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IN'l'RODUCTIOI 

Area surveyed.- During the field season of 1921, 10 townships in 

eastern Portage County, thEI whole of Waupaca County l21 townships ) , and 

6 townships in Outagamie County were surveyed (Pl. I). This area totals 

3., townships or approximately 1392 square miles and is situated to the 

south of the district surveyed in 1926 . Field work lasted from June 15 

to September 10, interrupt,d by a six day visit to Madison at the end 

at July which was compensated for by work on Sundays and holidays. 

Work was also interrupted by (a) a visit to Brownsville 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. J. 

Koplin. Road cuts were abundant enough so that little test pitting was 

required and a small shovel sufficed for the needs of the work. 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 repairs 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, lola and New 

London, for it was thought that once a satisfactory living place was 
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• BED ROCK GEOLOGY 

Galena-Black River dolomite 

Lower )/agne sian dolomite 

Cambrian sandstone 

Pre-Cambrian granites, etc. 

D 
� LU 
D 

Figurss show percentage of dolomite and chert pebbles 

as shown in pebble counte. 
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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 D10Ving. Some work was carried 

out about 25 miles from the base, but careful planning of work along 

the route reduced the dead mileage considerably. 

An innovation was the use of an 18 foot auger while in the red 

till district. It had been hoped that the holes might serve to discover 

lake clays 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 gat holes down through the latter, but no method with�� 

out casin g can cope with the former. 

PhotographY.- The writer is particularly pleased with the improvement 

in photography effected in 1927. The innovations comprieed la) use of a 

really orthochromatic film, the Genan Agla film, (b) use of Wratt en fil

ters 12 and G,  and {cl invention of an improved hood to shade the lens and 

exclude unnecessary light. The results were best with la) 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 s atisfac

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 between 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 

- 3 -



color differences. With the materials and methods emplo ye d in 1927 

this exaggeration can be secured to a consi derable extent . All films 

were promptly sent to Madison by registered first class mail and 

were develope d  by McVicar's Photo Service at once. A glance at the 

album pages o f  1926 and 1927 shows impro vement conservatively est imat e d  

at 1,000 per cent. 

Ele vations . - The aneroid elevations secured by Koplin seem for 

the most part to be reliable to about 10 feet but certain exceptions 

were not ed. Some of these were eliminated by o f fice revision after 

the return from the field, but others must remain as la) errors in 

reading or recording, tb) sticking of the needle, ( c )  pocketing o f  

cold air over marshes and lakes, and ld) blows on inst rument . Only 

one instrument was employe d  at a time, which proved a saving o f  time 

but a cause o f  some of the occasional e rrors noted above. The s ame 

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

Costs.- The oost o f  the work may be distributed as followsl 

Salarie s $1, 024. 97 = 59 per c ent 
Travel (6546 miles )  458.22 = 28 " .. 

Living 208. 77 = 1 2  .. 
Photography 46.40 = 3 .. 

Total $1,738. 36 =100 • 
Cost per square mile $1.25 
Total miles per day 79 
Li vi ng 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 a reduction o f  a bout 35 per cent 

over the 1926 figures. This is accounted for by la) the open country 

with abundant roads, (b) greater experience, tc) freedom from camp 

work and worries, td) good weather, and le) good base maps. It 

scarcely seems possible that the cost per square mile can ever b, any 
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lower; it will certainly increase as the work is carried into the 

less cleared northern country where more foot work is needed. In 

open lake bottom country an entire township was surveyed in one day. 

a feat which could never be equaled in the north. 

BED ROCK 

Pre-Cambrian.- No detailed study was made of. the bed rocks ot 

the area which is characterized by very few outcrops. A rough sketch 

of the bed rock geology is given on Plate I ( p. 2). It will be Doted 

that (a) by tar 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 Marion and thence southwest tlirough Big Falls to Waupaca. Two 

isolated knobs of granite occur out in the plains to the eastl ( 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-

aiderable fine grained aplitic granite near Waupaca. Hoppes Rock is 

a fine grained pink granite which is unusually hard. The Weyauwega 

ledge is a gray, fine grained granite with scattered hornblende crystals 

larger than the :. '. y., average. These rocks are both exceedin,g-

ly resistant to weathering. The granites were formerly exploited by 

quarries at {l) Big Falls. (2) Waupaca, \3) north of Waupaca at Granite 

Quarry School, and l4) Hoppes Rock. 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 -
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contrasts sharply with the gray grsnites o f  Canadian origin which 

ars found east o f  the Paleozoic outcrop. Records of granite wells 

in and northeast o f  1fS1J London were also obtained. Granite is known 

beneath the drift as far east as Black Creek. Disintegrated granite 

is rare in this region and 80 far as observed has been exploited 

only southwest of  Marion. 

Paleozoic rocks.- Paleozoic rocks are e»posed (a) in Portage 

County and (b) south and east o f  New London. Their presence Bouth of 

a line from Weuauwega westward through Waupaca is surmised from the 

scarcity of local granite bowlders although few wells are known to 

strike sandstone in this district. Two wells north of lola 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 1I0unt Simon or Eau Claire formations. They lic,"not 

indicate that the country between them is necessarily underlain by sand

stone ; it is more probable that they are only isolated outliers. East 

and south of Wolf River there are abundant outcrops o f  Jordan sandstone 

and Lower Magnesian dolomite. The latter is exploited by  numerous 

quarries, most of which are now idle. The Mosquito liounds, east of 

New London, 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 

- 6 -



New London where it is at least 100 teet. 50 far as can be fOW1d from 

information noll' aval.lable there are no large valleys in the pre-Cambrian 

surface. A good idea of its topography can be gained from the eectioDB 

of Plate III (p. 13). The cause of the very 1011' elevation, less than 

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 ie that 

along the !few London fault, which is in part fol101l'ed by Wolt River. 

Over 300 feet of drift with no rock is reported in this valley. 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 SOO 

feet. 

OLDER OR PRE-WI5CONSIlf DRIFT 

Introduction.- Pre-Wisconsin drift (Pl. II) was discovered west 

of the Outer Morains of the Wisconsin drift as there are no exposures 

east m� that line which are deep enough to pass through the YOW1ger 

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. 

Topography.- The Arnott Moraine consists of a north-south ridge 

which is divided into four principal and several minor sections and 

which extends from a point a fell' 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 Wisconsina Wisconsin 
Geol. and Nat. Hist. Survey Bull. 16, pp. 456 - 459, 605 - 606, 
1907. 

