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PREFACE 

"Geoscience Wisconsin" is a serial that addresses itself to the geology 
of Wisconsin--geology in the broadest sense to include rocks and r o cks as 
related to soils, water, climate, environment, and so forth. It is intended 
to p resent tim e ly information from kno wl edgeab l e  sources and make it 
ac c essible with minimal time in review and produ ction to the benefit of 
private citizens, government, scientists, and industry. 

Manuscripts are invited from scientists in academ i c ,  government, and 
industr ial fie l ds. Onc e a manuscript has been reviewed and ac cepted,  the 
authors w i l l  submit a revised copy of th e pap e r ,  and th e Geological and 
Natural History Survey w i l l  pub l ish the paper as funds permit, distribute 
copies at nominal cost, and maintain the publication as a part of the Survey 
list of publications. This wil l help to insure that results of research are 
not lost in the archival systems of large libraries, or lost in the musty 
drawers of an open-f ile. 

The three papers in this issue address Pleistocene geology in the north­
eastern and southeastern parts of Wisconsin. Carol McCartney describes the 
til l  stratigraphy in the Marinette County area and provides petrographic 
information for distinguishing the various units. Carl Fricke and Th om as 
Johnson discuss various til l  units in Rock and Walworth Counties and correlate 
those units with units in northern Illinois. Carol Welkie and Robert Meyer 
present th e results of an off-shore geophysical survey north of Racine in 
which till stratigraphy was identified and correlated to land-based studies. 
Termino logy has been reviewed and is in ac cord with present usage by th e 
\.Jisconsin Geological and Natural History Survey. 

W e  encourage submission of manusc ripts relating to W isconsin geology. 
Sp e c ial consideration w i l l  be given papers which deal with time l y  topics,  
present new ideas, and have regional or statewide implications. 

iv 
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STRATIGRAPHY OF TILL SHEETS IN PART OF 
NORTHEASTERN WISCONSIN 

by 

I M. Carol HcCartney 

ABSTRACT 

Geoscience Wisconsin 
[)tc�mher 19lU 

Four t il l  units at the surface in northeastern Wisconsin were depos ited 
during Late Wis consinan t ime. The younger three unit s, which are members of 
an unnamed  formation, can be dist inguished from each other and from the o l dest 
unit on tbe basis of stratigraphic position and texture,  color, and depth of 
carbonate leaching. The Mapleview Hember , which contains brown, sandy loam 
til l ,  is overlain by the Silver Cliff Member. This unit contains t i l l  that is 
a dul l reddish brown sandy loam which is  s light ly s i l t ier than the t i l l  of the 
Mapleview.  The K irby Lake Mem b e r  contains  f ine-grained  t i l l ( l e s s  t han 50 
percent sand), which overl ies the Silver C l iff Member , and it is  dull to dark 
red d i s h  brown. The Kirby Lake is  over l a in by the M i d d l e  In let Member that  
c o n t a ins  t i l l  that  i s  d u l l  r e d d i s h  brown to  d u l l  brown,  sandy loam.  The 
S i l ver C l if f  Member is probably t ime c o r r e l a t ive w i t h  one of the  outer red 
t i l l  units  of the Port Huron advance in the Lake Mic hig an Lobe. The K irby 
Lake is  l ikely  to a l so be  a Por t Huron  depo s i t , and the M i ddle Inl e t  Member 
'das probably depos ited after 11 ,500 B.P. 

INTRODUCTION 

This paper presents the resul t s  of an investigat ion of the t i l l  stratig­
raphy in northeas t ern W i s co n s in (f ig.  1). Ti l l  s hee t s  of t h i s  area are Late 
W i s con s in dep o s i t s  o f  the Green  Bay Lobe. Thi s  s t udy was prompted by a 
reinterpretat ion of the stratigraphic relationships and lat e-g lacial history 
of t he Lake Michigan b a s in. It has been demon s t r a t e d  (Acomb,  1978; Even s on 
and o t her s ,  1976; L ineback and o t h e r s ,  1974; Farran d ,  1970; Farrand and o t h­
ers ,  1969) that there are several Lat e  Wisconsin red t i l l  units depos ited by 
ice of the Lake Michigan Lobe. These red til l s  are interpreted as deposits of 
minor readvances of generally reced ing i ce. Presumably, the adjacent Green 
Bay Lobe was responding similarly , if not synchronously,  to  the general c l i­
matic warming. The presence of several red till units in the Green Bay Lobe 
depo sits ,  rather than a sing l e ,  very extensive unit ,  supports this hypothesis.  

The s t r a t ig r aphic  r e l a t ionship s and areal d i s tr ibut ions of three Late 
Wisconsin red til l units of the northern Green Bay Lobe are described in this 
report. Table 1 summarizes the relat ionship among event- and l i thostrat igraph­
ic terms for the northern Green Bay Lobe. The til l sheet s are dist inguished 
from e a c h  o ther and from the  under ly ing t i l l  on the b a s i s  of g r a in s ize, 
color,  and relative stratigraphic posit ion. Tentative correlations of these 
un i t s  t o  t hose o f  t he Lake M i c h igan Lobe and imp l i c a t ions to l a t e-g l a c i a l  
history are also discussed. 

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

1 Dames and Moore, 800 D South Division, Waunakee, Wisconsin 53597 
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FIGURE l.--Index map t o  area of  investigation (stip pled). The heavy line 
marks the outl ine of the Cary advance of the Green Bay Lobe. M i s  
the City o f  Marinette, Wisconsin. 
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DESCRIPTION OF THE AREA 

This investigation was carried out in the parts of Marinette and Oconto 
Counties north of an east-west line through the city of Marinette. The area 
is mo stly under l ain by Precambrian igneous and metamorphic rock ( Martin, 
1932).  The southeastern quarter of  the area is underlain by Paleozoic sedi­
mentary rock , principa l l y  sand stone and do lomite, which dip s gently to the 
southeast (Thwaites ,  1943). Regional s lope is to the southeast, toward Green 
Bay , and particularly  in the eastern h a l f  of the area , bedrock i s  near the 
surfa ce.  The major feature in the bedrock surface is the upper Marquette 
Va l l ey , a buried va lley in the Cambrian sandstone, which begins in s outhern 
Marinette and northern Oconto Counties and crosses the state to the southeast 
(Stew art,  1976) .  

The direction of  ice movement varied in this area during the Late Wiscon­
sin but w a s  general ly from the southeast.  Thi s  direction is recorded in 
g l a cial striae, drumlin s ,  and eskers (Thw ait e s ,  1943 ) .  A change in the re­
gional direction of ice f low was associated with the latest advance into the 
area. Numerou s drumlin s ,  particularly  in the drumlin fie l d s  of  the upper 
penin s u l a  of Michigan, indicate ice movement f rom northeast  to s outhwest. 
Although the change in direction of flow is clearly associated with the last 
advance into the area , the f l o w  direction s  of th e advances betw een the Cary 
and th e Denmark advance  are uncertain. The ic e-marginal features of th ese 
advances are perpendicular to the regional slope, which suggests that the ice 
was f lowing out of the bay or from the southeast. In the lower peninsula of 
Hichigan, a change in ice-directional features is the only clear evidence of  
an advance after the Port Huron (Burges, 1977) .  It is  likely that the change 
in i c e - f l o w  direction in Wisconsin a l s o  occurred a fter the Port Huron ad­
vances . 

HISTORICAL BACKGROUND 

Northeastern Wisconsin was largely left unstudied by the early workers in 
the glacial geology of the state. The area is wel l behind the edge of the ice 
margins traced by Chamber l in ( 1883) and i s  north and east  o f  the area de­
scribed by Weidman (1907 ) when he defined and named the Lang1ade Lobe in 
north- c entr al  Wis consin. Leverett (1929) sketched a red drift boundary in 
northeastern Wisconsin (fig. 2) , correlating it with the border of Port Huron 
deposits o f  lower Michigan, but when Thwaites (1943) mapped the area he corre­
lated post-Cary advance red til l in the Green Bay Lobe with the Valders till .  
Thw aites drew the ·limit of  the "Val deran" (interpreted a s  po st-Tw o Creeks 
forest) advance at the western edge of red til l  throughout northeastern Wis­
consin but reported dif ficu lty tracing it acro s s  Marinette County ( p .  137). 
Black (1966, 1976 ) ,  primarily using f low-direction indicators ,  also traced a 
"Valderan" border across this area. 

Figure 2 illustrates the red til l boundaries of Leverett (1929), Thwaites 
(1943) , and B l a ck (1976) .  It i s  c lear that these b oundaries d o  not coincide 
in the northeastern corner of the state. The l a ck of agr e ement is due, in 
part, to the reconnaissance level of these investigations in this region, but 
the major cause o f  the disagreement i s  th e presence o f  several til l sheets 
that have formerly been mapped as one unit. Although several red till units 
have b een previously  reported in the depo sit s of  the Green Bay Lobe (Black,  
1966 , 197 4; Janke, 1962; Piette , 1963) , the pr e-Tw oc reekan red til l  has been 
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TABLE l .--Rela t ionsh i p s  among event and li thos trat igraphic  terms for the  
northern Green Bay Lobe 

Years B . P .  

10, 000 

11 , 000 

12, 000 

13 , 000 

14, 000 

15,000 

16, 000 

17 , 000 

18,000 

19,000 

20,000 

21,000 

22,000 

Events  

Denmark 

Port Huron 

Cary 

Approximate age of 
lithostrat igraphic units 

Middle Inlet 

Kirby Lake 
Silver Cliff 

Mapleview 

considered Cary or older. The existence of more than one post-Cary t ill sheet 
in W i s c onsin was not acc ept e d  by Thwai t e s  (1943), Thwai t e s  and Ber t rand 
( 1957), or Black (1966, 1974, 1976). 

The stratigraphic framework upon which earlier workers based their inter­
pret a t ions of the r ed t ill of the Green Bay Lobe was  d eveloped  east of the 
Green Bay low land. Changes  have been made in that fram ework in the  form of  
revis ions of t ime-stratigraphic and rock-strat igraphic nomenclature and rein­
terpretat ions of lat e-glacial c l imatic h i s t ory  (Evenson and others,  197 6; 
A c omb, 197 8; Acomb and others,  1982; McCartney and M ickelson, 1982). The 
development of these changes in the stratigrllphy of the Lake Michigan Lobe, 
pllrt i cularly as  i t  pertains t o  the d epos i t s  of nor theast ern Wi s cons in, i s  
b r i e fly review ed  here.  Even son (1973) prov i d e s  a thorough h i s t ory  of t h i s  
topic for the deposits  of the Lake Michigan bas in. 

Recent work on strat igraph ic  relat ionsh ips  in the  Lake M ich igan b a s in 
(Evenson, 1973; Even s on and M i ckelson, 1974; L ineback, and others,  1976; 
A c omb, 1978; Acomb and others, 1982) hilS shown that there is not ju s t  one 
p o s t - Cary red t ill sheet,  as thought by worker s  in the area s ince  Alden 
( 1918), but that there are severlll. One of t h e s e  un i t s ,  the Two Rivers  
Member, is  stratigraphically above the Two Creeks horizon, and Acomb (1978) 
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FIGURE 2.--Red til l boundari e s  from Leverett, Thwaite s ,  and B lack. L = 

Leverett's ( 1929) l imit o f  red drift in eastern Wis consin. T = 

Thwait es'  ( 1943) l imit o f  th e Val d e r s  advan c e .  B = Black's ( 1966) 
Valderan border (from Black,  1974, fig. 23) • .  
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reported three red til l units stratigraphically below this forest bed. These 
lower t i l l s  are pre sumed t o  be Port Huron dep o s it s .  Even s on (1973) argued, 
based on geomorphic evidence, that the upper til l unit at the Valders Quarry 
is stratigraphically below the Two Creeks Bed near Two Rivers. Acomb (1978) 
traced the areal and stratigraphic extent of the Valers til l and argued that 
it is stratigraphically below the Two Rivers unit , although it does not occur 
in the type section of the Valderan at Two Creeks. Evenson and others (1976) 
suggested replacing the time-term Valderan with Greatlakean to minimize the 
confu sion that cou l d  r e s u l t  when the  same rock and time terms are u s e d  for 
different ag e s .  

A major result of the work by Evenson and others (1976) i s  that "the Two 
Creeks and Valders episodes no longer can be viewed as out standing events of 
Lake Michigan Lobe history" ( p .  4 l 7l. Ins tead of one major readvan c e  of the  
ice, the red till sheets represent minor readvances of  generally receding ice. 
The retreat preceding the advances of the ice that deposited red til l is now 
thought to be a significant event of the Lake Michigan Lobe. This retreat has 
long been recognized in the eastern Great Lakes (Evenson and Dreimanis, 1976). 
Further, the ice retreat before growth of the Two Creeks forest and subsequent 
readvance are now considered to be of minor significance. This is consistent 
with the "compel ling evidence that late-glacial pollen fluctuations indicated 
progressive deglaciation with no major reversals in the northward movement of 
plant communities" (Evenson and others ,  1976). 

Acomb (1978) sug g e s t ed that the ext ent and number of layer s of t h e  red 
till  in the Lake Michigan lowland indicate that the Lake Michigan Lobe was an 
ice  s t ream that drained the continental ice sheet .  The rapid ice margin 
fluctuations during the limited period of deposition of the red til l s  require 
ice flow velocities typical of ice streams .  

NETHODS 

Field Methods 

Field work for this study was carried out primarily in July and August of 
1978, but some reconnais sance was done in the Summer of 1977. Be cau s e  the 
area i s  lar g e ,  about 4,060 squar e km , field inves t igations conc entrated on 
til l and til l s t ratigraphy. No a t t empt  was made t o  map or cor r e l at e the  
extensive outwash and the lacustrine deposits of the area that were earlier 
mapped by Thwaites (1943). 

