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INIRODUCTION 

Water is unique and precious and fragile. There are no substi

tutes or alternatives to water or futuristic dehydrated or condensed 

versions. Without water life is impossible and when it is in short 

supply its value rises exponentially" And it is fragile. A teaspoon 

full of sugar in a swimming pool is harmless, but add the same amount 

of organically soluble mercury, or endrine or toxaphene and your 

beautiful, crystal clear swimming pool becomes unsafe for human use" 

This sensitivity of water resources to contamination by hazardous 

and other materials has led to many efforts to protect and preserve 

surface water resources .. 

In many instances in the past, ground water resources were not 

considered to be threatened in the same manner that surface water 

resources were threatened., Regulations protecting water quality 

were interpreted to apply to surface water only. Recent publicity 

of events such as Love Canal, or agricultural chemical pollution 

such as aldicarb, have shown that ground water quality is also in 

need of protection. The effects of neglecting ground water quality 

result in after-the-fact detection of contamination events that 

render large areas of once productive aquifers unsuitable for use 

for many years.. Clean-up or restoration of a contaminated area is 

often economically improbable if not physically impossible. 

Protection of the ground water resources of Wisconsin is 

essential for the continual well·-being and prosperity of the residents 

of the State and the economy which supports them. Over 3 million 

people, 70% of the population, within Hisconsin depend on ground 

water for their water supply., 

In order to efficiently regulate and protect ground ,,,ater 

resources it is necessar"y to assemble as much information as possible 



related to the origin, occ:ur'['enc:e, movement, quality, and use of 

greund water within the State. 

It is the purpese ef this investigatien to. present a summary 

of the data available at the present time en the greund water re

seurces ef Wiscensin .. 

This will begin with a review ef the climate ef the State and 

its relatien to. recharge, evaperatien and transpiratien. The geelegy 

ef the State and seme geelegic histery will be discussed as this 

is the framewerk within whi.ch the greund water systems exist. It is 

also. apprepriate to. describe what a ground water system is and its 

relatien to. the geelogy, climate and tepegraphy. Lastly, each ef 

the aquifers ef the state will be discussed-,-their water quality, 

water transmitting capacity and their relatienship to. ether aquifers 

and confining beds. 

Acknowledgements 

Suppert fer this investigatien was previded by the Wiscensin 

Department ef Natural Reseurces undeI' the Envrienmental Pretectien 

Agency, undergreund injectien centrel pregram. The Wiscensin Geeleg

ical and Natural Histery Survey previded office space and cartographic 

suppert. Tem Kern prepared many ef the figures and assisted threugheut 

the project peried. M .. E. Ostrem and Ren Hennings reviewed the 

manuscript and previded invaluable assistance and meral support. 

Altheugh many friends and asseciates have played a part in this 

preject, responsibility fer the statements and cenclusions are selely 

the respensibility ef the Auther. 

Purpose of Investigatien 

The Envirenmental Pretectien Agency impl,gmented the undergreund 

inj ec t ien centrel pregram to. protect aquifers new being used as seurces 
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of public water supply or aquifers potentially usable as sources of 

public water supply from degradation by the inj ection of wastes under 

ground. This program required that each state define the usable 

aquifers within their boundaries. The purpose of this investigation 

was to summarize the available information on the aquifers of Wiscons in 

to aid the Wisconsin Department of Natural Resources in their report 

to the Environmental Protection Agency; to establish the geologic units 

yielding water to wells, and to define the ground water quality in each 

aquifer. 

Methods of Investigation 

Information for this investigation has largely been acquired 

from previous county studies completed by the Wisconsin Geological and 

Natural History Survey and the U.S. Geological Survey. The present 

regional aquifer systems analysis being conducted by the USGS on the 

Cambrian-Ordovician aquifer provided new information. Because of 

the regional extent of this investigation and the limited amount of 

time available, no fieldwork directly related to this proj ect was 

completed. The list of cited references comprises only a limited 

cross section of the published information actually reviewed .. 

Unpublished cross sections compiled by M .. E. Ostrom (1962) and well 

log files from the Wisconsin Geological Survey and the USGS were 

utilized to create the cross sections across the state. 

Climate 

Wisconsin has a temperate, continental climate. The summers 

are usually warm and muggy; the winters are cold. The presence of 

lake Superior to the North and Lake Michigan to the East moderate 

the temperature extremes slightly so that the temperature fluctua-
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tions are not as radical as other more land-locked, mid-western 

States. On an annual basis the climate is humid with precipitation 

exceeding evaporation and transpiration. Precipitation averages 

about 30 inches per year across the state but varies from as low 

as 26 inches to as high as 36 inches. Rainfall averages 3 to 3-1/2 

inches a month from early May to Mid-,September while rain and snow

fall averages around 1-1/2 to 2 inches of water equivalent per month 

from October through April. Figure 1 shows the areal variation 

of precipitation across the State aver'aged over a 30 year period 

hom 1951 to 1980. 

Evapotranspiration includes the amount of water lost through 

evaporation from streams, lakes and exposed surfaces and the water 

lost or used through transpiration by plants. On a statewide basis 

evapotranspiration accounts for' about 20 inches of water per year', 

leaving about 10 inches of water for stream flow and ground water 

recharge. The amount of precipitation which immediately contributes 

to stream flow or which infiltrates into the ground water system 

is dependent on many factors such as vegetation cover, soil types, 

depth to the water table, topography, temperature and geology. 

Wilter which immediately joins surface streams contri.butes to peak 

discharges in stream flow. Water which infiltrates into the ground 

water system is eventually discharged into streams and rivers and 

actually accounts for the entire quantity of stream flow 80% to 90% 

of the time .. 

Quantities of runoff per unit area tend to increase from South 

to North with the maximum runoff occurring in Ashland, Bayfield, 

Douglas and Iron Counties and the minimum runoff originating from 

St. Croix and Pierce Counties and from the Dodge, Jefferson, Waukesha 

-4-
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Counties area. Figure 2 (U"S.G.S., 1981) shows the general trends of 

runoff throughout the state. 

Geologic History 

Three main sequences of rock occur in Wisconsin and represent 

three major periods in the history of the earth" Exposed in a broad 

dome in North Central Wisconsin are rocks of Precambri.an age, the period 

of time from the origin of the earth to approximately six hundred 

million years before the present" These rocks are a complex series of 

plutonic and extrusive igneous rocks, metamorphic rocks and some shales 

and sandstones. They represent a period of time when Wiscons in was 

subject to long periods of extensive igneous activity, continental 

rifting and subsea volcanic activity. The area was first studied and 

interpretations of its history were made by investigators such as T.C. 

Chamberlin (1883) in 1873-·1879. More recent summaries of the history 

of the area have been publi.shed by Sims and Morey (1972), and Mudrey 

and LaBerge (1979). 

Away from the Wisconsin dome area the Precambrian rocks gradually 

become deeper and deeper and are overlain by rocks of Paleozoic age. 

The Paleozoic era spans the period of time from approximately six 

hundred million years ago to two hundred and twenty-five million 

years ago. Only a portion of this era is represented in Wisconsin, 

wi.th the youngest rocks estimated to be at least three hundred and 

fifty to four hundred million years old. The Paleozoic rocks that 

are present represent a cyclical history of submergence and reemergence 

from the sea" Ostrom (1965, 1966, 1967) has defined five separate 

cycles wherein the seas covered much of Wisconsin depositing sands, 

muds and calcareous material and then retreand allowing some of 

-6-
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the deposited sediments to be eroded and weathered before being 

resubmerged and covered by the next advance of the oceans. The 

bedrock geology map of Wisconsin (Fig .. 3) depicts the outcrop areas 

of the Precambrian and Paleozoic age bedrock as if the younger, 

glacial age material had been removed" 

From the period of time represented by the Peleozoic deposits 

to the younger glacial age material most of Wisconsin was exposed 

and subject to erosion. It is uncertain if extensive deposits were 

laid down over the bedrock deposits and then later eroded away or if 

they were never deposited. In any event, there is a gap in the 

depositional history from approxiamtely three hundred and fifty 

million years ago to perhaps seventy thousand years ago. Sediments 

in Hisconsin younger than seventy thousand years are a product of 

the continental ice sheets that expanded and contracted over the last 

one to two million years. Only the last expansion and contraction are 

well represented in Wisconsin. This is the period of time knmffi as 

the Pleistocene. It is divided into four major subdivisions delineated 

by the advance of the ice sheets. The last of these periods is known 

as the Wisconsin stage because the deposits were first studied in 

Wisconsin. Flint (1971) provides an in depth discussion of the entire 

period while Black, et al (1970) provide information pertinent to 

Wisconsin. 