- 'I -



1I'1econsin G eological and Natural History Survey Ple.te II 

GLACIAL GEOLOGY 

( Terminal moraine 

( 
( 
( Ground moraine 

Late Wi8consin l 
( 

D ( Luke bed 

( 
( 

D ( Outwaeh 

l Terminal moraine ( 
( 
( 

I ( Ground moraine 

( 
( 

D Middle Wieconsin ( Drumlins 

( 
( 

D ( Luke bed 
( 
( 

D ( Outwo.sh 

Pre-Wisconsin ( Undifferentiated D { 
\ 

Striae shown by arrows. 

- 8 -



j 

, 
\ 

'-

Wisconsin Geological and Natural 
9 II r;:;::- " -T --

, - J r�-, 

, 
= , 

I ..,- _ , , ? ,I '-� -
/"--. . .  I 

b"�T 

..1 .� _ 

, 

. ' �:Z3i' -l-
. I ' 

, 
• 

<:> "" y-"' 

, 

24 

1 

'Trt"""-JP- 'A .---'\-
I 
(' 2'. 

\ \ , 

I 
-_. -- -y 

r/ 

-�j _ .J_� _ _  1-
--

\ 

) 2. 

.... -
1..., , 

-, - -7' 'J 
, ) 1'1'\ �-



( 

although there are marshy spote on its creet. The flanks are dissected 

by ravines but save for the three large breaks the crest is almost un

broken. Only a small part of the moraine has been cleared and very 

little of that has 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 bowlders of crystalline rock. 

At the type locality, the rail .... y cut west of Arnott, diorite pre

dominatss,but elsewhere granites are much more abundant. Coarse granites 

and granite porphyries are present in less amount than in the younger 

drift. The till is non-calcareous and is of a brownish yellow color to 

the bottom of the deepest excavations, about 15 feet. No dolomite 

pebbles could be discovered. eolitic chert from the Lower !lagnesian 

is cOllllllon. 

Interpretation.- Weidman interpreted the Arnott lloraine as the 

deposit of a pre-Wisconsin glacier and correlated it with his so-called 

Second Drift northwest of Marshfield. Later !la.rtin and Hotchkiss 

visited the type locality and declared in 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 was entirely 

correct. The ( a) weathering of the till and ( b) erosional topography 

of the moraine 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 contains 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. 
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MIDDLE WISCONSIN OR GRAY DRIFT 

Introduction.- The young or Wisconsin drift is divisible into two 

partSI (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 

MEast Wisconsin Drift-. There can be little question but that this 

drift is decidedly younger than Leverett's original Early Wisconsin 

Drift of central nlinois. The Late Wisconsin or Red Drift is the 

same aa the Red Drift ot Alden, not the Red Drift of northwestern 

Wisconsin and J1nnesota
2

• 

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 wester,n Waupaca 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 lPl. I, p. 2) was determined by counts 

of material from the unweathered portion ot the drift only. Over 

large areas no cuts deep enough to obtain unaltered material were 

found. Some facts stand forth clearly: ( a) the perc entage of dolomite 

and chert pebbles is over 90 w here the bed rock is dolomite, (b ) the 

percentage decreases westward where the rock, ," west of the dolomite 

is mainly granite at the rate of approximately 1. 5 per cent per mile, 

2 
Thwa1tes, F. T., The development of the theory of multiple glaCiation 
in North Americal Wisconsin Acad. Sci., Trans., vol. 23, pp. 64, 69, 
108, 1928. 
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(c) the rate of decrease is much le88 where the bed rock west of 

the dolomite is sandstone and avsrages 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, (e) many more pebble counts are needed 

than have heretofore been made if accuracy i8 to be obtained, and {f} 

the composition of the pebbles is a valuable but not infallible guide 

to the character of the bed rock. 

Topographx.- The Gray Drift is characterized by very rugged 

topography. 1� marginal portion in Portage County is largely very 

rugged stony terminal moraine. Farther east in western Waupaca County 

the landscape consists of pitted plains dotted with drumlins both (a) 

isolated and (b) in large groups. In few places are there any 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 continuations of those studisd in llarathon and Shawano counties 

in 1926. They comprise (a) the Outer MOraine, (b) the Second Moraine, 

(c) the Elderon Morainic Series, and (d) the Bowler Morainic Series . 

Only slight traces could be found of the Caroline Morainic Series which 

was distinguished in Shawano County in 1926, for in this latitude almost 

all such moraines have been overridden by the Red Drift. 

Drumlinl"- Drumlins are by no means as abundant as they are in 

Shawano C ounty to the north.' They a re characteristically arranged in 

great groups whose longer axes trend east and west; some of these 

groups are several miles in width and contain well over a 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 a better idea 

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 

forests of 5hawano County do. Outwash gravels are found beneath 

several drumlins. 

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

area of Gray Drift save around the bases of some of the drumlin 

masses and between the mappable drumlin crests of such masses or 

groups. 

Outwash.- The greater part of the area of Gray Drift is out

wash. West of the Outer Moraine there are extensive areas of flat 

outwash which shows a moderate degree of weathering ,in contrast with 

the adjacent Arnott Moraine. Within the Outer Moraine virtually all 

the outwash is pitted. In many localities the kettles are so close 

that little or 1\0 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. There are several 

distinct outwash terraces in the vicinity of Amherst Junction 

(Pl. III). Tbese terraces form a gigantiC staircase 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 a few 

tens of feet. In addition to the terraces well-defined valleys with 

flat floors run back into and through the higher terraces 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 Rosholt. Another prominent channel whose bottom contains lakes 

in kettles and no definite stream lies west of lola. 50uthwest of 

- , ,,  -



Wisconsin Geological and Natural History Survey Plate III 

CROSS SECTIONS 

Glacial drift 

Lower Magnesian dolom ite ( . 

Cambrian sandstone 

Pre-Cambrian granite 
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lola a veritable network of such channels is found. One of them is 

followed by both U. S. 10 and the Sao Line part of the way between 

Amherst and Waupaca. South of this latitude numerous flat-bottomed 

ravines head west of the Chain,,(\, Lakes Plain in high outwash terraces 

west of the :SOwler Koraines; several of these contain strelUllll ted by 

large springs. A striking feature is that the division between the 

high outwash area north of Belsonville and the lower plains around 

lola is not a moraine; this escarpment can be traced from the south 

line of Waupaca County nearly to the north line and mar be corre-

lated with the similar features in :IIh_ano County as Iho1iJ1 in 

Plat.e III (p. 13). 

