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ABSTRACT 

The P leistocene depos its of W iscon
s in c on s i s t  of a comp lex sequen c e  of 
dep o s i t s  d iffering in orig in ,  age, 
l ithology,  thi cknes s ,  and aer i a l  ex
tent. This report p resents a l itho
strat igraphic c la s s ificat ion for many 
of these depos i t s  and a l s o  provides 
gu idel ines tor the forma l def init ion 
and naming of l ithostratigraphic units 
in W i s c on s in.  The c l a s s if i c a t i o n  
scheme fo l lows that of the Amer i c an 
C o de of S trat igraphi c  Nomen c l ature. 
Each un it def init ion shou l d  inc l ude a 
discuss ion of the following: source of 
name, type-section locat ion and descrip
t ion,  reference-sect ion locat ion and 
descript i on ,  des cr ipt ion of un i t ,  na
ture of contacts , d ifferentiat ion from 
other units , regional extent and thick
nes s ,  o r i g in ,  age, correlat ion, and 
ident ificat ion of the person naming the 
unit . 

The framework for the classificat ion 
of  P le i s t o c ene un i t s  i s  b a sed on t i l l  
strat igraphy. However , m o s t  members 
and f o rmat i ons named in this paper 
inc lude not on ly t i l l ,  but a s s o c iated 
fluvial and lacustrine depos its. 

Many of the P leistocene depos its in 
Wisconsin are c lass ified in this paper. 
We here name and define 11 forma t ions 
that inc lude 28 memb er s. S o me t i l l  
deposits and most fluvia l, lacustrine, 
and a l luvial  depo s its remain to b e  
defined. T h i s  paper i s  viewed as a 
first  s tep in the l itho s trat igraphic 
c1ass �fi ca t ion of Quaternary un i t s  in 
the s t a te. 

INTRODUCTION 

During the p a s t  several year s , a 
number of P leistocene lithostratigraph
ic units have been informal ly named in 
published reports and in theses. This 
paper is the result of several years of 
thought and d i s c u s s ion by the author s  
and others inside and outside Wisconsin 
on the development of a forma l l itho
stratigraphic c la s s ifi c at ion for Qua
ternary un its in the s tate. In addi
t ion to fo rma l ly defining a number of 
units and discu s s in� some not formally 
defined , we estab l1Sh a framework for 
future l i thostrat igraphic clas s ifica
t ion. We hope that it will  be a dynam
i c  system and that i t  w i l l  change a s  
needs arise, but we recognize the need 
for some fundamen t a l  dec i s ions to be 
made at this time. 

Although other workers in the state 
cannot be forced to fo l low the frame
work set up here or to formally define 
their un i t s , a certain amount of un i
form i t y  of u s age wi l l  resu l t  in les s 
confus ion. The s tandards set in this 
pub l i cat ion are tho s e  that w i l l  be 
followed in future pub licat ions of the 
Wiscons in Geological and Natural Histo
ry Survey. 

A l though chronostrat igraphic units , 
b iostratigraphic units , and stratigraph
ic units based on interpreted geo logic 
events are needed by P leistocene geolo
g i s t s ,  we here concentrate on litho
stratigraphic un i t s  because they form 
the foundat ion of any s t r a t ig raphic 
sys tem. We hope that formal recogni
t ion of these o ther un i t s  wi l l  Come 
later . 
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In addition to time-stratigraphic 
considerations, which are given on1y a 
ment ion in this paper, we have not done 
justice to the properties of all units. 
One purpo s e  for dev e loping a litho
s tratigraphic classification of Pleis
t o c ene depo s i t s  is to impo s e  order on 
very comp lex depos i ts so that proper
ties of depo s its in various places can 
be under stood. More quantitative sum
mary of unit properties wil l  b e  pub 
lished in future years. 

PRINC IPLES OF 
L ITHOSTRAT IG RAPH I C  

CLASSIF ICATION IN W ISCONS IN 
The de finitions in this report are 

g ene r a l ly in ac cordan c e  with the re
quirements given in the Code of S trati
graphic Nomenc lature (American Commis
sion on S tratig raphic Nomenc lature,  
1970). In part icular, we have accepted 
the formation as the b a sic mapping 
unit. Format ions have been defined so 
as to be recognizab le in the fie ld.  
Al though no t all formations in the 
state are defined in this report, it is 
our int ent ion that a l l  materia l s  of 
Quaternary age, with the pos sib l e  ex
cept ion of man-made deposits , eventual
ly will be included in some formation. 

Formations are subdivided into mem
bers where clear-cut stratigraphic sub
divi sions are pre s ent within a forma
tion. Members are forma l ly de fined 
with type s e c t ions but need not be 
recognizab l e  everywhere in the fie ld. 
One of our ultimate goals is to inter
pret g lacia l history.  Whe r e  it is 
c lear, for example, that a certain till 
unit represents an ice advance of some 
s ignificance , the unit shou l d  b e  d i s 
tinguished from members above and below 
even though they may be indistinguish
able in many outcrops in the field. 

A l l  uni t s  de fined s hould be trace
able laterally even though gradationa l 
c hang e s  o c cur away from the t ype s e c 
tion. In some units , in f a c t ,  the 
basis for recognition at the type sec
tion may no t be usable  in other are a s .  
This i s  a c c eptab le as long as the in
t eg rity of the un 1t remains .  I f  at 
some point, however, it becomes indis
t inguisha b l e  from the unit above or 
b e low , an arbitrary vertica l cutoff 
shou ld be used. 

2 

I n  a d d i tion to the pre c e e ding 
poin t s ,  our de finitions are b a s ed on 
the tollowing considerations: 

(1)  Initia l ly ,  at least, caution is 
needed in using name s  from a d j a c ent 
regions. Admitted ly, an overabundance 
of name s  may cause confus ion because 
they are hard to rememb e r ,  but the 
confusion resulting from incorrect cor
r e lations is probab ly much greater.  
There fore , I l linois (Lineback, 1979)  
and Minnesota lithostratigraphic names 
are used only if they seem we ll estab
lished, if their relationship to units 
in Wis consin seems  c lear , and if the 
units have only a limited distribution 
in Wisconsin. Later, when the strati
graphy becomes more firmly established, 
some of the s e  new nam e S  may be aban
doned in favor of previou s ly defined 
equivalents . 

(2) In the glaciated area the frame
work is built around sequences of till 
units  (fig. 1; table 1 ) .  The s e  units  
are fre qu ent ly the m o s t  dis tinc tiv e ,  
most later a l ly extens ive ,  and lea s t  
variab le.  I n  addition, m o s t  s trati
graphic studies of Pleistocene deposits 
undertaken in the past have been based 
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FIGURE l . --Hypothetical depth-distance 
stratigraphic diagram to i l l u s trate 
the subdivision of units into forma
tions and memb ers . Di s tanc e s  are 
arbitrary. Unit s  with pat tern are 
till. Others are fluvial ,  eolian, or 
lacustrine deposits.  For purposes of 
di s cu s sion they are a s sumed to b e  
gravel. See text for discussion. 



on till units. In southwest Wisconsin, 
where most Wisconsinan and Holocene 
deposits are in valley bottoms physical
ly separated by uplands, till is absent 
and the stratigraphic framework will be 
based on regionally extensive fluvial 
and lacustr ine units. 

(3) To reduce mal' comp lexity, for
matlons should not lntertongue at the 
field-mapping scale. However, litholo
gies do intertongue with each other, 
and an arb i trary dec is ion is needed on 
the placement of lateral boundaries 
between formations. Tongues of differ
ent grain size might be lumped into one 
or the other formation on the basis of 
similarity in some characteristic other 
than grain size (color, for example), 
or they can be lumped on the basis of a 
vertical-cutoff rule (American Commis
sion on Stratigraphic Nomenclature, 
1970, Artic Ie 5e), or on Some other 
basis, as the individual situation 
requires. A vertical cutoff that ex
tends downward from the end of a tongue 
generally results in a less complex 
geologic map than one that extends 
upward, and we suggest that this be 
standard procedure unless a good reason 
can be found for do ing otherwise. 

For example, in figure 1 members 2B 
and 2C become indistinguishable at 
distance 1, and a vertical cut-off is 
drawn downward. This procedure pre
vents having a contact between identi
cal units on a surface map as would 
happen lf the contact were drawn up
ward, and it eliminates the implication 
that they are distinguishable to the 
right as would be the case if a hori
zonta 1 c_ontact were drawn. 

(4)  Because the stratigraphy is 
based primarily on till units, confu
sion may occur in the classification of 
other material such as proglacial flu
vial sediment and lacustrine sediment. 
There are a number of different ways in 
which these materials can be handled, 
and after much discussion, we have 
chosen a system for units that are 
newly defined here that is best illus
trated by discussion of figure 1. 

Figure 1 shows till units and other 
units, which could be lacustrine or 
fluvial sediment. We will aSSume for 
the sake of discussion here that they 
are all gravel. There are four forma-

tions shown. Assume that the till of 
formations 1 and 2 are distinguishable 
by clearly recognizable field criteria 
(presence or absence of some rock type, 
major textural difference, major color 
difference) • 

Starting at the base of the section, 
assume that till units lA and lB are 
distinguishable from each other through
out the area of the cross section. 
These are defined as separate members 
of formation 1. The gravel unit lA' is 
clearly associated lithologically with 
the till of lAo It is part of that 
member and is considered informally as 
a facies of the member (as are other 
associated deposits such as basal till, 
supraglacial till, etc.) . The contact 
between this gravel and gravel to the 
left is drawn as far left as the asso
ciation between the gravel lA' and till 
lA can be documented. If this contact 
cannot be found, an arbitrary cut-off 
is drawn as shown. 

To the left of lA' is gravel that is 
clearly associated with formation 1 but 
not demonstrably with either member. 
This is considered a third member of 
format ion 1 (lC). 

The system proposed here does not 
allow the intertonguing of formations 
but does allow intertonguing of mem
bers. In figure 1, if the gravel above 
member IB and below member 2A were 
clearly associated with either forma
tion, the contact would be drawn accord
ingly. If the interformational gravel 
can not be related to either formation, 
it is defined as a new formation (3 ) ,  
which is bounded above and below by 
formations 2 and 1. Its left boundary 
is an arbitrary vertical cut-off at the 
point where units 2D and lC become 
indistinguishable from formation 3 .  

The gravel between till units 2 A  and 
2B is a parallel case to that between 
lA and IB, and the same arguments hold 
for defining the units. The gravel 
between units 2B and 2C is not clearly 
associated with either member but is 
clearly associated with the formation 
and is therefore made part of member 
2D. The gravel above the till of unit 
2C is clearly associated with unit 2C 
and is placed in that unit. Moving to 
the left, as soon as the association 
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TABLE l.--Organization of Pleistocene lithostratigraphic units of Wisconsin by glacial 
lobe (west to east) and approximate placement of units in time 
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w ith 2C is lost,  a contact is drawn and 
the gravel is cons idered to be unit 2D. 
This may or may not co inc ide w i th the 
outer limit of a till sheet. 

Formation 4 (actua lly several forma
t ions if d if ferent mater i a l s  are in
vo lved) cons ists of all of the material 
not clearly associated with a formation 
b a s ed on t i l l  l itho logy. F ormat ions 
w ith relat ionships s imilar to formation 
4 are not def ined in this paper but 
w i l l  b e  d e f i n e d  l a t e r  a s  the n e e d  
arises . 

(5) "T i l l "  shou l d  not be use d in 
the name of a lithostratigraphic unit, 
even though it seems to be permitted by 
article 10e of the Code (American Com
m is s ion on Stratigraphic Nomenc lature, 
1 970) because lithostrat ig raphic un i t s  
are descriptively rather than genet ical
ly def ined (artic les 4a and 4 c ) ,  and 
"t i l ll1 is a genet i c ,  not a des c r i p t ive 
term. That i s ,  "Doug l a s  C la y , "  ra ther 
than "Doug las T i l l "  or "Doug las T i l l  
Member," would be the correct name for 
a lithostrat igraphic unit,  if the till 
is composed largely of clay. However, 
i t  seems more approp riate to use a 
lithostratigraphic name ra ther than a 
lithologic name for a lithostrat igraph
ic unit--Douglas Member. 

SUMMARY OF 
LITHOSTRATIGRAPH IC U NITS 

DEFINED IN THIS PAPER 
UNITS OF PROBABLE PRE-WISCONSINAN 

AND EARLY WISCONSINAN AGE 

O lder t i l l  and a s s o c iated sediment 
of probable pre-Wiscons inan age (table 
1) are present in the central,  western, 
and southern parts o f  the state. No 
comprehen s ive s tudy of a l l  of these 
un i t s  has b een undertaken, and un i t s  
are defined local ly.  I t  seem s l ikely 
that as work cont inues in these areas ,  
some defined units will be combined and 
other units named. It seems appropri
ate at this  t ime, ho wever , to define 
those units that appear to have a s ound 
basis, with the recognition that major 
redef init ion o f  many of these un i t s  
w i l l  take p lace in the future. The 
distribution of units is shown in fig
ure 2 .  

Other units , without described type 
sect ions in W i sc ons in, w i l l  be used 

informa lly. These units , not described 
in this report, include the Ogle, W in
s low , Argyle, and Janesvi l l e  t i l l s  o f  
B leuer ( 1 9 7 1 ) .  

. 

Walworth Formation 

The W a lworth Format ion oCCurs in 
south-central W i sc ons in ( f ig .  2 ) .  I t  
i s  dist ingu i shed b y  sandy , gener a l ly 
gray to b rown t i l l s  and a s s o c iated 
depo s i t s  (Appen d ix 1 ) .  The Walwor t h  
Format ion i s  subd ivided into three 
members ,  strat igraphically from oldest 
to young e s t ,  the Foxho l l o w ,  A l Iens 
Grove, and C l inton Member s .  Des c r ip 
t ions f o r  these members (adapted from 
Fricke, 1 9 7 6 )  are g iven in Append i ces 
la, l b ,  and l c .  The t i l l  of the Fox
hollow Member is present only in drill 
ho les (Appen d ix la) in southern Rock 
and southern and western Walworth C oun
t ies . I t  i s  present in exposures near 
Rockford, I l l inoi s ,  (John Kempton, ver
bal commun icat i on ,  1 98 1 )  but has not 
been f o rma l ly named by the I l l ino i s  
State Geo logical Survey. However, this 
name will probab ly be used in I llinois 
(John Kempton,  wr itten communication, 
1983 ) .  

Strat igraph i cally above the Foxho l
low Member is the AlIens Grove Member 
(Appendix lb). The till of this member 
appears to be c o rrelat ive w i th the 
Argyle Till Member of Illinois (Fricke, 
1 9 7 6 ;  R ichard Berg , verbal communica
tion, 1 981) . In eastern Rock and West
ern Wa lwo rth C ount ies , the t il l  i s  
over lain by the Clinton Member, defined 
by F r i cke ( 1 9 7 6 )  near C l inton in ea s t 
ern Rock C ounty (Appendix l c ) .  This 
till unit appears to extend into I lli
nois (Fricke, 1976 ;  John Kempton, ver
bal communication, 1981).  

Marathon and Linco ln Formations 

Al though "dr i f t s "  were mapped in 
centr a l  W i s c on s in by Weidman ( 1 9 07 ) ,  
Hole (1 943),  and others,  the units were 
not defined in any form a l  sense,  and 
this terminology has dropped from com
mon usage. 

I n  L an g l a de ,  L in c o ln ,  Marathon, 
C lark, W o o d ,  and Jackson Count ies two 
Format ions (Marathon and L incoln), each 
with two member s ,  are recognized (fig. 
2). The oldest member of the Marathon 
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FIGURE 2.--Map of Wisconsin showing the surface distribution of named 
lithostratigraphic units. Number and letter designations used here correspond 
with appendix designations for named lithostratigraphic units. (1) Walworth 
Formation, Ie: Clinton Member; (2) Marathon Formation, 2a: Wausau Member, 2b: 
Edgar Member; (3) Lincoln Formation, 3a: Merrill Member, 3b: Bakerville 

Member; (4) Pierce Formation, 4a: Hersey Member, 4b: Kinnickinnic Member; (5) 
River Falls Formation; (6) Zenda Formation, 6a: Capron Member, 6b: Tiskilwa 
Member; ( 7 )  New B erlin Formation; ( 8 )  Oak Creek Formation; (9) Horicon 
Formation, 9a: Mapleview Member, 9b: Liberty Grove Member; (10) Kewaun e e  
Formation, lOa: Ozaukee Member, lOb: Haven Members, lDc: Valders Member, 10d: 
Two Rivers Member, 10e: Branch River Member, 10f: C h ilton Member, 109: 
Glenmore Member, 10h: Silver Cliff Member, 10i: Kirby Lake Member, 10j: Middle 
Inlet Member; (11) Copper Falls Formation, 11 a: Nashville Member; (12) Miller 
Creek Formation, l2a: Hanson Creek Member, l2b: Douglas Member. 