The significance of each of the maj or divisions of rock units to 

the hydrogeology of Wisconsin will be discussed in the following 

sections" 

-8-
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GEOLOGIC HISTORY OF WISCONSIN'S BEDROCK 
Introduction 

The bedrock geologic record in Wisconsin IS divided into two major divisions of time: the Pre
cambrian, older than 600 million years, and the PaleozoIC, younger than 600 million years. The Pre
cambrian rocks arc at the bollom and conSISt predominantly of crystalline rocks. They are overlain 
by PJICOlOiC ro'ks which c;onml of relatively flat-lying, in some cases fossil-bearing, sedimentary 
rocks. 

Precambrian rocks form the bedrock beneath the glaCial dcp'oSitS in northern Wisconsin and 
occur bcncdlh the PaleOZOIC rocks In the south (see the last paragraph and the cross-sectIOn on the 
reverse side), P,llcOlOlC rocks may once have covered northern Wisconsin, bll! if they did, they have 
been removed by erosIOn. GlaCial deposits, including clay and sand and gravel, cover bedrock In the 
northern and eastern three-fifths of the state. 

In areas covered by glaCial depOSits, surface outcrops are so sparse that details of the bedrock 
geology are obscured. In such areas the only clues to the underlYing rocks are obtamed from rock 
cuttings and cores obtamed from drill hoies and from geophYSical surveys which disclose magneilc 
and gravity van at Ions. 

Precambrian Eon 

The Precambnan IS divided into two eras, the older Archean and the younger ProterozoIc. 
Each IS subdivided into three periods-Early, Middle, and Late. 

Archean 

Rocks older than 2,500 million years are termed Archean. The oldest Archean rocks are 
gneisses (gn), or banded rocks. These are more than 2,800 million years old and are In Wood 
County. Similar old ages have been determined for rocks south of Hurley, where recognizable vol
canic rocks (mv) have been mtruded by 2,700 million year old granite (gn). All of these rocks have 
been extenSively deformed) and in many areas they are so highly altered that thelr anginal nature 
and origin are extremely difficult to Inierpret. Because of this difficulty. both the older gneisses 
and some younger (ProterozOic) gneissIc and crystalline rocks are combined on this geologic map. 

Proterozoic 

There arc four pnncipai groups of rocks to the ProterozoIc. The oldest are around 1,800 to 
.' 1 ,900 million years old. These Early ProterozoIc rocks consist of sedimentary (s) rocks including 
slates, graywacke and iron formation, and volcaniC ('0'0) rocks. The sedimentary rocks domlnale In 

the north, with ~oicanic rocks becoming more abundant in central WisconSin. These layered rocks 

were Intruded by gabbros (ga), diorities, and granites (grl about the same time that they were being 
folded and deformed. 

Quartz-rich Early Proterozoic sedimentary rocks (q) occur as erosional remnants, or outliers, on 
the older ProterozoIC rocks; they were deformed about 1,700 million years ago. The Barron Quartz
Ite in the Blue Hills of Rusk and Barron counties, the Baraboo Quartzite In Sauk and Columbia 
countIes, and Rib Mountam Quartzite in Marathon County are some of the malor remaming areas 
of once widespread blankets of sandstone. 

The oldest Middle ProterozoIC rocks Include the granites, syenites, and anorthOSites (g, a) of 
the Wolf River complex. This extenSIve bodY of reiated granitic rocks was Intruded into Lower 
ProterozOIc vol came and sedimentary rocks around 1,500 million years ago. 

The youngest Proterozoic rocks In WisconSin are aboul 1,100 million years old and arc 
called Keweenawan rocks. At the tIme of theIr formation a major rift or fracture zone splillhe 
contment from Lake Superior south through Minnesota and into southern Kansas. Keweenawan 
rocks can be divided into two groups: an older sequence of igneous rocks mcluding lavas (v) and 
gabbros (I); and a younger sequence of sandstone (55), These rocks occur In northwestern Wisconsin. 
in central WisconSin diabase dikes were also eniplaced at this tIme. 

At the close of the Precambrian, most of WisconSin had been eroded to a rather flat plam upon 
which stood hills of more resistant rocks such as the quartzites In the Baraboo bluffs. 

PhanerozoIC Eon 

The Phanerozoic is divided into three eras. They arc from the uldest to the youngest: Ihe 
PaleozoIC (old lire). MeSOZOIC {middle life}, and CenozOIc (mo~t recentlifc). The P,lll'O/OIC I'> lep
resented by a thick sequence of sandstones, shdles and uolonute~ (dolomite IS sunil.u to liOll'QOne); 
the MeSOZOIC, po~sibly by gravels; and the CenOI.01C, only by ~I,lCler·rl.'l,I(l'd dermlts. 

In the PaleozOIC Era the sea advanced over and (Clrc;lied from the 1,U1d ,>ever,11 tllne~. The 
PaleOZOiC Era begdn with thc Cambrl<ln Period tE) uuring whidl \Vi~com1O W<lS subml'r~l'd ,It le.l'>l 
tWice beneath the ~ca. Sediments eroded by waves aiong lhc shoreline and by flver} dr,llIlIng the 
land were deposited in the se;1 in form sanuslone and '>hale. These same proce'>'>c,> coOlinLlcd intu 
the OrdOVIcian PCflod (Opc, Osp, Os, Omi dunng whieh Wi~consin was ~llbmerged .lllc,I~1 Ih!ce 
more limes. Animals and plants liVing 10 thc sea depuslted Idyer~ ,lOd rceb of calcium eMbOlIJic 
which arc now dolomite. DepOSits that built up In the sea when the land was submerged were 
partially or completely eroded during the times when the land was elevated above ~ed level. I\t the 
close of the Ordovician Period, and in the succeeding Silurian (Sd) and DeVOni,lO (D). Wist,;{m~ln IS 
believed to have remained submerged. There are no rucks of the PaleOZOIC Era younger than Dc· 
vonlan m Wisconsin. Whether material was depOSIted and subsequently removed by erOSion, or was 
never depOSIted, is open to speculatIOn. 

Absence of younger PaleozOIC rocks makes InICrprciatlon of post-DevolllJn histor~1 In Wiscon
sin a matter of conjecture. If dinosaurs roamed WisconSin, as they might well hJve 10 the Mc~ol.oLC 
Era some 200 million years ago, no trace of their presence remalOS. Av,lilable evidence from 
nejghborlng areas mdica[Cs that towards the close of the Paleololc Era the Mea W,I) gently uplifted 
and it has remained so to the prcsent. The uplifted land suriace has been carved by milliofl5 oj 
years of rain, Wind, runOlng water. and giaClal action. With the possible exception of ,>ome pebble~ 
about 100 million years old, no MesuzOic age bedrock has been identified in WiSCOll'>lO. 

In the last million years dunng a time called the Pleistocene, glaciers Invaded Wisc/mslO from 
the north and modified the land surface by carvtng and gouging out soft bedrock, and deposiling 
hills and ridges of sand and gravel as well as flat lake beds of sand, silt, and cl,IY. In thi,> manner, 
the glaCiers smoothed the hill tops, filled the valleys, and left a depOSit of dcbm over ;111 eXcl'pt the 
southwestern part of the state. The numerous iakes and wetlands which dot northern WiscollSln 
occupy low spots In this Pleistocene land surface. GlaCial depOSits are nnf shown on the m,lp oi 
bedrock geology; however. the line of farthest glacial advance IS shown. A separate gl.lcl,11 
deposits map IS available. 

