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INTRODUCTIOR

drea surveyesd.- During the field season of 1927, 10 townships in
eastern Portage County, the whole of Waupaca County {21 townships), and
6 townships in Outagemie County were surveyed (Pl. I). This area totals
37 townships or approximately 1392 square miles and is situated to the
south of the diétrict aufveyed in 1926. Field work lasted from Jume 15
to September 10, interruptéd by & six day vieit to Madison at the end
of July which was compensated for by work on Sundays end holidays.

Work was also interrupted by (a) a visit to Browmsville on the trip
out, (b) three field conferences with road material parties, and (c)
3 days when the car was being repaired.

Methods.- On account of experience gained during the previous
season the methods of field and office work were materially improved.
Entire charge of the elevation work was given to the assistant, R. Je
Koplin. Road cuts were abundant enough so that little test pitting was
required and & small shovel sufficed for the needs of the vork; The
party was transported in the same Ford sedan which was used in the
previous year. On account of its greater age so much delay was
necessitated by repaire that it was discarded at the end of the season.
Wherever the geology was complicated, the speed was kept at or below
10 miles per hour, but the writer permitted 15 to 20 miles in outwash
and other simple areas. Only two headquarters were used, Iola and New

Iondon, for it was thought that once a satisfactory living place was




Wisconsin Geological and Netural Hietory Survey ‘ Plate I

. BED ROCK GEOLOGY

Gaelena=-Black River dolomite

Lower Magnesian dolomite

Cambrian sandstone

Pre-Cembrien grenites, etc.

Figures show percentage of dolomite and chert pebbles

as shown in pebble counts.
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secured the extra miles traveled to and from work would have more than
been offset by the time and effort of moving. Some work was‘carried
out about 25 miles from the base, but careful planning of work along
therroute reduced the dead mileage considerably.

An innbvation was the use of an 18 foot auger while in the red
ti;l district. It had been hoped that the holes might serve to discover
lake claya.under sands, but the results obtained in 5 weeks trial failed

to justify the trouble of carrying the rods and wrenches. Only one hole

~the full depth of this instrument was completed successfully as in all

-other tests layers of either quicksand or dry caving sand were encountered.

A sleeve auger might gét holes down through the latter, but no method withe*
out casing can cope with the former.

Photograggx.- The writer is particularly pleased with the improvement
in photography effected in 1927. The innovations comprised (&) use of a
really orihochromatic film, the Germmn Agfa film, (b) use of Wratten fil-
ters K2 and G, and (c¢) invention of an improved hood to shade the lens and
exclude unnecessary light. The results were best with {(a) distant views
and (b) pictures of gravel pits. The penetration of haze and smoke, which
are so characteristic of summer in the north country, was quite satisfac-
tory. In comparing results with those formerly obtained it must be
realized that ordinary photographs are taken by blue and violet light only
and that as a consequence our ideas of what is correct in a photograph are
inherently erroneous. Ordinary photographs do not show the degree of
contrast betwsen light and shadow which the eye does. Therefore when pic-

tures are taken with a filter which subdues the light values to something

~ near to those apparent to the eye,we at first sight regard them as dis-

torted and unnatural. In distant views it is desirable to exaggerate




color differences. With the materials end methods employed in 192%
this exaggeration can be secured to a considerable extent. All films
were promptly sent to Madison by registered first class mail end

were developed by McVicar's Photo Service at once. A glance at the
album pages of 1926 end 1927 shows improvement conservatively estimated
at 1,000 per cent.

Elevations.- The aneroid elevations secured by Koplin seem for
the most part to be reliable to about 10 feet but certain exceptions
were noted. Some of these were eliminated by office revision after
the return from the field, but others must remein as (a) errors in
reading or récording, (b) sticking of the needle, (c) pocketing of
ccld air over marshes aend lakes, and (d) blows on instrument. Only

one instrument was employed at a time, which proved a saving of time

~but a cause of some of the occasional errors noted above. The same

instruments were used ae in 1926 but were put in order at the factory.

Costs.=- The cost of the work may be distributed as followss

Salaties $1,024.97 = 59 per cent
Travel {6546 miles) 458.22 = 28 " "
Living 208.77 =12 " "
Photography 46,40 = 3 * *
Total $1,738.36 =100 * "

Cost per square mile $1.25

Total miles per day 79

Living cost per day $2.52

Square miles per work day 19.3

Cost of party per day (total) about $21.00

The cost per square mile shows & reduction of about 35 per cent

over the 1926 figures. This is accounted for by (&) the open country
with sbundant roads, (b) greater experience, (c) freedom from camp

work and worries, (d) good weather, and (e) good base maps. It

scarcely seems possible that the cost per square mile can ever bg any




lower; it will certainly increase as the work is carried into the
less cleared northern country where more foot work is neededs In
open lake bottom country an entire township was surveyed in one day,
a feat which could never be equaled in the north. k
BED ROCK

Pre-Cambrian.- No detailed study was made of the bed rocks of
the area which is characteriged by very few outcrops. A rough sketch
of the bed rock geology is given on Plate I {p. 2). It will be hoted
that (a) by far the greater part of the district is underlain by rocks
of pre-Cambrian age and (b) thie area is considerably increased over
that shown on any published map. .Outcrops are found from Tigerton
through larion and thence southwest tirough Big Falls to Waupaca. Two
isolated knobs of gramite occur out in the plains to the east: (a)
Hoppes Rock near New london, and (b) an outcrop which is new to
science in the sand dunes east of Weyauwega. The greater portion of
the pre-Cambrian is coarse granite and granite porphyry; there is con-
siderable fine grained aplitic granite near Waupaca. Hoppes Rock is
a fine grained pink granite which is unusually harde The Weyauwega
ledge is a gray,fine grained granite with scattered hornblende crystals .
larger than the ' . - .- .. .I: average. These rocks are both exceeding-
ly resistant to weathering. The granites were formerly exploited by
guarries at (1) Big Fells, (2) Waupaca, {(3) north of Waupaca at Granite
Quarry School, and (4) Hoppes Bocke Of these only the second and third
ever passed the exploration stage and both have been abandoned for many
years. The granite quarry north of Waupaca produced porphyritic rock
of very striking appearance. The boundaries of the pre-Cambrian have

been traced mainly by bowlders of the local granite whose character

-5 =




contraste sharply with fhe gray granites of Canadiam origin which
ars found east of the Paleozoic outcrop. Records of granite wells
in and northeast of New London were also obtained. Granite is known
beneath the drift as far east as Black Creek. Disintegrated granite
is rare in this region and so far as observed has been exploited
only southwest of Marion.

Paleozoic rocks.- Paleozoic rocks are exposed {a) in Portage

County and (b) south and east of New London. Their presencé south of
a line from Weuauwega westward through Weupaca is surmised from the
scarcity of local granite bowlders although few wells are known to
strike sandstone in this disfrict. Two wells north of Iola are
reparted to strike sandstone, but as no samples were seen, this report

is considered doubtful. The Portage County outcrops are Cambrian sand-

" stone of either the Mount Simon or Eau Claire formations. They do“hot -

indicate that the country between them is necessarily underlain by sand-
stbne; it is more probable that they are only isolated outliers. ZEast
and south of Wolf River there are abundant outcrops of Jordan sandstone
and Lower thnesian dolomite. The latter is exploited by numerous
quarries, most of which are now idle. The MEosguito Mounds, east of

New lLondon, exhibit poor exposures of the Trempealeau dolomite and
Mazomanie sandstone. Some of the former formation has been mistaken

for iron ore by well drillers. There are no good sections of the
Paleozoic rocks in the area surveyed in 1927.