Most of the field investigation involved examination of roadcut s and pits 
but the information obtained from surface exposures was augmented by dril ling 
t o  d e p t h s  up to 20 m .  Sam p l e s  of about 750 g of unw eathered til l were taken 
for laboratory analy s e s .  Becau s e  the lay e r s  of t i l l  are t hin, s om e  samp l e s  
were taken from so near the top of the unit that carbonates were leached. All  
samples with less  than 1 percent calcite in the less-than-0.063-mm fraction 
were assumed to be leached and were not included in the data analyses.  

1aboratory Methods 

Grain size was det ermined on the less-than-2-mm fraction by hydrometer 
and sieve analysis (Royce, 1970) . Carbonate content of the less-than-0.063-mm 
f rac tion was det ermined by analy sis with the Chittick gasometric apparatu s 
(Dreimani s ,  1962). The amount of carbonate in the l-to-2-mm fraction was 
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d e t erm ined by weight d i fference before and aft e r  d igest ion in for m i c  ac i d .  
Formic acid was used to minimize the error that would result from hydrochlor­
ic-acid digestion of sulfide minerals. Heavy minerals were separated from the 
0.13 to O.25-mm frac t ion us ing bromoform (sp e c i f i c  grav i t y  2 .85), and the 
carbonate content was determined by ac id digestion of the fract ions. Propor­
t ions of plagioclase, potash feldspar , and quartz were determined by mounting, 
st aining, and count ing as described by Gross and Moran (19 7 0 ) .  Col ors of 
moist samples were recorded in the laboratory under controlled l ight ing condi­
t ions . 

RESULTS 

Introduction 

Four till  sheets w ere deposited by the Green Bay Lobe in this area during 
the last glaciat ion. They are the Mapleview (Simpkins and o thers, 1978), the 
Si lver Cl iff, the Kirby Lak e ,  and t h e  Middle  In l e t .  The lat t er three  units  
ar e forma l l y  defined  and  nam ed in  M i ckelson, and o thers ( in preparat ion). 
These til l s  can be  d ist ingu ished in the f i e l d  on  the basis of strat igrap h i c  
p o s i t ion , textur e ,  c o l o r ,  and d e p t h  of carbona t e  l e a c h ing. Howeve r ,  there  
general ly are greater lithologic differences w ithin these units than between 
them (see t a b l e  2 ) .  

The differences among the four till  units reflect differences in under­
lying bedrock lithologies. The Mapleview is considered to be deposited during 
the Cary advance and the other three t i l l  sheets, which are stratigraphically 
above t h e  Map l ev ie w , are thought to  have been deposi t e d  by Port  Huron and 
Denmark advances. The Silver Cl iff and the underlying Mapleview both contain 
sandy loam, but the Silver Cliff t ill is slightly sil t ier and l ighter in color 
than the M a p l e v i e w .  The Silver C l i ff is overlain by the Kirby Lake Member 
w h i c h  contains f in er-gra in e d  and usual ly redder t i l l  than the o t her un its.  
The K irby Lake und er l ies t h e  N id d l e  Inl e t  Member.  The t i l l  in  this un i t  is  
very similar to that in  the Silver Cliff Member and is best distinguished from 
it by stratigraphic posit ion. Where the Kirby Lake Member, which is over the 
Silver Cliff and under the Niddle Inlet,  is not present, the two units may be 
differentiated by depth of carbonate leaching. The Silver Cl iff t i l l  is more 
deeply leached of carbonate than the Middle Inlet t il l. 

Figure 3 is a map showing the surface distribution of the t i l l  sheets in 
nort heastern W is c onsin. The dashed l ine  is the w estern edge of deposits  of 
t h e  Green Bay Lobe.  Boundaries of t h e  til l uni t s  w e r e  drawn along t h e  i c e ­
marginal features, such as end moraines or outwash fans beyond which that till  
was not found. These till  boundaries correspond w ith some of  the geomorphic 
features mapped and named by Thw aites (1943). Figure 4 is a map of the named 
features in the study area. 

The entire Pleistocene sec t ion appears to thin to the east in this area. 
The ind ividual t i l l  members also t h in t o  the east , in t h e  up- i c e  d i r e c t ion,  
and as a r esu l t  the thin,  younger t il l  she ets commonly rest  d ire c t ly on 
b e dr o ck,  par t i cularly in the southeastern corner of the area.  Because of 
this, and because rel ief is general ly low in the area, no cuts have been found 
that contain all four t ill units.. There are, however, several sites at which 
two or three units have been found. These localit ies are l isted and briefly 
described in table 3. All of the red till units have been found overly ing the 
next older till  in at least one local ity. 
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TABLE 2.--Summary statistics for lithologic data from northeastern Wisconsin 
till sheets . 

Mapleview Silver Cliff Kirby Lake Middle Inlet 

% sand 78 61 36 64 
( 2-0 . 0625 mm) ( 8 ,  32) (6,  33) (14, 33) ( 9 ,  54) 

% silt 19 32 47 28 
(0 .0625-0 .002 mm) ( 7 ,  32) (5 ,  33) (10 ,  33) (8 ,  54) 

% clay 4 7 17 8 
(<'0.002 mm) ( 2 ,  32) (3 ,  33) ( 9 ,  33) ( 3 ,  54) 

% carbonate 5 9 14 13 
( 0 . 13-0.25 mm) (6,  2) ( 4 ,  11) (5 ,  21) (5 ,  28) 

% carbonate 24 39 44 32 
0-2 mm) (32 ,  2) 03 , 11) (14, 21) (12 ,  28) 

% carbonate 32 27 31 32 
«0 . 063 mm) 0, 2) 0, 11) ( 8 ,  21) ( 7 , 128) 

% dolomite 26 22 24 26 
«0.063 mm) ( 4 ,  2) (5,  11) ( 6 ,  21) 0, 28) 

% calcite 5 5 7 6 
«0.063 mm) ( 3 ,  2) ( 4 ,  11) ( 4 ,  21) ( 4 ,  28) 

% heavy 3 3 3 3 
minerals 0 ,  28) 0, 33) 0 ,  21) 0, 28) 

% plagioclase 28 23 22 21 
(9,  32) (8 ,  33) ( 7 ,  33) ( 7 ,  54) 

% potash 7 10 11 12 
feldspar ( 5 ,  32) ( 6 ,  33) (5 ,  33) ( 6 ,  54) 

% quartz 65 67 67 67 
( 9 ,  32) (9,  33) ( 7 ,  33) ( 7 ,  54) 

The values for the first nine parameters are mean weight percentages. Numbers 
in parenthe s e s  are standard deviations and number of samples, respectively. 
The last three param eter s are  per centages of counted grains ( p lagio c la s e ,  
pota s h  feldspar , quartz) in the light minerals of the O .13-to-0.2S-mm 
fraction . 

Mapleview Member 

The Mapleview till is commonly the oldest till unit found in northeastern 
Wisconsin. Doubtles s ,  there are some protected sites in the study area where 
the Mapleview overlies older tills that are mapped to the west (Stewart and 
Mickelson,  1976), but the older units do not crop out in t h i s  area.  The 
Mapleview is at the surface from the outer moraine in Langlade County to the 
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Mountain moraine in Oconto and Marinette Counties (Simpkins and others, 1978). 
Beyond the Mountain moraine, to the east, the Mapl eview crops out in a few 
places, but is generally covered by younger units or is absent. 

Mapl eview til l is a loamy s and and averages, in Marinette and O conto 
Counties, 7 8  per c ent sand, 19 percent silt, and 3 percent c l ay (in the l ess­
than-2-mm fraction). In Lang1ade County, the till averages 83 percent sand, 
13 percent silt, and 4 percent clay (Simpkins and others, 1978). The triangu­
lar diagram in figure 5 shows the distribution of sand, silt, clay percentages 
in til l  of the Mapl eview Member as w e l l  as the til l s  that overl i e  it. The 
area plotted and the averages for Marinette and Oconto Counties represent 32 
samples of Mapleview till. 

The moist color of Mapleview til l is sometimes dul l  reddish brown (5YR 
5/4), but it is mor e  commonly brown (7 .5YR 4/4 to 4/6) and can usu a l l y  b e  
distinguished from the younger ti l ls in the area  b y  this brown, rather than 
reddish, color. 

Silver Cliff Member 

The Mapleview Member is overlain by the Silver Cliff which is named for 
the township of Sil ver C liff in w estern Marinette County. At the sur fac e, 
this til l sheet is thin and discontinuous. It extends eastw ard from the 
eastern moraine of the Mountain system to glacial Lake Oconto in the south and 
to the eastern Athelstane moraine in the north (fig. 4). Beyond those eastern 
boundaries, it is usua l ly buried by the Kirby Lake and/or the Mid d l e  Inlet 
units (fig. 3). The very limited til l  exposures in the western Mountain 
moraine (fig. 4) contained Map1eview, not Sil ver C l iff, til l. Thus, the 
boundary of the red tills has been drawn east of this moraine. 

The til l  of the Silver Cliff Member is a sandy loam that is s l ightly 
finer-grained (siltier) than that of the underlying Mapleview Member (fig. 5). 
Average sand/silt/clay percentages of the Silver Cliff til l  are 61/32/7 per­
cent. These averages and the grain-size distribution in this til l  unit in 
figure 5 are from thirty-three samples from Marinette and Oconto Counties. 

Silver Cliff til l  is generally dul l reddish brown when moist (5YR 4/4 to 
5/4). The carbonate content of e l even samples of this til l  is 39 perc ent in 
the I-to-2-mm fraction (standard deviation = 13 per cent), 27 per cent in the 
less-than-O.063-mm fraction (standard deviation = 7 percent) and 9 percent in 
the 0.13-to-0.35-mm fraction (standard d eviation = 4 per cent) (tab l e  2). 
Carbonates are leached to a depth of about 1 to 1.5 m in this til l .  

This unit is thin and poorly exposed. It general ly overlies stratified 
sand and silt, but in the town of Mountain, it lies directly on b edrock. I t  
is overlain by silty, stratified sand or gravel .  

The type locality for the Silver Cliff Member is a road cut on the north 
side of Eagle River Road at NE!,;NW!,;NW!,; se c .  16, T. 34 N., R. 18 E. in Marinette 
County. The section, which is about 1.3 km north and east of the junction of 
Eag l e  River Road and Camp 10 Road, is in the eastern �!ountain moraine of 
Thwaites (1943). The type section contains Silver C l iff til l  over poor ly  
sorted sand which may be Mapleview ablation till. A sample from near the top 
of the cut directly across the road contained 61 percent sand, 31 percent 
silt, and 7 percent c lay. 
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TABLE 3 . --List of localities of superposed till units 

Locality 

sw, SW, SE, sec . 
14, T .  33 N . ,  
R. 19 E. 

NE, NW, SE, sec .  
27, T .  32 N . ,  
R. 19 E .  

*SE, SE, SW, sec . 
22, T.  31 N . ,  
R .  18 E .  

SW, SW, NE, sec . 
25, T .  32 N . ,  
R. 19 E .  

SW, SW, NW, sec . 
27, T . 35 N . ,  
R .  21 E. 

*SW, SE, NW, sec .  
1, T .  36 N. , 
R. 20 E. 

*NW, SW, NE, sec . 
36, T.  37 N. , 
R. 21 E. 

*NW, NE, NE, sec c 

1, T .  32 N .  , 
R. 21 E .  

Upper Till 

Silver Cliff 
0-0 . 7  

(54-34-12) 

Kirby Lake 
0-0 . 7  

09-57-24) 

Kirby Lake 
0-1 .5 

(30-50-20) 

Middle Inlet 
2-3 . 5  

(65-29-6) 

Middle Inlet 
(81-15-4) 

Middle Inlet 
0-4 . 5  

(80-1703) 

Middle Inlet 
0-3. 7  

( 57-25-18) 

Middle Inlet 
0-10 

(56-34-10 ) 

Separating Unit 

Fine sand + clay 
0 . 7-2 

gray sand 

none 

none 

silty sand 

sand/silt/gravel 
4 . 5-20 . 5  

silt and til l (? ) 
3 . 7-7 . 7  

none 

Lower Till 

Mapleview 
2-4 

09-15-6) 

Sil ver Cliff 
1-4 

(53-41-6) 

Silver Cliff 
1 . 5-3 

(56-34-10) 

Kirby Lake 
3 .5-4 .3  

(29-62-9) 

Kirby Lake 
05-46-39) 

Sil ver Cl iff 
20 . 5-21.3 
(59-39-2) 

Kirby Lake 
7 . 7-12 

(47-29-24) 

Kirby Lake 
10-12 

(20-60-20) 

Shows approximate depths (in meters) from the top of the cut or, if marked by 
*, from the top o f  an auger ho l e .  Sand-sil t- c l ay per centag e s  are  in 
parentheses . 

Expo sures with both the Silver Cliff and Mapleview are rare, but one such 
locality has been found. It is a roadcut 8 km west of Middle Inlet (SWY.SWY.SWY. 
s e c .  14, T. 33 N., R.  19 E.)  that is 4 to 5 m high. In the upper 0.6 m of the 
cut is the dull  reddi s h  brown, s andy loam til l  of the Silver  C lif f Members 
(sand/silt/clay = 54/34/12 percent). This unit overlies a dull reddish brown, 
loamy sand (sand/silt/clay = 79/15/6 percent) that is Mapleview till .  

Kirby Lake Member 

The Kirby Lake Member overlies the Silver C l i f f  and is f ound at the 
surface from the east shore of Glacial Lake Oconto to the western Athel stane 
moraine (fig. 4) in southern Marinette County, within the northern extent of 
the Marquette Valley (Stewart, 1976) . The Kirby Lake til l  sheet is thin and 
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FIGURE 5.--Triangular diagram showing sand/silt/clay percentages of the four 
tills in northeastern Wisconsin. 

patchy in this area and overlain, to the east, by the Middle Inlet til l unit. 
The K irby Lake Member is named for Kirby Lake, a l ake 9 km west of C r ivitz, 
Marinette County. 