Cross Section 

To assist in undemanding thc bedrock geology of WisconSin, a cross Sl~Cllon h,,~ been plepMed 
(see reverse side). A cross secllon represents a vertic,11 siice of the earth's cruSI showlIlg Ihe ~lIb,>ur
face rock layers In much the same way as a venlcal slice of cake shows lhe (dyers of cake JrlLl frost
ing. The Wisconsin cross section shows the subsurface geology ,dong a line from Stoddard in Vernon 
County, through Devil's lake near B.1faboo In Sauk County, to Whitefish Bay In Milwaukee COUIllV. 

The honzomal scaie is the same as that of the geologIC map, but the verlleal !locale IS ex,lg~erLlted so 
that vertical thicknesses arc cxpanded 50 limeS compared to hOrlzomal dist;IOCC5. The PJle%lc 
rocks arc shown as layers, the younger unm lying abovc the older un liS. They arc .11500 s-hown dirplng 
to the west In the western part of tile Slale and dipping cast In the eastern P.Jrt of the siale, thU'> 
forming an arch. The center and oldest parts of this arch arc found in the Baraboo bluffs, where the 
Baraboo QuartZite IS exposed at the surlaCe, As shown In the cro~s section by fine lines In the 
quartzlie, the Baraboo area was folded into a U-shaped structure, or syncline. before the PillcoloLC 
rocks were deposlIl~d. Quartzite and granHe undedie the PaleozOiC rocks along Ihis seCilon. 

The gray UOlt shown at the top of the rock sequcnce In the eastern pan of the cross sec lion 
represents glacial m,lterials which do nol occur io the west. 



Origin, Occurrence, and Movement 
Of Ground Water 

Ground water is part of the endless solar powered circulation 

of water known as the hydrologic cycle. This is the constant inter·-

change of water from the oceans to the atmosphere to surface water 

to ground water (Fig .. 4) .. Residence time in the atmosphere of 

an i.ndividual water particle may be on the order of hours to a few 

days. In surface water it may be a week but in the oceans and in 

ground water an individual water particle may take thousands of 

years before it reaches the atmosphere to begin its cycle again. 

All of the water within the ground water system or'iginated as 

precipitation. Some precipitation evaporates before it reaches the 

ground, some is lost to stream flow almost immediately and some 

infiltrates into the ground.. Not all water that infiltrates into 

the ground becomes ground water. Some is lost again by evaporation 

from the near surface soils, some is absorbed by plant roots and 

used in their life process and some is bound to individual soil 

particles. Soils will hold water against the force of gravity until 

they have reached their field capacity.. This soil moisture is 

available for the use of plants but is held too tightly by soil 

tension to infi.ltrate down to the water table. When the field 

capacity has been satisfied and infiltration from the surface 

continues then water will reach the water table. The water table 

defines the surface below which all the pore spaces of the soil or 

rock are filled with "ater, ground water " Figure 5 depicts the 

relationships of the various types of water below ground surface. 

rhe geologic unit or units in which ground water exists is 

known as an aquifer if it will yield sufficient quantities of water 

to wells, springs or seeps to be usable or known as an aquitard or 

confining bed if it will not yield sufficient quantities of water 
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to be usable. The terms aquifer and aquitard are difficult to define 

because they depend on the idea of usability. For some uses a well 

producing only a few gallons per minute is sufficient and the source 

of the water would be considered an aquifer. For other uses several 

hundred gallons per minute may be needed. The Maquoketa Shale serves 

both definitions in much of Eastern Wisconsin. Permeable beds near 

the top of the formation provide limited quantities of water to 

wells while the entire formation acts as a confining bed for the 

underlying sandstone aquifer. 

Where an aquifer is confined it is known as a confined or 

Artesian aquifer.. Where the ground water within the aquifer' is 

open to atmospheric pressure the aquifer is unconfined or known as 

a water table aquifer. In Eastern Wisconsin the Maquoketa Shale 

confines the sandstone aquifer while in Southern and Western 

Hisconsin the sandstone aquifer is essentially unconfined. 

In Wisconsin a high percentage of the infiltration reaching 

the water table or recharge occurs in the early spring after the 

soil defrosts. During summer plants deplete much of the soil moisture 

and keep rainfall from augmenting the ground water supply. In early 

fall there may be another period of recharge before snowfall and 

falling temperatures freeze the soil. If clay lenses or lower 

permeability beds restrict the flow of infiltration from reaching 

the water table, a perched water table may form. If recharge occurs 

to the ground water but lower permeability beds prohibit the water 

table from rising, a confined or artesian ground water system will 

develop. If a well is drilled into an artesian system, when the 

well penetrates the bottom of the lower permeability bed or confining 

bed the water level in the well will rise until the weight of water 

in the well balances the pressure in the confined ground water system. 
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If the well is not deep enough for this to happen, water will flow 

out of the well until the pressure in the aquifer is less than the 

weight of a column of water the length of the well. Flowing wells 

may also occur where there is no confining bed but this will be 

discussed under recharge and discharge. 

Ground water moves in response to gravity. It may also move 

in response to thermal or chemi.cal gradients but these will not be 

considered here. Water falling on land at high elevations is pulled 

by gravity to flow to lower elevations, obviously water flows down

hill. The same may be said for ground water but qualified somewhat 

by saying that ground water flows down gradient in its potential 

energy field.. The water flowing up and out of our flowing artesian 

well i.s apparently not flowing downhill, but in terms of the potential 

field of the ground water system the top of the well is "downhi.ll" 

from the point at which the well is open to the aquifer. This can 

be demonstrated in two ways. Figure 6 is an idealized cross section 

of the Dakota Sandstone in South Dakota.. Water enters the sandstone 

where it is exposed near the top of the Black Hills, flows downward 

and then upward to a stream (discharge area). Hm,ever, the potential 

energy field that the water is actually flowing in response to is 

ShOlID by the line (in three dimensions it would be a surface) labeled 

Potentiometric Surface., The Potentiometric Surface is the level to 

which water will rise in a tightly cased well penetr<i.ting a confined 

aquifer. 

A flowing well may be developed where there is not a confining 

bed over an aquifer. Figure 7 is a representation of a ground water 

flow system.. Recharge occurs uniformly across the area with discharge 

occurring in the stream to the right, The fl-ow lines indicate the 
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direction of flow while the equipotential lines indicate the potenti.al 

energy in the ground water at each point. If a well is drilled as 

shown in a low area and intersects an equipotential line having more 

potential energy than the elevation of the top of the well, then the 

well will flow, without the presence of a confining bed. 

The slope of the potenti.ometric surface in the Dakota Sandstone 

example is a smooth decline from the recharge area at high elevati.ons 

to the discharge area at low elevations" If significant topographic 

relief is superimposed on the land surface between the regional 

recha1:ge and discharge areas then local and intermediate flow systems 

may develop. The realization that most ground water flow systems do 

not strictly obey the type system shown by the Dakota Sandstone was 

demonstrated in 1962 by J. Toth. Further work by Freeze and Witherspoon 

(1966) and later by Toth in 1978 have increased our understanding of 

ground water flow systems. Figure 8 (Toth, 1962) shows the relation

ship of local, intermediate and regional flow systsms. 

In a regional discharge area there is a continual increase in 

potential energy with depth while in a regional recharge area there 

is a continual decrease in potential with depth. In local or inter

mediate systems there may be a change wi.th depth of the direction 

of change of potential energy .. 

Water Table Map of Wisconsin 

There are many water table maps published for specific areas 

of counties of Wisconsin but no generally available statewide map 

has been assembled., It was deemed appropriate to create a water 

table map for the State for several reasons: its usefulness in 

determining the direction of flow, depth to water, quantities of 

ground water in storage, amount of fluctuations about a mean level 

and usefulness in planning purposes, are only a few. 
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Sources of information for the water table map were largely 

the series of Hydrologic Atlases prepared by the U .. S .. Geological 

Survey in cooperation with the Wisconsin Geological Survey for the 

twelve major river basins in Wisconsin. These are the Fox-Wolf 

River Basin (Olcott, 1968), the Rock-Fox River Basin (Cotter, et aI, 

1969), the Central Wisconsin River Basin (Devaul and Green, 1971), 

the Chippewa River Basin (Young and Hindall, 1972), the Lake Michigan 

Basin (Skinner and Borman, 1973), the St. Croix River Basin (Young 

and Hindall, 1973), the Pecatonica-Sugar River Basin (Hindall and 

Skinner, 1973), the Menominee-Oconto-Peshtigo River Basin (Oakes 

and Hamilton, 1973), The Trempealeau-Black River Basin (Young and 

Borman, 1973), the Lower Wisconsin River Basin (Hindall and Borman, 

1974), the Lake Superior Basin (Young and Skinner, 1974) and the 

Upper Wisconsin River Basin (Oakes and Cottor, 1975). 