Iskers.- Eskers are not very abundant in the Gray Drift of 

Waupaca and Portage counties. These ridges are composed of exceeding-

ly stony, bowldery gravel which is very different from the adjacent 

sandy outwash. One of the best-studied eskers is that which crosses 

s. T. H. 49 in the northern part of lola, it was traced for over two 

miles. 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 deposits.- From a point east of Big Falls to the south 

line of Waupaca County is a series of plains which are only slightly 

pitted. These plains are now drained by several different streams 

which discharge to the southeast and are not portions of continuous 

southward-sloping plains. At no point was any lake clay distinguished 

although it is by no means improbable that such is present in some 

places beneath the sandy soil. In the SW. HE. 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 an91s probably 

a beach deposit. It is probable that Bome of the slopes which 

- 14 -
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separate these flats from adjacent highlands are beach cliffS but 

as this interpretation was not held at the time they were mapped, 

the idea was not tested out. 

LATE 'fIIS CONSDI OR RED DRIP'l' 

Introduction.- The Late Wisconsin Drift as defined in this 

report is not the same as the Late Wisconsin Drift defined by 

Leverett in 189'1 but is the same as the Red Drift of illden's 

Professional Paper 106. On the State Soils .. pe the area of led 

Drift is mapped ae the Superior Series, level and ralling phases; 

and as the Kewaunee Series and the SupeJilxlr Series when the maps 

were published by the United states Bureau of Soils. The Soils laps 

were a great help in defining the border of thiB drift. 

!!!!.- The till of the Red Drift differe markedly froll that 

of the Gray Drift. It iB of a dark red to brownish red color and is 

so clayey that in 1926 the hypothesis that some of it was of aqusous 

origin was considered. In some exposures there is a faint lamination 

parallel to the Burface which at first sight suggests bedding and 

in a fn places leBBes 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 deposits.- The glaCio-fluvial deposits of the Red 

Drift area differ very little from those found farther west and indeed 

many of the exposures clearly show materials deposited previous> to 

the coming of the Red Ice. Large areas of nearly level or pitted red 

till are evidently pitted plains which were formed during the first 

retreat of the ice and were 1,der overridden by the Red Ice. In 

- 15 -
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Shawano County these were mapped separatsly but their lesser area 

in Waupaca County coupled with the greater thickness of the red till 

caused the writer to omit this distirlction and classify most ot 

them as ground moraine. In other places the red till rests on 

older lake deposits, a tact which provsd very confusirlg irI Shawano 

County. It is now realized that t'he occurrence of silts or strati

fied clays below the red till has no bearirlg on the origin of the 

latter. An interestirlg feature" of the outwash of the red till area 

is the occurrence of some firle gravel. which are so well assorted as 

to closely resemble beach depcsita. These are common along the 

valley of the Little 1b1l above Ifrmawa. 

Termil'lal moraines.- Inasmuch as the )Red Drift is very clayey, 

it should not be expected to form as rough or as stony .ermirlal 

moraines as does the Gray Drift. Notwithstandil'lg this fact lIlIU1y 

areas of Rad Drift are very rough. As cuts irI these areas show that 

�he red till is only a tew feet in thickness, it is obvious that the 

rough topography was irlherited from (a) gray termirlal moraine and (b) 

gray pitted plains. This tact makes the _pping of real R ed 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 irI a form rather suggestive of QU.vin'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. No 

attempt has been made to give a name to the outermost moraine of Red 

- 16 -



Dritt . The recessional moraines ot the Re d Ice are much bet ter 

_rked (Pls. II, p. 8, and VIII, p. 32). The Thornton lIoraine o t  

Shawano Count y iS�O,�onger correlat ed with the moraine north of 

Clintonville but instead with the i solated morainic hills tormerly 

terllwbd the "Belle Plaine IIorainic Complex· and thus forms a dis

co nt inuous loo p across the Wolf Valley (Pl. VIII, p. 32). The moraine 

south and west o f  Embarrass River cannot be traced south of Clinton

ville but _y turn east into t he lake basin and conne ct with an 

isolat e d  hill east o f  the cit y and with a grave l hill ne ar Leeman 

still farther east . The moraines west of liew London are 8 0  irregular 

that they c annot be plac ed in any system. The ridge east of Mosquito 

Bluffs near Jew Londo n is probably a subaqueous moraine although here 

mappe d as lake bottom. 

Ground moraine . - There are large a reas o t  ground moraine in the 

Red Drift area, most o f  which are 8 0  flat that they 8 e em clearly t o  

be overridden outwash o r  lake deposits. In many places well records 

and cute co nfirm this e xplanation. The presence of oc casional kett le s  

in these deposit s i8 thus acco unte d  tor, but dis crimination from 

t erminal moraine is very difficult . South of New Londo n is a large 

area o f  thin drift o n  do lomite and s andstone .  

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 oc cur in which the individual members are dis

tinctly offset or en echelon. All but a few drumlins trend either 

east �est or northwe st-southeast. Many are imperfect in form. Cuts 

in these show t hat they have a core of gray t ill covered with a few 

inches to 10 or 15 feet o f  red till. Drumlins which trend northeast

so ut hwe st occur (a) near Lund in Shawano Count y, (b) southwest of 

- 1'1 -



ClintonvUle. and (c) near Hortonville. Cute in these a.ppear to show 
, 

nothing but red till. l(ea.r the margin of the Red Drift numerous dr'1llll'-

lins a.ppear to have formed nunataks; at least they have no discernible 

red till on them. 

Outwash.- Outwash is not as common in the Red Drift as it is 

farther west. A notable example is the series of plains which extend 
the 

frollJ/east of Jlarion dom (a) the Pigeon and (b) across to the Little 

Wolf. .AI:Iother plain follows the Little Wolf from the vicinitJ of Big 

Falls dom to the level of Glacial Lake Oshkosh. 

Eskers.- Eskers are rare within the Red Drift area of waupaca 

County although they are cOllJlllOn in the Briarton Moraine of Shawano 

County. At Medina. ( T. 21, R. 15 E.) there i8 an esker which i8 

unique in showing gravel which in certain beds is lIS well assorted as 

a beach; it is interpreted as one which discharged into standing 

water so that the material was reworked by the waves and locallJ 

interbeided with red clay. The ridge is too well sheltered to be 

regarded as a bar. 

Lake depositB.- The largest area of lake depositB lieB within 

the area of the Red Drift; these occuPJ the bed of a lake which was 

formerly called Glacial Lake Jean Nicolet but is now to be renamed 

Glacial � Oshkosh. The material consiBts of (a) varved red and 

gray clays, (b) gray, pink, and yellOWish gray silts, and (c) sandB. 

Much of the lake basin is covered by Band dunes. The first ClasB of 

deposits can only be distinguished in deep, fresh cuts. Dunes are 

most abundant east of lIDlf River and near the Shawano County line; 

some of them reach a height of about 30 feet. Large portions of the 

lake basin contain no lake deposits whatever and bowldery red till 

forms the surface material. 

- 18 -
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Beaches.- Two glacial lakes 01 different ages maybe distinguished. 