PREGLACIAL TOPOGRAPHY

Pre-Cambrian area.~ No extensive studies of the preglacial

topography are possible in the area surveyed in 1927 since few wells

reach rock. The greatest relief is in the vicinity of Weyauwega and
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New London where it is at least 100 feet. So far as can be found from
information now available there are no large valleys in the pre-~Cambrian
surface. A good idea of its topography can be gained from the sections
of Plate III (p. 13). The cause of the very low elevation, less then
200 feet above sea level, at Black Creek can only be surmised at present.
No outlet for such a valley seems possible to either the west or south.

Paleozoic area.- The most notable preglacial valley discovered in
the portion of the area which is underlain by Paleozoic rocks is that
along the New London fault, which is in part followed by Wolf River.
Over 300 feet of drift with no rock is reported in this velley. It is
probable that the drift is very thick south of Dale, but no data was
secured. The relief of the Paleozoic bed rock surface is about 500
feet.

OLDER OR PRE-WISCONSIN DRIFT

Introdﬁction.- Pre-Wisconsin drift (Pl. II) was discovered west
of the Outer Morains of the Wisconsin drift as there are no exposures
east ©f that line which are deep enough to pass through the younger
deposits. In Portage County the pre-Wisconsin drift is confined to a
series of ridges which rise from outwash of the.later glaciation; this
ridge was named by Weidman the ™ Arnott Moraine®l,

Topogrephy.- The Armott Moraine consists of a north-south ridge
which is divided into four principal and several minor sections and
which extends from & point a few miles northeast of Stockton south to
a point east of Bancroft, a distance of about 16 miles. The maximum
width of individual ridges is about two miles and the greatest measured

height is approximately 65 feet. The moraine is devoid of kettles

1 Weidman, Samuel, The geology of north central Wisconsin: Wisconsin
Geol. and Nat. Hist. Survey Bull. 16, pp. 456 - 459, 605 - 606,
10807,
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although there are marshy spots on its creet. The flanke are diesected
by ravines but save for the three large breake the crest ie almost un-
broken. ©Only a small part of the moraine has been cleared and very
little of that hae ever been cultivated. Moet of the farm houses on
the moraine have been abandoned.

Material.- The Arnott Moraine consiste of very stony, sandy till.
All of the moraine is thickly strewn with bowldere of crystalline rock.
At the type locality, the railway cut west of Armott, diorite pre-
dominates,but elsewhere granites are much more abundant. Coaree granites
and granite porphyries are present in less amount tham in the younger -
drift. The till is non-calcareous and ie of a brownish yellow color to
the bottom of the deepest excavations, about 15 feet. No dolomite
pebbles could be discovered. ®olitic chert from the Lower Megneeian
is common.

Integgretation;- Weidmen interpreted the Arnott Moraine as the
deposit of a pre-Wisconein glacier and correlated it with his so-called

Second Drift northwest of Marshfield. later Martin and Hotchkiss

'visited the type locality end declared im conversation with the present

writer that the drift is no different from that of the Wisconsin moraine
to the east. Since the writer has been obliged to differ radically with
the interpretations of Weidman in so many matters, it is a pleasure to
say that in the case of the Arnott Moraine his predecessor wae entirely
correct. The (a) weathering of the till and (b) srosional topography

of the moraiﬁe prove definitely that it is much older than is the

Outer Moraine a few miles to the east. The Arnott Moraine was deposited
by the Green Bay lobe of a pre-~-Wisconsin glacier and not by an ice sheet
from the Keewatin center as it containe granite porphyry and oolitic
chert, both derived from the east. In one place a small remnant of its

outwash apron is preserved on the west side.

- 0




MIDDLE WISCONSIN OR GRAY DRIFT

Introduction.- The young or Wisconsin drift is divisible into two
partss (a) the Middle Wisconsin {of Leverett) or "Gray Drift" and (b)
the Late Wisconsin (of Leverett) or "Red Drift™. The former is the
same as the drift at Madison and is equivalent to Chamberlin's original
“East Wisconsin Drift~. There can be little question but that this
drift is decidedly younger than leverett's original Early Wisconsin
Drift of central Illinois. The Late Wisconsin or Red Drift is the
same ag the Red Drift of Alden, not the‘de Drift of northwestern
Wisconsin and Hinnesotaz.

Material.~ The surficial part of the Gray Drift consists of
(a) very sandy outwash and (b) exceedingly sandy till which in the
area underlain by the pre-Cambrian rocks is filled with granite bowlders.
Persons coming into the district from a clay region would scarcely
recognize the till of western Vaupaca County as an unassorted product.
On the other hand some geologists seem to have confused the weathered
sands of the outwash with true till.

The percentage of dolomite and chert pebbles derived from the
eastern part of the district (Pl. I, p. 2) was determined by counts
of material from the unweathered portion of the drift only. Over
lerge areas no cuts #eep enough to obtain unaltered material were
found. Some facts stand forth clearly: (a) the percentage of dolomite
and chert petbles ies over 90 where the bed rock is dolomite, (b) the
percertage decreases westward where the rock .. i west o} the dolomite

is mainly granite at the rate of approximately 1.5 per cent per mile,

2 Thweites, F. T., The development of the theory of multiple glaciation
in North Americas Wisconsin Acad. Sci., Trans., vol. 23, pp. 64, 69,
108, 1928.
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(c) the rate of decrease is much less where the bed rock west of

the dolomite is sandstone and averages less than half the figure

named above, (d) the decrease in content of dolomite pebbles is very
irregular and is apparently influenced by the amount of broken granite
present in certain localities, (8) many more pebble counts are needed
then have heretofore been made if accuracy is to be obtained, and (f)
the composition of the pebbles is a valuable but not infallible guide
to the character of the bed rock.

Topography.= The Gray Drift is characterized by very rugged
topography. The ﬁarginal portion in Portage County is largely very
rugged stony termine]l moraine. Farther east in western Waupaca Coumty
the landscape consists of pitted plains dotted with drumlins both (a)
isolated and (b) in large groups. In few places are there amy extensive
flats like those west of the border of the young drift in eastern Portage
County. Flat areas are most common near the east margin of the area of
Gray Drift where some lake deposits are present.

Terminal moraines.- The terminal moraines of the Gray Drift are the

direct continustions of those studied in Marathon and Shawano counties
in 1926. They comprise {(a) the Outer Moraine, (b) the Second Moraine,
(c) tne Elderon Morainic Series, and (d) the Bowler Morainic Series.
Only slight traces could be found of the Caroline Moreainic Series which
was distinguished in Shawano County in 1926, for in this latitude almost
all such moraines have been overridden by the Red Drift.