The Kirby Lake til l  sheet has the most variable grain-size distribution 
of the northeastern Wisconsin tills (fig. 5). The average for thirty three 
samples is 36 percent sand, 47 percent silt, and 17 percent clay, with stan­
dard deviations of 14, 10, and 105 percent, respectively, in the less-than-2-
mm fraction. There are two possible reasons for the variability of this til l  
unit: (1) this very thin till  sheet may have some of the underlying sand 
incorporated into it, or ( 2) the ti l l  may have two phases, one more si l ty and 
one more c l ayey, w hi c h  have not yet been separated, or both. Neither phase 
has more than 50 per cent sand and the Kirby Lake is distinguished by this 
characteristic. 
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Kirby Lake til l is commonly dul l reddish brown (2.5YR 4/4 and 5YR 5/4 to 
5/3) , but infrequent ly it is dark reddish b rown ( 5YR 3/6) or d u l l  orange 
(7 .5YR 6/4). It is generally darker in color and finer grained than both the 
under lying and overlying till units. The carbonate content of 21 samples of 
Kirby Lake ti l l  averages 44 percent in the 1- to 2-mm f rac tion (st andard 
deviation = 14 percent) ,  30 percent in the 1ess-than-0.063-mm fraction (stan­
dard devia tion = 7 percen t ) ,  and 14 percent in the  0.13-to-0.25-mm f r a c t ion 
(standard deviation = 5 percent). 

The type section of the Kirby Lake Member described by McCartney ( 1979) 
is a road cut at t he NE'4NW!,;SE!,; s e c .  27 , T. 32 N . ,  R.  19 E.  on the sou t h  side 
of County Highway W in Marinette County. Kirby Lake til l is near the top of 
t he west end of the cut  and it over lies sand , whi ch  in turn overlies Silver 
Cliff til l. A sample of Kirby Lake til l from the top of this cut contains 19 
percent sand , 5 7  percent silt  and 24 p e r cent c l ay. Kirby Lake til l is over­
lain by Middle Inlet til l ,  which is very thin at this locality. An alternate 
type section is being considered (Mickelson, and others, in preparation). 

Hidd le Inlet Member 

The Hidd l e  Inlet  member is named for the t own ship of Hidd l e  Inl et  in 
eastern Marinette County. This unit overlies the Kirby Lake Hember and is the 
uppermost till sheet in the area. The Hiddle Inlet covers the eastern third 
of the area (fig. 4) from the eastern Athelstane moraine in the north and from 
a discontinuous ice-contact margin in the south. The till sheet is thin over 
bedrock in the southeast ern corner of the area and generally 1- to 3-m thick 
in out crop. 

Hidd l e  Inlet  t i l l  is a sandy loam whic h  averages ( for S4 samp les)  64 
percent sand , 28 per cent si l t, and 8 percent c l ay ,  in t he l ess-than-2-mm 
f r a c t ion, in Marin e t t e  and Oconto Counties. Moist colors of t his til l are  
d u l l  brown (7 .SYR 5/3  to 5/4)  or , more commonl y ,  dull  reddish brown (SYR S/3 
to 5/4). The average carbonate  content in 28 samples is 32 percent in the 1-
to-2-mm fraction (st andard deviat ion = 12 percent ) ,  32 percent in the l ess­
than-0.063-mm fraction (standard deviation = 7 percent) and 13 percent in the 
0.12-to-0.25-mm f r a c tion (st andard devia tion = 5 per cent ) .  Carbona t e s  are 
leached to a depth of less than 1 5  cm in this til l. 

The type section of t he Hidd l e  Inlet  Member is a road cut  on the nor t h  
side of Grand Rapids road a t  NE!,;N\,!,;SE!,; sec.  8 ,  T. 33 N . ,  R. 23 E .  This cut , 
w hi c h  is about 4 m high, contains Hidd l e  Inlet  t i l l  t hroughout .  Augering 
showed Middle Inlet till overlying Kirby Lake til l at two localities (table 
2) • 

DISCUSSION 

The four tills in northeastern Wisconsin represent a maj or ice advance 
and three less extensive readvances during the Late Wisconsin. The Mapleview 
Member is associated with the Cary Outer moraine in Langlade County ( Simpkins 
and others , 1978)  and deposits of this age have been l ong a c c e p t ed as indi­
cative of a major advance. Evidence that the later tills represent readvances 
is both stratigraphic and geom orphic.  The f a c t  t hat the  t i l ls are  found 
superposed in outcrops rules out the possibility that the red tills are actu­
al ly one very variable til l. Where the til ls have been found overlying each 
other, the contacts between them are sharp, not gradational, and their lithol-
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ogies are distinct. Figure 6 illustrates the grain-size differences among the 
four tills in northeastern Wisconsin. Differences among the upper three tills 
are c l early not gradational.  These tills a l so differ in depth of  carbonate 
leaching and color. Where the relative stratigraphic position is unknown, 
the tills can be distinguished on the basis of grain size, color, and depth of 
leaching. 

The geomorphic evidence a l so points to interpreting the red til ls of 
northeastern Wisconsin as readvance deposits. The w e stern edges of these 
til ls are a l l  associated w ith ice-marginal fe atures, usua l ly end mor aines. 
Thwaites (1943) believed these moraines are recessional features of the Cary 
ice, but Black (1966, 1976) disagreed and he drew the west ern edge of the red 
til l  a l ong constru ctiona l i c e  marginal featur es. C l ear ly, those m oraines 
which have separate tills associated with them are margins of at least minor 
readvances. They m ay have earlier been recessional mor aines of the Cary 
advance� which were overrun by the later advances. 
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FIGURE 6.--Means and standard deviations of the % c lay, % silt, and % sand of 
the four till sheets in northeastern Wisconsin il lustrated in 
stratigraphic position: a = Map l eview Member,  b = Silver Cliff  
Member, c = Kirby Lake Member, d =  Middle Inlet Member. Stars are 
plotted on the mean percentile and the dots are plotted one stan­
dard deviation from the mean. 
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The distance of retreat between the readvances is unknown but the finer 
texture and redder color of the younger tills are presumab ly from incorporated 
lake sediment. The ice retreated far enough into the basin to al low develop­
ment of a lake which was the source of that sediment. 

The moraines associated w ith the post-Cary til ls are semi- continuous 
throughout the Green Bay Lobe, and if tra c e d  acroSS the w e stern l imb of the 
lobe, they mark advance boundaries as indicated in figure 7 .  The w e stern 
boundaries of these tills have been traced outside the study area to the south 
( M cCartney and Micke l son, 1982). The western edge of the Sil ver C l iff til l  
approximately coincides with Leverett's (1929) red till limit throughout the 
lobe, and south of the study area it is nearly coincident with the edge of the 
red till that has been mapped in approximately the same position (see figure 
2) by workers since Thwaites (1943). The western limit of the Kirby Lake is 
very nearly the Valders l imit of Thwaites (1943). The edge of the M id d l e  
Inlet til l outlines, in the northern hal f  of the Green Bay Lobe, the distinct­
ly different northeast to southwest trending ice-directional features. In the 
southern half of the lobe, the edge of the til l is drawn approximately along 
the Athelstane Moraine (Thwaites, 1943). East of this moraine, particularly 
between Appleton and Green Bay, a red til l is reported to overlie a Twocreekan 
horizon (Black, 197 6), and at more than one locality, the Twocreekan horizon 
separates two red til ls (Piette, 1963; Stewart, 197 6). This boundary is west 
of Twocreekan radiocarbon dates from materials in or under till and is east of 
Twocreekan dated material that is unburied by til l as reported by Black 
(1976). 

Leverett's (1929) red til l  limit continues to the north along the Waters­
meet moraine in the upper peninsula of Nichigan. This boundary may be time­
correl ative with the e dge of the Sil ver C liff til l .  It in c l udes an area  of 
fine-grained red till in Florence County which is likely till deposited by the 
Langlade Lobe. The edge of the Kirby Lake til l is buried in the northern half 
of the study area ( fig. 4) and thus cannot be traced to the north. The l imit 
of the Middle Inlet til l  may be the equivalent of Leverett's Narenisco morain­
ic ridge (1929). 

Tentative correlations are here suggested between the Green Bay and Lake 
Michigan Lobe deposits, based solely upon the position of end moraines (fig. 
7). The southern boundaries of the Silver Cliff and the Kirby Lake correlate 
with the edge of the pre-Twocreekan red till units of the Lake Michigan basin 
that are Port Huron deposits. The edge of the Middle Inlet corresponds to the 
edge of the post-Twocreekan (Denmark phase) til ls of the Lake Nichigan Lobe 
( Acomb and others, 1982).  

In northeastern Wisconsin, the term Valderan has been used to define the 
edge of the red til l  and has been considered equiva l ent to the edge of the 
post-Twocreekan ice advance. In the Lake Michigan basin, the equivalence of 
these two boundaries has been disproved, and the term Valder s has been con­
fined to the youngest Port Huron red til l of the Lake Michigan Lobe ( A comb, 
1978). Ny evidence shows that the term Valders shou l d  a l so be r ejected for 
til l s  of the Green Bay Lobe. Acomb (197 8; Acomb, Mickelson, and Evenson, 
1982) mapped three red til l  sheets older than the post-Twocreekan Two Rivers. 
The Silver Cliff or Kirby Lake Nembers are possible time-correlatives of the 
pre-Twocreekan Valders till, but these units are undoubted l y  litho l ogic a l ly 
different from the Valders because the bedrock traversed by the two l obes  
differs. On that basis, the separate rock-stratigraphic nomenclature proposed 
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here is neces sary for the Green Bay Lobe. Correlations of the lithostrati­
graphic units of the Green Bay Lobe with tho se of the Lake Michigan Lobe are, 
at this time, tentative. 

The correlations proposed here are based on a single criterion, that is, 
the p osition of the end m or aines a s s o ciated  with each till  sheet. The s e  
correlations are therefore preliminary. However, these till sheets have been 
traced to the south and into the interlobate area. Correlations between the 
Green Bay and Lake Michigan Lobes are p r e sented by  Mc Cartney and Micke l son  
(1982). It is  pos sible that the advances of  these two lobes are not strictly 
correlative. Perhaps their depo sits overlap. It is clear, however, that the 
two lobes were responding similarly to general c limatic warming in the Late 
Wisconsin. In both the Lake Michigan Lobe and the Green Bay Lobe, major Cary 
advances  w e r e  fo l l ow e d  b y  le s s  extensive readvances.  In the Lake Michigan 
Lobe, the distance each advance extends out of the basin becomes  progressively 
shorter through time (Evenson and others, 1976; Acomb, 1978). The same rela­
tionship holds for the nortbwestern limb of the Green Bay Lobe (fig. 7) but to 
the s outh the Kir b y  Lake Member extends further than the underlying Silver 
C l iff. The ice margin of th e Green Bay Lobe was general l y  behaving in th e 
same manner as  w a s  that of the Lake Michigan Lobe. That is,  it was making 
minor readvances while general ly ,retreating in response to the climatic ame­
lioration of the Late Wisconsin (Evenson and others, 1976). 

CONCLUSIONS 

1. There are four till sheets in northeastern Wisconsin, three of which 
are post-Cary in age. 

2 .  The post-Cary units differ from the Cary til l  (the Map1eview Member) 
and from each other in grain size, c o l or ,  and depth of carbonate 
leaching, and are distinguished as  separate stratigraphic units by 
their superposition. 

3.  The s e  thr e e  til l unit s, from the l o w est  to th e h ighe st in strati­
graphic position, are named the Silver Cliff, the Kirby Lake, and the 
Middle Inlet Members of the Kewaunee Formation (Mickelson and others, 
in p r e s s ). 

4 .  The til l units of northeastern Wisconsin are deposits of an ice sheet 
that advanced progres sively less far out of the basin through time, 
suggesting a gradual climatic warming. 

5.  The po st-Cary tills  are ass ociated with end moraines that are semi­
continuous throughout the Green Bay Lobe. These end moraines appear 
to c o r r e late with the dated advanc e s  of the Lake Michigan Lobe  as  
fol lows: the western edge of the Silver Cliff and Kirby Lake tills 
w ith the Port  Huron deposits and the edge of the Mid d l e  Inlet  w ith 
the Denmark Advance. 

Further field  work is required to (1) test if the end moraines as sociated 
with the s e  til l s  continue to mark their w e s tern extents south of the study 
area, and (2) to test, in the interlobate area, the correlations proposed here 
between the Green Bay and the Lake Michigan Lobes. 
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THE PLEISTOCENE STRATIGRAPHY AND GEOMORPHOLOGY OF 
CENTRAL-S OUTHERN WISCONSIN AND PART OF NORTHERN ILLINOISl 

by 

Carl A . P .  Fricke2 , 3  and Thomas M .  Johnson2 , 4  

ABSTRACT 

In south�central Wisconsin and north-central I l l inois six mappabl e  t i l l  
units have been differentiated. The d if ferentiation is based on texture, c l ay 
mineralogy, soil  profiles,  gro s s  l ithology, and areal f ield mapping. Two t i l l  
uni t s  o f  Woodfordian age, the Tiskilwa and Haeger Members,  can b e  traced from 
northern I l l ino is into southern W isconsin near Lake Geneva in Walworth County. 
The }Iarengo Moraine and the Darien-West Chicago Moraine, which are as sociated 
with the T i s k i lw a  and Haeger Memb e r s  r e s p e c t iv e ly ,  can a l s o  be corr e l a t e d  
acro s s  the state line. Four pre-Woodfordian unit s are present west and south 
of the prominent Woodfordian Johnstown and Darien Moraines. The Capron Member 
is correlated w ith its equivalent in northern I l l inois .  The Cl inton Member 
w h i ch i s  over l ain by a r emnant p a l e o s o l  and w h i ch w a s  f o r m e r l y  t hought to 
corre l a t e  w i th the Argy l e  T i l l  Member in I l l ino i s ,  is  shown to ove r l i e  the 
AlIens Grove Member, the Wi scons in equivalent of the Argyl e  Till  Member. The 
C l inton Member, Allens Grove Member, and the underlying Foxhol low Member are 
newly recognized and descr ibed l ithostratigraphic units.  The FoxhoUow Mem­
ber, found only in the sub surface, is  the lowermost t i l l  recognized in south­
ern W i sconsin and correlates w ith a yet unnamed unit in northern I l l inois. 

