. In some instances the small pipes, 1% to 2 inches in diameter, 
were entirely filled. It became imperative, therefore, that either the 

Fig. 4S.-Geologic seeton at Wausau showing relations of the alluvial sand 
and gravel to .the Pr/l·Cambrian granite. 

objectionable effect of the iron in the water would have to be remedied 
or a new supply of water obtained. Fortunately in this case, a good 
supply of water essentially free from iron was readily obtained· in the 
deeper strata of alluvial sand and gravel. 

The old supply of water was therefore cut off and the new supply 
from a system of 40 six-inch wells, 135 feet deep, was connected up to 
the city mains in 1907. The new supply of water is derived from wells 
located east of the old open well, which is now used as a storage re
servoir. We are indebted to Mr. C. A. Nutter, City Engineer, for 
maps and data regarding the present supply. 

One of the wells struck granite at 134. feet, but the others did not 
reach the' granite at this depth. It is likely that the old valley, now 
filleQ with the alluvial gravel, extends to a maximum depth of nearly 
200 feet at Wausau. 

The character of the formation, essentially uniform in all the wells, 
is as follows: 
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Section 01 Wausau city wells. 

Formation. Thickness. 

Feet. 
Coarse gravel and sand................................................................. 20 
Finer gravel and sand.................... ............ .... .... ........................ .. 55 

~1~~t~~v~~~~~d s~~~:::·.::·:.::: ::::: :::: :::: ::::::: :::: ::: :::: ::::: :::::::: :::: ::: ::::: :41 
Very large coarse gravel, some sand ................................................. I_~ ___ . 

Total depth...... ................ ..... ............... .......... .... .... .... .... 134 

The chemical composition of the old supply of water showed an 
average of 0.7 to 0.8 parts per million of iron in solution; the new 
supply contains from 0.05 to a small trace per million, and the chem
ists comment upon the extreme purity and softness of the new supply 
of water. 

The temperature of the old supply was 49°. The lower temperature 
of the new supply is the only bad feature. It is reported that the 
new supply -is rapidly clearing out the pipe system. 

The available supply from the new system is estimated at 6,000,000 
gallons at the normal water stage. The average daily pumpage in 
1913 was 2,650,000 gallons. About 85 per cent of the people use the 
water supply and sewage system. The water works is connected with 
an intake extending into the river. No cess pools are allowed where 
sewer connections are possible. The sewage, without treatment, is emp-
tied into the Wisconsin river. . 

Edgar. -The population of Edgar is 746. The wells in Edgar strike 
granite at depths of 10 or 15 feet. Although no marked difficulty is 
experienced in obtaining sufficient supplies for domestic or general 

, farm purposes, the supply is not sufficient for large quantities. The 
C. & N. W. R. R. has two wells here, neither of which supply a sufficient 
amount of water for the locomotives. The swampy ground to the west 
shows many small springs, and offers a possibility of finding a much 
greater underground supply. It has not, however, been investigated. 

The deepest well, at C. Du Longs, is as follows: 

Log of Du Long's Well, Edgar. 

Formation. Thickness. 

Feet. 
Soli and drift... ... ................................ .... .................... .............. 182 
Granltfo, dlsint€lI'ratf'd (mealrer 8upply) .............................................. . 
Granite hard (water from fissures) .............................................. · .. · .. __ ~_ 

Total depth ....................................................................... . 81 
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Matathon City.-Marathon City, population 656, is located on gran
ite rock, on the south side of the Rib river. The wells are generally rel
atively shallow, from 10 to 40 feet deep, drawing the supply from 
fissures in the granite. It is probable that any large supply of water 
for this city would have to be derived, either froin the Rib river or 
from the alluvial gravel and sand on the north side of the river. 

Mosinee . ...:.-Mosinee, like Wausau, is located upon the terrace of the 
Wisconsin river, at the site of an extensive water power. An abundant 
water supply for domestic purposes can be obtained at depths of 15 
to 40 feet in the alluvial sand and gravel, depending upon the eleva
tion above 1he river. An abundant supply, for public uses, could be 
obtained here and' elsewhere along the Wisconsin river, like that re
cently developed at Wausau. See Fig. 49. A city supply was recently 
installed, bein.; obtained from a well 15 feet deep. 

w E 
1300 

1200 

1100 

1000 

900' 

o 2 miles 
~'----------~--------~' 

Fig. 49.-Geologlc section at Mosinee showing the allnvial sand and gravel 
overlying the Pre·Camhrian granite. 

Athens.-The village of Athens, population 904, is located on the 
crystalline rock on Black Creek. There is a covering of a variable 
amount of drift over the crystalline formations, so that many wells 
derive their supply at the contact of the drift and the underlying 
granite. The. wells are generally from 15 to 40 feet deep. Any large 
supply of water probably, such as would be required for a public sys
tem, would have to be derived from the surface formation in the valley 
northwest of the village. 

QUALITY, OF THE WATER 

The mineral analyses of water of Marathon county, are shown in the 
following table; The surface water of creeks, as well as that obtained 
'trom shallow wells in the surface deposits varies from very soft to 
hard water; It is very likely that the waters analyzed are typical for 
the entire county, and that fairly soft water generally occurs in all 
the .geological formations .. All the waters are carbonate waters with 
calcium as the predominating constituent, and tbe alkalies mainly so-
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dium, relatively important. The organic matter in the city water sup
ply of Wausau indicates a contaminated water supply at the time the 
sample was collected, probably on account of water obtained either 
directly or indirectly from the river. 

The city water of Wausau, No.4, contains 0.65 pounds of incru&ting 
solids in 1,000 gallons, the water from Scott creek at Marathon city, 
No.1, contains 0.41 pounds in 1,000 gallons, and that from the creek 
at Stratford, No.2, contains 1.39 pounds in 1,000 gallons. 

Mineral Analyses oj water in Marathon Oounty. 

(Anaylses in Darts per million.) 

Creeks. Surface deDOsits. 

I 1. I 2. 3. I 4. I 5 I 6. 

n-PP-t-h-O-f-w-el-I'.-.-.. -.. -.-.-.. -.. -.-.-.-.-.. -.-.. -re-e-t-.. /.== .==,--3-7- ~1~--3-5-
Silica (Si02)............................ 10.4 10.9 20.9 14.3 I ........ ~ 9 2 
Aluminium and Iron oxides (AI20S+ r 14.7 

l?e20s,) .......................... ...... 8.7 5 1 2 0 Tr. 'e I Trace 
Ct.lcium. (Ca) .. '.' ........... ............. 9.3 5.';.2 54. 164 I 18.0 12.6 
Mall"nes\um (Mgj....................... 1.3 11.8 16.6 49 5.4 2.~ 
Sodium and POtassium {Na+IO... .... 8.0. 11.5 5.1 4.2 7.5 9.6 

:oulphate radicle {S04~........... ...... 19.8 ]8.3 9.4 ]80 2.u 23 
Carbonate ;-·adlcle (OOa) ............... 138 104.1 116.3 28.9 8.081 34.6 

Chlorine (CI) ............... ;........... 2.4 1.61 7.82.7 2.2 1.7 

org;:::~::::;;~~·~~~;~~::::::::::::::I~~~-2~-~~i~-*~~~~I~~~ 

~ulf8<"e eftoslls. 

. i. 11. 9. 10. ,- 11. I 12. 

~-------------~ .......:--- -------- ---- ----- ---

24 Depth of wrll .................... feet.. River 30 23 23 I 20 

~}:~~I~~~O~\~;;d·I':O;,·OXI(i~~·(·Ai;o;~:··········l 3.9 1.5 "T~ac" l.7t Undt. 
1.' .. 203)................................ 3.6 f f 

Calcium (Cal........................... 15.2 17.5 '14.5 11.4 6 0 21 8 
Mall"nesium (Mgl.......... .... ... ..... 48 ..... 4 .. 5... 3.6 3.5 20 6.4 
SO<Ilum and DOtL""lum (:\a+l0...... 6.9 126 12.1 50 21.0 
Carhonate radlclp (C03)............... 40.5 22.1 35.0 ~9.4 14.1 23.2 
Anlphateradlcle (~O.) ................ [ 3.0 6.7 125 12.8 4.2 84.0 
Chlor\n~ (CJ) ........................... __ !.~ __ .2~ _~ __ ~ _.!~::.:.::.:..:.:.:.: 

Total dissolved solids....... ....... 75. 62. 8~. 74. 38. 156. 

1. Scott Crel'k. 2~ miles W. of Marathon City, Analyst, G. M. Davidson, Nov. 15, 
1904. 

2. Crl'ek 8t Stratford, Analyst, G. 1\1. Davidson, Sept 27, 1909. 
R Well of C. & N. W. Ry. Co., Edgar, Analyst, G. 1\1. Davidson, Feb. 19, 189r.. 
4. City Water Supply, Wausau, Analyst, G. M. Davidson, July 13,1909. 
ii. City Water SI1."ply, Wausau, Analyst, E. G. Smith. 
fl. Well of City Water Supply, Wausau, Analyst, Chemist C. M. & St. P. Ry. Co., Aug. 

4. 11192. 
7. Well of City Water Supply, Wausau. Analyst, Che".1ist C. M. & St. P.Ry. Co., Oct. 

7. 189(1. 
R Private well, Wausau. Analyst, Chemlst,C. M. & St. P. Ry. Co. July 26th, 1886. 
9. Well of the C. 1\1. & St. P. Ry. Co., Mosinee, Analyst, Chemist C. M. & St. P. Ry. 

Co.. Oct. 22, 1896. 
10. Wen of C. M. & St. P. Ry. Co., Mosinee, Analyst, Chemist C. M. & St. P. Ry. Co., 

Aug. ·18. 1892. 
11. Wen of C. 1\1. & St. P. Ry. Co., Dancy, Analyst, Chemist, C'. 1\1. & St. P. Ry. Co., 

Mar. 15. 1897. 
12. Wen "f C. M. & St. P. Ry. Co., Dancy, Analyst. Chemist, C. 1\1. & St. P. Ry. Co., 

April 13, 1900. 
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MARINETTE CO("XTY. 

Marinette County, located in the northeaste~'n part of the state on 
Green Bay, has an area of 1,396 square miles and a population ot 
33,812. Only 24.2 per cent of the county is laid out in farms, of 
which 36.2 per cent is und~r cultivation. Most of the improved farm 
land lies in the southeastern part, adjacent to Green Bay. 

SURFACE FEATURES 

The surface of ":Marinette county is a gently undulating plain slop
ing down to the southeast. The Menominee river and tributaries and 
the Peshtigo river' are the drainage lines. Thunder Mountain and Sil
ver Cliffs are prominent quartzite hills in the western part of the 
county. Along the shore of Green Bay, between lfarinette and Peshti
go, is a broad low tract of land" from 10 to 20 feet above the level of 
Green Bay. The northwestern part of the county has a somewhat 
steeper slope to the southeast than the northeastern part. The altitude 
of the low land along Green Bay is only slightly above 580" feet, the 
level of the bay. The general altitude of the upland plain in" the 
northwestern part of the county is between 1,200 and 1,600 feet. The 
Peshtigo river flowing southeast down this slope is characterized by a 
series of rapids 10 to 40 feet in he~ght, falling about 550 feet from 
Taylors Falls to the Lower Sandstone rapids, a distance of 43 miles. 
From the Lower Sandstone rapids to the mouth, a distance of 50 miles, 
the fall is onlyabO'Ut 100 feet. 

GEOLOGICAL FORMATlOXS 

In the northwestern half of the county the formations are granite 
and other crystalline rocks; in the southeastern half are the ~verlying 
Upper Cambrian (Potsdam) sandstone, Lower lIagnesian limestone,· 
St. Peter sandstone and the Galena-Platteville (Trenton) limestone 
formations. The bedrock formations are quite generally "covered with 
glacial drift and alluvial deposits. 

The soils in the northern part are generally sandy, while those in 
the southern part are generally loams with the exception of a broad 
sandy and marshy tract between Peshtigo and lIarinette. The geolog
ical structure is illustrated in Fig 50. 
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The thickness of the surface formation is quite variable on account 
of the irregularity in the surface of the rock on which it was deposited. 
The drift attains its greatest thickness in the belt of hummocky drift 
hills in the northern part of the county. The alluvial sand and gravel 
attains its greatest thickness'in the pre-glacial valleys, whieh extend 
across the county. 

1'he thickneilf'l of the stratified rocks is also quite variable on ac
count of the extensive erosion of the forI\lations. The complete thick
ness of the formations is preserved only where they are protected from 
erosion by the overlying strata, as indicated in the cross section. The 
thickness of the Upper Cambrian (Potsdam) is somewhat variable on 

Fig. 50.-Geologic section, north-south, across Marinette County. 

account of the unevellsurface of the Pre-Cambrian floor upon which 
it was deposited. The uneven fl()or of the Pre-Cambrian is illustrated 
by the occurrence of the mounds of quartzite at Thunder Mountain 
and Silver Cliff, whieh project several hundred feet above the general 
plain-like surface of the surrounding Pre-Cambrian. In the city of 
Marinette the deep artesian wells evidently strike a buri ~d mound of 
hard granite or 9uartzite, which stands about 200 feet above the gen
eral level of the surrounding buried Pre-Cambrian at Oakwood Beach. 
As in many other localities, the thickness of the St. Peter sandstone and 
Lower Magnesian formations is difficult to determine in the records 
of deep wells. In most of the deep wells in the city of Marinette, a 
considerable thickness of Lower Magnesian limestone is reported, and 
very little or no St. Peter sandstone. However; in . a few of the wells 
the Lower Magnesian limestone strata are instratified with beds of 
sandstone a few feet thick, and in the well drilled. for oil and gas,two 
miles south of the 1. Stephenson well, samples preserved by Mr. H.B. 
Simcox, shows the St. Peter sandstone well marked at depth of 325 
to 400 feet. 

The section of the Marinette city well, as interpreted by Dr. W. C. 
Alden, is as follows : 
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Log of Marinette City Well. 

Formation. 

Pleistocene 
Red sand and gravel. ................................................... . 

G~i;;~~' ii~~si~iie'" ..................................................... . 
Round chipped limestone ........................................... : .. 

Trenton limestone 
Riue shale ....•..............................•.......................... 
Chipping limestone coarse ............................................ . 
Chipping limestone ................................................ ; ... . 
"Slate" light blue and white .......................................... . 
(Base of Trenton uncertain. St. Peter salldstoue absellt.) 

Lower Magnesian limestone 
Chipping limestone coarse ........................................... .. 
Coarse chipping I1mest.one light colored. and dolomite ............ . 

Upper Cambrian (Potsoam) group 
White sandstone. very white. mealy looking,., ............ , ........ , 
White sandstone ...... , ................................................ . 
White and greenish, calceraous sandstone ........................... . 
White sand ............................................................ .. 
Rounded white sand ....................................... ; ......... .. 

Huronian or Archean 
"Granlte"(broken and lost), ....................... ; ................ .. 
Dark red quartzite ................................................... .. 

Depth. 

Feet, 
1-70 

70-85 

85-144 

144-196 
196-240 
240-250 
250-320 

320-450 
450-550 

5.50-560 
560-560 
560-670 
670-·685 
687-712 

712-716 
716-

443 

TMckness. 

Feet. 
1 ........ 85 .... 

59 

· ...... i76 .... 

.... · .. 230 .... 

...... ·ili2 .. ·· 

Total depth .... , .... .... .... .... ..... ... . ... ............ .... ...... .............. 716 

The following record of the Oakwood Beach well is very similar to 
the above, the principal difference being the greater thickness of the 
Potsdam formation· in the Oakwood well. In the Oakwood Beach well 
a continuous thickness of 334 feet of limestone was penetrated below 
the surface deposits,and assuming approximately the same depth for 
the base of the Trenton as assumed by Dr. Alden in the city well, this 
thickness of limestone is divided between the Trenton' and Lower Mag
nesian, as interpreted in the following record. 

Log of Oakwood Beach Well. 

Formation. 

Glacial and' allu vial. 
Sand and gravel ................................................................. , ... .. 
Clay ................................................................................... . 

Galena-Plattev!1le (Tre,nton). 
Limestone, about ...... , ........................... : ................................. . 

;>t.Peter sandstone (absent). 
Lower Magnesian. 

Limestone. about ..................................................................... . 
;;;andstone ............................................................................. . 
Redmarl. ............................................................................. . 
G"ay limestone ....................................................................... . 

UUPPI' Cambrian (Potsdam). 

TlJickness. 

Feet. 

90 
21 

214 

120 
25 
15 
25 

('olored ~andstone.................................................................... 35; 
White santl~tone...................... .... ........ .... .... ........................... .. 57 

Pre-Cambrian granite at bottom .................................................................. .. 

Total depth.. .... ........ ............................ ..... ......................... 917 
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The approximate range in thickness of the formations in the county 
may be summarized as follows: 

Approxi1nate thickness of formations in Marinette County. 

Formation. I Thickness. 

------------------------I----;eet.-

Surface formation .................................... _.... ....... ............ .... ...... .. 0 10350 
Galena-Platwville (Trenton) llmestone ............................................ \ 0 to 250 
St. Peter and Lower Magnesian........................................................ 0 to 250 
Upper Cambrian (Potsdam) sandstone.: ............................... _ ..•. .... .... .. 0 to 500 
Pre-Cambrian granite ................................ _ .............................................. . 

PRINCIPAL WATF.R-BEARING HORIZONS 

The principal water-bearing formations in the southeastern part of 
the county are the Potsdam sandstone, the St. Peter sandstone and the 
Lower Magnesian and Trenton limestone formations, and the surface 
formation of drift and alluvial sand. In the northwestern part the 
surface deposits of drift :md stratified sands are the most important 
sources of supply, the granite furnishing only small amounts. 

The general water level is usually only 10 to 40 feet below the sur
face over most of the county. The wells in the rural districts of the 
county are of variable depth, depending upon whether their location 
is on the upland slopes, in the valleys, or on the level plains. Very few 
wells are more t~an 100 feet deep, and most of tr.-am are only from 
15 to 40 feet in depth. Within the area of the level sandy tract in the 
town of Peshtigo the water level is generally from 5 to 15 feet below 
the surface, and open wells are generally only from 10 to 20 feet deep. 
By the use of driven pipes better water, less liable to contamination, 
could be obtained from greater dep'ths, from depth of 20 to 30 fl':e)t. 
In the town of Grover most of the farm wells obtain sufficient water 
in the drift overlying the limestone at depths of 15 to 30 feet. 

Most of the drilled wells are deeper than the open dug wells and pen
trate the limestone to a variable depth sometimes reaching 100 to 150 
feet. In the towns of Pound and Beaver the wells are gene:::ally from 
20 to 30 feet deep in the low and level tracts and somewhat deeper on 
the higher lands. 

FLOWING WELLS 

Flowing artesian wells occur along the shore of Green Bay deriving 
their flow from the sandstone strata, either the St. Peter or the Pots-
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dam underlying the impervious Galena-Platteville (Trenton) lime
stone. The flowing wells in the city of lIarinette draw their supply 
from the Lower Magnesian formation and the Potsdam sandstone, 
the head of the water being 20 to 25 feet above the surface, or from 
30 to 35 feet above the level of the bay. 

At County Line on the boundary of lIarinette and Oconto counties 
is an artesian well 210 feet deep, which flowed when first drilled about 
14 feet above the surface. The elevation of the curb is estimated to be 
.about 30 feet above Green Bay. This well was drilled in 1904, and is 
-cased only 25 or 30 feet and has lost considerable pressure. At this 
place the Trenton limestone was reached at depth of 10 feet, and the 
underlying sandstone, the St. Peter, from which the flow is obtained was 
reached at 190 to 200 feet. 

Flowing wells with head ranging from 30 to 50 feet above the level 
of Green Bay should be possible in the southeastern part of Marinette 

-county. The head at the Oakwood Beach well in Marinette is about 
35 feet above the level of Green Bay and at County Line, 3 miles from 
the bay, about 40 to 45 feet, the head gradually rising as the distance 
from the shore increases. In the village of Peshtigo wells apparently 
have not been drilled through the Trenton limestone, the deepest wells 
being only 120 feet deep. The elevation of Peshtigo is only 20 or 30 
feet above Green Bay and artesian flows should be obtainable from 
wells that penetrate the Trenton to. the underlying water-bearing sand
stone in the vicinity of Peshtigo. 

WATER SUPPLIES FOR CITIES AXD VILLAGES 

Marinette.-This city, population 14,610, is located on the Menomi
nee river, where it enters into Green Bay. The city water supply is 
mainly taken from Green Bay, one-half mile northeast of the old Pem
berthy dock, at a depth of 22 feet. A part of the supply is also re
ported to be taken from the Menominee river, and a part from an ar
tesian well, 765 feet deep. The average daily pump age is 1,355,000 gal
lons. The sewage is filtered by the Jewel eystem of filters and emptied 
into the Menominee river. About 95 per eent of the houses are reported 
to have water and sewer connections. 

Many private wells in Marinette are from 15 to 25..feet deep in sand. 
There are several deep artesian flowing wellS of interest in the eity, al
ready eited. Some of these wells are from 700 to 917 feet deep, reach
ing. through the Potsdam sandstone. The section of the Oakwood Beach 
well, altitude of curb 591 feet, depth 917 feet to granite, and flowing 
23 feet above the surface is given above . 

• 
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Peshtigo.-The city of Peshtigo, population 1,975, has no public wa
ter supply system. 'rhere are from 25 to 35 private wells in the city, 
four to five inches in diameter, having depths of 40 to 120 feet, strik
ing the Trenton limestone rock at a depth of about 25 feet below the 
surface. The general water level in Peshtigo is from 10 to 20 feet be
low the surface, and it is probable that many open wells are only from 
15 to 25 feet deep. Conditions appear to be favorable in Peshtigo for 
obtaining artesian flows in wells that penetrate the Trenton limestone 
and reach into the underlying sandstone. A partial sewage system is 
installed along the main streets, the sewage being emptied into the 
Peshtigo river below the city. 

Wausa1tkee.-The water supply of the village of Wausaukee is ob
tained from private wells from 30 to 40 feet deep in gravel and sand. 
In the western part of the village, on the uplands, are some wells 125 
to 150 feet deep, which reach the sandstone at 60 to 70 feet. 

In Coleman and Pound the wells are generally from 20 to 40 feet 
deep in sand and drift. In Amberg the wells vary in depth, on ac
count of the proximity of granite, but are generally from 20 to 40 feet 
deep in sand and gravel. In Pembine, wells are generally from 25 to 
30 feet deep in sand and gravel. In the southeastern part of Dunbar, 
some of the wells reach an impervious clay bed before striking water. 
Considerable difficulty has been encountered in obtaining a sufficient 
supply from the clay or the underlying hard granite at Dunbar. 

QUALITY OF THE WATER 

The analyses of the water from different parts of Marinette county 
are shown in the following table. Thewa'ters from the surface deposits 
are hard waters of moderate mineral content, while that obtained from 
the Stephenson artesian well, mainly from the Upper Cambrian (Pots
dam) sandstone, is a very hard water high in mineral content. In 
the Stephenson well, No.6, the sulphates greatly predominate over the 
carbonates and the chlorides, a characteristic of the deep artesian wa
ter across the river in Menominee, Mich. Waters from the surface de
posits are all calcium carbonate waters. 

The water from the railroad well in Marinette, No.2, contains only 
1.26 pounds of incrusting solids in 1,000 gallons, while the highly 
mineralized water from the Stephenson artesian well, No. 11, contains 
9.11 pounds in 1,000 gallons. 

• 
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Mineral analyses 01 tcater in MtJriraette County. 

(Anaylses In parts per million.) 

River. Surface formation. 

447 

__ . __ ~ _____ ~ __ 1_. ___ 2_. ___ 3_. ___ 4_. _,_5_. _1_6_. _ 
Depth ot well .................... feet .......... .. 
Silica (:;i02) ............................ ~ 
Aluminum and iron oxides (AhOs+ a.6 

Fe20s) .............................. .. 
Calcium (Ca)... ....... ................. 15.2 
Magnesium (Mg)....................... 4.8 
Sodium (Na) ......................... t 6 9 
Potassium (K) ....................... r . 
Carbonate radicle (c03) .............. 40.5 
Sulphate radicle (S04)........ ....... 3.0 
Chlorine (Cl)........................... 1.4 
Organic matter ................................. .. 

Total dissol ved ~olids ........•..... 75. 

7. 

Depth 01 welL ................. feet .. 22 

} undt. 
Silica (Si02} ........................ .. 
Aluminium and iron oxides (Ai203+ 

Fe20a) ............................ .. 

9 

20.2 

38.4 
9.8 
6.1 

72.1 
10. 
9.3 

15.9 

166. 

14 

4.9 

55.6 
2104 
8.7 

136.4 
13.6 
3.4 

244. 

Surface formation. 

8. 9. 

60 25 

5.3 5.1 

20 

3.9 

60.9 
23.5 
9.9 

148.5 
12.3 
7.4 

266. 

10. 

48 

20 

undt. 

66.5 
24.3 
a.7 

159.9 
7.5 

262. 

24 

7.6 

32.3 
11.6 
8.1 

75.6 
8.7 
8.2 

152. 

I Upper Cambrian 
sandstone. 

11. 

716 

undt. 5.1 

Alumlninm oxide (Ai203) ......... . ............ ............ ............ ............ 29.4 
Iron (Fe) ........................... .. 
Calcium (Ca) ....................... .. 
Magnesium (Mg} ................... .. 
Sodium (Na) ........................ .. 
Potassium (K) ...................... . 
Carbonate radicle (C03) ., .......... . 
Sulphate radicle (S04} .............. . 
Chlorine (CJ) ........................ . 

Total dissolved solids .......... . 

.. .. 55:4 ...... "soT" .... 70:5 ...... "fisT" 21~:~ 
26.0 27.0 24.7 34.5 63.1 
4.8 26.7 7.9 6.7 51.4 

... i~H· .. I .. ·i:n· .. II· .. i1f .. "'i~f" dB 
-2~ - ________ - 312-. --r-I2iS:~-

1. Wausaukee River, Wausaukee. Analyst, Chemist. C. If. " St. P. Ry. Co., July 10, 
1897. 

2. Well of C. & N. W. Ry. Co., Marinette, Analyst. G. 1I. Da\'Id80n, lfarch, 1888. 
3. Well of C. M. & St. P. Ry. Co., Ellis Junction. Analyst. Cbemist, C. M. & St. P. 

Ry. Co., July 14, 1891. 
4. Well of C. M. & St. P. Ry. Co., Pembine. Analyst, Chemist. C. If. & St. P. Ry. Co., 

Oct .• 1902. 
5. Two wells of C. M. & St. P. Ry. Co., Ellis Junction. Analyst, G. N. Prentiss, March 

1, 1900. 
6. Well of C. M. & St. P. Ry. Co., Amberg. Analyst. Cbemlst. C. If. & St. P. R.I'. Co., 

July 28, 1891. 
7. Well of C. M. & St. P. Ry. Co., Wausaukee. Analyst. G. X. Prentiss. Mar. 28, 1905. 
8. Well of C. M. & St. P. Ry. Co., Colemau. Analyst. Cbemist, C. If. '" St. P. Ry. Co., 

April 17, 1891. 
9. Well of C. M. & St. P. Ry. Co., Coleman. Analyst. Cbemlst. C. If. & St. P. Ry. Co., 

.f uly 15, 189l. 
10. Well of C. 1\1. & St. P. Ry. Co" Coleman. Analyst. G. X. Prentls,,- Mar. 27. 1905. 
11. Artesian flowing well of I. Ste\'enson, Marinette. .\nalrn, W. W. Daniells. 
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MARQUETTE COUNTY, 

Marquette county, located in the south central part of the state, 
has an area of 451 square miles and a population of 10,741. About 
91.2 per cent of the county is in farms of which 47.6 per cent is under 
cultivation. 

SURFACE FEATURES 

The surface of the county is very gently undulating and is character
ized by many level sandy tracts ana broad marshy areas. The broad 
valley of the Fox river lies across the southeastern part of the county. 
Mccan river, Montello creek and Neenah creek flowing southeast are the 
principal tributaries or the Fox. Buffalo Lake, a shallow expansion 
of the Fox river, constitutes an important part of the river in Mar
quette county. 

The highest land lies in the northwestern part of the county, the 
general slope being to the southeast. The limestone bluffs in the north
west corner reach an elevation of about 1,300 feet above sea level, about 
150 feet above the general altitude of the surrounding area. Observatory 
Hill, a high mound of porphyry in the southeastern part, reaches an 
altitude of 1,100 feet, about 100 feet above the general level of the 
sandstone and drift uplands. In general, the valley of the Fox has 
an altitude of about 780 feet, while the upland areas generally reach 
up to 1,050 and 1,100 feet in the northeastern part, and from 1,100 to 
1,200 feet in the northwestern part. 

GEOLOGICAL FORMATIONS 

The, geological formations are mainly the Upper Cambrian (Pots
dam) sandstone and the surface deposits of drift and alluvium. A few 
outcrops of Pre-Cambrian porphyry and granite widely separated lie 
along the Fox river valley. The highest mounds in the northwestern 
part of the county are capped with the Lower Magnesian limestone. 
The geological structure is illustrated in Fig. 39, which shows a cross 
section of both Marquette and Green Lake counties. 

The thickness of the geological formations varies considerably in 
different parts of the county, on account of unequal erosion. The us
ual range in thickness of the various formations may be summarized 
as follows: 
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Probable range in thicknua 0/ 10rmatiMu in Marquette County. 

Formation. I Thickness. 

Surace for:tio=·.====~==~~~~~~~~I~F~e~oo . 
LowerMagnesian limestone (only on mounds In !'t. W. part) ..•.... : •...••..••..... 1 0 to 30 
Upper Cambrian (Potsdam) sandstone... .... .... .... ••.• ..... ....................... 0 to 750 
Pre-Cambrian IIranite.. . . . . . . . . . .. . ..... . .......................................... 't' . " ........ '" ". 

PRINCIPAL WATER-BEARING HORIZONS 

The water-bearing horizons are the Upper Cambrian (Potsdam) 
sandstone and overlying surface deposits of gravel and glacial drift. 
Most of the wells in the county are relatively shallow. 

FLOWING WELLS 

Along the' Fox river are many artesian flowing wells in the gravel 
and sand. In the village of Oxford the wells are from 12 to 30 feet 
deep, some of which are flowing. In Packwaukee, there are flowing 
wells near the lake, the water rising 5 or 6 feet above the level of Lake 
Buffalo. In Montello, Endeavor and Westfield are many flowing wells 
as described below and on the following page. 

WATER SUPPLIES FOR CITIE3 AND VILLAGES 

Montello.-The village of Montello. located at the east end of Lake 
Buffalo, has a population of 1,104. In :Montello are at least 12 good 
flowing wells, ranging in depth from 80 to 140 feet. The wells are in 
the valley of Montello creek, which enters the lake at this point. They 
are the same type as those described on the Fox river in the vicinity 
of Berlin. It is very likely that other flows will be obtained about Buf
falo Lake, particularly on the marshy flats and lowlands surrounding 
the lake and along Montello creek and its tributaries. 

Endeavor.-At the upper end of Buffalo Lake, inthe"\lici'rlny;of En
ueavor, several artesian flows have been obtained during recent years. 
The wells range in depth from 20 to 40 feet. There is little doubt that 
in the future many more flowing wells will be drilled in this locality 
and farther up the Fox river. How much farther up the river these 
conditions extend has not been determiiled t but about Buffalo Lake arid 
the Fox river, south of the lake, the low flats and marshy lowlands are 
the most favorable areas for obtaining flows. The local conditions 
will determine the elevations at which the flows may be obtained. 

29-W. s. 
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Westfield.-:-The population of Westfield is 729. Within the village 
of Westfield, Sec. 12, T. 16, N. R. 8 E., are at least 12 flowing wells, 
which obtain water entirely from the alluvial sand or drift. The strong: 
est and deepest of these, that of A. F. Wooster, is 125 feet deep, and 
flows 12 feet above the surface. The wells are grouped in a general way 
along the valley of a small stream. On thc south of Main street, where 
it runs parallel to' the brow of the hill, are four good flowing wells in 
close proximity. Just north, across the street, perhaps 5 feet higher, 
are several wells parallel to the four wells above mentioned, which do 
not flow, and which entered rock a few feet below the surface. These 
wells appear to be on the edge of a buried cliff, while the flowing wells 
are in the alluvial filled valley. 

QUALITY OF THE WATER 

The mineral analyses of water supplies of the pond and from sur
face deposits in the vicinity of Oxford, are shown in the table. The 
waters analyzed are hard, of either low or very moderate mineral con
tent, and are very probablr typical for the surface waters and for wa
ters from the surface deposits throughout the county. Waters of 
slightly higher content of mineral probably. occur only in close associa
tion with the limestone formation. 

The water from the pond, near Oxford, No.3, contains 0.93 pounds 
of incrusting solids in 1,000 gallons, and that from the ,well on the 
Nunn farm, No.5, contains 2.14 pounds in 1,000 gallons. 

Mineral anaZyses 01 'Water in Marqu.ette Oounty. 

(Anaylses In parts per million.) 

Lakes. 

1. 2.- 3. 4. 

Rurtace 
depOsits. 

5. 

Depth of well ..•••••••••••.•••..• feet.. ••• •...••••• ••• •••• ..••. .•••.•. .•••• •••.•.•••••. 125 
Silica (9102).... •.•••• •.•• .•.•.••..•••••• 6.1 10.9 8.0 3.9 13.7 
Aluminium and Iron oxides (AhOs+ 

Fe20s) ...••.•••••••.••••••.••••.•••• ;.. 1.7 '0.5 2.5 .6 2.7 
Calcium (Ca.) •••.•••...•.. ..••.......... 40.4 38.3 3&.& 24.2 47.2 
Ma.lrneslum (Mg) •••.•• ••• ••.•...•••.••• 26.6 17.9 21.4 12.8 35.2 
SodIum and potassium (Na+Kl....... 1.8 1.& 1.3 6.9 .8 
Ca.rbonate ra.dlcle (COs) ..••.. ... ••..•• 119.3 98.1 101.5 65.8 149.7 
Sulphate ra.dlcle (S04) •••....•.•.• .•.•. 11.2 6.0 6.1 S.4 7.4 
Chlorine (CI) ........................... \ 2.1 2.5 2.0 10.& 1.3 
Organic matter .••••.•••••..•.•.••• ; •••• __ 8_.5 ___ 6_.8_ ::.:.:.:.:.::::.:.:1::.:.:.:.:.:=.: ::.:.:.:.:.::::.:.: 
Total dissolved solids.................. 209. 176. 179. 128. 258.. 

1. Buffalo Lake, Fox River, Analyst, G. M. Davidson, Jan. 22, 1912. 
2. Mill Pond, Oxford, Analyst, G. M. Davidson, Jan. 22, 1912 . 

. 3. Mill Pond, Oxford, Analyst, G. M. Davidson, April 27, 1911. 
4. Pond 'h mlle S. W. Oxford station, AnalYst, G. M. Davidson, April 27, 1911. 
5. Well of. Nunn farm, Oxford, AnaI,-st, G. J\I. Davidson, April 27, 1911. 
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MILWALKEE ('OL~T\'" 

Milwaukee County, located in the southeastern part of the state, has 
an area of 228 square miles and a population of 433,187. Most of the 
population is in the city of Milwaukee and in the outlying suburbs. 
About 65.2 per cent of the rural district is under cultivation. 

SURFACE FEATURES 

The surface of Milwaukee county is a gently undulating plain, with
out prominent relief, sloping eastward towards Lake Michigan. The 
county is drained by the Milwaukee and Menominee rivers, flowing in-

.i .t/Q4)O;· 

',vw,7"1M4 K/IIPQV,1r66 ~ 

-..i 

WAUKESHA co. MILWAUKEE co. 
Fig. 51.~Geologic section, east-west, across Waukesha and Milwaukee COllntieS. 

to the lake at Milwaukee, and the Root river flowing into the lake at 
Racine. 

The surface of Lake Michigan is 581 feet above sea level. The small 
valley bottoms of the county reach up to 750 feet above sea level, while 
the upland slopes reach altitudes ranging between 700 and 850 feet. 
The most striking features of topography are the high banks along the 
shore of Lake Michigan which usually reach from 80 to 120 feet above 
the lake. 

GEOLOGICAL FORMATIOXS 

The rock immediately underlying the drift is mainly the Niagara 
limestone. In a few places in Milwaukee and yicinity are beds of De
vonian shale and limestone overlying the Niagara. The geologic~l sec
tion of Milwaukee and Waukesha counties is illustrated in Fig. 51. 

The known thickness of the surface deposits of glaeial drift, alluvial 
and lacustrine formations ranges, from zero up to 1 i6 feet, but it i~ 
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quite probable that the surface deposits in some places may be of much 
greater thickness, perhaps 250 or 300 feet. The thickness of the Niag
ara" is also variable on account of erosion, the known range in thick
ness being between 230 and 425 feet. The maximum thickness in the 
county probably does not exceed 450 to 500 feet. 

The thickness of the Devonian limestone deposits in Milwaukee is 
'only 25 feet at the Milwaukee Cement quarry, where this formation is 
.exposed, but some well records appear to show the presence of at least 
138 feet. The thickness of the formations underlying the Niagara lime-

stone, viz. the Cincinnati shale, the Galena-Platteville (Trenton) lime
stone, the St. Peter sandstone, the Lower Magnesian limestone and the 
-Upper Cambrian (Potsdam) sandstone is shown in the well records of 
deep wells in the city of Milwaukee, cited on the following pages. 

In most of these deep wells there appears to be no limestone in the 
horizon of the Lower Magnesian group, the entire strata below the 
Trenton being sandstone, and for this reason it is practically impossible 
to distinguish the exact boundaries between the formations below the 
Trenton in the deep wells. That St. Peter sandstone in place of Lower 
Magnesian limestone should largely or entirely occupy the usual hori
zon of the Lower Magnesian is quite commOn as observations show a 
similar development in various other parts of the state. 

The probable range in thickness of the formations in Milwaukee 
county may be summarized as follows: 

Range in thickness of geological formations in Milwaukee County. 

___________ F_or_m_a_l_io_n_s. _____________ 1 Thickness. 

Feet. 
Surface formations.. ........ .... .... .... . ....... ........ ... ... .... .... .... ............ .. 0 to 300 
Devonianlimestoneorshale ............................. "............................. 0 to 150 
Niagara limestone.. ................ ..................................................... 200 to 500 
Cincinnatillhale... .................... ........ .... ..... .... ................ .... ........ .. 140 to 200 
Galena-Platteville (Trenton) limestone............................................... 250 to 350 
St. Peter and Lower Magnesian........................................................ 200 to 250 
Upper Cambrian (Potsdam) sandstone................................................ 800 to 900 
Pre-Cambrian granite ................................................................................ . 

PRINCIPAL WATER-BEARING HORIZONS 

All of the geological formations are drawn npon for water supplies 
but the most important sources are the surface deposits of drift and 
the Niagara limestone. It is only in the deep artesian wells in Milwau
kee and suburbs that the water-bearing strata underlying the Niagara 
is drawn upon. 
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A very large number of wells in the rural districts obtain their water 
supply from the drift at depths less than 80 feet, only a few wholly 
in drift exceeding this depth. The supply in the drift is generally ob
tained from gravel beds at the contact of the drift and the underlying 
rock, at which horizon gravel often occurs. These drift wells have 
furnished a large part of the water supply since the settlement of the 
country, but farmers now often find this source to be inadequate, and 
during, the last few years the drift wells have been deepened and now 
draw water from the underlying rock. 

Wells drawing their supply from the underlying limEstone range in 
depth from 20 to 365 feet, and penetrate the rock from 1 to 270 feet. 
Although they are usually more expensive than the drift wells, their 
water is of better quality, and their supply is larger and more con
stant. 

FLOWING WELLS 

Flowing wells have been obtained in both the surface deposits and 
the underlying rock. Only a relatively few flowing wells of shallow 
depth have been obtained from the drift in lIilwaukee and vicinity. 
These wells depend on local conditions, and generally derive their sup
ply from a sand or gravel stratum that underlies a bed of relatively 
compact clay. Adjacent wells often interfere with each others flow as 
illustrated by the flowing wells in the southeastern part of Sec. 33, T. 
8, R. 21 E., where one well flowed until another well 80 rods distant 
was bored at a somewhat lower level. There are a few surface flowing 
wells in Sec. 6 of the town of "\Vauwautosa, one at a place one-fourth. 
mile north of Butler, one at the St. Francis Art Institute and one on 
the Green Bay road one mile east of North Milwaukee. 

Flowing wells in the Niagara limestone are not kllown to occur in the 
immediate vicinity of Milwaukee, but flows of this type occur in con
siderable abundanoe in the northwest part of the county. 

At Granville, wells somewhat similar to those at South Germantown 
in Washington, County are obtained. The water at Granville does not 
rise as high above the surface as at South Gennantown. 

Most of the wells in this vicinity draw their water from the Niagara 
limestone at various depths. Flowing wells are struck on low ground 
all the way from West Bend to points south of Gram;Ue. 
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Record of flowing well owned by Peter Schmidt, Granville. 

Formation. 

Soil .....................•..........•...•..•........•.......••......••...........•......... 
Blueclay .......................................•..•......... , ....••......•...•.•....•.... 
NIagara limestone (not through) ......................................•...• '" ....•... 

Total depth ............ : .........•..........................•...............•...... 

Thickness. 

Feet. 
2 

88 
60 

150 

Deep artesian flowing wells obtaining their supply from the sand
stone strata underlying the Galena-Platteville (Trenton) limestone 
occur in many favorable localities in Milwaukee and the surrounding 
suburbs, some of which are referred to o~ page 79, and are more fully 
described under the water supplies for cities and villages. The head 
of several of these artesian wells is given in Table No. 18. The head of 
the deep flowing wells in Milwaukee, when first drilled ranged from 50 
to over 100 feet above Lake Michigan. Many of the wells that origin
ally flowed have ceased flowing or have much lower head on account of 
improper casing and increased draft upon the artesian reservoir. 

SPRINGS 

Springs occur in various parts of the county, most of which have 
their source in the drift, but some have their source in the Niagara 
limestone. There are several well known mineral springs locatd at 
Wauwautosa, among which may be mentioned the Nee-Ska-Ra spring 
:and the Elim Mineral Sp.ring which supply the market at the present 
time. Waters for the market have been supplied from a large number 
of mineral springs jn Milwaukee county, amOJ;lg which may be men
tioned the Eureka spring and the Sylvan Spring of Milwaukee; Hack
ett's Spring at Hales Corners; Schweichardt 's ~pring, Sparkling 
Spring and Castalia Spring at Wauwautosa, and the "Soda Lithia" 
spring northwest of Fussville on the Fond du Lac Road. 

WATER SUPPLIES FOR CITIES AND VILLAGES 

Milwaukee.-Milwaukee, situated on I..Iake ]\'!i'chigan, at the mouth 
of the Menomonee and Milwaukee rivers, has a population of 373,857. 
The city water supply is obtained from Lake Michigan at a point about 
a mile and a half from shore. The sewage, without purification, emp
ties into the Milwaukee river and thence into the lake. About 90 per 



DESCRIPTION OF LOCAL WA.TE]: SUPPLIES. 453 

cent of the houses are connected with the water supply and sewerage 
systems~ The average daily pumpage in 191-l was 47,913,000 gallons. 

There has been much discussion at yarious times concerning the pur
ity of Milwaukee's public supply of drinking water. While it is very 
generally conceded that the supply is not entirely free from pollution, 
it is also generally contended that the supply is not dangerous becaus" 
no cases of typhoid have been directly traced to the water supply, 
though various epidemics of intestinal troubles may be traceable to it. 

The source of the pollution of the water is due to the city sewage 
that is emptied into the lake. While the intake for the water supply is 
located out in the lake about a mile and a half off shore, a certain 
amount of polluted water reaches the intake, the amount of pollution 
depending upon the direction of prevailing winds with reference to the 
location of the sewage outlets and the water intake. Under the present 
method of emptying the city sewage into the source of the water supply 
there is constant danger to the health of the city. As the amount of 
sewage emptied into the lake increases on account of the increase in 
·population there is constantly increased danger in using the lake water 
~upply. Some efficient method of disposal should be adopted and al
so the intake should be extended into the lake to a distance beyond 
which polluted water does not extend. The recent report of the spe· 
cial sewage commission recommends that the raw sewage be no longer 
emptied into the lake. 

The future growth of the city would requ"ire the provision for water 
supply and sewage as estimated by G. A. Geiger in the following table: 

EJtimated future requirements olloater supply and sewage in Milwaukee. 

Year. Population. 
Daih- consump

tion of water 
in gallons. 

Total sewage 
per day 

estimated. 

Total spwage 
Pl'r day 

estimated by 
commission. 

-------- -----1------1------1------

1910 •.•........................ 
1920 •..•.................•..... 
1930 .•...........• : .......... . 
1940 .......................... . 
1950 ......................... .. 

375.000 
~80.000 
585.000 
720,000 
g50.000 

42.000.000 
54.000.000 
67.000.000 
84 .. 00.000 

102.000.000 

flO. oon. 000 61. 000.000 

~:g:;8:gF8 ... ioo,'ooo:OOO .. .. 
HU:l: llll8 ... i5i;: 000; 000' .. . 

When the present pumping station was loeatl-d at the foot of North 
avenue on the lake shore of Lake Michigan. in 1871, an intake, con
sisting of a 36-inch cast iron pipe, starting at the pumping station and 
running out into the lake at rightangles to the shore a distance of 2,000 
feet was laid. At that time the building of sewers had just begun and 
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the water supply was pure and wholesome. As the building of sewers 
continued from year to year, discharging their contents into thfl river 
and then into the lake, the water at the intake became contaminated 
and finally this intake had to be abandoned. 

A new intake, consisting of a 71;2-foot underground tunnel 
3,200 ft: long, ending in a shaft from which extend two 5-foot pipes 
5,000 ft. long laid on the bottom of the lake, was started in 1890 and 
.finished il1 1895. The approximate cost1 of constructing this intake 
was $575,000. This intake starts at the pumping station and runs 
due eas,t out into the lake, a distance of 8,200 feet, ending in a sub
merged crib and taking water at a depth of 50 feet below the lake 
surface, While this new intake gave pure w;ater at the time, it is 
now occasionally contaminated, due to sewage entering the lake, and 
it has been decided that this intake will also have to be abandoned. 

It was urged that an entire new plant, consisting of an intake and 
pumping station, with new machinery and force mains, is necessary, 
and that it should be located so that it will supply the city with pure 
and good water for a long time to come. That, however, cannot be done 
by going only a short distance away from the present contaminated 
intakes. ' 

The proper location for this new intake was said to be at l'-'ox Point, 
which would place it about ten (10) miles away from the mouth of the 
river, and make the supply safe for a number of ye~rs. If in the 
meantime the sewage of the entire city is purified before it reaches the 
Jake, the city would have an inexhaustih~e, permanent pure supply of 
drinking water. 

The present city administration of 1914-15, realizing the need of 
a better water supply, have begun the construction of the third in
take located about a mile north of the present one. The third In
take extends 6,300 feet northeast of IJake Park from a point oppo
site Linwood Ave. and consists of an underground tunnel, 12 feet 
in diameter and 4,000 feet long, ending in an intake shaft, from 
which extend 4 lines of 6-foot pipe, 2,300 feet long, laid on the bot
tom of the lake and ending in submerged cribs at depth of 60 feet. 

This new intake located about 4 miles from the mouth of the river, 
according to past experience, may furnish pure water for a ~hort 

time, probably only for a few years, as the 10cationi8 too close to the 
mouth of the river. If the city sewage is purified, however, the 
pollution of the new source of supply may be prevented. 

Many artesian wells for private water supplies have been drilled 
__ --'-"-''''''' .I~· 

1 Eng. News, vol. 34, p. 187-190, 1895. 
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ih or near Milwaukee, but no accurate infol1nation can be obtained 
concerning most of these wells, and little is known of their present 
condition. Mr. F. M. Gray, well driller, reports that the Lower Magne
sian limestone is absent in many wellB, and that according to the usual 
interpretation, the St. Peter rests directly upon the Potsdam. For 
other records, however, it appears that some limestone of the Lower 
Magnesian horizon is present in places. The artesian head has de· 
creased considerably, but the exact amount could not be determined 
since the variation was not consistent. The heavy drafts made upon 
the wells at the breweries and other manufacturing establishments re
sult in bringing about the same conditions here as at Green Bay. 
When so many wells are grouped within a small radius, as is the case 
at some of the breweries, they greatly interfere with one another. If 
heavily pumped they will draw upon the neighboring wells. Many of 
the wells were originally packed to insure good flows, and the failure 
of those may be due entirely to displacement of the packing. 

In most of the well records the Lower Magnesian limestone has not 
been recognized, and the statements of the most experienced and re
liable drillers generally agree in this regard. Thus it would seem that 
this formation is either not present or is mainly sand and shale and 
lacking the limestone beds in this locality. In drilling the third arte
sian well at the Forest Home Cemetery in 1902, a stratum very closely 
resembling the Lower Magnesian limestone was struck. The drilling 
was given up on account of a stratum of caving sand. 

Section' 0/ Well at Forest Home Cemetery, Milwaukee. 

I.'orma! Ion. 

Drift and fine sand ..................................................................... . 
Niagara: shell '·ock .................................................................. . 

Cincinna1i~~~1e~~~est~~~:::: ::::::::::::::::: ::.:: :::: :::: .. :::::::::::::: :::: :::::::. 
Galena-TrPIllOn lime_tonp.. . ..................................................... . 
St. Peter sand a:nd Lowf'r Magnesian .............................................•... 
Potsdam. limpstonp. hard........... .................. ................. . ........ . 

Sandl" limestone.... ................................. . .................... . 
caves badly: sand lUns in (caspd) ......................................... . 

Totaldev!h ....................................................................... . 

'(A uthority of F. P. Miller, driller.) 

Thickness. 

Fe .. t. 
100 

80 
230 
190 
250 
235 

40 
60 

131 

1, ill6 

The thickness of the St. Peter combined with Lower Magnesian indi
cates that the limestone (40 feet) might be the lIendota limestone. The 
"shell rock" in this record may be Devonian shale. the Milwaukee for
mation. It will be of interest to compare with this record a rather 
compJete record of E. P. Allis' well, drilled in 190'2 at \VeBt Allis. 
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Section of Well of E. P. Allis at West Allis. 

Fcrmation. 

Pleistocene: 
Clay ............................................................................... . 
Blue cla.I· .......................................................................... . 
Gravel ............................................................................ . 

Niagara: 
Limestone ..................................................................... . 

Cincinnati : 
Shale ............................................................................. . 

Galena-Trenton: 
Limestone ........................................................................ . 

St. Peter: (?) 
Sandstone .... ..... . ........................................................... . 

Potsdam: 

Feet. 
18 
54 
58 

285 

160 

246 

225 

Red marl.... .... ... ..... ..... ... .... ....... .... .... .... .... .... ....... .... .... .... 25 
l{ed sand .................... ,....................................................... 120 
Sand........... ....... ........... ..... ...................................... ........ 60 

~~:~:~:::::::::::~~:~~:::::::::::.::::.:::::.:::::::::::::::::::::::::::::::l-~~ 

The following log of the Pfister and Vogel Leather Co. well shows 
the detailed character of the Pleistocene formation in Milwaukee. The 
well is located on Vogel's Island, on 3rd Ave. south of Canal St. The 
samples, described by F. T. Thwaites, are on file in the State Univer
sity. 

Log of Well of Pfister &; Vogel Leather Co., Milwaukee. 

I· ormation. 

Pleistocene: 
Marsh muck and small shells ...................................... .. 
Gray-brown calcareous clay................ .... . .................. . 
Marsh muck. shells and fine brown calcareous clay ............... . 
Soft gray ealcart'ous ela!' ............................................ . 
Blue water-bearing sand ........................................... .. 
Gray calcareous clay...... .... .... .... ........ .... .... .... ... ... .. . 
"Hard pan", hard gray sand, waterbearing ......................... . 
Gras pebbly clay .................................................. .,. 
"and \- soft gray clay .................. ., .. .. .... .... . . . . ... ....... '" 
"Till" light blue hard calcareous clay ............................... . 
Sandy, pebbly g"al' cla!' ........................................... . 
Very haI·d. blue sandy calcareous clay ............................ . 
Gray. soft, calcareous clal' ... ........................ . ......... . 
Very hard blue calcareous clal' ..................................... .. 
Soft sandy gray clay......................................... . ...... . 
"oft blue clay (poor sam pi,,) ......................................... . 
Soft gray ,andy clay ......................................... , ......... . 
Hard blue clay ("till") ............................................... . 

Depth. 

Feet. 
jO - 5 
15 - 12 
12 - 14 
14 - 30 
30 - 53 
53 - 55 
55 - 65 
65 - 70 
70 - 90 
90 - 94 
96 - 103 

103 - 112 
112 - 135 
135 - 146 
146 - 150 
150 - 167 
167 - 174 
17q - 177 
177 - 183.5 

N iagarlL limestone: 
liard gray lim" tone... ....................... ............... ......... 183!· 193 
Softer and lighter IImesto"e....... ........................ .... .... .... 193 - 201 
No sampl .. s below this. 

Thiekrie . .,s. 

183.5 

Limestone.... ............ .... ... . ........ . .. ........................ 201 - 435 251.5 
Clnc1nr.at! silalp................ ........................ ... .............. 435 - 635 200 
6alena-Platteville (Trenton) limestone................ ............... 635 - 860 ~0257' 
St. Peter sandstone. ................ ............ ................... 860.1,167 • 
Lower Magnesian (rnaI'll ................................................ 1,167 -1,195 28 
Potsdam sandstone.......................................... .. ......... 1, 195 -1. 700 505 ---_._---

Total depth.................... .. . .. ................................. .............. 1, 700 
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The sections in the table below lea.e .ery little doubt of either the 
absence or very slight thickness of the Lower lIagnesian limestone beds. 
The St. Peter sandstone is encountered usually between 800 to 1,000 
feet, but it is impossible to state how much of the sandstone should be 
classed as St. Peter and how much as Lower Magnesian and Potsdam 
where the formations are similar in character. 

Sections of Wells in alld about Milwaukee. 

E 

D 

--------

leyation of curb ............ 

rift .......................... 
Deyonlan ...... ~ .............. 
Niagara limestone ............ 

inclnnati shale .............. C 
G alena-Trenton limestone .. 
St. Peter sandstone .......... 
Pot,dam sandstone .......... 

Total depths .............. 

1. E. P. Allis. 
n. Market Square. 

:\lllwaukee. 
, 

Wauwato,a. I 

I I n In I" V VII vn VIn I " 
---~ -----------,-------

590 590 .... . . 670 650 660 680 7101 660 
__ ! __ ------______ 1 __ -

176' 170 165 160 40 100 70 tOOl 40 
...... i...... ...... 122 ••••...•.••.•...•....... 1 •.••.• 

314
1 

267 310 340: MO 3.50 425 .•.. . . 280 
170 165 2101 1801 16() 17~ 175 950 140 
245 253 250 330, 330 250 375. ••. .. 320 
6021 193 686 958: 660 42~ 120 450 57i 

...... ...... I ...... j ..•.•• !...... ...... 685 ............ --1-----1----------
1,497 1,048 1.621 2.10011.530 1.300 1.850 1.500 l,357 

VII. Story Bros. 
VIII. Mr. Ludington. 

III. Forest Home Cemetery. 
IV. Lake Park. 

IX. Wauwatosa Water Works. 
X. E. P. Allis. 

V. Miller Brewing Co. 
VI. MI'. Dixon. 

XI. E. P. Allis. 

West Allis 

~J XI 

728 730 
-----

142 130 

.. '254 '" 28' 5 
o 1741 16 

2601 247 

2j 225 

~~~1~~ 
1 

o 

In the illustration/ Fig. 52, artesian well sections from Waukesha 
to Milwaukee show the underground geologic relations. 

Cudahy. The city of Cudahy, population 3,691, has a public water 
supply obtained from Lake Michigan, from the Milwaukee water works. 
The average daily pump age is about 300,000 gallons. A sewage system 
is installed, the sewage being emptied into the lake. About 40 per 
cent of the houses are connected with the water supply, and about 60 
:per cent of the houses are connected with the sewage system. 

South Milwaukee. Population 6,092. The city water supply is ob
tained from Lake Michigan through two intakes extending about a 
mile from the shore, at depths of 17 and ~6 lett. The sewage empties 
into the lake, about four-fifths of a mile from· the intake for the water 
supply. About 75 per cent of the houses are connected with the water 
supply and 50 per cent of the houses are connected with the sewage 
system. The average daily pump age is 476,000 gallons. 

North Milwaukee. Population 1,860. The yillage has a water sup
ply obtained through the Milwaukee system and haw plans under way 

1 Aft!lr Wm. C. Ald!ln, Milwauk!l!l G!lologic Folio. r. S. Geol. SurV!lY, Folio 
No. 14U. 



Wauwatosa Miller's Brewery Lake Park 

-------
------ ------

CINCINNATI 
-----

SANDSTONE ------~~TO,i:i- __ --

Fig, 52,-Arteslan well sections between Waukesha and Milwaukee showing the underground geologic relations, 
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for a sewag~ system. It is proposed to install a plant to treat the sew- . 
age before discharging it into a small tributary of the Milwaukee river. 

West Allis. West Allis, a suburb of Milwaukee, has a population of 
6,645. The public water supply is obtained through the Milwaukee 
city system. A sewage system is ins!allcd. 

East Milwaukee. East Milwaukee, population 707, obtains its pub
lic water supply through the Milwaukee city system. 

Wauwatosa. Population 3,346. This city, a suburb of Milwaukee, 
has a public water supply derived from a 10-inch flowing well 1,357 
feet deep, reaching the St. Peter sandstone. The elevation of the curb 
is 660 feet, the head being 27 feet above the surface. The water flows 
into a covered reservoir, from which it is pumped into the city mains. 
The daily capacity of the flow is 516,000 gallons, and the average daily 
pump age is about 212,000 gallons. The sewage is treated by septic 
tanks and sand filters before emptying into the Menomonee river. 
Most of the population utilize the public water supply and sewage sys
tem. 

QUALITY OF THE WATER 

The water of many of the springs about lIilwaukee have been drawn 
upon at various times for both domestic and medicinal purposes. See 
table of mineral analyses. Most of the spring waters have only a 
moderate content of mineral, though in respect to hardness, all would 
be classed as hard waters. The Eureka Spring water, however, is un
usual in its very high mineralization, and is distinctly a salt water. 
The source of most of these springs is not known. Some of them may 
be in the Niagara limestone, but most of them are probably in the sur
face formation. The source of the Elim Spring is in a gravel bed. It 
is quite possible that the Eureka Spring water is obtained from a deep 
well rather than a spring, as saline water is characteristic of many of 
the deep wells in this locality . 

. The water of Lake Michigan is of low mineral content, though it is 
dassed as medium hard water as defined in this report. The water of 
Milwaukee river is higher in mineral content than the lake 'water, but 
somewhat lower than that of the springs and the wells. Several of the 
analyses of the waters of the Menomonee river, especially, Nos. 6 and 7, 
indicate extreme pollution, due to refuse from the sugar factory, at 
Menomonee Falls. 

The water of the relatively shallow wells in llilwaukee, with source 
of supply either in the surface formation or the underlying Niagara 
~imestone, have a moderate content of mineral, but the two railroad 
wells at the Granville station one in the surface deposits, No. ·39, the 
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other in the Niagara 'limestone, No. 47 have a high content of mineral, 
and are very hard waters. The waters of the very deep wells, those 
obtaining their supply from the St. Peter and Potsdam sandstone, are 
very generally much higher in mineral content than the waters from 
shallow wells in the surface and Niagara formations. 

Of 6 waters analyzed from wells in the surface deposits 1, or only 
16.6 per cent, contains more than 500 parts per million of mineral 
content; of 15 waters from the Niagara limestone 5, or 33.3 per cent, 
contain more than 500 parts per million of mineral; and of 18 waters 
analyzed from the St. Peter and Potsdam sandstones, 12, or 66.6 per 
cent, contain ll}.Olle than 500 parts per million of mineral matter. While 
only a few of the deep-seated waters appear to be sufficiently high in 
chlorine to be salty, all contain relatively large amounts of SUlphate. 

In prospecting for underground water supplies in Milwaukee, the 
above indicated progressive increase in mineral content in passing from 
the surface deposits down to the Potsdam sandstone, should be taken 
into consideration. All the underground "'Vaters of Milwaukee county 
are either hard or very hard waters. The best supply for steam mak
ing in boilers is the lake water. 

There are 1.04 pounds of incrusting solids in 1,000 gallons of Lake 
Michigan water, in No. 21; 2.68 pounds in 1,000 gallons of the water 
of the Menomonee Creek, near Granville, No.5; and 3.66 pounds III 

1,000 gallons of the water of the deep well at Rawson, No. 68. 

Mineral analyses of water in Milwaukee County. 
(Analyses in parts per million.) 

Milwaukee River. Menomonee River. 

1. 2. I 3. 4. 5. 5. 7. 

Silica (8i02) ................. --5-.-5-~1~·~~~~ 
Aluminum and iron oxides 

(AhOs+Fe20s) ........ .... .. ........ 2.06 2.06 7.2 1.0 44.50 2.56 
Calcium (Ca)................ 47.4 42.30 43.42 44.1 91.2 356.87 110.76 
Magnesium (Mg)........ .... 29.6 19.10 20.70 26.5 31.7 79.78 51.73 
Sodium and pOtassium 

(Na+K) .... .... ........ .... 4.0 6.62 6.00 9.6 3.7 18.20 4.96 
Carbonate radical (COs) .... 140.4 93.13 96.70 131.2 204.9 675.17 216.97 
Sulphate radical (SOd... .. 11.1 29.47 31.25 8.0 21.5 91.61 122.86 
Chlorine (CI) ................ 1 2.4 10.18 9.42 8.9 1.9 28.15 7.71 
Organic matter.............. .......... ·31.85 60.20 .......... ,' .......... 2,505.82 ~~ 

Total dissolved solids ... -239.91207.66 2i5.38 -235.5 '373.8 U04.23 527.64 

1. Milwaukee River above dam. Analyst, G. Bode, Geology of Wisconsin, Vol. 2, p. 32, 
18n. 

2. Milwaukee River, Milwaukee, % mile south of C. & N. W. Ry. station. Analyst, 
G. M. Davidson, Nov. 8, 1911. 

3. Milwaukee River, Milwaukee, % mile south of C. & N. W. Ry. Station. Analyst, 
G. M. Davidson, Nov. 8, 1911. 

4,. Milwaukee River at Sanderson's Mill, Milwaukee. Analyst, Chemist, C. M. & st. P, 
Ry. Co., Nov. 22, 1888. 

5. Menomonee Creek at Granville. Analyst, G. M. Davidson, July, 1897. 
6. Menomonee River at Butler, 15 miles below beet sugar fact<>ry at Menomonee. 

Analyst, G. M. Davidson, Feb. 7, 1912. 
7. Menomonee River at Butler, 7 miles below beet sugar factory at Menomonee. 

Analyst, G. M. Davidson, Nov. 3, 1911. 
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Miner:aJ anaZyses oj water in JCUwaakee Oountll-Continued. 

Menomonee River. 

__ __s_. ___ 9_. _1 __ 1_0' ___ 1_1. ___ 1_2._[ __ 1_3._ 14. 

Aluminum and iron 'oxides I 

Calcium (Ca)............ .... 74.4 104.0 116.0 118.7 125.7 51.3 75.1 
(Ai20s+Fe20s) .... .... .... 10.6 2.7: undt. 4.1 undt. I undt. undt. 

Magnesium (Mg) ..... .... ... 35.5 37.5 37.9 45.2 43.7 20.0 29.3 
I:lodium and potassium 

(Na+K).... .... .... .... .... 11.3 18.2 undt. 19.4 undt. 10.9 11.4 
Carbonate radicle (COs) .... 154.5 16~.0 165.1 184.1 180.8 90.S 134.4 
Sulphate radicle (S04)...... 75.4 150.S 162.9 181.8 183.9 79.9 103.6 
Chlorine (CI) ................ ~l~ 'mdt. ~I~~ undt_. _ ~~ 

Total dissolved solids... 375.6 493.9 481.9 572.7 534.1 252.9 353;S 

:. 

Menomonee River. Lake lI1ichilran. 

__ 1_5. ___ 1_6'_1~_ 18. 19. __ 2_o._) __ 2_1._ 

Silica (8102) ................ .. ........ .......... .......... 16.0 . 5.1 
Aluminum and Iron oxides 

(AhOs+Fe20s) ........... undt. undt. undt. undt. undt. .......... 0.3 
Calcium (Ca)........ ....... 68.3 115.5 113.4 16.4 74.9 34.0 32.1 
Magnesium (Mil') ........... 34.0 46.8 47.2 7.2 48.2 18.2 10.9 

S~J~~K)~~.~ ... ~~~~I~~.. 15.3 16.9 n.8 3.0 I 11.2 1.5 3.1 
Carbonate radical {COs).... 166.4 184.8 178.5 38.6 181.2 72.0 78.4 
Sulphate radical (804)...... 62.6 200.9 218.2 12.9' 83.0 I 6.0 6.8 
Chlorine (Cl) ........ : ....... ~ndt_._~~~~~ undt_._!~~_~_~ 

Total dissolved solids... ~346.6 I 564.9 579.1 78.1 j 412.8 14~.7 134. 

S. Menomonee River at paint shop, West Milwaukee. Analyst, Chemist, C. M. & St. 
P. Ry. Co., Nov .. 12, 1SSS. 

9. Menomonee River at bridge foundry, West Milwaukee. Analyst, Chemist, C. M. & 
St. P. Ry. Co., Jan. 6, 1899. 

10. Menomonee River at bridge foundry, West Milwaukee. Analyst, Chemist, C. 1\1. & 
St. P. Ry. Co., Jan. 12, 1S99. 

11. Menomonee River at paint shop, West Milwaukee. Analyst, Chemist, C. M. & St. 
P. RY. Co., Jan. 6, 1S99. 

12. Menomonee River at paint shop, West Milwaukee. Analyst, Chemist, C. M .. & St. 
P. Ry. Co., Jan. 12, 1899. 

13. Menomonee River at paint shop, West Milwaukee. Analyst, Chemist, C. M. & St. 
P. Ry. Co., Feb. 2, 1899. 

14. Menomonee River at paint shop, West Milwaukee. Analyst, Chemist, C. M. & St. 
P. Ry. Co., Mar. 27, 1899. 

15. Menomonee River at paint shop, West Milwaukee. Analyst, Chemist, C. M. & St. 
P. By. Co., Jnne 2, 1899. 

16. Menomonee River, 33" deep at paint shop, West lllh .. aukee. Analyst, Chemist, C. 
M. & St. P. Ry. Co., July 28, 1899. 

17. Menomonee River 29" deep at paint shop, West Mil ..... ukee. Analyst, Chemist 
C. M. & St. P. Ry. Co., Dec. 6, 1899. 

18. Menomonee .River at paint shop, West Milwaukee. .-\nalyst. Chemist, C. M. & St. 
P. Ry. Co., Feb. 8, 1900. 

19. Menomonee River near Falks, Milwaukee. Anal7fi. Cbemist, C. M. & St. P. Ry. 
Co., June 6, 1910. 

20. Lake Michigan. Analyst, G. Bode, Geology of WllICODSln, Vol. 2, p. 32, 1877. 
21. Lake Michigan. Analyses of water from the lake at ChlC2g0 adopted as standard 

for comparison by C. & N. W. Ry. Co. Analyst, J. H. Long. 
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Mineral analyses of water in Milwaukee County--Continued. 

Lake Michigan. Springs. 

! 
24. 25. I 26. 22. 23. 27. 28. 

--- -----,- ---
Sllica (8102) ................. I 6.6 5.6 11.78 16.0 .......... 
Alumiuum and iron oddes ·····~:~··I·~·~~~····· AhOs+Fe20s) ............. 1.6 1.9 1.5 1.32 5.0 
Calcium (Ca) ................ 33.6 26.6 31.6 34.0 31.8 74.72 70.4 
Magnesium (M&,) .. .. ...... 11.9 11.3 10.5 11.2 10.6 28.12 32.0 
Sodium aud pOtassinm 

(Na+K) ........ .... .... ... 2.2 6.1 3.4 4.8 6.7 3.75 11.3 
Carbonate radical (COs.... 66.7 68.0 70.2 76.6 71.0 174.83 167.4 
Sulphate radical (S04).. .... 21.6 8.0 6.9 8.1 

::)!'IJ:~ 
12.8 

Chlorine (CI)................ 3.5 3.5 2.9 3.1 2.4 
Organic matter ............. Trace. 1.0 .................... 

Total dis'lolved solids ... 148.0 131.0 
------

127.0 142.3 136.3 313.07 317.3 

, 
Creek 

Springs. and 
surface 

well. 
---

29. 35. 
--_. ------ --- ---

Silica (Si02) ................. 35.0 

30 31. I 32. 33. 34. 

12.4 13.7 123.0 10.0, 10.4 
Aluminum and iron oxides 

(AhOs+Fe20s) ....•....... 3.6 2.0 2,9 188,0 ·· .. 90:0 .. 3,4 7.0 
Calcium (Ca) ................ 82,0 83.4 66.8 163.6 133.5 41.8 
Magne..inm (Mg) ............ 44.3 36.3 32.2 52.9 38.8 64.5 37.4 
Sodium and pOtassium 

(Na+I{) .................... 8.7 11.1 9.0 1.452.7 29.5 51.0 24.3 
Carbonate radical (COs) .... 236.0 178.6 180.3 447.4 241.0 268.1 60,9 

185.5 33.7 209.61180.8 Sulphate radical (804)...... 6.8 58.1 I 5.4 
Chlorine (CI) ................ _-=~ _~~ _~~ 2.030.0 9.6 31.6 14.3 

--- -' ---------
Total dissolved solids... 418.8 399.0 320.2 4.643.1 452.6 772.1 366.5 

22. 

23. 

24. 

25. 

26. 

27. 
28. 

29. 

30. 
31. 
32. 

33. 

34. 

35. 

Lake Michigan. City water supply of South Milwaukee. Analyst, Dearborn Drug 
& Chemical Co., March 5, 1912. 

Lake, Michigan. Direct from city mains, Milwaukee. Analyst, Dearborn Drug & 
Chem. Co., Sept. 6, 1907. 

Lake Michigan. City supply for Milwaukee.' Analyst, Chemist, C. M. & St. P. Ry. 
Co., July, 1889. " 

Lake Michigan. City supply for W. Milwaukee. Analyst, Chemist, C. M. & St. P. 
Ry. Co., Dec. 150, 1894. 

Lake Michigan, Milwaukee, Analyst, Chemist, C. M. & St. P. Ry. Co., Aug. 13, 
1907. 

Elim Spring, I¥.. miles west of Brown Deer. Analyst, A. S. Mitchell, Aug. 4, 1896. 
Hacketts Spring, Hales Corners. Analyst, G. Bode. Geology of Wisconsin, Vol. 2, 

p. 32,1877. 
Schweickardt's Spring. Wauwautosa. Analyst, G. Bode. Geology of Wisconsin, 

p. 32, vol. 2, 1877, . 
Nee-ska-ra Spring, Wauwatosa. Analyst, Frank Kramer, Jan., 1912. 
Nee-ska-ra Spring, Wauwautosa. Analyst, J. H. Long. 
Eureka Spring, Milwaukee. Analyst, G. Bode. Geology of Wisconsin, vol. 2. 

p. 31, 1877. 
Siloam Spring, Milwaukee. Analyst, .G. Bode. Geology of Wisconsin, vol. 2, p. 31. 

1877. 
Spring near C. & N. W. R. Pass. Depot, Milwaukee. Analyst, G. M. Davidson, July 

16, 1898. 
Creek and Well at North Milwaukee, C. M. & St. P. Ry. Co. Analyst, G. N. Pren· 

tiss, July 9th, 1897. 
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Mineral analyses of water in MiltcaKkee County-Continued. 

Creek and surfa.ce 
well. 

Surface depOsits. 

465 

---,--- ----------------
36. 37. 38. 

Depth of well ......... feet.. .......... .......... 28 
~~~C!i~~~2~"riil i~o'~ . o:':id~~ ................... -1- ...... -_. 