Where available, county water table maps were used instead of 

the smaller scale (larger area) river basin maps to improve resolution 

of the contour lines. Water level records from the Wisconsin 

Geological Survey and the U.S. Geological Survey were also used to 

check the level of the contour' lines. The water table map is included 

as Figure 9 in the map folder. 

Usefulness of the Map 

The map is drawn at the scale of 1;1,000,000 with the line width 

of the contours approximately at .02 inches. At this scale, the 

line covers approximately one-third of a mile on the map. It is 

not meant for detailed resolution of the water table surface. In 

addition, the mean annual level of the water table has been plotted. 

Because of seasonal variations in recharge and discharge, the level 

of the water may fluctuate several feet. In upland areas or recharge 

areas this may be greater than ten feet while. it is usually less in 

lowland or discharge areas .. 



The real usefulness of this map should be for county or statewide 

planning purposes and to indicate the general direction of flow of the 

near surface ground water. 

Recharge-Discha~e Map 

In the discussion of ground water movement, the idea of ground 

water flow from a recharge area to a discharge area was briefly 

discussed.. This concept of a ground water flow system has been 

carried further by attempting to delineate major recharge areas and 

discharge areas for deep regional flow systsms of the state. A pre

liminary map shOWing these areas is presented as Figure 10 (in map 

folder) • 

In a humid area such as Wisconsin, the quantity of recharge 

can be considered relatively constant across the state. The 

topographic highs usually represent high levels in the water table 

surface and topographic lows usually represent low areas in the 

water table.. Infiltrati.on falling on the highest areas of the water 

table possesses the greatest gravitational potential energy. A 

quantity of recharge falling on the highest area will follow the 

longest path and traverBe the greatest portion of the aquifer. It 

will move downward to the base of the aquifer then laterally and 

finally upward to the regional discharge area as shown in Figure 7. 

In contrast to the longest flow path described above, each quantity 

of recharge entering the aquifer closer and closer to the discharge 

area follows a shorter and shallower path.. Since discharge areas in 

humid environments are normally surface \vaters such as lakes, streams 

or springs or wetland areas, the relative size of discharge areas 

compared to recharge areas is small.. In IHsconsin Hartin (1965) tab-
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ulated the area of the inland lakes and streams as 810 square miles 

and the area of land as 55,256 square miles. If every lake or stream 

were a discharge area then 1.5 percent of the state would be classi

fied as a discharge area and 98.5 percent as a recharge area. This 

is not the actual case though it is illustrative. The recharge

discharge map delineates those areas where the predominate direction 

of ground water flow is either upward or downward from a regional 

perspective. Infiltration continues to enter the ground water system 

in areas between those designated as recharge or discharge areas. In 

the intervening areas, local or intermediate systems control the flow 

direction or within the regional systems horizontal flow is predominate. 

The locati.on of the boundaries of the recharge and discharge areas 

are not meant to indicate that recharge only occurs within those 

designated areas and discharge only occurs where shown.. The ground 

water systems in Wisconsin are complex and many-layered. Within the 

recharge areas the stream flows are maintained by ground water dis

charge from local systems. Wi.thin the discharge areas flood flows 

from rivers recharge the local systems, and all of these complex inter

layer systems vary with time. The Doun1:liIl;y lines were drawn to indi-· 

cate major trends in the regional flow systems and not to indicate 

exclusion of other processes within the designated areas. 

A preliminary understanding of where the major highs and lows 

in the ground water flow systems of the state occur is useful for 

many reasons, the primary one being an understanding of the quantities 

and directions of flow of the ground water resource. A concern at 

least as important deals with protecting ground water flow systems 

from the introduction of hazardous or polluting substances. If 

storage facilities for hazardous materials are located in recharge 
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areas for deep regional flow systems, accidental spills threaten the 

entire aquifer. A hazardous material spill near a discharge area may 

be of no less concern to nearby wells than a spill in a regional re

charge area but at least its potential area of influence is reduced. 

With some of these concerns in mind, a preliminary attempt to delineate 

the regional ground water flow systems of Wisconsin was begun. 

An assumption was made that from a statewide perspective the 

sandstone aquifer and the sand and gravel aquifer respond essentially 

together as an unconfined or semi·-confined aquifer system. This 

assumption is valid because of the variability of the geologic 

materials on a regional basis. Tight limestones or dolomites are frac

tured and jointed enough to allow verticle movement of water.. Fine

grained sandstones, silts and clays are also variable and grade from 

fine to coarse to fine grained. Where a hydraulic gradient exists 

ground "ater will flow and preferentially along the more permeable 

pathways. Even though a unit restricts the flow of ground wate; when 

the unit is considered in total, significant leakage occurs. 

In the eastern portion of the state where the Maquoketa Shale 

overlies the sandstone aquifer, the sandstone aquifer responds as a 

confined or semi-confined aquifer.. The Silurian Dolomite is the 

major aquifer in this area.. Where the assumption is made that the 

sand and gravel aquifer and sandstone aquifer are essentially connected, 

it is with the understanding that there are many local or intermediate 

flow systems that are predominantly only within the sand and gravel 

system.. The primary interest of this study was to attempt to define 

the major, regional systems. At the scale of 1;1,000,000 this was 

only practicable. The delineation of smaller-systems was beyond the 

scope of this study and more appropriate at the county or area level.. 
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The primary evidence for a regional recharge area is declining 

water table levels away from the area and decreasing potentiometric 

head with depth. Discharge areas have exactly the opposite criteI'ia; 

increasing potentiometIic levels with increasing depth and rising 

water table levels away from the area. A map of the level of water 

in wells penetrating the sandstone aquifer was published by Weidman 

and Schultz in 1915. By comparing this map with later work compiled 

by the Wisconsin Geological Survey and the U.S. Geological SUIvey 

during the river basin studies, past areas of flowing wells and areas 

which have consistently had high regional water table levels were 

delineated. Well records were examined to determine verticle gI'adients 

in areas of interest. As a further check, ground water temperatures 

were used as corroborating evidence for the existence of regional 

flow systems.. The map shown as Figure 10 was the x'esult. It should 

be stated that this map is preliminary. Only data available in 

presently published or freely accessible files was used. Constraints 

on time and finances prohibited any field work to check the existence 

of these flow systems. Even with these constraints in mind it is 

believed that the map contains new and useful information that may 

be modified or expanded by future investigations but will not be 

essentially changed. 

Usefulness of the Map 

Delineation of the recharge and discharge areas of Wisconsin 

was attempted as a first step in understanding the regional nature 

of ground water flow in the state. Superimposed on these regional 

systems are many local and intermediate systems. If this map is 

to be useful, it must be recognized that areas shown as rechaxge 

-23-' 



areas may contain many other recharge and discharge areas for 

local systems. The same r'estraints must be used in areas shown 

as discharge areas. The areas where discharge is actually taking 

place are smaller than the areas shown, the reason being that where 

an upward gradient exists there may also be strong lateral gradients 

and zones where water is actually leaving the aquifer are usually 

rather small. 

The map is useful in considering county land use practices, 

but it should be remembered that for hazardous waste siting or 

any other type of siting problem where ground water flow must be 

considered the local flow systems should be considered first. The 

map deals only with regional systems" 
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Aquifers of Wisconsin 

Wisconsin is favored with thick sequences of permeable deposits 

across the entire State. In the early history of Wisconsin, Geologists 

classified these variable deposits based on their rock type, grain 

size, fossil content, mineralogy and other geologic criteria. These 

classifications have been modified occasionally by more recent studies 

to reflect increasing knowledge of the origin and character of the 

formations and beds. Figure 11 shows the presently accepted classi

fication of the Paleozoic stratigraphy of Wisconsin (After Ostrom, 

1967). In describing the water transmitting capabilities of these 

formations it is useful to utilize a broader but more descriptive 

term defined by Maxey (1964) for delineating ground water flow systems. 