INTRODUCTION 

Ear ly s tu d i e s  by Cham b er l in ( 1 8 7 7 , 1 87 8 ,  1 8 8 3 , 1 8 9 4 ) ,  Lev e r e t t  ( 1 8 9 9 ) ,  
and Alden (1904, 1 9 1 8) in southern Wisconsin and northern I l l inois formed the 
b a s i s  f o r  c l a s s i f i c a t ion o f  g la c i a l  d epo s i t s  in the M i d w e s t .  Cham b e r l in 
( 1 88 3 )  recognized  that the g l a c i a l  d ep o s i t s  near Lake M i ch ig an were  l e s s  
weathered than those farther west.  He a s s igned the older , more v i s ib ly weath­
ered deposits  to the First Glacial Epoch and the younger, l e s s  severely weath-

1 
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This manuscript was prepared while l itho stratigraphic nomenclature and con-
vent ion w e r e  evo lv ing. The t ex t  h a s  been chang ed to b e  cons i s t en t  w i t h  
present usage but the f igures and tab l e  have not. All  named unit s label led 
" t i l l "  shou l d  b e  cons idered  "Memb e r s "  in W i s cons in and "T i l l  M emb e r s "  in 
I l lino i s--Editor 

Department of Geology and Geophy s ic s ,  Univ er s i t y  of W i s c o n s i n ,  Mad i s on,  
Wisconsin 53706 

Now a t  Levine-Fricke,  Con s u l t ing Eng ineers and Hydr o g e o l o g ist s ,  Walnut 
Creek, California 94596 

4 Now at I l l inois State Geological Survey, Urbana, I l l inois 6 1 80 1  
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ered m a t e r i a l  t o  the Second G la c ia l  Epoch.  The S ec ond G l a c i a l  Epoch was 
renamed the East Wisconsin by Chamberlin in 1894,  and this name was changed to 
the Wisconsin Glacial Stage by Leverett in 1 899. Alden ( 1 904, 1 9 1 8 )  extended 
Chamber l in's work by mapping glacial depos its  in greater detail in central, 
southern and east ern Wisconsin. 

This study focuses upon a part of southern Wisconsin originally mapped by 
Chamberlin (1883) ,  Alden ( 1 904, 1 91 8 ) ,  and Bl euer ( 1 97 0 ,  1 97 1) .  It was under­
taken because mapping of glac ial deposits  and stratigraphic correlat ions were 
not made, or did not match well at  the Wisconsin-Il l ino i s  s tate l ine (fig. 1). 
When Alden ( 1 904, 1 918)  mapped southeast ern Wisconsin, he proposed that the 
Delavan Sub lobe of the Lake Michigan Glacial Lobe f lowed s outhward and south­
e a s t ward  dep o s i t ing the G en o a ,  Dar ien,  and E lkhorn M o r a ine s ( f i g .  2). In 
northern I l l ino i s ,  detailed s tudies of glac ial deposits  established the exis­
tence of the W e s t  Chicago M o r a ine ( W i l lman and Frye,  1 9 7 0 ) ,  w h i c h ,  a l t hough 
supposedly depos ited by the same ice advance, could not be correlated with any 
o f  A l d en ' s  moraines in W i s c on s in ( f ig .  2) . Recogniz ing t h i s  d i s c r epancy ,  
Leighton and Ekblaw ( 1 932),  Thwait e s  ( 1 9 3 7 ) ,  Leighton and Wil lman (1953) ,  and 
Thwaites ( 1 956)  suggested that,  contrary to Alden's mapping, the West Chicago 
Moraine of northern Illinois was continuous with the western portions of the 
Darien }loraine ( f igs.  3 and 4). However , except for some work by Black (1958)  
these  s tudies have been based more on inference than on f ield evidence. 

B l euer 0 9 7 0 ,  1 97 1 )  mapped the o l d e r  g l a c i a l  m a t e r ial s t o  the wes t and 
correlated them , for the most par t ,  with strat igraphic units previou s ly mapped 
in northern I l l inois .  He sugges ted that the Capron Member,  which contains the 
surface till  on the Capron Ridge in Illino is,  continues northward into Wiscon­
sin. The sandy-loam surface til l between the Capron Ridge and the Sugar River 
in W i s c ons in w a s  corre l a t ed w i th the Argy l e  T i l l  Member o f  nor th- c ent r a l  
I l l ino i s .  However , there w a s  n o  d e t a i l e d  sampl ing progr am t o  thoroughly 
document thes e  correlations. Bleuer also encoun t e r e d  several  problems  w it h  
thes e  correlations, f inding that the physical charact erist ic s  o f  the presumed 
Argyle t il l  in W i sconsin did not match well with tho s e  of the surficial Argyle 
T i l l  Member in northern Illinois. A summary of correlations of unit s in th is 
area  i s  g iven in t ab le 1 .  

PLEISTOCENE STRATIGRAPHY 

In I I I  ino i s ,  the pre-Wo o d f o rd ian (AI t onian) ag e rna t er ial  s are  g r ouped 
into one rock-stratigraphic unit called the Winnebago Formation (Kempton and 
Hacke t t ,  1 96 8 ;  W i l lman and Fry e ,  1 97 0 )  ( f i g .  5 ) .  The W innebago Format ion 
consi s t s  of t il l ,  s i l t ,  peat, and outwash reaching at least 120 m in thickne s s  
in northeastern I l 1 ino isa  It i s  comprised of three members; from oldest t o  
young e s t  t h e y  are  t h e  Arg y l e  T i l l  Mem b e r ,  the  P lano S i l t  Mem b e r ,  and the 
Capron T i l l  M ember.  The Farmdal ian s ub s t ag e ,  which s epara t e s  the A l t onian 
from the Woodfordian Substage, i s  represented by the Robein Silt. Deposits of 
the Woodfordian Substage are included in the Wedron Formation and consists of 
t i l l ,  outwash, s i l t ,  and peat. In northeastern Illinoi s , the Wedron Formation 
contains s ix till  members,  which are the Esmond, Tiskilwa, Malden, Yorkville,  
Haeger, and Wadsworth till  Hembers ( f ig. 4). 
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C,. AGE STAGE SUBSTAGE FORMATION MEMBER 
TYPICAL 

COMPOSITION 

r 1 2,500 

I Wadsworth Til l  Gray 
(insufficient data) 

Haeger Til l  Yellowish gray 

I:i (outwash) G 50-40-1 0  
� CM 1 5-60-25 0 

-.J 
." . 

Gray " 
Woodfordian � .!!' Yorkville Ti l l  G 1 0-52-38 � "" '" 

0 .!o' eM 2-77-21 ...J '" 
rn 
"§ Malden Ti l l  

Gray-yellowish gray 
'" G 35-45-25 "- (outwash) 

z eM 4-76-20 
« Wedron Z 

Tiskilwa Ti l !  
Reddish gray -
G 37-38-25 til (Lee Center Ti l l )  z eM 8-67-25 0 

u 
Gray-=yellowish gray til -

S Esmond Til l  G 24-43-33 

eM 3-76-21 

Morton Loess Silt, thin clay beds 

� 22,000 

Farmdalion Robern Silt Silt. organic silt, peat 

28,000 
Pinkish-brown 

/:i Capron Ti l l  G 25-43-32 

8 eM 29-58-1 3  

� 34 ,000 ± " 
/! " Piano Si lt  Organic si lt,  s i lt ,  peat � 

44,000± 
Altonian 

«-
Pinkish-gray 

Winnebago Argyle Ti l l  G 54-3 1 - 1 5  

eM 23-62- 1 5  

Unnamed Ti l l  

75,000= 
EXPLANATION 

SANGAMON I A N  G 50-40-1 0  

G lasford 
Grain size, percent sand-silt-clay 

eM 1 5-60-25 
I L LINOIAN 

Clay minerals, percent montmorillonite-
i l l itechlorite plus kaolinite 

FIGURE 5.--Clas sif ication of Plesistocene stratigraphic uni t s  in northeast ern 
I l l inoi s  w ith radiocarbon age and typical properties of the t i l l s .  
(From Kempton and Gro s s ,  1970). 
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TABLE l .--Gla c ia l  s t r a t igraphy in south-c e n t r a l  Wisconsin as used by Bleuer 
( 1 97 0 ,  1971) , as  redef iend here, and as correlated w i th the s tratig­
raphy in northern I l l inois. 

ILLINOIS WISCONSIN WISCONSIN 

(Wil lman , 1 97 5 )  (Bleuer ,  1 9 7 1 )  ( This r eport )  

Capron Til l Capron Til l Capron Till  

unnamed t i l l  Argyle Til l  C l inton Till  

Argyle Til l Janesvil le t i l l  AlIen s  Grove T i l l  

unnamed t i l l  Foxhol low Til l 

WOODFORDIAN GLACIAL GEOLOGY 

The Tiskilwa Member 

The early Woodfordian Tiskilwa Member,  named from it s type section near 
Tiskilwa, I l l inois (Willman and Frye, 1970) ,  cons i s t s  of pink, s ilty- sand to 
sandy-silt til l .  The Tisk il wa Til l Member in I l l inois compo ses the prominent 
Marengo Moraine, a north trending feature characterized by rol l ing topography. 
Les s  than 2 km north of the W isconsin-Illinois state line the Marengo Moraine 
is overlapped by outwash and the Wisconsin equivalent of the younger Haeger 
t i l l  Member of the Darien Moraine (fig. 4).  Large channel s  fil led w ith val­
ley-train outwash depo s its  cut through the Marengo Moraine and contribute t o  
the abrupt disappearance o f  the moraine north o f  the state l ine. 

The Tiskilwa Member in W i sconsin is exposed at the surface or beneath a 
veneer of the young e r ,  surf i c i a l  Haeger T i l l  Member equ iva l en t  in south­
central Walworth County, Wiscons in. In thi s  area ,  the oxidized Tiskilwa t i l l  
i s  chara c t e r i z e d  b y  a l ight brown c o l o r  ( 7 . SYR 6 / 4) ; w h e r e  unoxi d i z ed , t h e  
c o l o r  i s  dark r edd i sh g r ay ( SYR 4 / 2 ) .  G r a in- s ize analy s e s  o f  3 5  s a mp l e s  
averaged 3 9  percent sand, 3 9  percent s i l t ,  and 22 percent c lay. 

The rol l ing topography of this unit is evident at the surface even where 
it has been covered by younger t i l l  and outwash. The overlying equivalent to 
the Haeger T i l l  Member is very thin and local ly abs en t ;  landforms composed of 
the Haeger til l equivalent are l imited to locally irregular morainic deposits.  

The Equivalent of the Haeger T i l l  Member in Wisconsin 

The sandy , g r av e l ly t i l l  w ithin and b e h ind the  Darien and W e s t  Chicago 
Moraines correlates w ith the late Woodfordian Haeger Til l Member in I l l ino i s ,  
named for Haeger's  Bend in McHenry County ,  I l l inois (Wil lman and Frye,  1970) .  
The equiva l en t  o f  the Haeger T i l l  M ember in W a lw o r t h  Coun t y ,  W i s c o n s in i s  
highly variable in thicknes s  and character. The til l is genera l ly thin ( l e s s  
than 8 m) ,  s andy and gravel ly and varies from brown ( lOYR 5/4) to l ight brown 
O .SYR 6 / 4) in co lor. There appear to be several phases within the W i s consin 
equ ivalent of the Haeger Til l Member distinguishable by local differences in 
texture and color. These differences are probably the result of local changes 
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in source material or glac ial regime. Although its  clay mineralogy is  s imilar 
to that of the underlying Tiskilwa Member, the Haeger equivalent is generally 
much coarser and l e s s  pink. In the Darien Moraine, the t i l l  is sandy, gravel­
ly, reddish-brown to yellow ish-brown and contains about 65 percent sand, 27 
percent s i l t ,  and 8 percent clay; it is interbedded .' ith depos its  of sand and 
g r ave l .  Behind the  Darien M o r a in e ,  the t i l l  i s  gene r a l l y  l e s s  than 3 .3 m 
thick and i s  commonly absent. The surface til l behind the moraine contains an 
average of about 54 percent sand , 3 6  percent s i l t ,  and 1 0  percent c l ay and i s  
w e l l  exposed i n  gravel p i t s  near Lake Genev a "here i t  overlies a thick outwash 
u n i t .  In some a r e a s  t h e  i c e  overrode s ub s t an t ia l  amount s  of outwash  t h a t  
contributed sand and gravel to the til l. Where the ice overrode the Tiskilwa 
Member, the drift acquired more fines and a reddish color. 

Near the state  line in Wisconsin, the Darien Moraine con s i s t s  largely of 
s and and g r av e l  w i t h  some g r av e l ly ,  s andy,  r ed d i s h  brown t i l l .  E a s t  o f  the 
moraine, the underlying Tiskilwa Member is  covered by a thin, discontinou s ,  
sandy, gravelly t i l l  with approximately 5 1  percent s and, 3 9  percent s i l t ,  and 
10 percent clay virtual ly identical in character to the Haeger Til l Member of 
the West  Chicago Moraine in I l l ino is.  

In summary, stratigraphic correlat ions based on field mapping and labora­
tory data confirm the continuity of the Darien Moraine in lo/isconsin w i th its  
equivalent in I l l inois , the West  Chicago Moraine (fig. 3 ) .  Til l units  in  both 
the Marengo and Darien Moraines in Wisconsin also are cont inuous acro s s  the 
state l ine and correlate with the Tiskilwa and Haeger Til l Members in I l l inois 
( f ig .  4 ) .  

PRE-WOODFORDIAN GLACIAL GEOLOGY 

The only major study west o f  the Woodfordian moraines in southern Wiscon­
s in s in c e  A l den ( 1 9 1 8 )  w a s  made by B leuer ( 1 9 7 0 ,  1 9 7 1 ) .  B l euer mapped the  
pre-Woodfordian g lacial materia l s  in  s outhern Wisconsin, but he  did  not di­
r e c t l y  t r a c e  the uni t s  acro s s  the s t a t e  line into I l l in o i s  w i t h  a d e t a i l e d  
sampling program. 