Format ion (App end ix 2)  is the Wausau 
Member (Appendix 2a), the till of which 
was informally named the Wausau t ill by 
LaBerge and Myers (197 1 )  and described 
in d e t a i l  by S t ewart ( 1 9 7 3 )  and Mode 
(1976). It is  assumed to be pre-Wiscon
s inan in age.  The t i l l  of the Edgar 
Member (Appendix 2b) is the only calcar
eous till in the area and is more s ilty 
than the till of the Wausau Member, but 
it is more  s im i l ar to the Wausau t i l l  
t h a n  t o  young er t i l l  u n i t s  ( M o d e ,  
1 976).  The Marathon Formation is typi
fied by a genera lly water-eroded land
scape with thin t ill or sand and gravel 
over pre-Pleistocene rock. No glacial 
constructional topography has been rec
ognized . 

The L inco I n  Format ion (Appendix 3), 
which l ie s  above the M ara thon Forma
tion,  contains two members containing 
t i l l  that i s  s andier and re dder than 
the t i l l  b e low. The t i l l  of the Mer
r i l l  Memb er (Append ix 3 b ) ,  thought to 
be ear ly W iscons inan age ( S tewart , 
1973; Stewart and Mickelson, 1976) has 
l e s s  sand and more s i l t  and c lay than 
t i l l  of the Nashv i l l e  Member of the 
C opper F a l l s  Format ion to the north. 
In addit ion,  it has l e s s  i l l i t e  and 
chlorite and more vermiculite and smec
t ite (Stewart and Mickelson, 1 976).  

The Bakerville Member (Appendix 3a) 
c onta ins t i ll that is in SOme p laces  
textura lly lnd ist ingu ishable from the 
till  of the Merrill Member, a lthough it 
is typ i c a l ly more c lay r i ch. It wa s 
g iven a d iffer ent name by Mode ( 9 7 6 )  
b ecause o f  the cons iderab le dis tance 
b e tween his  s tudy area and the type 
area of the Merr i l l  Member. The term 
is reta ined here b e cause cont inu ity 
between these units has not been docu
m ented. It is not included in the 
Merr i l l  Member be cause Weidman (1 907) 
s ep arated the two un i t s  and it seems 
pos s ible that with further work it  will  
prove to b e  a d ifferent l i t h o s tr a t i
graphic unit. 

Pierce and River Falls Formations 

In P ierce and a d j o ining count ies , 
several pre-Late Wiscons inan till units 
have been recognized. These have pre
viously been referred to on an informal 
b a s i s  a s  the Hersey and B a l dwin t i l l s  
(Baker and S impson, 1 981 and Baker and 
others , 1 9 82).  

The P ie r c e  Forma t ion (Append ix 4 )  
contains two members, the Hersey Member 
(App e n d i x  4 a )  and the K innick inn i c  
Member (App end ix 4 b ) .  The o lder,  the 
Hersey Member, contains gray calcareous 
t il l  and a s s o c iated sand and g ravel 
derived from a northwe s t er ly source.  
The t i l l  of the Hersey Member i s  the 
"old gray" t i l l  of Chamber l in ( 9 1 0 )  
and Leverett ( 1 9 32) and the b a s a l  t i l l  
of Black (1959 ; 1 965) .  This is locally 
overlain by the Kinnickinnic Member, a 
thinly lam inated sequence of s ilts and 
clays deposited in ice-marginal lakes. 
Based on sOlI development and paleomag
net i c  data,  the P ierce Format ion ap
pears to be pre-Illinoian age. 

In nor thern Pierce and S t .  C r o ix 
Counties (fig. 2) the P ierce Formation 
is ove r l a in by the River F a l l s  F orma
tion (Appendix 5 ) .  This forma t ion 
cons ists of fluvial sand and gravel and 
redd ish-brown sandy t i l l  typ i c a l  of  
that d e r ived from the Lake Superior 
bas in. The till of the R iver F a l l s  
Format i on i s  the "o ld red" t i l l  o f  
Cham b e r l in ( 1 9 1 0) and Leverett (1 932) , 
the superglacial drift of Black (1959;  
196 5) and the Baldwin till of Baker and 
S im p s on ( 1 9 8 1 )  and Baker and o thers 
( 9 8 2 ) .  The age of the River F a l l s  
Formation appears t o  be e i ther E ar ly 
W i scons inan or I ll ino ian (Baker and 
others, in press). 

UNITS OF LATE WISCONSINAN AGE 

Al though the g la c ia l  lobe that de
pos ited a given till is  not, in itse lf ,  
considered to b e  part o f  the definition 
of a l i thos trat igraphic un it , s ever a l  
significant lithos tratigraphic b r eaks 
occur along former lobe boundar ies. In 
other places,  however, there appears to 
be l i t t l e  d ifference between depo s its 
of adjacent lobes , and in those areas a 
single lithostratigraphic unit is map
ped for depo s i ts of b o t h  lobes  (for 
exam p l e ,  Kewaunee Format ion).  I n  the 
discuss ion that fo llows , glac ial lobes 
are discus sed relative to the distribu
t ion of un i t s ,  bu t ,  as s tated above,  
this  is not cons idered part of the 
formal definit ion. 

Zenda Formation 

The Zenda Forma t io n  (App end ix 6 )  
occurs in south-central W i s cons in and 
inc ludes  two memb er s ,  the o lder of 
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which is b e l ieved t o  be Ear ly W i s con
s inan age and the younger Late Wiscon
s inan ( W i l lman and Frye , 1 9 7 0 ) .  B o th 
contain p ink , ·me d ium gra ined t i l l ,  
distinct ly d ifferent from t ills o f  the 
Wa lworth Format ion b e low and the New 
Berlin Formation above. We accept the 
definitions of the Capron and Tiskilwa 
Till Members of W illman and Frye (1 970) 
but in W is cons in drop the word " t i l l "  
from the f orma l nam e .  Definit ions o f  
the members are given in Append ices 6a 
and 6b.  

The Capron Member is present at the 
surface in a small area of south-west
ern Walworth County ( f i g .  2) (Fr icke,  
1 9 7 6 ;  Johnson , 1 9 7 6 ) .  Its  extent in 
the subsurface is unknown. 

The surface o ccurrenc e of the Tis
kilwa Member is  limited to  a relatively 
sma l l  area in Walworth County (Alden, 
1918; Johnson, 1 976). It is present in 
the sub surface beneath the New Ber l in 
Format i on at least  a s  far north a s  
Milwaukee. 

New Berlin Formation 

T i l l  of the New Ber l in Format ion 
(Appendix 7 )  is present in southeastern 
Wiscons in. Till of this formation has 
more sand than tills of the Zenda For
mat ion below and the Oak Creek Forma
tion above. It is typica lly yellowish 
brown where oxidized and can be dist in
guished from the s imilar Horicon Forma
t ion of the adj acent Green Bay Lobe by 
the greater amount of Niagaran (Siluri
an) dolomite in the New Berlin (Alden, 
1 91 8). The formation contains two main 
member s ,  a lower sand and gravel member 
and an upper t i ll memb e r ,  nei ther o f  
which i s  formally named and defined at 
this t ime.  It is p o s s ib l e  that two 
till units are contained in the forma
tion (IA and lB of Mickelson and other s ,  
1 977),  but they likewise are not being 
defined at this t ime. 

The till of the New Berlin Formation 
is litho logica lly most like the Haeger 
Till Member of the Wedron Formation in 
Illinois and is probably in large part 
corre lat ive with it. The N ew B er l in 
F o rmat ion may b e  t ime equ ival ent to 
part or a l l  of the Malden,  Yorkv i l l e ,  
Haeger, and Wadsworth Till Members of 
Illino1S • 
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Oak Creek Formation 

OverlY1ng the New Berlin Formation 
in Kenosha,  Racine ,  Wauke s h a ,  M i lwau
kee , and Ozaukee Count ies  (f ig.  2)  are 
lacustrine s ilt and clay, fluvial sand 
and grave l ,  and t i l l  of the Oak Creek 
Format ion (Appendix 8). The t i l l  o f  
this formation 1S generally gray (where 
unoxidized)  and c layey, and i t  i s  d i s 
t inc t ly d if f erent from t i l l  of under
lying and over lying f orma t ions.  The 
t i l l  was depo s ited by ice of the Lake 
M i chigan Lob e ,  and many of the l a cus
trine un l t s  a s s o c iated w i th the t i l l  
were depos ited during early pha ses o f  
glacial Lake Chicago. 

The format i on conta ins at least  
three t i l l  un i t s  (2A, 2B,  and 2C  of  
M i ckel son and o thers , 1 9 7 7 )  and an 
unknown number of other members. These 
are not d e f ined in this paper. This 
format ion 1S larg e ly corre lative with 
the Wadsworth Till Member of the Wedron 
Format ion of Illino is. 

Horicon Formation 

The Hor icon Format ion (Appendix 9 )  
cons ists of till and assoc iated depos
its in much of the area cover e d  by the 
Green Bay Lobe during Late Wiscons inan 
t im e  (fig.  2). The t i l l  is s andy and 
y e l lowish b rown where oxidized.  In 
m o s t  p la c e s  it appears to b e  bound ed 
b e low by pre-P l e i s t o c ene bedrock,  and 
it is overlain by redder , more c layey 
depos its of the Kewaunee Formation. 

In any g iven p lace only one t i l l  
unit has b een recognized,  but s evera l 
names have been used in different parts 
of the state. On the northeast s ide of 
the area covered by the Green Bay Lobe 
the Liberty Grove Memb er is f ound in 
the Door Peninsula (Appendix 9b). Far
ther south the term "Wayside till" was 
used b¥ McCartney and M ickelson (1982 ) ,  
but thlS unit was not studied in detail 
and i t  i s  premature t o  forma l i z e  the 
unit as a member of the Horicon Forma
t ion . 

On the west s ide of the Green Bay 
Lobe,  in Langlade and Marathon Count ies , 
the Mapleview Member (Append ix 9a)  i s  
recognized.  In t h i s  ar.ea t h e  t i ll i s  
d i s t lngu ished f r o m  t i l l  of t h e  Nash
ville Member of the Copper Falls Forma
tion depos ited by the Langlade Lobe to 



the west primarily on the bas is of its 
greater d o l om i t e  content ( M i ck e l s o n ,  
N e l s on ,  and S tewart , 1 974) .  T o  the 
north �n Florence Count y ,  however , it 
appears that this d i s t inct ion can not 
be made. Further research in this area 
will probably lead to SOme redefinition 
of un i t s .  

Between Langlade County in the north 
a nd Dane and R o c k  C ount i e s  in the 
south,  cons ider a b l e  change in grain 
s ize of the till of the Horicon Forma
t ion takes place. I t  seems likely that 
in the future addit ional members will 
be named in this formation. 

Kewaunee Formation 

Depos its of the Kewaunee F ormat ion 
(Append ix 1 0 )  over l ie various members 
of the New Berlin, Oak Creek, and Hori
con Formations and pre-Pleistocene bed
rock. The till included in this forma
tion �s typically more reddish brown in 
color than depo s its of under lying for
mations, and it contains more silt and 
c lay than t i l l  of the Horicon and New 
Berlin Format ions. The Kewaunee Forma
t ion includes t i l l  and a s s o c iated de
p o s i t s  of both the Lake M ichigan and 
Green Bay Lobe s  (fig.  2 ) .  

Kewaunee Formation of 
the Lake Michigan Lobe 

In the area covered by the Lake 
Michigan Lobe, four members are recog
nized  (Acomb , 1 9 7 8 ;  Acomb , M i ck e l s on ,  
and Evens on,  1 98 2 ) .  The strat ig raphy 
of lake s e d im ent and s and and g rave l  
depos its has not been defined, and the 
placement of many of these units is not 
de fined here. 

The lower most member is the Ozaukee 
Member (App endix lOa).  T i l l  of this 
member i s  pres ent a s  the surfac e  t i l l  
a long the shorel ine o f  Lake M ichigan 
from northern M ilwaukee County to the 
c ity of Port Washington. It is presum
ably found northward in Manitowoc and 
Kewaunee Count ies as well (Acomb, 1978;  
Dagle and others ,  1980).  I t  is dist in
guished from t i l l  of the over ly ing 
Haven Member by its greater c lay con
t ent (Acom b ,  M i cke l s on,  and Evenson, 
1 982) .  The Ozaukee Member is at least 
in part correlat ive with the Manitowoc 
or Shorewood T i l l  Member of the I l l i
nois State Geological Survey (Lineback,_  

Gro s s ,  and M eyer , 1 97 4 )  and w i th the 'S ilver C l iff and B ranch River Members 
in the Green Bay Lowland. 

The till of the Haven Member (Appen
dix lOb) i s  pres ent in the Lake M ichi
gan b luffs from central Ozaukee County 
north into southern Door County (Dagle 
and other s ,  1 9 80 ) .  The t i l l  of this 
member is s iltier than either the Ozau
kee till or the overlying Valders t ill. 
The Valders Member (Appendix 10c) has a 
more l im i ted d i s t r ibut ion and i s  d is
tinguished from the overly ing Two Riv
ers M ember by i t s  greater content of  
expandable c lay and lower i l l ite con
tent. The Haven and perhaps the Val
ders  M ember i s  evident ly corre l a t ive 
with the Manitowoc Till Member defined 
by the I l l ino� s S tate Geo log i c a l  Sur
vey, which was def ined in cores  from 
the bottom of Lake Michigan, Linebeck, 
Gro s s ,  and M eyer ( 1 97 4 ) .  I t  appear s 
that they correlate with the Kirby Lake 
and Chil ton Memb er s of the Green Bay 
Lowland . 

The Two R iv e r s  M em b er (Appendix 
IOd),  defined by Evenson (1973),  is the 
upperm o s t  Lake M ichigan Lobe depo s i t  
containing t ill. Although neither the 
locat ion of the type s e c t ion nor the 
implied definition by Evenson (1973) is 
changed,  the def init ion here provides 
more detail. 

Kewaunee Formation of 
the Green Bay Lobe East of Fox River 

Green Bay, the Fox R iver,  and the 
steep s lope of the S ilurian escarpment 
form a d i s cont inu ity a c r o s s  which no 
de tai led strat igraphy has been done. 
Properties  of probab ly c o r r e l a t iv e  
units differ significantly, and at this 
time it appears most logical to have an 
arb itrary vert i c a l  cut-off at the Fox 
River (fig.  2)  and use s eparate m em b er 
nam e s  on e i ther s ide. East of  the Fox 
River three m embers of the Kewaunee 
Formation, from oldest to youngest, the 
Branch River , Chilton,  and Gl enm ore 
Memb er s ,  are defined based on t i l l  
bodies within each member. The till  of 
the Branch River Member (Appendix 10e) 
is re dder and has more c lay than the 
under ly�ng t i l l  of the Hor icon Forma
tion. It is sandier than the overlying 
Chi l ton and G lenmore M embers and is 
correlat ive with the S ilver Cliff Mem-
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ber west of the Fox River. The Chilton 
(App endix I On and G l enmore (Append ix 
1 09) Members are 1nd ist inguishable in 
the field except by measuring depth of 
carbonate leaching in the til l at well 
d r a i n e d  s i t e s  in t h e  l a n d s c a p e  
(M ickelson and Evenson , 1 97 5 ) .  The 
t i l l  of the Chil ton M ember is d ist in
guished from the t i l l  of the Glenmore 
Member in the labora tory by having 
h i g h e r  ma g n e t i c su s c e p t i b i l i t y  
(McCartney and M i ckelson ,  1 9 82) .  The 
Chilton Member is corre lative with the 
K irby Lake M emb er, and the G l enmore 
Member is correlat ive with the Middle 
Inlet Member west of the Fox River. 