(AI20a+Fe20a) ......... '" 3.8 undt. 2.7 
Calcium (Ca) .... ... .... ... 49.1 5t.9 53.6 
Mal{lIesium(Mg) ............ 27.4 27.7 U.O 

39. 

24 
11.9 

1.0 
151.3 
53.4 

40. 

24 
undt .. 

41. 

30 

1.5 
72.4 
38.1 

42. 

42 

5.1 
57.6 
35.4 

Sodium and potassium 
(Na.+Kl.... ....... .... .... 43.5 55.5 46.5, lI6A 33.3 30.4 32.3 

CarbonateradicaI(COs)... R7.5 94.9 87.6 1 343.7 150.4 168.4 143.2 
Sulphate radical (S04)...... 167.1 I 204.8 174.0 i 146.5 143.5 109.0 106.0 
Chlorine (01), ••......... . ••. 6.5 ulldt. 3.5 I 87.8 undt. 6.2 6.7 

-----------j--- ---------
Total dissolved solids... .... 384.9 437.8 39l.9 I 912.0 432.8 426.0 386.3 

Surface depOsits. I Niagara limestone. 

43. 44. 45. I 46. I 47. I 48. 49. 
----_·-----1--- ---1---,--- ------ ---
Depth of well ..... feet............ 28 66 I 130 140 73 52 
Silica (Sl(h). .... ...... .... 12.50 " .................. ! 2~.4 .• , ................•....•..... 
Aluminum and iron oxides I 

C~~r~~tr6i?~).:::::.:.::::: 9~:~~ 5~:~ ····36.6'·'····55:5 .. '''i55X' 
Mall'nesium (Mg)......... ... 55.84 24.0 36.4 36.3 49.8 
Sodium and potassium 

(Na+IO .. : ........... ; .... . 
Carbonate radical (COa) ... . 
Sulphate radical (S04) ..... . 
Chlorine (CIl ............... . 
Organic matter.. . ....... __ . 

4.99 
228.94 
78,07 
7.71 

36.,49 

T Jtal dissol ved solid,... 483.09 

46.5 
~7 .6 

174.0 
3.5 

391.9 

29.6 
129.0 
17.3 
32.8 

281.7 

15.3 
172.8 
22.5 
2.6 

.333.4 

6.9 
173.7 
295.8 

7.0 

688.8 

2.6 
66.5 
36.9 

3LO 
148.5 
132.4 

3.7 

'l24.6 

l.4 
52.4 
24.5 

43.1 
85.6 

169.0 
4.3 

380.3 

36. Creek and well at North Milwaukee, C. l1. &: st. P. Ry. Co. .Analyst, G. N. Pren
tiss .. July 23. 1 R97. 

37. Creek and well at North Milwaukee, C. M. &: st. P. Ry. Co. Analyst, G. N. Pren
tiss ,Fe\). 1:l, 18\J9. 

a8. Well of C. 1If. & Rt. P. Ry. Co., North lIliwaukee. .\nalyst, Chemist, C. !II. & St. 
P. Ry. Co., July 8, 1889. 

39. Well of C. & N. W. Ry. Co. at Granville. Analyst. G. )1. Davidson, July 2:), 11<97. 
40. Well of C. M. & St. P. Ry. Co., Oakwood. Analyst. G. X. Prentiss, Feb.·;Y, 1900 
41. Well of C. 1If. & St. P. Ry. Co., Oakwood. Analyst, G. X. Prentiss,' Dec. 19. 1R!H. 
42. Well pf C. !lL & Rt. P. ny. Co., Oakwood. Analyst. G. X. Prentiss, lIay 2, 1898. 
43. Well f~1i: & N. W. Ry. Co., Coal Chute, Butler. .\nslyst. G. ~I. Davidson, Nov. a, 
44. Well of C. M. & St. P. Ry. Co., North Milwaukee. Analyst, Chemist, C. M. & I't. 

. J> .. Ry. Co., July 8, 1889. 
45. Well of E. P. Allis, Milwaukee. Analyst, McLaren. 
46. Well of Plankington, Milwaukee. Analyst, D. Fisber. 
47. Well of C. M. & st. P. Ry. Co. at Granville. Analyst. Ch .. mist, C. !If. &: St: P. Ry. 

Co., July 6, 1889. 
48. Well of C. M. & St. P. Ry. Co., Oakwood. Analyst. Cbemlst. C. M. & St. P. Ry. Co .• 

. Feb. 17, 1890. 
49. Well of Mr. Pop pert, North Milwaukee. Analyst. Ch .. mlst. C. Y. &: St. P. Ry. Co., 

Feb. 12, 1899. 

30-W. S. 
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Mineral analyses 01 water in Milwaukee Gounty-----{)ontinued. 

I Niagara limestone. 

I 50. 51. 52. 53. 54. I 55. 1 56. 

Depth of well.-.-.. -.-.. -.-. -fe-e-t-.. --;- --;- --8-0 -. ---8-0 - --9-4-1--9-4 - --12-2-

Aluminum and iron oxides 
(A120s+~'e20s)............ undt. undt. undt. undt. undt. undt. unn!. 

Calcium (Ca) .... ........ .... 60.6 85.5 48.5' 51.1 52.4 55.3 103.2 
Magnesium (Mg) ......... '" 27.2 33.4 35.1 25.6 26.2 27.4 42.6 
~odlum and potassium 
. lNa+Kl.... .... .... .... .... 55.5 48.6 50.1 45.5 I 46.2 44.4 59.5 

Carbonate radical (C03)..... 80.8 88.8 93.0 84.9 88.2 85.2 104.5 
Sulphate radical (S04).. .... 238.3 295.5 209.2 18~.1 183.4 196.7 371.1 
Chlorine (Ol).. • ........... \ undt. nndt. undt. undt. undt. undt. undt. 

Total dissolved solids ... 462.41--s5t:-.s- 435.9 389.21-300:4 ----mo- ~-:-9 

Niagara limestone. 

57. 58. 59. 

St. PetE-r and Uppel" Cambrian sand
btone. 

lIlilwaukf'e. 

60. 61. 62. 63. 

Depth of WE'II.. ....... feet.. 160 160 150 1.357 1.200 
40.5 

1,048 
41.0 

1. 600 
7.8 !olilica (Si02)........... . ........................•................... 

Aluminum and iron oxides 
(A120s+Fe203) .... .... .... undt. undt. 

183.4 
76.6 

undt. 
63.1 
37.1 

8.8 
132.6 
26.2 

3.7 
109.8 
18.8 

"'i95X' "'2is:o" Calcium (Ca).. ............. 209.5 
Magnesium (Mg) ........ .... 79.6 103.2 27.9 
Hodium and POtassium 

(Na+K). .... ... ... ..... ... .243.0 163.8 I 25.3 14.9 55.6 166 .. 1 12.6 
Carbonate radical (C03).... 41.0 43.6 168.4 129.2 102.2 503.0 133.3 
l'ulJ.>hate radical (804)...... 1.254.4 998.6 83.3 230.3 277.9 136.0 430.8 
Chlorine (C1) ................ ~'!.~~ _~~ undt. __ -.!:2 __ ~ ~74.0 ~~ .. 

Total dissolved solids ... 1.827:5 1.476.2 I 377.8 550.7 617.3 1.419.1 I 842.4 

50. 

51. 

52. 

53. 

54. 

55. 

56. 

57. 
5R. 
59. 

60. 
61. 

62. 

63. 

Well of ~Ir. ~Illler. North Milwaukee. Analyst, Chemist. C. M. & St. P. Ry. Co, 
July 111, 1899. 

Well one block east of Pop pert's, North Milwaukee. Analyst, Chemist, C. M. &. St. 
P. Ry. Co .• Feb. 15, 1899. 

Well of C. M. & St. P. Ry. Co., North Milwaukee. Analyst, Chemist, C. M.& St. P. 
Ry. Co .• Apr. 5, 1899. 

Well of C. M. & St. P. Ry. Co., North Milwaukee. Analyst, Chemist, C. M. & St. P. 
Ry". Co., Apr. 12, 1899. 

Well of C. M. & St. P. Ry. Co., North Milwaukee. Analyst, Chemist, C. M. & St. P. 
Ry. Co., Apr. 21, 1899. 

Well of C. ~1. & St. P. Ry. Co., North Milwaukee. Analyst, Chemist,C. M. & St. 
P. Ry. Co., July 31, 1899. 

Well of ~Ir. "-asserburger, North Milwaukee. Analyst, G. N. Prentiss, Feb. 15, 
1899. 

Well of Mr. Hoyt, North Milwaukee. Analyst, G. N. Prentiss, July 31, 1899. 
Well of Mr. Hoyt. North Milwaukee. Analyst, G. N. Prentiss, Dec. 27, 1901. 
Well of Schlitz Brewery, Milwaukee. Analyst, Chemist, C. M. & St. P. Ry. Co., 

Dec. 29, 1898. 
Well of City Water Works, Wauwautosa. 
Well of W. H. Jacobs, Milwaukee. Analyst, G. Bode. Geology of Wisconsin, vol. 

2, p. 164, 1877. . 
Market Square Well, .Milwaukee. Analyst, G. Bode. Geology of Wisconsin. vol. 2. 

p. 31, 1877. 
Well of C. ~I. & St. P. Ry. Co., Milwaukee. Analyst, Chemist, C. M. & St. P. Ry. 

Co., March 14, 1895. 
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Mineral analyses 01 water in Milwaukee Oounty~Continued. 

I 
St. PetA>r and Upper Cambrian sandstone. 

-~-

Milwaukee. Rawson. N. Milwaukee. 
I---:------,~---;------
I 64. 65. 66. 67. 68. 69. 70. 

----~---I------ i--------
Depth of well.. ....... feet .. 1.600 1,600 ......... .1. ......... 1,569 I 1.600 ......... . 
~1~~i~~ig2~nd.ij.on.Oxides .............................. (........ 20.5 ................... . 

(A120s+F,,20S).... ........ 2.1 undt. 3.9 I 2.2 0.8 undt. undt. 
Calcium (Ca) ................ 212.1 238.6 158.2 207.5 110.7 296.6 92.9 
Magnesium OIg)............ 27.6 28.5 33.6, 33.2 25.9 44.6 35.2 
Sodium and ootassium I 1 

(Na+K).................... 13.0 17.8 13.8 15.4 31.9 37.0 54.7 
Carbonate radical (C03).... 140.1 111.4 142.6 127.8 145.5 126.0 88.3 
Sulphate radical (S04)...... 411,0 I 542.6 293.6 I 436.7 171.8 761.8 332.8 
Chlorine (01).... ....... .... 11.7 undt. 12.6 13.3 22.2 undt. • ......... 

Total dissolved solids ... -'817-:6- -939Jj- -ti58Ti----sa6.1- 529T 1.266.0r603-:g-

St. Peter and Upper Cambrian sandstones. 
---~--

Butler. 

71. 72. 73. I 74. 75. 76. 71. 
--,~ ------------- --- --- ---.--- --- --~-

Depth of WE'll ......... feet .. 670 1. 003 1,093 i 1.000 1,025 1,024 665 I 
Silica (Si02) ........... 
Aluminum and iron oxides 

lUO 15.07 13.30 i 8.88 13.01 15.09 9.78 
I 

(AI20a+Fe20a) ............ 1.71 1.02 25.21 I 1.03 1. 71 2.06 1.03 
Calcium (Ca) ................ 62.91 72.46 52.07 i 62.58 119.38 90.07 65.53 
Magnesium (Mg) ....• , 
Sodium and, ootassium" 

39.57 31.88 21.75 32.28 47.96 43.51 36.62 

(Na+K) .................... 20.60 21.61 27.02 14.56 i 28.78 9.20 22.42 
Carbonate radical (cOa) 
Sulphate radical (S04) ... ::: 

151.62 124.82 109.27 121.06 133.57 149.50 146.57 
98.62 140.38 82.74 105.68 315.43 162.54 108.76 

Chlorine (CJ) ................ I 6.50 4.09 7.05 6.50 4.97 4.05 4.28 

Total dissolved solids ... 394.23 4ll.33 338.50 I 352.57 664.81 476.02 Z94.99 

64. 

65. 

66. 

67. 

68. 
69. 

70. 

71, 

72. 

73. 

74. 

75. 

76. 

77. 

Well of C. M. & St. P. lIy. Co. shops, Milwaukee. Analyst, G. N. Prentiss, Feb. 11. 
1890. 

Well of C. M. & St. P. Ry. Co. shops, Milwaukee. Analyst, G. N. Prentiss, Feb. 11. 
1890. 

Well of Milwaukee C. W. & T. Co., Analyst, Chemist, C. )1. & St. P. Ry. Co., Jan. 
30, 1890. 

Well of Milwaukee C. W. & T. Co. Analyst, Chemist. C. )I. & St. P. Ry. Co., Feb. 
. 11,1890.' . 
Well of C. & N. W. Ry. Co .. Rawson. Analyst. G. l1. J)a .. idson, Feb. 6, 1906. 
Well of Meiselbach & Co., North Milwaukee. Analyst, Chemist, C. M. & St. P. Ry. 

Co., Feb. 15, 1890. 
Well on the site of old pocketbook factory, Xorth lUI ... aukee. Analyst, Chemist. 

C. M. & Rt; P. Ry. Co., Jan. 13, 1902. 
welllJl~: & N. W. Ry. Co.,. No. I, Butler, Wis. .\nalyst. ro. )I. Davidson, Feb. 11, 

Well of C. & N. W. Ry. Co., No.2, Bntler, Wis. AnalJ'st. G. )I. Davidson, Dec. 24, 
1912. 

Well of C. & N. W. Ry. Co., No.2, Butler, Wis. .~nalyst. G. M. Davidson, May 8, 
1912. 

Well of C. & N. W. Ry. Co., No.2, Butler, Wis. Analyst. G. )I. Davidson, l!'eb. 11. 
19V1. 

Well of C. & N. W. Ry. Co., No.3, Butler, Wis. Analy"t. G. )I. Davidson, Feb. 11. 
1913. 

Well of C. & N. W. Ry. Co., No.3, Butler, Wis. .\naJyst. G. )I. Davidson, Oct. 18, 
1912. 

Well of C. & N. W. Ry. Co., Yard, Butler, Wis. .\naly.t, G. )I. Davidson, Nov. 3, 
1911. 
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MONROE COUNTY 

Monroe County, located in the west central part of the state, has 
an area of 915 square miles, and a population of 28,881. About 79.4 
per cent of the county is laid out into farms of which 48.7 per cent 
is under cultivation. 

SURFACE FEATURES 

The surface of Monroe county is quite uneven and hilly in the south
ern part, but quite level in the northeastern and northern part. Val
ley bottom land characterizes the Lemonweir river north of Tomah 

Cashf'on 
-..i,. 

Fig. 53.-Geologic section, north-south, across western Monroe County. 

and also the La Crosse river in the vieinity of Sparta. The southern 
part of the county is an elevated tableland deeply dissected by val
leys. The valley bottoms range in altitude between 800 and 1,000 feet, 
and the uplands, between 1,200 and 1,350- feet. 

The soils arc generally sands and sandy loams in the alluvial bot
toms and silt loams on the upland area. 

GEOLOGICAL FORMATIONS 

The geological formations are the Upper Cambrian (Potsdam) sand
stone, generally outcropping in the northern half of the county and 
the Lower Magnesian limestone overlying the sandstone only in the 
southern half of the county. The county contains no glacial deposits, 
but the broad, flat-bottomed valleys are filled to a variable depth with. 
alluvial sand and gravel, and the uplands are covered with a variable 
amount of loess. The. cross section (Fig. 53) illustrates the general 
geological structure of the county. 

The thickness of the alluvial deposits in the valley bottoms very 
probably reaehesa maximum of 200 to 250 feet in the middle of the 
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old channels. The thickn~ of the ,. Potsdam» sandstone and the 
Lower Magnesian limestone varies betwen wide limits on account of 
the extensive erosion of these formations. The complete thickness of 
the sandstone formation is preserved only in the uplands of the south
ern part of the county, where overlain by the limestone. It is only 
ill some of the deeper wells drilled in the cities and villages, located 
in the valley bottoms, that the Pre-Cambrian granite has been reached. 
At Tomah the granite is reached at depth of 400 feet; at Sparta, about 
425 fcet; and at Oil City,' at 490 feet. The approximate range in 
thickness of the geological formations may be summarized as follows: 

A.pproximate range in thickness of formations in Monroe County. 

Formation. Thickness. 

Feet. 
RUl"face formation...... .... .... .... . ....... ........ ..................... .............. 0 to 250 
Lower Magnesian limestone....... ............... .... ......... .... ..... .... ........... 0 to 150 
TToper Cambrian (Potsdam) sandstone................................. ............. 200 to 800 
The Pre-Cambrian granite ............................................................ T ....... 1 ••••• 

PRINCIPAL, WATER-BEARING HORIZONS 

The chief water-bearing horizons are the Potsdam sandstone in the 
upland areas and the alluvial sand and gravel in the valley bottom 
areas. The limestone is a source of supply on the uplands south of 
Tomah and Sparta. 

South of Tomah, on the Lower Magnesian limestone ridge, most wells 
are from 100 to 300 feet in depth. Some of the wells, those less than 
100 feet· deep, get their supply from within the limestone. A few 
shallow wells get their supply from loess clay over the limestone, but 
the quantity of water from this source is very limited. Near the con
tact of the Lower Magnesian limestone and underlying sandstone, are 
many fine springs. 

FLOWING WELLS 

An interesting area of flowing wells is found at Sparta and vicinity, 
including Angelo, Trout Falls, Farmers Yalley, Leon, Rockland, and 
Melvina. The first of these wells was sunk as an experiment at Sparta 
in 1867. The area of flowing wells extends from Rockland up the La 
Crosse river to Trout Falls, and up Little La Crosse river as far as 
Melvina. It also extends up the various tributaries of these streams 
for a considerable distance. Small artesian areas are scattered along 
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the rivers in the townships of Leon, Adrian, Sparta, Angelo, and Lac 
fayette. The flows are strong and the water is good, although some 
of it contains considerable iron. Between 200 and 300 flowing wells 
have been drilled in Sparta and vicinity. 

In the eity of Sparta and the village of Angelo, are nearly 100 flow
ing wells. Many of them have stopped flowing, some because other 
wells at lower levels lowered their head, others on account of leak
age because the pipes have rusted, and some because the water escapes 
between the pipe and the shale. One of the best wells was put down in 
1872 on Milo Babcock's property, in the vilage o£ Angelo. This well 
sc~ms to affect several in this vicinity. When the pipe was rusted off 
the well ceased flowing until new casing could be put in. During this 
time a number of wells n9t far distant started flowing or increased 
their flow but decreased again as soon as the casing was inserted in 
the old well and allowed free flow. 'fhe well drillers at Sparta claim 
that at Sparta, Leon, Rockland, and as far north as Trout Falls, they 
usually pass through two beds of shale, but in some places only one 
bed of shale, in drilling deep wells. In the city of Sparta the first 
shale bed is struck at about 250 feet. Its thickness, is from 2 to 10 feet, 
while the lower shale bed is struck at about 300 to 310 feet, and varies 
in thickness from 12 to 15 feet. There are no samples or logs of wells 
available. Artesian flows have been obtained between these shale beds, 
below the second shale bed, and in a few cases before striking any 
bed of shale or clay. Northward a shale or clay bed comes nearer the 
surface, and in the vicinity of Trout Falls the upper shale bed lies at a 
depth of only 80 or 90 feet. At Hanchett's farm, about half way be
tween the Falls and Sparta, the shale is 175 feet below the surface. 
Artesian wells are obtained all the way up the valley. Their depths 
are usually between 260 and 300 feet. The water in the artesian wells 
in the vieinity of Sparta and Angelo rises to an. elevation of about 
798 feet above sea level. At Leon, where the valley is wide and the 
limestone ridges are far back from the- river, the head, as shown by 
:rtfI'. George Kidney'S well is 796 feet above sea level. Farther up the 
valley near Melvina a well was drilled on John Steele's farm tu a depth 
()f 260 feet with head of 806 feet or 11 feet above the surface. Farther 
up the river the heads are still higher. 
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Log of well of JrJlln Steele. Melvina. 

Formation. ThicknE'~s. 

Feet. 
Clay ..................................... , ... ........ .... .... ..... ........ ... ............ 17 
Soil, sand .................................................................... ">"' • .. .. • .. 15 
Upper Oambrian (Potsdam) sandstone.......... ................ ..... .... .... ........ 244 
Blneclay and shale .................................................................... '1-,-__ 1_._ 

Total depth ......................................... ,................. .... .... .. 277 

The following record, with the one of Mr. Steele's well at Melvina, 
will explain the general sections in the vicinity of Sparta, and Angelo. 
It should be remembered, however, that many of the wells also pene
trate the second shale bed and get their flow from the sandstone below 
it. The casing, however, seldom extends below the first rock, thus offer
ing much freedom to the. waters in selecting their upward paths. 

Log of well of Judge McCoy. Sparta. 

Formation. Thickness. 

Feet. 
Alluvlnm................................................................................ 60 
Upper Cambrian (Potsdam). 

Sandstone............................................................................ 110 

~~~~~;::·:~~~~t~:: ::::::::: :'::: :::: :::: :::: ::: :::~::~~:::~:::~:::~::~~: :::::: :::::: :1- 2:~--
A comparison of these two records with the reports of the drillers 

regarding the shale beds at Sparta indicate that there is a· marked ir
regularity in thickness and depth of the shale. The McCoy well is 6 
miles east and the Babcock well about 3 miles east of Sparta. How
ever, this .shale bed may be present at ~parta, and not always reported. 
Before the structural relations of the clay or shale beds can be defi
nitely worked out it is necessary to obtain more accurate logs of the 
wells in various parts of the slope than are now at hand. 

The head is highest at the upper end of the valley. 'rhe head de
creases down 'the valley in the same manner as in the IGckapoo and 
Baraboo river valleys. Flows need not be looked. for on any of the 
streams, unless it be on the lowlands or ,plains along the river valleys. 
The nearest wells in the vicinity will offer much information along this 
line. There are many places along these streams where much stronger 
flows can be obtained than any thus far struck. 

• 
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Wherever a shale or clay bcd is passed through and a flow obtained 
beneath it the casing should be extended into the shale or clay bed and 
a firm contact made, if the best and most permanent flows are desired. 
If this precaution is neglected much of the water necessarily escapes 
into the porous sandsto~e above the clay.bed and fails to rise to the 
surface and sooner or later the flow may cease entirely. 

A little more expensive method, but one that will well repay the 
investment made, is to drill the well a few inches larger in diameter 
down to the clay or impervious shale and drive the casing down into 
this for a short distance, then decrease the drill hole and insert a new 
casing inside of the outer one and extend it through the impervious 
bed to the water bearing horizon. A filling with Portland cement, for 
a few feet between the two pipes prevents all escape between the rock 
and casing and shuts out all lateral escape into the overlying sandstone 
and the inner tubing can easily be repaired. If this precaution had 
been taken for all the flowing wells at Sparta and vicinity many of the 
wells would· not need to be pumped and the artesian basin would today 
be much stronger. Another precaution that ought to be insisted upon 
is that wells on lower ground reduce their flow to a minimum so as 
not to interfere unduly with their neighbors flows on higher ground. 

The area of flowing wells about Sparta extends down the La Crosse 
river. only to the vicinity of Rockland. Farther down the valley, at 
Bangor and West Salem, in La Crosse county, no flowing wells occur. 
Various reasons have been given for the absence of favorable conditions 
in this portion of the valley, but the probable explanation appears to 
be that given in the general description of the artesian wells in La 
Crosse valley, on pages 67-9. 

The Kickapoo Valley has many features in common with the La 
Crosse and the Baraboo valleys. The Kickapoo river flows through
out its entire extent in the Upper Cambrian (Potsdam) sandstone and 
is bordered on both sides by bluffs capped with limestone. The ground
water in the blUffs is a controlling factor in the development of the 
high heads noted in the flowing wells in this valley. Flowing wells 
may be obtained on low ground nearly all the way down the valley to 
Wauzeka, where the Kickapoo enters the Wisconsin rivep. 

At Wilton, near the head of the Kickapoo valley, is the highest arte
sian head found anywhere within Wisconsin in wells whose waters rise 
and flow from the Potsdam sandstone. '1.'he artesian water at Wilton 
rises to an elevation of 980 feet above tide. 

On going down the Kickapoo valley the head decreases as in the 
Baraboo valley, and at Wauzeka, it is only 687 feet above tide . 

• 
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Flowing wells about 'Wilton, with heads of 980 feet above tide, are 
owned by A. J. Dix, Rudolph Green, Willie Arndt, J. E. Egan, and 
others. They are all 6-inch wells and were flowing strongly in 1905, 
nearly filling the 6-inch pipes. 

At Oil City was drilled the first artesian well in the Kickapoo va]
leyby oil prospectors from Sparta. 

Section of well drilled in 1866 at Oil City. 

FOl'mation 

Sano and clay ................................. .. 
Gravel .......................................... . 
QuIcksand ...................................... . 
Sandstone. soft (cased) ...................... .. 
Sandstone. compact ........................... . 
Open crevice. main watpr flow ................ . 
Sandstone, hard and compad ................ . 
·Granlte ......................................... . 

Total depth ........................... .. 

Thickness .• 

Feet. 
10 
12 
20 
30 

Remarks. 

228 At 90 ft. the water rose 5 ft. above 
4 surface. 

186 
20 

510 The water rises 25 ft. above sur
face. 920 ft. A. T. 

WATER SUPPLIES FOR CITIES AND VILLAGES 

Sparta.-The popUlation of Sparta is 3,973. It is located on sandy, 
alluvial bottoms lands in the valley of the La Crosse river. The city 
has a water I;lupply and l3ewage system. The water supply is derived 
mainly from two groundwater wells,1 and to a small extent from two 
artesian wells, which are 6 inches in diameter and 200 feet deep. One 
of the groundwater wells is 12 feet in diameter by 20 feet deep, and 
the other, 31 feet in diameter and 23 feet deep. The open ground
water wells yield most of the supply. The average daily pumpage is 
298,000 gallons per day. The supply from the smaller of the two wells 
can be .exhausted by about four hours pumping. 

The sewage, without treatment, empties into the La Crosse river. 
About 50 per cent of the houses have water connections, and 20 per 
cent are on the sewage system. About 30 per cent of the houf\es have 
~ess pools. - . 

Tomah.-This city, having a population of 3,419, is situated on the 
broad sandy plain bordering the south fork of the Lemonweir river. 
The city has water supply and sewage systems. The water supply is 
derived from two 8-inch wells 172 and 150 feet deep eased 40 feet. The 

1 Kirchoffer. W. G. Bulletin, Univ. Wis. No. 106, p. 221. 
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log of the City Park well is as follows: (See also under Tomah, page 
140). 

Log of Tomah Oity Park Well. 

I 

Formation. Thickness. 

Feet. 
Alluvial sand....................... ............................................. ......... 25 
Upper Cambrian (Potsdam) sandstone................................................ 375 
Pre- Cambrian granite............ ........................ ........ ...................... 92 

Total ...........................................•..................................• 1 492 

The private wells are from 10 to 30 feet in depth; some are in the 
alluvial sand and others in the Potsdam sandstone. 

Cashton.-In Cashton, population 568, wells are reported to be 200 
to 250 feet deep in Lower Magnesian limestone and Potsdam sand-' 
stone. Cashton has a public water system and has two wells, although 
only one is used at present. 'l'he well in use is 814 inches in diameter 
and 275 feet deep. The formations penetrated are as follows: 

Log of Cashton Oity Well. 

Forma·lions. 

Surface clay ..................... , ....................................................... . 
Soft rock ................................................................................ . 
Limestone and flint. Lower Maguesian ............................................... . 
Sandstone (Potsdam) .................................................................. . 

Thickness. 

Feet. 
15 
60 
70 

130 

Total depth............................ ....................................... 275 

The daily average pumpage of water is about 18,000 gallons. About 
75 per cent of the population use the city water. 

Kendall.-Kendall, with population 477, has a waterworks system' 
now being installed. (Dec. 1912). 'l'he supply is obtained from an 8-
inch well about 200 feet deep in sand, and sandstone. The private 
wells are generally from 20 to 220 feet deep. 

In Norwalk the private wells are generally from 40 to 50 feet in the 
sandstone. At Warrens the wells are generally from 15 to 30 feet deep 
in sand and sandstone. 
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QUALITY OF THE WATER 

The analyses' of water supplies from springs, rivers, surface deposits, 
and the sandstone from various parts of ~Ionroe county are shown in 
the following table. The spring and surface waters, except where pol
luted as well as nearly all the waters from wells in the alluvial sand an
alyzed are carbonate waters and have a low mineral content and are 
soft waters. The railroad well in the surface formation at Kendall, 
though of low mineral content, should be classed as a hard water. Most 
of the waters from the Potsdam sandstone are also of low mineral con
tent, though nearly all should be classed as medium hard waters. 

The various analyses of surface waters at Tomah are of interest, as 
they show a considearble range in the mineral content in water taken 
from the same source b.ut at different dates. 

The railroad well at Wyeville, No. 14, contains only 0.39 pounds of 
incrusting solids in 1,000 gallons, while the railroad well at Kendall, 
No. 25, contains 1.05 pounds in 1,000 gallons, about the same as that 
of Lake Michigan water. Many of the waters analyzed in Monroe 
county, contain much less incrusting matter than Lake Michigan wa· 
tel'. 

Mineral analyses of water in Monroe County. 

(Anaylses in parts per million.l 

Creeks and Rivers. 

___________ 1_1_. ___ 2_. __ ._3_. _1_4_. _ ~ _6_. ___ 7_. ___ 8_. _ 

SlUca (Si02) ...................... I I 
Aluminium and iron oxides \1.14.0 5.0 19.2, 5.0 5.3 5.6 9.2 12.8 

(A120g+Fe20g) ..... .... .... .... I 
Calcinm (Oa)..................... 26.0 18.7 26.4 2~.Z ~~A 20.0 11.2 10.7 
Magnesium (Mg) ........ ........ 12.3 8.6 8.2 12.ii 12.1 3.9 5.2 5.1 
Sodium and Potasinm (Na+K). 1.4 6.1 1.4 4.9 4.8 5.0 1.0 2.1 
OarbonateradicleOOg).......... 68.8 45.0 2.2 611.0 113.1 1.6 17.31 28.4 
Sulphate radicle (S04) .......... 1.5117.6 101.61 5.~ 5.0 66.3 3.8 2.8 
Chlorine (OI) ................... ~_ -1~1~~ ~ ~~ -=-_~~ ~~ 

Total dissolved solids....... 126. 103. In9. In. ; In. 106. 49. 63. 

1. Sparta Creek, Sparta. Analyst, Chemist C. M. Ie St. P. By. Co., August, 1888. 
2. Council Creek, Tomah. Analyst, Chemist C. lIl. Ie St. P. By. Co., Feb. I, 1890. 
3. Ditch near Railroad track, Tomah. Aualyst, Chemist C. Y. Ie St. P. Ry. Co., April 

I, 1893. 
4. Council Creek, above ditch and below bridge, Tomah. Analyst, Chemist C. M. & 

St. P. Ry. Co., July 9, 1892. 
5. Council Creek, above ditch and below bridge, Tomab. Analyst, Chemist C. M. & 

St. P. Ry. Co., July 9, 1892. 
6. Pool in ditch emptying into creek, Tomah .. Analyst, Cbemlst C. M. & St. P. Ry. 

Co., July 9, 1892. 
7. Council Creek' above the ditch, Tomah. Analyst. C. Y. it St. P. Ry. Co., Mar. 29, 

1893. • 
8. Council Creek at Intake, Tomah: Analyst, C. M .... St. P. By. Co., April 1, 1893. 
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"Vinel'a! analyze,~ of !oater in l1fonl'Oe County.-Continued. 

Creeks and Rivers. E'pring. Su~face deposits. 

------------ __ 9_. _ ~ ~-=-~ ~I~ ~ 
Depth of well. ........... feet.. ........ . •...... ........ ....... ........ 12 I 30 16 ' 
Silica (Si02) ...................... I iI3.5~) 5.5 .9.0 1.1 
Aluminium and iron oxides \' 3.6 Undt. 8.6 5.0 I 

(AI20s+li'e20s) .... ........ .... 1.3! 1.0 I 2.5 1.2 
Calcium (Ca) .................. '" 28.2 11, .8 29.1 20.5 10.5 \ 14;6 23.2 7 7 
Magnesium (Mg)..... .... .... .... 14.8 5.1 12.7 10.2 I 4.5 0.7 I 10.3 1.7 
Sodium and Potassium (Na+K) 5.1 6.4 4.2 1.9 2.8 1.5 3.9 1.8 
Carbonate radicle (COs) .... .... 78.8 24 4 54.0 51.7 26.8 21.4 I 55.2 4.7 
Sulphate radicle (SO.) .... ..... 9.2 2.24 39.61 8.0 3.5 3.6. 12.0 17.9 
Chlorine (Cn .................... \~~ UU~_1:~--.:~I_I~I_2~11_3~_ 2.8 

Total dissolved solids) ... " .. 141. 70. 150. 109. I 55. 51. 120. 45. 

Upper Cam-
Sur,face deposits. urlau 

(Potsdam) 
sandstone. 

17. 18. 19. 20. 21. 22. 23. 24. 25. 
--- --- --- --- ------ --- --- ---

Depth of well. .... feet .. 20 74 70 28 20 20 ? 185 340 
Silica (8i02) .............. ~ i 11.4 14.0~ f1.8 18.6 
Aluminium and iron ox- 3.6 2.9 '53.8 4.6 1.9 

Ides (Ah03+Fe20s) ... 1.8 1.5 28.7 17.4 
7.2 25.9 24.1 17.6 47.2 22.1 13.9 38.7 

Magnesium (Mg) ....... ,. 5.6 3.0 6.6 14.1 1.4 16.9 6.8 5.9 19.6 
Sodium and Potassium 

Calcium (ca) ............. \11.1 

(Na+K) ............. '" 3.5 14.~ 3.9 3.8 8.1 8.7 21.3 2.7 4.9 
Carbonate radicle (COs) 30.5 23.3 50.4 68.9 18.0 29.8 29.5 ~3.3 96.3 
Sulphate radicle (SO,).. 6.0 2.3 7.81 3.5125.8 145.9 39.0 17.1 1 16 .3 
Chlorine (CI) .......... " 0.9 14.9 6.0 5.9 1.4 1 2.6 27.0 4.2 7.5 

--------------- -------- ---- ---
Total dissolved solids 61. 68. 114. 136. 132. 256. 148. 108. 219. 

9. Council Creek at proposed intake for city water works, Tomah. Analyst, Chemist, 
C. M. & St. P. Ry. Co., Nov. 12, 1894. 

10. Council Creek, City Water Works, Tomah. Analyst, Chemist, C. M. & St. P. Ry. 
Co., Nov. 6, 1900. 

11. Council Creek and well, Tomah. Analyst, Chemist, C. M. & St. P. Ry. Co., May 
20, 1893. , . 

12. North Branch, Lemonweir River near WyeviIIe. Analyst, G. M. Davidson, Dec:. 
9, 1910. 

13. Spring at Tunnel City. Analyst, Chemist C. M. & St. P. Ry. Co., April 5, 1899. 
14. Well of C. & N. W. Ry. Co., Wyeville. Analyst, G. M. Davidson, Dec. 16, 1910. 
15. Well, Sparta. Analyst, Dearborn Drug & Chern. Co., June I, 1900. 
16. Well at Contractor's Camp, % mile west of McCoy. Analyst, G. 1\1. Davidson, Dec .. 

20, 1910. 
17. Well of C. M. & St. P.· Ry. Co~, Tomah. Analyst, Chemist, C. M. & St. P. Ry. Co., 

June 8, 1901. 
18. Well of C. 1I. & St. P. Ry. Co., Tomah. Analyst, C~emist C. M. & St. P. Ry. Co .• 

June 23, 1893 
19. Well at Robert IIfcMuI!en's farm near C. & N. W. Ry. Co. station, Tomah. Analyst,. 

G. 111. Davidson, Oct. 3, 1910. 
20. WeI! of C. & N. W. Ry. Co., 1500 feet south of station at Kendall. Analyst, G. M. 

Davidson, Nov. 28, 1896. 
21. Well of C. M. & St. P. Ry. bridge shop, Tomah. Analyst, Chemist, C. M. & St. P .. 

Ry. Co., Oct. 17, 1890. 
22. Well of C. III. & St. P. Ry. Bridge Shop, Tomah. Analyst, Chemist, C. M. & St. P .. 

Ry. Co., June 14, 1892. 
23. Well of C. lIf. & St. P. Ry. Bridge Shop, Tomah. Analyst, Chemist C. M. & St. P. 

Ry. Co., May 18, 1893. 
24. Well of Winston Bros., Contractors, 1500 feet west of C. & N. W. Station, Tunneb 

Citv. Analyst, G. 1\1. Davidson, Dec. 9, 1910. . 
25. Well of C. & N. W. Ry. Co., Kendall. Analyst, G. 111. Davidson, Mar. 12, 1902. 

J Xo. 21. Oxides a little high. There is some clay in it but no figures given. 
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Mineral Analyses of Water in llonroe County-Continued. 

L~r Cambrian (Potsdam)-sandstone. 

26. 27. :!S. i 29. 30. 31. 32. 33. 
I 

Depth of well.. ........... feet .. ~ ~ -;;-1-;-== -;-= ~.'" 
Silica (8i02)..... ..... .... .... .... 15.9 7.7 1.0 9.9 13. ~ 
Aluminium and iron oxides 5.0 4.3 11.5 

(A1203+Fe20a)..... ..... .... ... 1.3 5.5 8.5 .... .... 5. 
Iron (Fe) .................................................. \ 3.1 ............. '" .............. .. 
Calcium (Oa)......... .... ...... 11.7' 9.0 36.2 31.3 30.5 45.7 25.6 43.9 
Malrnesium ('1-111')... ....... ....... 5.2 3.6 18.6 8.6 \ 10.8 20.6 15.6 20.6 
Sodium and Potassium (Na+K) 1.6 1.3 15.6 ~.9 3.7 4.6 10.2 7.8 
ca.rbonate rallicle (003). ". ..... 20.3 18.5 76.3 49. 50.3 111.2 I 70.8 115.3 
8ulphate radIcle (804)..... ...... 16.1 6.3 20.0 31.7 32.6 15.9 21.4 17.5 
Chlorine·(OD..................... 2.5 2.1 19.7 12.3 1 i. I 4.3 7. 0.7 
Organic matter ........... " ........ "... 18.2 ................ ,. .... " ........... " .. ", ....... . 

-·-------1--'------
Total dissolved solids ............ 75. 54. 196. 151. 1153. 1207 .. 155. 217. , . 

26. Well of U. S. Government, Camp McCoy. Analyst, G. M. Davidson, Jan. 4, 1911. 
27. Well of C. & N. W. Ry. Co., McCoy. Analyst, G. M. Davidson, Jan. 22, 1912. 
28. Well of City Water works, Sparta. 
29. Private well, Sparta. Analyst, G. Bode. 
30. Court House well, Sparta. Analyst, G. Bode, Geol of Wis., vol. 2, p. 32, 1877. 
31. Well of C. M. & St. P. Ry. Co., Sparta. Analyst, Chemist C. :U. & St. P., AnII'. 1888. 
32. Well of City Water works, Sparta. Analyst, Chemist C. M. & St. P. Ry. Co., Feb. 

20, 1895. 
33" Artesian well Sparta near Winship house, Analyst, Chemist, C. M. & St. P. Ry. 

Co., Nov. 29, 1903. 

OCONTO COUXTY 

Oconto county, located in the northeastern part of the state on Green 
Bay, has an area of 1,080 square miles and a population of 25,657. 
About 39.8 per cent of the county is in farms, of which 47 per cent is 
under cultivation. 

SURFACE FEATURES 

The surface of the county is quite gently undulating, with some
what broken and hilly areas in the northwestern part. The land slopes 
to the southeast towards Green Bay. The most prominent relief in the 
county is the range of quartzite hills east of Lakewood extending into 
Marinette county, which reach 300 or 400 feet above the surrounding 
area and attain an elevation of 1,600 to 1,700 feet above sea level. The 
prevailing altitude of the northwestern part of the county is 1,200 to 
1,600 feet, gradually falling to 800 and 600 feet for a large portion 
of the southeastern part. Oconto river drains the principal part of the 
county. This river has a fall of 756 feet'in the distance of 54 miles be
tween Wabeno, a short distance north of the count~-, and Underhill, 
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and a fall of 190 feet in its lower course of 33 miles between Underhill 
and its mouth at Oconto. 

GEOLOGICAL FORMATIONS 

The geological formations are essentially the same as those of Mar
inette county, the no~thwestern part of the county showing the out
crop of Pre-Cambrian crystalline rocks, and the soutlieastern part the 
overlying formations of Upper Cambrian (Potsdam) sandstone, Lower 
Magnesian limestone, St. Peter sandstone and the Galena-Platteville 
(Trenton) limestone. The soils are largely loams and sandy loams 
with the usual areas of wet and swamp lands characteristic of recent 
glaciated drift districts. A strip of sandy loam soils 8 to 12 miles wide 
extends northeast and southwest through the central part of the county 
along the outcrop of· Potsdam sandstone (See map, PI. I). Glacial 
dnft and alluvial sand are abundant surface deposits. A belt of hum
mocky terminal moraine extends northeast through the vicinity of 
Gillett. 

The cross section, extending northwest-southeast through the county, 

. Fig. 54.-Geologlc section, east-west, across southern Oconto County. 

(Fig. 54), illustrates the relations of the geological formations and 
shows the position of the chief water-bearing horizons. 

In many wells drilled within the area of the Trenton limestone no 
marked division of strata is noted below the St. Peter sandstone. Some 
wells pass through sandstone throughout,thus making it almost im
possible to separate by the drillings the St. Peter, the Lower Magnesian 
and the Potsdam formations. 

The thickness of the surface formations of alluvial and glacial de
posits is variable between wide limits, as in other parts of the state. 
In the old' pre-glacial valleys, river deposits have accumulated to a 
depth of over 300 feet, as illustrated by the railroad well at Northern 
Junction. Outside of the old valleys, however, the glacial and alluvial 
deposits are usually less than 100 feet thick. 
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The thickness of the hard rock fomlations is also variable on account 
of the great diversity in amount of erosion. The Pre-Cambrian gran
ite floor of relatively impervious rock lies immediately under the sur
face formation in the northwestern part of the county and is within 
striking distance in moderately deep wells in the southeastern part. 

The Upper Cambrian (Potsdam) sandstone in Oconto county, and 
adjoining counties, is not so thick a formation as it is in the southeast
ern and southern parts of the state. The combined thickness of the St. 
Peter and Lower Magnesian formations is also probably less in the 
northeastern part of the state than elsewhere. The complete thick
ness of the Trenton formation is probably not present anywhere within 
the area of its outcrop within the county. 

The approximate range in thickness of the formations in the county 
may be summarized as follows: 

Approximate range in thickness of formations in Oconto County. 

Formations. Thlc\<ness. 

Fef't. 
~U1'face formation.................................. ..................................... 0 to 350 
Galpna-PlatteviJIe (Trenton) limestone............................................... 0 to 200 
St .. Peter and Lower Magnesian formations........................................... 0 to 150 
Upper Cambrian (Potsdam) sandstone................................................ 0 to 500 
Pre-Cambrian granite ...... ; ................................................................ , ....... . 

pRINCIPAL WATER-BEARING HORIZONS 

The chief water-bearing formations are the surface deposits of drift 
and stratified sands and gravels, and the formations of Upper Cam
brian sandstone and St. Peter sandstone. The Lower Magnesian is also 
an important source of supply. The Galena-Platteville (Trenton) 
limestone contains only a small amount of water and is usually drawn 
upon only in shallow wells within its area of outcrop. 

In the northwestern part of the county within the general area of 
the crystalline and granite rocks, the surface deposit of drift is the 
important source of supply. Wells in the crystalline rock are also com
mon, the supply being obtained from open fractures and fissures. 

In . the southeastern part of the county abundant water can be ob
tained from the sandstone formations, as well as from the surface de
posits of drift and alluvium. 

The general water level is usually not far below thc surface. Few 
common wells on the uplands are over 100 to 200 feet in depth, a 
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sufficient supply being generally obtained at 'less than 100 feet. In the 
valleys the water level stands near the surface and wells are usually 
.~mly from 10 to 40 feet deep. 

FLOWING WELLS . 

Flowing wells confined to the southeastern part of the county, arc 
obtained mainly from the rock formations, although in some important 
instances at least, as at Stiles, the favorable conditions for the develop
ment of the artesian flows are due to the impervious character of the 
surface deposits of clay and drift overlying the rock formations. 

The water in the sandstone beds underlying the Trenton limestone 
is very generally under strong pressure and in low ground, as at Ocon
to, Abrams, Brookside and Little Suamico, rises some distance above 
the fiurface. At Lena and Hickory, however, the artesian head stancs 
a few feet below the surface. 

_" t Abrams and Little Suamico flowing wells are obtained from several #
horizons, from within the Lower Magnesian limestone, at the contact 
of the Trenton and Lower Magnesian above, and at the contact \vith 
t~e St. Peter sandstone below, and from within tlJe Upper Cambrian 
sandstone. The strongest and best flows are obtained from the U pp~r 
Cambrian sandstone at a depth of about 300 feet. The heads as now 
observed are very irregular, for the packin.~ in some cf the wells is 
no longer in place, and the watcr escapes in~o the crevices and fissures 
of the upper horizon of the Trenton limestone. 'fo get good flows at 
the surface it is necessary, therefore, to pack the wells at a point some
where below the Trenton limestone. Usually the packing is placed be
tween 60 and 100 feet below the surface. It has been observed that 
wells drilled east or southeast of older wells affect the flow percep
tibly, and in some cases have stopped their flow, although the later 
wells were put down as much as two miles or more to the southeast, 
while those wells drilled to the north or northeast do not have this 
effect, clearly showing that the pressure comes from a north west direc
tion. The great variation in head, as shown by these wells, and others 
along the Green Bay shore, both north and south, are due, not so much 
to a deficient supply of water as to leakage in the well or to a neigh
horing well which draws down the water. 
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WATER SUPPLIES FOR CITIES AND VILLAGES 

Oconto. The city of Oconto on Oconto river, about two miles from 
its outlet into Green Bay, has a population of 5,629. The city water 
supply, furnished by a private company, is obtained from three 6-inch 
artesian wells, 309; 318 and 596 feet deep, cased 40 feet to rock. (Al
so reported as obtained from six wells). These wells flow at the sur
face, elevation of curb being 590 A. T. The 596 foot well checked the 
flow from the other two wells and furnishes about half the supply. 
The city supply is connected with the Oconto river through one intake, 
used prpbably only in case of emergency. The average daily pump
age is about 445,000 gallons. About 60 per cent of the houses are con
nected with the water supply, and about 40 per cent, with the sewage 
system. The sewage is emptied, without treatment, into the river. 

Information concerning the strata passed through in the city wells 
is rather indefinite. The thickness of the Trenton limestone is usually 
between 80 and 140 feet. Below this limestone is a white coarse sand
stone, which resembles the St. Peter sandstone, and is from 12 to 30 
feet thick. This sandstone furnishes the supply for a number of wells, 
although similar flows are obtained in the Trenton limestone. 

. Oconto Falls. The population of Oconto Falls is 1,427. The city 
water supply is obtained from a well 187 feet deep. The average daily 
pumpage is 30,000 gallons. About 30 per cent of the houses are con
nected with the system. 'Private wells are usually 15 to 30 feet deep. 
Some wells are drilled aeeper. The well of the Oconto Falls Mfg. Co. 
is 270 feet deep, formation not reported. 

Stiles. The wells at Stiles, population about 500, are for the most 
part very shallow. The water is obtained from the upper horit:on of 
the Lower Magnesian limesttlne. Mr. Scherer of Oconto, who drilled 
most of the flowing wells in Stiles, states that in each case the surface 
sands were underlain by bowlder clay which was \'ery difficult to drill, 
below this was a pure red clay, easily bored, and this was underlain by 
limestone which gave a flow which was weak at first, but which in
creased on going deeper into the limestone. 'Vater comes from crev
ices in the rock and sUD~911'(mt drilling over 200 feet in Potsdam sand-
stone did not increase the flow. ' 

Lena (1!nd Hickory. At Lena a well passed throu~h 91 feet of Lower 
Magnesian limestone, while at Hickory a well was put down 330 
feet all the way in sandstone after passing through the drift. These 
wells are artesian, although the water stands a ff'w feet below the sur-

3l-W. S. 
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face. Water under pressure is obtained from all the formations, the 
Trenton, the St. Peter, the Lower Magnesian and the upper Cam
brian, and often 3 to 5 different sources of supply in the same well are 
struck. 

Northern Junction. At Northern Junction an unsuccessful attempt 
was made by the Chicago and Northwestern Railroad Company to se
cure a water supply sufficient for use of its locomotives, by drilling a 
deep well. The strata encountered during the drilling was as follows: 

Log of C. &; N. W. Rw. Well at Northern Junction. 

FormatioQ. 

Sand ..................................................................................... . 
Ch.l· ... · ...........................•..................................................•.. 
Shale rock .................................... ; ......................................... . 
Quicksand ............................................................................. . 
Clay ..................................................................................... . 
Quicksand ......................................................•..................... 
Clay .................................................................................... . 
Quicksand ........................ c ................................................... . 
Clay .................................................................................... . 
Quicl<sand, to bottom of drillf'd hole .............................................. .. 

Thickness. 

Feet. 
75 
18 
2 

78 
2 

. 3 
107 

fi 
11 
19 

Total........ .... .... .... .... .... ... ... ...... ....... ...... .......... .... .... .... .... 320 

QUALITY OF THE WATER 

The mineral analyses of some of the waters of Oconto county ate 
shown in the following table. The waters of the creeks, rivers and 
lakes, as well as that from the surface deposits, is of low mineral con
tent, though somewhat too high in mineral to be classed as soft water. 
The waters from the limestone area, as at Oconto, in both springs and 
deep wells reaching through the limestone to the St. Peter and the 
Potsdam, are of moderate mineral content and distinctly hard waters. 
In general, the water supplies from the northwestern part of the 
county are likely to possess a much lower degree of hardness. than the 
waters from the limestone district of the southern part of the county, 

The water from the Oconto 'river at Oconto, No.3, contains 0.98 
pounds of incrusting solids in 1,000 gallons, while that from the arte
sian wells, furnishing the city water supply, No.7, contains 1.52 pounds 
in 1,000 gallons. 
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Mineral analyses of water in Oconto County. 

(Analyses in parts per million) 

I Sur- St. Peter and 
Creeks and Rivers. Lake, Spring. f!;~ UP:fa~am-

I posits sandstone. 

3. -4-. -;-5-. -1-6-. -' 7. 
1. 2. 8. 

------j--I-- ----
Depth of well.... ... . . . . . feet.. ........ ........ ........ . ....•.. ,........ 16 309-1i96 309-596 
Silica (Si02) .... ........ .... ...... . 9.9 5.S 7.8 6.4 II 16.8 8.0 6.6 6.9 
Aluminium and irou oxides I 

(Ah03+E' e203) ................. 0.5 0.6 0.3 0.5 I..... ... . ....... 1.5 1.6 
Aluminlumoxide (AhOa) ...... ........ ........ •....... .....•.. 2.7 ................. .. 
iron (Fe) ..................................... '" ............... , 0.1 ...................... . 
Calcium (Ca)......... ............ 31.3 ,,30.5 26.0 28.1 64.il 36.6 31.7 39.2 
Magnesium (Mg)................. 14.3 115.0 10.5 19.1' 27.2 13.9 19.1 18.5 

~~~~u~~)K:i":.'::::::::::::::::: } 3.2 1.0 6.4 0.9 {tH 4.7 32.3 20.5 
Carbonate radicle (C03).... .... 75.3 82.0 52.1 89.3 163.7 93.3 65.0 61.8 
Sulphat" radicle (S04).......... 1.7 1.3 20.7 14.8 2.5 66.9 68.7 
Chlorine (CI)..... .... .... ....... 4.8 1.6 9.8 1.4 4.0 0.9 28.1 31.5 
Organic matter ....... '........ .. . ...... 15.0 18.6 28.2 •............................... 

Tota.l dissolved solids ....... 1~-1as.- 134.""-] m:--'~ ~ ~-2~ 

1. Creek at Kingston, Analyst, G. M. Davidson, C. '" N. W. Ry. Co., Aug. 1891. 
2. McCassling's brook, 1% miles N. of Lakewood, Analyst, G. M. Davidson, C. '" N. 

W. Ry. Co., Mar. 81, 1908. 
3. Oconto river at Oconto, Analyst, G. M. Davidson, .lune 1892. 
4. Lake at Gillette, Analyst, G. M. Davidson, C. '" N. W. Ry. Co., Sept. 30. 1902. 
5. Arbutus Mineral Spring at Oconto, Analyst, A. S. Mitchell, Aug. 1898. 
6. Railroad well at Oconto Junction, Analyst, Chemist, C. M. '" St. P. Ry. Co., July 

13, 1891. 
1. Artesian ,wells of, City Water Works at Oconto, 8 wells, 309, 318 and 596 ft. deep. 

Analyst, G. M. Davidson, June 1892. 
8. City Water Supply, Oconto. Analyst, Dearborn Drug'" Chem. Co., Feb. 26, 1903. 

ONEIDA COUNTY 

Oneida county, located in the northeastern part of the state, has an 
area of 900 square miles, and a population of 11,433. About 13.6 per 
~ent of the county is in farms, of which 22:7 per cent is under culti
vation. 

SURFACE FEATl.TRES 

The surface of the county is a gently undulating plain, dotted with 
numerous lakes and swamps. In the northeastern part are some rela
tively prominent drift hills. The county is drained by the Wisconsin 
River and its tributaries. The soil varies from a fine sand to sandy 
loam and loam. The elevation is very generally between 1,500 and 
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1,700 feet above sea level, most of the land being very little higher than 
the level of the lakes and streams. 

GEOLOGICAL FORMATIONS 

Th~ geological formations are the surface formations of gla ... ial 
drift and associated sand and gravel plains, and the underlying gra
nitic formation. The surface formation, very generally, covers the 
granite rock, the latter being exposed only rarely along the river bot
toms. The drift is of variable thickness, but is usually from 50 to 200 
feet thick. F01' geologic section, see Fig. 23. 

PRINCIPAL WATER-BEARING HORIZONS 

The principal water-bearing horizon is the surface formation of 
drift, in which an abundant supply can generally be obtained at rela
tiv(.lv shallow depths. The water level is very generally near the sur
face throughout the county. 

WATER SUPPLIES FOR CITIES AND VILLAGES 

Rhinelander. Rhinelander, the county seat, located on the site of 
extensive water power on the Wisconsin river, has a population of 
5,637. Its elevation is 1,550 feet above sea level. 

Until recently the city supply was obtained directly from the Wis
consin river, and at times the water was highly colored .and ,full of 
organic matter. At present the supply is obtained from a large shal
lo~ well, 30 feet in diameter and 20 feet deep, located beside the river, 
the well being supplied with a number of well points leading from the 
bottom of the well to the bed of the river which discharge into the well 
when the water is d:r;awn down. The present supply is mainly river 
water and contains much organic matter. The average daily pump
age is about 989,000 gallons. . A large per cent of the houses are 
connected with the water supply. The city sewage is emptied with
out purification into the river. The private wells are generally shal
low, from 20 to 50 feet deep. 

Minocqua. Minocqua, situated on Lake Kawaquesagon, has an esti
mated population of 750. The elevation is 1,603 feet. The underlying 
formation is a sandy drift. A public water supply system has been in
stalled, the supply being obtained from a 172-foot well, in the drift, and 
from th~ lake at a depth of 20 feet, 300 feet from the shore. The daily 
consumption of water is 25,000 gallons. About 25 per cent of the 
houses connect with the city supply. The private wells are relatively 
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shallow, generally from 15 to 25 feet deep. The sewage IS emptied 
into the lake. 

QUALITY OF THE WATER 

The mineral analyses of water in Oneida county shows the water to 
be soft and hard water. Soft water of relatively low mineral content 
is likely' to occur throughout the county in all the lakes, streams, and 
in the surface deposits. There are, however, exceptiops to this gen
eral rule as indicated in the table of analyses. The content of. organic 
matter in the city water supply at Rhinelander, as shown by the 
the analysis, No.6, indicates that the supply is largely drawn from 
the river, or that the ground water source is contaminated. The wa
ter of the railroad well at Pelican is largely from a ground water source, 
rather. than from the lake, though this was not intended when the reB
ervoir well was constructed. When the pump is not working a con
stant stream goes through the. pipe from the reservoir into the lake. 
The water from the Pelican railroad well No. 5 and that from the 
creek at Monico Jct. are unusually hard waters in this locality. 

The city water supply of Rhinelander contai~ 0.55 pounds of in
crusting solids in 1,000 gallons while that from the railroad well at 
Pelican contains 1.55 pounds of incrusting solids in 1,000 gallons. 

MineraZ anaZyses of water in Oneida Oounty. 

(Analyses In parts per ml11ion) 

Creek. Lake. flDring.1 Surface DepOSits. 
~-..,-----:---

1. 2. 3. I 4. 5. 6. 7. j 8. 

. --1--' 
Depth of well ............... feet .................................. , ...... "1 20 20 120 
Silica (SI02). ......... ..... ... ..•. 18.6 4.0 22.9 ........ , 7.5 18.S 8.7 ~ 
Aluminium and iron oxides . 5.3 

(A120a+Fe20a)................. 37 1.7. 8.5 2.6 ........ 0.8 1.0 
Calcium (Ca)....... ..... .... ..... 34.5 8 0 4.5 U II 6.4

1 
43.8 16.9 9.7 

Magnesium (Mg)................. 14.3 0.8 2.2 S.~ 1 6 17.4 4.1 3.6 
Sodium (Nal...................... I 4 4 4 7 J 4.5 I '8 13 1 5 4 1.7 19.3 
Potassium (K) .................... ). . I 4.5 f' . _ I . 
Carbonate radicle (COa) ..•••..•. 60.7 4.7 11.6 11 g 19" 92.5 35.7 22.1 
Sulphate radicle (804)........... 41.5 24.9 8.2 , I S 15 8 15.7........ 19.5 
Chlorine {Cn ..................... \ 6.8 .••..... 5.6' 0.7 1.6 6.7 [2.7 3.1 
Orll"anjcmatter ................... 27.0 11.S ~,~ :.:.:.::.:.:.:~ 

Total dissolved solids........ 1S.~. 49. 72.· ii. 66. 201. 71. 74. . . 

1. Creek, Monico Junction, Analyst, G. M. Davidson. Jnly 24. 1909. . 
2. Small Lake near Worden, eight miles from Pratt Junction, Analyst. G. M. David

son, July 17, 1909. 
a. Two Sisters Lake, sample taken at 62.1 ft. (19 m.) Aw,.ta. E. B •. Hall and C. 

Juday, Aug. 27, 1907, Wis. Survey Bull. 22. p. 170. . 
4. Minocqua Lake, Minocqua, Analyst, Chemist C. ll. " 8t. P. By. Co .• Aug. 18, 1892. 
5. Cassian Spring, Casslan, Analyst, Chemist ... C. M. " 8t. P. B,. Co!! Mar. 15. 1897. 
6. Reservoir and Lake at. Pelican, Analyst, \7. M. Da .... d8oD. Jul, 1'(. 1909. 
7. Well of City Water Works, Rhinelander, Analyst. G. ll. Davidson, Aug. 26, 1909. 
8. Well of C. M. & St.P. By. Co., Goodnow, Analyst. Chemist C. M. " St. P. Ry. Co .• 

Aug. 15, 1892. 
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OUTAGAMIE COUNTY 

Outagamie county, located in the east central part of the state, has 
an area of 684 square miles, and a population of 49,102. About 81.3 
per cent of the county is in farms, of which 66.6 per cent is under cul
tivation. 

SURFACE FEATURES 

The surface of the county is quite gently sloping and without prom
inent relief. The Fox river flows northward across the southeastern 
part and the Wolf river flows southward across the northwestern part. 
The divide between these rivers, forming the highest land in the county, 
extends northeast-southwest diagonally across the central part of the 

Fig. 55.-Geologic section, east-west, across southern Oconto County. 

county. Probably the highest part of the county is in the southwest 
. part, in the vicinity of Medina, which locality has an elevation of 850 
to 900 feet above sea level. The lowland along the Fox and the Wolf 
rivers is a little above 750 feet, hence the maximum range in elevation 
is between 100 and 150 feet. A belt of undulating drift hills extends 
northward along the divide, through the vicinity of Greenville and 
Black Creek. 