Bleuer ( 1 97 0 ,  1 9 7 1 )  equat ed the surf icial til l between the Capron Ridge 
and the Sugar River south and west  of the Woodfordian moraines w ith the Argyle 
t i l l  Member in northern I l l inois. He encountered several problems w ith this 
correlat ion. The phy sical character istics  of the surficial t i l l  in his  area 
of mapping did not match wel l  with those of the surficial Argyle Till  Member 
in northern I l l inois. B l euer ( 1 970) noted that the typical pinkish or salmon 
color (7.5YR 6/4) of the Argyle Til l  in I l linois was not neces sarily charac­
teristic of the surficial t il l  in south-central Wiscons in. 

Textura l  ana l y s e s  performed on 1 2 5  samp l e s  f rom numerou s l o c a l i t ie s  
indi c a t e d  that the s u r f i c i a l  t i l l  in southern W i s cons in i s  s ignif i c a n t l y  
sandier than the sur f ic ial til l in northern I l l inois.  The surficial t i l l  in 
W i s c ons in ave r a g e s  6 1  p e r c e n t  s a n d ,  27 percent s i l t ,  and 1 2  percent c l a y ,  
whereas the Argyle Til l Member in Il linois averages 53 percent sand, 3 5  per­
cent s i l t ,  and 1 2  p e r c en t  c l ay .  On t h e  b a s i s  of s h a l e  pebb l e s  and c l ay 
mineral data, Frye and others (1969 ,  p. 6 )  sugges t ed that the surficial Argyle 
t i l l  in northern I l l inois was depos ited by the Green Bay Lobe from the north­
e a s t .  Howev e r ,  drum l inoid  f o rm s ,  t i l l  d i s t r ibution,  and S i lur ian d o l o m i t e  
pebbles in the t i l l  of central-southern Wiscons in support the suggestion tha t  
the Argy l e  t i l l  w a s  depo s i ted b y  t h e  L ake Mich igan Lobe a s  i t  advanced f rom 
the east  (Bleuer,  1 97 1 ) .  
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Textur e ,  clay mineralogy, color , and pebble lithology served as a basis  
for distingui shing and class ify ing pre-Woodfordian un its in th is s tudy Ctab l e  
2). Heavy mineral and carbonat e  content were found by Bleuer ( 970)  not to be 
u s eful in making stratigraphic correlations. 

Clo s e ly spaced sampling and traverses acro s s  the state l ine were used to 
help s o lve correla tion problems in por tions of the area of older till outs ide 
the W o o d f o r d ian moraine s .  As a r e su l t ,  a new s t r a t ig r ap h i c  framewo r k  w a s  
established that contains the newly named surfic ial C l inton Member overlying 
at least two other units ,  the AlIens Grove Member and the Foxhollow Member. 
Wh ile the Argyle t ill was prev ious ly thought to continue north as  a surf icial 
t il l ,  from I l l in o i s  int o  south ern W i s c o n s i n ,  it c an now b e  s hown that t h e  
C l in t on M e m b e r  ove r l i e s  the A l l en s  G r o v e  M e m b e r  and t h a t  t h e  A l I e n s  Grove 
Member found in the subsurface in southern W isconsin is ins tead the strati­
graphic equivalent of the Argyle Till Member o f  I l l inois. The third unit,  the 
Foxhol low Member, underlies the AlIens Grove Member and represents a previous­
ly unrecognized s tratigraphic unit. 

Foxho llow Member 

The Foxhol low Member, a new l itho stratigraphic unit , i s  s tratigraphically 
the oldest and lowermost till unit recognized in the study area. Where sam­
p l e d ,  t h i s  unox i d i z e d ,  gray,  c l ayey s i l t  t i l l  ave r a g e s  44 p e r cent  s and , 3 7  
percent s i l t ,  and 1 9  percent clay.  It generally contains a larger number of 
pebbles and cobbles  than any of the other pre-Woodfordian t il l s  in the s tudy 
area and ranges in color from s ilver to brownish gray to purplish gray. The 
Foxhol low Member differs from the o ther pre-Woodfordian age t il l s  in thi s  area 
by its lower ratio of light-to-dark-colored dolomite in the 1 to 2 mm (coarse 
sand) s ize fract ion C l e s s  than 0 . 8 : 1 ) ;  whereas the Allens Grove Member typi­
c a l ly has a r a t i o  b e t w e en 0 .8 : 1  and 1 .3 : 1 ,  and t h e  C l inton M e m b e r  t yp i c a l l y  
h a s  a r a t i o  g r e a t e r  than 1 .3 : 1 .  Of  a l l  the t i l l s  in s outhern W i s co n s in ,  t h e  
Foxhollow contains the smallest  average amount o f  illit e. X-ray diffraction 
analyses  of the les s-than 2 micron clay fract ion indicated large amount s  of 
calcite and dolomite and cons i s t ently more dolomite than calc ite. 

In some places,  the sand-s ized fract ion of the Foxhollow till contains 
smal l quantities of wood , but no s ignificant amount s  could be retrieved. This 
i s  the only t i l l  known to c on t a in w o o d  in t h i s  area o ut s i d e ' o f  the C apron 
R i d g e  and the W o o d ford ian m o r a in e s .  One o f  t h e  b e s t  samp l e  l o c a l i t i e s  a t  
which wood fragments were found in the Foxhollow t i l l  was a t e s t  hole drilled 
approximat ely 5 km east of Beloit on the east s ide of a country road, north of 
o l d  W i s consin highway 1 5  in the center of the NE\SE\NE\ sec.  33 , T. 1 N. ,  R 13  
E.  Alden ( 1 91 8 ,  p. 140)  also reported finding organic material at  a number of 
local it ies in the area. 

The Foxhol low Hember generally occurs in the subsurface and typ ically i s  
confined t o  preglac ial o r  early glac ial bedrock valleys where it was  prot ec t ed 
from ero s ion dur ing later glacial events.  Consequently,  the Foxhol low Member 
is almo s t  totally def ined from subsurface s ampl ing. 

AlIens Grove Member 

The AlIens Grove Member, which over lies the Foxhollow Member, 
for th e v i l l age of A l I e n s  Grove in W a l w o r th Count y ,  W i s co n s in .  
s e c t ion i s  o n  the w e s t  s i d e  o f  a borrow p i t a l ong S t a t e  Highw a y  
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TABLE 2.--Compo sitional summary of the Pre-Woodfordian til l s  in Central-south­
ern W iscon s in. Amount s  shown are averages,  except where noted. 

UNI T TYPICAL COMPOSITION 

Capron Till, sandy phase 

Capron Till, silty phase 

Clinton Till 

Aliens Grove Ti II 

Foxhollow Till 

G� 
41

44
-35

36_2427 37 33 23 

2731 _38 40_3540 
24 36 29 

6,69 _2734_1229 57 15 24 
56 43 22 53 47-3527 -12 3 

44: 37� 19392 

C R 
28-61- 1 1  -

28-61-11 -

26-60'14 >1.3=1 
45-45- 10 

26-61-13 0.8-1.3 
39-47-14 

28-53-/9 <0.8'1 

G = Groin size , percent sand ( 2-.062mml, silt (.062-.004mm), claye< .004mm) 
H= Highest value , L= Lowest value 

C= Cloy minerals , percent montmorillonite- il l ite- chlorite plus kaolinite 

R = Ratio of l ight colored fo dark colore d dolomite sand grains 

N = Number of samples analyzed 

N 
3 

2 

85 

40 

2 2  

NW!,;SE!,;SW!,; s e c .  3 2 ,  T. 2 N . ,  R. I S  E. ,  0 .8 km eas t o f  A l I en s  Grove and appr ox�­
mately 4 km west o f  the Capron Ridge. 

At the AlIens Grove type section, a sequence of 1 1  sampl e s  were co l l ected 
from t h e  o u t crop f a c e  and from the s u b s urf a c e  u s  ing a power auger ( f i g .  6 ) .  
A t  t h e  t o p  o f  t h e  s e c t io n  b e l ow 1 m o f  l o e s s  i s  0 .6 m o f  a y e l l o w i sh-red ( SYR 
4/6 to 4/8) , weathered, truncated B horizon formed on 8 m of C l inton till.  A 
1 m t h i ck b e d  o f  sand separ a t e s  t h e  C l in t on Member into t w o  p ar t s  that  a r e  
l ithological ly the same. A second sand and gravel layer 1 .5 m thick, and 6 .4 
m below the top of the section separates the Cl inton t i l l  from the underlying 
Allen s  Grove t il l .  The stratif ied layer contains coarse gravel and cobbles;  
s om e  r e a c h  1 1  em in d i am e t er.  The t i l l  of  the A l I e n s  Grove Member i s  hard,  
very w e l l  com p a c t e d ,  and is  brown and l ight brown to y e l l ow i sh and l ight 
yellowish brown (7 .5YR 5/4  to 6/4  to 1 0YR 5/4 to 6/4) in color. The amount of 
compac tion in the AlIen s  Grove till  here,  as  wel l as  several roadcuts west of 
sampling location 663 and east of Tur t l e  Creek, may be the resul t of incorpo­
ration and compaction w i thin or beneath g lacial ice. 

The base of the Allen s  Grove Hember is not exposed. A nearby auger ho le 
pene t r a t ed ano ther 2 m of A l I e n s  Grove Member b e f o r e  encoun t e r in g  a 1 4  m 
sect ion of gray, lacustrine silt.  Beneath the silt  is a firm , compact , gray 
( SYR 5 / 1 )  t il l  identified as Foxhol l ow .  
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The texture, clay mineralogy, ratio of light to dark colored sand-sized 
dolomite,  and stratigraphic position support correlation of the AlIens Grove 
Member in Wisconsin with the Argyle Til l in Illinois. Samples of the Argyle 
t i l l ,  a t  the Cherry Val ley S e c t io n ,  (SEl,;SEl,;SWl,; s e c .  3 0 ,  T. 44 N. ,  R.  3 E . ,  
Boone County, I l l inois) ,  an importan t  reference section o f  the I l l inois Geo­
l og i c a l  S u rvey a s  w e l l  a s  a s top m a d e  on the 1 96 5  INQUA f i e l d  t r ip (Frye and 
W il lman, 1 96 5 )  near Rockford,  I llinois,  have a texture, clay mineralogy, and 
ratio of light-to-dark-sand- s ize dolomite similar to that of the AlIens Grove 
t i l l .  For additional evidence supporting this correlation, see section enti­
t led Wisconsin- I l l inois Stratigraphic Correlations.  

Clinton Member 

With the pos s ible exception of an area west of Janesville,  the surf icial 
C l inton Member extends throughout nearly all the rolling upland areas west of 
t h e  Capron R i d g e  and the Woodford i an Mora ine s w i thin the s tudy area. The 
sandy, pebbly, light yellowish brown (lOYR 6/4) C l inton Member is  named from 
its  type section in a roadcut and adja cent dr illhole along the Beloit-}!ilwau­
kee Road (State Highway 1 5) ,  3 .3 km northeast of C l inton, Wisconsin. Formerly 
correlated by Bleuer ( 1 97 1 )  w ith the Argyle Member, the Clinton Member can be 
demons tr a t ed t o  b e  a separ a t e ,  d i s t in c t  un i t  s t r a t i graph i ca l l y  above the 
AlIens Grove Member and below the Capron Member. 

The clay of the C l inton Member is mineralogically similar to that of the 
AlIens Grove and Capron Members; it averages 26 percent montmorillonite ,  60 
percent ill it e ,  and 14 percent chlorite  plus kaolinite. However , the Clinton 
Member is  distinguished by a sand-silt-clay content averaging 61 percent, 27 
percent , 1 2  p e r c e n t  and by a l ig h t - t o-dark d o l o m i t e  ratio  in t h e  s and- s iz e d  
fraction of greater than 1 .3 : 1  (table 2). 

The C l inton t i l l  in Some places has a pinkish cast s imilar to that of the 
Argyle till.  Its  chroma varies with lighting condition and moisture content. 
The pinkish cast may be due to incorporation of mater ial from the underlying 
A l I en s  Grove t i l l ,  as i s  ind i c a t e d  by very s m a l l  inc l u s ions of p ink c l ay in 
the Cl inton till  matr ix. However, the sandy, buff-colored Galena-Plattev i l le 
Dolomite beneath much of the area probably had a great influence on forming 
the composition of the Clinton til l. In several pits dug for bridge pil ings 
a l ong W i s c o n s i n  Highway 1 5  near  C l in t o n ,  large amoun t s  of s andy , w e a thered 
Gal ena-Pl a t t ev i l l e  dolomite w er e  f ound beneath the Clinton Member. As  ice  
which d eposited the C l inton t i l l  moved over the dolomite and sand, much of  the 
weathering material could have been incorporated into the C l inton t il l  matrix. 

Weathering of the C l inton t i l l  has produced a paleosolic B horizon that 
persists  beneath the loes s on the flatter uplands. Removed from the st eeper 
s lopes by eros ion, this paleosol may s t il l  exist along the foo t s  lopes of h i l l s  
beneath loes s  and col luvial deposits.  

The upper 6 .7  m of  the C l inton Member is exposed in the face of  the road 
cut at its  type section and was sampled at approximately 0 .3 m interval s .  The 
l o w er 8 . 2  m were  exp lored by u s ing a power aug e r .  The s andy , buf f-co l o r ed 
C l inton Member i s  ove r l ain b y  1 .8 m o f  lo e s s  ( f ig.  n .  The l o e s s  i s  an 
oxidized, l ight yellowish-brown (lOYR 6/4) s i l t ,  is noncalcareous throughout, 
and has no observable bedding. 
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FIGURE 7 .--Diagramma t i c  sketch of t h e  C l inton Member type section. (NWl,;SWl,; 
s e c .  3 ,  T. 1 N. ,  R. 1 4  E . ,  Ro ck Coun t y ,  W i s c o n s i n ) .  
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In compo s i t e  prof i l e  from the type s e c t ion o f  t h e  C l inton M ember ( f i g .  
8), a n  i l l uv i a t e d  B 2 t  hor i z on o c c ur s  below t h e  Al hor izon i n  t h e  l o e s s .  A 
s ig n i f i c ant d e c r e a s e  in s i l t  w it h  a rec ipro c a l  inc r e a s e  in s and 1.8 to 2 . 1  m 
b e l o w  the top o f  the s e c t ion marks  the con t a c t  betw een the l o e s s  and t h e  
C l inton till.  Except for a sample from the basal portion o f  the Clinton t i l l  
a t  a d e p t h  o f  1 3 .1 m w h i ch c on t a ined s l i gh t ly l e s s  s and , e l even s am p l e s  
b e t w een 2 . 7  m and 1 1 .6 m d e p t h  contained ne arly  t h e  s a m e  amount of sand. 
Apparently the upper part of the underly ing Foxhol low Member was incorporated 
into the base of Clinton Member when the former was overridden by the advanc­
i ng ice sheet. 