Kewaunee Formation of 
the Green Bay Lobe West of the Fox River 

Informal names were g iven to the 
redd ish-brown t i l l  in this area by 
McCartney (1978);  her definitions serve 
as the basis of forma l  lithostratigraph
i c  defin i t i ons presented here.  The 
oldest member of the Kewaunee Formation 
west of the Fox R iver is the S ilver 
C l 1ff Member (Appendix lOh). The till 
contains less sand than the underlying 
Mapleview Member of the Horicon Forma
t ion and more sand than t i l l  of the 
overlyin� Kirby Lake Member. The t ill 
of the K1rby Lake Member (Appendix 10i) 
is typically thinner, redder, and finer 
grained than the till  of the overlying 
Middle Inlet Member and correlates with 
the fine grained Chil ton t i l l  east of 
the Fox River. 

The M idd le Inlet Member (Append ix 
10j) is the youngest l ithostratigraphic 
un i t  containing t i l l  deposi t e d  by the 
west ern part of the Green Bay Lobe in 
W isconsin. In the south (Brown and 
Outagamie Count ies) the t i l l  is fi ne 
gra ined l ike the corre lative Glenmore 
t i ll east of the Fox River. To the 
north 1n O conto,  Marine t t e ,  and F l or
ence Counties it is progressively more 
sandy (McCartney, 1 978) .  

The Two Cr eeks Bed is here g iven 
informa l l i thostrat igraphic recogni
t ion. It consists of organic material 
accumu lated as forest f l oor l i t ter or 
in sha l low ponds and is dated about 
1 2 , 1 0 0  to 1 1 , 600 B.P.  I t  is present 
throughout much of the area covered by 
Two Rivers, Glenmore ,  and M iddle Inlet 
Members. 

1 0  

Copper Falls Formation 

The Copp er Falls Format ion occurs 
across a broad area of northern Wiscon
sin. Because the boundaries of this 
formation have not been c learly defined 
to dat e ,  the Copper Falls Format ion 
(Appendix 1 1 )  w i l l  be used to inc lude 
t i l l  that 1S genera l ly sandy and red
dish brown, with a small proportion of 
Paleozoic se d imentary c lasts. This 
till is derived from the Lake Superior 
basin and is generally dist inc tly d if
ferent than deposits of the Lake Michi
g an and G r e e n  B a y  Lob e s .  I n  s o m e  
places, particularly in Florence County 
where the lobes overrode similar bed
rock, the qistinction between the Cop
per Falls Format ion and the a d j a cent 
Horicon Formation is not clear. 

The format ion inc ludes one member 
that is recognized here,  but several 
more w i l l  be defined in the future. 
The type section of the Nashville Mem
ber (Append ix l l a )  is in sou thern For
est Count y ,  and the unit is re cogniz
a b l e  in nor thern Lang lade,  most of 
Forest , and Oneida Counties (fig.  2) .  
I ts extent toward the east and nor th
east is not c l ear at this t ime.  The 
till of the member is reddish brown and 
sandy. It is d ist ingu ished from t i l l  
of the underlying Marathon and L incoln 
Formations by its greater sand content 
and by its lesser amounts of verm icu
l i t e  and expandable c lay. It is d is
t inguishe d in Lang lade and sou thern 
Forest Count ies from the Map lev iew 
Member of the Horicon Format ion by its 
l e sser content of dolomite and other 
Paleozoic sed imentary c lasts. I t  is 
probab ly t ime corre lat ive w i th a l l or 
part of the Hor i con Format ion. I n  
eastern Lang lade and southern Forest 
Counties, the Nashville Member overlies 
the Mapleview Memb er. Al though de
t a i l e d  work to the northeast has not 
been completed, it seemS like ly that an 
unnamed member of the Horicon Formation 
l ies above the Nashv i l l e  M emb er. We 
re cogn i z e  that th is resu lts in inter
tonguing of formations, but this seems 
unavo idab l e  for pra ct ical classifica
tion of the units. 

Miller Creek Formation 

The Miller Creek Format ion (Appendix 
12)  is p resent as the su rface unit in 
parts of Doug l as, Bayf i e l d ,  Ash land, 



and I ron Count ies (fig.  2) in north
western W iscons in. Depos its of lacus
trine s i lt and c lay and t i l l  in the 
format ion have a dist inctly red color. 
All  of the t i ll in the format ion i s  
distinctly more clayey than that in the 
underlying Copper Falls Formation. 

Two members are defined within the 
format ion. The older, the Hanson Creek 
Member, cons ists of laminated silt and 

clay and till that is typica lly SYR 3/4 
in color (Nee d ,  1 9 8 0 ) .  Color is the 
m a in d i s t inct ion b etween it and the 
overlY1ng Douglas  Memb er , which has 
t i l l that is typica l ly 2.SYR 4/4. The 
t i l l  of the Doug las M ember has two 
d i s t inct fac ies:  a c lay facies  that 
has textUral properties s imilar to the 
t i l l  of the Hanson Creek M ember and a 
more sandy facies. The Douglas Member 
was deposited after 9900 B.P. (Clayton, 
in pre s s ) .  

1 1  
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APPENDIX 1 

WALWORTH FORMATION 

Source of name . --Walworth County ,  in southern Wisconsin . 

Type section.--Same as Clinton Member, Appendix lc. 

Reference sect ions.--Type sect ions and reference sect ions of Foxho llow, AlIens 
Grove , and C 1 1nton Members serve as reference se c t ions for this format ion 
(Append ix 1 a , b , c ) .  

Descript ion of unit.--The Walworth Format ion includes till and assoc iated sand 
and gravel which is genera lly sandy and gray (unoxidized) to brown (oxid ized). 
At present, three members are recognized. The oldest is the Foxho llow Member, 
which contains gray (unoxid ized) , silty, clayey t ill (mean is 44 percent sand , 
3 7  p er c ent s i l t ,  1 9  percent c lay).  This is over lain by the A l I ens Grove 
Member, which contains somewhat sandier t ill (mean 53 percent sand, 35 percent 
silt,  12 percent clay). The uppermost unit now recognised in the format ion is 
the C l inton M emb e r ,  which cont a ins sand ier t i ll (mean 6 1  perc ent sand , 27 
percent silt and 1 2  percent c lay)  Fricke (1 976).  S and and grave l  within the 
formation has not been described in detail. 

Nature of contacts.--This format ion is the surficia l  unit in eastern Rock and 
western Wa lworth Counties. In eastern Walworth County it is overl ain by the 
Zenda Format ion that contains more silt and clay and is dist inctly red or pink 
in outcrop.  The b asa l contact is g enera l ly not known except where various 
members lie on pre-Pleistocene rock. 

Differentiation from other units.--Till of this format ion can be dist inguished 
from t i l l  of  the over lying Z enda F o rmat ion,  b y  the greater sand c ontent and 
lack of redd ish c o lor of the Zenda Forma t ion (Fr icke,  1 9 7 6 ; Johnson ,  1 9 76).  
The ex t ent to the  west and d ifferentiat ion from o lder un i ts described by 
B leuer (1971) are not known at this t ime. 

Regional extent and thickness.--The formation ranges in thickness from only a 
few metres on top of b edrock highs in east ern Rock County to approximat e ly 
80 m in the Rock River val ley in western Rock County. I ts extent eastward 
beneath the Zenda Formation (fig. 2)  and northward beneath the Horicon Forma
t ion (fig.  2 )  is unknown. I t  ext ends as a surfic ia l  deposit from western 
W a lworth County to the valley of the Rock River where it is abu t t e d  by sand 
and gravel of the Horicon Format ion. It probably extends at least into west
ern Rock County but the western edge of the format ion is not mapped. 

Age and correlation.--The age of the Walworth Formation is unknown. Correla
t ive deposits in I llino1s were assumed to be Early Wisconsinan (Altonian) age 
(Wi l lman and Frye, 1970) but recent studies (Leon Fo l lmer, persona l communica
t ion,  1 98 ! )  suggest that the deposits may be o lder. The Foxho llow Member 
probably has an unnamed correlat ive in Illinois but correlatives in Wisconsin 
are unknown. The Al 1ens Grove Member is evidently equivalent to the Argyle 
T i l l  Member of I l l ino is. The C l inton Member ext ends as the su rfic ial unit 
into Illino1s but it has not been forma lly named there. Clinton till has been 
correlated with the Argyle T i l l  Member of I l l ino is in the past but this 
corre lat ion 1S  evident ly in error (R. Berg, J. Kempt on,  persona l commun i ca
t i on ,  1 98 1 ) .  

Person naming unit.--David M. Mickelson. This is the first use of this unit 
name e 
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APPENDIX la 

FOXHOLLOW MEMBER OF THE WALWORTH FORMATION 

Source of name.--The rural locality of Foxho llow, Rock County, located on the 
Shopiere 7.5 minute quadrang le. 

Type sect ion.--Test hole dril led approximately 3 miles ( 5  km) east of Beloit 
on t h e  e a s t  s i d e  of a c o u n t y  r o a d , n o r t h  of o l d  H i g hway 1 5 ;  c e n t e r  
NE!,;SE!,;NE!,; se c .  33 , T .  1 N . ,  R. 1 3  E . ,  shown o n  the Shop iere 7 . 5-m inute quad
rang l e  (fig.  3 ) .  

FIGURE 3 .--Part o f  the Shop iere 7 . 5 -
minute quadrang le showing the l o ca
tion of the type section (drill hole) 
of Foxho llow Member. 

Description of unit.--The Foxho llow Member contains a pebb ly , silty and clayey 
t i l l .  I ts overa l l  co lor is g ra y ,  ranging from si lver to b rown ish gray and 
purp lish gray. In the type section test ho le, the upper 0.6 m of the Foxho l
low till is oxidized and red in color. The t ill also contains wood fragments. 
Numerous dolomite pebbles and igneous stones are found in the till. The ratio 
of light-colored to dark-colored dolomite in the very coarse sand (1 to 2 mm) 
s i z e  range is equal to or less than 0.8 : 1 .  S em iquan t i ta t ive ana lysis of  
selected clay minerals shows an average montmor illonite: il lite:chlorite plus 
kao linite ratio of 28 : 53 : 19. 

Nature of contacts.--The upper contact with the AlIens Grove Member 1S sharp 
and eas ily recognized. 

Differentiation from other units.--The Foxho llow Member can easily be distin
gu ished from o ther t ills in the area (the A l l ens Grov e ,  C l inton , and C ap ron 
tills and tills of the Horicon and New Berlin Formation) by its lower sand and 
higher s i l t  and c lay content , low l ight to dark dolomite rat io , low i l l i te 
content, and gray co lor. 
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Regiona l extent and thicknes s.--The Foxho llow Member is known to underlie most 
of Wisconsin east of the Rock River, south of Turtle Creek, in and west of the 
buried Troy Valley (fig. 2),  and part of northern I ll inois. The till is known 
to exceed 3.6 m in thickness. 

Origin.--The Foxho llow Member cons ists largely of till,  most likely deposited 
by g lac ial ice that advanced from the Lake Michigan basin. 

Age.--The Foxhollow Member was deposited in mid-Wiscons inan time or earlier 
( e a r l ier than 40, 0 0 0  B.P. ) .  

Corre lation.-- Strat igraph i ca l ly ,  the Foxho llow Member lies below the AlIens 
Grove Member. The till  extends 1nto Illinois. 

D e s c r ip t ion of  type s e c t ion.--The type s e c t ion is t e s t  ho l e  6 7 1  of F r icke 
(1976). Here the Foxho llow Member is overlain by 4.3 m of till  of the C linton 
Member at the surfa c e ,  then 5 . 5  m of Al Iens Grove M emb er. The b o r ing pene
trated 3.0 m of gray till of the Foxho llow Member before refusal. The Foxho l
low Member here contains abundant wood chips. 

Person naming unit.--Carl Fricke and David Mickelson. First used informal ly 
as a unit name by Fricke (1976).  This is the first forma l use of the name. 

APPENDIX Ib 

ALLENS GROVE MEMBER OF THE WALWORTH FORMATION 

Source of name.--The rural locality of AlIens Grove, Walworth County, located 
on the Clinton 7.5-minute quadrang le. 

Type s e c t ion.--Bas e  of wes t  wa l l  of  borrow p i t  NWl,;SEl,;SWl,; s e c .  3 2 ,  T. 2 N. , R .  
1 5  E . ,  0.5 miles (0.8 km) east o f  Allen. Grove , approximately 2.5 miles (4 km) 
w e s t  of  the Capron R idg e ,  and j u s t  north of o l d  Highway 1 5  (fig.  4 ) ,  shown on 
the Sharon and C linton 7.5-minute quadrang les. 

Des cription of unit.--The Allens Grove Member contains a light brown to yel
lowish brown (7 .5YR to 1 0YR 5 / 4  to 6/4) , s andy, pebb ly t il l  and a s s o c iated 
depos its. The till is  hard and compact, both when dry and wet, and commonly 
has a pinkish t int. Numerous dolomite and igneous pebbles are present in the 
t i l l. The t i l l  c ontains a mean of 53 perc ent sand , 3 5  percent s i l t ,  and 1 2  
percent clay. Semiquantitat ive analysis of selected c lay minerals shows two 
groups of montmoril lonite: illite: chlorite plus kao linite ratios--one averaging 
26: 6 1: 13 and the other 39:47: 14. 

Nature of contacts.--The upper contact (with the Clinton Member) ranges from 
sharp to d1ffuse. The lower contact (with the Foxho llow Member) is sharp. 

Differentiation from other units.--The Allens Grove Member is less sandy than 
the Clinton Member and t ill in the Horicon and New Berlin Formations, but is 
more sandy than the Foxho llow Member and the Capron Member. The AlIens Grove 
Member has a light-to-dark-do lomite ratio of between 0.8:1 and 1.3: 1 ,  inter
mediate between the Clinton Member and the Foxho llow Member. Its salmon-pink 
co lor can somet imes be used as a distinguishing feature. 

Regional extent and thickness.--The Allens Grove Member underlies the C l inton 
Member in Rock County, Wisconsin, east of the Rock River, south of the Johns
t own mora ine and west  of the Capron Ridge. The t i l l  extends south into 
northern I llino is. The till is up to 3.9 m thick. 
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FIGURE 4 .--Part of Sharon and C l inton 
7 .5-m inute quadrang l e s  show ing the 
locat ion of the type s e c t ion of the 
AlIens Grove Member. 

FIGURE 5 .--Sketch of strat igraphy in 
b o r e h o l e  at t y p e  s e c t i o n  o f  t h e  
AlIens Grove Member. 

Origin.--Glacial till deposited by ice from the Lake Michigan bas in. 

Age.--The Allens Grove Member was deposited earlier than 40 ,000 B.P. 

Correlation.--The AlIens Grove Member is equivalent to the Argyle Till Member 
in I l l ino i s .  

De s c r iption of tyee s e c t ion.--The top of the section (fig. 5) contains 0.6 m 
of red b rown (5YR /6) truncated B hor izon dev e l o p ed on 8 m of C l inton t i l l  
and sand. An unnamed sand separates the Clinton Member from the underly ing 
AlIens Grove Member that here cons ists of compact, grayish till oxidized at 
the surface (Fri cke , 1 9 7 6 , p. 22) .  A dr i l l  ho l e ' adj acent to the s e c t ion 
penetrates C l inton till  (2  m),  gray lacustrine silt (14 m),  and 7 m of what is 
presumably Foxho llow Member. 

Person naming unit.--Carl Fricke and David Mickelson. First used as an infor
mal unit name by Fricke (1976) ,  and used formally for the first t ime in this 
paper . 

APPENDIX I e  

CLINTON MEMBER OF THE WALWORTH FORMATION 

Source of name.--The vil lage of Clinton, Rock County, located on the Clinton 
7 .S-minute quadrang Ie.  

Type section.--Road cut and test ho le along new Highway 1 5  (the Beloit-Milwau
kee Road ) ,  2 m i l e s  (3.2 km) northeast of C l inton; NE!,;SW!,; s e c .  3, T. I N.,  R.  
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14 E., located on the Clinton 7.S-minute quadrangle, (fig. 6) .  