The older occurred before t.he red till wae deposited and is knon by 

beach gravels which were noted at elevations of 850. STS. and 900 Ceet. 

No marked topographic features are associated with any of these high

l�l occurrences. The· later lake is younger than 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 islands 

or shoal .s in the lake; most of the shoreline shows neither depositional 

nor erosional features but may be approximately defined by the transi-• 

tion trom smooth lake flats to more rolling glacial topography. 

Deltas.- Several deltas were discovered particularly (a) where 

Pigeon River entered the lake at Clintonville, (b) east ot Bew London 

(sec. 15. T. 22. R. 15 �.and (c) north of New London and east of S. 

T. H. 26 (sec. 184 T. 23. R. 15 E.). The Clintonville delta contains 

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 

(NE. NE. sec. 25, T. 25� R. 13 E.). 

GLACIAL HISTORY 

Pre-lisconsin Drift 

Arnott Moraine (IllinoianT).- 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 Illinoian stage is indicated 

by ( a) the moderate dissection and (b) by·', the fact that during the 

aforesaid s tage the Laboradorian center had its greatest extension. 
It 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 

Lake ltichigan lobe in the region around Madison which held back the 
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oftshoot to the lIeet. 110 means is m01lJ1 by which the Arnott Moraine 

may be correlated with the drift from the north which occurs in northsrn 

!larathon County or northwest of !larshfield. 

Interglacial time.- The lapse of time betweea the format1.on of 

the Arnott IIoraini ud the coming of the lIiddle Wisconsin glacier co .... 

prised not only (a) the intervaL between the muimtun of the Illinoian 

but also (b) the entire duration of the Earlier Wisconsin of Illinois 

as now defined by Leverett and Leighton. The marked difference in 

amount of weathering which is shown by the tll'O drift8 of e&Ji;ern for

tage County should therefore excite no surprise even if it 8eems much 

greater than the difference displayed near Madison. 

Middle Wisconsin 

Outer IPraine.- The Outer Moraine marks the outermost stand ot 

the ice during the Middle Wisconsin glaciation; it set11118 probable that 

it correlates with Alden's Johnstown Moraine of Prorsssional Paper 106. 

During the rormation of this moraine waters flowed from a number ot 

breaks>starting with the notch from which Plover Biver now tlows,south 

as far as the survey 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 Wisconsin at Kilbourn. In Portage County the altitude 

o! the country was too great for lake deposits. The relatively 

fresh gravels of this plain contrast sharply with the old oxidized 

drift of the Arnott Moraine although leaching does extend to a depth 

of three to five feet. 

Second lloraine.- Following the forllJition of the relatively weak 

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

five miles and the Second Moraine was deposited. This moraine averages 
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considerably larger and presumably represents & longer time of stationary 

ice margin. 1!Iear t be  north line of  Portage County the bo merainas are 

soparated by the very Bandy pitted Plover Plain which is about two miles 

wide . Farther southeast of Arnott the two moraines join. A IllUch pitted 
in 

plain with/the moraine will here be termed the Custer Plainl it is un-

usually gravelly for this region of excessively sandy outwash. South 

of this complex of morainic deposits is another pitted plain which near 

the south line of the county reaches a width of  about 5 miles and is 

called the Almond PlaiD. Bear Almond this plain is terraced by an 

erosion channel which leads from an outlet which is DOW followed by 

the Northwestern kilway from Wild Rose. The Almond JIoraine posaessed 

several outlets to the west through breaks in the Outer Moraine . Its 

formation was complet ed before all the ice masses left when the glacial 

front retreated could melt . The Second Koraina is undoubtedly Aldel1!ts 

Kilton Moraine. 

Elderon Morainic Series.- When the ice margin began to fall back 

from the Second JIoraine , no continuous mo raines were deposited but in-

stead a complex o f  moraine s and pitted plains in some localities dotted 

with drumlins .  In Jlarathon County this series was named the Elderon 

Mo�ainic Series ;  it probably co rresponds to Alden' s Lake ¥ills JIorainic 

System although Alden ' S  mapping in Waushara County was too incomplete 

t o  admit of a de finite conclusion on this point . The associated outwash 

plains form two distinct levels as far south as ths central part of  

Township 22 (Pl . IV) whe re a marked eroded stream channel now fo llowed 

by S .  T. H. 54 cut s  through the Outer Moraine , the o utwash 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 co urse is possible, it would seem that some o f  t hese eleva-

t ions must be in error. The deep eroded and terraced valley of Waupaca 
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Wi sconsin Geological and Natural History Survey Plate IV ' 

CONDITIONS AT TIME OF FORMATION OF YOUNGEST ELDFl\ON 140RAlNE 

Middle Wisconsin 

Prc-llisconsin 

( Te rminlil mo raine 

( 
( 
( Gro und IIX) raine 

( 
( 
( Drumlins 

( 
( 
( Outwaeh 

( Undif ferentihted � � 
Glac ial drainage shown b y  arrows . The outlet southweet o t  

Amhe rst Junction via Keene must have been used until this 

t ime .  
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River could not have been developed until atter the abandonment of the " 

easternmost Elderon Moraine . 

Bowler Mo rainic Serie s . - The reces sion o f  the ice border from the 

eaaternmost Elderon Moraine to the Bowler Morainic Series was inter

rupted by at least two halt s during which faint discontinuous moraines 

were built . These are best developed in southeast ern Portage County 

but are also recognizable in some scattered morainic areas east o f  

BiJ"JlllD"ood in Shue.no County. Although thie halt is only faintly 

recorded in moraines ,  it marked the end o f  aa important stage of 

drainage. The _ters escaped soutsard and developed at least two 

definite outwash levels. The eastern side of these terraces forma an 

escarpment which may be clearly recognized across the entire width 

o f  Waupaca County and at some pointe within the drUllll.in area o f  

Shawano County 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 

st riking erosion channels around Amherst Junction and lola were formed. 

Their courses were determined by the drumlin uplands. On account o f  

these obst ructions the drainage lines meander to a considerable extent 

and co rrelation o f  the several terrace levels i8 difficult . In south

western Waupaca County the very extensive Chain o '  Lakes fitted Plain 

evidently was the result o f  degradation o f  an outwash t errace which 

lay about 20 feet higher and of which only isolated remnants can now 

be seen. Farther north conditions were much more complex ae may be 

ssen west 0 f lola and among the Shawano County drumlins .  Further re

cession o f  the ice during the formation o f the several Bowler Moraines 

int roduced complexit y by opening still lower outlets. 