In s itu weather ing o f  t h e  C l inton t i l l before the depo s i t ion o f  the 
Peoria Loess produced a reddish-brown to light-reddish-hrown ( SYR 4/4 to 6/4) 
B h o r i z on in the upper 1 .7 m o f  the C l inton Member. Clay-per centage data 
indicate that illuviat ion also took place in the B horizon as well as  in the 
brown (7 .5YR 4/4) beta B, a zone developed immediately below the Bt horizons.5 

There is  an overall  gradual increase in clay content upward from the unweath­
e r e d  t i l l through both the b e t a  B and B hor iz o n s .  The pro f i l e  is l e ached t o  
t h e  b a s e  of t h e  b e t a  B hor izon. No s o il s t ru c t ur e  i s  ev i dent in the highly 
weathered, sandy paleosol . 

C lay m inera l s  in the 1 e s s- t han- 2 m i cron f r a c t ion o f  8 s am p l e s  in the 
C l inton type section were analyzed by X-ray diffraction (fig. 9).  Repre sen­
t a t iv e  X-ray p a t t erns from various  p a r t s  o f  t h e  type s e c t ion a r e  shown in 
figure 9. The presence of dolom it e ,  calcite,  chlor it e ,  and montmor illonite 
are represented by sharp, wel l-def ined peaks in sample 1 7 .  In the lower parts 
of t h e  C l inton M ember in i t s  type s e c t ion, both d o l o m i t e  and c a l c i t e  a r e  
present in relat ively large amounts.  The cal cite peak decreases in intensity 
from sample 1 7  up to sample U. Calcite has been leached from the prof ile in 
s am p l e  P ,  w h i l e  do lom i t e  s t i l l  r em ains.  In s am p l e s  M and H ,  w h i c h  are  f rom 
the b e t a  B and t h e  B h o r izons  r e s p e c t iv e l y ,  bo th c a l c i t e  and d o l o m i t e  w e r e  
removed by weathering. Flattening and reduction of the chlorite plus kaol in­
ite  peak and the illite peaks upwards through the prof ile are concomitant w i th 
a broadening of the montmoril lonite  and mixed layer peak (near 5 .4 "  28). The 
t h ird-order ( 0 0 3 )  c h l o r i t e  peak,  a very sens i t ive ind i ca t o r  o f  w e a th e r ing 
(Wil lman, Glas s and Frye, 1 963 ; Glass,  1 97 6 ,  oral communication), decreases in 
int ensity and c larity upward through the prof ile as the influence of surf ic ial 
weathering increases. The per s i s t ence of an artifact chlorite (DOl) peak at 
6 . 1 0  28 in sample H, the paleosol (f ig. 9 ) ,  may be due to aluminum integrades 
(Glas s ,  1 97 6 ,  oral communication) , vermiculite,  or both. Chlorite should have 
been r emoved by w e a ther ing a t  t h i s  point.  The X-ray pat t e rn o f  s amp l e  H 
exhibits characteristics of the most severe weathering and represents a hori­
zon for which calculat ions of clay-mineral percentages are impractical. Il­
lite and chlorite  peaks in this sample are much smaller , and peaks ref lecting 
montmorillonite and mixed-l ayer c lay m inerals (near 5 .4 0  28) are larger. The 
l o c a t ion o f  the peak near 5 . 4 0  28 in s t ead of at 5 . 1 0 28 s u g g es t s  t h a t  t h e  
expanda b l e  c l ay may have had a c h l o r i t e  parent m a t e r i a l  ( G l a s s ,  1 97 6 ,  oral 
communicat ion) • 

5 In calcareous sediment, a secondary zone of clay accumulation oc curs in the 
l ea c h e d  z one d ir e c t ly above t h e  con t a c t  w i th the underly ing cal careous 
sediment. Both clay and organic matter, which gives the beta B it s charac­
t e r i s t i c  brown c o l or , a c c um u l a t e d  here as the r e s u l t  o f  ( 1 )  a change in 
poro s i ty and permeab i l i t y ,  and ( 2 )  a change f rom leached to cal c a r eo u s 
materi al (Bartelli  and Odell ,  1 960).  
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Effects  of weathering on a prof ile can also be observed by changes in the 
d i f f r a c t ion int en s i t y  (Dr)  r a t io ( W il l iam,  G l a s s ,  and Fry e ,  1 96 3 ) .  The DI 
ratio is a comparison of the glyco lated 10 nm illite peak with the glycolated 
7 .2 nm k a o l i n i t e  p l u s  chlor i t e  p e ak. Kao l inite  is a s t ab l e  m ineral and any 
change in the DI ratio is the result of a change in the amount of chlorite or 
illite. Chlorite is the f irst mineral affected by the weathering process and 
the DI ratio increases accordingly. With suffic ient continued weathering, the 
i l l it e  beg ins to al ter  and the DI ratio drop s .  A l t e ra t ion of i l l i t e  in 
Woodfordian til l has not been observed, whereas alteration of il lite extends 
into the  B2 hor izon in Al t ol'.ian age  t i l l s  ( W i l lm an ,  G l a s s , and Frye ,  1 96 3 ) .  
In t h e  C l inton T i l l  pro f i l e ,  t h e  D I  r a t i o  inc r e a s e s  upward through s amp l e  U 
and then d e c r e a s e s  from s am p l e  U thr ough s amp l e  H. Th i s  change a t  sample U 
represents alteration of illite below the paleosolic B horizon and suppor t s  

t h e  conc l u s ion t h a t  a g r e a t  d e g r e e  of w e a th e r ing h a s  o c curred i n  t h e  upper 
part of the Clinton Til l.  

At the base of the  type s e c t ion for t h e  C l inton Member a s econd t i l l  
u n i t  represented b y  s am p l e  2 1  ( f i g .  9 )  con t r a s t s  sharply w i th the  ove r l y ing 
C l inton Member. The C l inton t i l l ,  with sand percentage in the upper 50s and 
6 0 s  over l ie s  a t i l l  w i th a sand content of 43 .5  p e r cent ( s amp l e  2 1 ) .  The X­
ray patterns for sample 21 also exhibit a smal ler ratio of calcit e-to-dolomite 
than overly ing samp l e s ,  sugg e s t ing that it c o r r e l a t e s  w i th the Foxho l l ow 
Membe r ,  a l though more d a t a  a r e  needed to suppor t t h i s  conc l u s ion. In the 
Vermiculite Index (VI)6 , a weathering index that is used to compare the gly­
c o l a t ed 10 nm i l l it e  peak to the  g l y c o l a t e d  1 4  nm chlor i t e  peak,  there is a 
break b e t ween s am p l e s  1 7  and 2 1 .  The VI i s  l e s s  than 5 0  in the upper s amp l e  
( 1 7 )  a n d  larger than 1 4 5  i n  t h e  l o w e r  sample ( 2 1 ) .  Th i s  d i f ference,  a l ong 
w i th the l e s s  int e n s e  5 .4 nm peak in s am p l e  1 7 , and the broad 5 .4 nm peak in 
sample 2 1 ,  substantiates the stratigraphic boundary determined from the tex­
tural break and suggests correlation of this unit w i th the Foxhollow Member. 

Capron Member 

Ove r ly ing the C l inton Member and ove r riden by the  Woo d f o r d i an g l a c ier 
that formed the Darien Moraine near Lake Geneva,  Wisconsin, is a small ridge 
of r e d  c l ayey t i l l  that t r e n d s  sou thward into I l l in o i s .  The t i l l  compo s ing 
t h i s  r i d g e  waS  c o r r e c t l y  c o r r e l at ed by B l eu e r  ( 1 97 0 ,  1 97 1 )  w i th the Capron 
T i l l  Member of the Capron R i d g e  in I l l ino i s .  Woodford i an o u t w a s h  from the 
Lake M ich i g an Lobe marks the e a s t ern sur f i c ia l  border of the  t i l l and the 
occurrence of the distinctly sandier C l inton Member defines its  western l imit. 

The I l l inoi s  State Geological Survey recognizes a silty phase and a sandy 
pha s e  in t h e  C apron T i l l  Member (Frye and o th er s ,  1 96 9 ) .  Both pha s e s  have 
been observed in the Capron Ridge in Wisconsin, al though in places the differ­
ence in texture i s  o f t en l e s s  than that r e p o r t e d  in the Capron Ridge in 
I l l inois .  Several s am p l e s  c o l l e c t ed by B l eu e r  ( 1 9 7 0 )  f r om the Capr on Ridge 
had composit ions intermediate b e t we en the two pha s e s. One I l l inois  bor ing 
( Nor t h e a s t ern I l l in o i s  P lanning Comm i s s ion t e s t  h o l e  NPC- 1 2 ,  in the NE\NE\ 
s e c .  7 ,  T. 40 N. , R. 6 E .  Kane C o . ;  open- f i l e  report at the  I l l in o i s  S t a t e  
Geological Survey) contains t i l l  with sand percentages grading upward from 20 

6 The VI m e a s u r e s  the r a t i o  o f  the peak heigh t s of the 1 0  nm and the 14 nm 
peak. The > or < sign signifies whether the 14 nm peak is greater than (» 
or l e s s  than (<::) the 1 0  nm peak. The num e r i c a l  v a l ue i s  a r e l a t iv e  s i ze 
indicator and is  unitIess.  
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to 3 6  per c ent over a v e r t i c a l  d i s t ance of 5 m .  At a l l  s i t e s  sampled dur ing 
this study, the sandier unit of the Capron equivalent lies above the s iltier 
one . The lower part of the Capron t i l l  sheet may cont a in f iner material  
derived from the underlying sediment or  the upper part may represent ablation 
till.  In adjacent W innebago County, I llinois,  incorporation of pre-existing 
material into younger depos its by glacial ice  r esulted in overlying material 
acquiring some of the ch"racter istics of the overridden deposit (Kempton and 
Gros s ,  1 970,  p. 6 8). Examples of this in Winnebago County include the Esmond 
Til l M e m b e r ,  w h i c h  acquired some of the chara c t e r i s t i c s  of the under l y ing 
�rgyle Till Member, and the Malden Till Member which incorporated some of the 
underlying Tiskilwa Till Member. 

WISCONSIN-ILLINOIS STRATIGRAPHIC CORRELATIONS 

Except by inference, very l ittle work has been completed to base glacial 
s t r a t igraph i c  correl ations  b e t w e en W i s co n s i n  and I l l in o i s .  I n  this  s t u d y ,  
c o r r e l a t ions w e r e  e s tab l i sh e d  by t r a c ing the s t r a t ig raph i c  u n i t s  f r o m  one 
s t a t e  to the other.  The r e l a t ionsh ip of the Argy l e ,  C l inton, and Capron 
Members  is shown on a c ro s s  s e c t ion extend ing f rom a point about 4.8 km 
southeast of Hunter in Boone County, Illinoi s ,  to a point near the northeast 
corner of Boone County ( f i g .  1 0 ) .  A prof ile o f  the B e averton S e c tion ( ILL 5 
on f ig .  1 0 ) ,  d e s cribed in d e t a i l  by Frye and oth e r s ,  ( 1 96 9 ) which h a s  the  
Farmdale soil  developed in the Argy l e  t i l l ,  and the Nor theastern I l l in o i s  
Planning Commi s s ion's cored test hole NPC-l on the Capron Ridge, are included 
on the c ro s s  s e c t ion ( f i g .  1 0) .  Par t o f  th i s  cro s s  s e c t ion,  a s  ev idenced by 
the great thicknes s  of unconsolidated deposits in test hole NPC-l , lies over 
the Troy bedrock v a l l ey.  The total depth o f  NPC- l ,  a l though not  f u l ly pre­
sented here, is 144 m.  

The NPC-l core (fig. 1 1 )  contains the most complete sequence of strati­
graphic units. Beneath the surficial Peoria Loe s s  lies the sandy phase of the 
Capron Til l Member which, in turn, overlies the sandy, yellow-brown Cl inton 
Member. A l ayer of s ilty sand and gravel outwash separates the C l inton Member 
from the pink to gray-brown Argyle Member below. Beneath the Argy le is  a less  
s andy t il l  (Tl)  charac t e r iz e d  by a s and percentage in the low to upper 40 s .  
Although the stratigraphic position o f  till Tl support s  i t s  correlation w ith 
t h e  Foxho l l o w  T i l l ,  the c on s i s t en t ly higher i l l i t e  content o f  TI does  not.  
B e l o w  t i l l  TI i s  a t h i c k  outwa s h  s equence. Unde r  the outw a s h  is  a t i l l  
designated T2 , which possibly corresponds with the Sterling Till o f  Illinoian 
age. Still lower in the section is a massive lacustrine depo sit underlain by 
another t i l l  ( T3 )  w h i c h  m ay corre l a t e  w ith the O g l e  T i l l ,  a l s o  of I l l inoian 
age . 

The Capron Til l mantles the C l inton Member to the western margin of the 
Capron Ridge. W e st of that margin the Cl inton Member is at the surface. 