GEOLOGICAL FORMATIONS 

The geological formations are the Upper Cambrian (Potsdam) sand
stone, the Lower Magnesian limestone, the St. Peter sandstone, and the 
Galena-Platteville (Trenton) limestone. These indurated rock forma-· 
tions are quite generally covered with glacial drift on the divides, and 
with alluvial sand and gravel, and glacial drift in the valleys. The 
red lacustrine clay deposit is generally present in the valleys, associ
ated with the stratified sand and gravel, and its stony counterpart 
worked into the glacial drift is very generally distributed over the up
land divides in the southern part of the county. The geological struc
ture is illustrated in figure 55. 
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The Lower Magnesian formation is variable in character, consisting 
largely of limestone in some places, as at Kaukauna and Oombined 
Locks, and largely of sandstone and shale in other places, as at Apple
ton J ct., and Appleton. The most complete well record available ap
pears to be that of the Paper Oompany well at Oombined Locks, which 
reached the Pre-Oambrian granite after passing through the Trenton, 
St. Peter, Lower Magnesian and Upper Cambrian formations. In this 
well (see page 490) there are 28 feet of St. Peter sandstone, 130 feet of 
Lower Magnesian limestone, and 420 feet of Upper Oambrian (Pots
dam) sandstone, the thickness of the St. Peter and Lower Magnesian 
being essentially the same as in the city well at Kaukauna. These 
thicknesses for the St. Peter, Lower Magnesian and Upper Oambrian 
therefore may be taken' as . fairly representative of these formations in 
this part of the state. 

In the Appleton Jct. well no limestone of the Lower Magnesian was 
struck, (see page 490) and similar conditions appear to prevail in 
Appleton. 

All of the geological formations have been greatly eroded; hence, 
there is a great diversity in the thickness of the strata. The usual 
range in thickness of the geological formations in Outagamie county 
may be summarized as follows: 

Probablfl. range i:n thickness of formations in Outagamie County. 

Formations. Thickness. 

li~f>.et. 

Surface formatiou....................................................................... 0 to 300 
Galeua-Platteville (Trenton) limestone............................................. 0 10 258 
St. Peter and Lowpl' Magnesian....................................................... 0 to 250 
Upper Cambrian (Potsdam) .andstone ................................................ \ 100 to 500 
Pre-(~ambriarl granite ....................................... _ ... _ ....................................• 

PRINCIPAL ,VATER-BEARI);'G HORIZO~S 

The principal source of watcr supply in Outagamie county are the 
surface deposits of glacial drift and associated alluvial formations, and 
the sandstone formations underlying the limestone in the southeastern 
part of the county and immediately underlying the surface drift in the 
northwestern part. 

The general water level is usually less than 100 feet below the sur
face on the upland slopes and less than 30 or 40 feet from the surface 
in the valleys. The groundwater in the alluvial deposits in the valleys 
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an,d low areas is often under sufficient artesian pressure to develop 
flowing wells.· 

FLOWING WELLS 

Flowing wells occur in Outagamie county III both the surface de
posits and the underlying· rock strata. Along the Wolf river and 
tributaries, surface flowing wells occur at New London, Horton
ville, ~hiocton, Dale and Medina Jct. and many other places. These 
wells are generally from 30 to 150 feet deep, the source of the supply 
being the sand and gravel seams underlying and interstratified with 
relatively impervious clay beds. These have flows with heads rang
ing from one to thirty-five feet above the surface. 

Along the Fox river, in the vicinity of Appleton, are also many shal
low flowing wells that obtain water from gravel seams in the sur
face formation. The well at Mr. Heid's farm 55 feet deep, which gets 
its supply from gravel below red clay, is an example. The clay in this 
locality i~ often 40 to 80 feet deep, beneath which leaves, twigs and 
logs are often found. The water in :Mr. Heid's well rises several feet 
above the surface and flows a strong stream. 

There are also many deep artesian wells in Appleton and other cities 
and villages along the Fox river,that draw their supply from the St. 
Peter, Lower Magnesian and Potsdam formations, as described on the 
following pages. Several of these wells in Appleton reach depths of 
600 to over 800 feet, the head i~ most favorable places being 10 to 20 
feet above the surface. At Kaukauna, down the river from Appleton. 
the artesian wells that reach through the Trenton and· Lower ¥agne
sian limestones have strong flows, rising as high as 35 feet above the 
surface in the most favorable localities. Flowing artesian wells are 
also common in Combined Lock and Little Chute. 

SPRINGS. 

Springs are a common source of water supply in this county. An 
especially large spring is located in the northwest quarter of Sec. 28, 
and some small ones in the northeast corner of Sec. 18, of the town of 
Hortonia, along the -Wolf river. There arc numerous springs along 
the Fox River, the springs issuing at the contact of the limestone with 
the overlying drift, or directly from the limestone formation. Some 
of the springs in Appleton contain hydrogen-sulphide (H2S). A 
spring in the southwest qua.rter of Sec. 31, Town qf Grand Chute, con
tains considerable iron. 
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WATER SUPPLIES I'OR CITIES A.."O VILLAGES 

AppZeton. The city of Appleton, located on the Fox river, has a 
population of 16,773. The city water supply was formerly obtained 
from three artesian wells, but on account of apparent lack of sufficient 
water the sup'ply was changed to Fox river. There are two intakes, 
one of which extends to the center of. the south channel of the river to 
a depth of 8 feet. The average daily pumpage for 1914 was 2,560,000 
gallons. The water is filtered by a Jewell mechanical filter of the 
pressure type. The city sewage empties, without purification, into the 
river below the intake. It is reported that 90 per cent of the houses 
are connected with the water supply and sewage systems. It is also 
reported that the city supply is used mainly for commercial and do
mestic purposes, and not for drinking. 

The three city wells are 6-inch wells, as follows: No.1, 475 feet, 
drilled in 1881; No.2, 675 feet, drilled in 1884; and No.3, 822 feet deep 
drilled in 1886. No.1 is cased 400 feet, and No.3, 600 feet. The s€c
ond water works well in Appleton is located about 75 feet east of the 
first, and the third is about 150 fC€t northeast of the first, and thus un
fortunately so placed as to readily interfere with one another. No 
separate tests were made of th€ wells, but at first they furnished col
lectively about 694.4 gallons per minute, and later decreased to about 
520.8 gallons. This decrease in supply is no doubt due largely to the 
increase in the number of wells put down in the locality, and in part 
to leakage at the well. These city wells, as above stated, are used very 
little, or not at all, at present. 

The Wisconsin Malt and Grain Company raise their water from a 
depth of 250 feet by means of an air compressor and get a sufficient 
supply. This well, the one at George Walters Brewery, and the three 
at the Fox River Paper Mill, are th€ heaviest users and keep the water 
down. In all these wells all surface water is shut out by proper cas
ing, and in some cases the St. Peter supply is also cased off. There are 
about. ten flowing wells that enter the St. PeU>I" sandstone and re
semble the Appleton Machine Company's well. 'Vells of this type are 
located all along the banks of the Fox river and on the islands in the 
river. The supply from the St. Peter sandstone is obtained at a depth 
of about 100 feet, the quantity increasing as the depth in sandstone in
creases. The main flow from the Potsdam sandstone occurs at about 
520 feet. Most of the wells in the St. Peter sandstone are packed, but 
it is noticeable that wells at low elevations interfere with those at higher 
elevations. The wells at the Paper Mill, just east of the waterworks 
wells, have taken considerable of the flow of the latter. The city wa-
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ter company abandoned the artesian wells and is now pumping water 
from the Fox river, which is said to be not satisfactory. It has gen
erally been noted that the sinking of deep wells east of Appleton has 
lessened the head at Appleton. This was particularly noticeable with 
the Badger well at Kaukauna, and the well at Combined Locks. From 
the study of the various wells along Fox river it appears that at Apple
ton a system could readily be developed by which the city might be 
supplied entirely with artesian water. This might necessitate, how
ever, a lowering of the head to considerable depth, and would then in
terfere somewhat with the available artesian supply at the various fac
tories. 

AppZeton Junction. At Appleton Junction, on the farm of G. H. 
Murphy, a well 350 feet deep struck no limestone of the Lower Mag
nesian horizon. 

Section at G. H. Murphy well at Appleton Junction. 

Formation. I Thickness. 
_______________________________________________ 11 _______ _ 

Cla~·. I?ravel and sand ................................................................. . 
White sandstone ..................................................................... . 
Sandy shale ........................................................................... . 

Feet. 
75 

200 
75 

Total depth. . . . . . . . . . . .. . .......................................... ,................ 350 

No accurate record was available of any of the Appleton city wells, 
so it was impossible to say whether Lower Magnesian limestone is 
present or not, but from the above record, and those farther east, it 
appears that the St. Peter formation, (including some Lower Magne
sian sandstone) usually rests directly upon the Potsdam in this local
ity. 

Combined Locks. The following is the section of the Paper Com
pany's well: 

Log of Well of the Combined Locks Paper Company. 

Formation. __________ 1 Thickness. 

I Feet. 
Drift ..................................•.................................................. 1 21 
Galena-Platteville (Trenton) limestone.............................................. 191 
St. Peter sandstone .................. " .......................... · ........................ 1 28 
Lower Magnesian limestone ..................... " ..................................... 'l 130 
Upper Cambrian (Potsdam) sandstonp.............................. .................. 420 

----
Bottom (in granite) ... .... .... . .... ........ ... ............ .... .... .... .... .... .. 790 
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Another well put down 40 feet east of, and about 20 feet higher than 
the Paper Co. well, struck its first flow at a depth of 240 feet in the 
St. Peter sandstone and flowed only a few inches above ground. The 
well probably ended before passing very far into the Potsdam. 

Kaukauna. This city, with a population of 4,717, is located on the 
Fox river, about 7 miles below Appleton. The city water supply is ob
tained from three artesian wells, the two first drilled being 8-inch 
wells, 643 feet deep. The third well is 798 feet deep. The wells flow 
into a reservoir 60 feet in diameter and 15 feet deep. The aver
age pumpage is about 249,000 gallons. About 50 per cent of the houses 
are connected with the city supply. The city has a sewage system, the 

. sewage being emptied, without purification, into the Fox river. At 
Kaukauna the first two wells put in by the city in 1896 gave the fol
lowing log: 

Logs of City Wells, Kaukauna. 

Formation. 

--------------------------------------------------
Soil. .....•..................•............................................................. 
Galena-Platteville (Trenton) lime.tone .......................... '" ................. . 
St. Peter sandstone. . . . .... . .. • .... .. .. ... . .. .. .... .... ...... .. ........................ . 
Lower Magnesian limestone ........................................................... . 
Upper Cambrian (Potsdam) sandstone ....................... _ ...................... . 

I.ThiCkness. 

Feet. 
22 

176 
25 

118 
802 

Total depth.... .... ............ . ... . ... .... ........ ................ .... .... . ... . . 643 

The natural flow of each well yielded 5 gallons per minute at 285 
feet, 25 gallons at 370 feet, and reached 200 gallons at 550 feet. The 
Potsdam was not passed through. Hard pumping draws water down 
about 2 feet. These deep wells lowered the two old city wells, which 
are located on the north and south banks of the valley, about 50 feet 
higher than the city wells, so that the water in the old wells stands 
about 20 feet below the surface. A well was put down for the Badger 
Paper Company, which has a strong pressure at present, but is not used 
extensively, part of the water being piped to t.he adjacent mill and 
used for drinking and condensing purposes. 

Numerous other wells have been put down to the St. Peter sandstone. 
The wells when allowed to flow continuously interfere with each other. 
The best wells are packed at a depth of about 100 feet. 

Little Chute. Population, 1,354. The water is obtained from pri
vate wells, many of which are flowing. The Little Chute Paper Com
pany's well is 360 feet deep, obtaining its supply from the St. Peter 
sandstone. 
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H ortonv~1le. Population, 863. The water supply is obtained from 
common wells from 40 to 150 feet deep. On low ground there are 
a number of flowing wells, ranging in depth between 37 and 113 feet. 
The water in the flowing wells is obtained from sand and' gravel, with 
head from 4 to 20 feet above the ground. 

QUALITY OF THE W ATEn 

The mineral analyses of various water supplies of Outagamie county 
are shown in the following table. Most of the waters analyzed are hard 
with a moderate mineral content, The waterl'l of highel'lt mineral con
tent are from the southeastern limestone-covered portion of the county. 
In the northwestern part of the county, adjacent to and west of the 
W oli river, where there is no limestone, waters of appreciably lower 
mineral content are likely to prevaiL Of the waters analyzed, the sur
face water from the Fox river has the lowest content of mineral mat
ter.. The appl'eciable content of organic matter in the Appleton city 
water supply is characteristic of river water. The water from the shal
low flowing wells at Hortonville, all probably in the surface deposits, 
as well as that from the spring at Appleton, are much lower in mineral 
content than the deep artesian wells at Appleton, which draw their sup
ply from the sandstones underlying the Trenton limestone. The higher 
content of mineral in the deeper water is due to the increase in sul
phates rather than chlorides. As most of the well waters analyzed in 
the above table are from flowing wells, and therefore likely to be un
contaminated by seepage of surface waters, the variable content of 
chlorine is noteworthy. Waters unusually high in min,eral content are 
from shallow wells 8 feet deep in the Trenton, No.8, and from the deep 
artesian wells from the sandstone, No. 12. 

The Fox river water at Kaukauna, No.7, contains 1.36 pounds of in
crusting solids in 1,000 gallons. The railroad well at Hortonville, No. 
4, contains 2.95 pounds in 1,000 gallons, while the deep flowing well at 
Kaukauna, No. 10, contains 5.49 pounds in 1,000 gallons. 
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Mineral analyse, 01 u;ater in OMtagamie County. 

(Analyses in parts per million) 

___ Rl_v;-e_r_' ___ I_S_p_rl_n_g_. l ___ s_u_rf,-&C_e_d_E'_PO----,,_it_S_. __ 

__ 1_. _: __ 2_. ___ 3_. ___ 4_. ___ 5_. _1 __ 6_._ 
----------

Depth of well ......••............ feet .. 1 .......... : ................... . 
Silica (~i02)... .... .••. ... ....•......... 6.1 11.2 15. 
Aluminium.aud iron oxides (AbOS+ 

20 
16.4 

Calcium (Ca) ••.... .•.. .•••.... .... ..•.. 32.3 SO.4 24. 69.6 
Fe20s) ......•......................... / 0.8 6. 2. O.S 

Magnesium (Mg)....................... 19.1 lS.7 16. 43.4 
Sodium (Na) .•.•••.•.••••..........•... I 10 1 4 4 32 5.0 

2.0 
70.2 
35.9 
1.0 

3.4 
71.5 
46.3 
4.4 PDtassium (K) ••••••••••••••••..•••••.• f' . . 

Carbonate radicle (COs) ,.... .... ....• 80.S 79.4 12l!. 190.8 188.2 187.2 
Sulphate radicle (S04).. .... ..... ..... 36.4.. ....•.•. 16. 34.6 9.3 54.9 
Chlorine (01) •• , ••. '..................... 6.7 6.8 4. 6.9 1.5 6.8 

Org;::::::;::;~~.~~~~~:::::::::::::: ~~I-~ ~-: -~1~~iF ~:: 

I Galp-na I 

Au rface ~r.l~~~i 
Deposits. lime-

stone. 

7. 8. 

St. Peter and Vnper Cambrian 
:sandstone. 

9. 10. 11. 12. 
----------1--- ------ ---- ---~ 

Depth of well ......•..•.......•. Feet. . ....•..... 8 28.5 555 600 

Aluminium and iron oxides (AhOs+ 

79S? 
27.95 Silica (Sio)..... ...••... ••.•...•.... .... 15.0 .86 8.4 } 4.4 

Fe20s) ......•...............•.••...•. Trace 3.17 ..••• •.••• 1.0 ........ 1.88 
Calcium (Ca)... .•..... •••. .... ... ...•.. 77.3410.95 119.2 198.5 / 158.2 272.ali 
Magnesium (Mg).............. ........ 38.5 115.56 15.2 20.4 31.3 20.57 
~odiu~ (Na). ............•............. : 5.5 J 63.78 I 24.8 26.3 { 2.2 1146.36 
10tasslUm (K) •.•....•..•••.•...•...•.. f I 68.66 f 3.9 f 
Carbonate radicle (C03) ..... :........ 155.1 311.08 120.0 210.1 r 146.6 2115.80 
Rulphate radicle (804'.. .....•.. ...... 79.6 1,133.89

1
194.7 273.7

1 
296.0 / 603.59 

Chlorine (C!)... . ..................... 8.5 25.0 8.4 U.S 7.1 12.22 
------------------- ----

Total dissolved SOlids. ....... ..... 380. 2133. ~H2. 751. 647. 1351. 

----- ------ ---

1. Fox River at Kaukauna, Analyst, G. M. Dawdson, June 26, 1909. 
2. ]'ox River, City Water Supply at Appleton, Analy~t, Dearborn -Drug & Chern. Co., 

Oct. 2, 1901. 
:1. Mineral Spring, Appl.eton, Analyst, G. Bode, Geol. of Wis. Vol. 2, p. 32, 1877. 
4. Well of C. & N. W. Ry. Co., Hortonville, Analyst., G. 11. Davidson, Aug. I, 1894. 
5. Artesian well at Hortonville, Analyst, G. M. Davidson. lIarch 2, 1900. 
(j. Well at Mortonville, 500 feet S. E. of C. & N. W. Station, Analyst. G. M. Davidson, 

Aug. 1, 1894. 
7. Well at Appleton, Analyst, Mil. Ind. Chern. Institute. 
8. Well 011 farm of Tbomas Fox in town of Buchanan, .\nalyst, Victor Lehner, Jan. 

~, 190V. 
Po \Vell of .\. A. Kern, Kaukauna. 

10. Flowing artesian well, Kaukauna, Analyst, G. 11. Davidson. 
11. Well of George Walters, Appleton, Analyst, American Brewing Academy. 
12. Well of City Water works, Kaukauna, Analyst, G. Y. Davidson, April 26, 1911. 
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OZAUKEE COUNTY 

Ozaukee county, located in the southeastern part of the state, on 
Lake Mi~hi~an, has an .area of 276 square miles, and a population of 
17,123. About 94 per cent of the county is in farms, of which 78 per 
cent is under cultivation. 

SURFACE FEATURES 

The surface of the counttY is an undulating plain sloping eastward 
towards Lake Michigan. The upland ridges and the stream valleys 
trend north and south, approximately par~llel to the shore of the lake. 
The principal drainage line is the Milwaukee river, wHich enters the 
county from the west in the northwestern part and flows south through 
the central part. The Cedar Creek is the principal tributary. 

The elevation of Lake Michigan is 581 feet above sea level. The ~lti. 
tude of the uplands adjacent to the lake is between 700 and 800 feet, 
while altitudes of the upland ridges -6 or 8 miles farther west, along 
the western border of the county, usually reach up to over 900 feet, 
the highest points located in the north western part, in Saukville and 
Fredonia, being 1,000 feet. 

The altitude of the valley bottom of the l\tilwaukee river, which is 
relatively broad and shallow, is about 660 feet at the southern boundary 
of the county and about 800 feet in the northwestern vart west of 
Fredonia, the valley of the Milwaukee river at Saukville only about 3 
miles west of the lake shore at Port Washington being nearly 200 feet 
above the level of Lake Michigan. 

The most prominent reliefs are the steep banks of the shore of Lake 
Michigan which are from 120 to 140 feet high as far north as Port 
Washington, north of which point they gradually descend to a gently 
sloping shore. In the north'Yestern part of the county the difference 
in elevation is generally 100 to 200 feet. 

GEOLOGICAL FORMATIONS 

The rock formation throughout the county is mainly tIle Niagara 
limestone. In the northeastern part of the county, south of Lake 
Church, are deposits of Devonian limestone. The surface formations of 
glacial drift and lacustrine deposits overlie the limestone. The geo
logical structure is illustrated in the cross section, Fig. 56, extend
ing east and west through Ozaukee and Washington counties. 
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The surface deposits as usual vary greatly in thickness in various 
parts of the county, but are usually from 50 to 100 feet thick. In many 
places, however, the drift is very thin and in places the limestone out
crops at the surface. The known maximum thickness of the surface de
posits is 150 feet, but in some of the drift ridges, or in the pre-glacial 
valleys, a thickness of 200 or 250 feet may be expected. 

A//en;'"" 

WASHINGTON CO. 

Fig. 56.-Geologlc section, east-west, across northern Washington and Ozaukee 
Counties. 

The thickness of the Niagara limestone is also variable on account of 
the extensive erosion of this formation before the surface deposits, and 
also probably before the overly~ng shales, were laid down upon it. On
ly one complete record of a well that has penetrated through the Ni
agara has come to hand in this county, namely, that of the C. & N. W. 
Ry. Co. at Mequon. The log of this well as_ interpreted by F. T. 
Thwaites, from a fairly complete set of samples, is as follows: 

Log of Well of O. &; N. W. Ry. 00. at Mequon. 

Formation. Thickness. 

Feet. 
Surface. . . .. .. ... ..... ... . ... . ... . ... .... .... .... .... .... . ... ...................... ..... .. 194 
~)evonian gras stale (Hamilton)....... .... .... ........................................ 141 
Niag'ara hal·d g'ray limestone.......................................... ................. 300 
Cincinnati shale...................... .................... ............................... 216 
Galena-Platteville (Trenton) limestone.......... ......... ... ......... ........ ....... 219 
St. Peter Lower Magnesian and Upper CambrIan (Potsdam l sandstone.... ....... 350 

1,420 

It is of special interest to note the presence of 141 feet of gray shale 
beds of Devonian, overlying the hard gray limestone of the Niagara, 
which has a thickness of· only 300 feet. The formations below the Tren
ton are wholly sandstone, the Lower Magnesian horizon, as at Milwau
kee, being wholly represented by sandstone strata. Judging from the 
thickness of the Niagara formation in this well and the adjoining coun
ties to the, south, west and north, a minimum thickness of 200 feet may 



496 THE WATER SUPPLIES OF WISCONSIN. 

be expected, while the maximum thickness may reach 450 to 5fiO feet. 
The small deposits of Devonian (Hamilton shale) which overlie the 

Niagara at Druckers quarry and the LakeShore Stone Co. quarry, 
south of Lake Church, show a thickness of only 12 or 13 feet. These 
deposits of the Devonian limestone, and that recorded in the Mequon 
well, are the only ones known to occur in the county. 

The formations underlyin:g the Niagara probably attain the usual 
thickness of these formations in cadjacent parts of eastern "\Visconisn. 
The usual thickness of the formations from the surface down to the Pre
Cambrian granite may be summarized as follows: 

Thickness 01 Geo~ogica~ Formations in Ozaukee Oounty. 

Formation. Thickness. 

Feet. 
Surface deposits .....................................•..............• :................... 0 to 300 
Hamilton shale (Milwaukee formation)............... .... .... .... .... ........ .......• 0 to 200 
Niagara limestone .............................................. ,...... .... .... ...•...•.. 200 to 550 
Cincinnati shale. .............................................. ........................•• ~OO to 250 
Gal"na-Platteville ('l'J'enton) limestone.............................................. 200 to 250 
llt. Pl'terand Lower Magnesium.. ...........•.... .... .... ........ ........ ............. 200 to 250 
Upper Cambrian (Potsdam) 'mndstone........... .... ....... ..... .... .......... .....•. 600 to 700 
The Pre-Cambrian granite ...............................................•.......•.................... 

PRINCIPAL WATER-BEARING HORIZONS 

The principal water-bearing formations are the surface deposits of 
glacial drift and the Niagara limeston~. The formations underlying 
the Niagara, so far as known, have not been drawn upon. for water sup
plies. 

The: permanent water level in both the drift and limestone is near or 
at the surface :in the valleys and very generally less than 100 feet below 
the surface on the slopes of the upland ridges. For many years shal
low open, surface wells in the drift only 10 to 30 feet deep on the up
lands supplie..d sufficient water for domestie purposes. In recent years, 
however, most of these wells have been deepend by drilling down to 
the rock, and now obtain the supply from the permanent water level 
in gravel beds which usually overlie the limestone rock. 

Wells in the limestone range in depth from 10 to 150 feet, obtaining 
an abundant supply from the open fractures and fissures which per
meate the rock. Wells in ~he limestone are likely to be more constant 
in the supply and of better quality than those obtained from the drift. 
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FLOWING WELlS 

Flowing wells are obtained in Ozaukee county in the surface deposits 
of gravel and sand underlying clay and also in the underlying lime
stone rock. 

In the valley of the small stream which empties into the lake at Port 
Washington, are 12 or more artesian wells that derive their flow from 
the water bearing gravel at the junction of the drift with the indurated 
rocks below. These wells range in depth from 120 to 150 feet according 
to their elevation above the lake and the thickness of the drift, and the 
water flows from 5 to 25 feet above the surface. . 

GeneraZ Section of FZowing Wells at Port Washington. 

Formation. 

Gravel ................................................................................. .. 
Hardpan .............................................................................. . 
Blueclay ............................................................................... . 
Beach sand ............................................................................ .. 
Porous rock ............................................................................ .. 

Thickness. 

Feet. 
0-10 

40-60 
40-50 
30-60 
0- 5 

The beach sand and porous rock are the water-bearing strata. In 
most cases a good flow is obtained in the sands at the surface of the 

, rock, but in few instances where these sands are troublesome in clogging 
the pipes the wells are sunk a few feet into the rock'where the same 
water is found in crevices, c~ear and free from sediment. 

The water on the upland ridges west of the lake is obtained from 
the limestone, but fails to rise to the surface. There are many rather 
shallow dug wells in the county, the deeper drift wells being, . for the 
most part, confined to the valleys where flows ma:r be obtained. Shal
low, flowing wells are found at various places between vYest Bend and 
Port Washington. 

Shallow flowing wells are also obtained along the river bottoms and 
lowlands as far inland as Newberg in 'Vashington county. The wells 
are of the same general character as those at Port \Yashington and 
West Bend. 

Deep artesian flowing wells obtaining their supply from the strata 
underlying the Niagara limestone and Cincinnati shale have not been 
drilled in Ozaukee county, but flowing wells of this tn>e may reason
ably be expected, up to the altitudes of 100 feet above Lake Michigan 

32-W. s. 
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and may be possible up to over 15~ feet. The county, however, is· gen
erally above this altitude, as already discribed, except along the lake 
shore. 

SPRINGS 

Springs issue in various parts of the county from the drift and the 
limestone. The Hilgen Spring at Cedarburg issuing from the drift is 
a well known spring. A number of springs also occur in the vicinity 
of Port Washington. Many of the small streams that flow into the 
Milwaukee river are fed by springs, as illustrated in the vicinity a 
mile east and 2% miles southeast of Fredonia. 

WATER SUPPLIES FOR CITIES AND VILLAGES 

Port Washington. This city located on Lake Michigan has a popula
tion of 3,792. The city recently installed a water supply system and 
sewage disposal plant. The water supply is obtained from the lake, 
the intake pipe extending 1,500 to 2,000 feet into the lake at a depth 
of about 38 feet. The sewers empty into the harbor, and if the water 
becomes polluted from this source, filter beds or septic tanks will be 
used to treat the sewage before it is emptied into the lake. 

Flowing wells from the Niagara limestone similar to those at Man
itowoc are obtained at Port Washington. Numerous flowing wells are 
also obtained from the drift, as at other points along the lake shore. 
The Niagara limestone is the chief formation upon which to depend for 
water both north and west of the city. 

The well owned by the Bi~derman Brewing Company is the strong
est in the city, and when allowed to flow freely will drain most of the 
wells at a higher level. 

Cedarburg . . Cedarburg, population 1,777, is Jocated on Cedar river. 
The water supply is obtained from private wells reported to be from 
10 to 40 feet in the rock, the average depth being 20 feet. 

Fredonia. Water in Fredonia is supplied from private wells 15 to 
125 feet in rock. 

QUALITY OF THE WATER 

The mineral analyses of various waters· of Ozaukee county are shown 
in the folowing table. The waters from the surface deposits. and Ni
agara limestone are hard of very hard waters of moderate mineral con
tent and are "calcium carbonate" waters,· while that from the 1,420 
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foot well at Mequon, from the St. Peter and Potsdam sandstone, is 
highly mineralized and is distinctly a "calcium sulphate" water. The 
latter water is suitable for both drinking and boiler use. 

The water of Analysis No.8, contains 19.62 pounds of incrusting 
solids in 1,000 gallons as compared with 2.88 pounds in 1,000 gallons 
from the well at Port Washington, No.7, and with 0.99 pounds in 1,000 
gallons of Lake Michigan water, No.1. 

Mineral analyses of water in Ozaukee County. 

(Analyses in parts per million) 

I?epth of well". , ........ feet .. 
"iliea (Si02) .................. . 
Aluminium and iron oxides 

(Ah03+Fe20a) .............. . 
Calcium (Ca), ................. . 
MagnAsium (Mg). ............ .. 
Sodium and potassIum (N a+ K) 
Carbonate radicle (C03) ....... 
Sulphate radicle (904) ..••••••• 
Chlorine (CI) .................. . 
Organic matter ............... ,. 

Total dissolved solids ..... . 

Lake. !5Drin/l". Surface depOSits. 
NI&/I"ara 
IImestolll', 

St. Peter 
and. 

Upper 
Cambri
an sand-

atnne. 
______ 1---

_1_. _'_2_. ___ 3_. _l_4_' _!_5_. ___ 6_. ___ 7. ___ 8_,_ 

.. '5X~' ........ "i3:8'}'114 [133 170 {24t9 14i~.o 
60 8.7 19.3 6.5 

2.4 U.8 I 0" G 8 30.8 68.4 83.1 77.6 66.0 77 5 68.8 452.1 
9.2 24.4 37,0 35.11 33.8 38.5 40.9 55.7 
5.7 7.8 5.314.616.916.012.3 69.3 

66.7 ,167.4 168.9 183.4 194.5 199.7 167.8 152.7 
9.4 I 7.6 78.1 35'9

1 
14.8 35.0 1 74 .9 1769.1 

'~~:~~I'~~;::"h~:~ .;;;:~ ... ~;:~.' .~~~:~ .. ~:~L .'~~;:~ .. 
1. Lake Michigan, City Water Supply, Port Washington, Analyst, G. M. Davidsou, 

Nov. 27. 1907. 
2. Spring, 'L'hiensville,Analyst, Chemist C, M. &: St. P. Ry. Co., July 6, 1891. 
3. mowing well, Port Washington, Analyst, G. Ii. DaTidson, Nov. 22, 1907. 
4. Well of C. J\I. & St. P. Ry. Co., Saukville, Analyst Chemist, C. M. & St. P. Ry. Co., 

July 7, 1891. 
5. Flowing well, Wilson Hotel, Port Washington, Analyst, Chemist, C. M. &: St. P. 

Ry. Co. 
6. Well of C. M. & St. P. Ry. Co., Saukville, Analyst, Chemist C. M. &: St. P. Oct. 

19, 1894. 
7. Well of C. & N. W. Ry. Co., Port Washington, AnalYst. G. M. Davidson, April 21, 

1907. 
8. Well of C. & N. W. Ry. Co., Mequon, Analyst, G. M. Davidson, May 7, 1907. 
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PEPIN COUNTY 

Pepin county, located in the west· central part of the state, has an 
Il'l'ea of 239 square miles and a population of 7,577. About 89.8 per cent 
of the county is laid out in farms, of which 51.7 per cent is under cul
tivation. 

SURFACE FEATURES 

The surface of Pepin county consists in about equal pr.oportion of 
low valley bottom land and dissected upland plain. The valley bottoms 
lie along ~the Mississippi and Chippewa rivers and their tributaries. The 
principal tributaries of the Chippewa are the Eau Galle river and Plum 
Creek on the west and Beaver Creek on the east. The altitude of the 
valley bottoms is a little less than 700 feet and of the uplands a little 
over 1,200 feet. The valley sides are quite abrupt, especially adjacent 
to the larger rivers. 

The soils in the valley bottoms are mainly sands and sandy loams, 
and those upon the uplands are heavier silt loams. 

GEOLOGICAL FORMATIONS 

The geological formations as shown in Fig. 22 are the Upper Cam
brian (Potsdam) sandstone, the Lower Magnesian limestone, and the 
alluvial gravel and sand along the Chippewa and Mississippi rivers. 
Some glacial drift is present on the uplands in the western part of the 
county. The contact of the Upper Cambrian sandstone with the over
lying limestone a short distance southeast of Durand is at an elevation 
of 1,090 to 1,100 feet above sea level. The contact of the sandstone with 
the underlying pre-Cambrian granite in the Court House well is 400 
feet below the surface, at an elevation of 320 feet above sea level (See 
diagram figure 22) which makes a total thickness of .770 feet for the 
Upper Cambrian (Potsdam) sandstone formation at Durand. 

The surface formation, consisting mainly of the alluvial deposits in 
the valleys, probably reaches a maximum thickness of 200 to 250 feet 
in the middle of the Chippewa river channel. The thickness of the rock 
formations is variable on account of the extensive erosion of the strata. 
It is only on the summits of the uplands that the Lower Magnesian 
limestone is present, and the complete thickness of the Upper Cambrian 
(Potsdam) sandstone is preserved only in those ridges capped by the 
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limestone. The approximate range in thickness of the geological for
mations may be summarized as follows: 

Approximate range in thickness of formations in Pepin Oounty. 

Formation. Thickness. 

Feet. 
;;lurface formation ...................... ,................ ........... ........ ........ .... 0 to 250 
Lower ~Iag-nesian limestone ........... , .... .... .... ........ .... .... ................... 0 to 200 
Upper Cambrian (Potsdam) sandstone.... ................. ....... .... .... ............ 200 to 800 
TIle Pre-Cambriarl granite .......... _ .............. _ ................... _ ...... _.... . ..... _ .... . 

PRINCIPAL WATER-BEARING HORIZOXS 

The important sources of the water supply are the alluvial sands and 
gravels and the sandstone. There are some shallow wells upon the up
lands, as at Lund, which vary in depth from 20 to 35 feet, obtaining 
the water supply from the clay and loess overlying the limestone. Wells 
that penetrate the rock on the highest elevations, however, generally 
have to go down to the general water level, to a depth of 200 to 350 
feet. Along the river bottoms the wells are generally less than 50 feet 
deep and obtain their water supply from the alluvial sands and' 
gravels. 

FLOWING WELLS 

Flowing wells occur in the valley bottoms, in the surface formation 
and the underlying sandstone. The strongest flows are obtained frollJ. 
the sandstone, the normal head at Durand being 30 to 40 f~et above the 

'level of the river, an altitude of about 735 to 740 feet above sea level. 
The log of the artesian well at the County Court House in Durand, 

furnished by Mr. Bowman, which gives an accurate statement of the 
formations, is as follows: 

Log at Pepin Oounty Oourt House Well. Durand. 

Formation. Thickness. 

Fept. 
Soil and surface .................................. , .... .... .... .... ... . ................ 12 
Upper Combrian (Potsdam) : 

Shale (relatively impervious) ... , .. ' ....... ' ............ ,............................ 190 
Shale and sandstone (transition beds) .. , ...... , ........ .... ....... ,... ........ 10 
Sandstone. brownish ... , ..................... , ........... , ..................... , ... , 88 
Sandstone. coarse ....................... ,...... '........... ....... .. .... .... ... 160 

Pre-Cambrian: 
Granite, decomposed, soft.... .... .... .......................... ... ... ............ 30 
Granite, hard.. .................... ........ .... .............................. ........ 7 

Total............ ........................ ................ ............................ 437 
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The elevation of the curb of the Court ,House well is 720 feet above 
sea level and the water will rise 17 feei above the curb. At the Durand 
Brewing Company well, the formations are the same, passing through 
30 feet of soft decomposed granite before striking the hard granite at 
bottom. At the Stokes Hotel, the artesian well is drilled 444 feet deep, 
stopping in hard granite. 

The first flow is struck after passing through the relatively imper
vious shale and striking the sandstone at a depth of about 200 feet. The 
first flowing wells were drilled in 1900 and all the earlier ones were 
drille~ down to granite. Many of the later ones, however, were drilled 
only 200 feet and obtained as strong a flow as the deeper ones. There 
are now probably 25 or 30 flowing wells in the city. Some of these have 
a less depth than 200 feet, stopping in the shale, and probably obtain 
their flow from leakage into the shale from the deeper wells. 

The wells vary from 2 to 6 inches in diameter. The temperature of 
the water is 51 0 F. 

The Durand wells are all fed from the same horizon and interfere 
greatly with one another. The best 'pressure on the lowest ground is 
14V2 pounds, while on the high ground it is much less. By opening to 
continuous flow anyone of the 6-inch wells on low ground the flows of 
the wells on higher ground would be decreased or destroyed. 

All the wells show about the ,same series of strata, There are slight 
di:(ferences in head, however, unless prop€r precautions are taken to 
prevent leakage at a number of the wells. Instead of casing the wells 
into the impervious shale and making a firm contact the water of some 
of the wells is allowed to escape in the soft porous sandstone above the 
shal~ That· some of the wells are not properly cased at present may 
be seen by the leakage around pipes where a good sized stream comes 
up on the outside of the casing. In others, as at Robert Kroeft's well 
the leakage into the sand rock over the shale was so great as to cause an 
old well sunk into this stratum to flow shortly after the flow was struck 
in the artesian well. Nearly all of the shallow wells have much morr' 
water now than before artesian wells were sunk, and some of the base
ments are kept moist from the leakage at the artesian wells. 

Unless these defects are remedied, all the wells will suffer from the 
carlessness of a few of the owners of flowing wells. The shale is hardest 
near the center of the bed and into this the casing ought to be sunk. 
The accompanying diagram Fig. (57) shows the leakage at some of the 
wells, due to improper casing, and shows at the same time how this con
dition affects wells in the vicinity. On the same figure is shown 'a well 
which is properly cased so as to avoid all leakage and in which the pipe 
may be easily repaired. 
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Well" b" on the lot of Robert Kroeft was drilled first, and by pump
mg yielded only surface water from sandy soil and soft underlying 
sand and rock. After drilling well "c" in which artesian water was 
obtained, well" b' I also began flowing, showing that the water escapes 
into the soft sand rock through the lack of proper casing. The casing 
should extend several feet into the impervious shale. 

Fig. 57.-Diagram showing proper and improper casing of artesian wells at Durand. 
(After A. R. Schultz; 

a = properly cased well. 
b = shallow well. 
e = improperly cased well. 

In well" a" the outer casing has· been extended into the- shale, then 
the bore of the well was decreased and the inner cltsing extended down 
to the hardest portion of the impervious shale. The contact between 
the two casings is further sealed by a few feet of cement, thus making 
a joint secure against any of the water working up along the outside 
of the casing. A well cased in this manner \lill last for years and is 
easily repaired in case the inner tubing corrodes so as to allow too 
much leakage. The two casings are not necessary to insure a properly 
cased well if the pipe is extended well into the shale and cemented near 
the base to avoid leakage. 

At the home of W. Hasting's, Sec. 7, T. 25, R. 14, seven miles west 

• 
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of Durand, near Arkansaw, in the valley of the Arkansaw Creek, a well 
was drilled to a depth of 257 feet, 145 feet in alluvial gravel and 112 
feet in the Pot~dam formation, a flow being obtained at 120 to 145 
feet. Other artesian flows have been obtained in this locality in the 
valley deposit, having a maximum flow of 6 feet above the Creek level 
and 6 in. above the well curb. 

The underground water conditions similar to those along the Arkan
saw Creek which have developed artesian flows are not uncommon in 
Wisconsin. The essential factor in developing artesian conditions in 
the valley of the Arkansaw, and other valleys similarly located, is 
thick relatively impervious clay deposit overlying a water-bearing sand 
bed, as illustrated by the following section of Mr. Hasting's well: 

Log Of W. Hasting's Flowing Well, near Arkansaw. 

-.-.=======:============;:==. 
I Thiclm .. ss. Strata. 

Alluvial. . 
Clay soil ...•................................•......................................... 
Sandy cla.v ......................................................................... . 
Coarse sand (source of flow) .• •.. .... ........................ ...• . ..........•..... 
Upper Cambrian sandrock. Iloft ............•..................................... 
Blup. sandy shale ........................................................... . ..... . 
Sandrock. grayi.sh white .............................. , ..... ~ ..................... . 

1-----

I 
F~Pt .. 

t5 
8~ 
2;'; 
12 
23 
77 

Total :lepth...................................................................... 257 

Another flO\ving well, reported depth 100 feet, was drilled on lower 
ground on the north branch of the Arkansaw creek on the farm of Her
man Ogallie, which proves conclusively that under favorable conditions 
flows can be obtained up the minor valleys of the Chippewa, as indeed 
up' all the minor ~alleys of the Mississippi river, and at considerably 
higher elevation than along the main streams. . 

The valJe~T fill in this locality, at the mouth of the Arkansaw creek 
and in the Eau Galle river valley, has a known maximum depth of 185 
feet The strata of alluvial deposit in the valley have a well defined 
inclination down the valley, and hence a typical artesian slope is de
veloped, the water in the underlying pervious sand strata being held 
under pressure by the rela.tively impervious overlying clay strata. It 
is possible that water under pressure from the Potsdam sandstone seeps 
into the valley deposit and thus moderately assists in developing ar
tesian conditions. However, the structure of the valley deposits them
selves is amply competent to furnish artesian flows of the character dev
eloped in these valleys. (Compare with shallow artesian wells in the 
Fox and Rock river valleys, pages 90-7). 
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WATER SUPPLIES FOR CITIES "-"''' VILLAGES 

Durand. Durand, the county seat, on the Chippewa river, has a 
population of 1,503. A public water supply was recently installed. 
The supply is obtained from a 10-inch well, 301 feet deep. Sandrock 
was struck at depth of 6 feet. The well flows with pressure of 12 Ibs. 
at the curb. Shallow wells in this city obtain water at depths of 20 to 
40 feet, depending upon the elevation above the river. There are also 
a number of flowing artesian wells in this city, as already described. 

QUALITY OF THE WATER 

Only two analyses of water of Pepin county are available, namely, 
those of a spring and a well at Durand. The source of the spring water 
i~ the Upper Cambrian sandstone. The water is hard carbonate water 
of moderate mineral content. The water from wells in the alluvial 
sands along the Chippewa river and main. tributaries is likely to con
tain a smaller amount of mineral than this spring water, while that 
from the sandstone, where overlain by limestone, is likely to contain 
a slightly larger amount of mineral. 

Mineral analyses of water in Pepin County. 

(Analyses in parts per million) 

1 j lJ~}'" I' 
~pring. Camhrian 

Sandstone. 

1. 2. 

D.;"th of well. ...................................................... feet.. .............. 172 
Silica '8i02), ................. ( ........................................... , 2.5 7.0 
Aluminum and iron oxides A1203+ Fe203) ........................... \ 
Cal~ium (Cal ............................................................. ' 43.5 64.5 
lIia)l'nesium (Mg) ......................................................... ~5.1 34.4 
Sodium and potassium (Na+K)......................................... 8.4 7.S 
Carbonate radicle (C03) .. .... ...... .... .... .... ........ .... ..... ......... 133.4 180.0 
Sulphate rachcle (S04) ........... .................................. ..... 6.0 15.9 

~::::i:~s~~::.~~ .~~;:~~:: :::: :'.:: :::: :'.:: :'.:: ::::::::::::::::::::: :::::.:: ·i·2z~-·-I--3i~~~----

1. Durand Spring, at Durand, Analyst, Chemist, C. 1I. " St. P. Ry. Co., Dec. 5, 1891. 
2. Railroad well at Durand, Analyst, Chemist, C. 1I. " St. P. Ry. Co., Apr. 6, 1891. 
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PIERCE COUNTY 

Pierce county, located in the northwestern part of the state,lhas an 
area of 543 square miles, and a population of 22,079. About 96.4 per 
cent of the land of this county is in farms, of which 58.7 per cent i~ 
under cultivation. 

SURFACE FEATURES 

The surface of Pierce county is an upland plain moderately dissected 
in the northern part, but deeply trenched by the southward flowing 
streams in the central and southern part. The main upland in the 
central and eastern part has a prevailing altitude of about 1,200 feet, 

Fig. 58.-Geologic section, east-west, across Pierce County. 

descending somewhat to the west towards the St. Croix and Mississippi 
rivers, where only the mounds retain ,this altitude. The lowest valley 
bottoms usually range between 680 feet along the Mississippi to 900 
feet up the tributary valleys. The valley sides of the St. Croix and 
Mississippi rise abruptly from 300 to 400 teet above the river bottoms. 

The soils are generally silt loams on the uplands and sandy loams in 
the valley bottoms. 

GEOLOGICAL FORMATIONS 

The geological formations beginning at the bottom are the Upper 
Cambrian (Potsdam) sandstone, the Lower Magnesian limestone which 
includes the Shakopee and Oneota formations, the St. Peter sandstone 
and the Galena-Platteville (Trenton) limestone. The two latter forma
tions occur only in the highest elevations. Glacial drift and loess are 
quite abundant over most parts of the county. Alluvial sand and 
gravel is present in the valley bottoms; The geological sturcture is il
lustrated in figure 58. 
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The thicklless of the surface formations of glacial drift, mainly con
fined to the uplands, and of the alluvial filling, mainly confined to the 
valleys, is quite variable but probably reaches a maximum of 200 to 250 
feet in a few places,though in general it is much less than 100 feet. 
The thickness of the roek formations is variable on account of the ex
tensive erosion of the strata. The complete thickness of a formation is 
preservced only where pmtected by the next overlying formation. The 
approximate range in thickness of the geological formations may be 
summarized as follows: 

Approximate range in thickness of formations in Pierce Oounty. 

Formation. Thickness. 

Feet. 
Surt!aee formation.................... ........................••........................ 0 to 35& 
Gu,lena.-Plattevtlle (TrenbQn) limestone.............................................. 0 to 150 

UPPel' Cambrlll.D (Potsdam) sandstone ................................................ · 400 to 800 
ill;. Pllter· alia Lower MagneSian .••.•.••.............................•.•..••..• " ....... \ 0 to 300 

The Pre-0ambria.B gra.nite ......................... , .....•..................... " .................... . 

PRINCIPAL WATER-BEARING HORIZOXS 

The water-bearing horizon is principally the Upper Cambrian sand
stone formation, though all the other formations furnish a supply 
wherever favorably situated .. Springs are numerous along the valley 
bottoms. An especially favorable source for springs is along the con
tact of the Lower Magnesian limestone and underlying Upper Cam-

I . 

brian sandstone, and also within the sandstone formation. Wells vary 
in depth from 10 to 20 feet, along the valley bottoms, to 300 and 400 
feet, upon the highest uplands. On the uplands open dug wells often 
find sufficient water in the overlying drift or St. Peter sandstone where 
these attain a sufficient thickness. 

FLOWING WELLS 

A flowing well occurs at River Falls, the source of the flow being in 
the Upper Cambrian sandstone. The flow at River Falls is of relatively 

. low pressure, the head being only 10 feet abo\"c the curb in the city 
well, No.3, an altitude of about 878 feet. Only one other record of a 
flowing well is at hand, namely that at lIaiden Rock. Other flowing 
wells could undoubtedly be developed on 1m\"' ground adjacent to the 
Mississippi river, as well as up the tributary valleys. 

A deep artesian flowing well was recently drilled for the Maiden 
Rock Lumber Co. at Maiden Rock by Bowman & MacMahon of Dura~d, 
having the following log: 
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Log of Maiden Rock Lbr. Co.'s Artesian Well, Maiden Rock. 

Formation. Thickness. 

Feet. 
Surface sand ............................................................................. '1' 80 
Upper Cambrian sandstone............................................................ 552 

Total depth ..................................................................... I-~-

The elevation of the curb is about 10 feet above Lake Pepin. Two 
flows were struck, one at 200 feet, raising the water 4 feet above thp. 
curb, 'and the other at 632 feet, raising the water 34 feet above the 
curb. The first ftow was shut off by a 6-inch casing, and below this ex
tends a 4-inch casing to the second flow. The head of the second flow is 
therefore about 44 feet above the level of Lake Pepin. 

On the Minnesota side of the Mississippi flows have been obtained 
at Hastings! with normal head of 14 feet above the surface, and at 
Red Wing2 the original head being as high as 75 feet above the surface. 
The strongest head in Red Wing at present, that of the C. & G. W. R. 
R., is reported to be 28 feet above the surface. 

Flowing wells in the surface formations of the alluvial filled valleys 
may be reasonably expected in various parts of the county where the 
alluvial deposit contains relatively impervious strata of silt or clay, 
either overlying or interstratified with water-bearing sand and gravel. 

SPRINGS 

A few springs occur at the horizon of shale at the base of the Platte
ville limestone and at the base of the St. Peter sandstone. The largest 
and most important springs, however, occur near the base of the Lower 
Magnesian limestone. Springs of this type are the source of many of 
the permanent streams of the county, and are distributed along many 
of the stream bottoms. These springs are a common source of water 
supply for many of thE;) farmhouses and often determine the location of 
the farm buildings in the valley bottoms. 

WATER SUPPLIES FOR CITms AND VILLAGES 

Ellsworth. Ellsworth, the county seat of Pierce county, has a popu
lation of 1,005. It is located upon the upland, capped with Galena
Platteville (Trenton) limestone. The St. Peter sandstone is exposed 
along the side of the valley in the eastern part of the city, and the 

1 Minn. Geal. Survey, 13th Ann. Rept. 1884, p. 56-57. 
2 U. S. Survey Water Supply Paper 256, p. 194. 
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Lower Magnesian limestone along the bed of the adjacent Isabel Creek. 
The elevation of the railroad station is 968 feet, the top of the upland 
is about 1,200 feet. The city supply is derived from the Upper Cam
brian (Potsdam) sandstone, from a 6-inch well, 609 feet deep, located 
on the ridge. A limited sewage system is installed, the sewage being 
emptied into a ravine. About 50 per cent of the houses connect with 
the city water supply. Private wells are from 14 to 150 feet deep. 

River Falls. River Falls, situated on Kinnickinick river, has a popu- . 
lation of 1,991. The city water supply is derived from three 8-inch 
wells, as fo110,Ys : 

Well. 

River FaZZs Oity Wells. 

When 
drilled. 

Diameter, II. 

inches. 
Depth, 

feet. 
Elevation of 

cnrb. 

------------------------1------ -------

No. I. ........................... .. 
No.2 ............................. . 
No.3 ............................ .. 

1893 
1898 
1902 

8 
8 
8 I 

I 

504 
396 
H20 

893 
893 
868 

In wells 1 and 2 the water originally flowed at the surface, but at 
present only rises to 6 feet of the surface, and in No.3, the normal head 
is 10 feet above the surface. Well No.1 is cased 100 feet, and No.2, 
240 feet. The logs of wells No.1 and Ko. 3 are as follows: 

Logs of River Falls Oity Wens. 

Formation. 

Pleistocene. 
Sand and gravel .................................................... . 

Lower l\'lagnesian. 

Well No. 1. Well No.3. 
thickness. thickness. 

Feet. Feet. 

Hard Lime Rock interspersed with layers ofsandston8....... .... 256 240 
Upper Cambrian (Potsdam). ~ 

Sandstone ............................................................. ! 60 50 
Blue shale............................ ................................. 12 20 
Sandrock (firstfiow)... ................... ......................... 55 75 
Rand roek and shale.. ................................................ 26 12 
Green shale........................................................... 90 202 

t'and ;:::; ~~;t~:::::: :::: :::::::::::::::::::::: :::: ::: ::::: ::: :::::: ~ii~:.::.+-~---

Wells No.1 and No.2 are within 80 feet of each other, and No.3, 
about three-fourths of a mile distant, below the dam. Water under 
sufficient pressure to flow was struck in No.1 and No.2 at a depth of 
390 to 400 feet, with no perceptible increase in pressure after that. 
After No.3 was drilled, the water sank in earlier drilled wells to 6 feet 
below the sUJ;face. The flow in the new well is at least 200 gallons per 
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minute, and will stand pumping at that rate for 20 hours, though it 
is not known how much the water level drops. 

Private wells in the city obtain water from depth of 20 to 30 feet, 
depending upon elevation above the river. About 60 per cent of the 
houses have water connections. The sewerage, without treatment, emp
ties into the Kinnickinick river. 

Spring ValZey.-Spring Valley situated upon the Eau Galle river, 
has a population of 972. The city is located on alluvial gravel and sand 
in the valley bottom. The city supply is obtained from an 8-inch well 
169 feet deep in the gravel and sand. Estimated daily capacity of the 
city well is 130,000 gallons, the average daily pumpage is about 18,000 
gallons. No sewerage system is installed. About 30 per cent of the 
houses connect with the city supply. Private wells are from 30 to 
160 feet deep. 

Prescott. This city, situated on the Mississippi river at the mouth 
of the St. Croix, has a population of 936. A city water supply system 
was recently installed, the supply being obtained from 4 drive wells 16 
feet deep, located near the river. The private wells are from 10 to 100 
feet deep in gravl and limstone. 

Elmwood. Elmwood, population 585, has a public water supply, ob
tained from a well 180 feet deep, mainly in sandstone. 

QUALITY OF THE WATER 

Only one complete analysis of the waters of Pierce county is at 
hand, namely that of water from city well No.1 of River Falls. Judg
ing from the geological formations, all the waters from the surface 
formations, as well as that from the underlying rock, are likely to be 
hard waters of moderate mineral content in this county. 

Mineral analyses ot water in Pierce Oounty. 
(Analyses in parts per million) 

1. 

Depth of well ...................................................................... feet.. 504 
!llllca (8i02)................ ........ .... .... .... .......................................... 34.2 
Iron oxide (I"e20~)................. ............................................... ...... 18.1 
Calcium (Ca)............................................................................ 841.1 
Magnesium (Mg).. ................ ............................. ......................... 10.9 
Sodium and potassium (Na+K) ........................................................ 1 ............. .. 
CarbQll .. te radicle (COs)................................................................ 1111.1 
Sulphate radIcle (804).................................................................. 124.4 
Chlorine (Cl) ......................................................................................... . 

Total dissolved solids ............................................................... I--m-. -
1. City Water Supply, River Flllls, Analyst, W. Lehnen. 
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POLK COL"!\TY 

Polk county, located in the northwestern part of the state, has an 
area of 933 square miles and a population of 21,367. About 63.2 per 
flcent of Polk county is laid. out in farms, of which 39.6 per cent is un
der cultivation. 

SURFACE FEATURES 

The topography is undulating, quite deeply trenched along the St. 
Croix river, but usually a nearly level plain in the interior of the 
county. The drift is characterized by choppy morainic features in the 

Fig. 59.-Geologic section, Clear Lake to St. Croix Falls, across Polk County. 

central and eastern parts. Elevations abov~ sea level vary from 900 
feet to 1,200 feet over most of the county. A narrow strip along the 
bottoms of the St. Croix river below St. Croix Falls is a little less than 
700 feet above sea level. The soils are mainly sandy loams and silt 
loams. A large area of sandy soil lies in the northwestern corner of 
the county. 

GEOLOGICAL FORMATIONS 

. The geological formations are the Keweenawan trap, the Upper Cam
brian sandstone formation, and the Lower Magnesian limestone. The 
Keweenawn trap ridges extend northeast through the central part 
of the county. The limestone formation is preaent only in the south
ern part of the county. The glacial drift is abundant and is quite gen~ 
eraUy present, over the entire county. The geological structure is il
lp.strated in the cross section, :F'ig. 59. 

The thickness of the surface formations of glacial drift, and alluvial 
filling in the valleys, varies between wide limits. The drift is rela-
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tively abundant over the entire county, many wells sho>vin6 a thickness 
of 100 to 150 feet, the maximum thickness probably reaching 200 to 
250 feet in the old valleys and in the morainic ridges. The deposits 
of lacustrine clays and associated silts and sand in the sandy trMk in 
the northwestern part of the county probably reaches a depth of 200 
to 250 feet in deepest parts of the :filled valley. The thickness of the 

\ 

rock formations is variable on account of the extensive erosion of the 
strata. The complete thickness of the Upper Cambrian sandstone is 
preserved only· where protected by the overlying Lower Magnesian 
limestone in the southern part of the county. The surface of the Ke· 
weenawan trap, upon· which the sandstone rests, is very uneven, and 
where the trap underlies the sandstone the latter is correspondingly 
less in thickness. 

The approximate range in thickness of the geological formations may 
be tmmmarized as follows: 

Approximate range in thickness of formations in Polk County. 

Formation. Thickness. 

Feet. 
Surface formatIon... .... .... ... ... . ... .... .... . ... .. .... . ... . ... . ... .... .... .... .... .. 0 to 250 
Lower Magnesian limestone.................. .......................................... 0 to 150 
Upper Cambrian (Potsclaml sandstone...................... ......................... 0 to 800 
Pre-Cambrian formations ...................................•.......................... j ............. . 

PRINCIPAL WATER-BEARING HORIZONS 

The water-bearing beds are mainly the sandstone and the glacial 
drift. The Keweena,wan trap is practically impervious and water is 
obtained from it only in the open fractures and :fissures. The lime
stone, quite generally much fractured, furnishes abundant water. 
There are many wells in the surface formation of drift, which are rela
tively shallow, sufficient water being obtained in open wells at depth of 
20 to 40 feet. There are many drilled welh; in the southern part of 
the county, however, that are from 100 to 200 feet deep, which draw 
their supply from the' underlying rock, usually from the Potsdam 
sandstone or from sandstone beds .within the Lower Magnesian forma· 
tion. 

FLOWING WELLS 

In the vicinity of Osceola is a local artesian area, in the surface for. 
matior{, along Osceola Creek. By driving one-half or two-inch pipes 
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into the ground 15 or 20 feet, good flows of water are obtained. The 
pipes are driven through 3 to 4 feet of blaek muck and clay, such as is 
generally found along meadow brooks, then through 10 to 15 feet of 
clay, into a bed of gravel and sand, below which the supply of water 
is obtained in varying quantities. In places these wells are driven only 
3 or 4 feet· apart. In some of the strongest flows water rises 12 to 15 
inches above the mouth of the pipes. The difference in the flow at 
these wells depends upon the porosity of the gravel beds, and the quan
tity of water obtained increases as the well pipes are kept open. . Some 
pipes are nearly" choked" and consequently furnish no flows. It is 
essential,therefore, that the pipes be eleaned and made as open as pos
sible if a strong flow is desired. Water in the underlying sandstone 
may help supply the artesian pressures. The water, however, is im
me.diately derived from the gravel beds and sands along the sides of the 
valleys. 

Although not extensively developed at present, it seems probable 
that artesian flows from the sand and gravel horizon. may he had 
throughout the little valley of Osceola Creek, which is' about 8 miles 
long. 

Numerous springs and small streams occur all along the St. Croix 
river at Osceola, for a distance of 15 miles up and down the river, and 
wherever the clay and muck forms the surface, flowing wells of the 
above type may be obtained in favorable places, by driving peints 10 
to 20 feet into the sand and gravel bed·s. 

Gustave Hanson has three flowing wells near Osceola, the supply be
ing derived from the Upper Cambrian sandstone. The first two wells 
were drilled 175 and 450 feet deep in the 8hale and sandstone. A 
third well was drilled on the lowest ground about 200 feet away from 
the second and just about two feet above the trout ponds. The third 
well flowed best of the three but took the water from the others. These 
wells clearly show interference. If the same head is desired, or a flow 
at the higher well is desired, the flow from the lower one should be 
partially reduced. 

At the ~rout hatchery of Dr. 0 'Hage four miles west of Osceola there 
are between 40 and 50 flowing wells, the pipes hdng one and one-half 
to two and a half inches in djameter. 

SPRINGS 

Springs are mainly confined to low ground along the St. Croix river 
and along the Apple river. The springs along the St. Croix river, be-

33-W. S. 
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tween St. Croix Falls and Osceola, issue from the sides of the valley, 
either at the contact of the beds of shale with overlying beds of sand
stone, or at the contact of the shale with the overlying drift, or through 
the openings in the shale or drift anywhere below the shale contact. 
The springs in St. Croix Falls, and within the area of the Interstate 
Park, are especially large, and furnish not only a copious supply of 
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Fig. 60.-Geologic section illustrating the source of the springs at St. Croix Falls. 

good clear water·for drinking and domestic purposes, but are also uti
liz~d to some extent for the development of water power at the flour 
mill in the village. The source of these springs is indicated in the sec
tion, Fig. 60. 

The Bethania Mineral Spring, near. Osceola, is utilized for the exten
sive manufacture of soft drinks. 

WATER SUPPUES FOU CITIES AND VILLAGES 

St. Croix Falls. St. Croix Falls, located on the St. Croix river, has 
a population of 569. The city is located on a 'rather steep slope of the 

·narrow valley, on the Keweenewan trap and Upper Cambrian sand
stone formation. In the upper part of the city glacial drift is rela
tively thick. A city water supply was installed in 1907. The water 
is obtained from a well about 100 feet deep, curb about 150 feet above 
the level of the river. The well was drilled about 60 feet into the trap 
rock, but the main supply of water comes from the contact of the shale 
beds with the overlying sandstone at depth of about 40 feet. There are 
many large springs in St. Croix Falls and within the area of the In
terstate Park, as described above. 

Osceola. Osceola, population 634, is on the St. Croix river at the 
mouth of Osceola Creek. This village has no public water supply or 
sewage system. Many of the houses in Osceola are supplied from 
springs that issue near the river. 
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~-1m.ery. Amery, population 659. is situated on the Apple river. 
The city water supply is obtained from an 8-inch well, 312 feet deep, 
112 feet in drift and 200 feet in the sandstone. The well is cased to 
the sandstone. Many of the private wells in the city are from 40 to 
60 feet deep in sand and gravel. 

Luck. This' village, popUlation 383, is located on a level tract on 
Butternut lake. Water is supplied from private wells, dug in sand, 
gravel and drift, to a depth of 20 to 30 feet generally. 

Clear Lake. Clear Lake, population 498, is located on a glacial 
drift ridge .. The private wells are generally from 20 to 60 feet deep 
in the drift. A public supply was recently installed, being obtained 
from a well 200 feet deep 

Frederick. This village is located on a small lake, Coon Lake, and 
has a popUlation of 511. The village water supply originally was ob
tained from a 12-inch well, 120 feet deep, and later the supply was ob
tained from the lake. The supply at present is obtained from a well dug 
5 feet in diameter and 72 feet deep, with 5 well points 12 ft. long driven 
in sand and gravel at the bottom. The well can be pumped dry in 
about two hours. Average daily pumpage 10,000 gallons, capacity of 
reservoir 3CT,000 gallons. Practically the entire popUlation use the city 
supply, there being only one private deep well in the city. No sew
age system is installed. 

The village water supply can be increased, either by drilling the pres
ent well deeper, to the trap rock, or by drilling an additional 10 in. 
or 12 in. well, several hundred feet from the present well. 

SALT WATER FLmv-rXG WELL 

About 5 miles north of Osceola in Sec. 1, T. 33, R. 19, at the Cooper 
cottage, a mining exploration shaft for copper ore was sunk under the 
general management of H. Holbert in 1909. ~-\.t a depth of 60 feet in 
this shaft water was struck und~r pressure, and rese to within 25 feet 
of the surface. A short distance south of this shaft, on lower ground, 
a diamond drill hole was sunk to depth of about 700 feet. In this drill 
hole water under pressure was struck at a depth of about 40 feet and 
1'0[;;; a few feet above the surface, developin~ a fluwing well, the water 
having a strong salty taste. 

The composition of this salt water, stated in throt'etic combination 
in grains per gallon, (see also table of analyses) is as follows: 
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Analysis· of Salt Water, 5 miles north of Osceola. 

In grains per gallon. 

C &lcium chloride .......•.........•.•..................................••................ 1 583.10 
Sodium chlorid... . . .. . . .. . . .. . . .. . . .. . . .. . . .. . . .. . . .. . . .. . . .. . . .. • . .. . . . . . . . .. . . .. . . .. . . . 320.58 
Magnesium chIOl·ide........................... ...............................•......... IH.98 
CalcIum sulphate ................................... .' ..........•.•.•...•.••..•..... _. :... ti2.~0 
Silica_ ................................................................................. : .... r 6.07 
Ferric-oxide anc;l Alumina................................. ..............••..... ....... 2.97 

Total. ............................................. ~ ..............•......•....•.. -993.90-

·Analysis by J. H. Long, for H. Holbert. 

The formations penetrated in this deep well are a few feet of glacial 
drift, followed by sandstone,' and sandstone conglomerate containing 
trap boulders, to depth of 95 feet. At 95 feet relatively massive Kec 
weenawan trap rock is struck, from which probably very little or no 
water is obtained. The source of the salt water, therefore, is in the 
flow obtained at depth of 40 to 90 feet, overlying the Keweenawan 
trap. 

Conditions favorable to the developing of flows at this place are due 
to the occurrence of relatively impervious shale beds within the sand
stone formation overlying and interbedded with porous conglomerate 
at the contact of the underlying Keweenawan formation. 

Water from a depth of 50 feet in the nearby exploration shaft was 
analyzed and showed a mineral content of 1,457 parts per million, 
mainly sulphates, while the water at only slightly greater depth in the 
drill hole (mainly within depth of 95 feet) had a mineral content of 
16,,995 parts per million, the increase in amount being chlorides of cal
cium and sodium. 

The most important constituents of the salt water are chlorides of 
calcium and sodium. The high content of mineral matter is unusual. 
The source of the mineralization is not understood. It is a noteworthy 
fact that the Keweenawan trap and associated red sandstone forma
tions in the Lake Superior region often contain waters highly charged 
with calcium chloride salts. This is true in deep mine waters of the 
Keweenawan copper-bearing rocks of northern Michigan, as shown by 
Dr. A, C. Lane.1 It is possible, therefore, that other occurrences of 
highly mineralized waters in the Keweenawan and assJci!lted strata 
may be found. 

1 Lake Superior Mining Inst. Vol. XIII, p. 63-152. 
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QUALITY OF THE WATER 

With the notable exception of the highly mineralized water (salt 
water) above described, the water of Polk county is only moderately 
mineralized. In the area of outcrop of the limestone in the southern 
part of the county, the water probably is quite generally a hard water, 
though of only moderate mineral content, as shown by the Bethania 
Spring waters, No.1, in the table of analyses below. The water from 
the Bethania Springs is used for the manufacture of soft drinks. 

Mineral analyses ot water in Polk County. 

(Analyses in parts per million) 

~vrings. 

1. 2. 3. 4. 

Upper Camh' ian 
Sandstollt'. 