Dissection of high terrace . - There c an  b e  no que stion that most 
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Wisconsin Geological and Natural History Survey Plate V 

CONDITIONS AT TIME OF FORMATION OF BOWLER MORAINIC SERIES AND 

DISSECTION OF HIGH OUTWASH TERRACES 

( Terminal moraine 

( 
( 
( Ground moraine 

Middle Wisconsin ( 
( 

[SJ ( Drumlins 

( 
( 

D ( Outwash 

Pre-Wis consin ( lhdif ferent iat ed EiJ . . 

Glacial d rainage ind icated by arrows . Lines o f  d rainage s h i fted 

from time to t ime probably in part on account o t  melt ing o t  

i solated ice masses. All d rainage e ecaped south of the area and 

reached Early Glacial Lake Oshkosh. 
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o f  the eroded channels through the high outwash terrac�s o t  westem 

Waupaca County were formed by glacial floods. In the soutbwestem part 

o f  this county, however, there are eeveral valleys which discharge east-

ward and have no connection with glacial outlets .  The question then 

arises as to the time o f  e rosion, is it postglacial or late glacial ! 

If the former, we would expect to find large alluvial cones where the 

stre� debouch on the gently sloping Chain o '  Lakes Plain. As no 

such cones are found , it is apparent that the ero s ion was in large 

measure completed be fore the lower outwash plain was abandoned by 
i' 

gLLcial streama. The size and width o f  the valleys seems to preclude 

their erosion by ordinary rainfall alone even granting the weakness o f  

the sand and a possible, altbough not probable , humid climate . An 

extra supply o f  water may very well have come from the melting of ice 

masses buried in the plaiDs to the west. 

Caroline ¥orainic Series.- As noted previously the Caroline 

MOrainic Series is only faintly developed in Waupaca County and corre-

lation of such scattered remnants is naturally very difficult . 

Early Glacial Lake Oshkoeh.- The sandy plains associated with 

the Caroline moraines are in many places nearly or quite free o f  

kettles . Some of these areas were probably lake beds as has been shown 

on the Waupaca County map, but lack o f  sufficient accurate elevations in 

Shawano County renders a decision on t his point very difficult 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, R. 

12 E. If these flat areas were actually submerged by standing water, 

the depth could nowhe re have been much over 10 reet and, it seems very 

unlikely that any lake waters extended appreciably above 900 feet . 

Within the area covered with Red Dri ft well-deve loped lake gravels 
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have been found at elevations ranging from 850 up to or slightly 

above 900 feet. The presence of lake waters up to an elevation of 

900 feet is thus well established. The explanation of the absence 

of  beaches along the W8st margin of this Early Glacial Lake Oshkosh 

may be found in the tact that such beach deposits are rare on the 

same side of the later or post-Red Dri ft Glacial Lake Oshkosh as 

will be explained below. 

The Dame ,  Glacial Lake OSlkosh.- The glacial lake which over

flowed through the low divide bstwean the Folt and Wisconsin Rivers 
. . .  .: 3 

at Portage wae _d -Glacial lAke Bicolet- by Upllam in 1903 . Then 

it was discovered that the name had been preempted by Winchel14 so 

that the change to "Glacial Lake Jean Nicolet- was madeS• Years 

later Alden' stated, "If the name Glacial Lake Jean Nicolet is t o  

be retained for the glacial lak� discharging across the divide to 

Wisconsin River at Portage , it should be used only for the lake having 

t he elevation and extent described in this present paper. Personally, 

the writer would prefer tbe Ulle of· some other name • • • •  " The present 

writer therefore suggests that not only t he low level glac ial lake 

which Upham and Alden had in mind be named "Glacial Lake Oshkosh" 

following the precedent o f  Glacial Lake Duluth and Glacial lAke 

3 Upham, Warren, G lacial Lake Bicolet and t he portage between 
Fox and Wis consin rivers l �. Geologist vol. 32, p .  lOS, 1903. 

4 Winchell, N. H. , Glacial lakes of Minne sotal Geol. 50c .  America 
Bull. vol. 12, p. 122, 1901. 

5 Upham, Warren, Glacial lAke Jean Nicolet l Am. Geologist vol. 32, 
p. 330, 1903. 

6 Alden , W. C. , Quaternary geology of southeastern Wis consinlU. 5 .  
Geol. 5urvey Pro f .  Paper 106, pp. 324-325, 1918. 
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Chicago, but alao that because o f  ita geographic location and ,the tact 

t hat 11 0  little is yet knovmof it ,  the higher and earlier level of 

glacial waters in the 88IIIe basin be termed "Early Glacial Lake Oshkosh. ·  

Early Glacial lAke Oahkosh. - The highest known beaches of Early 

Lake Oshkosh (Pl. VI) are tully 100 feet above the shore lines dis-

covered by Alden and Upham. Inli.Sllluch as the latter are graded to the 

level ot the col at Portage and there is no evidence o t  more than 

about 25 teet of stream erosion in any o t  the low openings b etween the 

bills south of t hat city, it would at first IJight seem impossible that 

beachea at 900 teet in Waupaca County could have been associated with 

this outlet unless di splaced by subsequent earth movement . Study of 

the Baraboo quadrangle, however, ehows that betore erosion of the moraines 

northeast of Prairie du Sac . wat ers above t hat place were ponded t o  the 

elevation ot at least 87 5 feet. It should be noted in t his connection 

that the elevations on such an old map as Baraboo were determined with 

an aneroid barometer. In order to maintain a 900 toot level it was 

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

80mh of Fond du Lac, t his c orrelates the highest level o t  Early 

Glacial Lake Oshkosh with eit her Alden' s Waupun, St . Anna, or Rush 

Lake moraines ( Pl .  VI). The Waupaca County beaches therefore require 

little or no northward t ilting of the land. 

Interval between Gray and Red Drift s . - Within t he area t hus tar 

surveyed there se�ms to be no means o f  estimat ing t he length of t ime 

between the retreat o f  the Gray Ice and t he return of t he Red Ice. It 

may st rongly be presumed t hat this int erval o orresponds to that during 

which the forest bed at TIro Creeks was fo rmed ,  and the ice front retreated 

c lear o f  t he Straits of IBc kinac . This does not agree wit h the int er-
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Wieconlin Geological and Nat ural History Survey Plate VI 

CONDITIONS AT TIUE OF HIGHEST LEVEL OF EARLY GLACIAL LAKE OSHKOSH 

Lake bed o 
• 
t 
� 

Thi, lake reached an elevation o t  about 900 !eet when either Alden ' s  

Waupun Moraine o r  St . Anna Mo raine blocked the col south o t  Fond du 

LAc . Furthe r reces sion o !  the ice front caused a fall in level t o  
\ 

about 87 5 teet which was reduced by e rosion o f  the outlet to about 

8 50 teet . 