Reference s e c t io n .  Turt l e  Town Quarry; NWl,;SWl,;NWl,; sec.  2 2 ,  T. 1 N . ,  R. 1 3  E . ,  
located on the Shopiere 7.S-minute quadrangle (fig. 7 ) .  Described b y  Bleuer 
(1971)  and briefly by Fricke (1976).  

FIGURE 6 . --Part of the C l inton 7 .5-
m inu t e  quadrang l e  showing the loca
t ion of the type section of the Clin
ton Member. 

FIGURE 7 .--Part of the Shopiere 7 . 5 -
minute quadrang le showing the l oca
tion of the reference section of the 
Clinton Member. 

Description of unit.--The Clinton Member contains a pebbly, sandy, till  con
t a in ing l i t t l e  c lay. In outcrops , its co lor m o s t  o f t en i s  l ight y e l lo w i s h  
brown (l OYR 6/4) , although at times it has a pink tint. When dry, the till is 
hard and crumb ly. 

Numerous dolomite lebbles and a few cobbles are found in the till,  along 
with smaller amounts 0 igneous-rock clasts. In the very-coarse-sand fraction 
( 1  to 2 mm) the ratio of l ight -to-dark d o l o m i t e  is greater than 1 .3 : 1 .  The 
unit is composed of about 6 1  perc ent sand , 27 percent s i l t ,  and 1 2  percent 
c lay. Semiquantitat ive ana lysis of selected clay minerals most often shows an 
average content of 26 percent montm o r i llonite (expanda b le s ) ,  6 0  perc ent il
l i t e ,  and 1 4  percent chlor ite p lus kao linite.  Howeve r ,  a s ec ond group of 
samples averages 45 percent montmoril lonite, 45 percent illite,  and 10 percent 
chlorite plus kao linite (Fricke, 1976) .  

Nature of contacts.--The contacts between the Capron Member (above) and AlIens 
Grove Member (below) are general ly sharp, although the contact with the AlI ens 
Grove Member is diffuse in places. 

Differentiat ion from o ther units.--The C l inton Member can be dist inguished 
from the Capron Member, the AlIens Grove Member, and the Foxhollow Member b y  
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its very sandy texture, buff co lor , c lay mineralogy, and its ratio of light
to-dark dolomite in the sand fract ion. It is nearly indist inguishable from 
t i l l  in the Johns town moraine (Horicon Format ion)  except p o s s ibly for the 
C l inton Member's lower content of weathered minerals.  

Regional extent and thickne s s .--South and w e s t  of the Darien and Johnstown 
moraines, the Clinton Member is the uppermost (surficial) till in eastern Rock 
County and western Walworth County. Its extends westward at least as far as 
2.9 miles (4.8 km) west of the Rock River in Rock County, Wisconsin, with the 
pos s ib le exception of the upland west of Janesville,  north of Bass Creek, and 
south of the Johnstown moraine. It extends south into northern I l l ino is and 
e a s t  b eneath the Capron R idge. The t i l l  ranges in thi ckne s s  from l e s s  than 
1 m a l ong the Rock River and in the shallow bedrock up l ands north of Tur t l e  
Creek t o  over 12.6 m south of Turtle Creek. 

Origin.--Till and assoc iated depos its deposited by ice that advanced westward 
from the Lake Michigan basin. 

Age.--No pre c i s e  age can be g iven to the C l inton t i l l ,  but it was probably 
deposited during mid-Wisconsinan t ime, or before 40 , 000 B.P. 

Correlat ion.--The C linton Member was formerly correlated with the Argyle Till 
Member of the Winnebago Format ion in northern I llinois. It can now be demon
strated that it is a separate ,  distinct unit that lies above the AlIens Grove 
Member (the Argyle Till Member in I l l inois) and below the Capron Member. 

Description of type section.--Loess 2.1 m thick overlies a truncated B hor izon 
1.5 m thick developed in Clinton t ill.  Clinton t ill extends to the bottom of 
the cut 8 m b e l o w  the surface.  A d r i l l  ho l e  p ene trates C l inton t i l l  to a 
depth o f  14.6  m b e l o w  the top of the cut. 

Person naming unit.--Carl Fricke and David Mickelson. First used as an infor
mal unit name by Fricke (1976),  and used formally for the first t ime in this 
paper . 
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APPENDIX 2 

MARATHON FORMATION 

Source of name.--Marathon Count y.  

Type section.--Same as Wausau Member, Appendix 2a. 

Reference section.--Type and reference section of the Edgar and Wausau Members 
serve as reference sections for this format ion (Appendix 2a,b). 

Description of unit .--The Marathon Formation contains t ill and assoc iated sand 
and grave l that are generally light gray, pale yellow, or pale brown depending 
on the amount of oxidat ion. Two members are recognized.  The lower is the 
Wausau Member, which contains brown loam till (mean 43 percent sand, 34 per
c ent s i l t ,  and 23 percent c lay) .  Over ly ing the  Wausau Member is the  Edgar 
Member , which conta ins somewha t s i l t i e r ,  b rown loam t i l l  (mean 33 percent 
sand, 43 percent silt, and 24 percent clay). Sand and gravel units within the 
formation have not been described in detail. 

Nature of contacts.--The Marathon Format ion ove r l ies Pre cambrian bedrock in 
most of Marathon County. The bedrock is sometimes unweathered, but generally 
it is decomposed to depths of several metres. This formation is the surfic ial 
unit in most of Marathon County, except in the far northern and western parts, 
where it is overlain by the redder and sandier Lincoln Formation (Appendix 3),  
and in the far east ern par t ,  where i t  is presumably overlain by the Hor i con 
Formation (Appendix 9). 

D ifferen t i a t io n  from o ther uni ts.--T i l l  of the Marathon Formation is finer 
textured and yellower m color than till of the overlying Lincoln Formation. 
L itholog i c a l l y ,  the t i l l  of this formation conta ins more sme c t i t e  and l ess 
i l l ite as components of the c lay-m ineral assemblage than d o es t i ll of  the 
L incoln Formation. 

Regional-extent and thickness.--The thickness of the Marathon Formation ranges 
from z ero t o  as much as 20 m. I t  is thinnest a t  its southern l imit in Mara
thon, Wood,  and C lark C ount ies. The format ion is th i ckest where it f i l ls 
buried valleys (Bell and Sherrill,  1 974). It g enera l ly thickens northward and 
extends beneath the L incoln Formation to the north. The extent of this forma
t ion beneath the Copper Falls Formation (further north) and the Horicon Forma
tion (to the east) is not known. 

Age and correlation.--There are no dates on the Marathon Formation. Litholo
gy, pos1t10n 1n sequence, and mapped distribution suggest it could be correla
t ive with the Pierce Formation of western W isconsin. The lower member of the 
Pierce  Format ion is reverse ly magnet ized,  sugg est ing a pre- I l l ino ian age 
(Appendix 4,  Pierce Formation) but paleomagnetism has not been measured for 
the Marathon F o rma t i on. It may be that the Wausau Member of the Marathon 
Formation is correlative with the River Falls Formation of western W isconsin. 
If this correlation is correct,  the Wausau Member (and presumably the entire 
Marathon Formation) may be Illinoian or Early W isconsinan age. 

Person nam ing unit.--W i l l iam N. Mode.  F irst use as a unit name is in this 
paper. 

APPENDIX 2a 

WAUSAU MEMBER OF THE MARATHON FORMATION 

Source of name.--The city of Wausau, Marathon County. 
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Type s e c t ion.--Grave l pit  o f f  w e s t  s ide o f  Ryan S t ree t ,  l� m i l e s  s ou th o f  
H ighway 29 , S W \S W \NE\ s e c .  27 , T. 28 N.,  R. 8 E . ,  Marathon County,  o n  W au s au 
IS-minute quadrangle (fig. 8). 

Reference s e c t ion.--Road cut on w e s t  s ide of North 5 7 th Stree t ,  about 50 m 
north o f  i t s  inter s e c t ion w ith E a s t  Butternut Roa d ,  SE\SE\SE\ s e c .  4 ,  T. 29 
N., R. 8 E., Marathon County,  on the Merr i l l I S -m inute quadrang l e  (fig.  9 ) .  
The reference sect ion is in a roadside ditch exposure which contains about 1 m 
of till of the Wausau Member capped by 1 0  to 20 cm of loess. 

FIGURE 8.--Part of the Wausau I S-minute 
quadrang le show ing the l o c at ion o f  
the t y p e  l o c a l i t y o f  the W a u s a u  
Member. 

FIGURE 9 .--Part of the Merr i l l  1 5-
minute quadrang le show ing the loca
tion of  the reference section of  the 
Wausau Member. 

Description of unit.--The Wausau Member typ i c a  l ly contains a pebb ly loam t o  
clay loam till in which the less-than-2-mm-fraction averages 4 3  percent sand, 
34 percent s ilt,  and 23 percent clay (15  samples). A high proportion (greater 
than 30 percent ) o f  the c l a s t s  are par t ia l ly to to t a l ly ro t t e d ,  and many o f  
the intact c l a s t s  appear t o  have b een m ixed upward into the t il l  from the 
underly ing bedrock by fro s t  a c t ion and tr ee throw. The f ie l d  c o l o r  o f  the 
till is predominant ly brown (7 .SYR 4/4). Coarse-sand fraction components are 
7 5  percent igneous ,  6 percent metamorphic, and 19 percent sedimentary. The 
c lay m inera l s  average 44 perc ent i l l �t e ,  5 perc ent kao linite-chlo r � t e ,  1 8  
percent vermiculite, and 32 percent smectite (Mode, 1976).  

Nature of contacts.--The Wausau Member is frequently thin (less than 1 0  m) and 
found directly overlying bedrock, gruss ified bedrock, or sapro litic bedrock
weather ing r e s iduum. These contac t s  are usua l ly sharp , though some upward 
mixing o f  local  bedrock into the t i l l  i s  usua l ly apparent. No exposures o f  
upper contacts o f  the Wausau Member with another unit are known. 

Dif ferentiat ion from other units.--The Wausau Member is texturally distinct 
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from the Merrill Member of the lincoln Formation and the Nashville Member of 
the Copper Falls Formation because it is  finer grained, from the Edgar Member 
because its modal grain s ize is not silt,  and from the Bakerville Member of 
the Lincoln Formation because it is less red in color. 

Regional extent and thickness.--The Wausau Member i s  the surf i c ia l  m a t e r i a l  
over much of centra l Marathon and nor thern W o o d  Count ie s ,  and i t  i s  a l s o  
present in the subsurface in western and north-central Marathon County. The 
till  generally thins toward the south and toward the Wisconsin River. 

Origin.--Till of the Wausau Member was deposited by southeastward flowing ice 
of the Chippewa Sub lobe. The till  has subsequently been altered cons iderably 
by weathering and eros ion. The member also includes s lopewash sediment and 
related s e d iment s ,  but the se may b e  recognized a s  a separate member in the 
future . 

Age.--The Wausau Member is older than 40 ,800 � 2000 radiocarbon years (ISGS-
2 5 6 ) .  This date is from organic depo s i t s  on top of the Merr i l l  Member that 
overlies the Wausau Member. Clay mineral studies by Stewart and Mickelson 
(1976)  and Mode (1976)  suggest a pre-Wiscons inan age. 

Corre lat ion.--The pat chy d is t r ibut ion of t i l l and lack of construct iona l 
topography makes correlation very difficult. It can be tentat ively correlated 
with the Hersey Member of western Wisconsin based only on its basal pos ition 
in the sequence. 

Description of the type section.--The type section is located about 1 00 m west 
of Ryan S treet in a gravel p it.  In the west  wa l l  of the p i t ,  about 1 to 2 m 
of till of the Wausau Member overlies deeply weathered granitic sapro lite. 

Person naming unit.--William N. Mode. First used as an informal unit name by 
LaBerge and Myers (197 1 )  and subsequently by several writers including Stewart 
(1 973) and Mode (1 976). Formalized in this pub lication. 

APPENDIX 2b 

EDGAR MEMBER OF THE MARATHON FORMATION 

Source o f  name .--Named for the v i l lage o f  Edgar, Marathon C ounty, which i s  
located in the west-central part of the Edgar 7.5-minute quadrang le. 

Type section.--Railroad cut (Chicago and Northwestern) on south side of High
way N; NW!,;NE!,;NW!,; s e c .  24 , T. 28 N . ,  R. 4 E . ,  Marathon County,  on the Edgar 
7 .5-minute quadrang Ie ( f ig .  1 0) .  

Reference sect ion.--Railroad cut (Minneapo lis,  St. Paul,  and Sault Ste. Marie) 
on north s ide o f  Yellows tone Dr ive , about 0.3 m iles  ( 0 . 5  km) west  of i t s  
int e r s e c t ion w i th Day Roa d ,  and about 0 .6 m i l e s  (0.9 km) e a s t  o f  the v i l l age 
of Hew i t t ; SE!,;SW!,;SE!,; s e c .  1 3 ,  T. 25  N.,  R.  3 E.,  Wood County ,  on the Hewitt-
7 .5-minute quadrangle (fig. 11 ) .  The reference section is well-vegetated but 
c on t a ins at l e a s t  2 to 3 m o f  t i l l  o f  the Edgar Member at about the level o f  
the track. 

Des c r ipt ion of unit.--T i l l  o f  the Edgar Member i s  typ i c a l l y  pebbly loam to 
c lay loam to s ilt loam ; the less than 2 mm fract ion averages 33 percent sand, 
43 percent s i l t ,  and 24 percent c lay ( 1 7  sample s ) .  The f ie l d  c o lor o f  the 
t i l l  i s  var ia b l e ,  rang ing from ye llowish b rown ( l OYR 5 / 6 )  to reddish b rown 
(5YR 4/4). Unweathered till  of the Edgar Member is calcareous,  with up to 10 
percent dolomite pebbles. The coarse sand fraction components are 72 percent 
igneous , 7 percent metamorph i c ,  and 21 percent sed imentary. Average c lay 
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FIGURE 1 0 .--Part of Edgar 7 . S -m inu t e  
quadrang le s ho wing t h e  l o c a t ion o f  
the type section of the Edgar Member. 

FIGURE ll .--Part of the Hewitt l S 
minute quandrangle showing the loca
t ion of the reference section of the 
Edgar Member. 

mineralogy is 44 percent illite, 6 percent kaolinite plus chlorite, 17 percent 
vermiculite, and 33 percent smectite (Mode, 1976).  

Nature of contacts.--The Edgar Member is general ly thin ( less than 1 0  m),  and 
i t s  lower conta c t s  have never been obs erved in outcrop.  I n  auger h o l e s ,  it 
has a sharp upper contact w ith s andier materials over lying it and a sharp 
lower contact with bedrock, organic-rich sediment, or the Wausau Member. 

Different iation from other units.--The Edgar Member is d i s t inguished by two 
char a c t er i stics : (1) it i s  ca l careous (where unweathered)  and ( 2 )  it is  
s i lty. No other s ilt-rich calcareous till  is known in this area. 

Regional extent and thickness.--The Edgar Member has only been found in north
ern Wood, southwestern Marthon, and eastern C lark Count ies, an area centered 
around the city of Marshfield. North and west of Marshfield ,  the Edgar Member 
is general ly buried by the Bakerville Member of the Lincoln Formation; south 
and east  of Marshf i e l d  it is expo sed at the surface.  The Edgar M ember is 
general ly less than 3 or 4 m  thick except atop a low divide that extends east
southeastward from Marshfield, where it thickens to as much as 10 m. 

Origin.--Southward-flowing ice of the Chippewa Sub lobe deposited the t ill of 
the Edgar Member (Mode, 1976 ) ,  though the source o f  carbonate along this flow 
line is unknown. 

Alje.--The Ed!!ar Member underlies the Bakerville Member of the Lincoln Forma
t 10n which 1n turn is o lder than or equival ent to the Mer r i l l  M ember of the 
L in c o l n  Format ion. The Merr i l l  Member i s  overlain by material radiocarbon 
dated at 40 , 8 0 0  � 2000  ( I SGS-2S 6 ) ;  therefore,  the Edgar Member is b eyond 
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radiocarbon range, presumably pre- or Early Wiscons inan. 

Correlation.--There are no known correlatives of the Edgar Member. 