Recognizing that formations or beds that are distinct geologically 

may have similar hydrologic properties, Maxey (1964) proposed the 

category of hydro stratigraphic units to be defined as "bodies of rock 

with considerable lateral extent that compose a geologic framework 

for a reasonably distinct hydrologic system,"" Although this term 

has not been formally applied in Wisconsin the concept itself has 

been used to define the aquifer' systems of the State. 

'!1>e major aquifer systems of the State based on areal extent, 

productivity and utility are the Cambrian-Ordovician sandstones, 

the Silurian (and Devonian) Dolomite, and the Pleistocene and Holocene 

alluvial and glacial deposits. Other aquifers that are considered 

minor are the Precambrian sandstones, lava flows, and crystalline 

rocks and the Maquoketa Shale. The Maquoketa Shale is classified 

both as an aquifer, and as a confining bed for the lower sandstone 

aquifer.. Many wells are open to the Maquoketa and receive a sub-
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stantial portion of their production from limy or sandy beds within 

the shale. Because of this the Maquoketa will be considered as a 

separate although minor aquifer also. Hydrogeologic cross sections 

across the State showing the relationships of the various aquifers 

are shown in Figures 12 to 15 (in map folder). 

The primary source of information on the aquifers of Wisconsin 

were the well log files maintained by the Wisconsin Geological Survey 

and the U.S. Geological Survey. These files are accessible through 

computer searches in the case of the U .. S. Geological Surveyor' through 

a township-range filing system in the Wisconsin Geological Survey 

case. Both of these filing systems were utilized to determine approxi

mate number of wells tapping each aquifer and aquifer characteristics 

such as, thickness, yield and extent. 

Cambrian-Ordovician Sandstone Aquifer 

The Cambrian-Ordovician sandstone aquifer is the most heavily 

pumped aquifer in the State. It is comprised of Cambrian and Ordo

vician sandstones, li.mestones, dolomitic limestones, dolomite and 

some shales and clays. The basal formation is the Mt. Simon Sandstone 

which rests unconfotmable on the crystalline basement rock. The 

Sandstone aquifer includes all of the rock units from the crystalline 

basement to the bottom of the Maquoketa Formation. Above the lit. 

Simon Formation are the Eau Claire and Wonewoc Formations, the Tunnel 

City, Trempealeau and Prairie du Chien Groups, the St. Peter Forma-· 

tion and the Sinnipee Group.. The location of selected wells utilizing 

the Sandstone aquifer as a source of water are shown in Figure 16. 

Mt. Simon Formation 

Ihe Mt. Simon Formation is a predominately quartz sandstone 
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with a significant feldspathi.c component. It is poorly cemented in 

some areas while being well cemented with calcareous cement in others. 

Its upper reaches contai.n occasional silty or shaley zones with 

some iron cementing present. The Mt. Simon is missing in Northeastern 

Wisconsin and in some areas of Sauk, Green Lake, Marquette, Washington, 

Dodge and Jefferson Counties where rises in the crystalline basement 

prohibited deposition of the Mt. Simon and several of the overlying 

formations. The formation is exposed in a broad band southwestward 

and southerly off the Wisconsin dome and in a narrow band along a 

limited area of the Southeastern Wisconsin dome. The formation 

thickens toward the south and exceeds over 1400 feet in thickness 

in Southeastern Wisconsin. The Ht.. Simon is an important unit of the 

Sandstone Aquifer yielding large quantities of water to wells which 

penetrate it. 

Eau Claire Formation 

The Eau Claire Formation is a fine grained to shaley sandstone 

with some carbonate cementing. Sedimentary structures such as load 

casts and ripple marks are common and glauconite is abundant in some 

beds" The Eau Claire is also missing in Northeastern Wisconsin and 

in the same areas as the }It. Simon Formation. Its average thickness 

is about 100 to 200 feet but does reach 400 feet thick in northern 

Rock County. The fine grained sand to silty texture limits its water 

yielding ability somewhat. 

Honewoc Formation 

The Honewoc Formation overlies the Eau Claire Formation with a 

sharp erosional unconformity at the boundary.. It is widespread over 

Hestern, Southern and Eastern \-Jisconsin except for minor areas of 
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non-deposition in the same locations as the Mt. Simon.. It has been 

divided into two units, the Galesville and overlying Ironton Members. 

The Galesville Sandstone i.s predominantly medium to fine grained, well

rounded quartz sands. The Ironton is coarse to medium grained quartz 

sands, thick-·bedded and cross···bedded. Occasional beds of silt and 

silty sand occur. The Wonewoc varies in thickness up to 100 feet. 

Near Milwaukee and from Sheboygan north along the east coast of 

Wisconsin over 200 feet of Wonewoc have been reported. It is usually 

less than 100 feet in Western Wisconsin but thickens toward the south 

where it ranges around 100 feet in thickness. Because of its coarse 

grained and highly permeable nature, it is an excellent source of 

ground water. 

Tunnel City Group 

The Tunnel City Group consists of the Mazomanie and Lone Rock 

Formations. The Lone Rock Formation is divided into the Birkmose, 

Tomah and Reno Members. The Mazomanie is a tongue in the Lone Rock 

Formation and thins southward, disappearing in Southern Wisconsin. 

The Tunnel City Group has been removed by erosion along the eastern 

border of Wisconsi.n northward from Milwaukee to Kewaunee County. 

It is present throughout most of Wisconsin not occupied by the 

Wisconsin dome. Lithologically the Tunnel City Group is highly vari

able, rangi.ng from medium to fine sand, generally along the axis of 

the lVisconsin arch, to fine grained to silty glauconi tic sandstone, 

calcareous shale or sandy, glauconitic, shaley dolomite. Its thick·· 

ness is also variable but usually does not exceed 100 feet, the 

thickest areas being in the northeast and southwest areas of the 

State. It is permeable but yields less water to wells than the 

Wonewoc Formation" 
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Trempealeau Group 

The Trempealeau Group is composed of the St. Lawrence and Jordan 

Formations. Based on data from outcrops (Ostrom, 1965) the St. 

Lawrence has been divided into two members, the Black Earth Hember 

which is silty to medium bedded dolomite and the Lodi Hember, which 

varies from sandy siltstone to dolomite to dolomitic fine grained 

sandstone. The St. Lawrence is over 50 feet thick in Southwestern 

l-1isconsin and is absent to 40 feet thick in Eastern Wisconsin. The 

Jordan Formation is subdivided into five members, the Norwalk, the 

Van Oser, the Coon Valley, the Waukon and the Sunset Point Members. 

The Norwalk and Van Oser Hembers are predominantly fine to coarse 

quartz sand, variable in thickness with numerous cross bedding and 

burrows. The Sunset Point Hember has beds of sandy dolomite, 

dolomitic sandstone, sandy shale and clayey siltstone. The formation 

is absent in much of Eastern Wisconsin but is up to 80 feet thick in 

areas of the Southwest. 

The Mt. Simon, Eau Claire and Wonewoc Formations and the Tunnel 

City and Trempealeau Groups comprise the rock units of Cambrian age 

in Hisconsin. They outcrop in a broad band surrounding the Hisconsin 

dome of crystalline rock on the west, south and east sides, beginning 

in Hashburn and Sawyer Counties southeast to Wood County and northeast 

to Marinette County. Along the Northwest and Western areas, the 

Cambrian units ale at or near the surface for over 100 miles" Along 

the easteln flank of the Hisconsin dome, the units dip more steeply 

toward the Michigan basin, their outcrop area is only 10 to 20 miles 

wide and is usually covered with deposits of recent or Pleistocene 

age. As a group, the Cambx'ian age formations-' are predominantly sands 
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of coarse to fine texture with occasional beds of more fine grained 

material. Where carbonate beds are present, they are usually dolomitic 

or dolomite. The entire sequence is highly productive for water 

wells throughout its thickness. 

Prairie du Chien Group 

The Prairie du Chien Group has been well described by Davis 

(1970). The group is divided into two formations and six members. 