Drumlins.- Drumline are by no means as abundant as they are in
Shawano County to the north.’ They are characteristically arranged in
great groups whose longer axes trend east and west; some of these
groupe are several miles in width and contain well over & score of

separate crests. In some groups the drumlins coalesce into plateau-like
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"drumlin uplands™; in such cases the observer can get & betier.idéa
of the topography from a distance of a mile or more than when
actually on the crest. Most of the drumlins are wooded which fact
also troubles the geologist although not to the extent that the
forestes of Shawano Gounty do. Outwash gravels are found beneath
several drumlins.

Ground moraine.- There is very little ground moraine in the

area of Gray Driftrsave around the bases of some of the drumlin
messes and between the meppable drumlin crests of such maaseé or
groups.

Outwash.= The greater part of the area of Gray Drift is out~
washe West of the Outer Moraine there are extensive areas of flat
outwash which shows & moderate degree of weathering in contrast with
the adjacent Arnott Moraine. Within the Outer Moraine virtually all
the outwash is pitted. In meny localities the kettles are so close
that little or no original plain is left. In such areas (a) the
sandy nature of the deposit and (b) the horizontal bedding serve
to discriminate the true nature of the deposit. Theré.are several
distinct outwash terraces in the vicinity of Amherst Junction
(Pl. III). These terraces form a gigantic staircease which rises
to the west. The treads are miles in width and the risers,for the
most part the several recessional moraines, are measured in & few
tens of feet. 1In addition to the terraces well-defined valleys with
flat floors run back into and through the higher terruces and drumlin
groups. That of the Waupaca River, which is so well seen at Amherst,
connects through a low col with the head of Little Wolf River south
of Eosholt. Another prominent channel whose bottom contains lakes

in kettles and no definite stream lies west of Iola. Southwest of

- Y
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Iold & veritable network of such chennels is found. OCne of them is
followed by both U. S. 10 and the Soo Line part of the way between
Amherst and Iauéaca- South of this latitude numerous flat=bottomed
ravines head ;esf of the Chain:¢' lakes Plain in high outwash férraces
west ot'the Bowler Moraines; several of these contain streams fed by
large apfings. A striking feature is that the division between the
high outwash area north of Relsonville and the lovéf p;ains around
Jola is not a moraine; this escarpment can be traced from the south
line of Waupaca County nearly to the north line and may be corre-
lated with the similar features in Shaweno County as shown in
Plate III (p. 13). '
Eskers.- Eskers are not very abundant in the Gray Drift of
Waupaca and Portage counties. These ridges are composed of exceeding=
ly siony, bowldery gravel which is very éifferent from the adjacent
sendy outwash. One of the best-studied eskers is th@t which crosses
S Te He 49 in the northern part of Iolaj it was traced for over two
miieé. It is quite possible that other eskers occur among the drum~
lins but were not discovered on account of woods. The discontinuous
nature of eskers makes them very hard to discover and to follow.

Lake dapqgita.- From a point east of Big Falls to the south

line of Waupaca County is & series of plains which are only slightly
pitted. These plains are now¥ drained by several different streams
which discharge to the southeast end are not portions of continuous
sout hward-sloping plains. At no point was emny lake clay distinguished
although it is by no mesans improbable that such is present in some
places beneath the sandy soile In the SW. NE. sec. 13, T. 21, R.

11 E. a gravel pit shows fine gravel which is exceedingly well sorted.
This deposit lies at an estimated elevation of 875 feet andds probebly
& beach deposit. It is probable that some of the slopes which

-14 -




separate these flats from adjacent highlands are beach cliffs but
as this iﬁterpretation was not held at the time they were mapped;
| the idea was not iested out.
LATE WISCONSIN OR RED DRIFT

Introduction.~ The Late Wiaconsin Drift as defined in this

report is not the eame as the Late Wisconsin Drift defined by
Leverett in 1897 but is the same as the Red Drift of Alden's
Professional Paper 106. On the State Soils Maps the area of Red
Drift ie mapped as the Superior Séripa, }evel and relling-phages;
and a5 the Kewaunee Series and the Supesimr Series when the maps
were published by the United States Bureau of.Soils. The Soils Maps -
we;e a great help in defining the border of tﬁis‘drift.

Till.- The till of the Red Drift differs markedly from that
of the Gray Drift. It is of a dark red to brownish red color and is
g0 clayey that in 1926 the hypothesis thaf some of it was of aqueous
origin was considered. In some exposuree:there is a faint lamination
parallel to the surface which at firet sight suggests bedding and
in a few places lenses‘of sand complete the illusion. (a)The abundant
stones, some of them glaciated; (b) the grit scattered through the
clay; and (c) the surface configuration which in many places is higher
than areas to the west without red till, however, leave no doubt of
the glacial origin of the deposit.

Glacio~-fluvial deposite.- The glacio-fluvial deposits of the Red

Drift area differ very little from those found farther west and indeed
meny of the exposures clearly show materials deposited previcus:: to
the coming of the Red Ice. lLarge areas of nearly level or pitted red
till are evidently pitted plains which were formed during the first

retreat of the ice and were luter overridden by the Red Ice. In
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Shawano County these iere meapped separgtaly but their lesser area
in Waupaca County coupled with the greﬁter thickness of the red till
o caused the writer to omit this distinction and classify most of
them as ground moraine. In other pldces the red till rests om
older iake depoaifs, a.fact which provsd very confusing im Shawano
County. It is now realized that the occurrence of silts or strati-
fied clays below the red till has no bearing on the origim of ths

latter. 4An interesting feature: of the outwash of the red till area .

is the occurrence of some fine gravels which are so well assorted as
to closely resemble beach deposits. These are common along the
valley of the Little Wl{f above Manawa.

Terminal moraines.~ Inasmuch as the Red Drift is very clayey,

it should not be expected to form as rough or as stony serminal
moraines as does the Gray Drift. Notwithstanding this fact meny
areas of Red Drift are véry rough. 4s cuts in these areas show that
the red till is only a few feet in thickﬁess, it is obvious that the
rough topography was inherited from (a) gray terminal moraine and (b)
gray pitted plains. This fact makes the papping of real Red Drift
moraines a well-nigh hopeless task. The moraines which are shown near
the western border of the Red Drift are in all probability the over=-
ridden Caroline Series of Shawano County. No continuous terminal
ridge can be found at the edge of the Red Drift whose border is
lobulate and sinuous in a form rather suggestive of Glvin‘s Iowan
drift (Pl. VII, p. 30). Viewed broadly, the border of the Red Drift
lies diagonal to the gray moraines and extends relatively much
farther west in southern Waupaca County than in Shawano County. Ko

attempt has been made to give & name to the outermost moraine of Red
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Drift. The recessional morainss éf the Red Ice are much bettef
merked (Pls. II, p. 8, and VIII, p. 32)s The Thornton Moraine of
Shewano County is 20 longer correlgted with the moraine north of |
Clintonville but insteﬁd with the isolated morainic hills formerly '-   |
fermﬁddd the “Belle Plaine koreinic Complex® and thus forme a die- |
continuoue leop across the Wolf Valley (Pl. VIII, p. 32). The moraine
south and west of Embarrass River cemnot be traced south of Clinton-
ville But may tura east into the lake basin and connect with an
isolated hill east of the ¢ity and with a gravel hill neaf_heéman:_;'.
still farther east. The mofaineé-i;;t of New london are se irraéﬁléf -
that they cemnot be placed in.any sfstem. The ridge east of Hoequito.
Bluffs near Mew London is pfobabiy a subaqueous moreine although hgre
mapped as lake bottom.