( 
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pretation ot Alden' who �tateda "It is probable that the refilling 

o f  the basin (o f Lake llichigo) to t his level (the Toleston stage) 
'" 

was occasioned by a read'vance of the ice that closed the Straits of  

llackiDac • • • • • •  The' limit o f  the readlilallce is  marked On the Wisconsin 

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

the lake shore just east of 'l'wo Rivers • • • •  to It i8 not possible to 

c ompare the ages ot the red and gray tUls by measuring the leaching 

since the porosity i8 80 widely different. It does seem as if the 

amount of weathering shown by glacio-fluvial deposit8 i8 decidedly 

lees in the Red Drift ar�a than farther we8t in th8 region of the 

Gray Drift , but the lIritflr i8 convinced that such II. comparison i8 80 

obscured by differences in local conditions that definite conclu8ions 

are haallrdous . In oy case it can sCllrcely be that the iC8 recession 

lasted oywhere nellr as long as did some of those earlier in the 

h�tory of Pleistocene glaciation. 

Late Wisconsin 

Red till readvance.- When the ice front returntfd to Waupaca 

County (Pl. VII) , it pas8ed over extensive deposits of red clay in 

the basin of Early Glacial Lake Oshkosh. Since the glacier did not 

extend far beyond the lake basin or remain very long, this red clay 

gave its color to the till as long ago demonstrated by Alden8• 

The red co lor of t he lake clays is best shown by the very tine or 

winter layers. It is a natural consequence of the fact that the 

7 Alden, W. C. , Quaternary geology of southeast ern Wisconsin l U. S. 
Geol. Survey Prof. Paper 106 , pp. 332 - 3 35, 1918. 

8 Alden, W. C. , U. S. GeQl. Sunvey Geol. Atlas , Milwaukee folio. 
"i";i�, p. 6 ,  1906 ; Quaternary geology of southeastern Wisconsin I 
U. S. Geol. Survey Prof. Paper 106. pp. 310 - 324, 1918. 
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Wisconsin Geological and llat urtU. Hi st o ry Survey Plate VII 

. CONDITIONS AT TIllE OF I.!AXIMUIA EXTENT OF RED ICE 

• 

t 
Grtly moraines o 

( 
The remnant o f  Early Glacial Lake 

Oshkosh not covered by the Red D 
Ice 

( 
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ferric oxide �,n t he till which came from the red rocks ot the Upper 

Peninsula. of Michigan ,be very finely divided. Assortment ot the finer 

washings from t he till concent rated the red minerale in tne lake clays 

and thus affected the t ill which was formed from them. The way in 1ifiich 

the till is spread into kettles o f  older outwash and over the morainea 

definitely ShO'ViS that the ice nasses which formed these had long since 

melted. The Red Ice did not last long enough or have strength enough 

to sensibly erode even the higher drwnlins . The most that it seems to  

have done was to reshape soms of  the drwnlins so t �at they now t rend 

southwest inst'Sad o f  west . The Red Ice also built Bome entirely new 

drwnlins , a few of which are known to overlie older deltas formed in 

Early Glacial Lake Oshkosh . The readvance also plowed up large masses 

a! older assorted deposits and made sand and gravel bowlders within 

the t ill. These are recognized by <a) vertical or onrhanging boundaries 

and (b) disturbed, folded, and faulted stratificat ion. 

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

the lobation at t he Red Ice was entirely different from that which pre

vailed during t he more extensive invasion by t he Gray Ice (Pl. VIII) . The 

youngest striae all trend southwest to s outh instead' of the earlier course 

of northwest to west � Although the survey is as yet incomplete, this can 

only msan that an of fshoot from the Green Bay lobe passed southwesterly down 

the valley of the Wolf , to the moraine noted by &lden near Berlin. The 

east-west moraines of southern Shawano County which so puzzled t he writer 

in 1926 can nO'1IT be seen to be recessional deposit s of this Wolf River lobe. 

Moreover, the irregular course of the west limit of the Red Drift may be 

better understood when it is realized that the primary _tion of the lobe 

was southerly rather than westerly. 
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Wisconsin Geological and Natural History Survey Plate VIII 

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

RIVER LOBE OF THE RED ICE 

LAke bed at t ime a t  Thornton-
• 

Belle Plaine 1I0raine ( 

GlBcial d rainage indicated by a rrow s .  This laxe doe. not appear to 

have ever etood higher t han about 830 feet. 

( 
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Recession of the Jtsd Ice.- Three distinct halt s during the re

cession o f  t he Red Ice from the Wolf Valley can be recognized ( Pl. VIII, 

p. 32) . (a) moraines and deltas north and east of New London whose east
I I )  

ward extension has not yet been mapped, (b) the Clintonville-Leeman , 

IIQraine which farthe r  north must j oin the Thornton JIoraine of Shawano 
.7 

(�) G) 
County'" and ( c )  the Thornton-Eelle Plaine JIorainic SerieB�. The outwash 

plains of Little Wol f  River doubtless were formed by marginal drainage 

and local precipitation when the ice was at t he first or New London 

stage . The Pigeon River plain and Clintonville pitted d elta were 

deposited later when recession t o  the secoDd or Clintonville stage had 

freed this outlet. During the third , or Eelle Plaine ,  stage , the waters 

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

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

Shawano County whic.h were formerly interpreted a s  ordinary outwash may 

be deltaic outwash which was deposited in t he border o f  a shallow glaCial 

lake during the Belle Plaine stage . The delta northwest of Shawano Lake 

mapped as moraine in 1926 is now recognized as a deposit of Early and 

not Later Glacial Lake Oshkosh and not therefore a recessional ot the 

Red Ice. still later the Thornton JIo rBine was cut through by glacial 

waters at Thornton and outwash, now much modified by sand d une s ,  was 

deposited north of Shawano Lake after the ice f ront had retired north 

o f  the t errit ory t hus far surveyed. 

Later Glacial Lake Oshkosh.- It is now known t hat the post- R ed-

Drift glacial lakss west of the Thornton IIoraine whic h were postulated 

in t he  192 6 report had no existence or are Early Lake Oshkosh beaches 

modified by glaciation. The supposed beachee of bowlders and sand are 

really deposits associated with t he Red Drift . Recession of t he lbl! 