5. 6. 
----------~ --------- ------ -, --
Depth otwell .................... feet.. .. ........ .. ........ .......... .......... 50 700 
Silica (Si02)............................ 8.7 4.5 8,0 9.0 103. 
Aluminium and it'on oxides (AI2U3+ 

};'e203).......... ............. ......... .. ........ 8.4 trace trace 152.7 50.7 
Aluminium oxide (AI2U3)............. 1.3 .............................. 1 24.5 ........ .. 
If,on (Fe) ...... ,.......................... 0.8 .......... ' ....................................... . 
Ca.lcium (Ca) ....... ................... 70.5 474, 40.2 46.6 315.0 3912.7 
Magnesium (Mit). ....... ......... ...... 28.8 20.6 i 13.0 U.5 13.1 82.7 

~~~~~5'u~alI{;:::::::::::::::::::::::r 31.9 7.0 II trace trace 1 ~U 2154. 
Carbonate radicle (C031............... 185.8 126.5 8~.4· 95.6 93.9 .......... 
Sulphate radicle (S04)... .............. 15.6 6.1 16.4 16.1 788.2 750 9 
Chlorine (Cl) ........................... 37.8 0 5 trace trace.. ......... 9940.7 
OrgalliC mattel'........ ................ .......... trace .............................. , ........ .. 
Nitrate radicle ......................... :':':':':':':'::':1:':':':':'::':':':: trace ~."'~ :.:.:.:.:.::.:.:.::.:.:.:.:.::.:.:.: 

Total dissolved solids.............. 379. 221. I 160. 181.8 1457. 16995. 

1. Betbania Spring at Osceola. 
2. St. Croix Minerol Spring at Osceolo, Analyst, J. V. Z. Blaney, Geol. of Wis., Vol. 

III, p. 374, 1879. 
:I: Spring of H. Holbert, 5 miles north of Osceola, Analyst, H. C. Carel, May 1900. 
4. Spring of H. Holbert, :I miles north of Osceola, Analyst, H. C. Carel, May 1900. 
5. Well, (Exploration sbaft) of H. Holbert, 5 miles north of Osceola, Analyst, L. A. 

Harding. 
6. Exploration drill hole, flowing well, 5miles north of Osceola, Analyst, J'. H. Long. 

Dec. 1901 (water from sandstone at depth of 40 to 90 feet). 
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PORTAGE COUNTY 

Portage county, located in the central part of the state, has an area 
of 800- square miles, alid a population of 30,945. About 79.1 per cent 
of the county is laid out in farms, of which 53 per cent is under culti
vation. 

SURFACE FEATURES 

The northwestern part of the county is a gently undulating upland 
plain. The eastern part, traversed by the glacial moraines, is quite 
choppy and uneven. The southwestern part is a broad level alluvial 

Fig. 61.---Geologlc section, north-south, along the boundary of Portage and Wood 
counties. 

plain. The valley of the Wisconsin river is a relatively deep trench 
running south through the central portion. Elevations of the surface 
generally range between 1,000 feet along the Wisconsin river to 1,200· 
feet above sea level on the uplands. The soils vary from sand to silt 
loams, the lighter soils occurring along the rivers and over the broad 
low-lying plain of ~.he southwestern part of the county. 

GEOLOGICAL FORMATIONS 

The rock formations are the Pre-Cambrian crystallines and the Up
per Cambrian (Potsdam) sandstone, the former exposed in the north
ern part of the county and along the Wisconsin river, and the latter, 
mainly in the southern part of the county: Relatively thick drift in 
prominent ridges occurs over the sandstone and crystallines in the east
ern part of the county. Alluvial sand and gravel forms a thick de
posit along the Wisconsin river and extends over the broad plain of 
the southwestern part of the county_ The geological formations are 
illustrated in the cross section, Fig 61. 

The thickness of the surface formations is quite variable and probably 
reaches a maximum of 200 to 250 feet in the valleys. The thickness of 
the sandstone is also quite variable on account of the extensive erosion 
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of the strata. The approximate range in thi<-kness of the geological for
mations may be summarized as follows: 

Approximate range in thickness of formations in Portage County. 

Formation. Thickness. 

Feet. 
Snrface formation................................................................. ..... 0 to 250 
Upper Cambria,? (Potsdam) sandstone ................................................ 1 0 to 400 
The Pre-CambrIan granite ................................... , .. _ ..................... , ............. . 

• I 

PRINCIPAL WATER-BEARING HORIZONS 

The groundwater supplies are derived from all the geologic forma
tions. The wells in the crystalline rock are relatively shallow, but in 
the ,porous gravel, drift and sandstone formations, wells have to b;e 
sunk to a common water level, and hen{;e, where the land is uneven or 
midulating, wells are much deeper than on the flat areas bordering the 
rivers and streams. 

O~_-,-__ 2~_~3 __ 4~_~s_~6mi'es 

Fig. 62.---Geologic .section of the vicinity of Ste'l"ens Point showing relations 
of the alluvial sand and gravel to the Pre-Cambrian crystalline rocks. 

WATER SUPPLIES l!'OR CITIES A:-\D YILLAGES 

Stevens Point. Stev,ens Point, with a population of 8,692, is located 
on the Wisconsin river, at the site of extensiw water power. Crystal
line rock, such as granite and schist, make the rapids. Only a thin cov
ering pf alluvial sand and gravel, from 5 to 10 feet generally lies upon 
the granite in the western portion of the city_ To the east the sand 
and gravel deepens. See Fig. 62. . The sandstone outcrops in the south
ern and western part of the city .. Most of the private wells are shal
low. from 10 to 20 feet deep. 

The city water supply is taken partly from the Wiseonsin river, and 
partly from two open wells, near the river, 50 and 60 feet in diameter, 
and 33 feet in depth. The river water is taken from 3 to 6 feet below 
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the surface, depending on the low or high water stage of the river. The 
river water is filtered. The average punipage is about 652,000 gallons 
per day. An abundant supply of good water, by a proper system. of 
wells, eould be obtained for this city from the thick gravel and sand for
mation, a short distance to the east or northeast Of the city. About one" 
half of the houses have water connections, and about. one-third are on 
the sewage system. The sewage is emptied, without treatment, into the 
Wisconsin river. 

Amherst. Amherst, population 629, is located on the Waupaca riv
er, onsandy loam drift hills overlying the sandstone rock. Abundant 
water is obtained from depths of 20 to 60 feet, depending upon eleva
tion above the river. A water supply system is installed for fire pur
poses only, river water heing used which is obtained from the flour 
mills. 

Almond. Almoud is located upon a sandy plain of alluvial and gla
cial origin. Wells in Almond are from 50 to 70 feet deep in the gravel 
and sand. 

At Amherst Junction wells are from 40 to 70 feet ill drift. At Nel
sonville wells vary from 20 to 50 feet in drift. At Rosholt wells are 
from 14 to 25 feet in drift. 

In Plover many of the wells are from 16 to 20 feet deep in the al
luvial gravel and sand. In Bancroft the wells are from 12 to 20 feet in 
gravel and sand, with the exception of the C. & N. W. R. R. well, which 
is 90 feet deep in gravel and sand. In Custer the wells are usually from 
40 to 50 'feet in gravel and sand. In Arnott and locality the wells are 
from 50 t.o 75 feet deep in grave] and drift. 

QUALITY OF THE WATER 

The mineral analyses of railroad water supplies at Rosholt, Bancroft 
and Junction City, are shown in the following table. The waters are 
hard waters of moderate mineral content. The water at Junction City 
is a sulphate water, while the others are carboilate waters. The" Soo" 
railroad well at Bancroft, of shallow depth, 13 feet, contained" a rel
atively high content of sulphates, while at greater depth, 98 feet, the 
C. & N. "\V. railroad well at Bancroft, contained only a small amount 
of sulphates. The groundwaters throughout the county are likely to 
be of moderate mineral content and very much the same as those quoted 
in the above table. 

The water from the well at Rosholt, No.1, contains 1.45 pounds of 
incrusting solids in 1,000 gallons, and that from the well at Bancroft, 
No.3, contains 1.66 pounds in 1,000 gallons. 
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Mineral analyses at water in Portage County. 

(Analyses in parts per million) 

Surface deposits (a1lu .. lal I P I'e-Cambrian Granite Hock. 
sand). 

~ -- ---.,.--_ . ..,.----. 
1. 2. 3. 4. 5. 6. 7. 

. , 
_______________ --______ 1 ______ - ___ _ 

i I 

Depth of well... . ..... feet.. 15 13 98 I 80 
Silica (SI02)... ............. 10 9 11 3 11 9} 
Aluminium and iron oxides ., . . 6.8 

(A1203+Fe203) .... ........ 1.7 0.5 1.0 
Calcium (Ca) ..... ... .... .... 35.4 38,0 43.6 I 43.1 

Sod! urn and POtassi urn 

80 

4.0 

18.7 
11.1 

80 

uudet. 

32.4 
19.6 

15.8 

28.5 
0.0 Magnesium (Mg) ............ 1 18.6 18.2 21.8 24.4 

fNa+ K) ........ .... ........ 1.3 3.8 5.0 I 9.8 7.3 10.7 1.8 
Carbonate radicle (C03).... 92.9 68.5 119.9 U.l 53.5 49.5 41.7 
Sulphate radlCle (S04) ...... j 11.9 61.4 3.8 I 150.0 13.6 I 81.9 1.3 
Chlorine (CI) ............ .... 2.0 5.9 4.1 3.5 3.0 4.0 2.8 

Total dissolved ~olids ........ I-m~- 20s~ -m-. - ---m-. -lii~ 19s~'- --92~ 

1. Well of C. & N. W. Ry. at Hosholt, Analyst,. G. ll. Davidson, Oct. 9, 1909. 
2. Well of "Sao Railroad" at Bancroft, Analyst. G. ll. Davidson, Mar. 18. 1901. 
3. Well of C. & N. W. Railroad at Bancroft, Analyst. G. M. Davidson, Sept. 30. 1901. 
4. WeI! of C. M. & St. P. Ry. Co. at Junction City, Analyst, Chemist, C. M. & St. P. 

Ry. Co., Oct. 7, 1896. 
5. Well of C. M. & St. P. Ry. Co., Junction City. Analyst, Chemist C. )1. & St. 

P. Ry. Co., Aug. 6, 1892. 
6. Well of C. M. & St. P. Ry; Co., Junction City. Analyst, Chemist, C. M. & St. P. Ry. 

Co.. Oct. 23, 1896. 
7. Well at .Tunction City, Analyst, Chemist. C. )1. & St P. Ry. Co .• July 26, 18813. 

PRICE COUNTY 

Price county, located in the north central part of the state, has n.n 
area of 1,341 square miles, and a population of 13,795. About 14.5 per 
cent of the county is in farms, of which 19.4 per cent is under cultiva
tion. 

SURFACE FEATURES 

The surface of the county is mainly a gently sloping plain. There 
are some prominent drift hills in the vicinity of Ogema, and farther 
east, and also in the region southwest of Phillips. The land Burface 
slopes to the southwest, the principal drainage lines being the Flam
beau and Jump rivers. Small lakes and marshes are common. The 
soils are generally heavy silt loams, with a varying amount of sandy 
and gra,'elly loain. 
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The altitudes generally range between 1,400 and 1,650 feet, with 
some high points in the hill~' portions probably reaching up to over 
1,900 feet. 

GEOLOGICAL FORMATIONS 

The Jgeological formation is mainly glacial drift, which quite gen
erally covers the hard rock formations. The granite rocks occur only 
along the river bottoms, where rapids and falls are usually developed. 
The thickness of the drift is usually between 50 and 100 feet, the max
imum thickness probably being 200 to 250 feet. For geologic section, 
see Fig. 23. 

PRINCIPAL WATER-BEARING HORIZONS 

The principal water-bearing horizons is the surface formation of gla
cial drift. An abundant supply is readily obtained in the drift at rel
atively shallow depths of 20 to 40 feet. 

In Catawba the ground water level is about 20 feet below the sur
face. The well at the Catawba saw mill is 79 feet deep in drift. In 
Kennan, wells are generally from 15 to 30 feet deep. At the Kennan 
saw mill the well is 130 feet deep, with sandstone reported at bottom. 
The railroad well at Pennington is 27 feet deep in drift. The deepest 
well reported about Pennington is 33 feet deep. The wells in Prentice 
are generally from 30 to 40 feet in glacial drift. Ogema, located in 
hilly terminai moraine, has wells varying in depth up to about 100 
feet. 

WATER SUPPLIES FOR CITIES AND VILLAGES 

Phillips. Phillips, the county seat, has a population of 1,948. The 
city is located on the Little Elk river, a tributary of the Flambeau. 
The elevation of the railroad station is 1,454 feet. The city is located 
on low undulating hills of drift. The city has a system of waterworks 
for fire protection, the water supply being taken from the river. Most 
of the water for drinking purposes. is derived from about 50 wells, with 
a varying depth of 10 to 80 feet in drift. The sewage system, partially 
developed, has its outlet jnto the river. 

Park Falls. Park Falls, a city of 1,972, popUlation, is located at the 
site of water power on the Flambeau river. The elevation of the rail
road station is 1,492 feet. The city is located on uneven drift hills, 
with clay loam surface soil alid sandy gravelly subsoil. The private 
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wells are usually from 15 to 25 feet deep. The public water supply, 
used mainly for fire protection, is obtained from the river. A good 
groundwater supply could readily be obtained. A sewage system was 
recently installed on the main streets, with outlet into the river. 

Fifield. This village is located on the south fork of the Flambeau 
river. The water supply is derived from wells 12 to 40 feet in gravel 
and sand of the glacial drift formation. 

THE QUALITY OF THE WATER 

No complete analyses of the water supplies of Price county are at 
hand, but judging from the partial analyses available and the shallow 
depth of the water-bearing formations the water is very probably soft 
water, with a relatively ·16w content" of mineralization. 

The partial analyses of water supplies used by the M. St. P. & S. S. 
M. Ry. Co. in which analyses the sodium and potassium carbonates, the 
calcium and magnesium carbonates, the calcium and maguesium sul
phates, the sodium chloride, and iron and alkali salts, are determined, 
are stated in total grains per gallon and total parts per million in the 
following table: 

Partial, mineral Analyses of Water in Price Oounty. 

Station. Dlssol ved SOlids parts per mil-I Dissolved solids 

gr. per gallon. lion. 

Ogema ........................................................... . 
WorcestH ....................................................... . 
Phillips ........................................................... . 
Fifield ........................................................... . 

" I 

7.27 
10.45 
4.37 
3.28 

124 
179 

75 
56 
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RACINE COUNTY 

Racine county, located in the southeastern part of the state, has an 
area of 323 square miles and a population of 57,424. About 96.2 per 
cent of the county is in farms of which 73.9 per cent is under cultiva
tion. 

SURFACE FEATURES 

The surface of Racine county is a gently undulating plain sloping 
eastward toward Lake Michigan. The' valleys which are broad and 
shallow and the upland ridges which are gently sloping generally 
trend north and south parallel to the shore of Lake Michigan. The 
eastern part of the county is drained by the Root river flowing to Lake 
Michigan and the western part is drained by the Fox river (of Illinois) 
flowing southwest to the Mississippi. 

The altitude of Llake .Michigan on the eastern boundary is 581 feet, 
and of the valley! bottom <>f the Fox in the western part about 740 to 
760 feet. The broad uplands in the eastern part rarely exceed an al
titude of 740 feet, and the highest point in the western part 10llated 
west of the Fox river, is about 940 feet. The usual difference in eleva
tion between vaney bottom and adjacent uplands is therefore less th:m 
150 feet, the maximum difference being 200 feet. 

GEOLOGICAL FORMATIONS 

The surface deposits of glacial drift and associated alluvial and lao 
custrine deposits form a general covering over the indurated rock for
mations. The rock formation immediately underl)ing the surface de
posits is the Niagara limestone formation. (See geological section, fig
ure 44). 

The drift and associated surface deposits are of variable thickness, 
the known'maximum thickness in the county in the well at Union 
Grove being 195 feet. It is quite probable, however, that the thickness 
of the surface deposits is much greater than this in various places in 
the county. The thickness of the surface deposits in the city of Racine 
does not appear to exceed 100 to 125 feet, and at Burlington 50 or 60 
feet. The usual range in thickness of the drift is between 25 and 100 
feet. 
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The thickness of the Niagara is also nriable on account of the un
equal erosion of this formation. The known thickness as shown by well 
records ranges between 120 and 3.JO feet. The minimum thickness is 
probably not much less than 100 feet, and the maximum thickness prob
ably not more than 500 feet. 

The probable range in thickness of the formations .in Racine county, 
may be summarized as follows: 

Range in thickness of formations in Racine County. 

Formation. Thickness. 

Feet. 
Surface formation.. .. . . .. . . .. . . .. . . .. . . .. . . .. • • .. . . .. . • ... . .. • . .. . • .. . . .. . .... . .. • . .. . .. 0 to 300 
Niagara limestone..... .... .... .... .................... .... .... ............ .............. 100 to 500 
Cincinnati ,hale................................................................ ........ 140 to 200 
6alena-Plattevllle (Trenton) lime.tone.................. ........................... 250 te 350 
~t. Peter and Lower Magnesian.............. .......................................... 200 to 250 
TTppprCambl'lan (Potsdam) s .. ndstone ............ _ ................................... 800 to 1000 
Pre-Cambrian granite ............................ , .................................................. . 

PRINCIPAL WATER-BEARING HORIZONS 

All of the geological formations from the surface deposits overlying 
the Niagara down to the Upper Cambrian (Potsdam) sandstone are 
drawn upon for water supplies. The principal water-bearing horizops, 
however, for shallow wells are the Niagara limestone and the glacial 
drift. Only in the deep artesian wells are the St. Peter sandstone and 
the Upper Cambrian sandstone horizons drawn upon. 

The water level throughout the county is generally only a short dis
tance belowsur~ace, being within 10 to 20 feet of the surface in the val
leys and very generally less than 100 feet below the surface on the 
gentle slopes of the upland areas. In surface wells abundant water can 
generally be obtained within the drift, or at the contact with the under
lying limestone or a short distance into the limestone. 

-FLOWING WELLS 

Flowing wells in the surface deposits and in the underlying rock'oo" 
cur in various parts of the cOUnty. The shallow tiowing wells arefrotn 
the drift· or from the upper surface of the Niagara limestoneunder~ 
lying the drift. Near Racine, this glacial drift or limestone noriZon 
has furnished many flows, the depth of the wells ranging from 00 to 104' 
feet. 
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The rise of the surface toward the west soon prevents a flow from 
being obtained but on low ground flows may be expected over a very 
wide area, while on higher ground non-flowing artesian water from the 
same source may be obtained. Surface flows from the drift also occur 
at Union Grove and Yorkville at depth of 60 feet, and many at Cal· 
edonia at 50 to 100 feet and in Burlington at 30 to 60 feet. 

Deep seated flows from the rock formations underlying the Niagara 
limestone and Cincinnati shale mainly from the sandstone of the St. 
Peter, and the Upper Cambrian (Potsdam) horizons also occur in vari
ous parts of the county. The underground water in all the deep seated 
formations is under pressure and where the artesian reservoir is tapped 
by deep wells, the water will rise above the surface of the curb if the 
altitude of the surface is not too great. 

J n Racine county there are 12 deep artesian flowing wells from 1,200 
to 1,742 feet deep that have a head at various elevations up to 80 feet 
above the level of Lake Michigan. At Corliss is a flowing well, 1,263 
feet deep with head 40 feet above the surface, or 185 feet above Lake 
Michigan. At Burlington, the city well 1,008 feet deep, has a head 30 
feet above the surface or about 215 feet above Lake Michigan. The 
normal head therefore rises up the slope of the strata as the distance 
from the lake increases, so that deep artesian flowing wells are possible 
in the eastern part of the county along the Lake at altitudes up to 660 
feet, and in the western part along Fox river at altitudes up to 795 
feet, -with head between these altitudes at intermediate points. Alti
tudes sufficiently low for development of flows therefor occur only on 
relatively low ground along the lower slopes of the valleys. 

WATER SUPPLIES FOR CITIES AND VILLAGES 

Racine. Racine, located on Lake 'Michigan at the mouth of Root . 
river, has a population of 38,002. The city water supply is obtained 
from Lake Miehigan from one intake at depth of 47· feet. The sewage, 
without purification, is drained into Root river and Lake Michigan. 
About 95 per cent of the houses are connected with the water supply, 
and about 50 or 60 per cent have sewer connections. The average daily 
pumpage at the waterworks is a little over 3,400,000 gallons. 

There are many artesian wells in Racine. No very marked inter
ference has been noted because many of these wells are not very close 
together .. The artesian reservoir has not been overtaxed and new wells 
have approximately the same pressure as the wells drilled some time ago. 
The difference in head is partly due to elevation and partly to im-
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proper casing, as at Milwaukee. The wells here sometimes fail to flow 
as the water escapes through leaks at lowel· levels. There are four ar
tesian water horizons,-the drift, the ~iagara limestone, the St. Peter 
sandstone, and the Upper Cambrian (Potsdam) sandstone, and the 
flow usually increases with each succeeding horizon as the well is 
drilled deeper. There are at least 14 Jeep artesian wells in Racine, 
from 1,200 to over 2,000 feet deep, that flow at various elevations up 
to 80 or 90 feet above the level of the lake. 

Logs ot artesian wells in Racine. 

GalenaJ 
Upper 

Lower Cam-
Niagara Cincin- Platte- St. Peter Ma~nes- brian 

Location. Drift. lime- natl ville sand- ian (Pots- Total. 
stone. 'hale. lime- "Ione. Iime- dam) 

stone. stone. sand- I 

------.--[----------[-- ~one .. [---

I i 

. I Feet. I Feet. Feet. I Feet. I Feet. Feet. Feet. I Feet. 
Lakeside ............ [124 300 130 ~40 100 160 396 1550 
I ves Corners. . . . . . . . 2 300 200 I 325 I 60 .... , ..... 62~ 1509 
Racine College..... 115 I 305 ~~~ ~g , ..... ~~ ....... ~~~ ... 204 1 1240 
John Fox ................... , 225 650 I 1500 

I I 

The log of the Racine College well recorded in Geology of \Viscon
sin, Vol. 2, p. 163, is of interest since it records the Mendota limestone, 
which may be the same as the lowest limestone struck at Milwaukee. 
Of the 204 feet of Potsdam sandstone in the Racine College well, 47 feet 
is Madison sandstone, 31 feet Mendota limestone, 110 feet red sand
stone, 10 feet hard sandstone, and 6 feet. of soft sandstone. 

Two deep flowing wells were recently drilled at the plant of the 
Horlick Malted Milk Co. Samples of the formations taken every 10 
feet were kindly furnished by the owners, and are now on file in the 
office of the State Survey. The wells are 10catJ in Sec. 6, T. 3 R. 23 E., 
the elevation of the curb of well No.1 being 6-15 and of well No.2, 647 
feet. The sections of the two wells, as interpreted by F. T. Thwaites, 
are as follows: 
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Logs of Horlick Malted Milk CO.'8 Wells, Racine. 

Formation. \Vpll No.1. WplI No.2. 
thlcl{llpss. thickness. 

Pleistocene: Feet. Feet. 
Gray calcareous clay ............................................... 100 95 

Niagara: 
Gray dolomitic Ilmestone. with a red limestone near the middle 

and shaley toward. the ba."... ... ... . ... . ... ... ... ...... ........ .. ~50 3~5 
Cincinnati: 

Calcareous I!"ray shale................................................ 140 160 
Galena-Platteville: 

Gray magnesian limestone showing a thin sandl' layer neal' 
base in Well No. 1........ .......................................... 315 I 310 

St. Peter: . 
Fine-grained calcareous sandstone with ,halel' layers.. ........ .. 70 8, 

Lower Mal!"nesian: 
Gray sandy dolomitic, some layers very sandy..................... 90 80 

Upper Cambriam (Potsdam): I 
Pink and white. or b,'own, ca]carpous sandstone with 40 to 50 fpet 

of red calcareous shale about 200 f, et from the toP .............. __ !~ ____ 6:> __ 
Total depth ...................................................... . 2,010 1. 700 

Burlington. The city of Burlington, located on F'ox River, has a 
population of 3,212. The city has a water supply obtained from three 
artesian wells. About 75 per cent of the houses are connected with 
the water system. The average daily pumpage is 211,000 gallons. A 
sewage system was recently installed providing for treatment of the 
sewage before its discharge into the Fox river; 

The city has drilled three wells for the waterworks plant,-one 8 
inches in diameter and 1,008 feet deep, one 6 inches in diameter and 
600 feet deep, and one 155 feet deep. The deep wells flowed above 
surface four years and then ceased. 

The section of the 1008 foot well is as follows: 

Log of Burlington City Well. 

Formation. Thickness. 

Feet. 
24 

180 
200 
20 

100 
UpperOambrian (Potsdam) sandstone............ ................................. 484 

Tolal depth .......................................................................... 1-1.008-

The log of this well shows a small thickne3s of the Galena-Platteville 
limestone. It is of interest, however, to compare this log with that of 
the deep well at Union Grove, as the combined thickness of the Cin
cinnati shale and the Galena-Platteville in the two wells is reported to 
be about equal. 

There are many private wells in BUrlington that obtain their sup
ply from Niagara limestone 50 to 150 feet deep. 
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Union Grove. Union Grove, population 616, has a municipal water 
supply obtained from a well 287 feet deep. The daily pumpage is 
25,000 gallons. Most of the houses are connected with the water sup
ply. In the village of Union Grove is a well 2,005 feet deep, having 
the following settion as reported' to Dr. 'V. C. Alden of the U. S. Geo
logical survey. 

Log 01 Union Grove WeZZ. 

Formation. I Thickness. 
--------------- --- -. ------- 1----

~li~~~l~~~·· .. · .. ·· ...................................................................... 1 Fi~~' 
Limestone .......................................................................... i 120 

Clncinn a.ti. 1 
Blue and green shale ............................................................... [ 52 

Galt~:;:S~~~:~.i.l.l~: .......................... :.......................................... 180 

St. ~:~';fs'tonE'''." ........ :......................... ...................................... 200 
Upper Cambrian (Potsdam). 

Colored beds of sandstone. alternating wHh beds of red. marly rock: near 
bottom sand.stone becomes coarse a.nd cuts ea.slly ............................. 1.258 

Total depth ..................................................................... 2.005 

I t is of interest to compare the log of this well with logs of the Hor
lick wells at Racine, that of the wells at Corliss, and that of Herman 
Krender at Somers, in Kenosha county, as well as that of the Burling
ton city well. 

Corliss. In the village of Corliss are two deep wells of special in
terest. The first deep well at this place was drilled by the Chicago, 
Milwaukee, and St. Paul Railway Company in 1875. The log given in 
GeololP' of Wisconsin, Vol. 2, p. 163 is as follows:-

Log 01 C. M. &; St. P. Rw. wen at Corliss. 

Formation. Thickness. 

Feet. 
Pleistocene. Drift.................................................................................. 147 
Niaga.ra. 

Limestone ........................................................................ :... 238 
Cincinnati. 

Sha.le.................................................................................. 200 
Ga.lena-Trenton. 

LImestone ............................... ;......... .................................. 285 
St. Peter. 

Sandstone.. ... . . .. . . .. . . .. . . .. .. .. . . .. . . .. . . ... .... .... .... .... .... .... . .. . .... . .. . . . 100 
Lower Ma.gnesian. 

Limestone...................... .... ............ ...................................... 141 
Potsda.m. 

Sa.ndstone............................................................................ 157 

Tota.l........................................................................... 1.268 

34-W. S. 



530 THE WATER SUPPLIES OF WISOONSIN. 

The record states that 15 feet of limestone was passed through in the 
Potsdam sandstone, but the depth of the limestone is not gi vcn. The 
altitude of the curb is 765 feet, and the original head was 40 feet abovb 
the curb. In 1899 the water stood below the surface and had to be 
pumped. An artesian well has been drilled at this Iplace 1,507 feet 
deep for the Corliss Machinery Co. The village has a public supply 
furnished by the Wisconsin Engine Co. 

QUA.LITY OF THE WATER 

The mineral analyses of various water supplies of Racine county 
are shown in the following table. The water from Lake Michigan is 
of low mineral content, though it should be classed as medium hard. 
The waters analyzed from the surface deposits and underlying rock, 
are-' either moderate or high in mineral content. Only a few of the 
waters, however, are very hard waters on account of the fact that much 
of the mineral salts are alkali sulphates. Both sulphate and carbon
ate waters occur. The sulphate waters occur in, relatively shallow 
wells, in the flowing well at Willow, and also in the deep wells at Ra
cine Junction and Racine. All the waters are calcium and magnesian 
waters, except the flowing well at Willow, No.6, and the Wisconsin 
Eng. Co's. well at Corliss, No. 10, which are sodium waters. The high 
sodium and potassium in the water of these two wells is similar to the 
high. sodium water at Bain, Bristol, etc., in Kenosha county, from the 
same horizons . 
. The water from Lake Michigan, No.2, contains 1.01 pounds of in

crusting solids in 1,000 gallons; that from Root river, No.1, contarns 
2.84 pounds in 1,000 gallons; that from the artesian well at Racine 
Junction, No. 13, contains 3.69 pounds in 1,000 gallons, and that from 
the flowing well at Willow, No.6, high in sodium and potassium, con
tains only 2.71 pounds in 1,000 gallons. 

The deep well waters at Racine do not appear to be so highly min
eralized as those at Milwaukee. The quality of the waters throughout 
the county is likely to be very similar to those shown in t11.e table, as 
waters from all the formations are included in the table. 

, # 
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Mineral analyses 01 reater in Racine County. 

(Analyses in parts per million) 

I River., L&ke. , Surface dellosits. 
~---1---·,-----,-------

6. l 1. I 2. I 3. 4. 5. 

-1-----
Depth of well .................... feet. ........... '..... ...•. 12 26 40 114 
Silica (Si02) ..........•.......•......... 9.9 2.1 't 2.9 3.8 0.8 20.3 

A k~~6~}~~ . ~.~~. :~~.~ .~~:~~~ .(~ ~~~~~ .......... 1.2 \ ................ \ .... , .. .. I 1. 2 
Calcium (Ca)........................... 74.7 30.7. 77.5 70.1 &1.7) 38.8 
Magnesium (Mg)...... ........... ...... 38.6 10.7 I 33.1 36.5 35.2 30.8 

PotassIUm (K) ......•.......••.•...... r Sodiu~ (Na) .......................... I 18.61 5.6 9.9 8.0 10.3 115.4 

Sulphate radlcle (S04) ....... .......... 56.1 12.2 54.0 40.0 78.4 418.5 
Carbonate radicle (COs)...... ..• •..... 169.6 66.3 I 1Z4.0 175.5 165.9 I 36.1 

Chlorine (C1)........................... 7.9 7.0 2.7 5.2 7.2 7.5 

org;:::::::::~;~~ .~~~;~~:::::::: :~:::: ~~if~1~~~~ ~I~~ ~ '~~~r~~ 

-
Niagara limestone. 1 St. Peter and Upper Cam-

brian (Potsdam) sandstone. 

7. 8. 9. I 10. 11. 
t 

12. 13. 

--- ------.------1------
Depth of well.. ....... feet .. 130 180 130 ; 300 1008 1000 1400 
Silica (Si02) ., ............... 6.7 7.8 1.4 i undt. 6.6 ~ ........ 1 19.3 Aluminium and iron oxides I 

(A1203+Fe20s) ..................... .......... . ......... : .......... .••.•..... 1.9 •...•.•... 
Aluminium oxide (A120s).. 0.4 .......... .......... .......... 0.5 ...•••••.. 1.5 
Iron (Fe) .................... 0.1 .. 'i2S:0" .. "5i:i"' ····59:5·· 6U j····65Tf·iii:o·· Calcinm (Ca).. '" .... ....... 63.5 
Magnesium (l\Ig)............ 25.2 35.0 39.6 27.9 25.2 I 26.7 25.7 
Sodium (Na) ............... j 9.0 I 73.6 52.8 99.4 ~:~ f 11.5 43.8 Potassium (K) •••• · •.•••••• I 4.2 r 
Carbonate radicle (C03) '" 139.1 159.7 105.8 45.0 139.1 144.1 158.9 
Sulphate radicle (S04) ...... 47.4 300.7 205.0 373.3 47.1 48.2 177.7 
Chlorine (01) •••••••••••••••. 4.7 

-~~l:---~ 
10.1 4.7 4.3 28.9 

Total dissolved solids,. 300~ 728. 470. 615. 300. 302. 567. 

1. Root River at Racine, Analyst, G. M. Davidson, Feb. 1892. 
2. Lake Michigan, City Water Supply of Racine, Analyst. Dearborn Drug & Co., Mar. 

8, 1911. • 
3. Well of C. M. & St. P. Ry. Co., Burlington, Analyst. Cbemlst C. M. & St. P. Ry. Co., 

April 10, 1891. . 
4. Well of C. M. & St. P. Ry. Co., Burlington, A.nalyst. Cbemlst C. M. & St. P. Ry. 

Co., Mar. 19, 1899. 
5. Well of six tubular wells of C. M. & St. P. Ry. Co., Burlington, Analyst, Chern· 

ist, C. M. & St. P. Ry. Co., July 27, 1897. 
6. Well 'Of C. & N. W. Ry. Co. near section house Willo .... Analyst, G. M. Davidson, 

Feb. 1906. 
7. Well of Me Cona & Fraser, Burlington, flowing well. Analyst, E. G. Smith. 
8. Wen of C. M. & St. P. Ry. Co., Union Grove, Analya, Cbemfst, C. M. & St. P. Ry. 

Co., April 9, 1891. .. . 
9. Well of C. M. & St. P. Ry. Co., Union Grove, Anolyst. ChemIst. C. M. & St. P. Ry. 

Co., July I, 1888. 
10. Well of Wis. Eng. Co., CorlisA, Analyst, G. N. Prentiss. April 18, 1908. 
11. Well of City Water Supply, Burlington, Analyst. E. G. Smith. 
12. City well, Burlington, Analyst, Chemist, C. M. a: Sl. P. Ry. Co., Aug. 26, 1891. 
13. Artesian well of C. & N. W. Ry. Co., Racine Junctlon. .\nalyst, G. M. Davidson, 

J1me 23, 1891. 
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Mineral analyses of water in Racine County-Continued. 

I St. Peter and Upper Cambrian (Poudam) Sand,\one'. 

[14. 15. 16. 17. 18. \ 19. I 20. 

-D-.e-p-th-o-f-w-el-l-.. -.-.-... --.. -fe-e-t-. 'I~ ~ ~ ~ ~\~\-1500 
Aluminium and iron oxides Undt. Undt. Uudt. Undt. Undt. Undt. 1'.~ 
SIlIca (8i02) ................. ~ 

(AhOa+ Fe20a) ........... . 

Magnesium (Mg)............ 22 5 92.0 
23.7 

90.4 
22.8 

87.2 
22.5 

89.3 
22.5 

91.3 
22.5 

94.2 
20.2 

Calcium (011.) .•.•.•••••••••• '1108.5 

Sodium (NaL. ............. l . 
Potassium (K) ............. f 31.6 58.5 64.2 164.0 64.7 71.8 33.6 
Carbonate radicle (COa).... 158.0 118.4 1,22.5 226.2 I 114.6 131.5 102.7 
Sulphate radicle (S04) ..... '1151.6 130. I 228.6 13.3 236.9 ,228.2 200.5 
Chlorine (01)................ 7.6 12.0 12.0 11.2 12.3 11.2 I 8.7 

Total dissolved solids ... -4so.-~:--541:-!-5~1~w.- -557:- -477~-

St. Peter and Upper Oambrian (Potsdam) sandstone. 

---.,---------c----,.----...,--------

21. 21.' I 23. I 24. 1 25. 1 26. 27. 

Depth of well. ........ Feet. "'~ ~~ ~ 1507&16541' ~ ~ 
Silica (Si02) ..•.............. \ 
Alumlniumandironoxidesl'/ 1.2 2.6 1.2 Undt. Undt.1 13.8 2.7 

(AhOa+FeOa). ............ I I 
Aluminium oxide (AI20al............ .......... .......... .......... .......... 1.0 ..... : •... 

~~~i~~) (c~i::::::::::::::::;" 'i1i1i:i" .. 'i42:0" ... i2S:9" .. 'ios:2"' ... iili:o"r 8g:~ . "iiiT' 
Magnesium (Mg) ..........•. i 18.2 18.2 19.7 21.6 21.0: 15.0 16.4 
Sodium and potassium i ,I 

(Na+K) .................... 1 .20.3 19.9 19.7 25.2 26.6 I 43.9 8.S 
Oarbonate radicle (COa).... 166.4 163.5 167.4 162.0 16?1 t 1!7. 156.2 
Sulphate radICle (804) ...... 160.5 180.4 152.<1) 137.7 163.6, 101.8 112.5 
Chlorine(Cl) ................ __ ~~ _~~ ___ ~ .• 6_ Und~ ~Jl(j_t-.: __ I' ____ ~ ___ ~ 

Total ,lissolved solid.... 506. 533. 495. 455. 492, 428. 420. 
I ' I ================= 

14. Well of C. M. & St. P. Ry. Co., CorliSS, Analyst, G. N. Prentiss, ~Iar. 21, 1903. 
15. Well of C. M. & St. P. Ry. Co., Corliss, Analyst, G. N. Prentiss, Oct. 20, 1905. 
16. Well of C. M. & St. P. Ry. Co., Corliss, Analyst, G. N. Prentiss, Jan. 11, 1906. 
17. Well of C. M. & St. P. Ry. Co., Corliss, Analyst, G. N. Prentiss, Mar. 20, 1907. 
18. Well of C. M. & St. P. Ry. Co., Corliss, Analyst, G. N. Prentiss, April 18, 1908. 
19. Well ot C. M. & St. P. Ry. Co., Corliss, Analyst, G. N. Prentiss, July 25, 1908. 
20. Well of C. M. & St. P. Ry. Co., Corliss, Analyst, G. N. Prentiss, Feb. 3, 1909. 
21. Well of C. M. & St. P. Ry. Co., CorliSS, Analyst, Chemist, C. 1\1. & St. P. Ry. Co., 

Feb. 17, 1890. 
22. Well of C. M . .., St. P. Ry. Co., Corliss, Analyst, Chemist, C. ~1. & St. P. Ry. Co., 

Mar. 12, 1894. 
23. Well of C. M . .., St. P. Ry. Co., Corliss, Analyst, Chemist, C. 1\1. & St. P. Ry. Co., 

Sept. 13, 1898. 
24. Well of C. M. & St. P. Ry. Co., Corliss, Analyst, Chemist, C. M. & St. P. Ry. Co., 

Co., Dec. 7, 1899. 
25. Two wells of C. M. & St. P. Ry. Co., Corliss, Analyst, Chemist C. 1\I. & St. P. Ry. 
26. Well of Racine Well Co., Racine, Analyst, G. Bode. 
27. Well of City Water Supply, Union Gro,e, Analyst, Cbemist C. 1\1. & St. P. Ry. 

Co., July 2, 1888. 
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Richland county, located in the southwestern part of the state, has 
an' area of 576 square miles, and a population of 18,809. About 95.9 
per cent of the county is in farms, of which 52.3 per cent is under cul
tivation. 

SURFACE ~\TURES 

The greater part of the county consists of deeply dissected uplands 
with a larg; proportion of sloping land and only a small proportion 
of level topped upland areas. Level bottom land lies along the Wis
consin river and for some distance up the Pine river and other tributary 
streams. The valley bottom of the Pine is relatively narrow, being 

Fig. 63.-Geologic seCtion, east-west, across Richland County. 

about 2 miles wide at its mouth and less than a mile wide north of 
Richland Center. The bottom land along the Wisconsin river has an 
altitude of about 700 feet, while that along the Pine ranges from 700 
feet up to about 800 feet at Hub City. The dissected uplands reach 
altitudes of 1,100 to 1,300 feet. 

The soils in the valleys are generally sand, sandy loams and some silt 
loams, while upon the upland' slopes are quite generally heavier silty 
loams. 

GEOLOGICAL FOR~L\TIO~S 

The geological formations outcropping in this county are the Upper 
Cambrian (Potsdam) sandstone, the Lower :Magnesian limestone, and 
the St. Peter sandstone. 'rhe Upper Cambrian (Potsdam) sandstonr. 
occurs in the lowest parts of the valleys, the Lower Magnesian forms 
the main upland areas, and the St. Peter occurs only in small areas 
on the limestone uplands in the western half of the county .. In the 
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valleys is a variable thickness of alluvial sand overlying the bed rock 
and upon the uplands are the surface deposits of loess. The geological 
structure is illustrated in Fig. 63. 

The thickness of the alluvial deposits of sand and silt in the valley§. 
probably reaches a maximum of 200 to 300 along the Wisconsin river 
and in the lower portion of the Pine valley. The thickness of the rock 
formations is variable on account of the erosion of the strata. The 
eomplete thickness of the sandstone is preserved only where protected 
by the overlying Lower Magnesian limestone formation. The approx
imate range in thickness of the geological formations may be summar
ized as follows : 

Approx'imate rang('. in thickness of formations in Richland County. 

Formation. Thickness. 

Feet. 
Surface................................................................................... 0 to 300 
Lower Magnesian limestone....... .... .... ... ............ ..... ........ .... ........ ..... 0 to 200 
Upper Cambrian (Potsdam) sandstone............... ................................. 500 to 800 
The Pre-Cambrian granite ......................................... : ............................... . 

PRINCIPAL WATER-BEARING HORIZONS 

The water supply is obtained from all the geological horizons, the 
principal source being the Upper Cambrian sandstone. The wells upon 
the uplands find a sufficient supply in the limestone, in the western 
part of the county, but elsewhere the deeper wells penetrate to the un
derlying sandstone. An abundant supply is obtained from the shallow 
wells in the alluvial sand of the valleys. Shallow wells on the uplands 
where the St. Peter sandstone is present or where the loess has an 
appreciable thickness furnish a supply sufficient for domestic purposes. 
The deepest wells on the limestone uplands vary from 100 to 400 feet 
in depth. 

FLOWING WELLS 

The altitude of the land surface may be too high to obtain artesian 
flmys from the rock strata. However, occasionally along the valley bot
toms flows may be obtainable from the surface deposits of sand un
derlying clay or silt or from the sandstone. Some sections of the Pine 
river valley, above Richland Center may develop artesian flows and 
should be prospected for this purpose. 
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SPRI~GS 

Springs are quite common in Richland county along the lower slopes 
of tlie valleys. Springs are usually developed where shale strata out
erops along the sides of the valleys. ·l\Iany of the springs are the source 
of the permanent streams and furnish an abundance of cold, clear wa
ter for domestic use. 

WATER SUPPLIES .FOR CITIES AXD VILLAGES 

Richland Center. This city, the county seat, has a population of 
2,652. It is situated on the Pine river in an alluvial filled valley in 
the Upper Cambrian (Potsdam) sandstone. The city has a water sup
ply and sewage system. The average daily pump age is 250,000 gallons .. 
Sewage is emp~ied, without treatment, into Pine river. About 75 per 
cent of the families have water and sewer service. The city water sup
ply was formerly obtained from a 6-inch well, 748 feet deep, 98 feet in 
alluvial sand, and 650 feet in the Potsdam sandstone and granite. Re
centlya new well was drilled for the city supply, which struck the gran
ite at 665 feet. The elevation of the well curb is about the same as the 
railroad station, 736 feet above sea level. 

Viola. Viola, population 671, located on the line between Richland 
and Vernon counties, has a municipal water supply, obtained from a 
6-inch artesian well about 500 feet deep. About 74 houses connect with 
the water supply. A sewage system is installed, the sewage being emp
tied, without purification, into the Kickapoo riYer. About 32 houses 
connect with the sewage system. 

QUALITY OF THE 'YATER 

Only two mineral analyses of the water of Richland county1 are 
available. Both of the waters analyzed are from shallow wells in the sur
face deposits of alluvial sand. Both are hard waters of moderate min
eral content. The large amount of chlorine in the samples analyzed in
dicates contamination from surface groundwaters. The water supplies 
drawn from the limestone formation, as well as that from the Potsdam 
sandstone throughout the county, are likely to be somewhat higher in 
mineral content than No.2 but much like Ko. 1 from the alluvial Sand 
quoted in the table. 
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Mineral ,analyses of water in Richland Oounty. 

(Analyses in parts per million) 

i 

Aiummmm and Iron oXIdes (A1203+ Fe203) .......................... \ 

i'lul'face deposits. 

1. 2. 

20 
4.1 

30 
1.2 ~lfct,['. (Ji():l~: ': ...... ':::. ':::.'. '::. ':::. ':::.'. '::. :'::. '::.'. '::.'. '::.'. '::.'. ':. '::.'.: ~~~: i 'rl 

Calcium (Ca) .............................................................. 48.0 27.7 
Magnesium (Mg) ........................................ ;................. 19.2 13.6 
Sodium and potassium (Na+K)........................ ........ .......... ~~.2 26.4 
CaroonateradicJe (COs).................................................. 119.7 ~~.r' 
Sulphate radicle (SO.).................................................... 13.5 19.0 
Chlorine (CJ) ............................................................... __ ~~_I_ ~~-

Total dlssol ved sohds... . ... . ... .... .... .... .... . ........... .... .... . . 261.' 188. 

1. Railroad well at Richland Center, Analyst, Chemist, C. M. & St. P. Ry. Co., Dec. 
30, 1891. ' 

2. Railroad well at Lone Rock, Analyst, Chemist, C. M. & St. P. Ry. Co., Nov. 3, 1891. 

ROCK COCNTY 

Rock county, located on the southern boundary of the state, has an 
area of 706 square miles and a population of 55,588. About 95.9 per 
cent of the' county is in farm8 of which 81.8 per cent is under cultiva
tion. 

SURFACE FORMATION 

The surface of Rock county consists of broad level valley bottoms and 
undulating uplands. The broad belt of terminal moraine, the Kettle 
moraine, trends nearly east and west across the northern part of the 
county. A broad nearly level tract extends south of Janesville along 
the Rock river, and eastward along the Kettle moraine. With the ex
ception of the terminal moraine, the land in the western part of the 
county reaches higher elevations than that of the eastern part. The al
titude of the Rock river above the dame at Beloit is 741 feet, above the 
Ford dam at Janesville 769, aIid at Lake Koshkonong 779 feet. The 
broad valley bottom of the Rock river at Beloit and Janesville has an 
altitude of about 800 feet, about the same as Lake Koshkonong and the 
river at Fort Atkinson in Jefferson county. The river itself, however, 
is entrenched more deeply in' the valley bottom plain below Janesville 
than at Lake Koshkonong. 
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North of Janesville where the river cuts through the I].loraine the val
ley is relatively narrow and the old valley is occupied by drift hills. 
The, uplands in the northwestern part of the county in the town of 
Magnolia reach an altitude of 1,080 feet. The uplands in the south
eastern 'part do not reach 1,000 feet while those of the northeastern part 
reach up to 1,050 feet. The difference in elevation between valley bot
toms and adjacent uplands in the county is about 300 feet. 

GEOLOGICAL FORlHTIONS . 

The geological formations, showing rock 'outcrops, are the St. Peter 
sandstone and the Galena-Platteville (Trenton) limestone. The north
eastern part of the county is covered with a thick mantle of glacial 
drift. The valleys are filled with a thick deposit of alluvial gravel and 
sand. The geological structur~ IS illustrated in Fig. 64. 

Fig. 64.-Geologic section, east-west, across central Rock County. 

The surface deposits in the pre-glacial Rock river valley, have a 
thickness of 350 feet at Janesville. The usual thickness of the Upper 
Cambrian (Potsdam) sandstone is probably about 800 feet, and of the 
St. Peter sandstone and Lower Magnesian limestone combined between 
200 and 250 feet. 

The approximate range in thickness of the formations in the county 
may be summarized as follows: 

Approximate range in thickness of formatiolls in Rock County. 

Formation. 'L'hickness. 

Feet. 
Surface formation ............................................................ '" . ... 0 to 350 
Galena-Platteville (Trenton) limestone.. ........ ........ ........ ....... ....... .... 0 to 200 
!'It. Peter and Lower Magnesian. ... .... .... ........ .... .... .... ... .... .... .... .... .... 0 to 250 
Upppr Cambrian (Potsdam) sandstone........ .................... ........... ........ 600 to 800 
Pre-Cambrian granite ............................................................................. . 
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PRIKCIPAL WATER-BEARING HORIZONS 

The principal water-bearing horizons are the "Potsdam" sandstone, 
the St. Peter sandstone, and the superficial deposits of glacial drift and 
alluvial deposits. The limestone formations also have abundant crev
ices and openings which are filled with ground water below the general 
ground water level. 

-FLOWING WELLS 

Flowing wells occur on low ground along Rock river and tributaries 
in botli "the surface formation and the underlying Upper Cambrian 
(Potsdam) sandstone. At Beloit, the source of the flows is in the drift 
below red clay, the city wells being 90 feet deep and having a normal 
head of 5 or 10 feet above the surface. At Janesville and Edgerton, 
flows are obtained from the Upper Cambrian sandstone. The city wells 
in Janesville, over 1,000 feet deep, yield strong flows under a 24 to 28-
foot head, at altitudes of the curb of 774 feet. The old city well in Ed
gerton, 495 feet deep, when properly packed, has Ii. normal head of 12 
feet, altitude of curb 821 feet. Other flowing wells in Edgerton, vary
ing in depth from 198 to 572 feet, flow from 2 to 17 feet above the sur
face. 

Flowing wells can probably be obtained in Rock county at elevations 
not exceeding 25 or 30 feet above Rock river, the head rising to the 
north with the general slope- of the strata, and also up the side valleys. 
The height to which the water will rise is influenced by local conditions 
in the surface deposits as well as leakage from the underground sources 
in the old pre-glacial valleys. 

In the valley of the Sugar river in the southwestern part of the 
county, flowing wells are obtained under eonditions similar to those 
in the Rock river valley, as indicated by the flowing wells at Brodhead. 

SPRINGS 

Springs occur on' low ground in many parts of the county. A {lOm
mon zone for the issuance of springs is the shaly strata at the junction 
of the St. Peter sandstone and the overlying Platteville limestone, in 
the valleys of the western part of the county. There are numerous 
springs in the towns of Spring Valley and Avon. Springs are also 
quite common in the northern part of the county at the foot of the drift 
hills of the Kettle Moraine. Some well known mineral springs occur at 
Beloit. 
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WATER SUPPLIES FOR CITIES AXD YlLI..AGES 

Janesville. The population of Janesville is 13,894. The city water 
supply is mainly obtained from two flowing artesian wells, 1,087 and 
1,031 feet deep. A part of the supply is obtained from a large open 
well 25 feet deep. The artesian wells flow into a large reservoir, the 
capacity of which is 796,000 gallons. A growth of green algae some
times develops along the sides and bottoms of the reservoir. The sys
tem is connected with an intake extending into the Rock river, which 
is connected with a sand filter. The average daily pump age is 1,164,000 
gallons. About 80 per cent of the houses are connected with the water 
system. 

The first artesian well, 1,087 feet deep, has a diameter of 10 inches 
as far as cased, 254 feet, below which the diameter is 8 inches. Eleva
tion of eurb is 774. At depth of 300 feet this well began to flow, and 
the yield increased rapidly after a depth of 800 feet was reached. This 
well when completed flowed 587 gallons per minute under a' 28-foot 
head. The second well, 1,031 feet deep, 10 inches in diameter, drilled 
in 1898, is 800 feet from the first. This well flowed about 500,000 gal
lons per day under a 25 foot head. The pumpage in 1898 was about 
650,000 gallons per day .. During the night from 3 to 4 hundred thous
and gallons flowed into the river from the two wells. 

The deep well at the Fair Grounds, drilled in 1874, is 1,033 feet deep, 
350 feet in drift, and 683 feet in the Potsdam san istone. There are 
four other wells in the city ranging from 400 to 500 feet in depth. 
None of these wells are flowing wells, the surface of the ground at the 
wells being too high. Many shallow wells in the city vary in depth 
from 20 to 100 feet in the drift. 

Beloit. The population of Beloit is 15,125. The water supply is ob
tained from a system of driven wells which flow into a large reservoir 
30 feet in diameter and 40 feet deep, having a capacity of 423,000 gal
lons. The water is pumped from the reservoir, the average daily pump
age being nearly two million gallons. An intake extends into the Rock 
river, connected with a sand filter. The sewage from only a small 
part of the city is treated before being drained into the Rock river. 
About 70 per cent of the houses are connected with the water supply 
and about 30 per cent, with the sewage system. 

The well supply comes from the drift below the red clay. Forty
five well points varying from 4 to 6 inches in diameter and 16 feet long 
have been driven down about 90 feet. Most of these wells are on the 
east side of the river and the water rises in the pipes in places· as much 
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as 8 feet above the surface. The depth of the drift is very irregular, 
but it seems very probable that a considerable portion of this water 
is fed directly to the gravel and porous beds of the drift by the under
lying St. Peter sandstone in which the pre-glacial valleys were eroded. 
For flowing wells in the Rock river basin, see pages 75 and 96. 

Edgerton. The popUlation is 2,513. The city has a municipal wa
terworks, the average daily pumpage being 243,00Q gallons. About 80 
per cent of the -houses are connected with the supply. The city sew
age is emptied, without treatment, into the Rock river. 

The source of the city water supply is one 10-inch artesian well, 1,000 
feet deep. 

Log of Edgerton City Well. 

It''orma.tion. Thickness. 

Feet_ 
Drift .••.••••••..••..•...•..............••..•...•..••••••..•...••.... _. •..• •••• ••.•••• ••••• 120 
Limestone (Lower .l'lagnP,Slan ..• _............................ .......................... 160 
Sandstone andsha\e (Pobdam) .........................................•.............. I_~_ 

Total depth ....................... , ...... -... ........• ........ ...•.... .... .... ..... 1000 

This well flows 200 gallons per minute at the surface, and yields, 
when pumped, 450 and 550 gallons per minute at 12 and 20 feet below 
the surface respectively. In drilling this deep city well the head at 
the ol~ city well dropped 14 feet. The old city well is 495 feet deep; 
140 feet in drift and 355 feet in rock. In order to get a flow at the 
latter well it was necessary to pack the well at a depth of 480 feet; 
then the water rose 12 feet above the surface. 

The Chicago, Milwaukee & St. Paul Railway well drilled in 1903 by 
W. L. Thorn is 508 feet deep, 108 feet in drift, and 400 feet in sand
stone. The elevation of the curb is 825 feet and the water stands 14 
feet below the surface. 

Evansville. The population is 2,061. The city water supply is ob
tained from two wells, 8 feet in diameter, and 27 feet deep. The wells 
are 30 feet apart, sunk in gravel beds. . The average daily pumpage is 
53,000 gallons. About 50 per cent of the houses are connected with the 
water supply. The city has no sewage system. 

Clinton. This village, population 897, has a public water supply 
obtained from a well 6 inches in diameter and 900 feet deep, the source 
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heing the St. Peter sandstone. The average daily pump age is 30,000 
gallons. About 75 per cent of the houses are connected with the water 
supply. 

Milton Junction. Milton Junction has a public water supply ob
tained from a \vell 220 feet deep. The awrage daily pumpage is about 
4,000 gallons, about 35 houses being connected with the system. No 

, sewage system is installed. 

QUALITY OF THE WATER 

The mineral analyses of water supplies from various parts of the 
county are shown in the following table. All the waters, except one, 
are of moderate mineral content, and all would be classed as hard wa
ters rather than very hard waters. All are carbonate waters, in which 
calcium and magnesium greatly predoininate over sodium. The rail
road w~ll at Edgerton, No.6 high in mineral content, contains much 
more than the average amount of chlorine, indicating a considerable 
amount of pollution from contaminated sources. 

The Rock river water at Rockford, Illinois, is included in the table, 
since the river water at Rockford is likely to be much like that at Be
loit and Janesville. The river water, it will be noted, is almost as hard 
as the well waters. The well waters from the surface deposits are 
somewhat higher in mineral content than that from the deep wells in 
the underlying Potsdam sandstone. Most of the waters analyzed ap
pear, however, to be either from sandy surface deposits or from the 
underlying sandstone, and hence, are very probably not quite so hard 
as those water supplies obtained from either the Lower Magnesian or 
the Galena-Platteville (Trenton) limestone formations. 

In the city water supplies of Janesville and Beloit there is an aver
age of about 2.25 Ibs. of incrusting solids in 1,000 gallons. In the city 
water supply of Evansville, No.4, there are 2.80 pounds of incrusting 
solids in 1,00Q gallons. 
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Mineral analyses of water in Rock County. 

(Analyses in parts per million) 

Creek, River. Spring. Surface deposits. 

-------------------------1---1-.--1 2. 3. 4. 5. 6. 

Depth of well ...................... feet r nd t. .. .......... .......... 29. 30. 28. 
Silica (Si02) .......................... !1 15. 13.0 17.9 17.4 2.2 

A11~18~~Fa,,~<6;)~~.~x.i~~~ ......... r I...... .... ...... .... ...... .... 8.9 2.0 
Aluminium oxide (A1203) ............ 1........ . .......... 1.0 ................... . 
Iron (Fe) ............................. [...... .... 0.44 0.2 ............................ . 
Calcium (Ca)... .... ........ ..... ... .... 52.4 45. 61.5 68.2 38.0 112.4 
Magnesium (Mg)... ..... .... ... ..... ... 33.3 25. 34.8, 36.4 43.9 67.6 
Sodlu~ (Na) ......................... 11 13.2 10. 3.0 1 I 2.1 8.8 25.8 
PotassIUm (K) ....................... r 2.3 I r 
Carbonate radicle (C03).... .... .... ... 162.0 123.9 179. 173.4 140.8 303.3 
Sulphate radicle (804).... ...... ..... 15.4 22. 4.6 30.2 48.4 61.7 
Chlorine (e!)........................... 7.3 4.6 3.5 7.6 6.9 32.7 

~y~~:ad~~3i~~~~~:.::::: :::: :::: :::: :::: ~::::: :::: ····9L" I :::: :~:~::\:::::: :::f:::: :::: :::::: :::: --'--1--1----· -Total dissolved solids... ... ........ 283. 250. 303. 345. 306. 606. 

Sur race deposits-Continued. 

7. 8. 9. 10. 11. 12. 

Depth ofwell. ..................... feet 48. 48. 60. 72. 25. 25. 
8ilica (8i02).. .......................... 5.3 Undt... 1.3 Undt ... Undt ... Undt .. . 

Al1~~!~ Fa,,~~!f~. ~~.i~e~........... .......... ...... .. ........ I ............................ . 
Calcium (Ca)........................... 79.5 98.6 65.1 1 99.6 51.0 56.0 
Magnesium (Mg) ...................... I 38.0 49.1 30.7 I 34.4 26.5 27.8 
SOfllum and potassium (Na + 10..... 14.6 48.9 10.9 2.8 3.6 6.5 
Carbonate radicle (C03).............. 194.3 163.3 173.7 I 165.9 122.31142.0 
Sulphate radicle (S04)............... 41.2 269.5 16.1 42.4 19.2 19.6 
Chlorine (CI) ......................... , 14.6 Undt... 4.9 UnJt .... \ 6.2 7.3 
Nitrate radicle (N03) .................. II~ ~ -..:.:..:..:..:..:.-..: -..:.:..:..:..:..:.-..: ~ ~ 

Total dissolved solids.. .. .. .. .. .. .. 387. 628. 307. 315. 242. I 259. 

1. Turtle Creek. Beloit. Analyst. G. N. Prentiss. June 22. 1912. 
2. Rock River at Rockford. Ill .• Average Mineralization. Analyst. R. B. Dole. U. S. 

Geol. Sur. W. S. P .• No. 236. p. 118. 1909. 
3. Iodo-Magnesium Spring. Beloit. Analyst. C. F. Chandler. Wis. Geol. Sur .• Vol. 2. 

p. 8, 1877. 
4. City Wells. Evansville. Analyst. G. M. Davidson. Jan, 1902. 
5. Well of C. & N. W. Ry. Co .• Koshkonong. Analyst. G. M. Davidson. June 23. 1896. 
6. Well of C. M. & St. P. Ry. Co .• Edgerton. Analyst. Chemist. C. M. & St. P. Ry. Co .• 

Sept. 20. 1889. 
7. Well of C. M. & St. P. Ry. Co .• Janesville. Analyst, Chemist. C. M. & St. P. Ry. 

Co .• Oct. 5. 189l. 
8. WeI! of C. M. & St. P. Ry. Co .• Janesville. Analyst. Chemist. C. M. & St. P. Ry. 

Co .• June 8. 1900. 
9. Well of C. M. & St. P. Ry. Co .• Milton. Analyst, Chemist. C. M. & St. P. Ry. Co .• 

Aug. 28. 1889. 
10. WeI! of C. M. & St. P. Ry. Co .• Milton, Analyst. Chemist. C. M. & St. P. Ry. Co .. 

Feb. 6. 1902. 
11. Well of H. Miller, Beloit. Analyst, G. N. Pentiss. July 10. 1912. 
12. Well at Fair Ground, Beloit. Analyst. G. N. Pentiss, July 2, 1912. 
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Mineral analyses of u:ater in Rock Cou.nty-Oontinued. 

Surface delJ()';ib-Continued. II Upper Cambrian 
. sandstone. 

----------------~!~-r~-'-~J-~-· -L-~ I . 
Depth of well.. .................... feet 30. 100. 

Aluminium and iron oxides 

100. 
1.7 

100. 
3.1 

189. 500. 
Undt ... Silica (S102) ............................ Undt"'1 5.9 

(A120a + Fe20a) ..................... .......... . ..... .......... 8. . .................. . 
Calcium (Cal... .... .... .... ........ .... 45.3 61.0 64.7 59.6 88.2 70.7 
Magnesium (Mgl .. .... .... ......... ... 23.0 25.6 28.9 31.6 48.3 ......... . 
Sodium and potassium (Na + K) ..... 5.1 5.2 6.9 18.2 11.7 15.5 
Carbonate radicle (COa)........... .... 105.4 153.8 162.4 167.5 219.4 100.3 
Sulphate radicle (804)................. 20.1 8.0 18,4 23.6 74.6 9.2 
Chlorine (Cl).... .......... ............ 6.2 2.1 4.4 10.5 Undt... 24.0 
Nitrate radicle (NOS) .................. ~~_I~...:.:.:. ~ ~ .:.:.:..:.-.:..:.:.:..:. -.:..:.:.:..:..:.:.:..:. 

Tota\ dissolved solids ..... :........ 219. I 261. 287. 322. 442. 220. 

I Upper Cambr'ian !Potsdam) sandstone. 

I 19. 20. 21. I 22. I 23. 24. 25. 26. 
---.----------;--- --- ---1---:-- ------ ---
Depthofwell. ................ feeti 650. ~:~~~: l.10e. 11.300. 11.160. 1.087. 1.031. 1.452. 
8ilica (8102) ....................... 1 Undt. 9.1 9.4; i.Oi 2.2 8.4 UndL 8.4 
Aluminum ·and iron oxides I 

(A120s + 1<'e203).... ..... ....... ........ 6.8 1.5i 2.0 3.1 ....................... . 

6:~~i~~e)(C~y::::::::::::::::::::: .... 48.7 5~:~I .... 64\ .... M:2 .... 53:7 · .. ·50:3 ''''63:5 .... 50:3 
Mal!'nesium (Mg).. ........ ....... 32.4 35.9 37.9 38.5 39. 34.3 38.4 34.3 
8podium (Na()K .................... l 10 4 50'.84 ~ 55' 3.71 17.2 11.5 5 311 11.5 otasslum ) .... . ......... f . " r • 
Cari,onate rad;cle (C03).......... 152.9 165.6 18004; li5.j 184.5 163.3 187.4 163.3 
Sulphate radicle (S04)....... ... 10.7 5.6 14.4i 2.. 13.6 X.4 14.0 8.4 
Chlorine (CO ..................... _~ _~ _ 8.5:_~ _~ _~ ~dt. _~ 

Total dissolved solids ........ 262.1 285. 321.: 287. 320. 285. 309.6[ 285. 

13. Well of J. C. Cressinou. Beloit, Analyst, G. N. Prentiss, July 10, 1912. 
14. Well of City Water Supply, Beloit, Analyst, Chemist. C. 1I. & St. P. Ry. Co., April 

9, 1891. 
15. Well of City Water Snpply, Beloit, Analyst, Chemist. C. 1I. & St. P. Ry. Co., Jan. 

9. 1895. 
16. City Water Supply, Beloit, from main ,Analyst, Dearborn Drng & Chern. Co., Oct. 

16, 1907 
17. Well of C. M .. & St. P. Ry. Co., Edgerton, Analyst. G.~. Prentiss, February 8, 1902. 
18. Well of T. F. Knipp, Janesville, Analyst, A. Fisher. 
19. Well at Crooke's Brewery, Janesville, Analyst, G. ~. Prentiss, Jan. 12, 1906. 
20. Well of City water supply, Janesville, Analyst. E. G. Smltb. 
21. Two wells of C. & N. W. Ry. Co., Round House, Janesvllle, Analyst, G. l\I. David

son, June 23, 1896. 
22. Artesian well 'of City Water Co., Jan<l!vllle, Analyst. G. Y. DIIvidson, Feb., 1892. 
23. Artesian well of City Water Co., Janesville, Analyst. Dearborn Drug & Chern. Co., 

Oct. 5, 1907. 
24. City well, Janesville, Analyst, Chemist, C. M. & St. P. Ky. Co., Dec. 2, 1891. 
25. City well, Janesville. Analyst, C'hemist, C. M. & St. P. Ky. Co .. June 8, 1900. 
26. W711 of C. M. & St. P. Ry. Co., Janesville, Analyst, G. ~. Prentiss, May 14, 1906. 
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RUSK COUNTY 

Rusk county, located in the north central part of the state, has an 
area of 916 square miles, and a population of 11,160. About 19.2 per 
cent of the county is in farms, of which 22.8 per cent is 1;lnder culti
vation 

SURFACE FEATURES 

The surface is mainly a broad undulating plain, with the exception 
off the' northwestern part, which is characteriz~d by prominent rock 
ridges. A belt ,of terminal moraine extends northward across the 
western part. The county is traversed by the Chippewa and Flam
beau rivers, flowing south through the central portion. The altitude 
of most of the county lies between 1,100 feet in the southern part and 
1,300 feet in the northern part. The high ridges in the northwestern 
part probably reach up to elevations of 1,500 and 1,600 feet. 

GEOLOGICAL FORMATIONS 

The principal formations are the deposits of glacial drift, sand and 
gravel. The underlying rock consists of granitic formations, mainly 
outcropping along the river, and the high ridges of quartzite in 
the northwestern part of the county. The surface formation is of 
variable thickness, probably reaching a maximum of 200 or 250 feet in 
places. 

PRINCIPAL WATER-BEARING HORIZONS 

The principal water-bearing horizon is the surface formation of gla
cial sand and gravel. The wells are generally quite shallmv, usually 
from 20 to 40 feet over the entire ,county. 