Descript ion o f  tYEe section.--The deepest part of the Chicago and Northwestern 
Railroad cut �s a out 200 m south o f  Highway N. The cut is thoroughly covered 
with vegetation so that a large exposure has never been examined. Samples for 
laboratory ana lysis and till fabric determination were obtained from a pit dug 
into the wa l l  o f  the cut. An auger boreh o l e  just  w e s t  o f  the type s e c t ion 
revealed that the Edgar Member overlies more than 4 m of organic colluvium or 
till  (?) of an unnamed member. 

Person naming unit.--Wil liam M. Mode. First used as an informal unit name by 
Mode (1976), and formalized in this paper. 
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APPENDIX 3 

LINCOLN FORMATION 

Source of name.--Lincoln County. 

Type sect ion.--Same as the Bakerville Member, Appendix 3a. 

Reference sections.--Type and reference sections of the Merrill and Bakerville 
Members serve as reference sections for this formation (Appendix 3a,b). 

Description of unit.--The Lincoln Formation includes t ill and associated sand 
and gravel that are generally reddish brown. Two members are distinguished: 
the lower Bakerville Member contains reddish-brown, sandy loam till  (62 per
cent sand , 25 perc ent s i l t ,  and 13 per cent c lay) ; and , the upp e r ,  Merr i l l  
Member conta ins dark reddish-brown, sandy loam t i l l  (62 p er c ent sand , 28 
percent silt, and 10 percent clay). Sand and gravel units within the forma
t ion have not been described in detail. 

Nature of cont a c t s .--The format ion can be seen in sharp cont a c t  with the 
underlying Marathon Formation in roadcuts and drill holes throughout northern 
and western Marathon County and in southern Lincoln and Langlade Counties. In 
a few places ,  it overlies fresh or weathered bedrock. Throughout these areas, 
this  forma t ion is the surf i c ia l  un it.  Further north and ea s t ,  where the 
format ion is p r e sumab ly ove r l a in by younger un i t s ,  its upper contacts  are 
poorly known. 

Differentiat ion from other units.--Lincoln Format ion till is darker reddish 
brown than till  of the underlying Marathon Formation and t ill of the over lying 
Copper Falls  Formation. Lincoln till  is sandier than the underlying till  but 
l e s s  s andy than the ov erlying t i l l .  The t il l  of the L inco l n  Format ion con
tains more illite and less smectite than till of the Marathon Format ion; it 
contains more vermiculite and less kaolinite-chlorite and illite than t ills of 
the Copper Falls and Horicon Formations (Stewart and Mickelson, 1 976).  

Regiona l extent and thickness.--With the exception of the Marshfield moraine, 
this formation is usual ly thinnest at its southern limit. Like the Marathon 
Format ion, it reache s about 20 m thicknes s  where it f i l l s  b edrock valleys  
(Be l l  and S herr i l l ,  1 97 4 ) .  I t  a l s o  b ecomes th i cker beneath end moraines 
located near Marshfield and Merrill. The thickness and extent of this forma
t ion beneath younger format ions to the north and east is unknown. 

Age and correlation.--The age of this format ion is &reater than 40, 800 .±. 2000 
years (ISGS-256),  which is a date on organ i c  mater1al overly ing the Mer r i l l  
Member, the uppermost member of the formation (Stewart and Mickelson, 1 976). 
It probably correlates with the River Falls Formation in western Wisconsin, 
based on l ithologic and stratigraphic s imilarities. Baker suggests an I l l i
noian age for the River Falls Formation (Appendix 5) ,  but an Early or Middle 
Wiscons inan age cannot be ruled out (Mode, 1976;  Stewart and Mickelson, 1 976). 

Person naming unit.--William N. Mode. The first use of this name is in this 
paper. 

APPENDIX 3a 

BAKERVILLE MEMBER OF THE LINCOLN FORMATION 

Source of name.--The rural locality of Bakerville,  located at the intersection 
of Highways B and BB, northwestern Wood County,  in the southwestern corner of 
the Marshfield 7.S-minute quadrangle. 
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Type sect ion.--Grave l pit on the east s ide of Robin Road, about 200 m south of 
its intersection with Highway B, 1 mile (1.7 km) west of Bakerville, SE!,;NW!,;NW!,; 
s e c .  26 , T. 2 5  N . ,  R. 2 E . ,  Wood County,  on the Marshf i e l d  I S-minut e  quadran
g l e  ( f i g .  1 2) .  

Reference s e c t i on.--Road cut on the northwest s ide of the junction of Grant 
York Road and Romadka Road , about 0 .6  m i l e s  ( 1  km) north o f  the v i l lage o f  
Granton,  SE!,;SE!,;SE!,; s e c .  3 5 ,  T .  2 5  N . ,  R. 1 W. , C lark Count y ,  o n  the Granton 
7 .5-m inute quadrang l e  ( f i g .  1 3) .  The reference s e c t ion is a roads ide d itch 
exposure which contains about 2 m of till of the Bakervil le Member, capped by 
up to 1 0  cm of loess,  and overlying sandstone. 

FIGURE l 2.--Part of the Marshfield 15-
minute quadrang le show in� the loca
t i o n  of  the type s e c t 10n o f  t h e  
Bakerville Member. 

FIGURE 13 .--Part of the Granton 7 .5-
minute quadrang le show ing the loca
t ion of the reference section of the 
Bakervil1e Member. 

D e s c r ipt ion of uni t.--The t i l l  of the Bakerville Member is a cobbly, pebbly 
sandy loam; the less-than-2-mm fraction averages 62 percent sand, 25 percent 
silt,  and 13 percent clay (15  samp les). Its field color is typically reddish 
brown ( 5YR 4/4).  The coarse- sand fract ion averages 6 0  percent igneou s ,  1 1  
per cent metamorph i c ,  and 28 percent se d im entary rock types .  C lay m iner a l s  
average 5 3  percent illite, 8 percent kao linite-chlorite, 1 4  percent vermicu
l ite, and 25 percent smectite (Mode, 1976). 

Nature of contacts.--No multiple till exposures including the Bakerville Mem
ber have been found, but the lower contact of this unit over bedrock has been 
observed to be abrupt. In boreholes,  its lower contact w ith the Edgar Member 
of the Marathon Formation is sharp. 

Differentiat ion from o ther units.--The Bakerville Member is typically redder 
and s andier than e i ther the Wausau or Edgar Member. It is quite s im il ar to 
the Merrill Member, and may be equivalent to it, except that it has more than 
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20 percent sandstone and siltstone c lasts , whereas the Merrill Member has less 
than 1 0  percent. The clay mineralogy of the Bakerville Member is intermediate 
b e tween that of the Wausau and Edgar M embers ( which are s im ilar) and the 
Merri l l  Member. 

Regional extent and thickness.--The Bakervil le Member is the surface unit and 
reaches i t s  greatest  thickne s s  (about 1 0  m) in the Marshf i e l d  moraine of 
southwestern Marathon, northw e s tern Woo d ,  and southeastern Clark Counties. 
Behind this moraine, the Bakerville Member is considerab ly thinner (usually 
le s s  than 5 m) or ab sent,  making i t  very d i f f i cu l t  to map its d i s t r ibut ion. 
Complicating matters is influence of local substrates on the till composition. 
Near the Marshf ield moraine, the Bakerville Member commonly overlies Cambrian 
sandstone, whereas behind the moraine it generally overlies Precambrian rock. 
This difference is reflected in the texture of the Bakerville Member because 
samples from the sandstone area are generally sandy loam whereas samples from 
the Precambrian bedrock area tend toward loam and sandy loam textures and are 
also more yellOW ( less red) in co lor. 

Or igin.--The t i l l  of the Bakerv i l le M ember was depo s ited by the southward 
flowing Chippewa Sub lobe, which terminated at the Marshfield moraine. 

Age.--The Bakerv i l l e  M ember,  whether it under l i e s  or is equival ent to the 
Merrill Member. is more than 40 . 800 � 2000 (ISGS-256) radiocarbon years old; 
thus.  it is at least m id-Wisconsinan in age. 

Correlat ion.-- I t s  p o s i t ion in s equence and i t s  mapped d i s t r ibut ion sugge s t  
that the Bakerville Member may b e  equivalent to the River Falls Formation of 
western Wisconsin; however, the difficulty in demonstrating the age relation
ship of the Bakerville and Merrill  Members. which are adjacent to one another. 
is a caution against such a long-dis tance correlation. 

D e s c r iption o f  type s e c t ion.--The type s e c t ion i s  l o c a t e d  in a grave l p it 
about 200 m to the e a s t  o f  Rob in Roa d .  about 500 m south o f  H ighway B .  Wood 
County.  The quarry i s  an ac t iv e  one and at var ious times  up to 10  m of 
subglac ia l  till and the same amount of supraglacial till have been exposed in 
different faces. The gravel is intimately associated with the supraglacial 
t i l l .  A l s o  expo s e d  under the Bakerv i l le Member is s t ra t i f ie d .  c a l careous 
silt and sand. which has been thrust faulted and drag folded. Under lying this 
stratified material. but not exposed (auger hole).  is calcareous till  of the 
Edgar Member. 

Person naming unit.--William N. Mode. First used as an informal unit name by 
Mode (1976).  and the name is formalized in this report. 

APPENDIX 3b 

MERRILL MEMBER OF THE LINCOLN FORMATION 

Source o f  name.--C ity o f  Merr i l l .  south-central Lincoln County. Located in 
the northwestern part of the Merr ill IS-minute quadrangle. 

Type o f  s e c t i on.--Northw e s t  corner o f  grav e l  p i t  located  north o f  Dug inski 
Road. about 500 m west of the intersection of Du�inski Road with o ld Highway 
5 1 .  I t  is just  north of the town o f  Merr i l l .  SE;,;SE!,;NW!,; s e c .  1 .  T. 31 N • •  R. 6 
E •• Lincoln County. W isconsin. on the Merrill  IS-minute quadrangle (fig. 14). 

Reference section.--Road cut on east side of Highway S. about 1 00 m south of 
i t s  inter s e c t ion w ith Linco ln Driv e .  NW!,;NW!,;NW!,; s e c .  29 . T. 30 N • •  R. 5 E • •  

Marathon County. on the Hamburg 7.S-minute quadrangle (fig. 1 5) .  The refer-
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FIGURE l4.--Part o f  the M er r i l l  1 5-
minute quadrang le show ing the l o ca
t ion of the type s e c t ion o f  the Mer
rill Member. 

FIGURE l 5 .--Part of the Hamburg 1 5 -
minute quadrang l e  show ing the loca
tion of the reference section of the 
Merrill Member. 

ence section is in a roadside d itch exposure, which contains about 1.5 metres 
Df till  of the Merrill Member, capped with about 20 cm of loess,  and overly ing 
Precambrian bedrock. 

D e s c r i D t ion of unit.--The t i l l  of the Merr i l l  Member is a cobb l y ,  pebbly 
sandy loam 1n which the less-than-2-mm fract ion averages 62 percent sand, 28 
percent silt,  and 10 percent clay (21 samples). It is �enerally dark reddish 
b rown ( 5YR 3 / 4  to 2 .5YR 3 / 4) , and the coarse s and 1 1tho logy averag e s  7 1  
percent igneous ,  1 4  percent metamorphic and 1 4  percent sedimentary rock types. 
The av erage c lay m ineralogy i s  53 percent i l l i t e ,  9 perc ent kao l in i t e  plus 
chlorite , 22 percent verm i cu l i t e ,  and 1 6  percent sme c t i te ( S tewar t ,  1 9 7 3 ;  
Mode , 1 976). 

Nature o f  contac t s .--Near the sou thern l i m i t  of the M err i l l  Memb er,  in 
nor thern Marathon County ,  it is qu ite thin and can be s e en in roadcuts to be 
in relatively sharp contact with the underly ing Wausau Member. No exposures 
of the upper contact of the Merrill Member with the overlying Nashville M ember 
of the Copper Falls Formation are known. 

Differentiation from other units.--The Merrill Member has f iner texture than 
the Nashville Member of the Copper Falls Formation, and coarser texture than 
the t i l l s  o f  the Wausau and Edgar M embers o f  the Marathon F o rmat ion. I t  i s  
a l s o  re dder than any o f  the s e .  The color and texture o f  t h e  Merr i l l  Member 
are quite s im ilar to tho s e  o f  the Bakerv i l l e  Member, and the d i s t inct ions 
between these members are a greater content of sandstone and siltstone clasts 
and more smect ite in the Bakerv i l l e  M ember. It i s  p o s s ib le that the s e  two 
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members are equivalent, but there is a large gap between their mapped distri
butions . 

Regiona l extent and thicknes s.--The Merrill Member contains the surficia l  till  
outs ide of the outermo st moraines of Late Wisconsinan age in Langlade, Lin
coln, and eastern Marathon Counties. It is generally less than 10 m ,  thick, 
is t h i ckest  in severa l ,  d i scontinuou s ,  hummocky m o r a ines ( W eidman , 1 9 0 7 ;  
Stewart, 1 973) , and is thinnest toward its southern boundary. 

Origin.--Subglacial and supraglacial t il l  of the Merrill Member was deposited 
by the St. Croix Sub lobe, which flowed south-southeastward in the area where 
the Merrill Member is mapped. 

Age.--A radiocarbon date of 40 ,800 .:!:. 2000 (ISGS-256) was obtained from organic 
s il t  and c l ay ov e r ly ing the M e r r i l l  M ember at Schelke Bog ( S t ewart and 
Mickelson, 1 976) .  Therefore, the Merri l l  Member is  mid-Wisconsinan in age or 
o lder . 

Correlation.--Because the River Falls Formation of wes tern Wisconsin is found 
in a pos ltion s imilar to that of the Merrill Member, it is hypothesized that 
these members are corre lative. 

D e s c r i�t ion of type s e c t i on.--The gravel pit, located north of Duginski Road 
about 5 0 m west of its intersection with old Highway 51 , contains t ill of the 
Merri l l  Member in several strat igraphic settings. The northwestern corner of 
the p i t  exp o s e s  two t i l l  lay er s ,  each 2 t o  3 m thick separated by a thin bed 
(fig.  1 6 ) .  Two t i l l  fab r i c s  were measured here ( S tewar t ,  1 9 7 3 ) ,  and the ir 
strength and uniformity suggest subglacial deposition even though the gravel 
pit is located in an area of hummocky terrain. 

Person naming unit.--William N. Mode. First used as an informal unit name by 
LaBerge and Myers ( 1 9 7 1 ) .  Sub se quent ly used b y  S t ewart ( 1 9 7 3 ) ,  Mode ( 1 9 7 6 )  
and other s .  
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FIGURE l6 .--Type sect ion of the Merrill 
Member (from Stewart, 1973). Fabric 
diagrams are lower hemisphere, equal
area s t ereo net p l o t s  of t i l l - c l a s t  
fab r i c .  F ir s t  contour is 1 s igma ; 
contour interval is 2 s igma. 
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APPENDIX 4 

PIERCE FORMATION 

Source of name.--Pierce County, in west-central Wiscons in. 

Type sect ion.--Same as the Hersey Member, Appendix 4a. 

Ref erence s e c t ion.--Type s e c t ions and reference s e c t ions of the Hersey and 
Kinnick1nnic Members serve as reference sect ions for this formation (Appendix 
4a and b ) .  

D e s c r iption of un it.--The P ierce Formation includes gray calcareous t i l l  and 
assoc iated yellowish brown sand and gravel as well as laminated s ilt and c lay 
o f  glac ia l  lacu s t r ine o r i g in. At the pres ent time,  two memb ers are recog
nized. The o lder, the Hersey Member, contains gray calcareous t ill of western 
o r i g in that averages  42 percent sand,  33 per c ent s i l t� and 2 5  per cent c lay.  
This is  overlain by the Kinnickinnic Member, a laminated lacustrine sed iment 
depo s ited in ice-marg inal lakes , which averages 14 percent sand , 66 percent 
silt,  and 20 percent clay. To date, the sand and gravel in this formation has 
not been studied carefully. 

Nature o� contact s.--This format ion is the surficia l  unit in southern Pierce 
and western Dunn, Pepin, and Buffalo Counties. In northern Pierce and most o f  
S t .  Croix County it i s  overlain b y  the River Falls Formation, which contains 
reddish-brown till and assoc iated sand and gravel from the Lake Superior area. 
This cont a c t  is everywhere sharp and is commonly eros ional in nature.  The 
b a s a l  c ontact is unknown except where the Hersey M ember l ies on Paleo z o i c  
bedrock. 