The lower formation, the Oneota Dolomite, is sandy with occasional 

beds of quartz sandstone, chert and glauconite in the main dolomite 

matrix. The upper portion is relatively pure dolomite with minor 

chert and shale. The formation may be up to 300 feet thick but varies 

widely, it outcrops along Eastern and Southern Wisconsin with minor 

occurrence in Polk, St. Croix and Pierce Counti.es. The Shakopee 

Formation was deposited on top of the Oneota Dolomite. The lower 

member of the Shakopee is the New Richmond Sandstone. The New Richmond 

is predominantly interbedded sandy dolomite, quartz sandstone and 

shale.. Its sand content increases and the unit thickens southward 

toward Illinois and Iowa. It is a sandy dolomite with minor amounts 

of grey-green shale and quartz sandstone. The water yielding properties 

of this group are largely dependent on the sand content and, as such, 

vary widely throughout its area of occurrence. 

St. Peter Formation 

Between the time of deposition of the Shakopee Formation and 

the St .. Peter Formation an erosion surface developed with up to 300 

feet of relief that cut as deep as the Eau Claire Formation in some 

areas of Eastern Wisconsin. As the sea advanced over the land agai.n 

at the end of this erosional period, the st. Peter Formation was 
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deposited. This formation possesses a shaley conglomerate at its 

base, a unit of pure well sorted quartz sand of highly variable thick

ness and an upper zone of green shale or poorly sorted silty and 

clayey sandstone. The formation is as much as 350 feet thick in 

filled stream valleys in Southeastern Wisconsin and may be completely 

absent in nearby areas" It is a productive aquifer in areas where 

thick sand sequences occur.. 

Sinnipee Group 

The Sinnipee Group is the topmost unit of the Cambrian-Ordovician 

aquifer. It is composed of the Platteville, Decorah and Galena Forma

tions. The entire group is dolomite, shaly dolomite and shale. The 

group is present in Eastern, Southern and Western Wisconsin and varies 

from 250 to 350 feet thick. Where it has been exposed at the surface, 

fractures and solutioned joints provide pathways for movement of 

ground water. Where it is overlain by the Maquoketa Shale, this 

weathering of joints and fractures has not taken place to such a 

degree. 

Water Yielding Characteristics 

The Sandstone Aquifer is a complex series of differing lithologic 

materials that, from a statewide perspective, respond as one hydroge

ologic unit.. This is often not the case at specific well sites where 

10"er permeability beds divide the aquifer into several sub'·units. 

An example of this was documented by McLeod (1975) in Dane County" 

In order to accurately model the sandstone aquifer, McLeod was required 

to input two separate aquifers divided between the Honewoc Formation 

and the lunnel City Group" It is interesting to note that Hclcod 

(1975, p, 25) also included all the glacial afld quaternary deposits 
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as part of his "upper aquifer". Based on his study, all the units 

from the Tunnel City Group to the glacial deposits were responding 

as one aquifer while the Mt. Simon, Eau Claire and Wonewoc responded 

as a separate confined aquifer. 

Because of the variability of the Cambrian and Ordovician deposits 

it is not uncommon for the sandstone aquifer to react to pumping 

stress as two or more separate aquifers.. Yet, from a regional perspec-· 

tive, the interformational flow is significant enough to effectively 

homogenize the response of the various sub-units into one coherent 

aquifer system. The location of selected wells utilizing the Sandstone 

aquifer as a source are shown in Figure 16. 

Transmissivity is a measure of the ability of an aquifer to 

transmit water. It is a product of the hydraulic conductivity and 

the aquifer thickness. As discussed previously, the sandstone 

aquifer increases in thickness west, south and east off the Wisconsin 

dome. As the aggregate thickness of the geologic units increases, 

the calculated transmissivity also increases. In areas around the 

northern limit of the aquifer, values for transmissivity are commonly 

5,000 to 10 ,000 GPD/Ft. In Dane County, McLeod used values ranging 

from 30,000 to 50,000 GPD/Ft., while in Grant and Rock Counties 80,000 

GPD/Ft. are possible. Transmissivity may be estimated by knowing 

the specific capacity of a well without having to conduct an aquifer 

test.. DeVaul (1975) examined well drillers' records for specific 

capacity data and converted this to an estimated well yield map for 

the Sandstone aquifer (Fig. 17 in map folder). 

\,ater Quality of the Sandstone Aquifer. (See Appendix) . 

The most recent comprehensive study of ground water quality in 
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LOCATION OF SElECTED WELl.S HAVING THE SANDSTONE AQUIFER AS A SOURCE 

Figure 16" 
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\;isconsin has been purlished by Phil A. Kammerer, Jr. (1981) of the 

U. S. Geologi.cal Survey. Mr. Kammerer I s report was prepared in co-' 

operation with the Wisconsin Geological and Natural History Survey 

and is included as appendix one of this report. Most of the data 

and conclusions in this report related to water quality are based 

on his investigations. Wisconsi.n is fortunate in being the source 

area for all of the water entering the groundwater systems of the 

State. As water enters an aquifer and flows downgradient, it dissolves 

soluble components of the rock matrix through which it flows. The 

amount of material dissolved is in part a function of residence time 

and length of flow path, along with other geochemical parameters 

such as temperature, pH and oxidation potential. As a working rule, 

it can be assumed that total dissolved solids tend to increase along 

the fl.ow path of an aquifer system. Because the sandstone aquifer 

is exposed through much of the State, fresh water is continually 

"ntering much of the aquifer and the overall water quality is excep

tionally good. 

Current Environmental Protection Agency Regulations (1975) do 

not specify a maximum contaminate level for total dissolved solids in 

public drinking water although it is recommended that values not exceed 

500 parts per million (PPM) if other supplies are available. Aquifers 

containing up to 10,000 PPM are considered potentially useful as public 

water sources and subject to protection. Within the sandstone aquifer 

out of 1,137 wells tested by the U.S. Geological Survey less than 10% 

had values of total dissolved solids exceeding 500 PPH. Most of 

these wells are located east of a line running from Marinette to 

Columbia to Crawford County. One well in the City of Sheboygan has 
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consistently yielded results aroun,d 9,000 to 10,000 PPM total dis

solved solids. The well is located near the Lake Michigan shoreline 

withdrawing water from the sandstone aquifer. As the aquifer dips 

eastward towaI'd the Mighican basin, there is an increase in TDS. 

This well is located far enough east to intercept some of this poorer 

quali ty water. 

Silurian Dolomite Aquifer 

The Silurian Dolomite aquifer underlies all or part of 15 counties 

along the eastern border of the State, from the Door County peninsula 

on the north to the Wisconsin-Illinois border on the south. The 

aquifer includes rocks of Silurian age and a small occurrence of 

Devonian age shales and dolomites. The Devonian age rocks occur 

near the Lake Michigan shoreline from Sheboygan to Milwaukee. The 

dominant unit of this aquifer is the Niagara Dolomite. Ioleidman and 

Schultz (1915, p. 37) provided a discription of this aquifer from 

which the follm,ing sununary is taken" 

The Niagara Dolomite 

The Niagara Dolomite forms a broad belt in the eastern part of 

the state, along the shore of Lake Michigan. It extends as a con

tinuous formation, from Door County on the north, to Kenosha County 

on the south, and forms the sununits of isolated mounds farther to 

the southwes t" 

The Niagara is a pure dolomite. The number of beds composing 

the formation is greater in the north-central part of the belt than 

farther south., Schrock (1939) provides an excellent discussion of 

the reef complexes within the Niagara while Mukulic (1979) discusses 

the stratigraphy and provides an extensive l±-st of references for the 

Niagara. Chamberlin (1883), in his report of Eastern Hisconsin, 
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divides the Niagara in the south, into four 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 ir-' 

r'egularities. The upper part of the Niagara Dolomite is highly 

siliceous and cherty. The dolomite beds are of varying colors; 

gray, blue, white, and buff being common. The thickness of the 

formations is somewhat irregular, varying from 200 feet in the southern 

part of the district to over 600 in the centr'al and northern part. 

The greatest thickness apparently occurs at about the center of the 

dolomite belt in the vicinity of Sheboygan. From well records it 

is apparent that the thickness in the northern half of the belt 1,s 

considerably greater than in the southern half. 