Ground moraine.- There are large areas of ground moraine in the

Red Drift area, most of which are so flat that they seem clearly to
be oyerridden outwash or lake deposits. In meny places well records
and cute confirm this explanstion. The pfesence of_occasional kettles
in these depogits ie thus accounted for, but discrimination from |
terminal moraine is very difficult. South of New london is a large
area of thin drift on dolomite and sandstone.

Drumlins.~ The Red Drift area is characterized by relatively few
but very large drumlins which reach a maximum height of 250 feet.
Some drumlin groups occur in which the individuasl members are dis=
tinctly offset or en echelon. All but & few drumlins trend either
east=west or northwest-southeast. Meny are imperfect in form. Cuts
in these show that they have a core of gray till covered with a few
inches to 10 or 15 feet of red tille Drumlins which trend northeast-

southwest occur (a) near Lund in Shawano County, (b) southwest of
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Clintonville, and (c) near Fortonville. Cute in these appé@;rto.shot
nothing but red till. Near the mergin of the Red Drift num;r;ua druz=
lins aﬁpear to have forme& nunataks; at least they have no discermible
red till on them. |

Outwesh.- Outwash is nbt as common in the Red Drift as it is
fartper west. A notable example is the series of plains whiéh.extend
froiﬁzast of Marion down (a) the Pigeom and (b) across to the Little
Wolf. Amother plain follows the Little Wolf from the vicinity of Big
Fells down to the level of @lacial Lake Oshkosh. |

Eskers.~ Eékers are rare within the Red Drift area of S‘Qpaca' -
County although they are common in the Brierton M¥oraine of Shewano
County. At Medina ( T. 21, 3. 15 E.) there is am esker which is
unique in showing gravel which in certain beds is as well assorted as
a beach; it is interpreted-aa one which discharged into standing
vater so that the material was reworked by the waves and locally
interbedded with red clay. The ridge is too well sheltered to be
regarded as a bar.

Lake deposits.- The largest area of lake deposits lies within

the area of the Red Drift; these occupy the bed of a lake which was
formerly called Glacial lLake Jean Nicolet but is now to be remeamed
Glac¢ial Lake Oshkosh. The material consists of (a) varved red and
gray clays, (b) gray, pink, and yellowish gray silts, and (c) sands.
Much of the lake basin is covered by sand dunes. The first class of
deposits can only be distinguished in deep, fresh cuts. Dunes are
most abundant east of Wolf River and near the Shawano County lines
some of them reach & height of about 30 feet. Large portions of the
lake besin contain no lake deposits whatever and bowldery red till

forms the surface material.
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Beaches.- Two glacinal lakes o!-different ages may be distinguished.
The older occurred before the red till was deposited and iﬁ_knowa by
beach gravéla which werefnoted at elevations of 850, 875, gﬁd 900 feet..
Ko marked topogréphic featuies are associated with any of these high4
level oécurrencea.. The'iater'lake is younger then the red till and
shows beach gravels at 790, 825-830, and possibly 840. Such deposits
are confined almost entirely.to isolated hills which formed_ialands
or shoals in the lake; most or.the shoreline shows neither depositional
nor erosional features but may be approximately defined by.tyertransi- '
tion from smooth lake flat; to more rolling glacial topogfaﬁh}. o

Deltas.- Several deltas were discovered particularly (a) where
Pigeon River entered the lake at Clintonville, (b) east of New London
(sec. 15, T. 22, R. 15 E),and (c) north of New London and east of S.
T. H. 26 (sec. 185 T. 23, R« 15 E.)s The Clintonville delta éohtains
several kettles. The two latter were ice-margin deltas or delta~-
kames. Buried or older deltas were found in 1927 (a) south of Read-
field (SE. SE. sec. 26, T. 21, R. 14 E.) and (b) west of Clintonville
(XE. NB. sec. 25, T. 25; R. 13 E.).

GLACIAL msTdnY

Pre-Wisconsin Drift

Arnott Moraine {I1limoien?).- There can be no question that the

Arnott Moraine was deposited by a pre-Wisconsin Green Bay lobe. That
the time of deposition was probably the Illinoien stage is indicated
by (a) the moderate dissection and (b) by: the fact that during the
aforesaid stage the laboradorianm center had its greatest extension.
Jt is true that there is no trace of an Illinoian Green Bay lobe in
southern Wisconsin but this was no. doubt due to interference by the

leke Michigen lobe in the region around Madison which held back the




‘offshoot to the west. No means is known by which tﬁe'A:aott ¥oraine
may be correlated with the drift from the north which occurs in northsra
Harathon County 6r'no;thwest of Marshfield. ..

Interglacial time.- The lapse of time between the fofmation of
the Arﬁott Horain® and the coming of the Middle Wisconsin glacier com-
prised not only (a) the intervaia between the maximum of the Illimoiem
but also (b) the entire duration of the Earlier Wiscomsin of Illimois
as now defined by Leverett and leighton. The merked difference in
amount of veathériné which is ahoin by the two drifta_bf eagtern Por-  - 
tage County should therefore excite no surprise e;eg.if.it a;ems:-uch
greater than the difference displayed near ¥adison.

Middle Wisconsin

Outer fioraine.- The Outer Moraine marks the outefmoat stand of

the ice during the Middle Wisconsin glaciation; it seems probable that
it correlates with Alden's Johnstown Moraine of Professional Paper 106.
During the formation of this moraine waters flowed from é number of
breaka)efarting with the notch from which Plover River now flows, south
as far as the surv;y has extended. These waters had free escape to
the west and southwest and therefore deposited a smooth outwash plain
which to the south grades into the deltaic plain seen east of the
Dells of the Wisconein at Kilbourn. 1In Portage County the altitude

of the country was too great for lake deposits. The relatively

fresh gravels of this plain contrast sharply with the old oxidigzed
drift of the Arnott Moraine although leaching does extend to a depth
of three to five feet. |

Second Moraine.= Following the formation of the relatively weak

Outer Moraine the ice margin fell back rather rapidly for three to

five miles and the Second Moreine was deposited. This moraine averages
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considerably larger end preaumﬁbly fepreeente & ioeger time of ete{ionary :
ice margipe ‘Near the north line of Portage County fhe two moraines are
aoperated.ﬁy.ihe verj_eandy ﬁitté& Plover Plain whieh is ebout 1we miles
wide. FarIgef eentheaet of Arnott the two moraines joiﬁ. A nﬁch pitfed
-plain with/%he moralne will here be termed the Custer Plain; it is wm=-
ueually grawelly for thie region of excessively aandy outwash. South

of this complex of morainic deposite is another pitted plain vhicﬁ near
the south line of the.county reaches a vidth of about 5 nﬁies and is
called the Alnoed Plein. Near Almond this plain is terfaced by an
eroaion channel which leads fron an outlet which ie nov folloved by

| the Northwestern Bailvay from ¥ild Rose. The Alnond Hbraine poseeeeed
several outlets to the west through breaks in the Onter Ho:alne. Its
formation was completed before all the ice masses left when the glacial
front retreated could melt. The Second Moraine is undoubtedly Aldenis
¥ilton Moraine.