At Tony wells are from 10 to 25 feet deep in the drift, the water level 
standing from 10 to 20 feet below the surface. The railroad well in 
Glen Flora is 120 feet deep, wholly in drift. At Glen Flora the wells 
are generally from 20 to 40 feet deep. In Ingram no deeper wells than 
24 feet were found, and these wholly in drift. In Hawkins most of 
the wells were less than 21 feet deep, wholly in drift. 
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WATER SUPPLIES FOR CITIES AND VILLAGES 

Ladysmith. Ladysmith, the county seat, is the principal city, with 
a population of 2,352. It is located upon the Flambeau river, on the 
site of a water power. The elevation at the top of the dam is 1,115 
feet above sea leveL The city. is built upon land rising up to 60 to 80 
feet above the level of the Flambeau river. The formation is a sandy, 
and a clayey, gravelly drift. The city has a public water supply and 
sewage system. The city supply is obtained from the Flambeau 
river and is ~ot very satisfactory. The daily consumption of water is 
about 100,000 gallons. About 25 per cent of the houses connect with 
the city supply. The private wells in the city vary in depth between 
25 and 80 feet. The sewage, without treatment, is emptied into the 
Flambeau river. 

Bruce. Bruce has a population of ·565, elevation, 1,098 feet. It is 
located on the west bank of the Chippewa river, on a sandy gravelly 
plain, with sandy loam soil. Private wells are generally from 15 to 
30 feet deep. In 1908 a waterworks system was installed. The supply 
is derived from two 6-inch wells, 43 feet deep, in sand and gravel. 
The water level stands 16 feet below the surface. The daily capacity 
of the wells is 60,000 gallons. The wells ean be emptied in about three 
hours. 

QUALITY OF THE WATER 

No analyses of the water of the county are at hand, but jUdging from 
the character of the geological formations, the supplies are very likely 
to be mainly soft water of low m~neral content throughout the entire 
county. 

ST. CROIX COL");"TY 

St. Croix county, located in the northwestern part of the state, has 
an area of 711 square miles, and a population of 25,910. About 88.8 
per cent of the county is laid out in farms, of which 71 per cent is un
der cultivation. 

SURFACE FEATCRES 

The surface of the county is mainly an undulating upland plain on 
the Lower Magnesian limeston~ formation. In the western part are a 

35-W. S. 
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few mounds of the Platteville (Trenton) limestone extending above 
. this general plain. Over a considerable part of the southern half of 
the county the surface drainage is carried off by temporary streams. 
The valleys are deeply incised only within a few miles of the St. Croix 
river, which lies in a deep and narrow trench 200 to 300 feet below the 
upland immediately adjacent, and 400 to 500 feet below, the upland 
in the eastern part of the county. The altitudes generally range from 
700 feet along the St. Croix river bottom to 1,000 and 1,200 feet on the 
upland plain. 

GEOLOGICAL FORMATIONS 

The geological formations are similar to thQse in Pierce county, and 
consist, from the base upward, of the Upper Cambrian or St. Croixan 
(Potsdam) sandstone, Lower Magnesian limestone, St. Peter sand
stone and the Platteville (Trenton) limestone. Glacial drift is abund
ant over most parts of the county. A belt of thick drift hills, terminal 
moraine, extends northeast across the northwest part of the county. The 
geological structure is illustrated in figure 65. 

Fig. 65.-Geologic section. east-west. across southern St. Croix County. 

'fhe thickness of the surface formation of glacial drift is variable on 
account of the irregularities in the rock surface upon which it was de
posited, as well as the irregularity in the deposition of the drift in the 
form of ridges, depressions and level· tracts. There are many wells in 
the county which have penetrated 200 feet of drift, but the usual thick
ness is 25 to 100 feet. At the railroad shop well in Hudson, about 104 
feet of surface deposit was penetrated before striking the rock forma
tion. This well is situated on the bottoms of the St. Croix and indi
cates that ~he old pre-glacial channel is at least 100 feet below the pres
ent level of the St. Croix, a condition closely corresponding to that O'f 
the old channel of the Mississippi at .St. Paull. The thicknes~ of the 

1 U. S. Qeol. Survey, W. S. P. 256, p. 302. 
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rock formations is variable on account of the extensive erosion. of 
the strata. The complete thickness of any formation is preserved only 
where protected by the overlying formation, as indicated in the cross 
section. The approximate range in thickness of the geological forma
tions may be summarized as follows: 

Approximate range in thickness of formations in St. Oroix Oounty. 

__________ --,-_F_O_l'_m._a_ti_on_. ____________ 1 ThiCkness: 

. I Feet. 
Snrface formation.................................................. ..................... 0 to 350 
Platteville (Trenton) limestone....................................................... 0 to 150 
St. Peter and Lower Magnesian........................................................ 0 to 300 
Upper CambrIan (Potsdam) sandstone ................................................. \ 300 to 800 
The Pre-Cambrian formation ....................................................................... . 

PRINCIPAL WATER-BEARING HORIZONS 

The water supplies over the upland plain are obtained mainly from 
the Lower Magnesian limestone horizon and from the overlying glacial 
drift. In the deeper wells, those from 150 to 250 feet, deep, the under
lying Upper Cambrian (Potsdam) sandstone is drawn upon. In the 
northern part of the county, where the Upper Cambrian or St. Croix
an (Potsdam) sandstone is usually near the surface, this formation is 
the common source of supply. The cities of Hudson and Glenwood, 
located in the vaJleys, obtain their supply from the Upper Oambrian 
sandstone, while New Richmond, located on the upland plain, draws 
its supply from sandstone beds within the Lower Magnesian horizon. 

FLOWING WELLS 

Artesian flows in surface formations supply the trout springs, lo
cated in the valley of the Willow river, near Hudson. The well pipes 
extend to a depth of 12 to 18 feet, the water generally rising a foot or 
two above the general level of the ponds. The wells are driven thliough 
a clayey stratum, into the underlying sand and gravel beds, where the 
water is under pressure. The alluvial formation has developed an ar
tesian slope the head rapidly decreasing in conformity with the slope 
down the valley. 

The absence of flowing wells on lo'w ground, along the St. Croix riv
er, at HUGson, in view of the fact that flows are readily obtained along 
the Mississippi river at St. Paul, 18 miles to the west, with head 40 to 
60 feet above the level of the St. Croix river at Hudson, and at River 
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Falls, only 12 miles to the southwest, with head nearly 200 feet above 
the level of the river at Hudson, may be worthy Of a brief discussion 
in connection with a description of the water supplies of this locality. 

The reason for the absence of flowing wells in the rock formation at 
Hudson is apparently due to unfavorable underground conditions, to 
dislocation in the rock strata, as Hudson is located on an uplifted zone 
or segment of the strata. This uplifted segment has an approximate 
width of about 4 miles at Hudson and extends northeast and south
west across the northwest part of St. Croix county. The eastern, 
boundary of this uplifted segment is fairly well defined, being marked 
by a zone of faulting or sharp folding extending through thp lop.alitv 
of the Ilwaco springs on the St. Croix, to Willow river F:Il'"., Rt Burk
hardt, and to Little Falls on the Apple river, in southern Polk county, 
and apparenly continuing for an undetermined distance farther 
northeast. South of the locality of the Ilwaco Springs the boundary 
of this dislocated zone, which is marked either by a series of short 
faults or by a sharp monoclinal fold, has been recognized at Point 
Douglas, near Hastings, as described by N. H. Winchell! and also by 
Owen2 at a much earlier date. Within this uplifted segment the Upper 
Cambrian sandstone strata stand 200 to 300 feet above the equivalent 
strata to the east, at Chapman and River Falls, and ZOO to 400 feet 
above the same strata to the west, at Stillwater and St. Paul. The soft 
sandstone in this uplifted belt, being of softer rock than the hard lime
stone lying to the east and to the west, has led to the development of 
a deep valley at Hudson within the sandstone belt, which valley, as al
ready referred to, is at least 100 feet, and possibly much deeper below 
the present surface of the St. Croix river. The discontinuity of the 
rock strata within this dislocation zone, with that outside of it, has 
been the principal factor in destroying the conditions for development 
of artesian flows from the sandstone strata at Hudson, and a minor 
factor tending to destroy favorable artesian conditions may also have 
been the subsequent location of a deeply eroded valley within the same 
area . 

. Conditions appear to be favorable for the development of flowing 
wells along the St. Croix river, south of the fault at Ilwaco springs. 

'Geology of Minnesota, Vol. 2, page 384. 
'Owen's Geological Survey of Wisconsin, Iowa and Minnesota, p. 46, Geol. 

Sect. No.5. 
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SPRl:S-GS 

Springs are relatively rare ill the interior of the county on the sum
mit of the upland plain, but are quite common near the outer border 
of the eounty, along the streams whose valleys head in the upland 
plain. The springs in fact, are usually the starting point of the per
manent streams that occupy these valleys. Springs are common in the 
eastern part of the county, along the streams flowing eastward to the 
Red Cedar river, such as the Bolan Creek, Sandy Creek, Tiffiany Creek, 
Beaver Creek, and Wilson Creek. 

In the southern part of the county springs are common on the val
ley bottoms and along the tributary valleys of the Eau Galle, Rush 
and Kinnikinnic rivers. In many instances the springs determine the 
location of farm houses, and furnish an excellent supply of water for 
domestic use. 

Springs are also quite common along the St. Croix valley, wherever 
the rock formation is exposed, as illustrated at Hudson, where condi
tions are favorable for the issuance of springs at the contact of the 
shale and sandstone beds. The Ilwaco Springs on the St. Croix issue 
from the base of the Lower Magnesian limestone and are utilized as a 
summer resort. There are a few springs along the Willow river, and 
also some especially large springs along the Apple river. An important 
spring flows into the Apple river, near Star Prairie, at a place locally 
known as New Saratoga Springs. 

WATER SUPPLIES FOR CITIEs AND VILLAGES 

Hudson. Hudson, situated on Lake St. Croix, an expansion of St. 
Croix river, has a population of 2,810. The city is located on the side 
of the valley, on outcropping sandstone, only a thin coating of alluvial 
formation being generally present. The public water supply of Hud
son is obtained from two 6-inch artesian wells, stated to be 375 and 658 
feet deep, and located about 75 feet apart, near the shore of Lake St. 
Croix. The two wells are connected with a pipe 7 feet below the sur
face and this pipe is connected with suetion pipes at the pumps. The 
water in the two wells drops 23 feet when pumping at the rate of 450 
gallons per minute, but the normal head returns shortly after pump
ing stops. The supply is somewhat short, but may be increased by 
pumping from a greater depth. The average daily pump age is 598,000 
gallons. Nearly all the houses are connected with the city supply. 
Only a limited sewage system is installed, which empties into the St. 
Croix river. A third well was recently drilled for the city supply. 
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No record of the formations passed through in drilling the city wells. 
has been kept, but from description the sandstone formation was en
countered near the surface, and a hard rock formation was struck at 
depth of about 375 feet. The first well was drilled 658 feet, about 300 
feet into this hard rock without increase of water; hence, the se'cond 
well was stopped at 375 feet. The hard for~ation is evidently an old
er formation than the Upper Cambrian sandstone, probably the same 
as that struck below the Upper Cambrian (St. Croixan) sandstone at 
Stillwater, described1 as the "red clastic series." 

The well of the C., St.P., M. & O. Railway at the railroad shop yards, 
12 inches in diameter, 450 feet deep, capacity 300 gallons per minute, 
has the following log: 

Log df Well of O. St. 1':.., M. &> o. Ry. a;t shop yards, at Hudson. 

Formation. 

Surface forma\ion-Sand ................................................................................. . Coarse gravel ............................... : ....................................... . Sand ................................................................................. . 
ClaY ................................................................................. . Sand and graveL ................................................................... . 
Clay ....................................................................... ~ ......... . Upper Cambrian (Potsdam) sandstone formation-

Thickness. 

Feet. 
5 
3 

21 
7 

54 
14 

Sandstone with thin strata of shale. . .... . ... .... .... .... . .. . .... ... . . .. .. .. . .... .. 16 Shale ................................................................................. 90 
Sand:::~.~:~;~:::::::::::::::::::::::::::::::::::::::::::::'.::::::::::::::::::::::\--i-

The curb of this well is but a few feet above the St. Croix river. The 
thickness of the surface formation is 104 feet and indicates that the 
bottom of the old channel is at least 100 feet below the present river 
level. 

New Richmond. New Richmond, located on the Willow river, has a 
population of 1,988. The public water supply is obtained from 6 wells 
from 57 to 110 feet deep. The first 20 or 30 feet is sandstone, below 
which is limestone. The water rises to 12 or 14 feet of the surface. The 
average daily pumpage is 125,000 gallons. About 30 or 40 per cent . 
of the 'houses are connected with the water supply. No city sewage 
system is installed. Many of the private wells in the city are shallow, 
from 10 to 30 feet deep, in drift and rock. Wells in the city are from 

'u. S. Geol. Survey, W. S. P. No. 256, p. 366. 
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20 to 60 feet deep and get their supply from the limestone. Quite gen
erally, on the prairie about Kew Riehmond, the wells are from 10 to 
30 feet in the drift and gravel overlying the Lower Magnesian lime
stone. 
, Glenwood. Glenwood, a city of 954: population, is situated on the 

Tiffany Creek. The city water supph· is from a well 280 feet deep, 
with about 50 feet surface gravel, and 230 feet of sandstone. About 
25 per cent of the families use the city water. The average daily pump
age is 62,000 gallons. No sewage system is installed. The private 
wells in the city are generally from 20 to 60 feet deep, Qepending up
on elevation above the creek. Some of the wells on the uplands, north
west of Glenwood, are 200 feet deep. 

Baldwin. This village, population 594, has a city water supply ob
tained from two 6 to 8-inch wells, 117 and 132 feet deep. The es
timated capacity is 25,000 gallons per day; the daily pumpage is .20,-
000 gallons. About 75 per cent of the houses connect with the city wa
ter supply. Private wells are generally. about 100 feet deep. 

Hammond. This village, population 408, has a city water supply 
used mainly for fire protection. 

Burkha,rdt. In Burkhardt the wells are from 75 to 110 feet deep in 
drift and limestone. 

QUALITY OF THE WATER 

Mineral analyses of water of the spring at Saratoga Springs, and 
of the railroad wells and city wells at Hudson, are shown in the 
following table: The water of Saratoga Springs, analysis of which 
was made many years ago, 1870-75, is apparently very high in iron 
and should be classed as a chalybeate water. The analyses of waters 
from the railroad and city wells in Hudson are essentially identical. 
,These are hard calcium carbonate w'aters of moderate mineral content. 
The amount of incrusting solids in the city water calculated from the 
above mineral analyses, No.4, is 1.61 pounds in 1,000 gallons. The 
waters obtained from wells in the limestone are very probably only 
slightly higher in mineral content than those of the above table, from 
wells in the sandstone. 
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Mineral analyses of water in St. Croix County. 

(Analyses in parts per million) 

Spring. UPDer Cambrian "Potsdam" sandstone. 

1. 2. 3. 1_4. -
5. 

300 450 375 375 
14.27 9.42 11.81 12.67 

Depth of well ..................... feet ••.....•. : ... . 
Silica (8i02) . . . . .. . . .. . ... . . .. . • .. . . .. . . . 17 . 6 
Aluminium and iron oxide" 

1.88 7.36 1.88 2.23 (AhOs+Fe20s) ................................. .. 
Iron (Fe)................................ 4.0 
Calcium (Ca)............................ 16.9 ..... 45 '96" ..... 44:i2" · .... 43:97 .. · .... 42:82 .. 
Ma,peslum (Mg)................ ........ 8.7 
Sodium and potassium (Na +K)....... 5.1 

20.35 16.01 15.85 20.04 
11.52 12 05 8.56 4.99 

Carbonate radicle (COs)............... 58. 126 89 126.35 102.80 109.74 
Sulphate radicle (304)................. 0 9 12.38 1065 12.11 5.56 
Chlorine (CJ).......... ................... 1.4 6.75 7.46 685 768 

---------------1-------
Total solids ................. : .......... . 113. 240. 233 204. 206. 

1. New Saratoga Springs, Sec. 6, T. 31, R. 17 W, Analyst G. Bode, Sept. 9, 1875, 
Geol. of Wis., Vol. IV, P. 145. 

2. Well of C. St. P. M. & O. railroad shops, Hudson, sample taken at depth of 300 
feet, Analyst, G. M. Davidson, July 21, 1910. 

3. Well of C. St. P. 1\1. & 0.' railroad shops. Hudson, sample taken at depth of 450 
feet, Analyst, G. M. Davidson, July 2, 1910.' 

4. Wells of city water supply; Hudson, Analyst, G. M. Davidson, Mar. 18, 1909. 
5. Wells of city water supply, Hudson, Analyst, G. M. Davidson, July 9, 1909. 

SAUK COUNTY 

Sauk county, located in the south central part of the state, has an 
area of 820 square miles, and a population of 32,869. About 93.4 per 
cent of the county is in farms, of which 56.2 per cent is under cul
tivation. 

SURFACE FEATURES 

The most prominent topographic feature of. the county is the Bara
boo Bluffs!, which attain a height east of Devils Lake of over 1,620 
feet above sea level, and about 800 feet above the adjacent valley bot
toms of the Baraboo and Wisconsin rivers. 

The Baraboo valley extends east and west through the county, a 
large portion lying between the north and south ranges of the Baraboo 
Bluffs. The Wisconsin river has a broad flat valley along the south
ern boundary of the county, and on the northeastern boundary. The 

'For details of the geology of the Baraboo region, see Bulletins V and XIII, 
Wis. Geol. & Nat. Hist. Survey. 
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western part of the county is a broad tableland deeply dissected by 
valleys. The uplands generally reach an altitude of 1,100 to 1,300 
feet, parts of the Baraboo quartzite bluffs rising still higher. The 
bottom lands along the Wisconsin river are usually about 800 feet 
above sea level and along the Baraboo river from 800 to over 900 feet. 

GEOLOGICAL FORlI.\TIO~S 

The geological formations outcropping in this county are the Bara
boo quartzite, the Upper Cambrian (Potsdam) sandstone, and the 
Lower Magnesian limestone. The quartzite, of Pre-Cambrian age 

:!Z 
,,~ 

~ ~~ 
'" ~~ <: 
~ ~-<\ 

'" ~ ~ :: !C ~~ G 

Fig. 66.-Geologic section, north-south, across central Sauk County. 

forIJls the prominent Baraboo Bluffs, two parallel ridges extending 
east and west across the central part of the county. The Upper Cam
brian sandstone flanks these ridges and forms the main outcrop in the 
northern part of the county and in the valley bottoms in the southern 
and western part. A few occurrences of the Mendota dolomite occur 
near Baraboo. The Lower Magnesian limestone forms the main up
land area of the western part of the county. Glacial drift is an abun
dant formation in the eastern part of the county. Alluvial gravel 
and sand fills the principal valleys, such as the Baraboo and Wisconsin 
rivers, to a depth of 50 to over 200 feet. The general geologic structure 
is illustrated in Fig. 66. 

The thickness of the surface formations is quite variable, due to 
uneven surface upon which they are deposited. and to the unequal 
amounts of glacial drift in the terminal moraine that extends north 
and south across the county. The thickness of the rock formations of 

Upper Cambrian (Potsdam) sandstone and Lower )[agnesian limestone 
also varies greatly, due to the extensive erosion of these formations 
since they were deposited, as well as to the very unt>wn surface of the 
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Pre-Cambrian quartzite bluffs, upon which they were deposited. The 
maximum thickness of the Upper. Cambrian (Potsdam) formation is 
probably developed nowhere immediately, adjacent to, or within the 
quartzite ranges, but may attain a complete section a few miles out
side the ranges. There is very thick sandstone in the vicinity of the 
quartzite ranges in Pine Bluff near the Lower Narrows. The approxi
mate range in thickness of the formations may be summarized as fol
lows: 

Approximate range in thickne88 of formation8 in 8auk Oounty. 

Form&tion. 

Surface formation ..•.....•...•.•......•.•............•.....•••.••••.•........•••.•..••. 
Lower Magnesian limestone .•••..••.....•••..•..•.••..•.•...•.•.•...•..•••.•.••••...•.. 
Upper Cambrian (Potsdam} sandstone ....••••...•.........••.•......•..••.••..•...•.. 
Pre-Cambrian quartzite and slates In the Baraboo Blull's over 5000 or 6000 feet 

thiclr. 

PRINCIPAL WATER-BEARING HORIZONS 

Thickness. 

Feet. 
o to 300 
o to 200 
o to 900 

Water is obtained from all the geological formations of the district, 
but the most important water-bearing horizons are the Upper Cam
brian (Potsdam) sandstone and the alluvial and glacial deposits. On
ly a small supply can be obtained from the quartzite of the Baraboo 
bluffs, but where an appreciable thickness of sandstone or drift over
lies the quartzite, enough for domestic purposes on the farms is readily 
available. Some of the wells in the quartzite on the Baraboo Bluffs 
reach a depth of 500 to 600 feet. On the lower uplands of sandstone, 
outside of the quartzite bluffs, sufficient water is obtained at the pre
vailing groundwater level of the region. 

FLOWING "'ELLS 

On low ground along the Baraboo river artesian flows are obtained. 
On the higher slopes of the uplands the water in many places in deep 
wells is under pressure, but does not rise to the surface. 

Along the Baraboo valley east of Ablemans, flows have been obtain
ed from the alluvia1 sand and the underlying sandstone. In the vicin
ity of Reedsburg and Wonewoc flows have been obtained from sand 
and gravel beneath beds of clay. The flows are confined for the most 
part to the lowland along the Baraboo river as far east as the Lower 
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Narrows. In La Valle, the non-flowing wells are generally from 15 to 
30 feet deep in sand, or sandstone and the flowing wells much deeper. 

Ablemans. At Ablemans a well 69 feet deep flows about 7 gallons 
per minute. The water is. obtained from the sandstone. Common 
wells in Ablemans vary from 25 to 60 feet in sand and sandstone. 
There are several flowing wells in the TIllage, the artesian heads reach
ing 15 to 20 feet above the river level. 

North Freedom. There are many flowing wells within the district 
prospected for iron ore in the vicinity of North Freedom1 • In fact, 
most of'the drill holes sunk on low ground in prospecting for iron ore 
give rise. to flows from the surface sand and the sandstone. Common 
wells in North Freedom generally range between 25 and 50 feet in 
sand. 

There are also some flowing wells in the southwest part of Sec. 17, 
T. 11, R. 5, and at various other places in the Baraboo valley. For 
additional data concerning flowing wells in the Baraboo Valley see 
pages 71-3. 

WATER SUPPLIES FOR CITIES AND TILLAGES 

Baraboo. This city, having a population of 6,324, located on the 
Baraboo river, has a water supply and sewage system. The present 
water supply is taken from two round open wells and three oblong 
covered springs or surface wells. The waterworks is also connected 
with an intake from the river, used only in case of emergency. The 
open wells are 15 and 23 feet deep and 15 and 20 feet in diameter re
spectively. The three surface wells or galleries are 100, 50 and 110 
feet long, and 23, 21 and 21 feet wide, with depth of 5 feet below nor
mal water level. The three are located on low ground, where springs 
appeared. This spring water comes from a sand and gravel stratum 
in the drift formation, and very probably is the underground flow of 
the creek that enters the river at this point. In times of very highest 
water the water supply is in danger of being flooded by polluted riv~r 
water. The daily pumpage is about 700,000 gallons. The sewage is 
emptied, without purification into the Baraboo riwr at various places. 
Most of the' private wells are from 40 to 130 feet in drift, the deeper 
ones having been drilled to a depth of 100 to 130 feet. 

The formations passed through in the city test well, altitude of curb, 
about 856 feet, located about 1,320 feet west, and 200 feet south of the 
depot, are as follows: 

'For further details see Bulletin XIII, Wisconsin Survey. pp. 79-&9. 
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Log of the Oity Test well, Baraboo . 

. Formation. Thickness. 

Feet. 
Drift: 

Clay and sand.... . .. . . .. . . .. . . .. . . .. . . .. . . .. . . ... . .. . . .. . . .. . ... . .... .... .... ... .. . .. 40 
Bowlders....... .... .... .... .... .... ........................................ .... .... . . 10 
Sand and gravel..................................................................... 43 
Bowlders and sand................................................ ................... 2 
Quicksand ............................... '" . .. . .... . .. . .... . .. . . ... . .. . .... .... . ... . . 120 

Upper Cambrian (Potsdam): 
Yellow sandstone.................................................................... ' 46 
Vadous colored sandston"..... ..................................................... 93 
Coar.e sandstone..... ..... ............ .... .................... .................... .. 70 

Pre-Cambrian: 
Quartzite................... ......... ................................................ 4 

Total. ..... , ............................................................... :' ....... 1 428 

Upon completion the water stood 27 feet below the surface. Al
though the well did not flow, it furnished 125 gallons per minute, and 
the water was lowered only 10 feet. 

Reedsburg. Reedsburg, popUlation 2,615, has a water supply and 
sewage system. The water supply is from 5 wells, 6 and 8 inches in 
diameter, drilled to a depth of 125 to 500 feet into the sandstone. 
The average daily pump age is about 300,000 gallons. About 75· per 
cent of the houses are connected with the water system. The sewage, 
without treatment, empties into the Baraboo river below the dam. Cess 
pools are not allowed. Most of the private wells used are from 30 to 60 
feet deep in sand. 

The log of one of the city water works wells is as follows: 

Lo:,} of Reedsburg Oity Well. 

Formation. Thickness. 

Fept. 
Blue clay.. .... .... . .. . .... . .. . . .. .. .. . . .. . . .. . . .. .. ... .... .. ... .... . .. . . .. . . .. . . .. . . ... .. . 25 
f'and with white flint gravp1. ........................... ~.... .......................... 35 
Upper Cambrian (PoLsdam) sandstonl' ................................................ \ 192 

Total depth.......... ................................ .......................... 252 

Water rises nearly to the level of the railroad track, about 876 feet 
above sea level. The natural flow is 194 gallons per minute about 15 
feet above river level. 

Prairie du Sac and Bauk City. The villages along the Wisconsin 
river, such as Prairie du Sac, Sauk City and Spring Green, are sit-
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uated on sandy alluvial terraces and obtain an abundant supply of wa
ter at depth of the adjacent river level. In Prairie du Sac the wells 
are generally from 40 to 60 feet deep, and in Sauk from 20 to 40 feet. 
A public water suply was installed in Prairie du Sac in 19i3, the sup
ply being obtained from a shallow well 15 or 20 feet deep, located on 
the bank of the river, in the northern part of the town. . 

Spring Green. In Spring Green, situated about a mile from the 
river, the wells are generally from 15 to 30 feet deep. The deepest 
drilled well in the village shews a thickness of about 150 feet of al
luvial sand overlying the Potsdam sandstone. The village of Spring 
Green has a water supply for fire protection obtained from driven 
wells with 8-inch Cook points. 

North Freedom. North ]'reedom, population 647, has a water works 
system, the water supply being obtained from a well. 

QUALITY OF THE 'VATER 

The mineral analyses of water supplies from various parts of the 
county are shown in the table below. All the waters are carbonate wa
ters of low or moderate mineral content, and all the ground waters are 
hard, except that from the Oliver mine, which is soft. The waters 
analyzed' have an average content of 3.6 parts pre million of chlorine: 
Amounts of chlorine in excess of 6 or 7 parts per million probably 
indicates contamination from polluted surface waters. 

The water from the Baraboo river, at Baraboo, Analyses No.1, con
tains 1.26 pounds of incrusting solids in 1,000 gallons, that from the 
C. & N. W. R. well a Baraboo, No.2, contains 2.26 gallons in 1,000 
gallons, and that from the city water supply of Reedsburg No.4 con
tains 1.82 pounds in 1,000 gallons. The water of Devils lake is very 
soft. 
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MineraZ analyses of water in Sauk Oounty. 

(Analyses in parts per million) 

Lake. River. Surface deoo,its. 

1. 2. S. 4. 

Depth of well. .. . ..... ... ... . ........ feet .. I .............. I ............ .. 
Silica. (Si02) ..... ........ .................. . 2.2 ,.......... I 
Aluminium a.ndironoxides(A120s+Fe20s) 0.7 2.9 i 
Iron (Fe) ................ , .................................. I ............ .. 
Ca.lcium (Co.).... ....... .................... 3.2 29.1 
Ma.gnesium (Mg)....................... .... 1.1 21.5 
Sodium (Na)........ ........................ undet., 7 2 
Pota.ssiUm (K)......... ........ .... .... ...... und~t.1 . 
C&rbolla.teradicle (COs).................... 4.1 96.9 

25 23 

3.9 14.9 
.5 

.... "60:6"" 2.0 
55.7 

33.4 31.3 
11.0 2.7 

3.0 
173.3 Ifl2.2 

Sulphate ra.dicle (Se4) ... .. ... .... .. ... .. .. . 8.1 4.6 14.1 7.9 
Chlorine (C1)............ ............ ........ 8.2 ____ 7_.7 __ 1. ___ _ 

Tota.l SOlidS ................. ; ............ l 
6.6 1.9 

----
30S. 282. 28. 170. 

Upper Ca.mbria.n sa.ndstone. Pre Cambrian 
iron formation. 

____ . _____ , _____ 5. ___ 6'_1_7_. ___ 8. ___ 9. __ 1_0_. _ 

Depth of well ................... feet .. 150 & 250 350 340 85. 105 380 

rl~~i~~~and·{ron·o~ides·.......... 1~:~ ~.~l 13.0 10.3 11.9 10.3 
(AI20s+Fe20s)....... ............... . f 

Aluminium oxide (AhOa)......... ... 0.1 0.5 0.1 0.1 
Jron (Fe)...... ............ ........ ...... 1 " 1.4 0.9 0.8 
Ca.lcium (Ca.), .............................. 46:3 ...... 4i1:C 45:1 10.5 33.7 23.8 
Ma.lmesium (Mg)... ................... 23.5 18.6 19.6 5.6 11.2 15.9 
Sodium (Na.) ........................... I 34 13 1.7 2.3 2.7 2.3 
Pota.ssium (K) .......................... f . I . 0.5 1.2 0.5 0.8 
Carbonate radicle (CFs)............... 125.4 115.3 118.4 31.9

1 

75.9 77.2 
Sulphate radicle (S04) ................. [ 1.0 0.0 0.5 1.3 6.8 0.2 
Chlorine (CI)............... ....... ... 5.2 3.1 2.3 2.8 3.6 2.8 

Total soUds ......................... 225-. -1-105-. - 203:- --6-8.-147-. -1;-. -

1. Devil's Lake, Sample from Surface Analysts, E. B. Hall and C. Juday, Nov. 1908. 
Wis. Survey Bull. 22, p. 170. 

2. Baraboo River, Baraboo, Analyst, G. M. Davidson, August 1887. 
3. Well of C. & N. W. Ry. Co., Baraboo, Analyst, G. M. Davidson, June 1887. 
4. City water supply, Baraboo, quoted from W. G. Kircboffer, 
5. Wells of city water supply, Reedsburg, Analyst, G. M. Davidson, Nov. 10th, 1894, 
6. Water from Exploration drill hole, North Freedom, Analyst, G. M. Davidson, 

April 7th, 1904. 
7. Water from Exploration drill hole, North Freedom, Analyst, W. W. Daniells, BuIl. 

No. 13, Wis. Geol. Nat. Hist. Sur. p. 111, 1904. 
8. Water from Oliver Iron Mine, North Freedom, Analyst, W. W. Daniells, Bull. No. 

13, Wis. Geol. Nat. Hist. Sur., p. Ill, 1904. 
9. Water from Illinois Iron MIne, North Freedom, Analyst, W. W. DanieIls, Bull. No. 

13, Wis. Geol. Nat. Hist. Sur .. p. 111, 1904. 
10. Water from Illinois Iron Mine, North Freedom, Analyst, W. W. Daniells, Bull. No. 

13, Wis. Geol. Nat. Hist. SUI'., p. Ill, 1904. 
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SAWYER COUNTY 

Sawyer county, located in the northern part of the state, has an area 
of 1,342 square miles, and a population of 6,227. Only 5.1 per cent of 
the land of the county is in farms, of which only 24.2 per cent is under 
cultivation. The Lac Court Oreille Indian Reservation, containing 
about 1,000 Indians, is located in the west central part of the county. 

SURFACE FEATURES 

Sawyer county is a great undulating plain throughout most of its: 
area. In the southwestern part are some relatively high ridges of 
quartzite. Lakes are a prominent feature of the northwestern part. 
The principal rivers are the Chippewa and Flambeau. The northwest
ern corner is drained by the Nemakagon, a tributary of the St. Croix. 

The altitude of Sawyer county ranges between a little below 1,200 
feet to 1,432 feet, (at Beaver Lake), along the Chippewa river, to 1,400 
and 1,600 feet on the divide between the rivers. At Hayward, on the 
Nemakagon river, the a)j;itude is 1,186 feet. Lac Court Oreille, the 
head of Couderay river, a tributary of the Chippewa, lies at an eleva
tion of 1,287 feet. 

GEOLOGICAL FOR~L\TIOXS 

The principal formations are the surface deposits of glacial drift. 
and alluvial sand and gravel. Along the Chippewa and Flambeau 
rivers are numerous rapids caused by outcrops of granitic rocks. In 
the southwestern :part are some high ridges of Pre-Cambrian quartzite 
formation. For the geologic section, see Fig. 23. 

The surface formation is quite generally very thick throughout the 
connty, ranging from a few feet up to 250 feet in thickness. 

WATER-BEARING HORIZO~S 

The principal source of water supply are the Ilf'posits of sand and 
gravel in the surface formation. The water lp\'el is generally near 
the surface and abundant water can generally be obtained at depths 
of 15 to 40 feet in the surface deposits. Shallow open wells should 
be avoided as much as possible, and drilled or driven wells properly 
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cased to depth of 25 or 30 feet, substituted in their place. The cas
ing should extend 15 or 20 feet below the water level to insure a 
pure water supply. 

WATER SUPPLIES FOR CITIES AND VILLAGES 

Hayward. Hayward is the county seat and principal town, with an 
estimated population of 2,500. It is located upon the Nemakagon river, 
at an elevation of 1,186 feet above sea level. 

At Hayward, the city water supply, for fire protection mainly, is 
taken from the Nemakagon river, which is very turbid during the spring 
log drives. A change from the river to a spring source would be ad
visable, although thus far no sickness seems traceable diiect to the 
river water supply. Wells usually are .from 15 to 25 feet deep, and 
are usually open dug wells drawing their water from a sandy loam. 
There are numerous springs in this locality, and one owned by A. C. 
Wightman could readily supply enough water for a small town. A 
partial sewage system is installed, which empties into the river. 

QUALITY OF THE WATER 

No analyses of water from this county are at hand, but judging from 
the character of the geological formations, the water supplies are very 
probably soft and of low mineral content throughout the county. 

SHAWANO COUNTY 

Shawano county, located in the east central part of the state, has an 
area of 1,135 square miles and a population in 1910 of 31,884. About 
51.4 per cent of the county is in farms, of which 44;.7 per cent is under 
cultivation. The Menominee Indian reservation occupies a considerable 
area in the northern part of the county. 

SURFACE FEATURES 

The southeastern part of the county is somewhat hilly and rolling 
while the northwestern part is somewhat more level. There are two 
belts of terminal moraine extending across the county, one in the north
western part, the other in the southeastern part, east of Lake Shawano. 
The slope of the. land to the southeast is steeper in the northwestern 
part than in the southeastern. The general altitude of the valley bot-
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tom of the Wolf river, below Shawano, is about 800 feet, while the gen
eral altitude of the northwestern part of the county ranges between 
1,300 to 1,600 feet. The Wolf riYer which drains the principal part 
of the county, has a fall in its upper course of 774 feet, 9.7 feet per 
mile for the 80 miles between Lenox (in Oneida county) and Shawano, 
while between Shawano and Lake 'Yinnebago, an equal distance of 
80 miles, the total fall is only 42 feet, only a little over one-half foot 
per mile. B'elow Shawano the banks of the Wolf are low, and in 
high water the surrounding flats are often overflowed for several miles 
in width. 

The soils are mainly loams with a belt of sand and sandy loam along 
the Wolf river south of Shawano. 

GEOLOGICAL FORMATIONS 

That part of the county west of \Volf riYer and north of Lake Shawa
no is underlain with Upper Cambrian (Potsdam) sandstone and the 
Pre-Cambrian crystalline formations, while in the southeastern part of 
the county, the outcropping rock is the Upper Cambrian (Potsdam) 
sandstone, the Lower Magnesian limestone, the St. Peter sandstone, 
and the Galena-Platteville (Trenton) limestone. These rock formations 
are overlain with a variable thickness of glacial drift on the uplands an<r 
of alluvial deposits in the valleys. (See section Fig. 67). 

Fig. 67.-Geologic section, east-west, across Sbawano County. 

The thickness of the rock formations is quite yariable on account of 
the unequal erosion of the formations, the ("omplete thickness being 
present 'only where the formation has been protected from erosion by 
the overlying strata. The approximate range in thickness of the geolo
gical formations in the county may be summarized as follows: 

36-W.S. 
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Approximate range in thickness of formations in Shawano Oounty. 

Formation. I Thickness. 

--~. --I 
Feet. 

Surface formation .....••.•.•......•........................•............................ o to 350 
Galena-Platteville (TreI.ton) ilme.-;tOtle ............................................. . o to 100 
St. Peter and Lower MagnesIan ....................................................... . o to 200 
Upper Cambrian (Potsdam) sand-;cotl ............................................... . o to 500 
Pre-Cambrian granite ................................................................ .'. 

PRINCIPAL WATER-BEARING HORIZONS 

,The principal water-bearing formations are the surface deposits of 
drift and alluvial sand, and the Upper C~mbrian sandstone. In the 
northwestern part many farm wells draw their supply from the granite, 
and in the southeastern part, southeast of Lake Shawano, the limestone 
formations are drawn upon. 

The water level' is usually not far below the surface, an abundant 
supply being obtained generally at depth of less than 100 feet. 

FLOWING WELLS 

Flowing wells in surface deposits occur in Cecil at the east end of 
Lake Shawano. While the water in the sandstone underlying the Tren. 
ton limestone in the southeastern part of the county is under pressure, 
the altitude is too high to obtain artesian wells flowing above the sur
face. A shallow flowing well at Wittenberg is developed in fractured 
granite overlain by water-bearing gravel. 

WATER SUPPLIES FOR CITIES AND VILLAGES 

Shawano. Shawan-o, located on the Wolf river, has a popul"ation of 
2,923. The city water supply is obtained at present from twenty-eight 
2-inch drive wells. The wells are 21 feet deep and the wen points are 
4 feet long. The wells are located in two parallel rows with a spacing 
of 14 feet. Under a suction of 11 feet the wells supply 320 gallons per 
minute. This supply is inadequate for the needs of the city and at 
present a new system of supply obtained from deeper wells is being in
stalled. The test wells put down in 1909 for this purpose struck the 
granite at 135 and 142 feet after passing through surface sand and 
gravel. The waters stands at 8 feet below the surface at the water sta
tion. The average daily pumpage is about 90,000 gallons. Only about 
25 per cent of the houses are connected 'with the water supply. Many 
private wells in the city are from 10 to' 30 feet deep in the sand and 
gravel. The city sewage, without purification, empties into the river. 
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Wittenberg. The population of Wittenberg is 1,090. At Wittenberg 
most of the wells are open dug wells and range in de.pth from 10 to 60 
feet, depending entirely upon location. ~\. few are from 100 to 150 feet 
deep. On the hill one-fourth mile southwest of the railroad station and 
about 50 feet above it, on the property of the Wittenberg Academy, is 
probably the deepest well in the granite. 

Section of well at Wittenberg A.cademy. 

Formation. 

g~~e1.U!u~f4~~:~~':-~~re:::::: :::::::: :::: :::: :::::::: :::: ::: ::::: ::: :::: ::::: :::: ::::: 
Granite (5-inch drill hole) ............................................................. . 

Thickness. 

Feet. 
56 
6 

223 

Total................................................................................. 285, 

The water is of excellent quality, although limited in quantity, for 
under the present arrangement, only about 17 barrels or 500 gallons can 
be pumped from the well at a time. 

The dug wells at the Wittenberg Indian School, west of the station 
are typical drift wells of moderate depth, 30 to 50 feet. 

At the Wittenberg creamery is one of the flowing wells from granite 
rock, the only one of its kind in the vicinity~ The wells after passing 
through blue clay to a depth of 29 feet struck granite, from which the 
water supply is obtained. 

Cecil.-In the village of Cecil at the east end of Lake Shawano, popu
lation 351, there are seven flowing wells reported from 30 to 40 feet deep 
in sand and gravel. The maximum head is 5 feet above' ground. The 
artesian slope is developed in alluvial formation. similar in character 
and origin to the artesian conditions in the valley of the Fox and the 
Rock rivers. (See pages 90-7). 

Pulaski.-The log of the C. & N. W. Ry. well at Pulaski station, as 
interpreted from samples by.F. T. Thwaites, is as follows: 

Log of wen of C. & N. W. Ry. Co. at Pulaski. 

Formation. Thickness. 

Feet. 
Pleistocene. 

Reddish and grayish drift.................................. ........................ 34 
Galena-Platteville. 

Brownish limestone....... .. .................... ................................... 39 
Bluish shaly limestone............................................................. 7 
Bluish gray limestor.e...................................... ............ ............ 40 

Lower Magnesian. 
Grayish limestone....... .... .... .................................................... 120 
No sample.................................................. ......... ................ 14 

Total........................................................................... 254 
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QUALITY OF THE WATER 

The mineral analyseB of various surface and well waters in the 
county are shown in the following table.. The river waters analyzed 
are of low mineral content, though a little too high in lime and mag
nesia to be classed as soft waters. The railroad well at Pulaski, in the 
limestone, is a hard calcium carbonate water, such as is usually found 
in this formation. The analysis of the city water supply of Shawano, 
with its high content of chlorine, and the undetermined soluble matter 
very apparently indicates a contaminated water supply at the time 
sample was take:ij. 

The water from the West Branch of the Embarrass river at Tigerton, 
No.1, contains 1.07 pounds of incrusting solids in 1,000 gallons, and 
that from the railroad well at Eland Junction, No.4, contains 2.29 
pounds in 1,000 gallons. 

Mineral analyses 01 water in Shawano County. 

(AnaJyses in parts per million) 

Rivers. Surface deposits. 

Galena 
and 

Platte
ville 
lime
stone. 

__________ 1_.'_1 __ 2. __ 3_ .• __ 4_. __ 5_._. __ 6._ 7. 

Devth of well .......... feet.. .......... .......... .......... 23 15.......... 254 
Silica (8102).................. 7.3 13.3 15.2 11.9 9.9 8.0 19.7 
Aluminium and iron oxides 

(AhOs+Fe20s)............ 0.6 .......... 0.5 1.0 ·1.3 2.4 1.0 
Calcium (Ca)................ 25.3 35.7 18.1 60.6 77.0 30.3 51.1 
MagneSium (Mg).. .......... 12.6 .......... 21.4 28.5 28.6 18.4 31.4 
Sodium and pOtassium 3.5 8.6 7.0 5. 22.S - 6.9 14.9 

(Na+K} ................... . 
Carbonate radicle (COs).... 48.0 47.6 80.1 141.9 123.9 92.5 154.1 
Sulvhate radicle (S04)...... M.9 31.9 2.5 30.6 98.9 12.5 9.9 
ChlOrine (CI).......... ...... 5.5 11.5 8.9 8.9 33.3 10.6 14.1 
Organic matter.............. 26.2 64.3 37.2 ...................................... .. 
Hlldet. sol. matter.......... .......... .......... .. ........ .......... 90.S .................. .. 

'roLal solids.............. 137. 148. 154. 288. 395. 181.6 296. 

1. Pond on West Branch Of EmiJarass River, Tagerton, Analyst, G. M. Davidson, 
July 16, 1909. 

2. Branch of Embarass River at Eland Junction, Analyst, G. M. Davidson, Rept. 7, 
. 1900. 

3. North branch, Embarass River at Bowler, Analyst G. M. Davidson, Aug. 6, 1907. 
4. Well of C. &; N. W. Ry. Co., Eland Junction, Analyst, G. M. Davidson, Feb. 5, 1896. 
5. Wells of City water supply, Shawano, Analyst, G. M. Davidson, Mar. 26, 1908. 
6. Well at· Shawano, Analyst, Mil. Ind.· Chem. Institute. 
7. Well of C. & N. W. Ry. Co. at Pulaski, Analyst, G. lII. Davidson, July 22, 1907. 



DESCRIPTION OF LOCAL WATER SUPPLIES. 565 

SHEBOYGAX'COCXTY 

Sheboygan county, located in the eastern part of the state, on Lake 
Michigan, has an area of 540 square miles and a population of 54,888. 
About 91.8 per cent of the county is laid out in farms, of which 74.2 
per cent is under cultivation. 

SURFACE FE.-\TCRF,s 

The surface of the county is an undulating plain sloping down to
wards Lake Michigan. The slope is relatively uniform throughout the 
county, the highest land being in the west central part, west of· Ply
mouth. 

The principal drainage line is the Sheboygan river with its tribu
taries, the Mullet and Onion rivers. The southwestern part of the 
county south of the high upland is drained by the headwaters of the 
Milwaukee river. 

The valleys and uplands are broad and gently sloping and have a 
tendency to trend in a northeast-southwest direction parallel to the 
lake shore. In the western part of the county is a belt of hummocky 
drift hills generally known as the Kettle Range. 

Elevations range from a little below 600 feet above sea level ad
jacent to the lake to over 1,200 feet in the northern part of the town 
of Mitchell and adjacent part of Greenbush. Definite information 
is not available but it seems quite probable that many high points along 
the Kettle Range may reach altitudes of 1,100 to 1,200 feet. The shores 
along Lake Michigan al;e steep and usually 40 to 60 feet high. The 
most prominent reliefs lie in the central and western parts of the 
county where differences in elevation between Hilley bottom and ad
jacent ridges range between 200 and 300 feet. 

GEOLOGICAL FORMATIOXS 

The geological formations that appear at the suI"face in Sheboygan 
county are the superficial deposits of glacial drift and associated la
custrine formations, and the underlying rock formation of Niagara 
Timestone. 

The drift as usual is of variable thickness and consists of clay, sand. 
gravel and boulders. Outside of the belt of drift hills in the Kettle 
Range the drift is usually from 20 to 100 feet thick. In the morainic 
ridges of the Kettle Range there arc many wells 180 to 200 feet deep 
that do not reach the rock. 
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The thickness o~ the Niagara limestone in Sheboygan county is ap
parently greater than it is in any other part of Wisconsin. This fact 
is indicated by the records of the deep wells bored through this forma
tion at Sheboygan Falls and at Sheboygan, in which thicknesses of 538 
feet and 719 feet, respectively, were penetrated. At Plymouth a thick
ness of 422 feet is reported but it is not known whether the entire for
mation was drilled through. At Mt. Calvary, a short distance west of 
the northwest part of the county, the thickness of the Niagara is 231 
feet. 

The minimum thickness of the Niagara in Sheboygan county, prob
ably occurring in the northwestern part, may be about 200 feet while 
the maximum thickness adjacent to Lake Michigan is over 700 feet. 
With reference to the maximum thickness, the possibility should per
haps be taken into consideration that the unusual thickness in Sheboy
gan may not comprise the Niagara alone but may be due to the occur
rence of Devonian limestone overlying the Niagara, such as that occur
ring a short distance farther south at Lake Church in Ozaukee county. 
In this connection it is of interest to note that the deep well at Sheboy
gan Falls, only six miles west of Sheboygan shows a thickness of 538 
feet of Niagara, while the first deep city well at Two Rivers, 30 miles 
north of Sheboygan, shows a thickness of only 280 feet of the Niagara. 
The general thickness of the formations in Sheboygan county, indicated 
by the deep wells at Sheboygan Falls and Sheboygan may be summar
ized as follows: 

Thickness of geoZogicaZ formations in Sheboygan Oounty. 

Formation. Thickness. 

Feet. 
Surface formation..................................................................... .. 0 to 250 
Niagara limestone (prohably includlnll' some Devonian).......................... 200 to'750 
Cincinnati ~hale ................................................................ " . .... .. 200 to 250 
Galena-Platteville (T~enton) limestone.. ...... ........ .......... .................... 200 to 250 
St. Peter and Lower Magnesian.. .......... .......... ...... ...... ...................... 200 to 250 
Upper Cambrian (Potsdam) sandstone................ ................................ 600 to 700 
Pre-Cambrian granite ............................................................................... . 

PRINCIPAL WATER-BEARING HORIZONS 

The principal sources of the underground water supply are the sur
face deposits of drift and the Niagara limestone. The drift contains 
seams and beds of sand and gravel which are usually filled with abun
dant water at depths of less than 100 feet from the surface. In the 
dll'ift of the Kettle Range, however, west of Plymouth some of i\;b.e~ 
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wells are 180 to 200 feet deep. It is quite common to find sufficient 
water in the drift on the slopes of the hills in open dug wells from 20 
to 30 feet deep. Drilled wells, howeyer, generally go to depths of about 
100 feet to obtain a sufficient supply at the permanent water level. 

Many of the drift wells have been deepened by drilling and now ob
tain their water supply near the contact of the rock and overlying 
drift or from a short distance into the limestone. The limestone con
tains beds of shaly formation, relatively impervious, and the shaly 
strata have h strong influence in controlling the underground supply. 
Abundant water can usually be obtained in the limestone at depth of 
less than 100 feet on the slopes. In the valleys the water level is near 
the surface in both the drift and the rock. . 

FLOWING WELLS 

Flowing wells are obtained from the drift, from the Niagara lime
stone, and from the deep seated strata of St. Peter and Potsdam sand
stones. 

Along the Sheboygan river and its tributaries as far west as Ply
mouth and some distance beyond, flows are obtained at various places, 
the source of the flows being in gravel seams below clay beds. 

In the valley of Pigeon river in the towns of Meeme, Manitowoc 
county, and Herman, Sheboygan county are a large number of good 
flowing wells in the drift which are used extensively for farm purposes. 
Most of these wells are drilled, and range in depth from 30 to 75 feet. 

They have comparatively small flows, usually rising less than 5 feet 
above the surface, and draw their water from beds of sand and gravel 
between layers of impervious clay. In the vicinity of Cedar Grove, 
near the shore of Lake Michigan, are several strong flowing wells in the 
drift; the strongest having a flow of 30 feet above the surface. 

The city well of Plymouth draws its supply from a depth of 422 feet 
in the Niagara limestone, the head being 16 feet above the ground. 
There are doubtless many other flowing wells in the county that draw 
their supply from this formation, though definite information concern
ing them is not now at hand. Some of the flowing wells in the drift 
may receive their supply from the underlying Niagara and an increase 
in the flow could be obtained if drilled deeper. Conditions, however, 
are likely to be variable because both these types of flowing wells are 
due to local conditions of the topography and rock formations. 

Flowing wells in the q.eep seated strata of St. Peter and Upper Cam
brian (Potsdam) sandstone have been obtained at Sheboygan Falls and 
Sheboygan, as described under these cities on the following pages. The 
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normal head of the deep flowing well at Sheboygan when first drilled 
was 104 feet above the surface, or 146 feet above the lake, the first flow 
being struck in the St. Peter sandstone at depth of 1,340 feet. The well 
at Sheboygan Falls, 1,200 feet deep, probably obtains its flow from the 
St. Peter sandstone. 

The chance for obtaining artesian flows from the St. Peter and Up
per Cambrian (Potsdam) formations in Sheboygan county are good 
up to elevations of at least 200 feet above Lake Michigan, and are fair 
up to 250 feet, and may be possible, in some places, above 250 feet. Lo
calities favorable for deep-seated flows are generally confined to a nar
row belt, 3 01' 4 miles from the lake shore, but may also extend much 
farther up the Sheboygan river to the mouth of the Mullet, a distance 
of about 13 miles. The· artesian head rises rapidly to the west, and 
hence flows from the sandstone may be found at still higher elevation. 

SPRI~GS 

Springs are quite common along the foot of the drift hills of the 
Kettle Range in, the western part of the county. They also occur 
along many of the valeys where rock ledges are abundant. 

Mineral water from the deep well in Sheboygan, which furnishes a 
strong saline water, is sold on the market and is also used for bathing 
purposes. (See table of analyses). 

WATER SUPPLIES FOR CITIES AND VILLAGES 

Sheboygan. The city of Sheboygan, on Lake Michigan at the mouth 
of Sheboygan river, has a popUlation of 26,398. The city water supply 
is obtained from Lake Michigan, from 3 intakes located some distance 

. from shore at depths of 12, 27 and 46 feet. The av"erage daily pumpage 
is reported to be 3,526,000 gallons. The sewerage without purification 
empties into the lake. About 50 per cent of the houses are connected 
with the water and sewer systems. 

In the city well drilled in 1_875, as reported by Prof. Chamberlin,1 
the material passed through is as follows: 

1 Geology of Wisconsin. yol. 2. p. Hi,!. 
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Section 01 Sheboygan City Well. 

Formation. I Thickness. 

------------------------,----
i 

i 
~i~~~;~· i;~~~to~'';:::::::::::::: :::::::::: :::::::::::::: :::::::: :::::::::::::::::::::: '.::\ 
(~lncinlJatl shale ....... ' .......................•......................................... 
TrellU)ll and (-ialena .................................. _ ••...•..••.•.••.•••.••.• 0 .......... . 

St. Petl r :,andstolle ............................... _, .........•. _ ........................ . 

Feet. 
92 

719' 
240 
213 
212 

Total d~lJth.. ........................ .................... ............ ..... ..... 1,476 

1 This thickness of Niagara may include some Devonian overlying the Niag
ara. 

It was reported that granite was struck in the city well, but this is 
very doubtful since the well drilled at Schreier's Brewery did not 
reach granite at a depth of 1,782 feet. The water from both of these 
deep wells is decidedly salty and corrodes the pipe very readily. The 
well casing at the brewery has not been lined with copper, and the pipe 
is now corroded so that there is considerable leakage. Many of the 
more shallow wells have subsequently been abandoned because the 
leakage at the brewery well has made the water salty. No record was 
kept of the brewery well, but it is reported that the well passed through 
sandstone immediately below the St. Peter, and hence, the limestone 
of the Lower Magnesian horizon is apparently absent in this locality. 

The water from the old city well is reported to have a uniform tem
perature of 60° F., and is now bottled and sold extensively for medicin
al purposes and also as a table water by the Sh~boygan Mineral Water 
Company. This company was established in February 1876, .and in
corporated under the laws of "Wisconsin in Xovember 1881. There is 
a pipe line from the city well to its bottling establishment. For min
eral analysis see Nos. 26 to 30 in the table. 

Sheboygan Falls. The population is 1,630. The water supply is ob .. 
tained from private wells, generally from 20 to 100 feet in the drift. 
The deep artesian well of H. Giddings has the following section: 

Section of H. Giddings' well, Sheboygan Falls. 

FOT'nlation . 
. -~"-~"-~- .--. ----

FeAt 
Drlft.................................... ........ .... ..................... ................ 117 
Niagara limestone......................................................... ............ 478 

g~l~~n~¥~:~\~I~·li;;.~;;t~~~· :::::::::::::::::::::::: :::::::::::: ::.:::: ::: :::: :::::::::1 ~~3 

St. pet~o::~::::~::::::::::::::: ::::: :.: :::: :::: :::::::::::::::: :::.::'::: .: .:: ::::: 1-- 12~~-
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The altitude of the curb is 718 feet, the artesian pressure being suffi
cient to develop a head 55 feet above the curb. The source of the flow 
is probably the St. Peter sandstone. 

Plymouth.-This city located on Mullet river has a population of 
3,094. There were two wells,1 one 127 the other 473 feet deep, in con
nection with the city supply in 1904 but only the deepest well was used. 
At present, 1914, the city supply is obtained from 4 wells, reported as 
12 to 458 feet deep. About 75 per cent of the houses are connected with 
the water supply. 

The deep well is 10.8 and 6 inches in diameter. It flowed 60 gal
lons per minute 16 feet above ground. In the bottom of the reservoir 
16 feet deep the flow was 300 gallons per minute. A sewage disposal 
plant was recently installed. Sewage is treated before being emptied 
into the Mullet'river. . 

The deep city well is of special interest as the source of the water 
found is in the Niagara limestone, the material penetrated being 51 feet 
of clay, sand, and gravel, and 422 feet of Niagara limestone. No effect 
has been noticed at the various wells in the way of interference. 

Oostburg. The log of the C. & N. W. Ry. well at Oostburg, samples 
of which down to a depth of 454 feet are in the University collection, 
i~ as follows: 

Log 01 C. &; N. W. Ry. Well at Oostburg. 

Formation. I Thickness. 

Pleistocene: II Feet. 

R;~ ~~t\6'~.~ :~~~~~~.~~:. ~~~~ :.~~~~i.~~~~.~. ~~~.~~~~~~.~~.~~ .~~~ .~~~~ ~~~ .~~~.~~~ 142 
Niagara: 

Grayish limestonE'· containing some shaly beds, .................................... i 312 

N~:;::~:~~: :::::::::: ::::.::::::::::::::::::::::::::::::::::: :::::: ::::::::.::::::: :I __ ~_ 

The analysis of the highly mineralized water from this well is shown 
in the table as No. 18. 

QUALITY OF THE WATER 

The mineral analyses of various waters of the county are shown. in 
the following table. The character, as well as the amount of mineral
ization, is quite variable. Carbonate, sulphate, and chloride under
ground! waters occur, with content of mineral ranging from a little 

1 W. G. Kirchoffer, Bull. Wis. Univ. No. 106, p. 221. 
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over 200 parts per million in case of carbonate water, to over 10,000 
parts l'er million in case of the chloride waters. 

The surface water from the lakes and the river,as usual, are lowest 
in mineral content, though sufficiently high to be classed as hard, wa
ters. The water supplies from the surface deposits and the Ni&gara 
limestone are generally carbonate waters of moderate mineralization, ' 
though in places there are exceptions, as illustrated by the highly min-

. eralized sulphate water in the 550 foot well at Oostburg. The geologic 
source of the water in the Oostburg well is not definitely known, but 
the well is reported to be in "limestone and sandstone", probably 
reaching the base of the Niagara and top of the Cincinnati shale. 

The deep seated waters from wells 1,038 to 1,476 feet deep, which 
reach into .the St. Peter and Lower Magnesian sandstones, are very 
highly mineralized with salt water at Sheboygan and Sheboygan Falls, 
and also highly mineralized with sulphate waters at ;Random Lake. 
The analyses and information concerning source of the water appear 
-to indicate, therefore, that the strong saline waters in the St. Peter 
and Lower Magnesian may be characteristic over considerable parts 
of Sheboygan county. The highly mineralized waters occasionally 
found in the Niagara probably have their source in the more deeply 
lying strata of Lower Magnesian and St. Peter formations. 

The analyses of the salt waters at Sheboygan Falls and Sheboygan 
made by G. Bode and C. F. Chandler, were made many years ago,
probably between 1870 and 1876. Those of more recent date, madejn 
1907 and 1909, show a much lower content of mineral, which may be 
due to a change in the chemical character of the original deep source of 
supply, or the change may be due to the infiltration of less mineralized 
water from higher horizons. 

The water from the Born Park Sanitarium is used for bottling and 
bathing purposes, and that of the Sheboygan Mineral Water Co. is 
mainly bottled and sold. 

The water from the Sheboygan river at Sheboygan, No.1. contains 
1.69 pounds of incrusting solids in 1,000 gallons; that from the well in 
Plymouth, No. 16, contains 3.10 pounds in 1,000 gallons, while that 
from the well at Oostburg, No. 18, contains ;.39 pounds in 1,000 'gal
lons. 
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Mineral analyses of water in Sheboygan Oounty. 

(Analyses In parts per million) 

River. La~es. 

____________ 1_. ___ 2_. _1_, _3_. ___ 4_. ___ 5_. _1_6_.-

!'illca (3i02).... ....••.. .... .... .... .... 10.6 ~ 
Aluminium and iron oxides (AhOs+ 

Fe20s) .... ......... .... .... .... .... .... 2.9 
0.8 Undt. 2.4 Undt. 

Calcium (Ca)......... .......... . ..... 37.1 34.0 44.6 41.7 54.4 
Ma/lnesium (Mg) .... .... .... ... ...... &6.8 23.6 37.9 34.8 36.9 

2.1 

~8.7 
31.1 
2.9 Flodium (N,,) ..•......... ... . . . . . .. . . 6 0 I 3 8 3 1 3 3 4 7 

Carbonate radicle (C03) ....... , ...... 93.5 107.7 159.5 140.3 172.4 117.8 
Potassium ~ Kl. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . I 
Sulphate radicle (S04) .... ............ 35.5

1 

6.4 6.5 11.5 9.9 4.7 
Chlorine (CI)..................... ...... 20.1 2.1 Undt. 5.0 Undt., 2.3 
Organic matter.... ..•. .... .... .... .... 2~23~.6 ~ '1'7'8' -=---..... '2'5'2' ••••••• '2' ~9' ....... ·2·7·8··.··· .. ·1·9·0·~.· .. 

Total diosolvE'd solids... .... ... .... " " 

LakE'S. Surface dellosit~. 
1-------1------,------_·----

____ -'-___________ 7. ___ 8_. ___ 9_. __ 1_0_. ___ I_I._I-=-
Depth ot well ........... · •....... feet ......•..... c.. ... .. 8. 15 15 15 

r~:b~'~~~~~~~~:~~~~~~:~~~~~~~ ~Un<lt. 11:~~~ 9.2 4.9 1.0 Uodt. 
Calcium (Ca)......... .•.. ........ ...... 31.7 21.1 66.5 98.6 68.4 70.2 
Mae-nesium (Mg) .•..• ..• .••. •••. .••... 31.1 24.3 35.6 30.9 39.4 40.6 
Aodlum (Na) ")" ...................... ~ 2.7 4.1 5.9 22.9 1Z.0 8.1 
Potassium (K ......................... , 2.2 
Carbonate radicle (COs).............. 117.8 86.5 186.8 2il2.2 189.41179.1 
Sulphate radicle (804) ................ 6.3.......... 8.61 36.2 19.1 56.S 
Chlorine (Cl)........ .................. 6.1 11.6 2.0 33.6 18.5 Undt. 

org~:~:l::::;;~~~;;~~·.·.::·.·.::·.·.::: .... ~~~:... 16::
7 ~~~~~~ ... ~~~: ... ~~~ 

1. Sheboygan River at Sheboygan. Sample taken from reservoir, Analyst, G. M. Dav-
Idson. Sept., 1900. 

2. Random Lake. Analyst, Chemist, C. M. & St. P. Ry. Co., June 29, 1892. 
3. Random Lake, Analyst, Chemist, C. M. & St. P. Ry. Co., Mar. 20, 1900. 
4. Random Lake, Analyst, Chemist, C. M. & St. P. Ry. Co., Jan. 24, 1901. . 
5. Spring Lake near Random Lake, Analyst, Chemist, C. M. & St. P. Ry. Mar. 20, 1900. 
6. Lake Elkhart, Analyst, Chemist, C. M. & St. P. Ry. Co., May 28, 1899. 
7. Lake Elkhart, Analyst, G. N. PientJ.ss, April, 1908. 
8. Elkhart Lake, mean of four analyses at various depths, Analyst, E. B. Hall and 

C. Juday, Sept. 12, 1908, Wis. Sur. Bull. 22, p. 170. 
9. Spring and well of C. M. & St. P. Ry. Co., Plymouth, Analyst, Chemist, C. M. & 

P. Ry. Co., July 9, 1891. • 
10. Well of C. M. & St. P. Ry. Co., Random Lake, Analyst, Chemist, C. M. & St. P. Ry. 

Co., Ju1Y'13, 1891. . . 
11. Well of C. M. & St. P. Ry. Co., Random Lake, Analyst, Cbemist, C. M. & St. P. Ry. 

Co., Jan. 24, 1901. 
12. Well of C. M .... St. P. Ry. Co., Random Lake, Analyst, G. M. Prentiss, Nov. 27, 1900. 
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Mineral analyses oj teater in SlIpbQygan County-Continued. 

Surface deIlOSlts. Probably Niagara limestone. 

13. I U. 15. 16. 17. 18. 

Depth of well. .... ...... ... . .. feet.. --3-0-1--4-2- ---;;- --9-6-~ 550 

;.:mca (SiO)..3.. ..... ... .... ... .... ... ~ I ' J 16.9 ~ l i 9.9 

~r~~~PJl~~. ~'~~'.~~~~: ~~~~~~: :~~;~~~> .. ~~~~: ... ~~~~: .!..~~~~: .. '.: .. ~:~.. ::~ 1.7 
Calc!um(Ca)........................... 97.2 109.9 I 34.2 79.0 32.7 "isoX" 
Magnesium (MIr) ......... .... .... ...... 59.2 41.8 35.6 43.0 18.7 60.5 
Sodium and potassium (Na+K)....... 38.7 38.8 25.8 9.7 23.4 76.3 
Carbonate radicle (COs). ... ....... .... n6.6 220.2 162.6 208.0 79.5 67.2 
Rulphate radicle (804) .... .... .... .... 180.2 38.1 2.3 24.5 28.0 715.5 
ChlOt'ine (CI) .... ..... .... .... .... ...... Undt. 86.7 9.1 14.9 34.2 5.7 
Undet. sol. matter............. ... .... .... ...... . ... ...... .... .•.... .. ........ .......... 62.8 

Tot~l dissolved solids .... : ......... 160:;:-1535-. -j2m:- 3~!-227:-llli7:--

St. Peter and L~wer )h.gne.iian formations. 

19. 20. 21. 22. 23. 24. 

-----1--- ------ ---- ---- ----

n"pth of well .............. ; .... feet.. 1, 000 
Silica (8102) ........................... t 
M~O!).I~~.~~~.i~.~~.~~.i~~~ .. (~~:~:~ f 4.7 
Calcium (Cal............. .............. 'dO.[ 
Magnesium (iI'lg)............ .... ....... 43.8 
Sodium (Na) ......................... .. 
Potassium (IO................. .. ... .. 
Carbonate radicte (C03) ............ .. 
Sulphate radicle (S04) ............... . 
Chlorine (01) .......................... . 

Total dissolved solids ............ . 

28.9 
222.9 
57.9 
44.5 

503. 

1,000 

1.5 

91.4 
41.3 
19.1 

197.0 
67.2 
28.5 

446. 

1,038 I 1. 038 

0.3 ! Undt. 

90.3 174.6 
41.1 61.2 
15.0 193.2 

183.7 150.0 
84.2 820.0 
23.3 Undt. 

438. 1.399. 

1,038 

Undt. 

277.0 
75.4 
8.4 

152.6 
733.1 

Undt. 

I, 246. 

1,038 

Undt. 

125.2 
51.4 
28.6 

180.4 
273.6 

6:;9. 