In the Beaverton S e c t ion ( I L L  5 f ig .  1 1 ) ,  t h e  C l int on Til l is abs ent and 
I m of P e o r i a  L o e s s  ove r l i e s  4.6 m of Argyle T i l l  M ember.  D eveloped on the 
Argy l e  Til l Member and b e l ow the l o e s s  is  0 .6 m of Farmdal e  S o i l  (Frye and 
o t h e r s ,  1 96 9) .  From f ie l d  o b s e rv a t i on s ,  the Farmdale S o i l  i s  v i s ib l y  l e s s  
developed than the paleosol on the Clinton till in Wisconsin. This may indi­
cate that the Argyle till,  at least at the Beaverton section, was not expo sed 
to subaerial  pro c e s s e s  a s  l ong a s  the C l inton t i l l  or that a t h in cover of 
Clinton till was removed from atop the Argyle till during the late Altonian 
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when the Capron t i l l  was deposited. The Argy le t i l l  is s eparated from till  Tl 
b e l ow by a I-m t h i c k  bed of s and and grav e l l y  sand. The Argy l e  t i l l  is 
distinguished from Tl by differences in clay mineralogy and texture. 

W e s t  of the Beaver t on s e c t ion,  t e s t  h o l e  ILL 4 cont a in s  sandy C l inton 
t i l l  r e s t ing on outwash that  ov e r l i e s  the Argy le t i l l .  Separation o f  t h e s e  
tills  w a s  based partly o n  the difference in their grain s ize and the presence 
of an intervening outwash layer. Clay mineralogy also helps to distinguish 
the s e  t il l s ;  not  only do t h e i r  Dr r a t i o s  dif f e r ,  but the di fference in c h l o ­
r i t e  (003) peaks for the two til l s  indicates that the lower unit i s  much more 
severely weathered than the upper unit. 

The cro s s  section shown on f igure 10 provides the basis for def ining the 
s t r a t ig raphic r e l a t ionships  b e t w een the C l inton and A l I en s  Grove Members .  
Ins t e ad o f  f orm ing t h e  surf a c e  t i l l in both  north ern I l l inois  and southern 
Wisconsin, the Clinton Member overlies the AlIens Grove (Argyle in I l l inois) 
Member in southern Wisconsin and extends at least a short distance into north­
ern I l l in o i s .  A l t hough not  pre sented h e r e ,  add i t ional data  from t e s t  h o l e s  
and outcrops  in b o t h  W i s co n s in and I l l in o i s  suppor t t h e s e  corre l a t i on s  and 
compliment the cross section ( see Fricke, 1976) .  Further mapping needs to be 
done to better define the surficial extent of the Clinton Member in northern 
I l l inois and define its wes ternmo s t  margin. 

SUMMARY 

S ix t i l l units a r e  inc luded among t h e  P l e i s t o c ene un i t s  that  can be 
correlated between Illinois and W i s consin. The Woodfordian age Haeger t il l  of 
t h e  W e s t  Chicago Moraine in I l l inois i s  t r a c e ab l e  into W i s con s i n  w h e r e  t h e  
equivalent o f  the Haeger T i l l  Member forms the Darien Moraine. The Marengo 
Moraine and the associated Tiskilwa Member are overl apped by the Darien Mo­
ra ine a short  d i s t an c e  nor t h  of t h e  s t a t e  l ine. Capron Ridge and the Capron 
Til l Member extend from Illinois into southern Wisconsin where they are over­
lapped by younge'r outwash and the Darien Moraine. In the area of older till  
t o  the west  of t h e  Darien Moraine and t h e  Capron Ridge,  the C l inton Til l 
Member w i th a remnant paleosol formed local ly on its  surface is the surficial 
t il l  unit.  The A ll en s  Grove Til l Member , which l i e s  b e l o w  the C l inton T i ll 
Member in Wiscons in, correlates with the Argyl e  Till Member in Illinois. The 
Foxhol low Till Member is the lowermost t i l l  unit recognized in southern Wis­
c on s in in the s equence and c or r e l a t e s  w it h  a y e t  unnamed t il l  in nor thern 
Illinois . 
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GEOPHYSICAL EVIDENCE THAT THE HAEGER TILL 
MEMBER UNDERLIES SOUTHERN WESTERN LAKE MICHIGAN 

Carol J .  
Robert 

by 

Welkiel , 2  

P .  Meyer1 

ABSTRACT 

Geoscience Wisconsin 
\' "Iume: K Ikccmhcr l ')iU 

While developing methodology for underwater sand and gravel explorat ion 
(western Lake Michigan, 1 976 to 1 97 8 ) ,  we collected evidence that a t i l l  unit 
which was not seen in previous geophys ical investigations overlies the bedrock 
und er the l ake.  Interpretat ion of the new ly-de t e c t e d  t i l l  sheet w a s  b a s ed 
upon data gathered by electrical resistiv ity and acoustic reflection prof i ling 
at W ind P o int , north o f  Rac ine, W i s cons in. The t i l l  i s  po s t u l a t e d  to be the 
Haeger, which crops out onshore in southern W isconsin and northern I l l inois.  
It is  an o lder and more gravelly till  than any previou s ly reported under Lake 
Michigan . 

INTRODUCTION 

A m a j o r  g o a l  of the 1 97 6  to 1 97 8  W e s t ern Lake M i c h ig an S and and Gr av e l  
As sessment project sponsored by the University o f  Wisconsin Sea Grant Program 
w a s  to t e s t  and app ly promis ing geophy s i c a l  m e thods for  d e l in e a t i on o f  the 
lateral extent and thickne s s  of pos s ib l e  offshore deposits of sand and gravel 
(Welkie, 1 980). Six test sites  along the western Lake Michigan shor e l ine were 
s e l e c t ed as prom i s ing for  sand and g rave l exp l o r a t ion b a s ed upon p r ev io u s  
studies,  o r  extrapolat ion o f  onshore geology t o  offshore shallow-water areas. 
Four geophysical methods (acoustic profiling, seismic refract ion, electrical 
resistivity pro f i l ing , and resistivity sounding) were cho sen on the basis of 
the f o l l o w ing c r i t e r i a : 0) prev ious  s u c c e s sful application of the method; 
( 2 )  app l i c ab i l it y  in s ha l l o w  w a t e r  where s and and gravel  are l ik e l y  to b e  
exp l o i t e d ;  ( 3 )  p o s s i b i l i t y  o f  mod i f i c a t ion f o r  rapid data  acqu i s i t ion and 
int e r p r e t a t ion; and (4) a b i l ity to d i s t ingu i sh s and and gravel f rom o th e r  
sediments.  Methods were tested s ingly and in combination, and our interpreta­
t ions were ver if ied by obtaining samp les  at locat ions suggested by the geo­
phy s ical  data. 

As a resul t ,  a more accurate asses sment of offshore deposits was possible 
than by previous b l ind surficial sampling or cor ing programs ,  and interpreta­
t ion o f  g e o l o g i c  s t r u c t u r e  w a s  po s s i b l e  a l s o  at  depths  that could  not b e  
reached by sampl ing. Indeed, an estimate of sediment texture, compressional 
v e l o c i t y ,  r e s i s t iv i t y ,  and thickne s s  could  be obt a ined f o r  g e o l o g i c  unit s 
between the lake f loor and Pa leozoic rock. 

1 Department of Geology and G e ophy s i c s ,  Univers ity of Wis consin-Mad ison, 
Madison, Wi sconsin 53 706. 

2 Now at Exxon Produc t ion Research Company , P . O. Box 2 1 8 9 ,  H o u s t o n ,  Texa s 
77001 . 
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As an aux i l iary r e s u l t  o f  our inve s t igations  at a t e s t  s it e  north o f  
Rac ine a t  W ind P o int , W i s cons in ( f ig.  1 ) ,  a previous ly unrep o r t ed t i l l  unit 
und e r  t h e  l a k e  w a s  in f e r r e d  t o  o v e r l i e  t h e  P a l e o z o i c  r o c k .  T h i s  
interpretation was based on data collected by acoustic prof iling followed by 
samp l ing,  a l t hough the t i l l  unit i t s e l f  c o u l d  not be s a m p l e d  b e c a u s e  it d id 
not crop out . 

SUBSURFACE GEOLOGY AND GEOPHYSICS OF THE 1977  TEST SITE 

Along the western shore of Lake Nichigan, the Pa leozoic rock (depth 0 to 
100 m) is mostly reef and interreef dolomite of the Racine Formation, Niagaran 
S e r i e s ,  S i lur ian S y s t em (Al den , 1 9 1 8 ) .  Exp o su r e s  o f  d en s e  r e e f  r o c k ,  w h i c h  
contain a variety of invertebrate fos s i l s ,  are known throughout the S ilurian 
sequence and are present in Chicago, off Waukegan Harbor, and off W ind Point,  
(Alden, 1 91 8 ) . 

Some of the major topographic relief on the Paleozoic rock surface was 
caused by preglacial stream eros ion (Horberg,  1950). Anc ient stream val l ey s  
were bur ied by g l a c ia l  t i l l  o f  W i s c o n s in age ( 1 0 0 , 0 0 0  to 1 0 , 0 0 0  y e a r s  B . P . )  
(Hough , 1 9 5 8 ;  Nickel s on and o th e r s  1 97 7 a ) .  Compr e s s ional v e l o c ity o f  about 
1 .7 km/s and e l e c t r i c a l  r e s i s t iv ity of about 100 ohm-me t r e  o f  the t i l l s  are 
cons iderably l o w er than tho s e  of the bedr o ck (Wool l ard and Han s o n ,  1 9 5 4 ) .  
Therefore, w e  expected that the til l-bedrock boundary would b e  definable on 
the basis of both seismic and resistivity methods.  

Four major till units are exposed in a north to south sequence under the 
lake ( f i g .  1 ) .  The s e  t i l l  uni t s  have been named unde r  the lake by L ineback 
and others ( 1 97 4 ) ,  and numbered in b l u f f  exp o s ur e s  by M i c k e l s on and o t h e r s  
( 1 97 7 a ) .  I n  their detailed study o f  till  outcrops along the western shore of 
Lake M ichigan,  M ic k e l s on and o t h e r s  ( 1 97 7 a )  f ound that the m a j o r  t i l l un i t s  
contained sub-units that were distinguishable because o f  l ithology and inter­
beddded l ake s e d iment . From o l d e s t  ( south)  t o  young e s t  (north)  their  nam e s  
and corresponding numbers are the Wadsworth Till Member (2) ,  Shorewood Till 
Member (3A) , Manitowoc Til l Member (3C) , and Two Rivers Member. 

A still  older till  unit, known as the Haeger, crops out 40 km to the west 
of the present lake shore in northern Illinois and in southern Wiscons in. By 
?ro j ection, the Haeger should underlie the o thers under the lake, but geophys­
ical evidence for this has been missing so far. M ickelson and others (1977a)  
lave d ivided one equivalent of the Haeger Member into s ubunits lA and lB (fig. 
< ) .  The lA t i l l  i s  c o a r s e  and s andy , cont ain ing over 40 p e r c en t  s an d ,  peb­
? l e s ,  cobb l e s  and bou l de r s .  The l B  t i l l  is g r a y ,  is  s andy and s i l t y ,  and 
contains fewer cobble s ,  pebbles and boulders.  At an outcrop, the thicknes s  of 
the lB unit w a s  m e a s ured t o  be 2 to 3 m ;  the lA unit w a s  thicker,  but i t s  
thickness i s  not yet determined. 

The next-younger overlying till  unit, the Wadsworth of Illinois (2A, 2B, 
and 2C of Mickelson and o thers 1 97 7 a ) ,  which extends southward to beyond the 
present lake basin (fig. 1 ) ,  is more f ine grained than the Haeger. The 2A and 
2 B  subunits are s imilar l ithological ly, gray and clayey, contaLnLng greater 
than 70 percent illite in the clay fraction and more dolomite than calcite in 
the  carbona t e  f r a c t ion ( L ineback and o t h e r s  1 97 4 ) .  O c c a s ional l e n s e s  o f  
.ranular out w a sh a r e  enc l o sed  in t h e  t i l l  ( S ta t e  o f  I l l in o i s ,  1 9 5 8 ) .  The 
naximum known thicknes s  of the Wadsworth under the lake is  18 m, found in the 
southwest corner (Lineback and others 1974).  
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FIGURE l.--Glacial tills  underlying Lake M ichigan. The location of the study 
s ite along the western shore north of W ind Point is indicated. 
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Onshore and in the nearshore, the Shorewood Til l member (3A) overlies the 
W a d s w o r t h  only as far south a s  M i l waukee , north of the s t udy a r e a ;  but i t  
extends farther south under the center of the lake (fig. 1 ) .  

W e  exp e c t e d  that the units  and subun i t s  would  b e  d i s t ingui sha b l e  
geophy s i c a l ly b y  t h e  nature o f  t h e  int er f a c e s  b e t w e e n  t h e m .  Thr ee types  o f  
divis ions between t ill  units are po s s ible. First,  mo st of the units expo sed 
onshore are separated physically from the others by a layer of lake sediment 
depos ited during minor glacial retreat s  (D. Mickelson, oral communications). 
S econd , gravel is  commonly f o und on the top s u r f a c e s  of t i l l  uni t s  (F l in t , 
1 96 4 ) .  F in a l l y ,  prede c e s s o r s  o f  the p r e s ent lake are known t o  have r e c e d e d  
after episodes of glaciation causing some t i l l  surfaces t o  b e  exposed t o  the 
air. Drying of the clay at the surface of the till  should have occurred, and 
because the c lay has low permeability, it should not quickly become saturated 
when c overed again w i t h  w a t e r .  The d ry part of the t i l l  should provide y e t  
another physical discontinuity (D. M ickelson, oral communica t ion). 

Because a difference in grain s iz e ,  age, and history exis t s  between the 
Wadsworth and the Haeger, some differences in seismic veloc ity, density, and 
r e s i s t iv i ty are r e a s onab l e  exp e c t a t ions. The f ine-grained l ake s e d im en t ,  
grav e l , o r  d r i e d  c l ay that may e x i s t  b e t w een t i l l  unit s shoul d  prov ide 
r e f l e c t iv e  inter f a c e s .  A v e l o c ity con t r a s t  on t h e  order o f  1 : 2  b e tween the 
Haeger and the Paleozo ic rock could be expected . 