Elderon Moreinic Series.- When the ice mergin begean to fall back

from the Second Moraine, no continuous moraines were deposited but in-
stead a complex of moraines and pitted plains in some localities dotted
with drumlins. In Marathon County this series was nemed the Elderon
Morainic Series; it probably corresponds to Alden's lLake Mills Morainic
System although Alden's mapping in Waushara County was too incomplete
to admit of a definite conclusion on this point. The associated outwash
pleins form two distinct levels as far south as thes central part of
Township 22 (Pl. IV) where a marked eroded stream channel now followed
by S. T. He 54 cuts through the Outer Moraine, the outwash to the west
of it, and the Arnott Moraine. From aneroid readings it is not clear
that this outlet carried all the drainage to the north of it, but as

no other course is possible, it would seem that some of these eleva-

tions must be in error. The deep ercded and terraced valley of Waupace

- 2] -




Wisconein Geological and Natural History Survey Plate IV
CONDITIONS AT TIME OF FORMATION OF YOUNGEST ELDERON MORAINE
( Terminel moraine
(
(
( Ground moraine
Middle Wieconsin (
(
( Drumlins
(
(
(

Outwaseh

Pre-Wisconsin { Undifferentiated

Glacial drainage ehown by arrows. The outlet southwest of
Amherst Junction via Keene must have been used until thie

time.
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.. Biver could not have been developed until after the abandonment of the *

easternmost Elderon koraine.

L;Bowler Morainic Series.- The récession of the ice border from the
_ éa;ternmoat_slderon nbraine.to the Bowler Morainic Series was inter~
.'fhﬁted By at least two halts during which faint discontinuous moraines
were built. These are best defeleped in southeastern Portage County
but are aleo recogmizable in aomb scattered morainic areas east of
Biraamwood in Shﬁwuno County. Although this bhalt is only faintly
'reco;ded in morainee; it mafked thé gnd of as important stage of
drainage. The waters escapéd southward and developed at least two ¢
definite outwash levels. The eastern side of these terraces forms an
eacarpmeni which ma; be clearly recognized across the entire width
of Waupaca County end at some pbints within the drumlim area of
Shawano COunfy as shown in Plate V. Abandonment of this position
by the ice border opened a lower outlet to the south which was used
by the drainage from the Bowler Morainic Series. At this time the
striking erosion channels around Amherst Junction and Iola were formed.
Their courses were determined by the drumlin uplendse Om account of
these obstructions the drainage linee meander to a considerable extent
and correlation of the several terrace levels is difficult. In south-
western Waupaca County the very extemnsive Chain o' Lekes Fitted Plain
evidently was the result of degradation of an outwash terrace which
lay about 20 feet higher and of which only isolated remnants can now
be seen. Farther north condifions were much more complex as mary be
seen west of Jola and among the Shawano County drumlins. Further re-
cession of the ice during the formation of the several Bowler Moraines
introduced complexity by opening still lower outlets.

Dissection of high terrace.~ There can be no question that most
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Wisconein Geological and Natural History Survey Plate V

CONDITIONS AT TIME OF FORMATION OF BOWLER MORAINIC SERIES AND

DISSECTION OF HIGH OUTWASH TERRACES

Terminul moraine

Ground moraine

Drumlins =i

(
(
E
Middle Wisconsin (
(
(
(
(
(

Outwash

Pre-Wisconsin ( Undifferentiated

Glacial drainage indicated by arrows. Lines of drainage shifted
from time to time probably in part on account of melting of
isolated ice masses. All druinage eecaped south of the area and

reached Early Glacial lake Oshkosh.
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of the_qréded chgnhéls throﬁgh the high outwash terraces of western
Waupaca Countj;?§;e forméd by glacial floods. In the southwestern part
of this county;ihoweve;, there are geveral valleys which discharge east~
ward and-have_£§ gonngction with glacial outlgts. Thérquestion then
ariﬁes gaJto tﬁ; time of erosion, is it postglacial or late glacial!?
If.the forme:, we would expect to find large alluvialrcones where the
streams debouéh on tﬁe gently sloping Chain o' Lakes Plain. As no

such cones are found, it is apparent that the erosion was in large

measure complete@!before_the 19w9f_optwash plain was abandoned by

glaciﬁlrétreémé. The size and ﬁidtﬁ of the valleys ae;ms to preclude
their erosion by brdinary_rainfall alone even granting the weakness of
the sand and a possible, -although not probable, humid climate. 4n

eitra supply of water may very iell heve come from the melting of ice

nasses buried in the plaimeto the west.

Caroline Morainic Series.- As noted previously the Caroline
Morainic Series is only faintly developed in Waupaca County amd corre-

lation of such scattered remants is naturally very difficult.

Early Glacial Lake Oshkosh.~ The sandy plains associated with
the Céroline moraines are in many places nearly or quite free of
kettles. Some of these areas were probably lake beds as has been shown
on the Waupaca County map, but lack of sufficient accurate elevatiocns in
Shawano County renders & decision on this point very d@ifficult to reach.
Gravel which is so well sorted as to suggest a lake beach was found at
only two points, namely sec. 13, T, 21, ® 11 E. and sec. 3, T. 22, Re
12 E. If these flat areas were actually submerged by standing water,
the depth could nowhere have been much over 10 feet and it seems very
unlikely that any lake waters extended appreciably above 900 feet.

Within the area covered with Red Drift well-developed lake gravels
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have boon found -at elevations ranging from 850 up to or slightly
above 900 feet. The _Presence of lake vatera up to an elevation of
900 feet is thus well established. The explanatiom of the absence
of beachep ﬁlong the west mergin of this Early Glacial Lake bahkoeh
maflbe found in thé fact that such beach deposits are rare on the
same side of the later or post-Red Drift Glacial lake Oshkosh as
will be explained below.

The nama, Glacial lake Oskkosh.~ The glacial lake which over=
flowed through the low divide betweon the Fox and ¥isconsin Rivers

at Portage wae namsd =Glacial Iake ﬁicolet‘ by Bpham in 1903 . Then |

it was discovered that the name had been preempted by Finchell
that the change to "Glacial lake Jean Nicolet™ was madesa Years

later Ald_en6

stated, "IthhQ name Clacial Lake Jean Nicolet is to

be retained for the glgciai lake discharging across the divide o
Wisconsin River at Portage, it should bL used only for the lake having
the elevation and extent described in this present paper. Personally,
the writer would prefer the use of-some other name....” The present
wriber therefore suggests that not only the low level glacialrlake.
which Upham end Alden had in mind be named "Glacial Lake Oshkosh"

following the precedent of Glacial Lake Duluth and Glacial lake

3 Upham, Warren, Glacial Lake Nicolet and the portage between
Fox and Wisconsin rivers: Am. Geologist vol. 32, p. 105, 1903.