13. Private well 100 feet east of Handom Lake Station, Analyst, G. N. Prentiss, Mar. 
20, 1900. 

14. Well at Elkhart Lake, Analyst. G. N. Prentiss, Yav 19, 1908. 
15. Well at Elkhart I,ake. Analyst, G. N. Prentiss. Aug: 14, 1908. 
16. Well of C. & N. W. Ry. Co., Plymouth, Analyst, G. M. Davidson, June 18, 1895. 
17. Well of Sheboygan Knitting Co., Sheboygan, Analyst, Chemist, C. M. & St. P. Ry. 

. Co. 
IS. Well at Oostburg, 100 feet north of station, Analyst. G. )1. Davidson, May 20,1909. 
19. Well of C. M. & St. P. Ry. Co., Handom Lake, Analyst. G. :-;. Pentiss, June 25,1892. 
20. Well of C. M. & St. P. Hy. Co., Random Lake, Analnt, G. ~. Prentiss, June 10, 1892. 
21. Well tl9i' M. & St. P. Ry. ,Co., Random Lake, Analyst, G. N. Prentiss, May 20, 

22. Deep well and reservoir of C. M. & St. P. Hy. Co., Random Lake, Analyst, G. N. 
Prentiss, Feb. 7, 1900. 

23. De<'p well and reservoir of C. M. & St. P. Ry. Co., Random Lake, Analyst, G. N. 
Prentiss, Mar. 20, 1900. 

24. Deep well and reservoir at C. ~f. & St. P. Ry. Co .. Random Lake, Analyst, G. N. 
Prentiss, April 24, 1900. 
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Mineral analyses of water in Sheboygan Oounty-Oontinued. 

St. Peter and lower Magnesian formations. 

25. 26. 27. 28. 29. 30. 

Deoth of weII.... .... .......... feet.. 1, 200 1.476 1.402 1.476 1.476 

13. 
Silica (Si02) ................. ' ........... ~ 
Aluminium and iron oxides (AI203+ 26.3 79.6 2.3 15.8 5.2 

Fe20s) ............................. .. 
Aluminium oxide (A120s) ............. 5.5 2.1 81.6.1 18.9 
Irou (Fe).... ........................... 3.2 2.7 0.6.3 4.7 
Calcium (Ca) ........................... 1.042.8 1.083.2 'i;io7:'" 341.6 203. 1.065.2 
MaIrIlesium iMg).. ............... ...... 198.2 239.4 759.5 81.3 59.4 310.6 
Sodium (Na) ........................... 1,429.4 2.063.4~ 1592 J 896.4 884. 12.484.3 
Potassium (K)......................... 52.5 129.7. • . 1 169.3 3.3 88.5 

~~~~~t~L;~diCle' (cOsi:::::::::::::: I'" i97:g-' 90:~' "883::" '" "9:8"' "'207:'" 12d7 
Sulphate radicle (804) ................ 11.732.7 2.050.1 2.051. 673. 514.5 2.150. 
Chlorine (CD ........................... I 3.137.5 4.309.0 4.037. 1.272. 1.218. 15.099. 

rO~~~n(~~~~~.:::::::::::::::::::::::::: ..... ~:~ .. I Tra~~4. :::::::::: :::::::::: ::.::::::: 1~:34 
rO::::I:i:S:I2V~~)~~;i·~::::::::::::::: ~~ ~~~Itd~ i:-~i~liis~~~~ 

25. ~ell of H. Giddings. Sheboygan Falls, Analyst. G. Bode. Geol. of Wis. 
26. CIty park well at Sheboygan. Analyst. C. F. Chandler. Geol. of Wis., Vol. 2. p. 165. 
27. Born Park Sanitarium well. Analyst. Chicago Clin. & Anal. Laboratory. 
28. Well of Sheboygan Mineral Water Co .• Sheboygan, Analyst, State Hygienic Lab. 

Aug., 1909. 
29. Well of Sheboygan Mineral Water Co., Sheboygan, Analyst Richard Fisher Feb. 

1907. ' 
30. Artesian well at Sheboygan, Analyst. G. Bode, Geol. of Wis. Vol. 2, p. 89. 

TAYLOR COUNTY 

Taylor county, located in the north central part of the state, has an 
area of 965 square miles, awl a popUlation of 13,641. About 21.5 per 
cent of the county is laid O:lt in farms, of which 24.S per cent is under 
cultivation. 

SURFACE FEATURES 

The surface of the county, with a few exceptions, is a gently undula
ting plain. A belt of drift hills extends from the southwestern part of 
the county to the northeastern, the drift hills rising from 100 to 150 
feet above the general level in the area, northeast of Westboro and 
north of Rib Lake. The altitude generally lies between 1,400 and 1,600 
feet. The principal drainage lines are the Yellow and. Jump rivers, 
flowing southwest towards the Chippewa, the Black river flowing south, 
and the Rib river, a tributary of the Wisconsin, flowing southeast. The 
soil is mainly a silt loam or sandy loam throughout the entire county. 
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GEOLOGICAL FOR1L\TIONS 

The principal geological formation is glacial drift, consisting of a 
heterogeneous mixture of clay, sand and gravel mixed with boulders. 
In only a few localities are there outcrops of granite rocks along the 
river beds. The drift ,is usually quite thick, ranging from 50 to 200 
feet. 

PRINCIPAL WATER-BEARING HORIZONS 

The principal water-bearing horizon is the surface formation of drift, 
in which an abundant supply can usually be obtained at relatively 
shallow depths. Most of the wells in the southeastern part of the county 
range in depth between 20 and 40 feet .. 

At Stetsonville the wells are generally frolJl 12 to 30 feet deep, the 
deepest one, at the mill, being 50 feet deep, wholly in drift. At Chelsea, 
wells are from 12 to 30 feet deep in sandy drift. At Westboro, the deep

. est well, 50 feet deep, is wholly in the drift. 

WATER SUPPLIES FOR CITIES AND VILLAGES 

Medford. Medford, the county seat of Taylor, has a population of 
1,846. It is located on the Black river, the elevation of the railroad 
station being 1,408 feet above sea level. The topography is uneven, 
the principal part of the city being on the east slope of the river val
ley. The formation is wholly drift, of clayey, sandy mid gravelly 
character. The surface soil is generally a clay loam. Granite is struck 
at a depth of 50 or 65 feet at the Shaw tannery. Wells on the east side 
of the valley, on the upper slope, are 80 feet in drift, and upon the hill 
140 feet in drift without striking rock. Many wells in the valley bot
tom are only from 10 to 30 feet deep, and are in danger of contamina
tion. Formerly the publie supply, used for fire purposes only, was ob
tained from the Black river. The present public water supply is ob
taine"d from a system of 11 wells, located near the river, each well be
ing 12 inches in diameter and 40 to 60 feet deep, depending upon the 
depth to the granite. Nine of the wells are located near the pumping 
station, and two, about one-fourth mile up the river, on the west side, 
at~ the site of a spring. The daily capacity of the system is about 
570,000 gallons. About 25 per cent of the hoUBe8 are connected with 
the water system. A partial sewage system iB installed for the public 
buildings and the main street. The sewage is emptied, without treat
ment, into the Black river. 
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Rib Lake. This village has a population of 1,018, and is located on 
the west bank of Rib Lake. The elevation of Rib Lake is 1,556 feet 
above sea leveL The formation is glacial drift, with sandy loam sur
face soil and sandy gravelly drift subsoil. Most of the private wells in 
the village are from 10 to 30 feet deep. One deep well at the hotel is 
130 feet deep, Wholly in the drift. The city water supply, used for 
fire protection only, is obtained from Rib Lake through a 12 inch in
take re~ching about 50 feet from the shore. 

QUALITY OF THE WATER 

No complete analyses of the waters of Taylor county are available . 
. '1'he surface water supplies from lakes and rivers are likely to be very 
soft or soft water low in mineral content. The ground water supplies 
are usually higher in mineral content than the surface supplies but are 
likely also to be soft water with only a few occurrences of hard Wiater. 
A partial analysis of the railroad supply at Medford shows a total 
mineral content of 9.27 grains per gallon of dissolved solids, or 160' 
parts per million, indicating a hard water. 

TREMPEALEAU COUNTY 

'I'rempealeau county, located in the western part of the state, has an 
area of 734 square miles, and a population of 22,928. About 94.~~ yefl 
cent of the county is in farms, of which 57.8 per cent is under cultiva
tion, being fairly uniformly well settled over the entire county. 

SURFACE FEATURES 

The topography is·uneven, the surface features consisting of upland 
slopes and valley bottoms. Loess loam soils are common over the U'p

lands, and sandy alluvial soils on the slopes and in the bottoms. 
The altitudes range between less than 700 feet along the Mississippi 

and the lower Trempealeau and Black rivers to 1,100 and 1,200 feet on 
the level topped uplands. The valley bottom of the Beef river in the 
northern part is at an altitude mainly between 800 and 900 feet The 
steep sided valley of the Beef river in the northern part of the county 
and of the Trempealeau in the eastern and central part are prominent 
features. The high bluffs along the Mississippi, rising abruptly 300 
to 400 feet, are also striking features of the topography. 
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GEOLOGICAL FORYATIO~S 

The geological formation is mainly tht l'pper Cambrian (Potsdam) 
sandstone, only the highest divides in the county being capped by the 
Lower Magnesian limestone. A very small amount of glacial drift oc
curs in the northeastern part of the county. The geological structure 
is illustrated in Fig. 41, p. 375. 

The alluvial filling of silt, sand and gravel in the valleys probably 
reaches a maximum thickness of 150 to 200 feet. The thickness of the 
Upper Cambrian (Potsdam) sandstone and Lower Magnesian limestone, 
as encountered in the wells of various parts of the county, varies greatly 
on account of the extensive erosion of the strata. It is only where the 
Upper Cambrian sandstone is overlain by the Lower Magnesian lime
stone that the complete thickness of the former is preserved. The lime
stone occurs, as already stated, only on the higheat dividing ridges. 
Thc approximate range in thickness of the geological formations may 
be summarized as follows: 

Approximate range in thickness of formations in Trempealeau Oounty. 

POI'ma tiun . Thickness. 

"'pet. 
I'lurfacf' for'mation.. ....... . ... ........................ .... .... ............ .... . ... . ... . 0 to 200 
Lower Maj!"ne"ian limestone .................................................... '. , ... , I 0 to 50 
Upper Cambrian (Potsdam) sandstone ............. , ......................... , ...... ,I ,200 t:> 800 
'-"he Prd-Cambrlan granite .......................................... ; ................. I ............. . 

I 

PRINCIPAL WATER-BEARIXG HORIZONS 

The water-bearing horizons are the" Potsdam" sandstone and the al
luvial sands and gravels filling the valleys. As both these horizons are 
excellent water-bearing strata, an abundant supply is readily available. 
Wells in Decora Prairie draw their supply at 20 to 100 feet in sand 
and gravel. In the valley bottoms the wells are relatively shallow, but 
on the uplands the wells are often from 200 to 300 feet deep. 

FLOWING WELLS 

Flowing wells in the Upper Cambrian (Potsdam) sandstone occur 
along the Trempealeau river as far up the ri\"er 35 'Vhitehall. The 
wells generally have a head less than 10 feet abo\"e the surface. In this 

37-W. s. 
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valley the granite probably lies at depth of about 400 feet below the 
surface, being about 375 feet at Al'cadie, and probably over 400 feet at 
surface, being about 375 at Arcadia, and probably over 400 feet at 
Whitehall. Artesian wells were recently developed in the Beef val
ley.1 

It is probable that flowing wells could be obtained on low ground 
along the Black river and also along the Mississippi, as well as up some 
of the small tributary valleys. In the tributary valleys the water in 
the alluvial deposits, where overlain by silts and clays, may be under 
sufficient pressure to produce artesian flows. The flowing wells in Ar
cadia, Whitehall and Galesville are referred to in the following descrip
tion of city water supplies. 

WATER SUPPLIES :r;OR CITIES AND VILLAGES 

Arcadia. This village, located' on the Trempealeau river, has a pop
ulation of 1,212. The city water supply is from a well 376 feet deep, 
8 inches in diameter, being cased 76 feet to sandstone. This well is re

ported to have reached granite. The capacity is 347 gallons per minute. 
The average daily pump age is 40,000 gallons. About 40 per cent of the 
houses are connected with the supply. The sewage is emptied, without 
purification, into the Trempealeau river. 

Records of deep flowing wells in Arcadia. 

Wat~r i 
Owner. Dia- Depth. rhes Temp'l 

: Drilled. :;:~~~:'. feet. ~~~~:~ Flows. F. 
ft-et. 

i 
~~v-;::~~~~ --~~- --~--I-~~-r-~--'~~~~~~~~ ~~~~l-:a:~-7~-~~~ 

I \ceached granite) 
W', P. Massuers.. 1897 3 I 330 I 2 1 in stream. 48 C'as~d 82 feet. 

. 1. BAvpridgf'..... 1901 3 300 I 5 1 in stream. 48 Cased 80 fe~t. 
'I'. Barry ........ , 1898 3 2F8 3 1 in slrf'am. '\ 48 Cased 120 f~et . 

O. Hohmann... 1890 3 300 I 3 1 in s' l'('am. 48 Cased 86 fep!. 

One hour of pumping at the well of the city waterworks decreased 
the heads in all the other wells and stopped for a time the flow at E.:;,}'· 
ry'l? and Hohmann's wells. 

1 During 1913 and 1914 numerous flowing wells were developed in the Beef 
river valley, in and near Eleva and Strum. The village well at Strum, alti
tude of curb about 848 feet, flows about 4 inches above the curb, which is 18 
to 20 feet above the river level. The depth is 310 feet,-130 feet of alluvial 
sand, and 180 feet of sandstone, reaching granite. Other flowing wells in 
Strum are owned by P. H. Moltzau, 260 feet deep, 90 ft. sand, 170 ft. sandstone, 
artesian head 10 feet above curb, and by P. Christensen, 320 feet deep, drilled 
a few feet into granite. 
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Several other flowing wells have been driUed in Arcadia and in the 
neighboring country along the Trempealeau river. The common wells 
are from 6 to 100 feet in depth, and draw their supply from the alluvial 
sands over the Upper Cambrian sandstone, or from the sandstone. 

Whitehall. 'Whitehall, located on the Trempealeau River, has a 
population of 703. It has a city water supply from an artesian weiJI 
216 feet deep, 100 feet to the Potsdam sandstone being cased. The 
diameter of pipe is 5 inches and the water rises 11 feet above the curb. 
The pumping capacity is 350 gallc~ms per minute. 

The water drops about 20 feet in the city well during heavy pumping, 
but has never dropped as low as the bottom of the suction pipe, which 
is 25 feet deep. 

At David Wood's, 40 rods north of the river, a well was sunk through 
123 feet of sand, and 141 feet of Potsdam sandstone. The head here, 
4 feet above surface, as indicated by the aneroid barometer, is about 
790 feet above sea level. 

Common wells are from 20 to 40 feet in depth, a few enter rock, the 
wl;tter level lying from 10 to 30 feet below the surface. Flows may also 
be obtained further up the Trempealeau river. 

Independence. At Independence, population 664, the same kind of 
wells are drilled as at Arcadia and Whitehall. The Potsdam sandstone, 
no doubt, should give artesian flows here on the low ground, just as at 
Arcadia and Whitehall, and furnish an abundant supply for city pur
poses. The village has a public water supply, obtained from four wells, 
each 50 feet deep in the sand. The city sewage is emptied, without 
purification, into the Trempealeau river. 

Galesville. The population of Galesville is 973. Flowing wells occur 
at Galesville, on the banks of Beaver creek, one of the flowing wells be
ing 410 feet deep, striking the sandstone at 100 feet, and having a hea'1 
of 4 or 5 feet above the surface. The wells in this vicinity are usually 
from 70 to 130 feet in depth and get their supply from alluvial sand or 
the underlying sandstone. Several springs are also found in this vicin
ity. The city supply is used mainly for-fire protection. The supply is 
obtained from two 6-inch wells, 200 feet deep, and from Beaver creek. 
A partial sewage system is installed, the sewage being emptied into the 
creek. 

Blair. The village well at Blair is 30 feet deep, in sand and rock, and 
10 feet in diameter. About 90 per cent of the houses are connected 
with the public supply, the average daily pumpSeI7C being 16,000 gal
lons. Private wells are generally from 20 to 30 f('f't deep in the sand. 
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QUALITY OF THE WATER 

The mineral analyses of the water supplies in Galesville arc shown 
in the table. The supplies analyzed are obta.ined from the sandstone 
and are hard wa.tel"8 of modera.te lnineral ccmtent. The above analyses 
probably represent average waters obtained from the surface sands and 
the sandstone formations. Waters from the limestone uplands are 
very probably only slightly higher in mineral content. 

The water from the city wells i.n Galesville, No.. 3, contains 1.61 
pounds o.f incrusting solids in 1,000 gallons. 

MineTal analyses of watm' in TTempealeau County. 

(Analyses in parts per million) 

~pring. 
Upper Cambrian (Pots

dam) .... ndstone. 
---- --------,----

1. 2. 

Oepth of wen ........................................ feet.. ...... ........ 6;; 
Silica (8102) .................... ".......................... 1.0 4.U 
Alumillium and iJ'on oxhles \AI20s+~'e!03) ........................................ . 
AlUminium oxide (Ai20s)................................. 26 3.6 
1ron «1'.) .................................... ;............. 1.4 14.3 
C.,}cium(Ca)............................................... 57.6 27.5 
Magne..illtn (Mg) ........................................... 1 21..9 23.1 
~lum (Na) ...................... ; ......... :............... 5.5 JiS.6 
Potas.lum(K) ..................... · .. ·....................... 1.4 I ...... .. 
Carbonatetadlcle .C,-'s.............................. ...... 157.1 l1S.2 
Sulphate radicle (804-)"...... ....... ...................... 2.6 22.7 
Chlorine «('1).......... ............................ .......... 84 1.S 
Organic matter............................................. .............. 8.2 

Total dissolved IiOllds .................................. · 26a. us. 
I 

1. Arctic Spring at Galesville, Analyst, W. W. Daniells. 

3. 

200 
16.4 
1.8 

...... · .. ·S7:i 
17.3 
i ?9 

88 Q 
llU 
4.2 

184. 

2. Jordan l\Iineral well at Galesville, Analyst, G. Bode, Oeol. of Wis .• Vol. IV, 1882. 
3. City wells at Galesville, 2 wells, 200 feet deep, Analyst, G. M. Davidson, Dec. 18, 

1899. 

VERNON COUNTY 

Verno.n co.unty, located in the so.uthwestern part o.f the state, has an 
area of 792 square miles and a population o.f 28,116. Abo.ut 92.8 'per 
cent of the county is in farms of which 53.9 per cent is under cultiva
tio.n. 

SURFACE FEATURES 

The greater part of the cmmty consists o.f a relatively high upland 
plain deeply dissected by valleys. The Kickapo.o river which drains 
the eastern half o.f the co.unty is a pro.minent- valley with steep slopes 



DESORIPTION OF LOCA.L WA.TER BUPPLIES. 581 

leading up to the even 81lmmitted upland. The western part of the 
county is drained by streamS flowing into the Mississippi, mainly the 
Bad Axe and the Coon rivers . 

. The valley bottom plain along the Mississippi river has a general 
altitude of about 650 feet. The valley bottom of the Kickapoo ranges 
in altitude between about 750 feet at Reedstown to probably about 900 
leet at Ontario. The altitudes on the dissected upland generally 
ranges between 1,200 and 1,400 feet. 

The soils are generally sandy loams and silt loams on the uplands 
and sands, sandy loams and occasionally silt loams in the valley bot
toms. 

GEOLQGICAL ~ORMATIONS 

The principal geological formation is the Lower lIagnesian limestone. 
Along the deepest and most important valleys the Upper Cambrian 
(Potsdam) sandstone is present, and upon the uplands, overlying the 
Lower Magnesian formations in the southwestern part of the county is 
the St. Peter sandstone, and occasionally upon the latter on the very 
highest points is the Platteville (Trenton) limestone. In the valleys 
is the usual amount of alluvial sand formation and on the upland~ is 
a fairly common deposit of loess loam. The geological structure is 
illustrated in Fig. 68. 

Fig. 68.-Geologic section. east-w«Ist. across central Vernon County. 

The thickness of the alluvial sand and silt in the valleys is variable, 
but probably attains a thickness of 200 to 300 feet in the mid-channel 
of the Mississippi valley. The thickness of the loess upon the upland is 
variable, but usually does not exceed 5 or 10 feet. The thickness of the 
rock formation is variable on account of the extensive erosion of the 
strata. I t is only in the highest uplands of the southwestern part of 
the county that remnants of the St. Peter sandstone and the Platteville 
(Trenton) limestone are still preserved. 'fhe approximate range in 
thickness of the geological formations may be summarized as follows: 
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Approximate range in thickness of formatit)ns in Vernon Oounty. 

_________ . _________ FOrm~t1oo. __ ~ ______________ \Thickness. 

I Feet. 
Surface formation ...................................................................... 0 to 300. 
Platteville (Trenton) limestone (of I'are OCcul'l'euce) ................................ 1 0 to 40. 
St. Peter and Lower Magnesian ........................................................ 1 • 0 to 250. 
Upver CambrIan (Potsdam) sandstone ................................................. 400 to SOO. 
The Pre-Cambl'ian granite ............................................................ i ............. . 

PRINCIPAL WATER-BEARING HORIZONS 

The water supply is derived from all the geological formations, the 
most important sources being the Lower Magnesian limestone and the 
Potsdam sandstone. The alluvial sands and gravels are' an important 
source of water supply in the valleys. The wells in the valleys usually 
reach abundant water in the sand at depth of 20 to 40 feet. The wells 
upon the uplands often penetrate the rock to depth of 300 to 400 feet 
and contain only a few feet of water. 

Depth 01 Wells in Villages, Vernon Oounty. 

, 
Village. Source. I Depth in feet. 

i 

Chasebur&,.. .............................. Rock ............•........ ' .............. . i 
De Soto .................................... 1 River sand and rock .................... . 
Hillsboro .................................. l Rock .................................... . 
Lafarge .................................. "1 Rand ...................................... 1 
Newton.................................... "and and rvcli: ........................... \ 
Readstown .............. " .....•...... , . .. Sand rock ...........•...•................ 
Rockton ................................... Rock ..........•...••.....•............... 

FLOWING WELLS 

200-500 
15-S0 
40-200 
20-40 
20-100 
30-S0 
75-200 

Flowing wells are a common source of water supply along the Mis
sissippi river. The artesian head along the Mississippi is quite uniform 
and is generally 50 to 60 feet above the immediately low ground, and is 
much as 60 or 70 feet above the level of the Mississippi river. The 
flows are obtained mainly if not entirely from the Upper Cambrian 
(Potsdam) sandstone. At Stoddard the flowing wells are generally be

tween 400 and 550 feet deep. 
The flowing wells' are not confined to the banks of the Mississippi 

river, but are also obtained up the larger and some of the smaller tri
butaries of the Mississippi river. Several of these flows have been 
struck at Chaseburg some distance up Coon creek. The wells at Chase-
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burg are from 400 to 500 feet deep and at least two flows have been ob
tained. In Coon Valley are 5 flowing wells 450 to 500 feet deep. 

Flowing wells in the Potsdam sandstone are quite common in the 
Kickapoo valley. In the vicinity of LaFarge there are 6 deep flowing, 
wel,ls ranging in depth between 128 and 465 feet, and with heads rang
ing from 3 to 16 feet above the surface. 

In Rockton and vicinity there are about 25 flowing wells with heads 
of 20 to 32 feet above the curb. In Ontario flowing wells are arso a 
common source of water supply. 

Several flowing wells have been drilled in Viola by W. P. Shilling. 
They are of the same general type as those above described. Farther 
south along the Kickapoo river at Readstown and Soldiers Grove a 
few deep flowing wells have been drilled. ·Water is generally pumped 
from wells 10 to 40 feet deep. Two miles east of Soldiers Grove,OIn 
considerably higher ground a well 200 feet deep flows part of the time. 
For detailed description of artesian wells in Kickapoo valley and Coon 
Creek valley, see pages 70-2. 

WATER SUPPLIES FOR CITIES AXD YILLAGES 

Viroqua. Viroqua, the county seat, has a population of 2,059. It is 
situated upon the high divide between the Bad Axe and Kickapoo riv
ers, at an elevation of 1,280 feet above sea level. The city has a water 
system but nO sewerage system. The water supply is derived from three 
8-inch wells from 200 to 559 feet deep, which penetrate through the 
Lower Magnesian limestone, (see Fig. 68) into the Upper Cambrian 
(Potsdam) sandstone, thus deriving the water supply from the latter 
formation. The average daily pump age is about 100,000 gallons. About 
70 per cent of the houses are connected with the water system. 

Westby. Westby has a population of 902. The city water supply is 
obtained from two 8V2-inch wells, 310 and 325 feet deep. each reaching 
through the Lower Magnesian limestone and penetrating the Upper 
Cambrian (Potsdam) sandstone about 100 feet. The estimated daily 
capacity is 100,000 gallons; the daily pumpage is about 18,000 gallons. 
Private wells are generally from 200 to 235 feet deep. 

De Soto. De Soto has a public water supply obtained from a flow
ing well, 440 feet deep, the rate of flow being about 172,000 gallons per 
day. In the village are several artesian wells and a few are located 
north and south of the village. The wells are between 400 and 550 
feet deep, wholly in the Upper Cambrian sandstone, the head being 
about 25 feet above the surface. It is thought that the decrease in the 
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heads at McAuley's and Johnson's wells, and the village wells, IS chiefly 
because the casing was discontinued as soon as rock was entered. 

At Genoa and Victory are flowing wells of the same class as those at 
De soto. 

Stoddard.-There are a number of flowing artesian wells in this vic
inity. Most of the wells are used for farm or dairy purposes. The 
wells are wholly in the sandstone after striking rock, and the water 
rises to approximately 694 feet above sea level, about 70 feet aboye the 
Mississippi riYer. 

H~1lsboro. This village has a popu~atioll of 804. The city well is an 
8-inch well, 149 feet deep, in the Upper Cambrian (Potsdam) sand
stone. The average daily pumpage is 15,000 gallons. Private wells 
in the village are generally from 50 to 85 feet deep in the sandstone. 

Readstown. Readstown, population 515, has a public water supply 
from a 6-inch well, 210 feet deep. The daily capacity of the well is 
50,000 gallons. About 20 per cent of the houses connect with the city 
supply. Private wells are generally from 30 to 60 feet deep. 

Ontario. There are about 24 flowing wells in Ontario and in the ad
jacent bottom of the Kickapoo valley, both up and down the sti'eam. 
The shallmv flows, at 80 to 90 feet in Ontario, contain less iron than 
the deeper flows. In the deep wel~s, two, three or even four stl'ong wa
ter horizons are passed through. The same applies to wells north and 
south of Ontario, along the Kickapoo river. 

Rockton. There arc about 25 flowing wells in this vicinity. Some of 
the farmers have two and three flowing wells on their brms and all 
get water from the Potsdam sandstone. The flowing wells are fou11l1 
only near the river on low ground. Back nearer the hills the same wa
ter horizon is struck, but the wells do not flow. 

QUALITY OF THE WATER 

Only two mineral analyses of the water supplies of Vernon county 
are available, but judging from the character of the geological forma
tions, hard waters of moderate mineral content are. very probably pre
valent throughout the county. Water obtained from the limestone 
strata is likely to be only slightly higher in mineral content than that 
from the alluvial sand and the sandstone. 



DESCRIPTION OF LOCA.L W.d.TER SUPPLIES. 

Mineral analyses of water in Veraon County. 

(Analyses in parts per mllllon) 

585 

Upper Cambrian (Pots
dam) s"ndstone. 

1. 2. 

Devth of well .................... : .................................. feet.. 300-325 600 
Sll1ca (SI02) ............................... ; ................................ ! Undet Undet. 
Aluminium andiron oxides (Ah03+FegOs) ............................ f - . 

~~~x::u~alMii)::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ~U ~U2 
Sodium and pOtassium (Na+K)............ .................... ......... 4.6 1.6 
Carbonate radicle (C03)........... .... ......... .... ... .... ..... .... ..... 99.6 123.7 
Sulphate radicle (804)......................................... .......... 6.6 18.8 
Chlorine (C1)... ....... .............. ................ ...................... 15.7 3.0 
Nitrate radicle (NOs). ............................. ...................... 19.5 ............. . 

--------
Total dissolved solids ................................................ \ 211. 222. 

1. City Water Supply, Westby, Anaiyst, G. N. Prentiss. April 10,1912. 
2. Railroad well at La Farge, Analyst. G. N. Prentiss. Feb. 4, 1908. 

VILAS COUNTY 

Vilas County, located in the northern part of the state, has an area 
of 907 square miles, and a population of 6,019. Only 3.6 per cent of 
this county is laid out in farms, of which only 23.9 per cent is under 
cultivation. 

SURFACE FEATURES 

The county is nearly a level plain, dotted with numerous lakes at 
the head waters of the Wisconsin river. The altitude is mainly be-

'tween 1,600 and 1,700 feet. The soil is generally a sandy soil or Eandy to 
silty loam. Probably not more than 30 or 40 per cent of this county 
will eventually be brought under cultivation. It ~ a region well adapt
ed to summer resorts, fishing and h-qnting. 

GEOLOGICAL FORMATIOX;; 

The geological formation is principally the surface formation of 
glacial drift, associated with plains of sand and gravel of alluvial or 
glacio-alluvial origin. Underlying the surface formation are the gran
ite and associated crystalline rocks. The surface deposits quite effect
ually cover the hard rock throughout tbe county. and usually vary in 
depth from 50 to 200 feet. 
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PRINCIPAL WATER-BEARING HORIZONS 

The principal water-bearing fonnations are the surface deposits of 
drift, sand and gravel, which very generally yield an abundant supply 
of water at shallow depth. The water level is very generally near 
the surface, and wells are usually only 15 to 40 feet deep. Caution 
should be observed in the use of shallow water supplies. The best 
practice is to use drilled or driven wells, properly cased to a depth of 
at least 20 or 30 feet below the general water level. 

WATER SUPPLIES FOR CITIES AKD VILLAGES 

Eagle River. Eagle River, the county seat, has an estimated popula
tion 01 1,200. I t is located on the site of water power on Eagle River. 
Its elevation is 1,142 feet above sea level. The city has a water sup
ply mainly for fire service, the supply being taken from a large open 
well, 12 feet deep and 30 feet in diameter, located on the bank of the 
river. About 40 per cent of the houses connect with the water supply 
system. The average depth of the private wells is about 20 feet in 
sand and hard pan. 

Arbor Vitae. Arbor Vitae, located on Arbor Vitae lake, has a popu
lation of about 1,250. Its altitude is 1,630 feet. No city water or sewage 
system is installed. Wells are from 15 to 40 feet deep in a sandy gravel 
formation. 

QUALITY OF WATER SUPPLIES 

The analyses of water supplies from lakes, creeks, and surface de
posits, shows a remarkably low content of mineral matter, the average 
mineralization of the 5 waters analyzed being appreciably less than 
that of Lake Superior water. Very soft, or soft water is very probably 
characteristic for the entire county, though occasionally hard waters 
may be found as in Oneida county. 

The water of the lake at Woodruff contains only 0.11 pounds of in
crusting solids in 1,000 gallons, while the city water supply at Eagle 
contains 0.43 pounds of incrusting solids in 1,000 gallons. 
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Mineral Analyses of Water in Vilas Oounty. 

i Analyses in parts per million) 

Lakes. 

1. 2. 3. 4. 

Silica (Si02)............................. 1.1 16.5 13. 5. 
Aluminium and iron oxides (A1203+ 0.7 6.2 1.1 5. 

Fe20a) ................................ . 
Calcium (Oa)............................ 0.7 7.2 I 6.7 0.6 
Magnesium (Mg)........................ 0.3 2.8 2.5 1.2 
Sodium (Na)............................ und't. 2.6 0.8 0.31 
Potassium (K).......................... und't. 1.7 0.3 O.H 
Carbonate radicle (OOa)............... 5.4 15.2 I 11. 1 7 
Bulph.ate radicle (S04) ........... ...... 5.~ I 7.~ 6.4 1.4 
ChlorIne (OJ).. ................ .......... 4 u 2.1: 3. 2.5 
Orlranic matter ...................................... , ............ ' ...................... .. 

587 

5. 

4.1 
trace 

2.4 
.6 

1.2 
3.3 
2.9 
1.8 

10.0 

Total solids .......................... -U;:--j-63."-. 45. 18. -&-

Creek. 

6. 

Depth of well ......................... feet ............... . 
Silica (8i02)................................. 1.7 
Aluminium and iron oxides (AI20a+ 

7. 

12 
4.6 

Surface deposits. 

8. 

36 
12.5 

. Fe20a) ..................................... 1 4.8 2.7 .7 
Calcium (Ca)................................ 9.8 11.4 8.2 
Magnesium (Mg)...... ............ ......... 3.3 4.3 1.5 

Potassium (IO .............................. (. •. 

9. 

60 

8.5 

7.0 
1.6 
2.7 Sodium (Na) ................................ 11 32 '0 3.7 

Carbonate radicle (COa) .................. ·1 22.9 26.9 I 13.5 3.9 
Sulphate radicle (S04)...................... 4.4 1.4 9.1 21.4 

g~~~~rce ';'~~i~;:::::::::::::::::::::::::::: :I:..:..:..:~ .~:~= _ Igj _I:..:..:..:~~~.:..: .:..:.:..:.:..:~~.:..:.:..: 
Total sOlids .............................. 1 52. 56. I 53. 46. 

1. Clear Lake. near Minocqua. Sample from surface. Analysts, E. B. Hall, and C. 
Juday, Sept. 1907. Wis. Survey Bull. 22, p. 170. 

2. Lake Kewaugesaga, near Minocqua. Analysts, E. B. Hall and C. Juday, Aug. 26, 
1907. Wis. Survey Bull. 22, p. 170. 

3. Trout Lake, south part, sample analyzed from surface, Analysts, E. B. Hall and 
C. Juday, Aug. 19, 1907. Wis. Survey Bull. 22. p. 170. 

4. Bass Lake, sample from surface, Analysts, E. B. Hall and C. Juday, Sept. 1907. 
Wis. Survey Bull. 22, p. 170. 

5. Lake at Woodruff, Analyst, G. M. Davidson, C. &; X. W. Ry. Co., Dec. 23, 1904. 
6. Creek at Fosterville, Analyst, G. M. Davidson, C. &; X. W. Ry. Co., Sept. 29, 1909. 
7. City Supply at Eagle River well 30 ft. diameter, 12 ft. deep, on bank of Eagle 

river, Analyst, G. M. Davidson, Aug. 1909. 
8. Railroad well at Lac du Flambeau, Analyst, G. :U. lIa..-idson, C. & N. W. Ry. Co., 

May 29, 1909. . 
9. Railroad well at Alva, Analyst, Chemist C. M. & 8t. P. Ry. Co., May 11, 1895. 
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WALWORTH COUNTY 

Walworth county, located in the southeastern part of the state, has 
an area of 562 square miles and a population of 29,614. About 94 
per cent of the county is in farms, of which 72.2 per ,cent is under cul
tivation. 

SURFACE FEATURES 

The surface of the county is a gently undulating plain with broad 
valley bottoms and gently sloping hills. Broad marshes along the 
streams are a characteristic feature. Lakes are common, the most im
portant and best known being IJake Geneva, Delavan Lake, Lauderdale 
Lakes, and Lake Beulah. The county is drained by streams flowing 
westward to Rock river, the Turtle Creek and Whitewater Creek, and 
streams flowing eastward to the Fox river (of Illinois), the White river 
and Honey Creek. Belts of terminal moraine, the Kettle Range, cover 
a considerable part of the county. 

The elevation of Lake Geneva is 862 feet above the sea, 282 feet above 
Lake Michigan. The elevation of Delavan Lake is about 920; of Lake 
Beulah about 810, and of the Lauderdale Lakes about 882 feet above 
sea level. These lakes are from 50 to 65 feet deep. 

The lowest land in the western part of the county at Whitewater 'is 
about 829 feet, and along Turtle Creek at Fairchild about 880 f.cet, 
while the lowest land in the eastern part, along the White river near 
Burlington, is about 76() feet above sea level. The highest uplands 
reach an altitude of a little over 1,000 feet, a much larger proportion 
of the land of the western part reaching this altitude than of the east
ern part. The maximum range in altitude between the highest hills 
and the adjacent valleys is less than 200 feet. 

GEOLOGICAL FORMATIONS 

The geological strata outcropping at the surface or immediately un
derlying the glacial drift are the Galena-Platteville (Trenton) lime
stone, the Cincinnati shale and the Niagara limestone. The Galena 
and Cincinnati area of outcrop is only in the western part of the county 
and that of the overlying Niagara in the central and eastern part. The 
section, Fig. 44, illustrates the geological structure of Walworth, Racine 
aud Kenosha counties. 
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Glacial drift and' alluvial deposits of variable thickness, up to 
over 300 feet, fill the pre-glacial valleys. and in thinner deposits, 
usually less than 100 feet t4ick, overlie the slopes and summits of 
the hills. Two belts of terminal moraine, the Darien and Elkhorll 
moraines, consisting of hummocky drift hills and associated depressions 

. extend across the eounty in a crescent-shaped zone through the vicinities 
of Lake Geneva, Delavan, Richmond, and La Grange Centre. 

The thickness of the Niagara limestone, Cincinnati shale, and Gal
ena-Platteville (Trenton) limestone varies on account of erosion where
ever these formations outcrop at the surface or underlie the drift. The 
formations underlying the Trenton vary in thickness only to a slight 
extent, due to inequalities in the original deposition. The approximate 
range in thickness of the geological formations in the county may be 
summarized as follows: 

Approximate range in thickness of formations in WaZ100rth Oounty. 

Formation. Thickness. 

Feet. 

~l£~t;:~~~~~fe~~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::1 ~ ~~! 
Trenton limestone ....................................................................... 1 50 to l50 
Ht. Peter and Lower Magnesian........................................................ 1m to 250 
Upver Cambrian (Potsdam) sandstone....................... ......................... 800 to 1,000 
Tile Pre-Cambrian ................................................................................... . 

PRINCIPAL WATER-BEARING FORMATIONS 

All of the geological formations are drawn upon for water supplies, 
but the most common source is the drift overlying the rock formations. 
Wherever the Galena-Platteville limestone and Niagara limestone are 
near the surface, abundant supplies are drawn fro~ them. The water 
level in the drift. is generally near the surface except on the summits 
of the isolated ridges. The depth of wells in the drift, however, is 
quite variable as illustrated in Elkhorll, whelt' on a very gently slop
ing area, the wells range from 10 to 150 feet deep. 

The Cincinnati shale lying between the ~iagara and the Galena
Platteville limestone forms an impervious basement for groundwater in 
the overlying Niagara limestone and glacial drift. 



590 THE WATER SUPPLIES OF WISCONSIN. 

FLOWING WELLS 

While the water in the sandstone underlying the Galena-Platteville 
limestone is held under hydrostatic pressure, the land surface is gen
erally too high £.01' the development of flowing wells from the sand
stone. It is only on the lowest ground of the county, therefore, that 
artesian flows are obtainable from the underlying rock strata. 

At Whitewater the city is supplied from flowing wells, altitude of 
curb 820 feet, with 19-foot head, the source of the flow being in the 
Galena-Platteville limestone and the St. Peter and Upper Cambrian 
(Potsdam) sandstones, the pressure increasing with depth. In the val
ley of White river at BUrlington flowing wells are obtained with a 30-
foot head, the altitude of the curb being 765 feet. Flows from deep 
seated strata can probably be obtained up the White river valley where 
the altitude of the surface doeS"not exceed 800 feet. At Lake Geneva 
the artesian head is at 790 feet, 59 feet below the surface, and at East 
Troy 820 feet, 40 feet below the surface. 

Flowing wells from the surface deposits of drift or within the Ni
agara limestone occur at much higher altitudes, depending upon local 
conditions. Flowing wells of this type occur southeast of Elkhorn, and 
betweer.. Elkhorn and Eagle, and in other parts of the county. 

SPRINGS 

Springs are an important source of water supply on low ground ad
jacent to the terminal moraines, and especially where the drift over
.ties the shale. Springs are especially abundant at the horizon of the 
outcrop area of the Cincinnati shale which forms a belt two to six miles 
wide across the western part of the county. Numerous springs occur 
in the vicinity of Whitewater, within the area of artesian flowing wells. 
The city supply of Delavan is obtained from springs, and a well known 
mineral spring, the Sheridan Mineral Spring, is located near Lake Gen
eva. 

WATER SUPPLIES FOR CITIES AND VILLAGES 

Lake Geneva., This city located at the east end of Lake Geneva, has 
3 population of 3,079. The city has a water supply but no sewage sys
tem. The water supply is obtained from three wells and a reservoir 
well fed from an intake leading from a spring. For a number of years, 
the water was obtained from a large open reservoir well, 30 feet in di
ameter and 30 feet deep, but this source was unsatisfactor~r. Two of 
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the earlier city wells were 186 and 210 feet deep in red clay and gravel 
at bottom. Recently the city supply was increased by adding a deep well 
12 inches in diameter and 1,119 feet deep. The estimated daily capacity 
is over 1,000,000 gallons. The new well is supplied with a compound 
centrifugal pump. About 50 per cent of the houses are connected with 
the city water supply. Most of the private wells are about 35 feet deep, 
and vary between 20 and 150 feet. The detailed section of the deep city 
well is as follows: 

Log ot Lake Geneva City Well. 

Formation. 

Drift: _ 
Gravel and water ................................................................... . 
Clay- .................................................................................. . 
Gravel and a little water ........................................................... .. 
Hard pan ............................................................................. . 
Clay mixed with stone ............................................................... . 
Gravel and a little water ............................................................ . 
Clear gravel, good watersuppl.v .................................................. .. 

Cincinnati : 
Blue shale ............................................................................ . 
Limestone with ~treaks of shale ................................................... . 
Blue shale ............................................................................ . 

Galena-Trenton: 
Limestone ............................................................................ . 
Blue shale ............................................................................ . 
Limestone with streaks ot shale _ .. , ............................................... . 
Blue rock ............................................................................. . 

St. Peter: 
Variegated colored rock of all sorts ................................................ . 

Lower Magnesian: 
Blue hard stone ..................................................................... . 
Sandy shale .......................................................................... . 
Rock .................................................................................. . 
Hhale .; ................................................................................ .. 
Honeycombed rock with flint moulds, and sand in th" packets. This source of 

main sUDply at top-of Potsdam .................................................. .. 
Upper Cambrian (Potsdam); 

Rook wIth streaks of shale ......................................................... . 
Red sandstone ........................................................................ . 
White sand&tone .................................................................... .. 
Red sandstone ........................................................................ . 
Red rock and shale ................................................................... . 
Shale .................................................................................. . 
Sandstone ............................................................................. . 

Thlcknes!!. 

Feet. 
20 
15 
5 

55 
85 
20 
23 223 

34 
15 
76 125 

83 
63 
92 
10 248 

106 106 

5 
95 
55 
20 

17 192 

19 
35 
57 
39 
14 
54 
7 225 

Total depth ........................................................................ 1.119 1,119 

= 

The log of a well three miles southwest of Lake Geneva owner, M. W. 
Ryenson, driller,M and L. E. Trow as determined fl'Om samples by F. 
T.' Thwaites, is as follows: 
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Log of well of M. W. Ilyenson, near Lake Geneva. 

Forma.tlon. I Depth. !1'hiClmess. 

-------------------.--------:----1-----
Pleistocene: 

Brownish red cla.y ..................................................... . 
Gray fine sa.nd.............. . .. .. . • .. . . . ... . . .. . ... . .... . ............ .. 
Lle'ht reddish clay ..................................................... . 
Brownish gray clay .................................................... . 
SlInd &nd gravel ....... , ............................................... . 
Sandy clay. brownish ................................................ .. 
Sand and gravel ....................................................... . 
Same as at 80-115 ..................................................... .. 
No sample. Sand ..................................................... .. 
Same as atSO-115 ....................................................... . 
Sand and gravel ....................................................... . 
Dark clay. no sample ................................................... . 

Nla&'ara Limestone: 
White cherty limestone. much broken ............................... 1 

Same as above ........................................................ .. 
Cincinnati !:-hale: . 

Feet. 
1- 5 
5- 28 

33- 15 
35- 70 
70- SO 
SO-115 

115-160 
160-185 
135-195 
19;-250 
230-240 
240-244 

244-215 
235-305 
305-315 

Light brown limestone ....................................... · .. ·· .. ··.1 
Greenish I\'ray soft shale..... ......................................... 820--822 

Feet. 

244 

76 

Gray and red shale ..................................................... j 82~-~35 
Hard white limestone .......... -....................................... I 935-l!43 23 

Tota.l depth ..... '" ..... ......... .... .............. ................. .............. 348 

Elkhorn. This city, the county seat, has a population of 1,707. The 
city water supply is obtained from a 10-inch artesian well, 1,040 feet 
deep. The elevation of the curb is about 1,010 feet above sea level, and 
the water stands 145 to 160 feet below the surface. The water is 
pumped by an air lift system. The estimated daily capacity is 150,000 
gallons, and the average daily pumpage is 140,000 gallons. About 60 
per cent of the houses are connected with the city supply. A sewage 
~ystem was recently installed. The sewage is purified by residential 
septic tanks and emptied into the marsh. The section of the city well 
is as follows: 

Log of Elkhorn Oity Well. 

L·"ormntioll Thickness. 

Drift Fept. 
Clay and gravel. ......... , .................................... _....................... 215 

CiJlclnnati 
Soft ~Iate shale ........... _. .... .... .... ........ .... ........ .................... ...... 119 
Shale and limenolle ................................................................... I 4S 

Galena-Trenton 
I.imestone.................... .... .... .... .... .... .... ................ .... ............ .. lS5 
Blue limestone.................................................. ................ .... .. 50 
Bufl' limestone alld sandstone....................................................... 85 

St. Peter , 
Sandstone .... '" ..... '" .............................................................. ' 50 

Lower Ma.gnesian . ' 
Limestone and sandstone ........................................................ '" . . . 50 
Hard limestone..... .... .... ...... ................................................... 19 

Upp"r Cambrian (Potsdam) 
Soft sandstone (drill dropped 3 feet in cavity)...................................... 146 
Pink and cream sandstone........................................................... 100 
Brown sandstone...................................................................... 25 

Total depth ...................................................................... : 1040 
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Flowing wells are obtained betwt>ell Elkhorn and Eagle from both 
Niagara limestone and glacial drift. Similar ('ouditions prevail south
east of Elkhorn. In Elkhorn, p"'ivatc ,n·lIs \ ary from 10 to 150 feet 
in ,]epth. 

Whitewater. The popUlation of Whitewater is 3,224. The city has 
a water supply, and a sewage system. The water supply is obtained 
from 4 artesian wells from 250 to 957 feet deep. The first two artesian 
wells were drilled 957 and 565 feet deep. The first well, 957 feet deep, 
6 inches in diameter flowed 19 feet aboYe the surface. '1'he fi)';;t 110w 
was obtllined in the Trenton limestone at 142 feet, the second in thf: St. 
Peter sandstone at 175 feet. '1'he flow continued to increase to the bot~ 
tom of the Potsdam. When completed, the well flowed 115 gallo}K'; }Jer 
minute and vaned with the pressure of the atmosphere from 104.fi to 
115.9 gallons pl:r minute. , 

The second well, 10 inches in diameter and 565 feet deep, flowed 275 
gallons per minute at the surface. The water is stored in an uncovered 
reservoir having a capacity of 885,000 gallons. The average daily 
pumpage is about 162,ODO gallons. About 50 per cent of the houses are 
connected with the city supply. The log of the 957 foot ,yell is as 
follows: 

Log of Whitewater City Well. 

__________ -=:rmati~ ________ . __ ---1 ThiC~~ 
Ple~\~~e~ray ...•...................................... '" ............................... 1· F::t. 
Galena-Trenton. 

:~I'ffll:nrr:,~~tg;;:..:.::.:.: :':.: :':.:::::: :::::::::::::::: ::::: ::: ::::: :::: :::: ::::::: ::::::1 
St. Peter. Lower lIialrnesian and Potsdam. I 

~lt~~~~~·}llllllllll; i I;::: :.::::: i; ;.;; :.:; I ;.;; I Ii: :.:.:.: I :.:I }.:;: }:.:} :.:::.:;;: .;.:;.: .:.:.:.:'.:.:1 
Blue shale ......................................................................... . 
Sandstone ......................................................................... . 
Silicious sandstone ................................................................ . 
Fine sandstone .................................................................... . 
RAd sandstone .................................................................... . 
Blue shale ......................................................................... . 
Silicious saudstone (strong flow) .......................................•.......... 
Fine sandstone .................................................................... . 
Red marL .......................................................................... . 
Red marl and sand ................................................................. . 
Coarse silicious sand ................................ " ............................... . 

37 
96 

85 
7 
9 
4 
9 

31 
57 

6 
109 

53 
24 
79 

231 
38 
2" 
42 

Total. ........................................................... ....... .......... 957 

Delavan. The population of Delavan is 2,450. The city water sup
ply is obtained from two 110 and 125-foot w{'lIs. The sewage, without 
purification empties into Turtle Creek. About 60 per eent of the houses 
are on the water system and 50per cent OIl thl" spwage system. An ar-

38-W. S. 
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tesian supply of water could readily be obtained by drilling a 10 or 
12-inch well 800 to 1,000 feet deep and obtaining a supply from the 
Potsdam sandstone. 

East Troy. The village of East Troy has a population of 673. The 
village has a public water supply system, obtained from one well about 
700 feet deep, and 8 and 6 inches in diameter. The capacity of the 
reservoir tank is 30,000 gallons. About 60 houses at present are con
nected with the system. Th~ depths of private wells in the village are 
generally 30 to 40 feet. About a mile east of the village of East '1'roy 
is an interesting well 2,200 feet deep, owned by Stephen A. Field. The 
elevation of the curb is 860 feet, and the water stands 40 feet below 
the. surface. The record of this well is as follows: 

Log of S. A. Field's Well, East Troy. 

Formation. Thickness. 

Pleistocene. Feet. 
1 vrift.............................................................................. 330 

Galena-Trenton. 
2 White limestone................................................................. 80 
3 Blue Limestone.. ............ . ....... .... .... .... .... . ....... .... .... .... .... . ... 50 
4 Grey cherty limes:one.......................................................... 116 

8t. Peter. 
5 White ~andstone................................................................ 104 
6 Brown sandstone................................................................ 16 

Lower Magnpsian and Potsdam-
7 Blue shale.......................... .............................................. 3 
8 Buff llmestone...................................... .... ......................... 21 
9 White 'liml'stoneO.;........ ........ .............................................. 20 

10 Hard I!'ray limestone....................... ........ ............................. 20 
11 Red limestone, ................................................... " .... .... . ... .. 50 
12 White sandstone................................................................ 30 
13 Brewn yellow sar:dstone........................................................ 10 
14 Fine sandstone......................... . ... .... .... ........ .... ... . . ....... .... 40 
15 Flesh red sandstone.. .... .... . ... .... .... . ... .... .... . ... .... . ... .... .... .... .. 20 
16 Brown limestone and sandstone................................................ 10 
17 Red marl......................................................................... 20 
18 Brown limestone and sandstone................................................ 40 
19 Red marl... .... ........ . ... .... .... ..... ... .... .... .... .... .... . .... ... ........ .. 15 
20 Red and brown sandstone.............................. ........ ................. 20 
21 White. slightly red sandstone.................................................. 5 
22 White sandstone................................................................. 45 
23 Ruff santlstone ................. o ... o............................................. 5 
24 White sandstone................................................................. 10 
25 White and brown sandstone.................................................... 10 
26 Coarse buff sandstone... . ... . ... .... ................ ........ . ....... . ... ... . .... 60 
27 J<'lesh tinted sandstone .............................................. '.... . ....... 40 
28 Red marly sandstone........................................................... 35 
29 Flesh tinted sandston".......................................................... 25 
30 Fin" white sandstone. . . ... ..... ....... .... ............ ........ .... .... . ....... .. 30 
31 Buff sandstone (coarse)............. ........................................... 20 
e2 Blue slate sandstone............................................................ 10 
33 Brown sandstone......... ....................................................... 65 
34 Gra.v white »andstone........................................................... 110 
35 Buff sandstone................................................................... 15 
36 Pink sandstone...... ........................................................... 75 
37 Flnp, Dink <aLdstone............................................................. 35 
38 Bulf sandswne......... .......................................................... 4 
39 Pink sandstone.................................................................. 11 
40 Light bulf sandstone ............ '.................................... ........... 20 
41 Pink sandstone.................................................... . .... .. . .... .. 55 
42 Coarse bulf sandstone.. .. .. . .... .... . .. . . .. .. .. . ... . ... . . .. . . .. . .. .. .... .. . . . ... 15 
43 Limestone sandstone............................................................ 10 
44 Ferrugiuoussandstone 10 bottom, no sampies................................ 435 

Total (lepth....................................................... ............ 2,200 
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In the above log of the S. A. Field well, the Lower Magnesian (Sha
kopee and Oneota) may extend down as far as bed 19 or 20, indicating 
a thickness of about 300 feet. The Upper Cambrian (Potsdam), in
cluding the Madison and Mendota beds, may comprise the remainder 
of the section, indicating a thickness of about 1,200 feet, which is un
usual for this part of the state, though a similar thicklless of the Up
per Cambrian appears to be developed farther south in northern 1I1-
linois. It is possible also that bed 4-:l may be in part Pre-Cambrian 
formation. 

Walworth. Walworth, a village of 755 population, has no public wa
ter supply or sewage system. The depths of private wells are reported 
to be from 70 to 80 feet, the first 8 feet in clay and loam, and the re
mainder in sand and gravel. 

Sharon. Sharon, with a popul~tion of 879, has a public water sup
ply obtained from a flowing well, 8 inches in diameter and 610 feet 
deep. The average daily pumpage at present is 21,000 gallons. About 
80 per cent of the houses are connected with the supply. 

QUALITY OF THE WATER 

The mineral analyses of waters from various springs, creeks, lakes, 
and wells of Walworth county are shoWn in the following table. The 
waters of lowest mineral content are from the surface supplies of Nip
persink Creek and Lake Geneva. The water of the lake shows a lower 
content of lime than of magnesia, very probably due to the abstraction 
of lime by lime-secreting organisms living in the lake. 

The spring waters are all very hard carbonate waters. The analysis 
of the water of the Richmond spring at Whitewater, No. 9 made many 
years ago, seems' to indicate, by the high content of the chlorine and or
ganic matter, that the spring was polluted by contaminated surface 
water. 

The analyses of well waters from the surface deposits and the sand
stone underlying the limestones of the county are much the same in 
.character and content of mineral matter. All are either hard or very 
hard waters of moderate mineral content. The water supplies obtained 
from the Cincinnati shale, or from formations closely associated with 
it, are likely to be more highly mineralized than those shown in the 
table. 
Th~ water from Lake Geneva, No.2, contains 1.54: :pounds of incrust

ing solids in 1,000 gallons, while that from the railroad well at Lake 
Geneva, No. 11, contains 2.46 pounds in 1,000 gallons. 
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Mineral analyses 01 water in Walworth County. 
(Analyses in parts per million) 

.; .... 
'" Lakes. Spring3. 
'" ... 
0 

'1. 2. 3. 4. 5. 6. 7. 8. 9. 

-------~---- ------------------
Silica (SI02) ......... , . . .. . ... . .... ~. 13 3 3 6 
Aluminium and iron oxides .. 

(AhOs + Fe20a)... .............. 2.0 0.5 
9.5 l 
1.lf 1.5 13. 24. 12.5 15.8 20. 

Alnminlumoxide (AhOs)........... ...... ...... ........ ........ 2 ....... , 0.8 0.7 trace. 
Iron (Fe) ............. ................ ...... ...... .... .... .... .... 702 .. 54 "8'4".8'1 0.9 0.5 3.8 
Calcium (Ca)................. ........ 61.7 29.6 20.7 39.3 93. 113.6 114. 
Magnesium (Mg). .... .... ........ .... 26.7 30.0 26.9 36.2 35.1 40., 50.\ 62.3 54.5 
Spodotiussm1 (Na()K··)···· .................. l 7.5 8.5 I, 42·53 } 14.8 8.4 9. i 3.8 25.2 17.6 

Car~n::radicie·(oo3C::::::::!. 153.4 115.0 92:3 160.0 193.4 225.2[255. 345.6 323.6 
Sul'phateradicie (S04) ........... : .. 32.4 11.4 13.2 7.5 11.8 12.8 20.8 7.7 2.7 
Chlorine (01) ......... •••• ........ .... 3.2 8.8 4.2 2.4 4.8 4.2

1 
3.2 6.51 29.5 

org::~:;::::::~~~.~~~~::::::::::::: ~~ ~ ~~ ~~~I~,~ ~ ~i-5~ 
1. Nippersink Creek, Genoa Junction, Analyst, G. M. Davidson, May 9, 1901. 
2. Lake Geneva, Williams Bay, Analyst, G. M. Davidson, July 9, 1909. 
2. I-ake Geneva, mean of four analyses at various depths, Analyst, E. B. Hall and C. 

Juday, Sept. 26, 1907, Wis. Sur. Bull. 22, p. 170. 
4. Cravath Lake, Whitewater, Analyst, Chemist, C. M. & St. P., Sept. 20, 1889. 
5. Gihon Spring, Delavan, Analyst, G. Bode, Geoloyy of Wis. Vol. 2, p. 146, 1871. 
6. East Troy Spring, East Troy, Analyst, G. Bode, Geol. of Wis. Vol. 2, p. 31, 1877. 
7. Sheridan Spring, Lake Geneva, Anayst, G. Bode. 
8. Sheridan Spring, Lake Geneva, Analyst, E. G. Smith. . 
9. Richmond Spring, Whitewater, Analyst, J.' E. Garner, 1873, Geo!. of Wis. Vol. 2, 

P. 31. 

Mineral analyses 01 water in Walworth County-Continued. 

Surface dellOSits. 

10. 11. 12. 13. 14. 15. 16. 17. 18. 

-:-------·~------I-- --------------- --- ---

Depth of well ............... feet 35. 8. 62. 75. 68. 70. 93. 144. 156. 
~l~~i~~~~'a';d'i~;;';'ox'iiie~l ...... J4.9 26.2 ...... Undt .................................. . 

(A120S + Fe20a) ............ f 6.7 2.9 13.3 8.7.......... 0.9 Undt... 12.4 Undt. 
Calcium 'CCa) ................... 52.9 62.1 00.6 81.9 62.4 69.0 67.9 81.3 75.6 
MalrIleslum (MII')............... 25.9 32.8 34.6 28.2 33.0 34.7 33.3 42.6 41.0 

Som~~ ~~.~.t.~~~~u~ ...... } 9.7 19.4 0.2 8.3 9.3 2.3 1.9 15.1 23,1 
Carbonate radicle (OOs)...... 112.6 158.8 159.9 187.3 159.7 176.4 174.8 I 210.6 212.8 
Sulphate radicle (S04) ......... 66.0 43.0 38.2 20.8 43.2 19.2 14.9 50.8 38.7 
Ohlorine (On ................... 1.3 16.1 0.3 3.1 Undt... 3.6 2.1 4.9 9.4 

Org;:~:;:::::;;~~.~~;~~~ .... :::: ~;~:'h~:' a~:3 ·~38 .... ~~~~ .;~~~ ~~~~~I~~i.~ -4oi~~ 
10. Well of C. 1\1. & St. P. Ry. Co., Allens Grove, Analyst, Chemist, C. 1\1. & St. P. Ry. 

April 11, 1891. 
11. Well of C. & N. W. Ry. Co., !,ake Geneva, Analyst, G. M. Davidson, Sept. 1891. 
12. Flowing well of Godfrey Price, Genoa Junction, Analyst, G. 1\L Davidson, June 11, 

190R. . 
13. Well of C. 1\1. & St. P. Ry. Co., Troy Center, Analyst, Chemist, C. :\I. & St. P. Ry. 

April 10, 1891. 
14. Well of Chicago & L. G. Ry. Co., Walwortb, Analyst, Chemist, C. M. & St. P. Ry. 

Co., Aug. 27, 1900. 
1::;. Well of Chicago & L. G. Ry. Co., Walwortb, Analyst, Chemist, C. M. & St. P. Ry. 

Co., Oct. 4, 1901. . 
10. Well of C. M. & St. P. Ry. Co., Walworth, Analyst, Chemist, .C. M. & St. P. Hy. 

Co., July 20, 1901. 
17. Well of C. M. & St. P. Ry. Co., Elkhorn, Analyst, Chemist, C. M. & St. P. Ry. Co.; 

Mar. 27, 1891. 
18. Well of C. M. & St. P. Ry. Co., Elkhorn, Analyst, Chemist, C. M. & St. P. Ry. Co., 

Jan. 26, 1910. 



DESCRIPTION OF LOCAL WA. TER SUPPLIES. 597 

Mineral analyses of water in WallCorth County-Continued. 

St. Peter sandston". Upper Cam brian (Potsdam) 
sandstone. 

19. 20. 21. 22. ~3. 24. 25. 

DepthofweII.. ................ feet 200. 315.' 7M. 990. 957. 1,100 .......... . 
SlIiea(Si02} ................................. 10.0'1' 13.1 1.3 7.8 ................ .. 
Aluminium and iron oxides Undt... .... .•.. .... .... ...... .... ...... .... 0.0 Undt .. . 

(A1203 + F'e203) ............... . 
Aluminium oxide (A1203) .... .... ...... .... .... .... ........ ...... .... 1.3 .......... .' ..... . 

b';S~i~~)(CaC·::: .. :::·:::::.::: ·· .. 79X· sU j"'70:3' ·· .. 67:0·· &~ ····66:5 ····57:4·· 
Mal!neslum (M'l}.............. .... 36.4 33.9 35.6' 35.9 39.9 36.3 30.7 
Sodiull.' (NaL.'. .................... I 7.8 S.9 '. 285 I 10 5 3 4 6.5 41.6 
Potassmm (K) .................... \ 0.9 I' • • 
Carbonate radicle (C03).......... 210.6 193.5 231.4 184.1 194. 182.5 209.9· 
Sulphate radicle (804).. ... .'..... 7 • 3.0 Trace 8.3 7.7 9.6 Trae" .. 
Chlorine (OJ).. ............. ....... 4.1 1.1 Tract' lS.2 10.5 10.0 6.2 
Ph08P\.late radi~le (1'04) ................ '.'" ........ .................... Trace .......... \ ..... , ... . 
Orgalllc matteI................ .... ........ . ........ 69.7.......... .......................... . 

. Total solids.... .... ............ - '345-:- 3i~ 37g:-1-3~ 1330:- 312:- ---W;-. -

In. "'ell of W0hyer Wagon Works, Whitewater, .\nalyst, (;. X. Prentiss, Dec. 23, 190D. 
!'In. Well of ~Ir. Blackman, Whitewater, Analyst, E. G. Smith. 
21. Well of Yerke's bservatory, Williams Bay. 
22. Private well, Whitewater, Analyst, Chemist, C. 1I. & ~t. P. Ry. Co., Nov. 12, 1889. 
23. Well of City Water Supply, Whitewater, Analyst, W. W. Daniells. 
24. Well of City Water Supply, Whitewater, Analyst, Chemist, C. 1\1. & St. P. Ry. 

Xnv. 11, 1896. 
25. City well Elkhorn, Analyst, G. :-.. Prentiss, Jan. 26, 1910. 

WASHBURN Con;n: 

Washburn county, located in the northern part of the state, has a'll 
area of 834 square miles, and a population of 8,196. About 27.2 per 
cent of the land is laid out in farms, of whirh 28.6 pel' cent is under 
cultivation. 

SURFACE YEA TeRES 

The surface of the county is gently rolling. and is characterized by 
belts of drift hills and areas occupied by numerous lakes. The soils 
vary from silt loams to sandy gravelly soils. The principal rivers are 
the Totogatic, Nemakagon and Y rllow, flowing westward to the St. 
Croix. Important lakes of the county are Spooner Lake, Shell Lake, 
Long Lake, Gilmore Lake andPokegama Lake, The depths of some of 
the lakes are as follows: Pokegama, 22 feet: Gilmore, 33 f~et; Shell 
Lake, 80 feet; Long Lake, 78 feet. 

The highest portion of the county is in the southern part, in the 
vicinity of Shell Lake, Sarona, and farther east, where the general al-
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titude is between 1,200 and 1,400 feet above sea level., Farther north, 
in the broad valleys of the Yellow, Nemakagon and Totogatic, the gen
eral altitude is between 1,000 and 1,200 feet. 

GEOLOGICAL FORMATIONS 

The glacial drift, and alluvial sand and gravel are the principal for· 
mations appearing at the surface. Only a fe~ outcrops of crystalline 
rock appear along the river bottoms. The surface formation is usually 
very thick throughout the county. Many wells are from 50 to 100 feet 
deep without striking rock. In the southern part of the county the 
drift is usually from 100 to 200 feet thick. At Spooner the gravel and 
sand is at least 217 feet thick. The section, Fig. 23 illustrates the geo
logical structure of Washburn and adjacent counties. 

W ATER-BEARING HORIZONS 

The principal water-bearing formation is the thick mantle of sur
face formation overlying the crystalline rock. This formation consists 
of abundant deposits of sand and gravel containing large supplies of 
good water. It is quite likely that there are beds of sandstone, in a 
few places, underlying the surface deposits and in such cases the sand
stone will furnish an additional supply. 

Abundant water is generally found at depths of 20 to 50 feet. In the 
valley bottoms the water Im;el is near the surface. On the broad uP1 
lands about Sarona, Shell Lake, and Barronett there are many farm 
wells from 75 to 125 feet deep in the drift. 

WATER SUPPLIES FOR CITIES AND VILLAGES 

Spooner. Spooner has a population of 1,453. It is located upon a 
nearly level, relatively sandy tract, bordering Yellow river, the outlet 
of Spooner Lake. Its elevation is 1,094 feet above sea level. A public 
water supply was recently installed, but no general sewage system has 
been put in. The supply is obtained from the river, and a 217-ft. well, 
with 12 inch casing to bottom. Elevation of the curb is about the same 
as at station, 1,094 feet. The formation is mostly fine sand and gravel, 
with a gravel bed at the bottom. Estimated capacity of well is 300,000 
gallons per day, and the daily pumpage is about 460,000 gallons. About 
75 per cent of the houses are reported to connect with the city water 
supply. The sandy, gravelly formation, upon which the city is located, 
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furnishes an abundant suppl~' of water at relatively shallow depths .• 
The private wells are generally from 20 to 50 feet deep. 

The log of the Spooner City well showing the character of the sand 
and gravel formation, as determined by samples in possession of th!e; 
University, is as follows: 

Log 01 Spooner City Well. 