D i f ferentiat ion from o ther un i t s .--T i l l  o f  this format ion i s  dist inguished 
from t1ll of the over lying River Falls Formation primarily on the bas is of its 
gra y  c o lor. S e c ondary d if f erentiat ion can be made b y  the much higher sand 
content of the R iver Falls Format ion and by the dist inct ive clay mineralogy of 
the Hersey Member. 

Regional extent and t h ickne s s.--The thickness of  the Pierce Formation ranges 
from l e s s  than a metre on the tops o f  some bedrock highs to at least  5 5  m in 
southern Pierce County. The Hersey Member extends to the east as the surface 
deposit into western Buffalo, Pepin, and Dunn Count ies (fig. 2). The northern 
extent of the Hersey Member beneath the River Falls Formation is unknown at 
this  t ime. Howev e r ,  exposures o f  what appears to b e  the Hersey Member have 
been found in southwestern Barron and west-central Polk Counties. Thus, it 
appears that the Hersey M ember was depo s ited b y  the e a s t ern e dge o f  a large 
g lacia l  lobe. The Kinnickinnic Member is confined to the present valleys of 
the Kinnickinnic, Rush, Trimbelle, Chippewa, and Buffalo Rivers (fig. 2). It 
is found at a l t itudes b e l o w  about 366 m and was depo s ited in ice-mar g inal 
lakes on the east side of the g lac ier that deposited the Hersey Member. 

Age and correlation.--Five radiocarbon dates have been obtained from wood and 
peat from within the Hersey Member. Three of the dates are infinite, ranging 
from greater than 38,000 to greater than 45 ,000 B.P., and two are finite dates 
o f  about 30, 000 B.P.  ( B lack , 1 9 5 9 ;  1 9 7 4  and Baker and S impson,  1 9 8 1 ) .  Recent 
p a leomagne t ic invest igat ions , however , sug g e s t  that the finite radiocarbon 
dates are erroneous. Results of alternating-field demagnet ization show that 
b o th the lower Her s e y  and K inn i ck innic Memb ers are rever s e ly magne t i z e d ,  
whereas the upper portions o f  these members have normal remanent magnetiza
t ion. The pos s ib l e  ages o f  th i s  un it are d is c u s s ed in B aker and others ( in 
press). It probab ly was deposited before the I llino ian. 

Person nam ing un i t.--Robert W. Baker. This is the f ir s t  use o f  th i s  un it 
name . 
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APPENDIX 4a 

HERSEY MEMBER OF THE PIERCE FORMATION 

Sour c e  o f  name.--The rural l o c a l i t y  of Her s e y ,  e a s t ern St.  Cro ix Coun t y ,  in 
the northwest quadrant of the W ilson 7.5-minute quadrangle. 

Type of section.--On the west s ide of an abandoned gravel pit, north of High
way 12,  and approximate ly 0.6 miles (1 km) southwest of Hersey, SWl,;SEl,;SEl,; sec. 
2 9 ,  T. 2 9  N ,  R 1 5  W ,  located on the W il son 7 . 5-m inut e quadrangle (fig.  1 7 ) .  

Reference s e c t ion.--Lower t i l l  in Northw e s t ern Railroad cut in the town o f  
Woodv i l l e ,  SEl,;NW!,;NWl,; s e c .  3 5 ,  T. 2 9  N. ,  R. 1 6  E . ,  l o ca t e d  on the Baldw in E a s t  
7 .5-m inute quadrang le ( f ig .  1 8) .  

De s c r iption of unit.--The t i l l  of the Hersey Member is predominantly struc
tureless and in the unweathered state,  strongly calcareous. I ts color ranges 
vertically within the weathering profile from yellowish brown (lOYR 5/4 to 6)  
in the oxidized z one to dark gray ( l OYR 4/ 1 )  in the unoxi d i z e d  z one. The 
Her s e y  Member is deeply weather e d ,  with a s o lum of up to 2.9 m thi ck and 
leaching to a depth of up to 3 .5 m .  The unw eathered H e r s e y  Member is l oam 
averag ing 42 percent sand, 33 percent silt,  and 25 percent c lay rather cons is
tently throughout Pierce and St. Croix Count ies. The weathered Hersey Member 
is typically a clay loam with the part icle-size distribution depending on the 
p o s i t ion in the s o lum. Pebble l i tho logies  average 43 percent igneous , 1 6  
percent metamorphic, and 41 percent sedimentary rock types (samples counted at 
eight s ites). The c lay m ineralogy of the Hersey Member is quite distinct ive. 
In a l l  pro f i l e s ,  verm i cu l i t e  drops to either 5 p er cent or 0 in the lower 
portion of the B horizon and is tota l ly absent from the C horizon. Other c lay 
minerals average 50 to 60 percent montmorillonite, 25 to 30 percent kaolinite, 
15  percent mica ( illite) , 5 to 10 percent quartz ,  and 0 to 5 percent .lihlorite. 

Nature of contacts.--Because it is thick and deeply buried in northern Pierce 
and St. Cro 1x Coun t i e s ,  the lower contact of the Hersey M ember is unknown 
except where the member overlie s  Paleozoic bedrock. The upper contact, where 
it is buried by the River Falls Formation, is a lways sharp, with a truncated 
paleo s o l  in the Her s e y  M ember fre quent ly ob servab l e .  In the major  r iver 
va l leys o f  w e s t -central W i s c ons in, the Her s e y  Member i s  overlain by the 
Kinn ickinn i c  Member,  a g la c iolacust r ine dep o s i t  ( f i g .  2 ) .  The boundary b e 
tween these members i s  commonly o f  a gradational ,  interfingering type. How
eve r ,  in sever a l  expo sures 'in �southern Pierce Coun t y ,  the boundary i s  qu ite 
sharp . 

Differentiation from other units.--The till of the Hersey Member is s imilar to 
gray t i l l  of Late W i s cons inan age depos ited b y  the Grantsburg Sub lobe in 
western W isconsin. However, the two are easily distingu ishable on the bas is 
of s tratigraphic pos it ion, shale content, and by vast ly different sola thick
nes s e s ;  they are everywhere separated by one or more red t i l l  un i t s  and the 
so lum thickness of the Hersey Member is on the average f ive times thicker than 
the Wiscons inan till. The Hersey Member can be distinguished from the over
ly ing R iv er F a l l s  Format ion on the b a s i s  of i t s  dark gray c o l o r ,  i t s  lower 
sand but higher silt content, and its lower vermiculite and higher montmoril
lonite content . 

Regiona l extent and thickne s s .--The Hersey Member is the surface un i t  in 
southern P1erce and western Buffalo , Pepin, and Dunn Counties. Its northern 
extent is unknown due to burial by the River Falls Formation and several units 
of Late W i s cons inan age in the S t .  C r o ix moraine comp lex. However, d e ep 
expo sures of what appears t o  be the Hersey Member have been found in south
western Barron and western Polk Counties. The thickness of the Hersey Member 
is variable, rang ing from less than a metre over uplands to greater than 55 m 
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in s outhern Pierce  County. In many area s ,  however , its exa ct thickness  is 
unknown . 
Origin.--The calcareous nature, color, texture, and clay mineralogy and pebble 
c ontent of the Hersey M ember are typical of g la c ia l  depo s i ts in Iowa and 
M inne s o ta that have northwes t ern sources  (Man itoba ar e a ) .  This is further 
supported b y  t i ll fab r i c  mea surements and the d i s t r ibut ion of the m emb e r ,  
which sugge s t  that it w a s  depo s ited by the e a s t ern edge of a large g l a c i a l  
lobe that advanced into Wisconsin from the northwest. 

Age and corre lat ion.--The Her s e y  M ember may have been deposited before the 
I ll ino ian. See Appendix 4, the Pierce Formation, for details on age determi
nat ion. The Her s e y  Memb er corre lates w ith the "o l d  gray drift",  mapped by 
Ruhe and Gould ( 1 954) in s outheas t ern M inne s o t a  as Kansan in age. In addi
t ion, its co lor, particle-size distribution, pebble, and clay mineralogy and 
degree of s o i l  development are near ly ident i c a l  to the pre- I l l ino ian W o l f  
Creek Formation (Hallberg, 1 980) in eastern Iowa (Baker and others ,  in pres s).  
Description of type sect ion.--The type sect ion is located about 200 m north of 
H ighway 1 2 ,  in a 1 0  m high expo sure on the west s ide o f  an abandoned grave l 
quarry. The soil profile descript ion of the type sect ion is g iven below. 

Depth (m) Horizon Descript ion 

z 0-0 . 20 Ap Very dark grayish brown ( 1 0YR 3/2)  s ilt loam; weak 
granular structure ; very friable;  abrupt smooth 
boundary . 

� H '" 
ell '" 
Z Q) 
8 oS 0 .20-0 .31 ell H 
� 
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0 .31-0.92 

0 . 92-1 . 13 

1 . 13-1 .38 

1 .38-1 .93 

1 . 93-2 .32 

2 . 32-2 . 80 

2 . 80-3 . 1 8  

3 . 1 8+ 

Btl 

2Bt2 

2Bt3 

2Bt4 

2BCK1 

2BCK2 

2C1 

2C2 

2C3 

Dark yellowish brown (10YR 4/4) clay loam to silty 
clay loam; moderate subangu1ar blocky structure ; 
friable , clear wavy boundary . 

Brown to dark brown ( 7 . 5YR 4/4) clay loam; moderate 
prismatic breaking to strong subangular b locky 
structure ; gradual wavy boundary . 

Brown to dark brown ( 7 . 5YR 4/4) c lay loam; strong 
subangular blocky structure ; friable ; clear , wavy 
boundary . 

Yellowish brown (lOY: 5 / 6 )  clay loam; 
subangular blocky structure ; friable ; 
boundary . 

strong 
gradual wavy 

Yellowish brown (lOYR 5 / 6 )  loam; strong angular 
b locky structure ; firm; strongly calcareous ; gradual 
wavy boundary . 

Yellowish brown ( 1 0YR 5/4)  loam ; moderate ,  angular 
blocky structure ; firm; strongly calcareous gradual 
wavy boundary. 

Yellowish brown (10YR 5/4) loam; structureles s ;  
f irm; calcareous ; gradual wavy boundary . 

Yellowish brown ( lOYR 5/4) loam ; structure less , 
mass ive ; very firm; strong ly calcareous;  abrupt wavy 
b oundary . 

Dark gray ( 1 0YR 4/1)  loam; structure les s ;  mass ive ; 
very firm; strongly calcareou s .  



D e s c r iption of r e fe rence s e c t ion.--The referenc e s ection is located at the 
b a s e  of a 20 m high railraod cut in the town o f  Woodv i l l e .  The s o i l  p ro f i l e  
descript ion o f  the reference section is given below. 

Depth (m) Horizon 

� 0-0 .28 A H '" '" '" 
Z ., 
0 0 u .-1 0 . 28-0 . 40 E CI.l H 
:;: --------------------

0 .40-0 . 53 2Btl 

0 . 53-0 .73 2Bt2 

z 0 . 73-1 . 20 2Bt3 0 H H 

� 0 "" ..... ..... 1 . 20-1 . 7 8  2Bt4 
"' .... .-1 H  .-1 
� 
..: '" 

1 . 78-3 . 45 2Cl i> H ..: 

3 .45-5 . 15 2C2 

5 . 15-12. 27 3C3 

� 1 3 . 50-13 . 80 4Btb1 
H ... H ., 

� 1  ..... 
o � ..... 1 3 . 80-1 4 . 00 4Btb2 "" .... >-. H  '" ., u ., ..: H '" ., Ii! :,; 14 . 00+ 4C 

Description 

Very dark grayish brown (10YR 3/2)  s ilt loam; moderate 
granular structur e ;  very friab le ; c lear smooth boundary . 

Brown ( 7 . SYR 5/4) silt loam; weak and fine subangular 
blocky structure ; friable ; c lear smooth boundary. 

Yellowish red ( SYR 4/6 ) light sandy c lay loam ; fine 
and moderate subangular b locky s tructure ; friable;  
s l ightly st icky and s lightly plastic;  gradual smooth 
boundary . 

Yellowish red ( SYR 4/6 ) sandy loam ; medium and 
moderate subangular blocky structure ; friab l e ;  
s lightly sticky and s lightly p last ic;  gradual smooth 
boundary . 

Yellowish red ( SYR 4/6 ) heavy sandy clay loam; 
moderate sub angular blocky structure ; friab l e ;  sticky 
and plast ic;  common , distinct light brown ( 7 . SYR 6/4) 
ped face coatings ; gradual smooth b oundary . 

Yellowish red ( SYR 4/6 ) sandy clay loam; weak 
subangular b lo cky structure ; friable to firm; sticky 
and p lastic ; common ; prominant light brownish gray 
( 1 0YR 6/2) and ( 7 . 5  YR 6/4) mottles • 

Yellowish red ( SYR 4/6 ) sandy clay loam; structure less 
mass ive ; friabl e ;  sticky and plastic;  few prominant 
( 7 . SYR 6/4) mot t les . 

Yellowish red ( SYR 4/6) sandy clay loam; structure less 
mass ive ; friable ; sticky and plast i c .  

Yellowish brown ( l OYR 5 / 8 )  sands , coarse sands and 
gravels ; structureles s ;  s ingle grain; non-calcareous ,  
and brownish yellow sands and gravels ; structureles s ;  
s ing Ie grain. 

Pale brown ( 1 0YR 6/3) sands and gravels ; 
structureles s ;  single grain; calcareous . 

Dark yellowish brown ( 10YR 4/4) clay loam; structure
less mass ive; very firm sticky and plastic ; non
calcareous .  

Yellowish brown (10YR 5/4) clay loam; structureless 
mass ive ; very firm; sticky and plastic ; 
non-calcareou s .  

Dark gray ( lOYR 4/ 1 )  loam; structure less mass ive ; 
very firm; calcareou s .  
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Person naming unit.--Robert W. Baker. This name was first used for this unit 
by Baker and S impson ( 1 9 8 1 ) ,  and is formalized here. 

FIGURE l 7 . -- Part of the W il son 7 . 5 -
minute quadrang l e  show ing the l o ca
t ion of the type s e c t ion of the Her
sey Member. 

FIGURE l 8 .--Part of the Baldwin East 
7 .5-minute quad rang le show ing the 
locat ion of the reference sect ion of 
the Hersey Member. 

APPENDIX 4c 

KINNICKINNIC MEMBER OF THE PIERCE FORMATION 

Source o f  name.--The Kinni ckinn i c  R iver located in w e s t ern St.  Cro ix and 
P ierce C ount ies , t erminat ing in the S t .  C r o ix R iver about 6 m i l e s  ( 1 0  km) 
north of the town of Prescott. 

Type o f  section.--Stream embankment about 400 m north of Highway FF, Pierce 
County, SEl/iSWl,;SWl,; s e c .  1 2 ,  T .  27 N. ,  R.  1 9  W . ,  l o cated on the R iver Fa l l s  W e s t  
7 . 5 -m�nute quadrangle (fig. 1 9). 

Reference section.--Stream embankment about 500 m north of Highway FF, P ierce 
County ,  SWl/iNWl/i s e c .  l 5J T.  2 7  N.,  R. 1 9  W . ,  located on the R iver Fa l l s  W e s t  
7 .5-m �nut e  quadrangle (fig. 20) . 

De s cr iption of un i t.--The Kinnickinnic M ember cons ists of thinly laminated 
calcareous glacia l  lacustrine sediment. I t s  c o lor rang e s  vertica l ly w i thin 
the weathering profile from very dark grayish brown (lOYR 3/2) in the oxidized 
zone to dark gray (lOYR 4/1 )  in the unoxidized zone. The Kinnickinnic Member 
is silt loam, averaging 14 percent sand, 66 percent silt,  and 20 percent clay. 
Because of its h igh s ilt and clay content, the Kinnickinnic Member has a low 
permeability and consequently has undergone rather limited soil development; 
the so lum has a thickne s s  of g enera l ly l e s s  than 2 m and leaching rare ly 
o c curs to depths in exce s s  of 2.8  m. The K innickinn i c  Member averages  50 
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FIGURE 1 9 .--Part of the R iver Fa1 l s  
W e s t  7 . S-minute quadrang l e  show ing 
the locat ion of the type sect ion of 
the Kinnickinnic Member. • 

FIGURE 20 .--Part of the River F a 1 l s  
W e s t  7 . S-minute quadrang le s how ing 
the locat1on of the reference section 
of the Kinnickinnic Member. 

percent montmorillonite, 25 percent kao linite, 15 percent mica ( il lite), and 
10 to 1 5  percent vermiculite. 