River lobe ( Pl .  VIII, p. 3 2) of the Red Ice led to the formation of 

Later Glacial Lake Oshkos h ,  Upham ' s  o riginal GlaCial Lake Jean Ni colet . 
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This lake is know by varved clays and maesive silts which fora a 

very smooth topography. Its shore lines are poorly marked at almost 

all point s ,  beach gravels are toUl'ld only on poiBt e and shoals. It 

is suggested t hat anticyclonal winds from the ice kept floating ice 

so constantly 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 tormed by s treams from t he 

glacier; such are found east and north 01 IIew London, both (a) at 

825 to 830 or ( b )  at about '790 feet e levation. 'rile elevation of 

several of the cols south ot Portage as determined by the very in

accurate Poynett e  quadrangle is about B25 teet . As the present divide 

is not far from 795 feet , the lower beaches evidently result ed from 

eroBion of the early outlet. The existence 01 beachea above 830 teet 

is questionable sin':e based solely upon aneroid readings; if such do 

actually oc cur, the d ivide must then have been some distance sout hwest 

o f  Portage . Shawano Lake is a relllIlll.Dt o f  the most northerly part o f  

�ter Glacial Lake Oshkosh which WIlS appareatly dammed in b y  deposits 

brough d own by t he Wolf River although no delta is presem , probably 

because t he  Wolf then earried no glacial d rainage . 

Briarton JIoraine . - The very wide Briarton JIoraine of Shawano 

Couut y was only barely t ouched in t he 1927 s urvey but is known to ex

tend so ut h  at least 12 mile s iBto Outagamis Couuty. It might be inter

preted as either (a) a recsssi onal moraine o f  the Red Ice or (b) an 

interlobate /IIoraine between the Wolf and Green Bay lobes of the Red 

Ice .  Beyond muc h doubt such an iut erlobats must have existed, but 

studies to the e ast will be necessary to prove this . The existence 

of (a) eskers discharging west , and (b) gravelly outwash d eposited by 

streams flowing in t he same direction seems to demonstrate t hat i f  

it is an int erlobate , the ice remaine d longer o n  t he east than on 
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the west side. In lilly case t his moraine must in part , at least , correspond 

to t he maximWII of  Later Glacial Lake Oshkosh. It probably correlates with 

the low water-laid moraine north of Lake Winnebago although it is pOBBible 

that it swings west til the ridge north of Oshkosh. 

PostUacial. time .- The event s of postglacial t ime comprise (a) strelllll 

erosion in favorable places, (b) meanderi� of streams on flat lake beds 

formi�g" oxbow and other flood-plain lakes , (c) weathering of the drift. 

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

studied with some care to detenaiJle , if possible, t he winds which transported 

the sand. So far as could be discovered, these camee from the south and south

west and eo must have been postglacial and not the anticyclollal winds from 

the ice sheet. Observations are, however, as yet meager in number and 

to some extent cantradictory. It is worthy ot note that over wide areas 

where the drift is less than two feet thick weathering has destroyed the 

st riae on underlying dolomite ledges . An iateresti� fact which was noted 

in southeastern Portage County is the recent ·come-back" of the water table. 

WeidmaJ19 reported that cultivation had reduced the level of the water table 

in this region from 20 to 40 feet. Recent rainy years , however, have 

restored the waterlevel both underground and in enclosed ponds and lakes. 

Water is now killing trees ov er 30 years old. 

ECONOMIC GEOLOGY 

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

Leaf Lakes in Shawano C ounty in deltaic( T )  gravels , (b) north of 1I'aupaca 

in very sandy outwash , (c)  Lake »nily 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 ot 

9 Weidman, Samuel, Geology of north central Wisconsinl Wisconsin Geol. 
and Nat . Hist . Survey Bull. 16, pp. 584 - 585 , 664, 1907 . 
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the d rirt was derived from saud stone and disintegrated granit e .  1%-

cellent deposits of gravel which, aside from the local presence o f  

disintegrated granit e pebbles ,  i s  suitable for coarse aggregate was 

discovered in a number o f  places ; IDOst of these have been developed to 

s ome extent for local use. Among others , exact locations o f  which can 

be secured from the field notes, mB¥ be mentioned (a) county pit north
( sec . 6 ,  T. � ,  R. 16 E . ) 

west o f  Shawano Lakefo (b) county pit at Bear Lake south of lilanawa (HW· 

SE. s ec .  32, T. 23, R. 13 E. ) ,  (c) county pit north of Waupaca on S. T. 

H. 49 ( SY. NE. Sec. 18, T. 22, R. a E. ) ,  ( d )  pit on 5. '1'. H. aa near 

the Soldiers Jilme (D. 1/4 sec. 35, T. a2, R. 11 E. ) ,  (e) the undsveloped 

Custer Plain in T. 23, ll. 9 E . ,  ( r )  undeveloped outwash gravels so ut h  

o f  Bonduel in sees. ll) and 21 ,  'l'. 26 ,  R .  17 E. , and ( g )  a large kame out 

in t he  basin of Lake Oshkosh in the D. lIB. sec. 36, 'l'. 26, R. 16 lI:. 

Surfacing gravel is for the most part secured from t he  weathered zone 

o f  the outwash deposits where disi nt egration of dolomit e and feldspar 

has _de a clay and iron oxide binder. Such material is not good enough 

for heavily traveled roads, for it '"washboards " very eaSily. On main 

roads it has been replaced \0 a large extent by c rushed gravel. Solll8 

o f  the lake gravels are excellent fo r surfacing and those beneath the 

red till, the deposit s  of Early Glac ial Lake Oshko sh , havs been worked 

to a considerable extent .  The large pit used in 19� for t he fine 

aggregate for U. S. 10 south of Readfield b elongs to this class. For 

the most part the gravels which are younger than the Red Drift are ent ire-

ly too clayey for concret e .  

Water.- The region which was surveyed in 19� is for t he  greater 

part very well supplie d wit h ground water. Within a large area below an 

elevation of SOO feet flowing wells or "fountains" as they are called by 

the natives are very abundant . All of t he cities and villages in the 

entire area whic h have public water supplies depend upon wells in t he 

- 3 6  -



/ 

drift. Very few wells are positively known to reach bed rock .lUId 

for t hat reason, as well as the wrt ruetworthy character of records 

given by owners, comparatively little atteution was giv .. to well 

records. A very large proportion of the wells are -tubular-, t hat 

is they consist of a pipe, rarely over two incbel in diameter, which 

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

A sand point is then insertsd at the bottom IUId the " foot-valve" in-

stallsd 011 top of it . The drive pipe serves as a pump cylinder in 

most instances although in 10cBlities where driving is easy and the 

wear 011 the pipe is therefore moderate a bra.s cylinder i. installed 

at the bottom of the steel pipe . Such wells cost about $1.50 a foot 

and, if fortlllllLte, a driller CIUI complete aD 80 foot well in a sillgle 

day . Instead of a solid drill a combined sand bucket aDd drill is u .... , 

some rigs CIUI also be used with either (a) jetting tools or (b) .el1-

cleeJ1ing hollow rod tools. "FowrtaillS" are drilled with either tubular 

or standard tools. .&. striking feature is that •• more than ODe or two 

lengths of casing were used in the majority of such wells , the rema1J1der 

was left as lUI opell hole . Such uncased wells have beell knollB to last 

for 40 years or more without causing t-rouble . Holes ill clay stand well, 

but where sand beds are passed thro ugh it is necessary to maintl\1l1 a 

continuous flow to prevent them from caving. Even a momentary st oppage 

such as caused by holding t he hand over the pipe when t aking a drink 

may result ill "bridging" . The well is put in service eit her (a) by 

cleaning with tools or (b) by placing a pump on top of the pipe and 

thus inc reasing the pressure until the bridge is broken. IIost -foun-

tains· were instel led IDeJ1y years ago and authent ic logs are exceedingly 
illg 