Forma.tion. I Depth. 

--- 1----
!'land no sample ...•...•....•..........•.•..••..••..............•.......••.....•...•...... 1 .... ~.~~~: .... 
Medium brown sand .....•........•............................•......•.•......•••••..• "1 20-40 
flame. coa.rser and lighter.... .... ...................................................... 40-60 
Sand and II"ravel, pebbles of quartzite. trap and granite ............................. 60-80 
Sandy calcareous clay ............... :................................................... 80-100 
Rand and gravel, pebbles of qUartZlte, sand"tone trap and granite ................. 100-140 
Samebutfiner ............................................................................ 1 140-160 
Rame. finer red sand.................................................................... 160-180 
Pink quartz sand...................... .................................................. 180-200 
Coarse dark red sand and fine gravel. quartz (and diorite) pebbles ................ r 200-215 
Coarse pink quartz sand ................................................................ _~~~7_ 

Total depth........................................ .................................. 217 

Shell Lake. Shell Lake has a population of 902. It is located on 
Shell Lake, a body of water 4 to 5 square miles in extent. I ts elevation 
is 1,241 feet above sea level. 'Vater works, for fire protection and dom· 
estic ser:vices only, obtains its supply from the lake through an 8 inch 
intake 275 feet in length. The average daily pumpagE- is about 46,000 
gallons. About 80 per cent of the population use the city supply. No 
sewage system is installed. 'l'he city is located upon an undulating 
'shore reaching from 40 to 80 feet above the lake. The formation is a 
sandy loam soil with sandy, gravelly subsoil. The private wells are 
from 20 to 60 feet deep. 

QUALITY OF THE WATER 

The water of \Vashburn county from ground water as well as surface 
sources is likely to be soft water throughout, essentially similar to that 
at Spooner, as indicated by the following anal~·sis. The city water at 
Spooner contains 0.88 pounds of incrusting solids in 1,000 gallons. 
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Mineral analyses of water in Washburn Oounty. 

(Analr,es in parts per million) 

Rurfaf"P 
df>vosit .... 

1. 
------------ ------'-----------1-----

Depth of well .................. __ ..... __ .... _ ..... _ ... ___ . ..... . . __ ...... __ feet. .. . 
Silica 18i02) .... __ ...... , __ . _ ......... __ . _ . ___ . __ .... _ _ . ___ ... _ .. _ .. ___ ... _ . _. _ ... . 
Aluminium and iron oxides (AI 203+ Fe20s) _ ...... __ . ___ ... _ ... _ '" _ ....... _ ...... . 
Calcium (Oal.. _ ... _______ . _ ....... _______ .. _. _. ____ ... __ ......... _ ... _: _ ........ -.... . 
Magnesium (Me) .. _ .. _ ... _ . __ .. _ . __ . ___ . ______ . _. _ . ___ ............................. . 
Sodium and pOtassium (N a + 10 ...................................... __ ............. . 
Oar bonate radicle (Ooa) .... .... .... .... .... .... . ................................. _ .. 
Sulphate radicle (1-'04) ......... __ ..................... __ .... ..... .. _ .. __ ... __ ... . 
Chlorine (01) •..................•............. __ •..................•..•.. 

217 
16.8 
1.5 

24.5 
; .2 
1.8 

43.8 
1.2 
2.9 

Total dissal ved solids ............. -- .: -- ............ : ............................. 1 gg 

1. City water supply at Spooner. Analyst, G_ M. Davidson, C. & N. W. ny. Co., July 
I, 1902. 

WASHINGTON COUNTY 

-Washington county, located in the southeastern part of the state, 
has an area of 423 square miles and a population of 23,784. A bout 
95.3 per cent of the county is in farms of which 66.1 per cent is under 
cultivation. 

SURFACE FEATURES 

The surface of the county is an undulating plain sloping southeast
ward, being more undulating and hilly in the western part than in til(' 

eastern part. The cenrtal and eastern parts are drained by the Cedar 
river flowing south and east to join the :Milwaukee, a tributary cf Lake 
Michigan. The western part of the county is drained by the headwa
ters of the Rock river, flowing westward. Pike lake and Cedar lake. 
and a prominent belt of drift hills, the Kettle Range, are located in the 
western part. 

The valley bottoms of the eastern part of the county reach altitudes 
a little above 800 feet, about 200 feet above Lake Michigan, while those 
in the western part are between 900 and 1,000 feet. The upland ridges 
in the eastern part rarely exceed an altitude of 1,000 feet, while those 
in the western part generally reach 1,100 to 1,200 feet and in a few 
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places over 1,300 feet. The high drift hills of the Kettle Range south
east of Hartford in several places exceet.l 1,300 feet, the highest point, 
Holy Hill, reaching an altitude of 1,361 feet, about 360 feet above the 
valley bottom at the foot of the hill. Holy Hill is the highest point 
in southeastern Wisconsin, east of the Rock river valley. The' range 
in the elevation in the eastern part is generally less than 150 feet, while 
the range in elevation in the western part is often 200 to 250 feet, and 
in a few places 300 to 350 feet. 

GEOLOGICAL FORMATIONS 

The geological formations of the county are the Niagara limestone 
and the overlying surface deposits .of glacial drift. It is only along the 
Rubicon river west of Hartford that the Cincinnati shale is present. 

The drift is of variable thickness ranging frpm zero up to 150 or 200 
feet. There are many places in this county where the drift is either 
not present or it lies in very thin deposits. The belt of irregular drift 
hills associated with small marshes, lakes and depressions, the Kettle 
Range trends northeastward across the westf\1'Il part of the county 
·through the vicinity of Schleisingerville, West Bend and Kewaskum .. 

. The Niagara limestone is also of variable thickness on account of its 
general erosion before the drift was deposited upon it. The known 
maxim,.um thickness of ·the Niagara is only 250 feet at West Bend but 
it is very probable that this formation may attain a thickness of 400 
to 450 feet in many places in the county. 

The thickness of the Cincinnati shale at \Vest Bend is reported to b:-
200 feet. While this is probably the usual thickness it may slightly C'x· 
ceed this in some places. , 

At Hartford a well was drilled in 19QO to a depth of 890 feet striking 
hard quartzite rock at depth of only 541 feet. } .. well recently drilled 

'. by the railroad at Rugby Jct., struck hard rock at depth of 840 feet. 
Ordinarily the depth to the granite floor in this loeality would be about 
1,300 or 1,4<10 feet. The unusual nearness of the Pre-Cambrian at the 
above places is probably due to the fact that there are buried mounds of 
quartzite at these places, similar to the partially buried mounds and 
knobs of granite and quartzite that protrude up throug!1 the sandstone 
and limestone formations farther west in the Fox river valley. The 
usual range in thickness of the formations in ,,9 ashington county may 
be summarized as follows: 
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Probable range in thickne88 of formation8 in Wa8hington Oounty. 

Formation. I Thickness: 

Surface depOSits ...........................................................•............. 1 . fp~t 250 
Niagara limestone (partly eroded).................. •.................................. 200 to 450 
Cincinnati sbale ................ , . . .. . . .. . .•. . . .. . . ... . ... . .. .. . . . .. . . .. . . .. . . .. . . .. . . .. . 180 to 220 
Galena-Platteville (Trenton) limestone ................ ;'.. ... ..... ... .... ........ .... 200 to 250 
IoIt. Peter and Lower. Magnesian.. ......................... ............................ 200 to 250 
Upper Cambrian (Potsdam) sandstone............................................... 60a to 800 
Pre-Cambrian granite .............................................................................. .. 

PRINCIPAL WATER-BEARING HORIZONS 

All the geological formations are drawn upon for water supplies, but 
the usual sources are the surface deposits of glacial drift and the under
lying Niagara limestone. It is only in a few deep wells that the for
mations underlying' the Niagara limestone are drawn upon. In the val
ley bottoms' southwest of Hartford, the source of supply is in the shale 
or the overlying drift. 

The drift wells obtain their supply from porous beds of sand and 
gravel in the drift at depths usually varying from a few feet up to 100' 
feet. Relatively shallow wells from 10 to 40 feet were formerly very 
common in the drift but the supply in the shallow wells is often inade
quate and many of the drift wells have been deepened and obtain their 
supply from the underlying rock, or at the contact of the rock and the 
drift. 

The Niagara limestone formation contains numerous water bearing 
fissures and wells are very common a~ delpths varying from a few feet 
up to 100 feet. The drilled wells in limestone are more expensive than 
the shallow drift wells, but the water is usually of better quality and 
the supply larger and more constant. 

FLOWING WELLS 

Flowing wells having their source in the drift and in the Niagara 
limestone are common on low ground adJacent to the Milwaukee anld 
Menomonee rivers and tributaries in the southeastern part of the 
county. 

In the city of West Bend and vicinity in Sections 14, 23 and 24, are 
numerous flowing wells from 15 to 150 feet deep, the source of the sup
ply being in gravel underlying relatively impervious glacial clays. 
These flowing wells depend on local conditions and flow under variable 
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pressure, the original head when first drilled being from 1 to 20 feet 
above the surface. 

In West Bend and also south of West Bend, the Niagara limestone 
under the drift yields flowing wells at various places. About Rock
field and South Germantown, over 30 flowing wells have been struck 
in Niagara limestone within an area 2% by 5 miles square. (See .map 
PI. III. and accompanying description of flowing wells, pages 83-4). 

While flows are obtained in the drift (See Pl.IV.) and in the Niag
ara limestone (SeeP!. III.) the water from the deeper lying strata such 
as the Galena-Platteville (Trenton), St. Peter and Upper iCambrian 
(Potsdam) is not under sufficient pressure to be brought to the surface 
anywhere in the county on accOlmt of the relatively high altitudes. This 
condition is shown by the deep city well in West Bend, the temporary 
flow of whieh was apparently derived from the Niagara formation. The 
artesian head of the St. Peter and Potsdam water probably does not 
reach the surface anywhere in w: ashington county. 

SPRINGS 

Springs· are a quite common source of water supply in various parts 
of the county. 'They are quite common at the base of the drift hills of 
the Kettle Range in the western part, and are also abundant in the 
southeastern part in the drift and in the underlying limestone. Springs 
are also .abundant along the Rubicon and Oconomowoc rivers within 
the horizon of the Cincinnati shale formation. 

W ATJjlR SUPPLIES FOR CITIES A:to"'D YILLAGES 

West Bend. This city, situated on M:ilwaukee river, has a popula
tion of 2,462. The city has a water supply and sewage system recently 
installed. The daily pumpage is 75,000 gallons. About 50 per cent 
of the houses are connected with the supply. The sewage is treated in 
septic tanks before emptying into the river. 

The well for the publie supply, 1,206 feet deep, was drilled by the 
city in 1900, showing the following section: 
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Section of West Bend Oity Well. 

Formation. I Thickness. 

'1~:t~ •.....• · ••.••• ~...............·;~~ .. ~~;.~~I ~'l 
Niagara: 

Limestone. " . . . . . . .. . . . . . . .. ... .. . . . . . . . . . . . . . . . . . . .. . . . . .. . . .. . . .. . . . . . . . . . . . .. . . . . . .. 250 
Cincinnati: 

8ha.le................................................................................... 200 
Sandstone? Trenton. St. Peter. Potsdam .................................. ; .. ;....... 691 

Total depth........................................................................ 1,206 

Upon completion the water rose to within 4 feet of the surface. After 
36 hours pumping the water rapidly dropped 16 feet, or to a depth of 
20. feet below the surface. This heavy pumping, however, materially 
affected the wells at the brewery and other private wells, proving that 
considerable water was obtained from the Niagara horizon. It stopped 
the flow for a time of the West Bend Brewery Company's well at the 
malt house east of the river, but the latter regained its flow shortly 
after pumping ceased. 

Hartford. The population of Hartford, situated on Rubicon river, 
a branch of th~ Rock, is 2,982. The city has a water supply obtained 
from a well 126 feet deep. The sewage is emptied without pur
ification into the mill pond and river. Five hundred and seventy-fiv~ 
houses are connected with the water supply and many have sewer con· 
llcction. The daily pumpage is about 20.0.,0.0.0. gallons. 

The well from which the city supply is obtained is reported to be dug 
10. feet in diameter for 66 feet, and drilled 60. feet in the drift . 

. In 190.0. a city .well was drilled to a depth of about 90.0. feet, striking 
hard quartzitic rock, probably Pre-Cambrian quartzite, at about 50.0. 
feet. The incomplete record of this well is as follows: 

Log of Hartford City Well. 

~==~--==~.~=--=~---

Formation 

Drift ...................................................................................... . 
:'i'lag-ara limestone ..................................................................... . 
Clinton iron ore ........................................................................ . 
Cincinnati ,hale and Galena.-Platteville limestone down to 541 feet ............... . 
Quartzite ............................................................................... . 
8a.ndstont'. taken for the St. Peter formation ...................................... .. 
Quartzite or very hard rock .......................................................... .. 

I Thickness. 

Feet. 
G 

30 
4 

507 
159 

40 
159 

. Total depth... ... . ....... .... ... ... .... .... ..... .... . ... .... .... ........ .... ......... . 899 
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F. M. Gray, well driller, states that" white quartz" was struck at· 
490 feet, and was drilled into for 500 feet without obtaining an ade
quate supply. Samples of drilling sent to the University, from 541 
to 750 feet, are described as "quartzitic roek," yarying in color from 
gray to red. A well drilled at Hartford in 1911 is reported to have 
struck hard 'quartzite at 500 feet. ' 

It is apparent, therefore, from the records of several deep wells, that 
the normal thickness of the water-bearing strata is not obtained at Hart
ford, because of the occurrence of buried knobs of Pre-Cambrian quart
zite or granite similar to those that project above the surface at Bar
aboo, Waterloo, and in the Fox River yalley. 

QUALITY OF 'THE WATER 

Analyses of various water supplies from the drift and the Niagara 
limestone are shown in the following table. Nearly all the waters an
alyzed are either hard or very hard, calcium carbonate waters. 1\1ost 
of the waters are of moderate mineral content. Six of those analyzed, 
however, should be classed with waters of high mineral content, and 
these are characterized by a relatively high content of sulphates. 

The waters analyzed in the table may be considered typical for the 
county. Waters from the Cincinnati shale and the underlying Galena
Platteville (Trenton) limestone are likely to be much higher in mineral 
content than those obtained from wells of moderate depth in the Ni
agara limestone or in the surface deposits. \Vaters from the underlying 
St. Peter and Potsdam sandstone may be only moderately mineralized 
or they may be highly mineralized, as illustrated in various localities 
of eastern Wisconsin. 

The water from the Creamery well ~t Jackson, No. 13, contains only 
2.07 pounds of incrusting solids in 1,000 gallons, while that from the 
railroad well at Rockfield, No. 22, contains 4.!i3 pounds in 1,000 gallons, 
and the flowing well at Rockfield, No. 21, contains 9.21 pounds in 1,000 
gallons. 
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Mineral analyses of water in Washingron Oounty. 

(Analyses in parts per million) 

1I1lI Pond. Spring. Surface devoslts (drift). 
----- ---

_6,1_7 .. 
1. 2. 3, 4. 5. 

------
Depth of well .••....•.........•. feet •• 

r~~'~~l'~~~~.' ····;:;·1 
14· 14 14 35 

Silica (SI02) •.••.•••••.••....•...•..•.. 
Aluminium and iron oxides (AhOa+ 2.4 Undt. Undt. rndt. 

Fe20s) .•..........••.•.•..•.......... 
Oalclum (Ca). ......................... 98.4 26.5 67.7 83.5 240.5 231.9 122.7 
Magnesium (MIr) .... ; ................. 57.0 13.3 10.5 38.9 94.6 86.6 60.2 
Sodium and votassium (Na+K) ...... 400 9.1 1.1 7.6 54.9 37.2 27.1 
Oarbonate radicle (OOs) .............. \ 299.5 56.9 196.1 170.1 263.6 248.5 200.8 
Sulphate radicle (S04) ............... 64.4 24.8 5.4 66.4 584.8 572.3 265.6 
Ohlorine (CD.......................... Undt. 13.6 1.8 11.6 39.7 Undt. Undt. 
Nitrate radicle (~Os) ................ 'J::.::,:.:.:.:I:.:::.:.::.: ::.::::.:: 26.4 

Total dissol vM solids.. . . .. .. .. .. . 559. 144. 293. 390. 1Sl4. 1177. 676. 

Surface deposits (drift). Niagara 
limestone. 

_________ ~~_1_8_._ 9. ~l~ ~I~ 14. 15 .. 

Depth of well .............. feet.. 18 20 35 38 14 45 51 84 
Silica (8i02) ....................... ~ ...... Undt. 4.9 Undt. 20.0 Undt. Undt. 
Aluminium and Iron ·oxides 

(AhOs+Fe20s) ................. 11.6 .. ...... 1.0 .............. .. 
Calillum (Ca) ..................... 97.4 65.8 75.5 66.6 78.4 37.8 98.9 78.4 
Magnesium (Mg).................. 42.0 ,43.9 44.3. 39.7 43.1 36.8 52.8 43.4 
Sodium andvotasslum (Na+K).. 11.5 9.3 18.6 9.1 5.2 10.5 19.3 Trace. 
Carbonate radicle (OOs) ......... 204.9 182.7 181.5 172.5 187.7 137.8 181.3 181.2 
Sulphate radicle (S04) ........... 72.~ 30.5 80.3 45.7 68.4 19.0 136.0 49.0 
Ohlorine (01) ...................... 17.7 14.4 20.7 10.4 ........ 12.1 43.4 14.0 

Org;::::::::;~:~·~;I~~:::::::: :~~I~Tii~lsoi!--I~~ .;;~: ... ~:-~~~ 
, 

1. Mill Pond In RubIcon r\Yer, Hartford, Analyst, G. N. Prentiss, Jan. 28, 1902. 
2. Mill Pond in River,. Hartford, Analyst, G. N. Prentiss, March 19, 1912. 
3. Richfield Spring, Richfield, Analyst, Chemist, C. M. & St. P. Ry. Co., July 9, 1889. 
4. Well & Pon_d .. Hartford, Analyst, Chemist, C. M. & St. P. Ry. Co., July 10, 1889. 
5. Well of C. Mo. & St. P. Ry. Co., Hartford, Analyst, G. N. Prentiss, Jan. 15, 1902. 
6. Well of C. M. & St. P. Ry. Co., Hartford, Analyst, G. N. Prentiss, Jan. 28, 1902. 
7. Well at Malt House, Hartford, AnalYst, G. N. Prentiss, January 28, 1902. 
8. Well "800" Ry. Co., Schleischingerv1lle, Analyst, G. N. Prentiss, Feb. 19, 1902. 
9. Well of Dow Maxon Creamery, Schleischlngervllle, Analyst, G. N. Prentiss, Feb. 19, 

1902. . 
10. Well of J. Grimm, Hartford, Analyst, G. N. Prentiss, Jan. 28, 1902. 
11. Well of Creamery at Germantown, Analyst, G. N. Prentiss, Feb. 6, 1900. 
12. Test well of C. M. & St. P. Ry. eo., Germantown, Analyst, G. N. Prentiss, Jau. 

23, 1900. . 
13. Well of Creamery at Jackson, Analyst, G. M. Davidson, Oct. 15, 1896. 
14. Well of Hartford Plow Works, Hartford, Analyst, G. N. Prentiss, Jan. 15, 1902. 
15. Well of F. HlII, Hartford, Analyst, G. N. Prentiss. Jan. Hi. 1902. 
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Mineral analyses of u;at .. r ill Wa&hillgton County-Continued. 

!'i'i&jfara IIme.tone. 

________ . _______ i~i~:-1-8·-I~ ~I~--=-
Depth of well .•........•......•..... feet. '1' 146 1202 I 164 I 54 58 1130 200 
8ilica (8i02) ...............•............... ! I ' ... ·····1 5.9 7.0 7.5 10.4 

A~e~6~f~~ .. ~~~ .. ~~~~ .. ~~i.~:~ .. (::!~~~:: \ .~:~ ..... ~:~ .. : ........ I 1.0 1.'3 1.0 1.0 
Ca.leium (Ca)........ ............ .......... 65.6 64.1 66.1 75.4 75.4 ~83.5 122.4 
Magnesium (Mg).... ...................... 16.8 32.3 35.9 49.6 49.2 61.0 49.0 
80dium and potassium (Na+K)......... 95.0 I 13.3 1.7 11.0 16.1 89.0 5.0 
Carbonate radicle (C03) .................. 208.4 187.9 184.8 212.8 225.2 311.5 210.1 
Sulphate radicle (804) ................... 85.7 \ 404 5.4 36.6 16.1 176.2 156.7 
Chlorine (CJ) .............................. _~~_ ~'\_2~ ~~ ~~ _ 5.9 ._3~ 

Tota.l dissolved solids................ 479. 306. 200. 409. 415. 936. I 559. 

16. Well of C. M. & St.·P. Ry. Co., Hartford, Analyst. G. N. Prentiss, Oct. 16 1902. 
17. Well, owner unknown. Hartford, Analyst. G. N. Prentiss. January 28. 1902. 
18. Well of Charles Stark, SchlelschingerviIIe, Analyst, G. N. Prentiss, Feb. 19, 1902. 
19. Farm well sixty rods from station, Rockfield, Analyst, G. lI. Davidson. 
20. Farm well eight rods east of Rockfield Station. Analyst. G. M. Davidson. 
21. Farm well % mile west of Rockeld station, flowing well. analyst, G. M. Davidson. 
22. Artesian well 36 rods north of Rockfield station. flowing well, Analyst. G. M. Dav

idson, Oct. 1897. 

\VAUKESHA COUNTY 

\Vaukesha county, located in the southeastern part of the state, has 
an area of 562 square miles and a population of 37,199. About 93.9 per 
cent of the county is laid out in farms of which 69.9 per eent is under 
cultivation. 

SURFACE FEATURES 

The surface of the county is a gently undulating plain mainly slop
ing southward. There are only a few points of prominent relief and 
these are located in the western part. A belt of hummocky drift hills, 
the Kettle moraine, associated with numerous lakes, lies across the west
ern part of the county. In the eastern part the valleys are broad and 
the uplands gently sloping. In the western part the topography 
is more abrupt. 

'The county is mainly drained by the Fox river (of Illinois) whose 
headwaters gather in the central part and flow south. The eastern part 
is drained by streams flowing eastward to Lake Yiehigan, and the west
ern part by streams flowing west to the Rock rin>r. There are numer-
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ous lakes in the county, the principal ones being )Iuskego lake' in the 
southeastern part, and the large grou:p of lakes in the no1'thw(>8tern 
part, between Pewaukee and Oconomowoc . 

. The lowest altitudes in the cQunty are in the southeastern and eastern 
parts, about 760 feet above sea level along the Fox river and in the 
vicinity of Muskego Lake, and along the Menominee river below Men
ominee Falls. The altitudes of the lakes in the northwestern part are 
as follows: 

ATtitudes of Lakes in Wmtkesha County. 

I Feet above 
I sea level. 

----------~-------------------------------------I 

&~;:~f~ka\~~k;;::::.:·.·: .. ::::. '::: .. : .... ':::. ':::. ':::.: '.:. ':::. :'.:'. : .. : ..... :.::!::::::::::: :::::1 
Oconomowoc Lake ..................................................................... . 
Okauchee Lake ........................................................................ . 
Pine LakA ............................................................................... . 
Nehabin Lake ........................................................................ .. 
Nashotah Lake ......................................................................... . 
NorthLake ............................................................................ . 
Lake Keesus ............................................................................ . 

~52 
890 
862 
873 
903 
8iO 
871 
897 
958 

The upland ridges in the eastern part reach altitudes of 950 to ] ,050 
feet, while the uplands in the western part often reach 1,050 to 
1,150 feet. 'rhe highest point in the county, Government Hill, 
reaches an altitude of 1,230 feet, 343 feet above Pewaukee Lake, two 
miles to the north. 

'Vhile the range in elevation in the county is nearly 500 feet. the 
usual difference in elevation between valley bottom and adjacent upland 
is less than 150 feet and rarely exceeds 250 feet. 

GEOLOGICAL FORMATIONS 

The Niagara limestone is the bed rock formation in the eastern th1'ee
fourths of the county. Along the western border is a belt 5 to 10 miles 
wide of the Cincinnati shale and the Galena-Platteville (Trenton) lime
stone. The' glacial drift of variable thickness overlying the rock forms 
a well defined belt of terminal moraine extending north and south in 
the western part of the county. 

The geological structure is illustrated in Fig. 51, p. 451. 
Th~ thickness of the Niagara limestone is variable on account of the 

extensive erosion of this formation. At Waukesha it has a known thick
ness of 230 feet, but the probable maximum thickness on ridges thinly 
covered with drift may reach 350 to 400 feet. The total thickness of 



DESCRIPTION OF LOCAL WATER SUPPLIES. 609 

the Cincinnati shale is probably 150 to 200 feet, and of the Galcna
Platteville (Trenton) limestone 250 to 300 feet. In the western part 
of the county where these formations outcrop or underlie the drift, the 
entire formations are not present on account of erosion. 

The thickness of the St. Peter sandstone and Lower Magnesian lime
stone formations combined is about 250 feet, and of the Upper Cam
brian (Potsdam) sandstone 800 to 900 feet. 

The probable range in thickness of the geological formations in Wau-
kesha county may be summarized as follows: ' 

Probable range 'in thickness of formations in Waukesha County. 

Formation. Thickness. 

Fp"t. 
Surface formation... .... ..... ... . .. . .... .... . ... .... .... ........ .... ........ ..... .. . . .. . 0 to 300 
Niagara limeslone . . . ... .... ..... ... .... ........ . ... .... .... ................ .... . ... . .. . 0 to 400 
Cincinnati shale.. . ... . ... .... .... .... .... ...............................•............. 140 to 200 
Galena-Platteville (Trenton) limestone............... ........•...................... 250 to ~50 
St. Peter and Lower Mag-nesian............ .............. ........ ........ .... .... ... . 2(0 to 250 
Upper Oambrian (P9tsdam) sandstone................................................ 700 to 900 
Pre-Oambrian granite ...............................................................................• 

• 'PRINCIPAL WATER-BEARING HORIZONS 

The water-bearing horizons are mainly tbe Niagara limestone and 
the glacial drift. In the deep wells the underlying sandstone of the 
St. Peter and the Upper Cambrian (Potsdam) formations are drawn 
upon. 

'The water level in the drjft is generally less than 100 feet below: the 
surface on the uplands and very near the surface in the valleys. An 
abundant supply of water can usually be obtained within the porous 
drift or in the upper surface of the immediately underlying formation 
of rock. 

FLOWING WELLS 

Both surface and deep flowing wells occur in Waukesha county. 
Flowing wells, however, are not abundant, and those that have been 

, developed generally flow at low pressure. 
Several flowing wells have been drilled at Pewaukee from 25 to 125 

feet deep, the source of the flow being at the contact of the drift with 
the underlying Niagara limestone. The wells are cased 25 to 35 feet 
to the limestone and the water rises only 2 to 4 feet above the surface . 

. 39-W. S.' 
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There are several shallow flowing wells at Waukesha. A surface flow
ing well, 114 feet deep, 100 feet in the Niagara limestone, is reported 
at Waukesha having a flow of 11 feet above the surface. Similar flows 
occur near Big Bend, at Stone Bank and near Fussville. 

It is quite probable that other surface flowing wells occur in various 
parts of the county on low ground adjacent to lakes, streams and 
marshes, but information concerning them is not now at hand. 

Flowing wells from deep wells drawing their supply from the St. Pe
ter and Potsdam sandstones are known to occur only at one place in 
the county, at the Gault farm near Mukwonago. The head of this well 
is about 10 feet above the surface, an altitude of about 830 feet. Lo
calities favorable to the development of flows may prevail along the 
Fox river valley ·up to altitudes of 830 feet. On the other hand, the 
water in the deep city wells at Waukesha, altitude of curb 815 feet, 
stands 40 feet below the surface, or only reaches a head of 775 feet, 
20 feet lower than at Burlington, and over 50 feet below that at Muk
wonago. 

In the deep wells at Eagle, Menominee Falls and Oconomowoc the 
water stands from 38 to 15 feet below the; surface. 

SPRINGS 

Springs are an important source of water supply in 'Vaukesha 
county. They are especially abundant in the west~:'ll part of the 
taunty in the zone of the outcrop of the Cincinnati shale. These spring3 
issue either directly from the shale or from the overlying drift, or from 
the overlying Niagara limestone neal' the contact with the shale. 

N ear the ba·se of the· drift hills of the Kettle Range in the western 
part of the county springs are also of common occurrence. 

Mineral springs furnishing large supplies of mineral water for the 
market are important, the various mineral springs at 'Vaukesha being 
well known throughout America. (See list of Waukesha Springs, pa6'e 
123) . The'W aukesha springs are examples of the numerous lime car
bonate springs that issue at various points from the Niagara limestone. 
Minl!ral springs that formerly supplied the market are lcclted in th~ 
vicinity of Pewaukee and Oconomowoc. 

WATER SUPPLIES FOR CITIES AND VILLAGES 

Waukesha. Waukesha, I.ocated on the Fox river, has a popUlation 
of 8,740. The water supplyis obtained from the river and five artesian 
wells. The average daily pumpage is '746,000 gallons. The sewag8 is 
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discharged into t4e Fox river, aftel' being treated in a septic tank or 
filter bed. Only about 75 per cent of the houses are connected with the 
water supply and sewerage system. 

The well water supply is obtained from 5 artesian wells, one 4% 
inches in diameter and 1,500 feet deep, and four 6 to 10 inches in di
ameter and 1,000 feet deep.1 

'1'he water stands 40 feet below the surface when not pumping. With 
the air lift system, three of the 1,000 foot wells yielded 700 gallons per 
minute and the 1,500 foot well 225 gallons, at which rate the water was 
lowered 55 feet, to a depth of 95 feet. 

The expense of operating the air pump was so great that two new 
wells were drilled, 12 feet apart, in which two continuous air pumps 
were installed, which furnished 700 gallons pel' minute with a lowering 
of 55 feet. 

The strata passed through in the 1,500 foot well as reported by F. 
M. Gray of Milwaukee are as follows: 

Lt·g of Waukes/ta Well. Altitude of curb 815 feet. 

Formation. Thickness. 

Feet. 
Delft ..... ;............................................................................... 0 
Niagara Iime'tone...................................................................... 230 
Cincinnati shale....................... .......... ... ............. ........ .... .... ......... 160 
Galena-Platteville (Tranton) limestune......................... ..................... 300 
St. Peter sandstone.................................................... .............. 60 
Lower Magnesian limestone................................ ...... .... ................. 80 
Upper Cambrian (Potsdam) sandstone................................................ 670 

Total depth ......................................................................... 1-1."5"00-

Oconomowoc. Oconomowoc situated on Lac La Belle, has a,popula
tion of 3,054. The city water supply is obtained from a 10-inch well, 
828 feet deep. The average daily pumpageis 114,000 gallons. A sew
erage system was recently installed. The sewage is emptied without 
treatment into the Oconomowoc river a branch of the Rock river. 
About 50 per cent of the houses are connected witb the water supply. 
Heavy pumping in the city well has not lowered the water mqre than 
15 feet. The supply is used for all city purposes. Shall?w private 
wells draw their water chiefly from the drift, and range in depth from 
100 to 150 feet. A second well, 750 feet deep, was recently drilled for 
the water works. 

Montgomery Ward has two deep wells at his summel' home near the 
city, the logs of which are as follows: 

, W. G. Kirchoffer, Bu!.· Univ. Wis., No. 106, p. 223. 
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Logs of Wells of Montgomery' lVard, Oconomowoc. 

Formation. 
1 

Well No. 1. IWell No.2. 
thickness. thIckness. 

Feet. Feet. 
Elevation of curb..... .... .... ... ........................................ 890 896 
Plebtocene. 

Yellow sand............................................... ........ ... 40 30 
Hard pan.. .. .. . . .. .. .. . . .. . ... . . .. .. .. .... ... .... . . . .. . . .. . . .. . . .. . .. . 100 120 

Galena-Trenton. ' 
Limestone.. ... . . .. .. . . . ... ........................................... 254 260 

St. Peter. I 

Lo:~~i;~~~:~~:::::::::::::::::::::::::::: :::: :::::::::::: ::::: ::::::: ---~ I~~ 
Limest~me (sandy).... . .. ........................ \ ................................. 1 100 

Upl'er Cambrian (Potsdam). 1 

Sandstone. .............. " ............................................ .............. 310 
Red marl.......................................... .................... .............. 50 
Hard sandstone... ........ ................ ........ ............ ........ .... .... ...... 495 
Hard gray rock.... . . .. . . .. .. . . . . . . .. . . . .. . . .. .. ... .. .. .. .. .. .. .. .. .... .............. 15 

Pre-Cambrian. 
Very hard gray and red rock in layers of varying color........... .............. 190 

Depth.... ......................................................... .............. 1650 

lIIenomonee Falls. The population is 919. The Wisconsin Sugar 
Company in 1896 sunk a well in which it is reported, granite was struck 
at 1,375 feet. No record of the well is available, but the reported gran
ite may be a buried knob similar to those occurring in the Fox river 
valley. It is possible also that the rock was a very hard sandstone 
such as that encountered in some of the wells farther south. In the 
latter case it is very probable that all the available water bearing rock 
was not penetrated, since the well had not penetrated more than the 
upper portion of the Potsdam sandstone. Besides 'this deep well th.;> 
company has 4 other wells sunk into the limestone. An attempt is 
now being made to increase the supply to 400 gallons per minute b~,r 

lengthening the pump shaftings and pumping the water from greatel 
depths. 

In the above 1375 foot well, F. M. Gray reports that 400 feet of sand
stone was struck at 775 feet, and hard granite from 1175 to 1375 feet. 

Eagle. Mr. W. L. Thorn, a driller at Whitewater, put in an artesian 
well at Eagle for the Chicago, Milwaukee and St. Paul Railway Com
pany in 1903. Pumping 6,000 gallons per hour drew down the watN 
from 38 to 87 feet below the surface. 
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L0g of C. M. (/; St. P.oR. R. Well at Eagle. 

Formation. Thickness. 

Feet. 
Cla.y and graveL .............................. 0 •• 0 ......... o ...... 0 •••• " • • • • • • • • • • •• • • • 130 
Cincinnati shale. solt (cased)................ ........................ .................. 120 
Galena-Trenton. 

Light, colored limestone .............................. 0 ............... " ..... ; • .. • • • 25307 
Blue limpstone ..................................................................... . 

St. Peter sandstone..................................................................... 20 

Depth .. ,.................... .................................................... 51>7 

Hartland. Hartland, with a population of about 800, has no public 
water supply. The wells are in drift and are usually about 30 to 60 
feet deep. 

Pewaukee. Pewaukee, located at the east end of Pewaukee lake, has 
no public water supply. Thy wells are usually in drift and are gener
ally 20 to 40 feet in depth. The well at the Edgewood Farms near 
Pewaukee has the following log, as interpreted by F. T. Thwaites from 
examination of the driller's record and samples: 

Log of Edgewood Farms Well, Pewaukee. 

~ ____________ F_o_r_m_a_t_io_n_. ____________ 1 Thickness. 

Pleistocene: 
Gravel., ............................................................................... . 

Niagara: 
Very hard dolomite .................................................................. . 

Cincinnati: . 
Shale with beds of limestone ........................ 0 ... 0 .. 0 ......................... , 

Galena-Platteville: 
Very hard dolomite .................................................................. . 

St. Peter: . 
White sandstone with seams of shalt ....... ; ... : ..................... 0 ............. . 

Lower Mall'nesian: 
Sandstone with seams of limestone and shale ...................................... . 

Potsdam: 
White sandstone ...................................................................... . 
Red sandstone with seams of marl .. '" ................ 0 ........................... .. 

Hard white to brownish sandstone, fine-erained and calc&n'Ouso ... 0" o ......... . 
Hard gray to brownish sandstone, somewhat coarser II'rained .. 0 0 .. 0 0 .. 0 ......... . 

Pre-Cam brian: 
Gray biotite granite ......................................... _ ...................... 0. 

Feet. 
50 

130 

205 

215 

59 

76 

119 
50 

146 
165 

33 

Total depth...... .................. ........ .... ...................................... 1,248 

In this well, it will be observed, the Pre-CambrlaD. was struck at a 
depth of 1215 feet without having penetrated the normal thickness of 
the Potsdam sandstone, indicating the presence of a buried knob of 
granite in this locality similar to those exposed in the Fox river valley 

I 
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and encountered in some of the wells at Hartford and Menomonee 
Falls. 

QUALITY OF THE WATER 

Mineral analyses of various water supplies of Waukesha county are 
shown in the following tables. Many of the analyses, it will be noted, 
are of the various well known mineral springs located at Waukesha 
a:nd in other parts of the county. Some of the analyses were made 40 
or 50 years ago, while some are of recent date. In some instances where 
more than one analyses of a spring water is available, these show a clOS0 

similarity in mineral content, while in other cases, considerable differ
ence in the mineral content is indicated by the analyses. 

All of the spring waters are ealcium and magnesium carbonate wa
ters, and in respect to harCl;ness should be classed as either hard waters 
or very hard waters. Nearly all are of moderate mineral content, gener
ally ranging between 254 and 462 parts per million. Two of the analy
ses, Nos. 9 and 17, are unlike the others in respect to mineral content as 
well as composition; No. 9 being very high in iron, and No. 17 high 
in magnesium sulphate. It is possible that these two may not repre
sent natural waters but may have been treated in preparing for the 
market. 

The mineral analyses of the well waters from the surface deposits 
and from deep wells reaching the St. Peter and the Potsdam sandstones 
show much the same content and characters of mineralization. All the 
well waters are calcium and magnesium carbonate waters of moderate 
mineral content, and nearly all are very hard waters. Waters obtained 
from the Cincinnati shale or adjacent formations are likely to be more 
highly mineralized with sulphates than those shown in the tables. 

The water from the well of the Waukesha Spring Brewing Co., No. 
33, contains 3.30 pounds of incrusting solids in 1,000 gallons, and that 
from the C. & N. W. Ry. well at Sussex No. 47, contains 4.26 pounds in 
1,000 gallons. 
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Mineral analyses 01 Icater in Waakesha Oounty. 

(Analyses in parts per million) 

Springs. 

1. 2. 3. 4. 5. 6. 
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7. 8. 

Silica (13102) .................... . 12.7 9.6 12.5 2.6 25.8 14.4 19. 12. 
Alumini um oxide (A120s) ...... . 2.1 1.6 4.0 12.3 trace 4. . 10. 

0.2 0.3 t"ace 3.1 trace 1.1 
68.2 58.3 13.6 70.6 87.9 "65:'" 70.6 67.9 

Iron (Fe) .............•.......... 
Calcium (Ca) .................... . 

35.2 26.1 34. 37.3 41.3 30. 40.2 33.6 

f 1~:~ f 6.8 8. {~:~ 1~:~ 21. 16.5 14.7 

Magnesium (Mg) ................ . 
Sodium (Na). .................... . 
Potassium (K) ..............•..•• 
Carbonate radicle (C03) ........ . 200.8 158. 194.5 218.9 186.2 179.8 216.2 186.5 

9.6 4.2 14.3 68.4 75.1 11. 12. 3.4 
8.0 trace 1.8 13.0 28.0 1 7. 3. 1 19 .9 
~~ _~~_ ~ trace trace ........ trace ....... . 

358. 265. j 343. I~ 463:---- 332-. - 378-:- 740-:--

Sulphate radicle (S04) •.......... 
Chlorine (CI) .................... . 
Organic matter ................. . 

Total dissolved solids ....... . 

Springs. 

9. 10. 11. 12. I 13. 14. I 15. 

---------- -------------1--
Silica (~i02)......... .... .... .... .... 20.8 16.7 9.6 18. 13. 8.1 \ 11.5 
Aluminium oxide (AI20S) ....... "1 7. 7.2 2.6 ...... .... 1.0 1.5 1.5 
Iron (Fe) .. .... ........ .... .... ... 64.4 trace 0.6 trace 0.1 .......... 0.3 
Calcium (Ca)..... ... ..... ... .... .... 79.1 44.0 74.5 80. 47.6 56.9 68.7 
Magnesium (Mg) ....... .... .... .... 46.4 32.3 38.4 26.4 30.8 27.1 31.0 
Sodium(Na) ........................ 768 1 2.8 i 10.8 227 89 19.0 7.1 
Potassium (K) ...................... I . r 1.3, 2.2 . . 15.9 3.5 
Carbonate radicle (COs)........ .... 302.1 140.; 208.8 195. 92.7 149.1 179.8 
Aulphate radicle (SO.) ........... \ 96.8 10.9 2.8 12.6 53.7 35.3 14.8 
Chlorine (CI) ................ ........ 46.9 1 4.2 14.9 12. 38.8 14.5 3.2 

Total dissolved soUds ........... ~ ~ 365-:-1~ 287-. - 328:---- 321-:-
= 

NO'l'E: Phosphate radicle (PO,) 0.5 In No.4. trace In ~os. 1, 5, 11, 13, 14, 15. 
Lithium (Li) 0.17 in No. 26, Trace in ~os. 10. 11. 

1. Bethesda Spring, Waukesha, Analyst, C. F. Chandler, Geol. of Wis. Vo!. 2, p. 146, 
1877. 

2. Fountain Spring, Waukesha, Analyst, J. V. Z. Blan"y. fieol. of Wis. Vol. 2, p. 146, 
1877. 

3. Horeb Spring, Waukesha, Analyst, G. Bode, Geo!. of Wis., Vol. 2, p. 146, 1877 
4. Hygeia Spring, Waukesha, Analyst, O. A. Thi"le. 
5. Hygeia Spring, Waukesha, Analyst, W. S. Hain"~. 
6. Lathean Spring, Waukesha, Analyst, G. Bode, Geol. of Wis. Vol. 2, p. ;)2, 1877. 
7. Mineral Rock Spring, Waukesha, Analyst, G. Bode. Geol. of Wis. Vol. 2, p. 31, 1877. 
8. Silurian Spring, Waukesha,. Analyst, W. S. Haines. 
9. Waukesha Imperial Iron Spring, Waukesha, Analyst, G. ~. Prentiss. 

10. Waukesha Imperial Spring, Waukesha, Analyst. E. Rautke. 
11. Wauke'Sha Lithian Spring, Waukesha, Analyst, W'. S. HaInes. 
12. White Rock Spring, Waukesha, Analyst, G. Bod". (;eoI. of Wis. Vol. 2, p. 146,1877. 
13. White Rock Spripg, Waukesha:, Analyst, O. T .. xtor, 11'.99. 
14. Crystal Rock Sprimr. Wauk .. sha, Analyst, Da\'enport Fi~h .. r. 
15. Arcadian Spring, Waukesha. 
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Mineral analyses of water in Waukesha Oounty-Continued. 

SprinKs. 

16. I 17. 18 19. 20. 21 I 22. 

~~~~~~~-:-~~l-l--
. .....•. } 2.4 . ... ... . ................. 1 \ 7. 

Silica. (SI02) ....................... .. 
Aluminium a.nd iron oxides 

(AI20s+Fe203) .................. . 

7H ····9sx-[·}f "~~rl' ~~~1 trHe :::.~~:~:: 
35.5 72.6 57.2 34.9 36.3 32.7 23.6 
14.2l 11 2 '1159 131 I ~ 3.9 2.7 • 2 4.H . . . (0.6 1.3 il. 

199.8 223.9 170.6 13~.9 194.3 145.5 247.3 
26.2 157.7 \50.1 /44.0 17.7 9.4 24.2 
4.6 17.2 10.5 12.3 4.9 I 4.2 3.l' 

375-:- 601-. - 885-:- 293-. - 358-. - 26i-:- 406~-

Aluminium oxide (Ah03) ......... . 
Iron (Fe) ........................... . 
Ca.lcium (Co.) ..................... .. 
1I1a.ll'neslum (M&,) .. ................ . 
Sodium (Na.) ....................... . 
Pota.ssium (!{).... ........... . .... . 
Ca.rbona.te radicle (COs) .......... . 

·Sulv4a.tera.dicle (S04) ............. . 
Chlorine (CI) ....................... . 

Tota.l dissolved solids .......... . 

Springs. 

23. ~~I~ ~_I~f __ 28_. _-=--
18.0 13. 1 16. 13.2, undt. 14.8 18.8 

............... :11 
........ j' ......... 1 ....... ·1 18.9 2.5 

2.0 3. . ..... 2.3

1 

................ .. 

8~:~ 6U "72:0" 5U "77X' .... ij5:i .. "7sT 
27.0 36.2 23.4 41.2 36.2 32.8 illI.8 

~ ~1.5 6.4 19. {4~:~ 0;2 tg:~ 10.9 
203. 197.2 174.2 233.6 1174.7 216'.6 198.9 
13.2 7.4 11. 10.6 26.0 24.5 22.1 

. ~~~~ 39::~ \·~:;~~~:~·13!~:~ ·I~~:~·· .~~~:~ .. 

Silica. (:3102) .......................... . 
Aluminium and iron oxides 

(Ah03+Fe203) .................... . 
Aluminium OXIQ~ (AhU3) .......... . 
Iron U'e) ............................ .. 
Calcium (Ca.) ...................... .. 
Ma.gneslum (Mg) ..................... . 
Sodium (Na.) ......................... . 
Pota.ssium (K) ..................... . 
Carbonate radiCle (COs) ............ . 
Sulphatera.dicle (S04) .. ; .......... .. 
Chlorine (ClI ....................... .. 
Organic ma.tter ...................... .. 

Tota.l dissolved solids .......... .. 

16. Clysmlc Spring, Waukesha, Analyst, Joseph A. Deghuee. 
17. Olivette Spring, Waukesha, Analyst, G. M. Davidson, Oct. 12, 1909. 
18. White Rock Spring, Waukesha, Analyst, Lasch!) Institute, 1910. 
19. Quarry Lal,c near White Rock Spring, Waukesha, Analyst, Lasch" Institute, lul0. 
20. Minniski Spring, Waukesha, Analyst, W. W. Daniells. 
21. Pox 11",,,1 ~"J.,!':n<l", Waukesha, Analyst, E. Hautke. 
22. Brookfield Spring, Brookfield, Analyst, Chemist C. M. & St. P. Uy. Co., !liar. 211, 

-1899. 
23. Nemahbin Spring, Delafield, Analyst, G. Bode, Geol. of Wis. Vol. 2, p. 31, 1877. 
24. Oakton Spring, Pewaukee, Analyst, J. V. Z. Blaney, Geol. of Wis. Vol. 2, 187!!. 
25. Dausman's Trout Springs, Waterville, Analyst, G. Bode, Geol. of Wis. Vol. 2, p. 

32,1877. 
26. "Soda Lithia Spring," near FossviUe, Analyst, W. W. Daniells, 1892 or 1893, U. S. 

G. S. Folio 140. 
27. Garrett's Flowing Spring, Brookfield, Analyst, G. N. Prentiss, Oct. 12, 1910. 
28. Spring of Waukesha Springs Sanitarium Co., Waukesha, Analyst, Victor Lehner, 

Sept. 9, 1905. -
29. Chalybeate Springs of B. M. Caples, one mile south of Waukesha, Analyst E. R. 

Hutchins, July 28, 1908. 



DESCRIPTION OF' "T,OCAL WATER SUPPLIES. 617 

Mineral analyses of tooter in Waukesha County-Continued. 

Rivers. Lakes, 
Surface 
deposits. 

~~~~~~ ~~~, I-;;~ 
'';';'-.i;i," "'iX' ·';'ii.i;t:1,"iiljoo "i7:6" "i6T it.4 I 2~.0 
"54:5" "43:9" "5;i:i" 2U 3U 4U sh ["7ST 

Depth of well .............. feet .. 
9!liaa (8i02) .................... .. 
Aluminium and iron oxides 

(AI203+Fe203) ............... .. 

30.1 30.S 3,;.4 19.0 t5.9 28.0 39.7. 44.S 
Calcium (Ca) ... , ............ .. . 
Magnesium (Mg) ............... .. 
Sodium (Na) .................... I 
Potassium (K) .................. r 3.3 2.1 3.7 U U U }12.0 7.7 
Carbonate radicle (C03) ....... . 146.4 138,3 146.6 73.3 108.4 122. 18S.3 202.3 

23.5 [4.2 31.r- 11.9 13.9 13.7 67.5 47.0 
und't. 3.2 9. 5.5 4.0 5.5 19.9 6.3 

2~-12U:-- 282. m. 210. I 232. 428. I 387. 

Sulphate radicle (804) .......... . 
Chlorine (C) .................... .. 

Total dissol ved solids ....... . 

================~==~===================c 

Depth of well. .................... feet.. 20 
Silica (8i02) .......... -. .... .......... r 
Aluminium and iron oxides 1.0 

(A 1203+ Fe203) ...................... .. 
Iron (Fe) ....................................... .. 
Calcium (Oa).............................. 73.3 
Mag-nesium (Mg) ..... ........ ....... .... 43.2 
,"odium (Na) .......... -.................... l12.4 
Potassium (K) ............................ r 

Surface deposits. 

40 22 30 29 

1.7 1.5 2.2 und't. und't. 

"85.6". "74:2"' "82:1" "SU" "liiX' 
40,2 ~ 33.7 37,8 38.0 43.8 
27.5 14.0 17.6 27.0 36.9 

20 

1.2 
71.7 
35.9 
5.2 

Carbonate J'adicle (COs)................. 204.9 199.1 I 175.1 206,S 182.2 195.7 15;;.2 
Sulphate radicle (804)................... 45.0 70.5 1 48.1 27.S 10S,9 61.0 70.0 
Chlorine (CI).............................. 6.1 24.2 I 9.3 18.8 I und't. 53.9 5.0 

Nit;::a~::;~~v~:o:~~;~~:::: :::: :::: :::: [~~ ~~I~~h~~t~~~ ~~ ~~ 
30.- Oconomowoc River, North Lake, Analyst, G. N. Prentiss, Nov. 26, 1900. 
31. Oconomowoc River, North Lake, Analyst, G. N. Prentiss, Sept. 9, 1901. 
32. Fox River, Brookfield, Analyst, G. N. Prentiss, October 15th, 1910. 
33. Garvin Lake, Mean of 3 analyses, various depths. Analysts, E. B. Hall and C . 

. Juday. Sept. 5, 1907. Wis. Survey Bull. 22, p. 170. 
34. Okauchee Lake, Analyst, E. B. Hal! and C. Juday, Sept. 5, 1907, Wis. Survey 

Bul!. 22, p. 170. 
35. North Lake, west part, mean of analyses, analysts. E. B. Hall and C. Juday, Sept. 

4, 1907, Sept. 7, 1909. Wis. Survey Bull. 22, p. 170. 
36. Well of the Waukesha Spring Brewing Company, Waukesha, Analyst, G. M. David

son, May 24th, 1895. 
37. Well of C. M. & St. P. Ry. Co., BrOOkfield, Analyst, Cbemlst, C. M. & St. P. Hy. 

Co., Aug. 31, 1889. 
38. Well of C. M. & St. P. Ry. Co., Brookfield, Analyst. Cbemlat, C. M. & St. P. Ry. 

Co., Mar. 20, 1899. 
39. Well of C. M; & St. P. Ry. Co. Eagle, Analyst, Chemist, C. M. & St. P. Ry. Co., 

Sept. 20, 1889. 
40. Well of C. M. & St. P. Ry. Co., Genesee, Analyst, Chemist. C. M. & St. P. Ry. Co., 

Sept. 20, 1889. 
41. Well of C. M. & St. P. Ry. 00., Oconomowoc, Analyst, Cbemlst C. M. & St. P. rty. 

Co., Feb. 18, 1890. 
42. Well of C. M, & St. P. Ry. Co., Oconomowoc, Analyst. G. S. Prentiss, May 4, 1900. 
43. Well of C. M. & St. P. Ry. Co., Oconomowoc, Analyst, G. S. Prentiss, Aug. 16, 1907. 
44. Well of C. M. & St. P. Ry. Co., North Lake, Analyst, G. S. Prentiss, Aug. 27,1901. 
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Mineral analyses of water in 'Waukesha County-Continued . 

• 

Depth of well ...................... feet .. 
Sillea (SI02) ........ ..... . ............. . 
Aluminium aud iron oxides 

(AI20a+ Fe20a) ..........•.............. 
Aluminium oxide (A1203) ........ _ ... . 
Calcium. (Ca) ................ , ......... . 
Magne,;lum (Mg) ........................ . 
Sodium (Na) ...•......•........•..•. , ... } 
Potassium (K) ...................... . 
Carbonate radicle (COa) ...........•..... 
Sulphate radicle (SOd ................. . 
Chlorine (CJ) ....... "' ................... . 
Organic matter .......................... . 

Total dissol ved solids ............... . 

I Surface devosi ts. 

45. 46. 47. 
------

20 14 15 

J 1.0 3.1 1.7 

St. Peter and Upper Cam
brian sandstone. 

48. 49. 50. 5!. 
-- -- --
135 820 679 1,375 

und't. und't. 
J 14.03 

'11.4 
/ 1.37 

"li7X· j ·ioo:2" "82.0" "72:2' "lioj"" 'iit:63' aU 
45.5145.2 45,1 40.0 34.2 43.63 22.6 
27.812.926.7 9.410.811.557,0 

206,2 187.1 153.1 159.6 183.6 179,22 96.8 

.~~~LI~~i~r.~~~L .~~~:~'. ~~~~I~~:~~ It~:~ 
514, 507. 482. 375. 295, : 537: -, 337:--

45. Well of C. M. & St. P. ny. Co., Waukesha, Analyst, G. N. Prentiss, "'0". 14, 1896. 
46. Well of C. M. & St. P. ny. Co., Waukesha, Analyst, Chemist, C. lII. & St. P. Ry. 

Co., Sept. 27, 1889. 
47. Well of C. M. & St. P. ny. Co., Pcewaukee, Analyst, G. N. Prentiss, April 30, 1898. 
48. Well of C. M. & St. P. Ry. 00., Lannon, Analyst, G. N. Prentiss, Nov. 28, 1900. 
49. City Well, Oconomowoc Analyst, G. N. Prentiss, May 3, 1900. 
50. Well of C. & N. W. Ry. Co., Sussex, Analyst, G. M. Davidson, Dec. 5, 1911. 
;;1. Well of Wisconsin Sugar Co., lIienominee Fan~. o\nalyst, Chemist, C. M. & St. P. 

Ry. Co. 

WAUPACA COUNTY 

Waupaca county, located near the central part of the state, has an 
area of 749 square miles and a population of 32,782. About 85.9 Pi'll' 
cent of the county is in farms of which 53 per cent is under cultivation. 

SURFACE FEATURES 

The surface of \Vaupaca county is undulating with gently sloping 
lands and broad valleys in the northern part, but somewhat more hilly 
and broken in the southern part. The land has a gentle slope to the 
southeast, being drained by the southeastward flowing streams in the 
50ntheastern part of the county. The altitude of the valley bottom of 
the Wolf river between Lake Poygan and New London is about 750 
feet. The general altitude of the land in the northwestern part of the 
county ranges between 950 and 1,050 feet., the highest uplands and 
ridges reaching 1,100 to 1,200 feet. The range in elevation between 
valley bottom and adjacent uplands is generally between 100 and 200 
feet. 
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GEOLOGICAL FOR:r.IATIO~H 

The geological formations are mainly the cpper Cambrian (Pots
dam) sandstone and the surface deposits of drift and alluvium. The 
Pre-Cambrian granite occurs in the vicinity of Waupaca, and lies im
mediately beneath the drift in many places in the northwestern part 
of the county. In the southeastern corner of the county is a small area 
of Lower Magnesian limestone connected with the continuous body of 
this formation farther to the east. The geological structure is il
lustrated in Fig. 69. 

Fig. G9.-Geologic section, east-west, across southern ",,",aupaea Cuunty. 

The thickness of the surface formations is variable on account of 
the uneven surface upon which the deposits were laid, and also on ac
~unt 0"£ the unequal deposition of drift. The known maximum thick
ness of the surface deposits is 214 feet at \Veyauwega, but the pre
glacial valleys are likely to be over 300 feet deep. 

The thickness of the Upper Cambrian (Potsdam) sandstone is quite 
variable on account of the extensive erosion of this formation. The 
complete thickness of the sandstone is preserved only in the southeast
ern part where it is protected by the overlying Lower Magnesian lime
stone. The approximate range in thickness of the geological formations 
in the county may be summarized as follows: 

Approximate range in thickness of formations in Waupaca Oounty., 

Formation. I Thickness. 

~'eet. 
Surface formation ........ , ...............•...... :.................................... .. 0 to 350 
Lower Magnesian limestone ....................... '" .,.. .... ................. ....... .. 0 to 100 
Upper Cambrian (Pot,aam) sanastone............................... .. .............. 0 to 500 
Pre-Cambria" granite ...... , .......................................................... T ............ . 



620 THE WATER SUPPLIES OF WISOONSIN. 

PRINCIPAL WATER-BEARING HORIZONS 

The chief 'water-bearing horizons are the "Potsdam" sandstone and 
the surface deposits of sandy alluvium and the drift. Most of the wells 
in the county are relatively shallow. The deepest wells range between 
200 and 250 feet in depth. 

FLOWING WELLS 

At New London and Weyauwega and many other places along the 
Wolf river valley, artesian flows are obtained. Most if not all the 
flowing wells obtain their supply from the surface deposits. Most 
of these w~lls have a low head less than 10 feet above the surface. 
At Northport, however, the head of some of the important wells is 
between 25 and 30 feet above the surface. See also "Flowing wells 
along the Wolf river valley," pages 95-6. 

WATER SUPPLIES FOR CITIES AND VILLAGES 

Waupaca. The population if Waupaca, located on Waupaca River, 
is 2,789. The city water supply is obtained from a mill pond in the cen
ter of the city, and from a system of driven wells, and is pumped to a 
storage reservoir at a high elevation. The public water supply is used 
only to a very small extent for drinking purposes. The average daily 
pump age is 243,000 gallons. The river supply is not filtered or other
wise purified, and is not satisfactory. The supply from ground water 
sources is from 20 wells, about 50 feet deep in sand. The Pre-Cam
brian granite lies at the surface and immediately beneath the surface 
at Waupaca; hence ground water must be obtained at relatively shallow 
depths in the surface sand. With a properly arranged system of wells, 
however, there is no reason why an adequate supply of good ground 
water cannot De obtained. Private wells are generally from 10 to 30 
feet deep. A sewage system was recently constructed, the sewage now 
being treated in two septic tanks and emptied into the Waupaca Riv
er. A large per cent of the families use the city water, and many 
have private sewers. 

New ·London. New London, population ;l,385, is located on Wolf 
River. This city has a city water supply and sewerage system. Former
ly the water supply was obtained from Wolf River which did not prove 
satisfactory. An artesian source, of water .supply from flowing wells· 

'about 200 feet deep was recently placed in operation. The average 
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daily pumpage from the river was formerly about 80,000 gallons and 
only about 5 per cent of the residences connected with the city supply. 
Since the new artesian supply has been installed the use of the city sup
ply has been greatly increased. A sewage s~·stem was recently installed, 
the sewage being emptied, without purification, into the river. 

The water supply for drinking purposes, before the new artesian sys
tem was installed, was mainly taken from wells 20 to 40 feet deep. 
Some of the artesian wells on low ground near the river flow as high 
as thirteen feet above the surface. There are a number of flowing wells 
ranging from 110 to 220 feet in depth in the sand and gravel. (See 
Artesian Flows along Wolf River, pp. 95-6). 

Clintonville. Clintonville, with a population of 1,747, has water
works and sewage systems, the water being obtained from 6 shallow 
wells. About 35 per cent of the houses are connected with the water
works. The sewage is emptied, without purification, into the Pigeon 
River. 

Weyauwega. This village located on the Wolf river, has a popula
tion of 967. The water supply is obtained from open dug wells, many 
of which are 20 to 30 feet deep. rfhere are a few bored wells 50 to 60 
feet deep. There are a few flowing wells from the drift ranging in 
depth from 22 to 214 feet. Two of the flowing wells, 212 and 214 feet 
deep, reached the granite. The water in five of these flowing wells rises 
from 18 to 25 feet above ground. Three wells on Main Street, 30 feet 
deep, are used for fire purposes. 

Northport. Population about 185. In Northport are four flowing 
wells owned by S. W. Fenton, H. M. Taylor, M. Babcock and Wm. J. 
Barlow, in which the water has a head from 20 to 27 feet above the sur
face. These wells are in sand and gravel from 60 to 110 feet deep. 

Fremont. Population about 300. 'l'wo flowing wells in this village, 
133 and 226 feet deep flow respectively 8 and 3 feet above ground. 

Manawa. Population 820. The water supply is obtained from com
mon wells 15 to 75 feet deep in sand and drift. 

lola. The village of lola, population 850, is located on the south 
branch of the Little Wolf river. The water supply is obtained from 
common wells 30 to 70 feet deep, in clay and gravel. 

Marion. The village of Marion, population 798, obtains its water 
supply from private wells 25 to 150 feet deep, in drift and granite, 
the latter forming a prominent ledge in the nIlage. 
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QUALITY OF THE WATER 

The mineral analyses of water supplies at New London and Clinton
ville are shown in the following table. The waters analyzed are hard 
waters of moderate mineral content, calcium and magnesium carbonates 
being the predominating constituents. These waters are quite similar 
in character and content of mineralization, and are probably typical 
for only a portion of the geological formatiolls of the county. The sup
plies obtained from the granitic rocks, or from sand not associated with 
the red clays, or limestone-bearing drift, are likely to be less mineral
ized than those quoted in the table, and more like the waters analyzed 
from Waushara County, (p. 626). The water from Wolf River, and 
other surface supplies, probably contain about one-half as much min
eral matter as the spring and well water quoted in the table below. 

The spring water of analysis No.1, contains 2.87 pounds of incrust
ing solids in 1,000 gallons of water; No.2, contains 1.92 pounds, and 
No.3, 1.72 pounds of incrusting solids in 1,000 gallons, and aU would 
be classed as poor for boiler use. 

Mineral analyses of water in Waupaca 001Wty. 

(Analyses in parts per million) 

Lakes. Spring. folurface 
deoo~its. I i-----,-------I----.----- , _1._1 __ 2. ____ 3'_1 ___ 4. __ 5_. _. __ 6_. __ ~ __ _ 

J)epth of well.................... feet ........ : .. ... " ........ .......... . ... :..... 32 20 
Silica (SI021.... ..... ............ ...... 22.6 '18.2 19.4} { 19.5 21.7 18.5 
Aluminium and Iron oxides (Ah03 14.05 

+Fe20a) ..................... ,........ 2.2 2.5 2.2 3.0 3.7 2.0 
Calcium (Ca) .... ..... .... .... .... .... 45.7 31.8 22.2 63.87 67.5 70.9 69.5 
M&gneslum (Mil) ...................... 27.9 17.7 16.0 31.85 34.0 38.0 87.8 
Sodium (Na) ........... ........ ...... 2.4 3.0 2.3 2.91 t 52 90 45 
Pota"slum (K)............... ........ 2.0 3.1 3.3 I .......... r' . . 
Carbonate radicle (C03) ........•..... 188.0 89.0 69.2 160.44 191.0 168.3 191.9 
I'ulphate radicle (804) .... .... .... .... 10.5 10.4 8.8 22.42 32.3 50.1 I 6.0 
Chlorine (CI) ... .... ...... . .... ...... 2.4 2.5 4.2 4.45 4.8 13.0 6.9 

Tot,,1 diss'Jlved solids ............. 249-. - liT --m6 300-.-- 358-.-- 380-. - 338-. -

1. Lake Beasly, mean of 3 analyses, Analysts, E. B. Hall and C. Juday, Sept. 9, 1901,. 
Wis. Survey Bllil. 22, D. 170. 

2. Long Lake, mean of,2 analyses, Analysts, E. B. Hall and C. Juday, Sept. 9,1901, 
Wis. Survey Bull. 22, P. 170. 

3. Rainbow Lake, mean of 2 analyses, Analysts, E. B. Hall and C. Juday, Sept. 10, 
1907, Wis. Survey Bull. 22, p. 170. 

4. Spring of C. & N. W. Ry. Co., New London, Analyst, G. M. Davidson, l\Iay 28, 1912. 
5. Spring of Wisconsin Chair Co., New London, Analyst, G. M. Davidson, Oct. 29, 

l!10R. • 
6. Well of C. & N. W. Ry. Co., Clintonville, Analyst, G. M. Davidson, May 24. 1909. 
1. Drive well 15 ft. W. of C. & N. W. Ry. Co., Freight Depot, Clintonville, Analyst, G. 

M. Davidson, Aug. 1895. 
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W AUSfilRA. Coexn: 

Waushara county, located in the central part of the state, has an 
area of 639 square miles and a population o~ 18,886. About 88.6 per 
cent of the county is in farms of which 61.8 per cent is under cultiva
tion. 

SURFACE FEATGRES 

The surface of \Vaushara county is undulating, consisting of valley 
bottom lands and sloping uplands. The western border of the county 
in the locality of Plainfield and Hancock is a level alluvial plain, like 
that over much of Adams county. The billowy drift hills of the ter-

Fig. TO.-Geologic section, east-west, across central Waushara County. 

minal moraine of the Green Bay lobe extend north and south across the 
western part of the county at Coloma, and a short distance east of 
Plainfield. West and north of Wautoma the land rises in a series of 
bluffs reaching its greatest height about ten miles from Wautoma and 
forming the divide between the waters of the \Visconsin river flowing 
towards the west and those of the Wolf river flowing towards the east. 
To the south and east of Wautoma the land descends to the Fox river 
and Lake Poygan in the eastern part of the county. 

The altitudes range from· about 750 feet along the Fox river' and 
Lake Poygan to about 1,200 feet in the western part on the divide be
tween the Wolf and the Wisconsin rivers. In the valley bottoms near 
Fox river and Lake Poygan red and dark colored clay soils occur. Over 
the remaining parts of the county, loams, sandy 10ams and sandy soils 
prevail. 

GEOLOGICAL FORMATIOXS 

The principal geological formations outcropping at the surface or 
lying immediately beneath the surface deposits of drift and alluvium 
is the Upper Cambrian (Potsdam) sandstone. The only other rock for-
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mation in the county is the granite occurring as isolated mounds and 
knobs in the vicinity of Red Granite and Pine River. The geolog
ical section is shown in Fig. 70. 