4 Winchell, N. H., Glacial lakes of Minnesota: Geol. Soc. America
Bull. vol. 13, p. 122, 1901.

5 Uphem, Warren, Glacial lake Jean Nicolet: Am. Geologist vol. 32,
Pe 330, 1903.

6 Alden, W. C., Quaternary geology of southeastern WisconsinslU. S.
Geol. Survey Prof. Paper 106, pp. 324-325, 1818.




chicggd, sut glad fhat'chause of its geograbhic location and the fact..
that.so liftle ié yef knowuof it, the higher and earlier level of
lglaclal waiers in the same basin be tenmed "Barly Glacial lake Oshkosh."®
Earlx Glacial Ia;e Oshkosh.- The highes# known beaches of Barly
Lake Oehkosh (Pl. VI) are fully 100 feet above the shore lines dis~
coye:ed by Alden and Upham. Inasmuch as the latter are graded to the
level.of fhe col at Portage and there is no evidence of more than
_about 25 feet of . stream erosion in any of the low openings between the
hille south of that city, it would: at first wight seem inpossible that
beaches at 900 feet in Uaupaca connty could ﬁave been aseociated with

this outlet unless displaced by subsequent earth movement. Study of

the Baraboo quadrengle, however, shows that before erosionm of the moraines

northeast of Prairie du Sac, weters above that place were ponded to the

elevation of at least 875 feet. It should be noted in this connection
that the elevations on such an old map as Baraboo were determined with
an aneroid barometer. In order to maintain a 900 foot level it was

necessary, however, that the ice not yet have cleared the low col

south of Fond du lacj this correlates the highest'level of Barly
Glacial lake Oshkosh with either Alden‘'s Waupun, St. Anna, or Rush
Lake moraines (Pl. VI)s The Waupaca County beaches therefore require
little or no northward tilting of the land.

Interval between Gray and Red Drifts.- Within the area thus far

surveyed there seems to be no means of estimating the lehgth of time
between the retreat of the Gray Ice and the return of the Red Ice. It
may strongly be presumed that this interval corresponds to that during
which the forest bed at Two Creeks was formed:and the ice front retreated

clear of the Straits of Mackinac. This does not agree with the inter-



Wisconein Geological and Netural History Survey Plate VI

CONLDITIONS AT TIME OF HIGHEST LEVEL OF EARLY GLACIAL LAKE OSHKOSH

leke bed \

This lake reached an elevation of about 900 feet when either Alden'se
Weupun Moraine or ft. Anna Moreine blocked the col south of Fond du
lac. Further ?eceseion of the ice front caused & fall in level to
about 875 feet which was reduced by erosion of the outlet to about

850 feet.
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-pretation of Alden? who Btateds "It is probable that the refilling

" of the basin (of Lake Michigan) to this level (the Toleston stage)

was occapioﬁgd by a readvance of the ice that closed the Straits of

;ﬁlckinac...;..fheglimit of the readwance is marked on the Wiscoasin

_éide of the basin by a red till moraine, which extends southward to

the lake shore just east of Two Rivers...." It is not poaai%le to

compare the ages of the red and gray tills by measuring the leaching

since the porosity is so widely different. It does seem as if the

amauﬂt of veatheriﬁg shown by glacio-fluvial deposits is decidedly

lees in the Red Drift arba than farther west in the region of the

Gray Briff, but the writer is convinced that such a comparison is so

. obscured by d¢ifferences in local conditions that definite conclusions

are hazardous. In any case it cam scercely be that the ice recession

lasted anywhere near as long as did some of those earlier in the

higstory of Pleistocene glaciation.

Late Wisconsin

Red till readvance.~ When phe ice front returnéd to Waupaca
County (P1. VII), it passed over .extensive deposits of red clay in
the basin of Early Glacial leke Oshkosh. Since the glacier did not
extend far beyond the lake basin or remsin very long, this red clay
gave its color to the till as long ago demonstrated by j&dene.

The red color of the lake clays is best shown by the very fine or

winter layera.' It is a natural consequence of the fact that the

7 Alden, W. C., Quaternary geology of southeastern Wisconsins U. S.
Geol. Survey Prof. Paper 106, pp. 332 - 335, 1918,

8
Alden, W. C., U. S. Goeol. Survey Geole. Atlas, Milwaukee folio.

Raa-240, p. 6, 19065 Quaternary geology of southeastern Wisconsint
Us. S. Gsol. Survey Prof. Paper 106, pp. 310 - 324, 1918.
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Wieconsin Geological and Naturul History Survey Plate VII

- CONDITIONS AT TIME OF MAXIMUM EXTENT OF RED ICE

Gruy moraines °

The remnent of EKarly Glacial Lake

Oshkosh not covered by the Red

Ice
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- ferric oxide in the till which came from the red rocks of the Upper

Peninsula of Michigan d8: very finely divided. Assortwent of the finer
washings from the till concentrated the red minerals in the lake_ clays
and thus. affected: .the till which v&s __forﬁed from them. The way in which .
the tiJ.J. _iispréad’ into kettles of‘oldo;r outwash and over the moraines
definitely shows that the ice msses which formed these had lbng since
meltede The Red Ice did not last long enough or have strength enough
to sensibly erodé even the higher drumlins. The most that it seems to
have done was J:to reshape gome of the drumlins ao_til,za‘t th_ey nc;w trend
southwest instead of west. The Red Ice also built soms entirely new
drumlins, a few of which are kmown to overlie older deltas formed in
Early Glacial La_ke Oshkosh. The readvance also plowed up large masses

of older assorted deposits and made sand and gravel bowlders wkthin

“the till. These are recognized by (a) vertical or overhanging boundaries

~ and (b) disturbed, folded, and faulted stratification.

Lobation of Red Ics.~- As demonstrated by (a) striae and (b) moraines,

the lobation of the Red Ice was ezrt;_ifely different from that which pre~
vailed during the more extensive invasion by the Gray Ice (P1. VIII). The
youngest striae all trehd southwest to south inatéad' of the earlier course
of northwest to west. Although the survey is as yet incomplete, this can
only mean that an of fshoot from the Greem Bay lobe passed southwesterly down
the valley of the Wolf to the moraine noted by Alden near Berlin. The
east-west moraines of southern Shawano County which so puzzled the writer
in 1926 can now be seen to be recessional deposits of this Wolf River lobe.
¥oreover, the irregular course of the west limit of the Red Drift mmy be |
better underetgod when it is realized that the primary métion of the lobe

was southerly rather than westerly.
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Visconsin Geological &nd Natural History Survey Plete VIII