In places, the beds are coarse, crystalline, and granular, 

occasionally soft, and earthy. These sandy beds, and some of the 

more porous dolomites, are the chief aquifers found in this horizon. 

Intersecting joints, fractures and solution cavities also provide 

easily accessible pathways for water and result in higher yields 

to wells. The location and density of selected wells withdrawing 

water from the Silurian Aquifer ar'e shown in Figure 18. 

Water Yielding Characteristics 

Primary permeability i.n the Silurian Aquifer is very low, on 

-5 
the order of 10 em/sec.. Secondary permeability has been developed 

along joints and fracture planes that have been widened by solution. 

As a result, the yield to wells is highly dependent on how many 

fractures are intercepted by the open portions of the well. Thompson 

(1.981) compiled a series of tests measuring transmissivity of the 

Silurian Aquifer near Hind Point, Racine County (Table 1). 
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LOCATION OF SELECTED HELLS HAVING THE SILURIAN AQUIFER AS A SOURCE 

Figure 18 
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Table 1 

Test No .. Permeab iti ty Transmissivity 
GPD/FT GPM/FT 

1 36.4 10,000 

2 0.9 260 

3 9.1 2,500 

4 2.7 750 

5 1.0 280 

The variability in transmissivity is well demonstrated by these 

tests. Near Racine, Wisconsin where these tests were conducted, 

the Niagara is about 200 feet thick.. Farther northward and east·-

ward, the formation thickens and higher transmi.ssivities are possible. 

Figure 19 (Devaul, 1975 in map folder) illustrates the pI'obable well 

yeilds for the Niagara Aquifer. 

\,later Quality (See Appendix) 

The concentration of dis,?olved solids for the Silurian Aquifer 

is shown in Section .3 of the appendix. In general, the water is 

a calcium-magnesium-bicarbonate type, very hard and high in ilon. 

Sand and Gravel Aquifer 

The sand and gravel aquifer includes unconsolidated deposits 

of gravel, boulders, sand, silt and clay laid down by the last advance 

and retreat of the Continental ice sheets or deposited beyond their 

bOlder as outwash or aeolian deposits. It is not a continuous unit 

but highly variable in areal distribution and in lithology. 

Hadley and Pelham (1976) compiled the available information 

on the character and dis tribution of these deposits. Their discrip-

tion follows. 
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"Study of the glacial deposits of North America has shown that 

there were four major advances and retreats of the ice. It is now 

believed that glacial deposits representing three of these advances 

are exposed i.n Wisconsin. The deposits from the early advances are, 

however, of quite limited areal extent. The great majority of the 

glacial deposi.ts at the surface of the State were formed by the last 

of the four advances making the identification and study of the 

buried older deposits extremely difficult. The time during which the 

deposits of the last advance were laid down is know as the Wisconsin 

Age because deposits of the advance are well-preserved in the State 

and were studied here in detail. 

During the fourth advance, differences in the rate of ice accu

mulation in the source areas, coupled with difference in topographY, 

caused the ice front to split into a series of tongue-like lobes. 

Four major lobes of ice entered Wisconsin and each lobe tended to 

follow pre-·existing low areas of the Earth's surface. One moved 

along and beyond the present Lake Hichigan basin: a second was sim-· 

ilarly related to the Green Bay area; the third was similarly related 

to the Lake Superior area and extended into the extreme northwest 

corner of the State; and a fourth lobe moved southwestward across 

that part of the northern peninsula of Hichigan south of the Keweenaw 

peninsula" 

As the glacial ice moved, it picked up vast quantities of soil 

and rock materials and these "ere subsequently deposited along its 

route of travel, especially at or near the margins of the ice.. The 

general term for material deposited through glacial action is glacial 

drift. 
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Many of the glacial deposits consist of "till," an unsorted 

and unstratified heterogeneous mixture of clay, silt, sand, and 

boulders. Till is deposited directly by and under a glacier, either 

during glaciation or at the time of glacial melting, without being 

subsequently reworked by the water that is released as the glacier 

melts. 

Till is normally deposited in the form of moraines, which are 

mounds, ridges, or other accumulations deposited chiefly by the direct 

deposition from glacial ice. Moraines can be divided into two main 

classes, namely ground moraine and end moraines. Ground moraine 

is a thin layer of till which generally has a gently rolling surface 

and which is formed from the rock debris that was dragged along, in, 

or under the glacial ice. End moraines are normally ridge,-like deposits, 

often showing considerable relief, that form by the piling up of 

till at the leading edge of an actively flowing glacier dUIing the 

periods when the positon of the ice front "as essentially stationary. 

There are a number of types of moraines that are lumped under the 

heading of end moraines. One of the more important of these is the 

terminal moraine which forms at or near a more or less stationary 

edge marking the limit of an impor'tant glaCial advance. Another 

type of end moraine is the recessional moraine. These form during 

temporary but significant pauses in the final retreat of a glacial 

front or during minor readvances of the ice front in a period of 

general recession. Finally there is interlobate moraine, which forms 

where the margins of adjacent glacial lobes come together. Figure 

20 is a generalized map showing the distribution of end moraines in 

Wisconsin .. 
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EXPLANATION 

Figure" 20 

Generalized Distribution of End Moraines. (Hadley and Pelham, 1976) 
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Rock and soil debris released from the mel ting glacier was 

carried by streams of meltwater and deposited at or near the ice 

front" These deposits normally consist of sor'ted and stratified 

materials, chiefly sand and gravel, and are called outwash. When 

the meltwater streams flowed out from the glacier across the terminal 

moraine, they deposited accumulations of sand and gravel called out-, 

wash fans. In many cases these fans coalesced forming broad sheets 

of outwash called outwash plains. Large bodies of outwash were also 

deposited along the valleys of the major' streams that flowed from 

the glaciers. Outwash deposits confined to the valleys of the major 

streams are called valley trains. Valley train deposits dissected 

during erosion by later streams are preserved as bench-like deposits 

called outwash terraces. Figure 21 is a generalized map showing the 

distribution of the major deposits of outl"ash in the State. 

When the glacial fronts retreated, the newly deposited materials 

were highly vulnerable to erosion. Vast quantities of fine-grained 

material, primarily silt, were picked up by the wind and redeposited 

elsewhere as a blanket on the surface. This wind-deposited, or 

aeolian, material is termed loess. In some areas of the State, fine 

sand was also wind-'carried away from its original sites of deposition 

to form sand dunes. The dis tribution and thickness of the aeoli,an 

deposits of Wisconsin are shown on Figure 22. 

A highly generalized map of glacial deposits of Wisconsin (fig. 23), 

indicates that a portion of southIVestern Hisconsin has only valley 

train deposits and the deposits laid down in glacial lakes that 

formed when tributary valleys were dammed by the great volume of 

outIVash deposi ted along the floors of the main valley. This region 
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is referred to as the Driftless Area. Most geologists familiar with 

the area believe that it was not glaciated during the Pleistocene 

epoch, but some investigators have taken the opposite view. 

Before the onset of glaciation, the surface of Wisconsin had 

been deeply dissected by streams. Although no statewide map of the 

preglacial topography of the bedrock surface is available, a good 

approximation of its configuration can be obtained by reference to 

Figure 24, which is a map of the thickness of the glacial drift. 

Bedrock valleys are inferred from areas of thick drift. 

Water Yielding Characteristics 

The variability of the sand and gravel deposits have made it 

difficult to accurately predict the expected well yield. However, 

by examining many well records and drillers' reports, Devaul (1975) 

was able to construct a map showing the expected yield from the sand 

and gravel aquifer (fig. 25 in map folder). The highest well yields 

are found in the thick sequences of outwash sands and gravels and in pre

glacial valleys that were subsequently filled ,"ith coarse grained, 

permeable deposits. The central sand plain of Wisconsin is an 

example of such an area" 

The central sand plain includes all or· part of Wood, Portage, 

Waupaca, Juneau, Adams, '.faushara, and :Marquette Counties. Outwash 

sands, till, morainal deposits, dune sand, and alluvium have covered 

the area to as much as 300 feet thick" High-capacity irrigation 

wells developed in this area have supported the growth of intensive 

agriculture .. 