Red lacustrine clays are quite prevalent in the valleys in the eastern 
part of the county. Th~ clays appear at the surface and are also in
terstratified with beds of sand and gravel to a variable depth, develop
ing good artesian slopes in which numerous excellent surface flowing 
wells have been obtained. The thickness of the surface clays and grav
els in the valleys is variable and probably reaches a maximum of 250 
to 300 feet. The thickness of the glacial drift ranges from a few feet 

up to over 100 feet in the morainic belt, extending. across the western 
part of the county. The thickness of the sandstone is very irregular on . 
account of the extensive erosion of the strata before the surface forma
tions were deposited upon it. The approximate range in thickness of 
the geological formations may be summarized as follows: 

Approximate range in thickness of formations in Waushara County. 

For-rna ion. ' Thickness. 

Feet. 
Surface fOl'm'ttion. . .... .... . .. . . ... . ..... .............................................. 0 to 300 
Ul>perCambrian (Potsdam sands LOu 1<) .,.................................. ............ 0 to 750 
Pre-Cambrian granite ............................................................................... . 

PRINCIPAL WATER-BEARING HORIZONS 

The water-bearing formations are the "Potsdam" sand~tone and the 
surface deposits of the glacial drift and the alluvial sands and gravels. 
These formations are excellent water bearing strata and furnish an 
abundant supply of water. On the top of the divide between the Wolf 
and Wisconsin rivers the depth to water is 100 to 150 feet, the wells gen
erally penetrating some depth into the sandstone formation. On lower 
ground in the valleys shallow wells in the surface deposits are most 
common. 

The granite formations outcropping in the eastern part of the county 
can furnish but a small supply, though, where necessary, sufficient for 
farm purposes can be obtained. 
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FLOWING WELLS 

Flowing wells from the surface deposits in the wide valleys adjacent 
to Lake Poygan constitute an important source of supply. In this 
locality artesian slopes are deveolped by the superposition of relatively 
impervious clay beds over pervious beds of sand and gravel, the strata 
dipping gently down the valleys towards the lake. The water in the 
sand and gravel under the clay beds is under sufficient pressure to rise 
above the surface a few feet on the bottom and lower slopes of the vai
leys. 

The flowing wells at Aurorahville on ~Willow Creek have been in use 
for many years. This area of flowing wells in eastern 'N aushara county 
is cha~acteristic of large portions of the Fox RiYer valley and is more 
fully described in another place (See pages 92-5). 

SPRINGS 

Springs are a common source of water supply in the valleys in the 
eastern part of the county. On higher land in the central part where 
sandstone outcrops along the stream~ springs are likely to occur. A 
well known mineral spring is located at \Vautoma. 

WATER SUPPLIES FOR CITIES AND VILLAGES 

Watttoma. The population of Wautoma is 964. The wells are gen
erally driven wells. There are some very low places in the village 
where the water level is very close to the surface, but in most places it 
is at a depth of from 10 to 20 feet. The fire department, equippea 
with a gasoline engine, obtains its wa~er supply from a well about 15 
to 20 feet deep and 10 to 12 feet in diameter. The well has not been 
pumped dry, although at times it is drawn down about 10 feet. 

Plainfield. The population is 723. The water supply is obtained 
from private wells, 20 to 60 feet deep in sand and gravel. 

AttrorahviZle. There are a number of flowing wells in Aurorahville 
that obtain their supply frOlll alluvial sand and gravel. The wells are 
in the shallow artesian slope in the valky of Fox RiYer and are more 
fully described in another place. (See page 92). 

40-W. s. 

, 
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QUAUTY OF THE WATER 

The mineral analyses of the various water supplies of Waushara coun
ty are shown in the following table. All the waters are hard waters of 
moderate mineral content. Calcium carbonate is the predominant 
constituent. The spring' water at \Vautoma is the highest in mineral 
content and is relatively high in iron and manganese. The surface 
waters from \Vhite. River and the creek at Red Granite Junction are 
very similar in content of mineralization to the well waters in sur
face.deposits. The various analyses in the table are probably typical 
in a general way for most of the county. Waters from deep wells in 
the sandstone, or from surface sands associated with or below red 
clays, are likely to be higher in mineral content tha11 those qW'lted in 
the table. The water from the well in Wautoma, No.4, contains 1.3:3 
pounds of incrusting solids in 1,000 gallons. 

Mineral analyses of v;ater in 1Vaushara County. 

(Analyse'S in parts r;er IlliI1icn) 

I 
Rivers. I Spring. Surface deposits. 

• 1. I 2. 3. 4. i 5. I 6. 

-·------:-1-
Depth of well .................. feet .. I.......... .......... .......... 28. I' 94. 1 297. 
Silica (8i02) .......................... I 13.9 11.4 27.9 1~.O 12.1 I 12.3 
Al~minium and iron oxides (AI203+i, ~ 1 

Fe20s) ................................ " 1.5 Trace. ...... 3~.6 1 3.4 1.8 
AlumilliumoxideAhOg) .............. I.......... .......... 4.2 ............................ .. 
Manganese (1\1) ......................... I.... ...... .......... 6 ..................... I ...... .. 

6~~~i~~e)(CaC::::::::::::::: ... ::::::i· .. ·46X· .. ··35:0 .. 1 ,5U .. ··44:fr .. 3i:6·1 .... 44:S .. 
1\1agnesiaP (Mg) ..................... "'1 26.3 18.7: 23.8 8.7 I 18.6 25.2 
SodlUn:t(Naj.; ................... , .... 1 1.8 7.5 i J 4.11 5.2 I 3.3 1.5 
P.otasslUm (h.) ......................... 1 f ,I 1.5 f 
Carbonate radicle (COg) ............... , 135.5 ~2. 1 142.1 85.2 83.5 129.2 
;lulphate radick, (SO.) ............. I ...... ·.. 10.81 1.3 10.5 .................. .. 
Chlorine (OI) .... ........ .............. 2.8 2.8 .5' 3.5 5.2 2.4 

Total dissolved solids ............. ~228."~1~168:-~ ~25s:-- ~233:-~ ~158:-~ ~2i7-:-

1. White Rh'er, Wautoma, Analyst, G. ~L Davidson, March. IDOL 
2. Creek outlet of lake at Red Granite .Jet., Analyst. G. ~I. Davidson, Dec. IDOL 
3. Rainbow Spring ,Wautoma, Analyst, W. W. Daniells. 
4. Well of C. & N. W. Ry. Co., Wautoma, Analyst, G. M. Davidson. ~Iarcl1, 1901. 
5. Well of C. & N. W. Ry. Co., WildRose, Analyst, G. M. Davidson, Feb. 11. 1DOL 
6. Well of C. & N. W. Ry. Co., Wild Rose, Analyst, G. M. Davidson, Jan. 1902. 
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WINNEBAGO COC~TY 

Winnebago county, located on the west side of Lake Winnebago in 
the east central part of the state, has an area of 472 square miles and 
a population of 62,116. About 88.7 per cent of the county is in farms. 
of which 72 per cent is under cultivation. 

SURFACE FEATURES 

The surface of the county is quite gently sloping with slightly un
dulating and hilly areas in the western part. The land has a gentle 
slope to the east toward Lake Winnebago. The broad gently sloping 
depression occupied by Lake Butte des Morts, and Lake Poygan e:x.
tends westward through the central part. A belt of hummocky drift 
hills trends north and south through the central part. 

The elevation of Lake Winnebago is 746.1 feet and of Lake Poygan 
746.6 feet above the sea, about 166 feet above Green Bay and Lake Mich
igan. The land surface is characterized by moderate reliefs only, the 
highest ridges and uplands probably rarely exceeding 200 feet above. 
Lake Winnebago. 

GEOLOGICAl, FOR:\L\TIOXS 

The geological formations are the Upper Cambrian (Potsdam) sand
stone, the Lower Magnesian limestone, the St. Peter sandstone and the 
Galena-Platteville (Trenton) limestone. The area of outcrop of these 
formations forms belts trending northeast-southwest, the Upper Cam
brian sandstone being in the western part of the county and the Ga
lena-Platteville limestone in the eastern. Over these rock formations 
is a variable amount of glacial drift and river sand, and silt. The red 
lacustrine clay is the prevailing surface formation, very generally oc
cupying tp.e basin of Lake Winnebago and the Fox river. The geo
logical structure is illustrated in Fig. 71. 

The thickness of the surface formations is variable on account of 
the uneven surface of the rock formation upon which they are de
posited. In the valleys of the pre-glacial rivers a thickness of 200 to 
300 feet of river sand, gravel and clay may be expected. This con
dition is indicated by a deep well at Winneconne, which penetrated 
190 feet of alluvial deposit before reaching the sandstone. Outside 
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the buried pre~glacial valleys the glacial drift and other surface de
posits are usually less than 100 feet in thickness. 

The thickness of tlie rock formations is also quite variable on account 
of the unequal erosion of the strata, and also in part on account of vari
ation in thickness of strata originally deposited. The Pre-Cambrian 

Fig. 71.-Geologic section. east-west, across southern Winnehago County. 

granite floor lies at a depth of 426 feet below the surface at \Vinnecon
ne, and at a depth of 680 to 714 feet below the surface at Oshkosh. 
The character of the Lower Magnesian and St. Peter varies as in all 
other parts of the state, and consists largely of limestone in some places, 
and largely of sandstone and shale in other places. In some of the wells 
~n Oshkosh, as at the city well on Algoma street, the Lower Magnesian 
formation consists largely of limestone, but in most other wells in the 
city the Lower Magnesian horizon appears to be largely sandstone and 
shale. The base of the Galena-Platteville (Trenton) limestone in Osh
kosh appears to be reached at a depth of 70 to 125 feet below the sur
face, below which the strata are usually, as shown in the well records 
cited on page 631, either sandstone or sandstone and shale, until the 
Pre-Cambrian is reached. The approximate range in thickness of the 
geological formations in the county may be summarized as follows: 

Approximate range in thickness of formations in Winnebago County. 

Formation. Thickness. 

Feet. 
Surface formation .................................................................... '.' 00 ttoo 3200°0 
Galena-Platteville (Trenton) limestont ............................................. . 
St. Peter and Lower Magnesian .............................................. , ... . ..... 150 to 200 
Upper Cambrian (Potsdam) sandstone................................................ '400 to 500 
Pre-Cambrian granite., ............................................................................. .. 
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PRINCIPAL WATER-BEARL"G HORIZONS 

All the geological formations are drawn upon for water supplies, but 
the most important sources are the surface deposits of sand and gravel 
under the red clay, and the sandstone which outcrops in the western 
part of the county and underlies the limestone in the eastern PGtrt. The 
limestone of the Lower Magnesian and the Galena-Platteville forma
tions in the areas of their respective outcrop also yield abundant sup
plies from the open fractures and fissures which extend throughout 
these formations. Most of the wells in Oshkosh, as at :B'ond du Lac, a'P
pear to indicate that the usual horizon of the Lower Magnesian forma
tion is occupied by the St. Peter formation and conists largely or 
entirely of sandstone strata as the wells after passing through the Tren
ton limestone, penetrate a thickness of 300 to 400 feet of sandstone. The 
Pre-Cambrian granite in Oshkosh is struck at depth of about 700 feet. 

FLOWING WELLS 

Flowing wells are quite common in Winnebago county on low ground 
adjacent to Lake Winnebago, Lake Poygan and the Fox and Wolf riv
ers, the flows being obtained from the surface deposits and from the un
derlying rock. The head of the sandstone water is relatively low, us
ually not exceeding 10 or 15 feet above Lake Winnebago at Oshkosh 
and Menasha, but rising higher up the valley of the Fox, being about 
17 feet above the river at Omro. The head, however, is controlled 
largely by local conditions within the surface deposits of sand and red 
clay. (See pages 90-2). 

The water in. the many flowing wells in Oshkosh is obtained from 
three horizons, namely: from gravel beds at base of the drift-from the 
limestone-and from the sandstone, either from the St. Peter or the 
Upper Cambrian (Potsdam), or both combined. The flows from the 
drift are obtained chiefly on the south bank of Fox river, many being 
located between Nebraska, Oregon, and East l[ain streets. Most of 
the other wells have their source'in the underl~ing sandstones. Many 
of the wells would not flow until packed, owing to leakage in the lime
stone. 
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SPRINGS 

Springs are quite common in Winnebago county on low ground ad
jacent to the Fox river. Near Oshkosh are several well known mineral 
springs supplying a large local demand, as well as outide markets. The 
fOp rings issue either at the contact of the Trenton limestone with the 
overlying drift, or from the limestone. 

\VATER SUPPLIES FOR CI'l'IES AND YILLAGES 

Oshkosh. This city, located on Lake Winnebago, at the mouth of the 
upper Fox River, has a population of 33,062. The city water supply, 
originally, was wholly obtained from eight artesian wells 300 to 900 
feet deep, but on account of apparent lack of suffieient quantity, most, 
if not all, the supply is now taken from Lake Winnebago. The lake 
lrater is obtained from a point 1,000 feet from shore, at a depth of 18 
feet, about as deep as any place in the lake. The average daily pumpage 
is 2,424,000 gallons. A filter was recently installed, which has been in
creased.in capacity to 4,500,000 gallons per day, and settling basins 
have been constructed. 

The city sewage is emptied, without purification, into the lake and 
the Fox river. Outside the business district only 30 or 40 per cent of 
the houses have sewer anq. water connections. 

At Oshkosh between 25 and 50 flowing wells have been obtained. 
Most of these within the city are located south of the river in SOJ.th Osh
kosh and along the river banks. The lowlands in the vicinity of Ore
gon and Nebraska streets, as well as nearer the lake and river, are fav
orable for flows and within this area 20 to 25 wells have been drilled. 

There has been considerable discussion as to the thickness and strati
graphic position of the formations penetrated in the artesian wells 
drilled in Oshkosh and vicinity. (See accompanying table of Oshkosh 
wells). Until this matter is decided it is unnecessary to entu into the 
details of the problem in this report. There appears, however, to be 
only about 400 feet of the Potsdam at Oshkosh. 
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Sections of Wells at Oshko&1" Record, Furnished by G. Muttart. 

Limt'- Sand- I . 1 Total 
Owner. I Drift. stone. slone. Gramte. I dppth. 

-.·----·--------1--- --------------,---

I Feet. Feet. Feet. Feet. 1 Fept. 
Winnebalro Asylum..................... 30 JO 150 ............ 1 220 
W!nnebago Poor Farm................ 30 42 184 ............ i 256 
Wmnebag-o Workshop.................. 10 JO 40 ............ 

1 

90 
J. P. Gould.................... .......... ~O ;;0 385............ 455 
Radford Bros........................... ~O 60 313 ' ............ 423 
W",. Gladts ............................ present .. prPsent.. 136 ............ ! 416 
M. Hooper............................... 20 100 90............ 210 
Gillan Bros.... .... . .. .. .. .. .. .. .. .. .. .. .;;0 60 95 ............ ! 205 
'I'remont House........................ 80 30 I 16 ............ 1 126 
C. Foster.. . .. . .... . .. . .... .. .. .... .... .. 10 58 ........................ 1 68 
Hollister Ames......................... 60 30 85 ............ ! 175 
Lutheran Cemetery.................... 25 100 70 ............ 1 195 
Judge Washburn....................... 106 ............ 1 H9 ............ ' 234 

~~~~:Ii~~~~~~.".e .. :: :::: :::: :::: :::::: l~~ :::::::::::: ~~ :: ::::: ::: ::1 m 
Horns Brewery .................... '... 10 100 180 .......... "1 290 
S. Hollister............................. 50 60 315............ 425 
Benderov, Cha,e Co................... 39 I present .. present .............. 1 185 
Ed. Couske............................. 40 41 ........................ 1 81 
Northern Hospital( 1).................. 60 240 414 248 I 962 
Algoma Btreet(1) ................ ..... 92 208 380 15 695 

1 Gpolol!'.\· of Wiscon,in. Vol. I r. Pll. 156-158, 

Winneconne. The population is 940. The water supply is from 
private wells, 20. to 40 feet deep, many of which are flowing. The re
cord of one of the flowing wells, one foot head, drilled by vVm. Miller, 
is as follows: 

Section of well drilled by Wm. Miller, 1888. 

Formation. I Thickness. 

:Iav ......... ~ .......... ~.-........ =.~ .. :~ .. -~ .... -~~: ........... ~~~~ ... ~~~.l Fe~r 
G1'a,'el and sBnd {abundant wILter rose to 6 feet)..................................... 6 
Clay. 11'1'&\'81................................................. ...... ...................... 84 
Ora vel and sand (flow1)................................................................ 40 
Clav...................................................................................... 30 
Upper Cambrian (Potsdam) sandstone, flows at 210 feet. risp to 2 feet above cnrb. 236 
Grani, e, (bottom of well) ........................................................................... .. 

TotaL................................................... ............................. 426 

Further drilling did not increase the head, but there was a decided 
increase in quantity. 

Many other flowing wells are found in and about \Vinneconne that 
get their flow from gravel ~nd sand seams in the drift. (See page 93). 

Omro. At Omro the water supply is obtained. from three sources, 
the Potsdam sandstone, the Lower Magnesian limestone, and the sand 
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and gravel seams in the drift. Since the limestone in the valley is only 
10 to £0 feet thick and the water is obtained from crevices, it may be 
supplied either by sandstone below or by gravel above. Numerous shal
low artesian wells are fouild along the banks of the Fox river. Between 
the two creameries, a distance less than half a mile, are seven flowing 
wells. 

In the shallow flowing wells are found about 20 feet of red clay, over
lying 6 feet of hard pan, and 2 feet of sand. 

Section ot Abe McAssay's Artesian Well, Ornro. 

Rtrata. I Th ckne~s. 
------------------------- -----

Fte:.. 
Clay ...............................•...•................. "0........ .... .... .... .... ...... 30 
Ha['opan . ... . .... . .. . . ... ... .................................................. ....... 48 
Lower Mag-"",ian limestone............................................................ 20 
{TPDSl' C .. mbrian (Potsdam) sandstone....................... ................... ...... 360 

T)~pth ..... .-........... " ................................. " ...........•..... "... 458 

Neenah. 'fhe population of Neenah is G,734. '1'he water supply was 
originally taken from Lake 'Winnebago, but at present it is obtained 
from three 6-inch artesian wells, one 400, the others 622 and 672 feet 
deep. The ayerage daily pump age is 432,000 gallons. About 40 to 50. 
per cent of the houses are connected with the city supply. The sewage, 
without treatment, empties into the lake. Cess pools are not allowed. 
The three city wells draw their water from both the St. Peter and Upper 
Cambrian horizons. The level of the water in the wells varies with the 
elevation of the water in the lake. vVhen a strong wind from the east 
or southeast drives the water higher a6ainst the shore the water in the 
wells rises. Since the well casing extends a short distanc~ into the 
rock the water readily finds a passage through the porous sandstone or 
limestone into the lake, and therefore, will not rise higher than the lat
ter. A part of the water may thus be lost by seepage into the lake 
either from the sandstone or from the Trenton limestone. There is 
little doubt but what the water in the lake maintains the head of the 
water in the wells, although the well water is entirely supplied by the 
St. Peter and Upper Cambrian aquifers, unless through pumping the 
water in the wells is kept far below the surface. The wells are 50 feet 
apart in a northwest-southeast direction, and the water flows into a 
reserVOlr 20 feet deep that rests on rock and holds 190,000 gallons. 
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The pipe by which the water from the Hew weU enters the reservoir is 
8 feet higher than the pipe from the old well which enters at the bot
tom of the reservoir 20 feet below the surface. "When the water is 
pumped down to the bottom of the reservoir the new well is shut off and 
only the supply from the old well is used, since lowering the water in 
one well lowers it an equal amount in the other. The daily capacity of 
the wells is about 800,000 gallons. 

Log of Neenah city well. 

tf'ormation. Thiel"" ss. 
"-"------ ----

Feet. 
!)rift.. .... .... ..... ... .... ..... ....... ........ .... .......... .... ........ .... . ... .... ...... 18 
Galena-Platteville ('l'J'enton) limestone ............................................ 87 
St. Peter 'andstone..................................................................... 27 
Lower Magnesian limestone............................................................ 116 
Upper Cambrian (Potsdam) sandstone. 

Red marl... ... .... ..... ....... .... .... ..... .... ........ ................ ........ ...... 33 
White sandstone..................................................................... 28 
Red sandstone and marl............................................................ 43 
Sandstone ........... '" .... .... .... .... . ... .... .... .... ........................ . ... . . 56 
Blue limestone................................................. ..................... 8 
Sandstone ........................................................ " ..... .... .... .... . . 206 

Total depth.;.................................................................. 622 

Besides these city wells there are a few. others that get their supply 
from the Trenton limestone or pass directly from the drift, which here 
varies greatly in thickness, into the St. Peter sandstone. Three records 
will be given showing these conditions. The two wells of G. Donald '8 

flow 5 feet above the surface. 

Sections of Neenah wells. 

OwnE'r. 

Mr. Davis .................................. .. 
G. Donald ................................... . 
G. Donald ................................... . 

I Trenton 
__ D_fl_f_t._llIm""tooe. 

Feet. 
32 

113 
113 

I Fit. 
St. Peter 

s&ndstone. 

Feet. .............. 
83 
92 

Total 
" deptb. 

Feet. 
80 

196 
205 

Menasha. The population of Menasha is 6,081. The city water sup
ply is obtained from the Fox river, depth of intake being 12 feet. The 
average daily pumpage is 336,000 gallons. Ahout 35 per cent of the 
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houses are connected with the city supply. The sewage, ;vithout treat
ment, empties into the Fox River, below the intake. 

There are several flowing wells in Menasha. The well drilled by the 
Gilbert Paper Company, 575 feet deep, was never: cased and soon filled 
up. There was too much iron in the water to use it Jor papel' manu
facture, but for drinking purposes the water was excellent. In the 
other deep wells the water is obtained from the St. Peter sandstone, as 
in that of V. Landgraf, 275 feet deep, and of Wm. Hewitt, 500 feet 
deep. Thg conditions for underground water supplies in Menasha are 
the same as in Neenah, as above described. 

QUALI'l'Y OF THE WATER 

The mineral analyses of various water supplies of Winnebago county 
are shown in the following tables. Nearly all the waters analyzed are 
hard calcium and magnesium carbonate waters of moderate mineral 
content. The surface waters from the Fox river and Lake 'Winnebago, 
which furnish the city supplies for Menasha'and Oshkosh, contain about 
one-half as much mineral matter as the well waters of the adjacent 
locality. For boiler purposes, therefore, the surface waters are better 
than the well waters, but surface waters are likely to become polluted 
by organic matter and the. development of bacteria, and hence do not 
furnish as good a supply for drinking purposes. 

There are about 1.36 pounds of incrusting solids in 1,000 gallons of 
the Lake Winnebago water, as shown in No.8, only slightly more than 
that in Lake Michigan water, while the well waters generally contain 
2 to 3 pounds of incrusting solids in 1,000 gallons. 
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Mineral Analyses of Water in Winnebago County. 

(Analyses in part. per million) 

Fox Ui,·er. Lake Winnebago. 
------- - ----- -----,-----

1. 2. 13. 4. 5. 6. 17. 8. 9. 

~e.pth of welL. ............. feet .................. /...... _! _[ ...... ...... ...... _? 
SIlIca (~i02)"""""""''''''1 !.4 6.9 ~.9 3.9 
Alumhllum and Iron oxidtos undt. undt. undt. undt. undt. 

(AI20S) .............. :......... 10. I 3.6 2.4 1.5 
CalcIUm (Ca)..................... 34.0 26.2 23.0, 33 9 I 34.4 35.4 32 8 33 4 26.2 
~1agnesium (Mg)........ ......... 19.1 12.4 15.6' 19.0 184 20.4 16:2 19:0 12.4 
S(\dium and pota •• ium (Na+K) 14.4 6.7 14.11' 18.5 4.2 8.7 5.9 94 6.9 
Carbonate radicle (COs) ......... 107.0 66.4 sa.S 110.8 900 101.8 61.6 88.4 66.4 
Sulphate radicle (1304)........... 6.6 109 76 6 0 11.9 13.9 49.3 29.2 10.9 
Chlorin~ (01)..................... 5.1 6.2 35[ 6:1 5.2 5.3 5.3 6.4 6.1: 
Organic matter.................. ........ ........ 10 ......... ,.. ...... 8., 8. .. .... 1 ...... .. 

::::;:~:S:I::~t:;~i·~~:::::::::::fi~F ~F Tsi~·I~~I~~~ ~~ ~~~~ii 

Depth of Well. .................... feet../
I : I :: ~~I ::I~i :: - ':. 

Silica \8i02) ............................. l I 

A~e~b~~~~.~~~ .~~~~ .~~.i~~~ .. (.~.I:~:~, f 3.4 7.5 8.5 2.3 11.4 I undt. 3.9 

I ~utlace d~lJ(}.il.s. 

Iron (b'e) ....... , ........................ j........ ........ 0.4 ................ I ................ .. 
Calcium (Ca).................. .......... 106.0 15.1 sa.5 34.6 667 73.1 77.5 
Magnesium (MgJ ........................ 

1 
53.5 53.0 I 16.0 42.8' 391 48.2 37.6 

Sodium and potassium (Na+K)... ..... 25.3 58.9 3.7 4.6 15.0 5.5 9.5 
Carbonate ra.dicle"(C0 3) .............. "1 277.7 142. 25!.0 159,0 191.8 173.2 1903 
SulvhateradlC1e (~04).................. 58.2 137. a.2 7.5 31.8 61.0 30.7 
Chlorine (CI) ........................... '1' 12.2 3.2 1.8 1.5 5.5 18.81 14.6 
Nitrate radicle (NOs) ................... :..:..:..::..:..:..: :..:.:..::..:..:..: :..:.:..:..:.:.~::..:..:..::..:..:..: :":":"::":":":I_~~ ~~:..:.:..:. 

Total................... ........... ....536. 417. I 372. 251. 361. I. 39;;. 364. 

1. Fox River at Menasha, Analyst, G. N. Prentiss, Feb. fl, 1909. 
'2. Fox River at Oshkosh, Analyst, G. N. Prentiss, April 28, 1913. 
3. Fox River at Menasha. City Water Supply, Analyst, Dearborn Drug & Chern. Co., 

Nov. 11, 1907. 
4. City Water Supply, Menasha, Analyst, G. N. Prentiss. Feb. fl. 1909 
5. City Water Supply, Menasha, Analyst, G. N. Prentiss, lone 29, 1911. 
6. Lake Winnebago, City Water Supply, Oshkosh, Anolyst. Dearborn Drug & Chern. 

Co., Jan. 17, 1911. 
7. Lake Winnebago city supply after passing through w:;,ter works filter system. 

Analyst, Dearborn Drug & Chern. Co., Nov. 21, 1911. 
8. Lake Winnebago, Oshkosh, Analyst, G. M. Davidson. lone 23, 1896. 
9. Lake Winnebago, city water supply. Oshkosh from Paine Lomber Co., Analyst, G. 

N. Prentiss, April 28, 1913. 
10. Wen of C.M. & St. P.Ry. Co., Menosha, Analyst, Chemist, C. M. & St. P. Hy. Co., 

July 13, 1891. 
11. Wen of C. M. & St. P. Ry. CO.,Menasha, Analyst. Chemist, C. 1u. & St. P. Hy. Co., 

Sept. 8, 1889. 
12. wen of Mr. Wadkins, Oshkosh, Analyst. A. R. !'iot.ze. 
13. Well of C.M. & St. P.Ry. Co., Winneconne, Analyst. Chemist, C. M. & .::It. P. Ry. 

Co .. Sept. '9, 1889. 
14. Wen of C. M.&St. P. Ry. Co., Oshkosh, Analyst. Ch .. mlst, C. M. & St. P.,Aug. 

10, 1889. 
15. Well of C. M. & St. P. Ry. Co., Oshkosh, Analyst. G. !'. Prentice, Mar. 21, 1912. 
16. Well of C. M.& St. P. Ry. Co., Picketts, Analyst, Chemist, C.M. & St. P. l'ty., 

Aug. 12, 1889. . 
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WOOD COUNTY 

Wood county, located in the central part of the state, has an area of 
785 square miles, and a population of 30,583. About 54.8 per cent of 
this county is laid out in farms, of which 38 per cent is under cultiva

. -tion. 

SURFACE FEATURES 

The surface of Wood county is a nearly level plain gradually rising 
to the highest land in the northwestern part of the county, where the 
glacial deposits are relatively thick. The southern part of the county 
is a level sandy plain containing large areas of marsh land requiring 
drainage. Elevations vary from 1,000 feet in the southern part to 
over 1,300 feet above sea level in the north\vestern part, about Marsh
field. Powers Bluff, near Arpin, is a prominent ridge of quartzite, ris
ing 300 to 400 feet above the adjacent area. The upland soils are very 
generally silt loams and sandy loams. Light phases of sandy soils char
acterize the level plains in the southern part of the county. 

GEOLOGICAL l!'ORMA'l'IONS 

The geological formations (see Fig. 61) are like those of Portage 
county, the crystalline formation either outcropping or being near the 
surface in the northeastern part of the county. Glacial drift is in thick 
deposits only in the northwestern part of the county, and the alluvial 
gravel and sand is abundant along the Wisconsin and Yellow rivers 
in the southern part of the county. 

The thickness of the surface formation of glacial drift and alluvial 
sands is quite variable. The maximum thickness of the drift is between 
150 and 200 feet, and a similar thickness of the alluvial filling in the 
principal valleys also pJ'evails. The thickness of the Upper Cambrian 
·Potsdam) sandstone is variable on account of the extensive erosion of 
the strata, the greatest thickness being preserved in the sandstone 
mounds and ridges. The approximate range in thickness of th~ g('olog
ieal formafions ill:l:' be summarized as follows: 
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Approximate range in thic1cne., 01 loNfUJtion8 in Wood County. 

Formation. Thickness. 

Feet. 
Surface formation ...................... ,............................................... 0 to 250 
Upper Cambrian (Potsdam) sandstone ..........••.....••....•........ ,............... 0 to 250 
The Pre-Cambrian granite ..... : ................•.........•.......................................• 

WATER-BEARING HORIZONS 

The water bearing strata are mainly the alluvial sands, the glacial 
drift and the sandstone formation. Most streams have cut down to the 
crystalline rocks and most wells are very shallow. On the highest drift 
covered uplands near Marshfield, a few wells are from 100 to 200 feet 
deep in drift. 

WATER SUPPLIES FOR CITIES AND VILLAGES 

Grand Rapids. This city having a population of 6,521, is located 
on the Wisconsin river, on the site of extensive water power. Crystal
lirie rock, partly weathered to clay, outcrops along the bed of the river. 
No sandstone is reported in the city, but a few miles to the north and 
the west it forms prominent ridges. Alluvial sand and. gravel lies di-

" v 

Fig. 72.--'Geologic section in the vicinity of Grand Rapids showing the relation of 
the alluvial sand and gravel to the Pre-Cambrian granite. 

rectly upon the crystalline rocks to a depth of 10 to 30 feet in the east
ern part of the city, and gradually increases in depth to the south and 
east. See Fig. 72. The private wells are from 20 to 40 feet deep. At 
the present time the city water supply recently installed is pbtained 
from a system of shallow wells or springs 6 to 24 feet deep, located 
near the river. An intake from the river is connected with the sys
tem to be used in case of emergency. The a.erage daily pump age is 
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300,000 gallons. About 40 per cent of the houses are connected with 
the city supply. The sewage is emptied into the river. 

The city supply was increased in 1913 by installing a pumping sta
tion connected with a system of shallow wells in the sand in the eastern 
part of the city. 

Marshfield. Marshfield, having a population of 5,783, is located up
on a relatively thick clayey drift ridge, which gently slopes towards 
the south and the north. The private wells in the city vary in depth 
from 10 to 20 feet up to 95 feet. The depth of drift over the granite 
varies from 40 to 90 feet. The large well of the Upham Manufacturing 
Company, the deepest well in the city, has a total depth of 130 feet, 90 
feet in drift and 40 feet in the granite. An increase in the supply was 
obtained up to a depth of 20 or 30 feet in the granite, but little or no 
increase beyond that depth. 

The present city water supply!, reconstructed in 1907 and 1908, 
consists of a tubular well system connected with an impounding re
servoir located in the southern part of the city. There are 16 wells, 
12-1nch casing, driven to the granite rock 58 to 70 feet deep, spaced 35 
to 40 feet apart. The drainage area feeding into the surface gravel 
and sand, in which the system is located, is about 417 acres. To provide 
for impounding the surface water to form an auxiliary supply, a dam 
1,700 feet long was built across the small creek valley. The: aycrage 
iaily pumpage is 350,000 gallons. 

The sewerage is treated with septic tanks and filters, and empties in
to the creek below the dam. 

Pittsville. Pittsville, (;):pulation 450) is located on a plain onYel
low river. Granite outel"Ops along the river, but away from the river 
the .granite is usually effectually covered with the beds of sandstone, 
and shallow deposits of surface clay and sand from 5 to 15 feet thick. 
The wells are quite generally shallow, from 10 to 30 feet deep. 

Nekoosa. Nekoosa (population 1,750) is located on the Wisconsin 
river at the site of extensive water power. Granite forms the bed of 
the river, with the formation of sandstone and' alluvial sand and gravel 
overlying the granite. The wells are generally shallow, from 10 to 30 
feet deep. 

A city supply was recently installed, the supply being obtained from 
a 60 foot well, 40 feet in sand and gravel and 20 feet in the underlying 
granite. This supply, however, was unsatisfactory, the water being 
high in iron. A new and satisfactory supply is now being installed. 
the source of the supply being several springs located near the western 
part of the village. 

1 W. G. Kirchoffer, Wis. Municipality ,Vol. XI, pp. 114-119, 1911. 
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QUAUTY OF THE WATER 

The mineral analyses of various water supplies of 'W ood county are 
shown in the following table. Some of the waters analyzed are hard 
waters, while some are soft. All are calcium carbonate waters of either 
low or moderate mineral content. .Alkalies ar8 a relatively important 
constituent on account of the presence of the crystalline schists and 
granitic formations that are generally near the surface. 

The analyses, Nos. 1 and 2 are of the former city water supply of 
Grand Rqpids. Analysis No.3, is of the present city supply of Marsh
field and shows this water to contain only 1.41 pounds of incrusting 
solids in 1,000 gallons. 

Mineral analysis ot water in Wood County. 

(Analyses in parts per million) 

Wisconsin II. Surface Dl'llOsits-alluvial sand. 
River. 

____________ :_1. ___ 2._!_3. ___ 4_. _!~:_fi_'_I~ _8_'_1_~ ~ 
Depth of well ............. feet..I ...•...... "136 22 j 22 ' 22 I 22 55 60 61 & 74 
Silica (Si02) ................... j. 15.92 18.32 ~ : lfi.fj' I 
Aluminium and i1'On oXides\). 3.8 8.38! 3.9 10.5, 0.9 2.7 2.7 

(AI203+Fe203)....... .... ... .51 .68

1 

1 
Calcium (Ca).................... 13.6 11.80 39.52 71.29 61.0 75 .• 68.h 7.2 19.0 15.5 
lVIag-ne.,ium (lVIg)................ 5.5 5.63 14.77 20.59 16.9 21.~ 17.1 3.1\ 6.9 7.6 
Sodium and potassium INa+K) 6.0 3.38 7.82 17.99: 23.3 21.6 15.1 5.1 13.4 6.3 
Carbonate ranfcle (C03) ....... 39.4 25.70 99.29 96.13 99.fi 87.3 129.5 23.3' 59.61 45.4 
8ulphateradicle (S04).......... 1.5 15.90 2.12 109.95 8.~.OI151.5 46.2 1.5 2.1' 4.4 

g~!~~i'ce ';'C~{t~;::: ::::: :::: ::::: .. '~:~I~~ ~~:~~ ~~:~~ .. ~~:~ ~~~::I .. :~~ ~ .~:~ ~·~:~.I~·~:~, 
Total dJh'Solved solids....... 71. 79. 188. 3H. 313. 376. 299. 42. 105.' 83. 

1. Wisconsin River, City Water works, Grand Rapids, Analyst, Chemist, C. 1\1. & f't. 
P. Ry., Nov. 30, 1895. 

2. Wisconsin River, Reservoir of City water works, Grand Rapids, Analyst, G. :.\1. 
Davidson, Mar. 8, 1901. 

3. Wen of city water works, Marshfield, Analyst, G. M. Davidson, .Tune 11. 1909. 
4. Well of C. 1\1. & St. p. Ry. Co., Grand Rapids. Analyst, Chemist, C. M. & St. P. 

R.I'. Co. Oct. 7, 1896. 
5. Wen of C. M. & St. P. Ry. Co., Grand Rapids, Analyst. Chemist, C. M. & St. P. 

Ry. Aug. 5, 1892. 
6. Well of C. 1\1. & St. P. Ry. Co., Grand Rapids, Analyst, Chemist. C. M. & St. p, Hy., 

.Tune 5, 1894. 
7. Well of C. M. & St. P. Ry. Co, Grand Rapids, Analyst. Chemist, C. M. & St. P. Hy. 

Co" Nov. 30, 1895. 
8. Wen of C. lVI. & St. P. Ry. Co., Babcock, Analyst, Chemist. C. l1. & St. P. R.I'. Co .. 

.Tau. 1, 1892. 
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Dorchester, wells at ...... , . . .... . .. 271 Nau Claire .County, description of 323-326 
Douglas Comity, description of.! .. 314-318 geology of ....... ;........ .•.. 323 
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analyses of ............. . 596 geology of ..................... 361 
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of ..................... 59-60 
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Hay River valley, prospects for 

flowing wells in ......... . 
Hayward, public water supplies at. . 

wells at ................•...... 
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, in water of lakes ............. . 
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of, analyses of ........ 218,328 geology of ................ 427-429 
Long Lake (Waupaca Co.), analyses flowing wells in. . . . . . . . . . . . . . . . 430 

of, water of. ........ ,. 215,622 water supplies of, quality .of. . . . 433 
description of', see Table 41. 

Long Lake (of particular counties), 
description of, See Tables 
42, 43 and 44. 

analyses of, table of ....... . 
average analyses of ........ . 

Maquoketa shale, description of. .. 
See Cincinnati shale; Plates I 

434 
169 

36 

Lowell, analyses of .... , ....... · .. . 305 and II. 

wells at 'creek near ........... . 308 Marathon City, wells at .......... . 439 

Lower Magnesian limestone, descrip- creek near, water of, analyses. 

tion of .................. 32-33 of ..................... 440 

springs in ................. 116,117 Marathon County, description of. 435-440 
t . 33 geology of ........... . . . . . . . . . 435 

wa er III • . • • • • . • . . . • . . . • • • • . • . water-bearing strata in. . . . . . . . . 436 
quality of .............. 175, 176, 191 water supplies of, quality of.... 439 
See also, Plates I and II; par- analyses of, table of. . . . . . . . 440 

ticular counties. 
Loyal, public water supplies at. .. 136, 272 average analyses of. . . . . . . . . 213623 

1 272 Marengo, wells at. ............... . 
wei s at ...................... 515 Maribel, spring at, water of, 

Luck, wells at................. . . . analyses of ....... . . . . . . . . . 434 
Lyndon, creek near, water of, Marinette, public water supplies at 136,445 

analyses of ............. ~~: salt water at. .............. 172,447 
Lynn, water at, analyses of. . . . . . . . wells at ....................... 445 

M. 

McCoy, water at, analyses of...... 477 
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rainfall at ..... . . . . . . . . . . . . . .. 19,20 
springs at ..................... 291 
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interference of ............. ~u5 

records of ............... 292, 29·1 
water of, analyses of. . . . . . . . 300 
yield of .......... 59, 292, 293, 295 
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head of ............. 78, 108, 445 
records of .' . . . . . . . . . . . . . . . . 443 
water of, analyses of. . . . . . . . 447 

Marinette County, description of .. 441-447 
geology of ........ . . . . . . . . .. 441-443 
water-bearing strata of..... .... 444 
flowing wells in. . . . . . . . . . . . . . . . 445 
water supplies of, quality of. . . . 446 

analyses of, table of........ 447 
average analyses of.. . . . . . . . 165 

Marion, wells at. . . . . . . . .. . . . . . . . . 621 
Markesan, wells at. . . . . . . . . . . . . . . . 364 
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Marquette County, description of. 448-450 

geology of ..... . . . . . . . . . . . . . . . 448 
flowing wells in. . . . . . . . . . . . . . . . 449 
wafer supplies of, quality of.... 450 

analyses of, table of. . . . . . . . 450 
Marshes, description of. . . . . . . . . . . . 18 
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weIls at ...................... 638 weUs at ............... . . . . . . . 541 
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wells at ...................... 392 Milwaukee, public water supplies at 
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water at, analyses of.......... 308 salt water at ............ '. . .. 172, 462 
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at ................... 136, 297 analyses of .............. 462-467 
water at, analyses of.......... 299 Milwaukee County, description of 451-467 
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Medford, public water supplies at 136, 575 

weIls at ...................... 575 
Medina, flowing well at. . . . . . .. .. . . 93 
Medina Junction. flowing weils at.. 93 
Mellen. public water supplies, at. 136,232 
Melvina, flowing weIls at ...... 68,69,470 

record of ............ ...... 471 
Menasha, public water supplies at 136,633 

weIls at ...................... 634 
water of, analyses of. . . . . . . . 635 
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flowing weUs in............... 453 
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of ................... 211 462 
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at ................... 136,368 

wells at ..................... .368 
water of, analyses of ...... 370-371 

tion of ........ , ........ . 
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record of .................. 321 
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Mequon, wells at, record of. . . . . . . . 495 
saIt water at.. . .. .. .. .... 172, 499 
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welIs at ..................... 484 

lakes near, water of, analyses 
of ....................• 587 
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. : geology of ... ' ............• '. . • . 468 water in . . . • . . . . . . . . . • . . . . . . . . 37 

.:fiowiIig wells ill............. 469-473 analyses of, ·tables of... .. 182, 183 
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. water ot, allli.IYses of ..... 516,517 rainfall and,runolf of... ..... ... 21 
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OshkoSh. public water supplies at 1,38,630 'spring at, ailalyses ,ot....... 616 
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analyses of,table of......... 493 water supplies ot, quality of. ..•. .510 
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Polk County, description of ...... 511-517 elevation of, deep wells' ......... 28,29 
geology of ..................•. 1111 also shown on geologic map, 
fiowing wells In...... 98, 106, 512, 513 Plate 1. 

prospecting for ............. 106 fiowlng wells in. . . . . . . . . . . . . . . . 87 
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evaporation of, description of... 20 River Falls, public water supplies at 
tluctuation of, at Madison dla- 138, 509 

gram of ................ 20 wells at, records of ............ 509 
Rainfall and runot!', description of .. 20-22 water of, analyses of ....•.. 510 

etIect of temperature on....... 20 River systems of Wisconsin, descrip-
on Wisconsin rivers, tables of. .. 21-22 tlon of ................ 15-18 

Rams, hydrauliC, used at artesian 
wells ... . . . . . . . . . . . . . .. 70, 253 

Randolph, public water supplies at 
HI8,305 

Ra.ndom Lake, water of, analyses of 
218,572 

Random Lake station, water at, 

Rivers, water supplies of, description 
of ........... 204-207,210-214 

bacterial content of .......... 205-207 
chemical quality of. . . . . . . . . 210-214 
mineral analyses of, tables of. 211-213 
puritlcatlon of .............. 157,158 
See particular river8. analyses of ....... 172, 572, 573 

Ranney, wells at, record of ...... _. _ 398 Rock County, description of ...... 536-543 
Readstown, public watl!lr supplies at geology of .................. :. 537 

188,584 tlowing wells in.. . ...... .. . . ... 538 
wells at .. ; ................. _ . 584 water supplies of, quality of. . . . 531 

head of ...... . . . . . . . . . . . . . 72 analyses of, table of. . . . .. 542-543 
Red Ceda.r, water at, analyses of... 322 average analyses of.:....... 167 

42-W. S. 
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Page 
Hock River, water of, analyses of 

211, 308, 1142 
Rock River system, description of.. 16 

rainfall and rnnoff of. . . . . . . . . . 21 
Rocklleld, llowlng wells at......... 83-84 

record of •...•..........•.• 84 
water at, analyses of........ 607 

Rockford, Ill., head· of, wells at ... '. 711 
RoClkland, llowlng wells at .•.......• 67,68 

head of ..................•... 67 
Roekton, llowlng ~ells at ....... 71,72,584 

head of ....................... 72 
Root River, water of, analyses of. 211, 531 
Rosholt, wells at.. . . . . . . .. . . . . . . . . 520 

water of, analyses of.......... 521 
Rubicon, water at, analyses of... . . 308 
Rubicon River, 'water of, analyses of 606 
Rugby, Junction, wells at. . ........ 601 
RuShford, 1I0wlng wells at.......... .911 
Rush River Valley, prospe'cts for llow-

Ing wells in............. 106 
Rusk Connty, 'description of ...... 544,545 

ge'l1logy of .................... 544 
water supplies of, quality of. . . . . 545 

S. 

St. Cloud, lake at, water of, analY/iles 
of .............•....... 342 

St. C'roixan sandstone. See Upper 
Cambrian. 

St. Croix County, description of .. 545-552 
geology of ........•....•.•••.. 546 
llowlng wells In .....•..•• 98,547,548 

prospecting . .for ............ 106 
springs in •................... 549 
water suppllell of, ..IIuallty of. . . . 551 

analyses Of,.~ble of. . . . . . . . 552 
average analyses of......... 165 

St. Croix Fans, public water supplies 
at ..................• 138.514 

springs at .................. 117, 514 

St. Petel'! sandstone, wells- ,ln, arte
sian (with Upper Oam-

Page 

brian) ............... 63, 79-81 
prospecting for .......... 109, 110 

See alBO Plates I and II, pat:
ticular oOllntie8. 

Salt Water, description of ...•... 144,145 
location and sonrce of. . . • . . • • • . 172 
at Florence ..............• . 328, 329 
at Prairie du Chien....... ....• 287 
at Sheboygan ...........•... 571,573 
near Osceola................ 516, 517 

Sanborn, wells at................. 232 
Sawyer County, description of. . .. 559-660 

geology of .................... 559 
water supplies of, quality of.... 560 

Sauk County, description of ..•..• 552-658 
geology of ................. 553, 554 
1I0wlng wens in. . . . . . . . • • . . •• 554-505 
water supplies of, quality of. . . . 557 

analyses of, table of. . . . . . . . • 558 
average analyses of ........ 165 

Sauk City, wells at. . . . . . . . . . .. . . . . 557 
Saukville, water at, analyses of.... 491 
Saxon, wells at. . . . . . . . . . . . . . . . . • • 373 

water ot, analyses of........... 374 
SaXeville. tiowlng wells at......... 93 
Rcale, formation of .............. 147-150 

classillcation of water, In respect 
to ..•................ 148,149 

prevention of. . . . . . . . . . . . . . .. 149, 154 
in water at Madison .......... 149,150 

SchleischlngervlJle, waters at, 
analyses of ........... 606,607 

Rchultz, A. R., work of, description 
of ..............•....•• 1-3 

indebtedness to ................ . 8 
Sewage purillcation, description of 

158,159 
."Iee par-ticular oities. 

~hakopee dolomite, description of .. 
!'lee Lower Magnesian; Plates 

'I and II. 

32 

Sharon, publiC water supplles at .. 138,595 
~hawano, puhlic water supplies at 138,562 St. Croix River system, description 

of .................••.. 16 wells at ........ ' ... I • • • • • • • • • • 562 
21 wlL,ter. of" analyses of. . . . . . . • 564 rainfall and runotr ot' . .....•.•• 

St. Croix River Valley, prospects for 
1I0wing wells in .••....... 

St. Lawrence formation, description 
106 

~hawa;IW County, description of .. 560-564 
geology of .................. 561, 51W1 
water' supplies of, quality of. . . . . 564 

ans-lyses ,of. table of........ 564 
of ................•..••• 

See also Plates I. and II. 
31 ShebOygan, P!lbllc water . suPplies 

St. Peter sandstone, description of.. 33-35 
springs in ...............•.. 117, 118 
water In ..............•.....•• 34 
quality of (considered with Upper 

Cambrian) ..... '. . . . . .. 175-179 

at ................. 138, 068 
wens.at ........ :............. 569 

·head of ................... 79, 80 
record of .................. 569 
watc'r of, analyses of ..... 573; 574 

mineral water at. . . . . . . . . . . .. 569,674 
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Page Page 
Sbeboygan County. description of 565-514 Springs. mineral. description ot ... 121-126 

geo.logy of .............•.... 565. 561 analyses of. table of ....... ; . . . . 124 
-flowing wells In .. · ............ 567,568 list of ...... , ... . .. . . .. . . .. .. . 123 
water 8u~pl.ies of •. quallty of.. 570. 571 liee llineral Waters. 

analyses of. table of ...... '572. 574 Sprlng~. pollution of. ............. 60-61 
average .analyses of......... 169 Spring Green, wells at............ 557 

Sbeboygan Falls, wells· at. . . . . . . . . . 569 
artesian bead of ........... 79,108 Spring Valley, public water suppUes 
record of .................. 569 at ......... , ......... 138, 510 

',water of, analyses ot.·........ 574 wells at ...................... <";ltO 
Sheboygan .Rtver , water of, analyses Stabler, H., referred to ...... 1;48,151,153 

of ............... .211,434,572 Stanley, pubIic .. water supplies at .. 138.268 
Shell. Lake, public water supplies at wells at .•.................. < • 268 

138, 009 Stevens Point, public water .supplles 
wells at ..............••...••• 599 at ................... 138, 519 

Shull&!urg, public water supplies at 419 well .. at ..............•••..... 519 
watllr at, analyses of ............ 420 St ts vlll 11 t 575 

Silica, in water.................. 128 e on e. we sa ....•..... ···· 481 
elfoct of ...................... 157 Stiles, wells at ................... . 

Silver Lake (at Portage) w,ater of, Stoddard, flOWing wells at ........ 64,584 
analyses of ............. 279 head ·of .... '.' . . . .. . .. . . . • .. . . • 64 

Sliver Lake, description of, of various S~Q)1ghton, public water supplies 
counties, in Tables 41, 42 and 43. at ................... 138 •. 296 

Silchter~ C. S., referred to .. 47,50.56,58 wells at, recQrd of. . . . . . . . . . . . . 296 
Smith', E. G .• referred to........... 8 water of, analyses of ..... 299-300 

. Sodium, in water................. 129 8tratford. creek at, .water of. 
elfect of ................... 156, 157 analyses of ............. ,440 

Soils, description ot. .............. 22,23 Strum, flow\·ng weIls at ........... 66,,578 
mechanical analyses of......... 23 Sturgeon Bay, public water supplies 

Soldier's Grove, pubUc water supplies at ................... 140, 313 
at ................... 138, 287 wells at ....................... 313 

wells at ................. 71, 72, 287 Sulphates, In water, elfect of. . . .. 130, 156 
Eolon Springs, wells at. . . . . . . . . . . . 317 
Somers, well at, record of. . . . . . . . . . 399 
South Gel'mantown, flowing wells at 83--85 
South MUwaukee, public water sup- . 

pIles at ... ;.......... 138, 469 
·wlI:ter of,analyses of.......... 464 

South 'Bllumt>ipb, wells at, record 
of ......... ,............ 306 

water of, ana.lyses of. .. '.' . . . . . . 309 
S1!aFta,publlc water supplles at .. '138, 473 

wells at,' artesan .. , .'. 67,69.470-472 
bead of ........... -. . . . .. 67, 470 
l'ecordof .................. 471 
_tel' of. a_lyses of. . . . .. 475. 477 

SPQoner, publle·wa.tersupplies at. 138,598 
wells at. record of ... ' . . . . . . . . . . . 599 

,'Water of, analyses of. . . . . . . . 600 
Springs, ides~iptklR of. . . . . . . . .. 114. 121 

, deeJIseated ...........•.....•• 115 
. seepage .................... 114. 120 
In drift ................ _ .... 120-121 
in Nia.rap. H'mestone ........ , 118-119 
lin , Pre-Cambrian crystalline ·rocks 116 
in',St. Peters. sandstOne •..... 117-118 

. in Upper Cambrian .,s&Ddltone, 116-117 
,See particular coufffMB. 

Summit Lake, description of ...... Table 43 
. water of. analyses of........ 218. 423 

Sun Prairie, public water supplies 
at ................... 140.296 

wells at, record of ......... , ... . 297 

~vJilerlpr. public water supplies at 
140,316--317 

water at. analyses of.. . . . . . . . . . . 318 
,wells at .................... 316.,817 

Ibl'tetiian. ~ad of .......... 98. 316 
reoord of .................• 317 

Surface formations, descrlption of. 
.'{ee l\}eistocene formations;. allu

vial deposits; Lacustrlite 
deposits; Drift; Loess. 

Sllrface formations, flowing weHs in. 87-98 
ne!L.r Lake Michigan. . . . . . . . . . .. 88-89 
.near Lake Superior ........ _ .... l!7--98 
In Fox river yalley. . . . . . . . . . . .. 90-95 
)n Rock river :vaUey. . . . . . . • . • .. 96--91 
In Wolf j river valley . . . . . . . • . . . 95 

prospecting. for, Qf\w!n.g wells 
in .................... 110,.111 

springs In ..... _ ... __ ... , 120. 121 
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, . ~~I ~~ 
Surface water, description of ..... 203-222 . Trout Falls; /Iowing wells at ...... 67, 470 

, chemical quality of ........ 210-231 Trout Lake, description of ........ Taple 43 
See Lake Water Supplies; River water of,. analyses of........ 216, 587 

Water Supplies. 'l'roy Center, water at; analy.ses of' 596 
Water 8upplie8 0/ particular coun- 'L'ruesdell, water at, analyses of... . 400 

tie8. . Tunnel, City, water at, analyses of... 476 
Sussex, water at, analyses of....... 618 Turtle Lake, wells at.............. 236 

T. 

Taylor, wells at. .. . .. .........•. .. 376 
Taylor County, description of ..... 574-076 

geology of ...................•. 575 
water supplies of, quality of;... 576 

Teller, E. E., referred to. . . . . . . • • . . 38 
Temperature, relation of, to preclpi-

tation'and runoff ......... 19,20 
relation of, to evaporatiO'D .... '20 

Terminal moraine, character of.... 31t, 40 
effect of, on artesian wells ..... ; 89, 98 
effect of, on springs .. 40,120,121,380, 

603,610 
See al80 Kettle Range. 

Terminal escapes, of artesian water, 
ell'ect of .............•.. 52, 53 

Terrill, flowing wells at .......... ;. 92 
Thiensville, spl'ing at, analyses of.. 499 
Thorp, public water supplies ,at .. 140,272 

wells at ...................... 272 

Tuscan, flowing wells at. . . . . . . . . . . 93 
Two Rivers, public water supplies 

at ..........•.......•. 140,43;1 
unfavorable artesian conditions 

in sandstone at..... 80, 81,109, 
430,432 

wells at ..... ;.......... 430, 431, 432 
flowing wells in limestone and 

gravel ................ 430, 432 
records of .............••.. 432 
water of, analyses of ...•••••. 434 

Two Sister Lake, description of .. Table 43 
water of,. analyses of ........ 216,485 

u. 
Underground water, mineralization 

of,described .......... 160-202 
correlation of by' districts and 

geologic formations .... 192-197 
factors influencing minerallza-

tion ................... . 196 
relation of mineralization to 

depth of . . . . . . . . . . . . .. 193-197 
564 Underground water, quality .of, in 

districts .............. 188, 190 

Thwaltes, F. T., referred to, 7, 357, 383, 
392,403,432,458,495,527,613 

Tigerton, river at, water of, analyses 
of ...................•. 

Tomah, public water supplies at .. 140,478 
wells at .......... ,........ ... . 474 

records of ................. 474 
water of, analyses of ..... 475,476 

Tomahawk, public water supplies at 
140,42' 

wells at ...............•...... 425 
water of, analyses of ..... . 

Tony, wells at ...... '.' ............. . 
Topography of Counties . . See under 

Sur/ace Fea.ture8 01 par
ticular countie8. 

Topography of Wisconsin, descrip-

426 
544 

, tion of ...............•... 13, 14 
Trempealeau County, description 

of ........ .....•....• 576-580 
geology o'f .................... 577' 
flowing wells in. . . • • . . • . . . . .• 577, 578 
water supplies ~f, qUality of. • • • 579 

analyses of, table of.... . . . . 580 
average analyses of. . . . . • . . . 16' 

Trenton limestone. See Galena-
Plattev11le limestone. 

'rrimbelle River Valley, prospects for 
t!owinJ we~ll! I" ••••••••. , 

District A soft water........ 162464 
table showing average quallty 

in counties.............. 163 
District B medium hard water. 164-166 

table. showing average quality 
in counties ............. . 165 

District C hard and very hard 
. water .. , ............. 166-168 

table showing average quality 
in counties ............• 167 

District D, very hard water ... 168-170 
table showing average 
quality in counties ••...•. 

summary of quality of bY' dis
169 

tricts ..........•...... 188-19Oc 
table showing average quality 

by districts .....•. ~ . . .. 189, 190 
diagram showing. . . . • . . . .. 193, 195 
map showing Plate V. ' 

L'nderground water, quality of, by 
,geological formation .... 173-188 

in alluvial deposits ...... '. . .. 186, 187 
in Cincinnati shale. . . . .. . • . . . . • 181 
In crrstalline 4rift............. 185 
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Pal!'! I 
Underground water, in Galena-Platte- Il'nde!"Jn'ound water, prospecting for. 

Page 
201 

ville limestone ........ 179-181 i 15ef! QUo Underground water, 
table showing average quality quality of; particular coun· 

in counties ........ ,... 180, 181 ties and places. 
i'n Lacustrine formations. . . . • . . • 187 Cpper Cambrian, wells in, artesian, 
in Lake Superior sandstone.... 174 description of. . . . . . . . . . .. 63-81 
in limestone drift. . . . . . . . . . .. 185-186 ><ee Artesian wells in Upper Cam-
in Lower Magnesian formations brian and St. Peter. 

176-179 ."ee also particular countie8 and 

in Niagara limestone. . . . . . . .. 182, 183 
table showing average quality 

in counties . . . . . . . . . . • . . . 182 
in Pre-Cambrian rocks ........ 173-174 
in St. Peter sandstone ....... 175,179 
in surface des posits . . . . . . . . .. 183-185 

table showing average quality 
in districts . . . . . . . . . . .. 184, 189 

in Upper Cambrian sandstone. 175-179 
table showing average quality 

in counties 176,177,179,181,191 
summary of quality of, by geo· 

logic formations....... 190--192 
Underground water, quality of, in 

counties. 
See particularcountie8; particu, 

lar di8trict8; particular 
. geologic formations. 

Underground water, quality of, in 
localities. 

See particular counties and 
placeB. 

Underground water, quality of, pros· 
pecting with respect to. 199-202 

See also Water Supplies, pros
pecting for 

places. 
Gpson, WE'lls at .. ' ......... j • •• • • • 373 

V. 

Veatch, A. C., referred to......... 3 
Vernon County, description of .... 58Oc-585 

geology of .................... 581 
flowing wells in. . . . . . . . . . . . .. 582, 583 
water supplies of. quality of. . . . 584 

analyses of, table of. . . . . . . . . 585 
average analyses of.......... 165 

Victory, wells at... . . . . . . . . . . . . . . . 584 
Vilas County, description of. . . . .. 585-587 

geology of .................... 585 
water supplies of, quality of.... 586 

analyses of, table. . . . . . . . . . . . 587 
average analyses of......... 163 

Viola, public water supplies at ... 140,535 
wells at, head of. . . . . . . . . . . . . . . 72 

Viroqua, public water supplies at 140, 583 
wells at ...................... 583 

w. 
Wabeno, water at, analyses of. . . . . 345 

Underground water, source of ..... . 44 Walcott, C. D., referred to. . . . . . . . . 30 

See' also Artesian water; Water 
Supplies. 

Walworth County, description of. 588-597 
geology of .... ,. . . . . . . . . . . .. 588, 589 
flowing wells in ............ '. . . . 590 Ulrich, :E. 0., referred to.......... 30 

Union Grove, public water supplies water supplies of, quality of. . . . 595 
at ...... . ... ~ . . . . . . .. 140, 529 analyses of, table of...... 596, 597 

wells at, record of. . . . . . . . . . . . . . 529 average analyses of......... 169 
water of, analyses of. . . . .. 531, 532 Walworth. wells at. . . . . . . . . . . . . . . • 595 

Upper Cambrian, description of, water at, analyses of. • . . . . . . . . . 596 
Plate II ................ 30--32 Warrens, wells at ........... ·...... 474 

distribution of, Plate I, map in .. Pocket Washburn, public water supplies at 

springs In ...............•.. 116-117 Washburn County, description of. !:~~!~~ 
See ,particular countie8. geology of .................... 598 

Upper Cambrian, water in, under· water supplies of, quality of.. . . 599 
ground conditions of. . . . .. 31-32 analyses of, table of. . . . . . . . . 600 

quality of and analyses ....... 175-179, Washington County, description of 600--607 
191, 193 geology of. ..... '. . . . . . . . . . . .. 601, 602 

in area of Upper Cambrian 176, 191 flowing wells in. .. . . . . . . . . . .. 602, 603 
in area of Galena·Platteville water supIlies of, quality of. . . . . 605 

177-178,191 analyses of, table of ...... 606,607 
in area of Niagara ..•. 178-179,191 average analyses at.. ....... 169 
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Water analyses ................. . 
See tables oj mineral analyses oj 

particular counties, rivers 
and lakes. 

Water, hardness of, defined ....... . 
classification in respect to .. 

mineral content of. ........... . 
classification in respect to .. 

purification of ............... . 

Page 
128 

145 
146 
146 
147 
157 

uses of ....................•.. 142 
standards of classification of. . . . 142 

Water, highly mineralized....... 170-173 
table shoWing source of .~...... 172 
See Salt Water 

Water, mineral ...... '., ..... '" 121-126 
See Mineral waters; Mineral springs. 

Water, quality and mineralization 
of ................... 160-222 

See al80 Water supplies; Under
ground water; Lake water; 
River Water. Particular 
countie8, lake8, river8, ana 
places. 

Water, for boiler use ............ 147-154 
corrosion ..................... 150 
foaming ...................... 152 

classification in respect to... 153 
scale formation................ 147 

classification in respect to. . . . 148 
troubles of .................... 154 
remedies for .................. 154 

Water for drinking and domestic 
use ..........•....... 143-147 

bacteriological qualities of. . . . . . 143 
chemical qualiUes of........... 144 
physical qualities of. . . . . . . . . . . . 143 

Water, for industrial uses ........ 155-157 
effect of acids. . . . . . . . . . . . . . . . . . 155 
effect of calcium and mag-

nesium .. ~ ............. . 
effect of carbonates ........... . 
effect of chlolides ............ . 
effect of color ................ . 
effect of iron ................ . 
effect of organic matter ..... ~ .. 
effect of sulphates ........... . 
effect of suspended matt~T ... . 

Water level, cbanges In .......... . 
depth to .....................• 

'diagram illustrating ........... . 
Water level, influE!nce of, on artesian 

156 
156 
156 
155 
156 
157 
Hi6 
155 

12,46 
45 
45 

head ............. 53-55,99-102 
Water supplies, chemical investiga-

tion of .....• '........... 7-8 
general conditions effecting .... 12 
private, source of. , . . . . . .• . . . .. II, 12 
public, source of.. . . . . . . .. 12, 134-140 
See al80 Public water supplies. 

Page 
Water supplies, prospecting for with 

respect to quality .... ~.. 199-202 
in Upper Cambrian. . . . . . . . . . . . . 200 
in Galena-Platteville. . . . . . . . . . . . 200 
in Niagara lime'stone. . . . . . . . . . . 200 
general considerations of. . . . .. 201, 202 
purification of ............... 157,159 
See also Artesian water; Under-

ground water; Lake water; 
River Water. lVater 8Up
plies oj particular counties 
and place8. 

Water table. See Water level. 
Waterford, public water supplies at 140 
Waterloo, public water~ supplies at 

140,141,384 
salt water at. . . . . . . . . . . . . . .. 172, 386 
wells at ............ ,......... 384 

water of, analyses of. . . . . . . . 388 
Watertown, public water supplies 

at ................... 140,381 
wells at .......... :..... 379, 382, 383 

head of ............... 75, 382, 383 
records of ............... 383, 384 
water ,of, analYses of ..... 387, 388 

Watertown Junction, water at, 
analyses of ............ ~. 3S8 

Waubakee formation, description of 38 
See also Plate II and Fig. 51. 

Waukegan, Ill., artesian bead at ... 79,80 
'Waukesha, public water supplies at 

610,611 
wells at, record of .:.......... 611 

head of .............. 7:6, 610, 611 
springs at, water of, analyses 

of ................. , .. 615, 616 
well waters at, analyst's of ." 617. 618 

Waukesha County, description of 
607-618 

geology of .................... 608 
flowing wells in: . . . . . . . . . . . .. 609, 610 
springs in .................... 610 
water supplies of, quali~y of. . . . . 614 

analyses of, table of ...... 615, 618 
average analyses of... ...... 169 

Waukesha springs, list of.... . . . . . . 123 
water of, analyses of. ... 124,615,616 

quality of ................. 125 
source of ....... . . . . . . . . . . . 119 

Waupaca, public water supplies at 140, 620 
wells at ...................... 620 

Waupaca County, descri,ptlon of.. 618-622 
geology of .................... 619 
flowing wells in ............... . 
water supplies of, quality of ... . 

analYses of, table of ....... . 
• average anal.vses of ........ . 

620 
622 
622 
167 

• 
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Page i Page 
Waupu~, public water supplies at. 140,338 Werley, spring near, water of, anal-

wells at ................. 97,339'. 340 yses of " .........•.•..• 354 
head of .......... 75, 100,108,339 West Allis, public water suppUes 
records of ............... 339-3,10 at ................... 140,461 
water of, analyses of. . . . . . . . 3,12 : wells at, records of. ......... 458,459 

Wausau, public water supplies at. 140,437 i We.~t Bend, public water supplies 
wells at ...................... 437 at ................... 140,603 

records of . . . . . . . . . . . . . . . . . . 438 i wells at .................... 602, 603 
water of, analyses of. . . . . . . . 440: record of ................. 604 

Wausaukee, wells at.............. 446 West Bloomfield, flowing wells at.. 93 
water at, analyses of.......... 447 Westboro, wells at .....•••.. , •• :. • 575 

Wausaukee River, water of, analyses ~'estby, public water supplies at.. 1<1,0, 583 
of ..................... 447 wells at ...................... 583 

Waushara County, description of. 623, 626 water of, analyses of. . . . . . • • 585 
ge.ology of .................. 623, 624 Weston, water at, analyses of..... . 322 
flowing wells in. .... ........... 625 Westfield, flowing wells at......... 450 
water supplies of, quality of.... 626 West Milwaukee, river at, water of, 

analyses of, table of......... 626 analyses of ...........•. 463 
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