LATER GLACIAL LAKE OSHKOSH AND STAGES IN THE RETREAT OF THE WOLF

RIVER LOBE OF THE RED ICE

lake bed at time of Thornton~

¢
Belle Pluine Moraine

Glucial drainage indicated by arrows. This lake does not appear to

have ever etood higher than about 830 feet.
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Recession of the Red Ice.- Three distinct balts during the re-~

cession of the Red Ice from the Wolf Valley can be recognized (Pl. VIII,
pe 32)3 (a) moraines and deltas north and east of New London whoge east=
ward exfension has not yet been mnppe%y (b) the Clintonville-leeman
¥oraine which farther north must join the_Thorntonﬁnoraine of Shawano
Gountéi)and (¢) the Thornton-~Belle Plaine Morainic Seriegg Tho outwash
plains of lLittle Wolf River doubtless were formed by marginal drainage
and lecal precipitation whemn the ice was at the first or New London
stage. The Pigeon River plain and Clintonville pitted delta were
deposited later when recession to the second or 01iﬁtonville stage had

freed this outlet. During the third, or Belle Plaime, stage, the waters

may have used this outlet for a time, but later they must have followed

the course of Embarrass River. The gravels of Marston Brothers pit in

‘Shewano County which were formerly interpreted as ordinary outwash mey

be deltaic outwash which was deposited in-the border of a sﬁgllow glacial :
lake duriﬁé fhe Belle Plaine stage. The delta northwest of Shawano Lake

mapped as moraine in 1926 is now recognized as a deposit of Early and
nof Later'Glacial Lake Oshkosh and not therefore a recessional of the
Red Ice. Sfiilrlatér the Thérnton Moraine was cut through by glacial
waters at Thornton and outwash, now much modified by sand dunes, was
deposited north of Shawano lLake after the ice front had retired north

of the territory thus far surveyed.

later Glacial Lake Oshkosh.~ It is now known that the post- Red-

Drift glacial lakes west of the Thornton Moraine which were postulated
in the 1926 report had no existence or are Early lLake Oshkosh beaches
modified by glaciation. The supposed beaches of bowlders and sand are
really deposits associated with the Red Drift. Recession of the Wlf
River lobe (Pl. ﬁIII, P- 32) of the Red Ice led to the formetion of
Later Glacial lake Oshkosh, Upham's original Glacial Lake Jean Nicolet.
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This lake is known by varved clays and maesive silts which form a
very smooth topography. Its shore lines are poorly merked at almost
all pointsj beach gravels are found only on points and shoals. It

is suggested that anticyclonal winds from the ice kept floating ice

80 conéta.ntly packed in bays and along most of the western and south-
western shores that waves could not reach land. | The largest gravel
deposit s thus far discovered are deltas formed by streams from the
glacier; such are found east and north of New london, both (a) at

825 to 830 or (b) at about 790 feet elevation. The elevation of
several of the cois gouth of Portage as determined by the very in-
accurate Poynette quadrangle is about 825 feet. As the present divide
is not far from 795 feet, the lower beaches evidently resulted from
erasion of the early outlet. The existence of beache® above 830 feet
is ques'.tionable since based solely upon aneroid readings; if such do
é.ctually occur, the divide must then have been some distance souihwest
| of Portage. Shawano Lake is a remnant of the most northerly part of
_I.pter Glacial Lake Oshkosh which was appareatly dammed in by deposits
'.iu_'ough' down by the Wolf River although no delta is present, probably
becé.use the Wolf then carried no glacial drainage.

Briarton Morains.=- The very wide Briarton Moreine of Shawano

County was only barely touched in the 1927 survey but is known to ex=-
tend south at least 12 miles into Outagamis County. It might be inter-
preted as either (a) a recessional moraine of the Red Ice or (b) an
interlobate Moraine between the Wolf and Green Bay lobes of the Red
Ice. Beyond much doubi such an interlobate must have existed, but
studies to the east will be necessary to prove this. The existence

of (a) eskers discharging west, and {b) gravelly outwash deposited by
streams flowing in the same direction seems to demonstrate that if

it is an interlobate, the ice remasined longer on the east than on




the west side. In_ény case this moraine must in part, at least,;cdrrespond
to fhe maximum of Later Glacial Lake Oshkosh. It probably correlates with
the low water-laid moraine north of Lake Winnebago although it is possibie
that it swings west &b the ridge north of Gshkosh.

Postikacial time.- The events of postglacial time comprise (a) stream

erosion in favorable places, (b) meandering of streams on flat lake beds
quming.oxbov_and.other flood-plain lakes, (c) weathering of the.drift,

(d) formtion of peat, and (e) formation of sand dunes. The last were

studied with some care to determins, if possible, the winds which transported".u'
the sand. So far as could be discovered, these cemes¢from the south and south~
west and so must havé been postglacial and not the anticyclonal winds from
the ice sheet. Observations are, however, as yet meager in number and

to some extent c;ntradictory. It is worthy of note that over wide areas
_vhére the drift.ia less than two feet thick weathering hes destroyed the
striae on underlying dolomite ledges. An interesiing fact which was noted

in soufheastern Portage County is the recent “"come-back" of the water table.

Weidman? reported that cultivation had reduced the level of the water table

in.this region from 20 to 40 feet. BRecent rainy years, however, hafe
restored the waterlevel both underground and in enclosed ponds and lakes.

Water is now killing trees over 30 years olde.

ECONOMIC GEOLOGY

Gravel.- Commercial gravel plants have been developed at (a) Clover

Leaf Lakes in Shawano County in deltaic(?) gravels, (b) north of Waupaca

in very sandy outwash, (c) Lzke Emily near Amherst Junction in gravelly
outwash, and {d) Bear Creek in a Gray kame under red till. Good deposits

of stony gravel are rare in the region surveyed as so large a portion of

9 Weidmen, Samuel, Geology of north central Wisconsin: Wisconsin Geol.
and Nat. Hist. Survey Bull. 16, pp. 584 - 585, 664, 1907.
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the drift was derived from sandstone end disintegrated granite. REx-
cellent deposits of gravel which, aside from the local presence of
disintegrated granite pebbles, is suitable for coarse aggregate was
discovered in a number of places; most of these have been developed to
some extent for local use. Among 6thers, exact locations of which can
be secured from the field notes, mag be mentioned (a) county pit north-
(sec. 6, T. 27, R. 16 E.)
west of Shawano Lakej (b) coumty pit at Bear Lake south of Manawa (NW*
SE. sec. 32, T. 23, R. 13 E.), (c) county pit north of Waupaca om S. T.
H. 49 (sW. NB. Sec. 18, T. 22, R. 12 E.), (d) pit on §. T. H. 22 near
the $oldiers Fome (KE. 1/4 sec. 35, T. 22, R. 11 E.), (e) ths nndeveloped
Custer Plain in T. 23, R 9 E.y (f) undeveloped cutwash gravels south
of Bonduel in secs. 20 and 21, T. 26, R. 17 E., and {(g) a large kmme out
in the basin of laks Oshkosh in the NW. NBE. sec. 36, T. 26, R. 16 E. '
Surfacing gravel is for the most part secured from the weathered zone
of the outwash deposits where disintegration of dolomite and feldspar
has m2de a clay and iron oxide binder. Such material is not good emough
for heavily tfaveled rc;ads, for it “washboards™ very easily. On main
road; it has been replaced %0 a large extent by crushed gravel. Some
of the lrke gravels are excellent for surfacing and those beneath the
red till, the deposits of EBarly Glacial Lake Oshkosh, havs been worked
to a considerable extent. The large pit used in 1927 for the fine
aggregate for U. S. 10 south of Readfield belongs to this class. For
the most part the gravels which are younger thean the Red Drift are entire-
ly too clayey for concrete.