SURFICIAL GEOLOGY OF WIND POINT 

The offshore sediments north of Wind Point have not been examined previ­
o u s ly in det a i l .  An onshore surf i c i a l  sed iment m ap ( f ig .  3 )  (Alden,  1 9 1 8 )  
shows the locations of onshore sand, stratif ied clay, and gravel deposits  that 
may extend into the o f f shore.  Nor t h  o f  Wind Point , onshore gravel  d ep o s i t s  
t h a t  have been m ined int e r s e c t  t h e  shore.  This sed iment i s  thought t o  have 
been depo s it ed a l ong the s h o r e s  of pred e c e s s o r s  to the p r e sent l ake (Alden,  
1 9 1 8 ) . 

METHODS 

The ins trume n t s  u s e d  in t h i s  study h av e  been d e s c r ibed  in d e t a i l  in a 
previous paper (Welkie and Meyer , 1982) . A brief summary of methods follows . 

The po s i t ion o f  t h e  b o a t  w a s  d e t erm ined t o  w i t h in 5 m of i t s  true 
position with a Motorola Miniranger II active radar system .  

A Shipek samp l er o f  1 0  cub i c  cent imet er capa c i t y  w a s  u s e d  t o  o b t a in 
s urficial samples.  Locat ions of sample stations were selected from the acous­
t ic prof i l e s .  

For acou s t i c  pro f i l in g ,  the modified  EDO W e s t ern Corporat ion M o d e l  
248A/TVG sonar transceiver used h a s  b e e n  prev io u s l y  d e s c r ibed  (Lineb a ck and 
o th e r s  1 97 1 ;  Nebr i j a ,  1 9 7 9 ) .  A s t r e am l ined depres s or-body contain ing a 
transducer that transmitted pul ses a t  5 kHz was towed from the stern A-frame 
of the boat about 3 m b e l c w  the su r f a c e  and w a s  decoupled from the v e s s e l ' s  
p i t ch by e l a s t ic shock c or d s .  A pu l s e  l ength  o f  0 .3 m i l l i s econds ( 1  c y c l e )  
w a s  u s e d  f o r  great e s t  r e s o l u t ion. The max imum ver t i c a l  r e s o l u t ion o f  t h e  
comp l e t e  s y s tem i s  0 . 5  m i l l i s econds ( d e t ermined by m e a surements  from the 
records ) .  
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E l e c t r i c a l  res i s t iv i t y  pro f il ing was used in conjunction with acou stic 
reflect ion profil ing (Nebr ija,  1 979) .  The S c h l umberger configurat ion rather 
than the Wenner was  used becau s e  the shor ter s eparat ion of po t en t i a l  e l e c ­
t r o d e s  a l l ow s  greater reso l u t ion a l ong traver s e s  (Bha t t acharya and P a t r a ,  
1 96 8 ;  Dobrin, 1 9 7 6 ) .  A surface-towed current electrode spac ing (AB) o f  1 20 m 
and potent ial-electrode spac ing (HN) of 1 5  m were selected from the standard 
two- layer Schlumberger curves us ing the anticipated water depth and expected 
contrast in resistivity between the water and the sediments. The AB spac ing 
used was approximately 1 0  t imes the water depth, and HN was 1 / 5  or less  than 
the AB separation. 

RESULTS 

North of W ind Point, near Racine, the area where onshore gravel deposits  
appeared t o  ext end o f f shore was  examined by combin ing the  t e chn iques  of  
acou s t ic and resistivity prof il ing and sampl ing ( fig . 4) . 

The eastern-most acoustic prof ile measured perpendicular t o  the shore (C­
D, f igs .  5 and 6) shows humps 1 to 2 m high on the lake bottom that stop where 
a subsurface reflector begins to outcrop ( f ig.  6 ) .  Samples were no t recover­
ab l e  over the ridge s ,  ( samp l e  s t a t ions  4 and 5 ,  f i g .  4) , but  hard c l ay was  
found on the sampling too l. Over the outcropping mater ial, clo ser to shore, 
s am p l e s  w e r e  a l s o  d i f f icul t t o  o b t a in ( s a m p l e  s t a t ions 1 t o  3 ,  f ig.  4) , but 
sma l l  amounts of sand were recovered. Because the samp l ing attempts suggested 
a hard b o t t o m ,  ero s ion may be t ak ing p l a c e  here.  Shore ero s ion rates  are 3 
m/yr at the northern part of Wind Point (Hickelson and others,  1 97 7 ) ;  there­
fore, offshore eros ion is al so likely here. 

The m a t e r ial  that o u t c r o p s  c l o s e  to s h o r e  i s  int erpr e t ed a s  d o l o m i t e  
b e c au s e  o f  it s high re s i s t iv ity ( f ig .  5 ) .  I t  i s  covered in p l a c e s  by s and 
which was probably derived from eroding onshore deposits.  

The irregular-surface material that is truncated at the dolomite outcrop 
is  pr obab l y  t i l l  covered w i th gravel.  The grav e l  p o s s ib ly i s  a lag d ep o s i t 
res u l t ing from removal of the f ine-grained components of the lake sediment or 
the t i l l .  C lay was sampled here, so the gravel is probably thin or intermin­
gled w ith the clay. A further indication that the gravel is thin or patchy is  
that  acous t i c  pen e t r a t ion was ach ieved int o  the t i l l .  I f  the grav e l  w a s  
thick, penetration should not have been pos sible because most of the acoustic 
energy would have been returned as r e f l e c t e d  energy. Subsurface  r e f l e c t o r s  
ind icate that there is layering within the til l .  Because three t i l l units  are 
expected here but at least f ive subsurface reflectors are seen, the till  units 
appear to have been depo sited in several episodes ,  as numbered by Mickel son 
and others ( 1 97 7 ) .  By examining those places where the subsurface reflectors 
out crop, connecting them between prof iles ,  and projecting the trends to out­
crops of known till  unit s  onshore, the subsurface reflectors can be ident if ied 
and mapped ( f ig s .  5 and 6 ) .  

Schne ider  and o t h e r s  ( 1 97 7 )  have prepared a cro s s- s e c t ion o f  the b l u f f  
strat igraphy along the shore t o  the north o f  Wind Point (from A t o  B ,  f ig. 5).  
In the cro s s-section, a layer of lake sediment consisting mostly of silt and 
clay w ith some f ine sand l ies between till units 2A and 2B; one of the subsur­
f a c e  ref l e c t o r s  corres ponds t o  t h i s  layer of lake sed iment.  Ano ther of the 
subsurface reflectors can be mapped to where the 2B t i l l  outcrops onshore (b,  
f ig .  5 ) .  A l l  o f  the other ref l e c t o r s  can now b e  mapped b y  their s p a t i a l  
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FIGURE 4.--Bathy m e t ry b a s e d  upon t h e  1 9 7 7  a c o u s t i c  prof i l e s  north of W ind 
Point. Samp le station loca t ions are also shown. 
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relat ionships to the three reflectors that were tentatively identified. Thus ,  
at least two o ther reflectors o f  acoustic energy l ie under the Wadsworth T i l l  
Member ( 2A) . The s e  are  mo s t  probab ly the t w o  subunit s o f  t h e  Haeger T i l l  
Mem b e r .  The H a e g e r  T i l l  Member d o e s  not o u t c r o p  on t h e  l ake b o t tom b u t  i s  
t runc a t e d  at the d o l o m i t e  o u t c r o p  ( f i g. 5 ) .  The layer o f  l ake sed iment 
p inches out about 3 km from shore (f ig. 6).  

The reconnais sance surficial sampl ing tool (Shipek) could not sample the 
t i l l  b e c a u s e  t h e  t i l l  d i d  not o u t c rop.  Vibr a t o ry c o r ing should  be a b l e  t o  
provide positive identif ication o f  the til l unit s .  The Haeger Til l Member , 
previously not sampled under the lake (Lineback and others 1 9 7 4) ,  can be cored 
m o s t  e a s i l y near the d o l om i t e  out c r o p ,  where the ov e r l y ing t i l l uni t s  are  
thin.  At  its  sha l l o we s t ,  the hyp o t h e s ized Haeger l ie s  7 m below the l ak e  
bottom at a water depth o f  about 1 8  m. 

Res istivity contours (fig. 5) indicate that the resistiv ity of the lake 
bottom is contro lled by the shape of the Paleozoic rock surface , as expected, 
b e c a u s e  the d o l om it e  is much higher in r e s i s t iv i t y  t han the t i l l  and i s  
sha l l o w .  Near W i n d  P o in t ,  there i s  a smal l depr e s s ion i n  t h e  r o c k  w h i c h  i s  
f i l l e d  w i th sand.  Sand w a s  a l s o  samp l e d  o f f sh o r e  northw e s t  o f  W ind P o i n t .  
B e c a u s e  mob i l e  s ur f ic i a l  s and at W aukegan h a s  t h e  same r e s i s t iv i ty a s  t h e  
bottom water (Welkie and Meyer, 1982) ,  sand a t  Wind Point probably a l s o  has a 
l o w e r  r e s i s t iv i t y  than the t i l l  and r o c k  on w h i c h  i t  l ie s .  Ano ther sand 
depo s i t  at  the t ip of W ind P o in t  c o u l d  be r e s p o n s i b l e  f o r  the lower ( t h an 
rock) resistivity values there. 

The e l evat ion of the rock where it out crop s on the  l ake f l o o r  is 1 6 0  m ,  
cons istent w ith the projected elevat ion of the rock surface predicted by Alden 
( 9 1 8 )  . 

SUMMARY 

Offshore of W ind Point,  ero sion appears to be taking place. Identifica­
tion of stratigraphic units exposed on the lake f loor was pos s ible by extrapo­
lating to bluff depo sits  onshore. Two t i l l  layers underlying the Wadsworth 
T i l l  Member w e r e  seen on the a c ou s t i c  r e c o r d s .  The s e  l a y e r s  m ay be t w o  
subunits o f  the Haeger Til l Member. Coring would positively identify these 
unit s ,  and they may be cored most eas ily off W ind Point , where they l ie only 7 
ill b e l o w  the lake f lo o r .  North of W ind Point , t h e  topography o f  t h e  r o c k  
surface is manifested in the resistivity data because the rock i s  shall ow and 
an order of magnitude higher in resistivity than the t ill. 
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Geosc ie n ce Wiscons in  
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P u b l i c atio n  Po l i cy 

General I nformation 

"Geoscience Wisconsin", a report series covering 
significant geoscience research pertaining to 
Wisconsin geology, is published by the Wisconsin 
Geological a n d  Natural H istory Su rvey, U n iversity 
of Wisconsin-Extension. The purpose of the series 
i s  to provide increased awareness of the geoscience 
research done in Wisconsin and to provide a 
vehicle for the communication of scholarly geo­
logic reresearch pertinent to Wisconsin. Although 
compilations and review papers wi l l  be considered 
for publ ication, the main object of the series is to 
publish h igh-quality, original research papers of 
general interest on a l l  phases of the geology of 
Wisconsin. 

Scope and Length of Papers 

Al l  phases of geoscience research done i n  Wis­
consin or very closely related to Wisconsin interests 
wi l l  be considered for publ ication. A l l  members of 
the professional geoscience community are encou­
raged to submit their scholarly papers for publ ica­
tion i n  "Geoscience Wisconsin". Students are also 
encouraged to submit papers on their completed 
thesis research.  

Papers should be no longer than 25 pages in  
length including a l l  figu res, references, abstracts, 
and so forth. Manuscripts exceedi n g  25 pages must 
have the approval of the editor before submission 
to "Geoscience Wisconsin". Draft copies for review 
wi l l  be dou ble spaced with ample margins; this 
i ncludes references cited. For final publ ication, 
camera-ready copy of a l l  papers wi l l  be prepared 
by the Wisconsin Geological and Natural H i story 
Survey. Originals or photographs of a l l  i l lustrations 
wil l  be subm itted at this time. Photocopies (Xerog­
raphy) wi l l  not be accepted for printing. General 
style follows that of the U .S. Geological Survey 
and the Geological Society of America. Manu­
scripts not meeting style wi l l  be retu rned to 
the authors without review. There are no page 
charges. 

Administrative Framework 

Editor 

Michael G. M u d rey, Jr., is the editor and is 
responsible for receiving manuscripts which are 
submitted. He wi l l  exami n e  manuscripts for general 
style, and length requi rements and make recom­
mendation as to suitabil ity for publ ication i n  
"Geoscience Wisconsin". The recommendation 
wi l l  be submitted to the D i rector for a decision a n d  
the manuscript wi l l  either be rejected, retu rned to 
the author for modification, or sent to one of the 
associate editors for review. 

After the manuscript has been reviewed by an 
associate editor and reviewers (specialists i n  the 
field addressed by the paper) a final decision on 
acceptance or rejection w i l l  be made by the editor. 
The manuscript, if accepted, wi l l  be retu rned to 
the author for modification, based on the recom­
mendations of the associate editor and reviewers, 
and for preparation of the final copy. The final 
manuscript wi l l  then be submitted to the editor 
who wi l l  see the manuscript through its publ ication 
stages. 

Associate Editors 

Associate editors have been selected from a pool 
of geoscientists interested in  Wisconsin geology. 
They are: 

Douglas S. Cherkauer 
U n iversity of Wissconsin-Mi lwaukee 

C. Patrick Ervin 
Northern I l l inois U n iversity 

Gene L. LaBerge 
U n iversity of Wisconsin-Oshkosh 

David M. Mickelson 
U niversity of Wisconsin-Madison 

Associate editors receive manuscripts from the 
editor. The manuscripts are reviewed by associate 
and also sent to reviewers in their field of interest. 
Reviewers wi l l  include members of the Wisconsin 
Geological and Natural H i story Su rvey staff. 
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ISSNO 164-2049 

< 
o 
r 
C 
S 
m 
CO 

G) 
m 
o 
(J) 
(J 
m 
Z 
(J 
m 

� 
(J) 
(J 
o 
z 
(J) 
z 

� 
c.o 
00 
w 