Nature of contacts.--The lower contact between the Kinnickinnic Member and the 
Hersey Member, where visible,  is variable, ranging from sharp to interf inger
ing. In areas where it i s  bur ied by the R iver Fal l s  Formation, the upper 
contact of the Kinnickinnic Member is abrupt and sharp. 

Differentiation from other units.--The Kinnickinnic Member is readily dist in
guishab le from other units in western Wisconsin largely on the bas is of its 
d i s t in c t iv e ,  thinly lam inated nature. It can a l so be d if f er ent iated  on the 
b a s i s  of its high s i l t  and c lay content (more than 80 percen t )  and its dark 
gray color. 

Regional extent and thickness.--The Kinnickinnic Member is at elevations below 
about 1200 feet (366 m) 1n the valleys of the Kinnickinnic, Trimbelle,  Rush, 
Chippewa, and Buffalo Rivers. Its distr ibut ion in these valleys is not uni
form due to episodes of cutting and f il ling that have occurred subsequent to 
i t s  depo s it ion. In the K innickinn i c ,  and upper Trimb e l l e  and Rush R iv er 
va lleys, the Kinnickinnic Member is buried b eneath the River Falls Formation. 
Because the lower contact of the Kinnickinnic Member is frequent ly not observ
able, its maximum thickness is unknown. Based on measurements made in vert i
cal exposures and from hand auger ing , its thicknes s  is known to be over 21 m. 

Origin.--The Kinnickinnic Member was deposited in an extensive, interconnect-
1ng network of glac ia l ly dammed lakes .  The glacial advance that depos ited the 
Hersey Member also b locked the drainage of the Kinnickinnic, Trimbelle,  Rush, 
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Chippewa,  and Buffalo River s ,  form ing a s e r i e s  o f  prog l a c i a l  lakes.  As the 
g la c i er retreated from its max imum pos i t ion, these lakes l eng thened to the 
southwe s t .  B a s e d  o n  the distr ibut ion o f  the Kinn i ck inni c  M emb er in the s e  
v a l l ey s ,  the lake comp lex covered an area o f  over 5 80 0  km2 • E s t ima t e s  o f  
sedimentation rates b y  counting varves indicate that these lakes existed for a 
minimum of 1 200 years. 

Age.--The depos it ion of the Kinnickinnic Member probably took p lace in pre
I l l ino ian t ime. S ee Appendix 4, the P ierce format ion ,  for d e t a i l s  on age 
determination. 

Correlation.--No correlat ive is known to exist in either Wisconsin or Minneso
ta at this t ime. 

Description of type sect ion. 
Road FF in a 11 m-high stream 
type sect ion is given below. 

The type section is located about 400 m north of 
embankment. The so il profile description of the 

Depth (m) Horizon Description 

Colluvial 
Material 

Kinnickinnic 
Member 
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0 . 08-0 

0-0 . 16 

0 . 16 -0 . 24 

0 . 24-0 .46 

0 . 46-0 .69 

0 . 69-1 . 20 

1 . 20+ 

A 

Cl 

2C2 

2C3 

2C4 

2C5 

Very dark grayish brown (lOYR 3/2) 
loamy sand ; weak granu lar structure ; 
very friable.  

Black ( 1 0YR 2 / 1 )  loamy sand ; weak 
subangular blocky structure;  very 
friable ; c lear wavy boundary . 

Yellowish brown ( 1 0YR 5 / 6 )  loamy 
sand ; weak subangular b locky 
structur e ;  very friable ; clear wavy 
boundary . 

Brown (lOYR 5 / 3 )  sandy loam with 
many distinct mottles ; platy 
structure ; wavy boundary . 

Yellowish brown ( 1 0YR 5/6)  s ilt 
loam; platy structure ; clear , smooth 
boundary . 

Yellowish brown ( 1 0YR 5/4) s ilt loam 
with many faint 10YR 5 /6 mott les ; 
platy structure ; abrupt boundary. 

Dark gray ( 5YR 4/1)  silty clay loam 
with dark yellowish brown ( l OYR 4/6) 
sandy laminae ; platy structure . 



D e s c r iption o f  reference s e c t ion.--The re ferenc e s e c t ion is located about 500 m north of Road FF , in a 17 m high expo sure on the east  b ank of an 
intermittent tr ibutary to the Kinnickinnic R�ver. The soil profile descrip
t ion of the reference sect ion is g iven below. 

Colluvial 
Material 

Kinnickinnic 
Member 

Depth (m) 

0-0 . 08 

0 . 08-0 . 20 

0 . 20-0 .33 

0 .33-0 .51 

0 . Sl-1 .38 

1 . 38-7 . 84 

7 . 84+ 

Horizon 

A 

AB 

BA 

BW 

2Cl 

2C2 

3C 

Descript ion 

Dark grayish brown ( lOYR 4/2) sandy 
loam; moderate granu lar structure ; 
very friab le ;  clear , wavy boundary . 

Dark grayish brown ( l OYR 4/2) sandy 
loam; weak sub angular blocky 
structure very friab l e ;  c lear , wavy 
boundary. 

Dark yellowish brown ( l OYR 4/4) 
sandy loam, weak sub angular blocky 
structure ; friabl e ;  wavy b oundary . 

Strong brown ( 7 . SYR S/6 ) sandy loam; 
weak subangular blocky structure ; 
friable , abrupt boundary . 

Yellowish brown ( lOYR 6 / 8 )  s ilt loam; 
strong angular b locky structure ; wavy 
boundary . 

Dark gray ( SYR 4/ 1 )  s ilty clay loam 
with dark yellowish brown ( lOYR 4/6 ) 
lamina ; platy structure . 

Olive yellow ( 2 . SY 6/8)  sand . 

Person naming un it .--Rob ert W. Baker. This is the f i r s t  U S e  of th i s  un it 
name 0 
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APPENDIX 5 

RIVER FALLS FORMATION 

Source o f  name.--The c ity o f  R iver Fal l s ,  in the nor thwe s t  quadrant o f  the 
River Falls West 7 .5-minute quadrang le, southern Pierce County. 

Type sect ion.--On the south side of an abandoned gravel quarry 300 m south of 
Road E ,  approxima t e ly 2 . 5  m i l e s  (4 km) northeast  of B a l dwin,  SEl,;NEl,;NEl,; s e c .  
1 8 ,  T .  2 9  N . ,  R .  1 6  W . ,  l o c a t e d  o n  the Emerald  7 .5-m inute quadrang l e ,  S t .  
C r o ix C ounty ( f i g .  2 1 ) .  

Reference s e c t ion.--On the w e s t  s ide of an abandoned gravel pit on Pleasant 
Valley Road, approximately 8 km southeast of River Falls,  swl,;swl,;NEl,; sec. 28 , 
T. 2 7  N. ,  R.  1 8  W . ,  located on the River F a l l s  East 7 . 5 -m inute quadrangle 
( f i g .  22) .  

FIGURE 2l .--Part of the Emerald 7 . 5 -
minute quadrang l e  s ho w ing the loca
tion of the type sect ion of the River 
Falls Formation. 

FIGURE 22 .--Part o f  the River F a l l s  
E a s t  7 . 5-minute quad rang l e  s how ing 
the locat 10n of the reference sect ion 
of the River Falls Format ion. 

Description of unit.--Most of the till  of the River Falls Format ion is struc
tureless basal till. However, loca l ly in St. Croix County the upper port ion 
o f  the un i t  i s  weakly s t ra t if i e d ,  c ontain ing dis cont inuous l en s e s  o f  f ine 
s and,  and is p robab ly of suprag l a c i a l  origin. The co lor of the R iver F a l l s  
till varies vertically within the weathering profile from yellowish red ( 5YR 
4/6) in the arg illic horizon to reddish brown (5YR 4/4) in the C horizon. The 
R iver F a l l s  Format ion is deeply wea there d  w i th so lum thi ckne s s e s  o f  up to 
2.8 m. The unweathered t ill is sandy clay loam averaging 60 percent sand, 15 
percent s i l t ,  and 25 per cent c lay. The weathered River Fa l l s  t i l l  is a l s o  
sandy c lay loam; however, the particle-size varies somewhat depending on the 
po s it ion in the so lum. Pebble  l i tho log ie s average 6 4  per c ent igneou s ,  1 1  

A5-1 



percent metamorphic, and 25 percent sedimentary rock types ( samples counted at 
n ine s it e s ) .  The clay of the R iver Fal l s  t i l l  averages 30 to 40 per cent 
montmorillonite , 20 to 25 percent kao linite, 15  to 20 percent vermiculite, 5 
to 10 percent mica (illite ) ,  and as much as 5 percent quart z. 

Nature of contacts.--The lower contact of the River Falls Formation, separat
ing it from the underlying Hersey M ember, is everywhere sharp and abrupt.  
Likewise, the upper contact between the River Falls Formation and the till  and 
a s so c iated sand and gravel o f  the Late Wis cons inan age St.  Cro ix mora ine i s  
also, where observable, sharp and distinct. 

Differentiat ion from o ther unit s .--The till of the River Falls Formation is 
s imilar to reddish-brown t ill of the St. Croix moraine. However, the two can 
easi ly be dist inguished by their considerably different sola thicknesses. The 
solum thickness on till in the St. Croix moraine rarely exceeds 0.9 m, whereas 
in the River Fal l s  Format ion the so lum common ly exc eeds 2 . 2  m in thi ckne s s .  
The River Falls can b e  distinguished from the under lying Hersey Member on the 
basis of its reddish brown color, its higher sand and lower silt content, and 
its higher vermiculite and lower montmorillonite content. 

Regional extent and thickness.--The River Falls  Formation is the surface unit 
in northern Pierce, eastern St. Croix, and western Dunn Counties. Its north
ern extent is unknown due to bur ia l by the th i ck depo s it s  o f  the S t .  Cro ix 
moraine. The thickness of the River Falls Formation ranges from less than 1 m 
on bedrock up lands to more than 1 0  m in St.  Cro ix County.  In many area s ,  
however, its exact thickness is unknown. 

Origin.--The color, texture ,  and c lay and pebble mineralogy of the River Falls 
Formation are characteristic of sediment derived from the Lake Superior basin. 
This is supported by till fabric data, which suggest that till  of the forma
t ion was deposited by a glac ier that advanced from the north-northeast. 

Age.--The age of the R iver Fal l s  Format ion is unknown. Based on its thick 
solum, it is likely that the R iver Falls is Early W iscons inan or o lder. 

Correlation.--The till of the River Falls Formation correlates with the "red 
drift" of the Hampton moraine of Minnesota, mapped by Ruhe and Gould (1954). 
It a l s o  appears to corre late  with the Hawk Creek Til l of wes t ern M inne s o t a  
(Matsch, 1 97 2 ) .  Correlat ion w ith pre-Late W i s cons inan un i t s  t o  the east  in 
Wisconsin is uncertain at this time. 

Description of type section.--The type section is located about 300 m south of 
Highway E ,  in a l 3 -m-high expo sure on the south s ide of an abandoned grave l 
pit. The soil profile descript ion of River Fal ls till at the type sect ion is 
given below. 

A5-2 



� 
00 
� a 

� 

� � . � 
H 
= a 

.� � ro 
S � a � 
� � � 
ro � 
k 
� 

.� � 

� 
� 
> ro � 0 

� = ro 
� = ro � 

Type Section of River Falls Format ion 

�u (m) Horizon 

0-0 . 20 Ap 

0 .20-0 .38 E 

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

0 .38-0 .76  2Btl 

0 . 76-0 . 96 2Bt2 

0 . 96-1 .40 2Bt3 

1 . 40-2 . 1 6  2C 

--------------------
2 . 16-2 . 81 3Btb 

2 . 81-3 . S0 3C 

Descript ion 

Dark brown ( 1 0YR 3/3)  loam ; weak, granular 
structure ; very friab l e ;  c lear smooth boundary . 

Dark yellowish brown (lOYR 4/4) s ilty clay loam; 
moderate subangular blocky structure ; fr iable , clear 
wavy boundary . 

Dark reddish brown ( SYR 3/4) sandy loam to sandy 
c lay loam; moderate subangular b locky structure ; 
friable , gradual wavy boundary • 

Reddish brown ( SYR 4/4) sandy clay loam; weak 
subangular b locky structure ; friab l e ;  gradual wavy 
boundary . 

Yellowish red ( SYR 4/6 ) sandy c lay loam with grayish 
brown ( lOYR 5/2) inc lusions , weak subangular b locky 
structure ; friable, gradual wavy boundary . 

Yellowish red ( SYR 4/6 ) sandy clay loam with dark gray 
(lOYR 4/ 1 )  and l ight brownish gray (lOYR 6/2)  
inclusions , weak subangular blocky structures ; friabl e ;  
abrupt , wavy boundary . 

Dark brown ( 7 . SYR 4/4) sandy clay loam; moderate ,  
subangular blocky structure;  friable ; gradual wavy 
boundary . 

Dark reddish brown ( SYR 3/4) sandy clay loam to sandy 
loam; strong medium and coarse angular to subangular 
blocky structure ; s lightly compact in place. Few 
lenses of gray till .  
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Description of reference section.--The reference section is located about SO m 
south of Pleasant Valley Road, in a S-m-high exposure on the west s ide of an 
abandoned gravel pit. The soil profile description of the reference section 
is g iven below. 

Wiscons inan 
Loess 

Till 
of the 

RIVER 
FALLS 

FORMATION 

Sand and 
Gravel 
of the 
PIERCE 

FORMATION 

Depth (m) 

0-0 . 23 

0 . 23-0 .35 

0 .3S-0 .40 

0 . 40-0 .94 

0 . 94-1 .3S  

1 . 35-2 . 20 

2 . 20-2 . S4 

2 . 54+ 

Horizon 

Ap 

BA 

2Bt1 

2Bt2 

2Bt3 

2BC 

2CI 

3C 

Description 

Brown to dark brown ( 1 0YR 4/3 ) s ilt 
loam; weak granular structur e ;  very 
friable ; wavy boundary . 

Dark yellowish brown ( 1 0YR 4/4) 
loam; weak subangular b locky 
structure ; very friable ; abrupt wavy 
boundary. 

Reddish brown ( 7 . SYR 4/4) sandy clay 
loam; moderate subangular b locky 
structur e ;  friabl e ;  clear wavy 
boundary . 

Reddish brown ( SYR 4/4) sandy c lay 
loam; moderate subangular blocky 
structure ; friab l e ;  common patches 
of sand; diffuse wavy boundary . 

Reddish brown ( SYR 4/ 4) sandy c lay 
loam; moderate subangular blocky 
structure ;  friab le ;  clear wavy 
boundarie s .  

Yellowish red ( SYR 4/6) sandy loam; 
moderate sub angular blocky 
structure ; friabl e ;  clear wavy 
boundary . 

Reddish brown ( SYR 4/4) sandy clay 
loam; structureless ; very friabl e .  

Olive yellow ( 2 . SY 6/8)  sand . 

Person nam ing unit .--Rob ert W.  Baker. F i r s t  u se o f  this name i s  in this 
paper. This unit was called the Baldwin til l by Baker and S impson (1981) .  
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APPENDIX 6 

ZENDA FORMATION 

Source of name.--The rural locality of Zenda, south-centra l Walworth County, 
located on the Lake Geneva 7.S-minute quadrangle. 

Type section.--Road cut on south side of Highway B, immediately east of inter
section with Hills ide Road, 1.1 m iles (l.8 km) northeast of Zenda, NW!,;NW!,;SW!,; 
s e c .  26 , T. 1 N.,  R. 1 7  E . ,  Walworth County,  located on the Lake Geneva 7 . S 
minute quadrangle (fig. 23). 

FIGURE 23 .--Part of the Lake Geneva 
7 . S-m inu te quadran g l e  show ing the 
locat ion of the type s e c t ion of the 
Zenda Format ion and reference sect ion 
(1)  of the Tiskilwa Memb er. 