In the north central area of the state, the sand and gravel 

aquifer is the principal source of water where it directly overlies 

the crystalline rock. Yields v3ry throughout this "rea because of 
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the high clay content in much of the drift. Figure 26 shows the 

location and density of wells having the sand and gravel aquifer 

as a source while Figure 25 shows the probable well yields. 

\~ater Quality (See Appendix). 

Hater quality for the sand and gravel aquifer is presented in 

the appendix. Total dissolved solids are generally low but iron 

is often a prohlem. Areas of coarse sandy material have experienced 

problems with high nitrates and chlorides from surface sources of 

pollution. 

Haquoketa Shale 

The Haquoketa Shale of late Ordovician age overlies the Sinnipee 

Group and is overlain by the Neda Formation and the Niagara Dolomite. 

The formation occurs along the eastern horder of the state from Door 

County to Halworth County. There are several minor occurrences in 

Southern Grant County and Lafayette County. Thickest sections of 

the Maquoketa occur in the north and are as much as 600 feet thick. 

Southward it thins to 150 to 200 feet thick., Lithologically the 

Maquoketa is a bluish to greenish shale with occasional sandy beds 

and thin beds of limestone. It is usually soft but may be slaty in 

some areas. It weathers quickly and is rarely exposed in cliffs or 

outcrops. 

\.Jater Yielding Characteristics 

The Haquoketa Shale is the confining bed for the sandstone 

aquifer in Eastern hfisc.onsin" At the same time there are lveathered 

zones near the top of the formation and some sandy carbonate heds 

within the unit that yield sufficient water to wells to be useful. 

111e location of wells utilizing the Haquoketa as a source of ground 

water are shown in Figure 27" 
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LOCATION OF SEL.ECTED WELLS HAVING THE SAND AND GRAVEL AOUIFER 

AS A SOURCE 

Figure 26 
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LOCATION OF SElECTED WElLS HAVING THE MAQUOKETA SHALE AS A SOURCE 

l'igur e 27 
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Water Quality 

Water quality within the Maquoketa is generally good in those 

beds having sufficient permeability to yield usable quantities of 

water. Most wells tapping the Maquoketa are also open to other 

aquifers and provide only a composite sample for water quality 

analysis. Examination of records from the U. S. Geological Survey 

and I-lisconsin Geological Survey well files indicate that the upper 

portions of the Maquoketa reflect the same trends in water quality 

as the overlying Niagara Formation. Most of the water contains 

less than 500 PPM total dissolved solids with some of the more 

easterly wells or wells tappi,ng the more permeable zones from deeper 

within the Maquoketa showing total dissolved solids concentration up 

to and occasionally exceeding 1000 PPM. 

Lake Superior Sandstones and Lava Flows 

In northwestern Wi.sconsin i,n Ashland, Douglas, Bayfield, Washburn 

and Burnett Counties are a complex series of sandstones, quartzites 

and mafic volcanic rocks of appr'oximately Late Precambrian age. 

Their age and stratigraphi.c relationship to other surrounding forma-' 

tions is not well defined because of a complex history of erosion, 

reworking, faulti,ng and igneous events. \-/here the overlying Sand 

and Gravel Aquifer is too thin or clayey to yield adequate water 

supplies wells are usually deepened to include the underlying 

sandstone or volcanics. Cross section number 5 (fig. 31 in map folder) 

depicts the complicated relationship of these units. 

The volcanic rocks predate the sandstones and dip steeply toward 

the axis of the Lake Superior syncline. Faulting and erosion have 

brought the sandstones adjacent to the volcanics in some areas. 
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This is demonstrated by the cross section and shown in the geologic 

map of the State (fig. 3). 

Lake Superior Sandstones is an informal term used to refer to 

several diverse groups that are predominately sandstones. Within 

Wisconsin the two most important groups are the Oronto composed of 

the Outer Conglomerate Formation, the Nonesuch Formation and the 

Freda Formation and the Bayfield Group composed of the Orienta, 

Devil's Island and Chequamegon Formations. The Nonesuch Formation 

is predominantly shale, all the other formations are coarse to fine 

grained sands with shale or silty beds COmmon. 

Water Yielding Characteristics 

In the northwest areas of the State where the Sand and Gravel 

Aquifer' does not yield sufficient water, wells are often deepened 

into the underlying sandstones or volcanics.. Although these forma

tions differ considerably in geologic character their hydrologic 

character is similar. Near the surface where the units have been 

weathered and fractured by faulting or joint systems, wells may 

yield several hundred gallons per minute. In other areas that are 

less disturbed, wells will produce very little water. The City of 

j,ashburn in Bayfield County drilled a well 700 feet deep in the 

Lake Superior Sandstones that tested at 688 gallons per minute with 

197 feet of drawdown.. Most wells yield much less than this. The 

location of selected wells tapping the Lake Superior sandstones and 

lava flows is shotvn in Figure 28 .. 

Water Quality 

Near the surface of these formations good quality water can 

usually be pumped by wells. HOIvever, many of-the wells drilled 
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LOCATION OF SELECTED WEl.LS HAVING THE LAKE SUPERIOR SANDSTONE 

AND LAVA FLOW AQUIFERS AS A SOURCE 

Figure 28 
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deeper into the formations have encountered water having high con

centrations of iron, manganese, and chlorides. 

Table 2 summarizes the water quality information for these 

aquifers. 

Table 2 

Summary of Total Dissolved Solids 

In Lake Superior Sandstones and Lava Flows 

Number of Wells Tested 

Maximum Concentration 

Mean Concentration 

Minimum Concentration 

146 

7625 PPM 

388 PPM 

42 PPM 

Percentage of Wells Having This Concentration or Less 

95% 1373 PPM 

90% 716 PPM 

75% 294 PPM 

50% 199 PPM 

25% 131 PPH 

10% 95 PPM 

5% 70 PPM 

(Compiled by Phil Kammerer, 1981) 

Precambrian Crystalline Basement Rock 

The rock formations of precambrian age are at or near the surface 

in Northern Hisconsin" In other areas of the State, rocks of Paleo

zoic or younger age cover the crystalline rocks. Depth to the 

basement rocks is shown in Figure 29 (After Thwaites, 1957). 

The Precambrian rocks are predominately intrusive igneous rocks 

but include extrusive volcanics, highly metmriorphosed shales, 
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quartzites and marbles. The distribution of sOlUe of these rock 

types are shown on the bedrock geology map of Wisconsin (fig. 3), 

Water Yielding Characteristics 

Ground water within the crystalline basement moves through 

fractures and zones where the rock is weathered or broken by 

faulting. There is very little intergranular permeability.. Where 

wells intersect these joints or fractures there may be significant 

flow; in other areas there is little flow" Figure 30 shows the 

location of selected water wells penetrating to the basement rock. 

A separate list compiled by Roshardt (1976) includes some water wells 

and stratigraphic test wells reaching the basement. 

Hater Quality 

Many wells which derive significant quantities of water from 

the crystalline basement have provided good quality water.. However, 

most of these wells do not penetrate deeply into the rock. Water 

samples from mineral exploration holes near Crandon and deep iron 

mines near Hurley have yielded total dissolved solids concentrations 

near or exceeding sea \Vater concentrations. Little comprehensive 

information is available on water quality from the basement rocks. 
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LOCATION OF SELECTED WELLS HAVING THE 

CRYSTALLINE BASEMENT AQUIFER AS A SOURCE 

Figure 30 
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Concluding Statement 

The preceeding summary of the ground water resources of Wis'

consin is an attempt to demonstrate the interrelations of all the 

Water resources of the State.. Water falling as rain must pass through 

the sand and gravel aquifer to reach the Silurian Dolomite, or the 

sandstone Or the crystalline basement. Water from these various 

aquifers is discharged to wetlands and streams. If any portion of 

this cycle of water is disturbed the entire resource will feel the 

effects. Our present civilization threatens the integrity of the 

hydrologic cycle, from acid rain to agricultural chemicals to urban 

runoff.. Regulatory authorities are forced to walk a narrow path 

bet,,,een prohibitive enforcement and permissive neglect.. It is hoped 

that the above summary of the ground water resources of Wisconsin 

will aid in their understanding of the interrelationships of ground 

water systems and the formulation of rational means to protect and 

preserve them for' us e now and in to the future. 
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