difficult to obtain; total depthe differ/bY 100 feet are often as-

cribed to the same well. Cont rary to earlier 
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there are no definite continuous water-bearing formations 

and the logs o f  no two wells correspond c losely unle s s  very Bear to-

gether. Instances of inclined aquifers are reported as interred from 

inter ference between two wells which tap ·veins- at widely different 

depths. There is little authentic data on the capacities of flowing 

wells. Large welle at Hew London are reported to flow 50 gallons per 

minute and under the pump co uld . lUldoubtedly furniah muc h more. The 

work at New London was called off before the city wella were examined. 

eontrary to popular belie f there is little evidence of parmanent im-

pairment o f  head save at New London where large wella have much reduced 

the pressure. Many instances of dry holes on low ground are reported, 

all such are e xplicable by t he absence of suitable water-bearing sands 

or gravels. Some wells derive t heir flow f rom v ery fine silt s .  Many 

t empe ratures of water were taken, but as accurate data on t he depths 

of t he wells ware hard to obtain, this information has not yet been 

correlat ed wit h  certainty. A very fe'll deep wells have been drilled 

into granit e and some o f  these are completely d ry. There are only a 

few drill rigs in the dist rict which are capable o f  making such holes 

economically. The principal area o f  granit e  wells is near Tigerton, 

Big Fal ls, Marion, and Waupaca where the d rift is quit e thin. A deep 

test at Clint onville went into g ranit e and was dry. Test wells at Shawano 

are not de finitely known t o  reach granit e although from similarity of 

depth to hard rock it is inferred that ledge was reached. Tubular 

rigs cannot drill thro ugh large bowlders and are forced to give bp 

when stones t oo big to break by blasting are found . The presence 

10 Weidman, Samuel ,  and Schult z ,  A. R. , The underground and surface 
water stipplies of Wis consinl Wis consin Geol. and Nat . Hist . Survey 
Bull. 35, pp. 9 5  - 96 , 488, 56 2 ,  6 20 ,  1915. 
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o f  granite bowlders is the greatest hindrance t o  drilling. It is next 

to imposs ible to get a pipe down without either (a) falls of rock which 

break or bend it , ( b) accidents in blasting, or (c )  bending or breaking 

by driving past stone s. Hard driving . is almost certain to lead to 

disast er. On the whole , the region west o f  Wolf River is one to be 

shunned by conservative drillers. It is report ed that an espe cially 

dif ficult hole near Marion was rec ently c ompleted by using an open hole 

with mudded walls made by putting in clay dllring drilling. This method 

is wo rthy of further t rial. After the opsn hole reachss sand, casing 

can be installed. 

Soils . - The area surveyed in 1927 has all been co vered by d etailed 

soils maps .  These give abundant evidence of careful, painstaking , ex

pensive work but o f  exceedingly limit e d  knowledge of the origin o f  the 

surficial deposit s. The following c orrelation table gives ( a) the 

soil serie s ,  (b) the origin asc ribed by t he soil men, end ( c )  the origin 

as concluded b y  the present writer. 
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SOIL SERIES ORIGIN ASCRIBED IN REPORT 

Kennan 

Vilas 

Glacial drift derived from crys
talline rocks 

Glacial drift derived from crys
tal line rocks and sandstone -
sandy soils 

Coloma Glacial drift derived from sand
stone 

Miami Glacial drift derived from lime
stone 

Plain field Outwash derived from sandstone 

ORIGIN DETERMINED BY WRITER 

Terminal moraine (where bowldery) , 
drumlins , pitted outwash , some lake 
silt s .  

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 dune s 

Outwash derived from sandstone and Outwash, generally not pitted 
crystalline ro cks 

Antigo 

Superior 

Jlarathon 

Colby 

Boone 

Vesper 

Poygan 

Whitman) 
Dunning) 
Genesee) 
Clyde ) 

Outwash derived from crystalline 
rocke 

Int erglac ial red lake Clay large
ly reworked by ice 

Residual from crystalline rocks 

Old d ri ft 

Residual from sandstone 

Residual from sandstone 

Dark red clay 

Dark so ils on low ground 
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Outwash (weathered) in Waupaca 
and Portage count ies I lake silt in 
Outagamie County 

Rolling phase - mainly red till 
te rminal or overridden pitted out
wash ! level phase - mainly lake 
clay; both phasee locally over
lain by pebbly, bowldery sand. 

Residual f rom c rystalline rocks 

Weathered old drift 

Residual from s andstone 

Not s een 

Marshy, red lake clay or red t ill 

Floodplains and marshes 

I 



From the inspection o f  the t able it may be s e en  that some o f  

the soil series a s  mapped by no means conform t o  the announced 

desc ription, but that in practice they include soils o f  exceedingly 

divsrse character, agricultural value , and origin. It is presumable 

that superficial resemblances in color and t exture led to t his con

fusion. It is very hard to s e e  how anyone could possibly t hink 

that sand dune s ,  which will s carcely g row gras s ,  should be mapped in 

the same series with the t ill Boils of d rumlins and t erminal moraine s .  

Field inspection also shows that soma o f  the soil boundaries were drawn 

arbitrarily without any consideration o f  t �  form as determinable 

frOID origin; f o r  instance drumlins are shown in all sort s o f  shapes 

instead of the elliptical f o rm  which t hey s hould have. In many in

stanc e s  drumlins which rise from s an dy outwash plains and which have 

very d i f ferent soils were not mapped at all. In other plac es outwash 

within drumlin areas was not separated. It is the opinion of the 

writ e r  that a knowledge o f  gla.cial geology on t he pa rt of the soils 

men would (a) improve t he accuracy of soils c lassification, (b) in

crease the speed of the wo rk, and ( c ) lead to more accurat e  appraisal 

of subsoil conditi ons. It makes a great difference in drought re sistance 

if a soil lies on t ill or on assorted deposit s. There is obvi ously 

a vast practical d i f ference between t he t ype locality of the Antigo 

serie s ,  a weathered outwash plain, and the yellowish-gray lake silts 

of the Out agamie County map which were also mapped as Antigo . 
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