Water.- The region which was surveyed in 1927 is for the greater
part very well supplied with ground water. W¥ithin a large area below an
elevation of 800 feet flowing wells or “fountains"” as they are called by
the natives are very abundant. All of the cities and villages in the
entire area which bave public water supplies depend upon wells in the
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drift. YVery few wells are positively known to reach bed rock and

for that reason, as well as the umtruetworthy eharacter of records
given by owmers, comparatively little attention was givem to well
records. 4 very large proportion of the wells are "tubular®, that

is they consist of a pipe, rarely over twe inches in diameter, which

is driven down by a light rig until clean sand or gravel is found.

A sand point is then inserted at the bottom and the "foot-valve” in-
stalled on top of it. The drive pipe serves as a pump cyliader in

most instances although in localities where driving is easy and the
wear on the pipe is therefore moderate a brass cylin&er is installed

at the bottom of the steel pipe. Such wells cost about $1.50 a foot
and, if fortumste, & driller can complete an 80 foot well in a single
day. Instead of a solid drill a eombined sand bucket and drill is uséd;
some rigs can also be used with either (a) jetting tools or (b) self-
cleaning hollow rod tools. “Foumtains" are drilled with either tubular :
or standard tools. A striking feature is that n; more than ome or two
lengths of casing were used in the majority of such wells, the remminder
__was'left as an open hole. Such uncased wells have been knowa to last
fér 40 years or more without causing trouble. Holes in clay stand well,
but.vhere sand beds are passed through it is necessary to maintain a
continuous flow to prevent them from caving. Even a momentary stoppage
such as caused by holding the hand over the pipe when taking a drink
may result in "bridging". The well is put in service either (a) by
cleaning with tools or (b) by placing a pump on top of the pipe and
thus increasing the pressure until the bridge is broken. Most “foun-
tains® were instelled many years ago and authentic logs are exceedingly
difficult to obtain; total depths diffeq?gg 100 feet are often as-

cribed to the same well. Contrary to earlier
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reportslo thefe are no definite continuous water-bearing formetions
and the logs of no two wells correspond closely uplesa very near to-
gether. Instances of inclined aquifers are reported as iﬁ!erred from
interference between two wells which tap “veins™ at widely different
depths. There is little authentic data on the capacities of flowing
wells. Large wells at New london are reported to flow 50 gallons per
minute and under the pump could undoubtedly furnish much more. ZThe
'otk at New london was called off before the city wells were examined.
Gontrary to popular belief there is little evidence of parmanent im-
pairment of head save at New London where large wells have much reduced
the pressure. Many instances of dry holes on low ground are reported,
all such are explicable by the absence of suitable water-bearing sands’
or gravels. Some wells derive their flow from very fine silts. HMeny
temperatures of water were taken, but as accurate data on the depths

of the wells ware hard to obtain, this informmtion has not yet been
correlated with certainty. A very few deep welia have been drilled
into granite and some of these are completely dry. There are only a
few drill rigs in the district which are capable of making such holes
economically. The principal &rea of granite wells is near Tigerton,
Big Falls, Marion, and Waupaca where the drift is quite thin. A deep
test at Clintonville went into granite and was dry. Test wells at Shawano
are not definitely known to reach granite although from similarity of
depth to hard rock it is inferred that ledge was reached. Tubular

rigs cannot drill through large bowlders and are forced to give ip

when stones too big to bréak by blasting are found. The presence

10 Weidman, Samuel, and Schultz, A. R., The underground and surface
water stipplies of Wisconsin! Wisconsin Geol. and Nat. Hist. Survey
Bull. 35, pp. 95 - 96, 488, 562, 620, 1915.
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of granite bowlders is the greatest hindrance to drilling. It is next
to impossible to get & pipe down without either (a) falls of rock which
break or bend it, (b) accidents in blasting, or (c)} bending or breaking
by driving pasf stones. Hard driving.is almost certain to lead te
disaster. On the whole, the region west of Wolf River is ons tb be
shunned by conservative drillers. It is reported that an especially
dif ficult hole near liarion was recently completed by ueing am open hole
with mudded walls made by putting in clay during drilling. This method
is worthy of further trial. After the open hole reaches sand, caging
can be installed. U |
Soils.~ The area surveyed in 1927 has all been covered by detailed
soils maps. These give abundant evidence of careful, painstaking, ex-
' pensive work but of exceedingly limited knowledge of the origin of the
surficial deposits. The following correlation table gives (a) the
'80il series, (b) the origin ascribed by the soil men, and (c) the origin

as concluded by the present writer.
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SOIL SERIES

Kennan

Vilas

Coloma

Mami

Plainfield

Watukesha

Antigo

Superior

Marathon
Colby
Boone
Vesper
Poygan
Whitman)
Dunning)

Genesce)
Clyde )

ORIGIN ASCRIBED IN REPORT
Glacial drift derived from crys-

talline rocks

Glacial drift derived from crys=-
talline rocks and sandstone -
sandy soils

Glacial drift derived from sand-
stone

Glacial drift derived from lime~
stone

Outwash derived from sandstone
Outwash derived from sandstone and
crystalline rocks

Outwash derived from crystalline

rocks

Interglacial red lake clay large-
ly reworked by ice

Residual from crystalline rocks
0ld drift

Residuel from sandstone
Residual from sandstone

Dark red clay

Dark soils on low ground

ORIGIN DETERMINED BY WRITER
Terminal moraine (where bowldery),
drumlins, pitted outwash, some lake
gilts.

Terminal moraine, drumlins, pitted
outwash, sand dunes

Terminal moraine, ground moraine,
pitted outwash; some sand dunes
Ground moraine on dolomite

Sandy outwash generally not pitted;’
lake sands and sand dunes

Outwash, generally not pitted
Outwash (weathered) in Waupeca

and Portage countiesj lake silt in
Cutagamie County

Rolling phase - mainly red till
terminal or overridden pitted out-
washj level phase - mainly lake
clay; both phasee locally over-
lain by pebbly, bowldery sand.
Residual from crystalline rocks
Weathered old drift

Residual from sandstone

Not seen

Barshy, red lake clay or red till

Floodpleins and marshes




From the inspection of the table it may be seem that some of
the s80il series as mapped by no means conform to the announced
description, but that in practice they include soils of exceedingly
diverse character, agricultural value, and origin. It is presumable
that superficial resemblances in color and texture led to this con-
fusion. It is very hard to see how anyone could possibly think
that sand dunes, which will scarcely grow grass, should be mapped in
the same series with the till soils of drumlines and terminal moraines.
Field inspection also shows that soms of the s0il boundaries were drawn
arbitrarily without any consideration of théir form as determinable
from origin; for instance drumlins are shown in all sorts of shapes
instead of the elliptical form which they should bheve. In many in-
stances drumlins which rise from sandy outwash plains and which have
very different soils were not mepped at alle In other places outwash .
within drumlin areas was not separateds It is the opinion of the
writer that a knowledge of glacial geology on the part of the soils
men would (a) improve the accuracy of soils c¢lassification, {b) in~
crease the speed of the work, and (c) lead to more accurate appraisal
of subsoil conditions. It makes a great difference in drought resistance
if a s0il lies on till or on assorted deposits. There is obviously
a vast practical difference between the type locality of the Antigo
series, & weathered outwash plain, and the yellowish-gray lake silts

of the Outagamie County map which were also mapped as Antigo.