Reference sect ions.--The type sections of the Capron and Tiskilwa Members of 
the Zenda Formation, both of which are described in the descriptions of those 
members (Append ixes 6a and 6 b ) ,  s erve as reference s e c t ions. Because both 
m embers are named from l o c a l i t ie s  in I l l ino i s ,  the re ference s e c t ions are 
located in that state rather than in Wisconsin. 

Description of unit.--The Z enda Format ion inc ludes two memb e r s , the Capron 
M ember and the T akilwa M ember. Both con s i s t  ma inly o f  t i l l  that i s  p ink, 
c a l careou s ,  and med ium textured. Till of the T i s k i lwa or upper member i s ,  
however, sandier and more pink, commonly having a SYR hue, in contrast to the 
7.SYR hue of Capron till  (Bleuer, 1 970,  p. J-ll to J-13). Both members appear 
to have more sandy and more silty phases, and both contain some outwash sand. 

Nature o f  contac t s .--L i t t l e  i s  known about the contact r e l a t ionship o f  the 
Zenda Formation with the o lder Clinton Member of the Walworth Formation. The 
contact of the Zenda with the younger New Berlin Format ion ranges from exceed
ingly sharp to gradational. 

D i f f erentiat ion from o ther units.--Tills of this formation are distinguished 
from those of the o lder Walworth Formation and the younger New Ber lin Forma
t ion by the ir p inker co lor and lower sand content. However , in some p l a c e s  
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where the till  member of the New Berlin directly overlies the upper or Tiskil
wa Member of the Zenda Formation it is difficult to dist inguish between the 
two units ; the sandy phase of the Tiskilwa i s ,  in fact,  almost indistinguish
a b l e  in the f i e l d  from New B er l in t i l l  that contains a s s im ilated Tiskilwa 
t i l l .  This  i s  particularly the case  in  much o f  Alden ' s  ( 1 91 8) E lkhorn mo
ra ine , where a thin d i s cont inuous b l anket of New B e r l in t i l l  over l i e s  the 
Tiskilwa Member. General ly,  however, New Berlin till has a higher pebble and 
sand content than the Tiskilwa. 

Regional extent and thickness.--The Zenda Formation has a very limited distri
bution. It occurs at the surface only in Walworth County in the southeastern 
part of the state (fig. 2). On the north and east it is overlapped by the New 
Berl in Formation; isolated exposures of Zenda t ill occur at a number of p laces 
east of this boundary in eastern Walworth and western Racine Counties, but its 
precise geographic distribution in the subsurface is not very well known. 

Or igin.--The Z enda Format ion was depo s ited by g l a c ier i c e  and as s o c ia t e d  
meltwaters o f  the Lake Michigan Lobe. 

Age.--Both members are considered to be Wiscons inan age. The formation may 
range in age from 1 8 , 000 or 20, 000 y ears to 3 0 , 000 or 3 5 , 0 0 0  years. The 
lower, or Capron, Member is considered late Altonian in I llinois because it 
o ccurs between two radiocarbon-dated organic units. The o lder of these (the 
Plano S ilt Member of the W innebago Formation of Illino is) is more than 40,000 
years  o ld ,  and the younger ( the Rob e in S ilt of I l l ino i s )  is as o ld as 2 8 , 0 00 
year s ( W i l lman and Frye,  1 9 7 0 ) .  Thus the age o f  the lower part o f  the Z enda 
i s  e s t imated to be about 3 0 , 000 to 3 5 , 000 years o ld. The upper o r  T i sk i lwa 
Member is considered to have been depos ited in the early part of Late W iscon
s inan t ime, or about 1 8 , 000 to 20,000 years ago. 

Corr e la t ion.--Corre lat ion of the Z enda Format ion w i th other strat igraphi c  
units in Wisconsin i s  unclear. Pos s ib ly the uppermost part of the formation 
correlates with the lower part of the Copper Falls Formation in the northwest
ern part of the state. 

De s c r iption o f  type s e c t ion.--Approximately 2.5 m of the Tiskilwa Member is 
well exposed at the type section of the Zenda Formation; the Capron Member is 
not present.  Two pha s e s  of Tisk ilwa t i l l  oc cur in the c u t ;  one facies  con
t a ins about 42 percent sand , 36 percent s il t ,  and 22 percent c lay and the 
other about 65 percent sand, 24 percent silt, and 11  percent clay. The former 
is m ore t y p i c a l  of the T i s k i lwa in s outhern W i s cons in than the more sandy 
pha s e .  No s ign i f i cant d i f f erence in the c lay-mineral content of the two 
fac i e s  is apparent ; ana l y s e s  of three samp l e s  of the f iner phase b y  H. D. 
Glass of the I llinois State Geological Survey average 24 percent expandable 
c lay m ineral s ,  66 percent i l l it e ,  and 10 perc ent kao linite plus chlor i t e ,  
whereas two samples o f  the more sandy facies average 2 2  percent expandables,  
6 S  percent illite, and 14 percent kaolinite plus chlorite. Both phases have 
the SYR hue that is typical of Tiskilwa till 1n northern Il linois and southern 
Wisconsin. 

Person naming formation. Allan F. Schneider. This is the first use of this 
unit name. 

APPENDIX 6a 

CAPRON MEMBER OF THE Z ENDA FORMATION 

Source of name.--Vil lage of Capron, northeas tern Boone County, Illinois,  lo
cated on the Capron 7 .S-minute quadrangle. 
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TY1e section.--Car.ron North Section, a roadcut 3 miles (5  km) north 
I I  ino H ,  NE!,;SE"SE!,; s e c. 23 , T. 46 N., R. 4 E. ,  Boone County, 
located on the Capron 7.5-minute quadrangle (fig. 24). 

of Capron, 
I l l ino i s ,  

Reference s e c t ion.--Borrow p i t  in SE!,;SW!,;SE!,; s e c .  5 ,  T. 1 N.,  R. 1 5  E . ,  Wa l
worth County, located on the Sharon 7.5-minute quadrangle (fig. 25). Accord
ing to Bleuer (1971 , p. J-1 2 ,  13),  Capron till  overlies medium-grained outwash 
sand with an almost vertical contact. Apparent inclusions of a leached dark
brown loamy material s imilar to the B2 horizon of an older t ill,  pos s ib ly from 
the Clinton Member of the Walworth Formation, were found by B leuer in a zone 
a long and near the conta ct and a l so in p la c e s  in an adjacent roa d s ide expo-
Sure . 

FIGURE 24.--Part of the Capron 7 . 5-
minute quadrang le show ing the loca
t i on of the t y p e  s e c t io n  of the 
Capron Member of the Zenda Format ion. 

FIGURE 25 .--Part of the Sharon 7 .5-
minute quadrang le show ing the loca
tion of the reference sect ion of  the 
Capron Member of the Zenda Format ion. 

D e s c r ipt ion o f  unit.--In I l l ino i s  the Capron T i l l  Member of the W inne b ago 
Formation consists of calcareous pink t ill and calcareous sand (Willman and 
Frye,  1 97 0 ,  p.  6 4 ) .  Two compo s it i ona l phas e s  o f  the t i l l  are recogn i z e d ,  a 
lower s ilty pha s e  and an upper s andy pha s e. The s andy pha s e  contains more 
expandable c lay m ine r a l s  and l e s s  i l l it e  than the s i l ty pha s e ,  whereas  the 
latter contains somewhat more calcite in the c lay fraction (Frye and others ,  
1969,  p. 26 ). The Capron till has an intermediate cobble and pebble content ;  
i t  i s  p ink i s h  gray to reddish b rown in c o l or and i s  mod erately compa c t  and 
b l o cky (Frye and other s ,  1 96 9 ,  p. 26 ) .  Accord ing to B leuer 0 9 7 0 ,  p .  J-ll ) ,  
two phases of the till  can also be recognized in Wiscons in. The lower phase 
contains 24 percent sand, 45 percent s ilt,  and 31 percent clay in the matrix; 
the upper phas e  has 4 0  percent s and, 42 perc ent s il t  and 1 8  perc ent c lay 
( B leuer , 1 97 0 ,  p .  J-l l ) .  F r i cke and Johns on ( in pres s ) a l s o  o b s erved both a 
s il t y  pha s e  and a s andy pha s e  of Capron t i l l  in W i s con s in ,  but they po inted 
out that the textura l d if f erenc e i s  not so marked as in I l l ino i s ;  the lower 
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s il t y  phase contains 27 perc ent s and,  38 perc ent s i l t ,  and 3 5  percent c l a y ,  
whe r e a s  the upper sandy pha s e  h a s  41 per c ent sand , 3 5  per cent s i l t ,  and 24 
perc ent c lay. They g ive the c lay-m inera l  compo s it ion of b o th pha s e s  a s  28 
percent montmo r i l lon it e ,  61  percent i l l i t e ,  and 1 1  percent chl o r i t e  p lu s  
kao linite. The till  i s  moderately compact and calcareous,  as in I llino i s ,  and 
i s  l ight b rown (7 .5YR 6/4)  to b rown ( 7 . 5YR 4/4)  in color.  Nearly 80 percent 
of the pebble as semblage is dolomite, and about half of the stones identified 
by Bleuer (1970,  p. J-1 1) were Niagaran dolomite. 

Nature of contacts.--Little is known about the character of either the lower 
contact with the o lder Clinton Member of the Walworth Formation or the upper 
contact with the Tiskilwa Member of the Zenda Formation. 

Differentiation from other units.--Till of the Capron Member is dist inguished 
from till of both the older Clinton Member of the Walworth Formation and the 
younger Horicon Formation by its finer texture and s lightly darker or p inker 
co lor. It i s  l i tholog i ca l ly s im i l ar to t i l l  o f  the Tiskilwa Member of the 
Zenda Formation, but its color (7.5YR hue) is normally less red than the color 
( 5YR hue )  of the Tiskilwa ( B l euer , 1 9 7 0 ,  p. J- 1 2 ,  1 3 ) .  

Regional extent and thicknes s.--The Capron Member is p r e s ent at the surface 
on ly over a sma l l  area in southwe s tern Walworth County in the southea s t ern 
part of W i s cons in ( f i g .  2). Here it is found in the north-south-trend ing 
Capron Ridge, which enters Wisconsin at the T-juncton of Walworth County with 
Boone and McHenry Count ies, I l l inois. The ridge rises above an outwash plain 
on the east and is apparent ly overridden and truncated by the Darien moraine 
on the north. Along the western margin of the Capron Ridge, the Capron Member 
b lanket s the C l inton Member of the Walwor th Format ion, which o c curs  at the 
surface just west of that margin (Fricke and Johnson, in pres s). Borings on 
the Capron Ridge indicated that the Capron Member ranges from less than 2 to 
more than 1 0  m thick ( B l euer , 1 9 7 0 ,  p. J-12) .  

Origin.--T i l l  o f  the Capron Member w a s  depo s i t e d  by the Lake M ichigan Lobe 
(Frye and other s ,  1 969 , p.  6 ;  B l euer,  1 97 0 ,  p. J - 1 2 ) .  Fricke and Johns on ( in 
pre s s )  have suggested that the upper sandy phase may be ablation till  and thus 
imply that the more s ilty phase might be its basal till  equivalent. 

Age.--The Capron Member is considered to be Early Wisconsinan age. The age of 
the Capron Member has been established by stratigraphic relat ions in I llinois. 
There the un i t  ove r l i e s  the Plano S il t  Member of the W innebago Format ion , 
which is greater than 40 ,000 radiocarbon years o ld, and underl ies the Robein 
Silt,  which is C-14 dated between 20 ,000 and 28,000 years old. 

Correlat ion.--I t  i s  not p o s s ib l e  to corre late  the Capron M ember w ith o ther 
Quaternary lithostrat igraphic units in W isconsin at this time. 

Description of tYDe sect ion.--The Capron North S e c t ion in northern I l l ino i s  
expo s es about 0.9 m of Capron t i l l  sandw iched b etween 0.7  m of loe s s  (above) 
and 1.1 m of calcareous sand. Both the t ill and the sand belong to the Capron 
M ember. The upper third of the t i l l  is leached,  the lower part i s  p ink and 
calcareous (Willman and Frye, 1970, p. 64). 

Persons naming member.--John C. Frye, Herbert D. Glass,  John P. Kempton, and 
H. B. W i l lman (1 969) and forma l ly by H. B. W i l lman and J.  C. Frye ( 1 97 0 ) .  
(This descript ion written by Allan F. Schne ider.) 
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APPENDIX 6b 

TISKILWA MEMBER OF THE ZENDA FORMATION 

Source of name.--Village of Tiskilw a ,  southern Bureau C ounty ,  I l lino i s ,  lo
cated on the Buda IS-minute quadrangle. 

Type sect ion.--Buda East Section, a roadcut S miles (8 km) northwest of Tis
k i lwa , I l l ino i s ,  SE!,;SE!,;SW!,; s e c .  3 1 ,  T. 16 N.,  R. 8 E., Bureau County ,  I l l i
no is,  located on the Buda I S-minute quadrangle. 

Reference sect ion.--(l) Road cut on south side of Highway B immediately east 
of intersect ion w i th H i l l s ide Road , 1 .1 m i l e s  0 .8 km) northeast of Z enda, 
NW!,;NW!,;SW!,; s e c .  26 , T.  1 N. ,  R. 17 E . ,  Wa lworth County,  located on the Lake 
Geneva 7 .S-minute quadrangle (fig. 23). This section also serves as the type 
s e c t ion of the Z enda Format ion and is d e s c r ib e d  in Append ix 6 .  ( 2 )  Road cut 
on south s ide of Lovers Lane Road , immed i a t e ly east o f  T-int e r s e c t ion w ith 
Bowers Road, 3.2S miles (S.2 km) northwest of Spring Prairie, northwest corner 
s e c .  1 3 ,  T. 3 N. ,  R. 1 7  E . ,  Wa lworth C ounty,  loca ted on the Spring f ie l d  7 .S
m inut e  quadrang l e  (fig.- 26 ) .  About 3 m of reddi sh-brown ( SYR 4/4) T i sk ilwa 
t ill is exposed here on the south s ide of  the deep Sugar Creek valley. Local 
relations along the valley strongly suggest that this exposure is in the upper 
part of the Tiskilwa Member, not far below the contact with the over lying New 
Berlin Formation. 

FIGURE 26 .--Part of the S pring f i e l d  
7 .S-m inute quad rang l e  s ho w ing the 
locat 10n of re ferenc e s e c t ion 2 of 
the T i s k i lwa Member o f  the Z enda 
Formation . 

Description of unit.--Till of the Tiskilwa Member in Illinois,  where the unit 
was named , i s  "sand¥. , p ink-tan to reddish tan-brown, and g enera l ly i s  d e s 
cribed a s  pink t i l l ' ( W i l lman and Fry e ,  1 9 7 0 ,  p.  6 8 ) .  T i l l  o f  the Tiskilwa 
Member in Wiscons in . is s imilar. Typically it has a SYR hue, but it ranges in 
co lor from reddish brown ( SYR 4 / 3 ,  SYR 4 / 4 ,  SYR S / 4) o r  y e l l o w i s h  r e d  ( SYR 
4 / 6 )  to brown ( 7 . SYR S/4) , where oxidized.  In a numb er of p l a c e s  i t  i s  about 
m idway b etween SYR 4/4 and 7.S 4/4. Where unoxidized,  it i s  common ly dark 
reddish gray ( SYR 4/2)  o r  w eak red (2 .SYR 4/2) .  The t i l l  i s  s l ight ly to 
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moderately stony. Grain-size analyses indicate that the matrix of the till  is 
loam, having an average composition of about 42 percent sand, 35 percent s ilt,  
and 23 percent c lay. At the f ir s t  referen c e  s e c t ion l i s t e d  abov e ,  a more 
sandy phase of the Tiskilwa is present, in addition to the more typical t il l. 
A single sample of the former contains 65 percent sand , 24 percent silt,  and 
11  percent c lay; in contrast, three samples of the more typical till average 
42 percent sand , 3 6  per cent s i l t ,  and 22 percent c lay. It has not yet b een 
det ermined whe ther the sandy p l a s e  is pre sent e l s ewhere in the area or not 
because o f  the s im i larity b etween T iskilwa t i l l  and t i l l  of the New B er l in 
F o rmat ion that has b een " contaminated"  w i th Tiskilwa t i l l  a s  a r e su l t  o f  
glacia l  erosion and assimilation. The clay minerals average about 1 8  percent 
expandab le clay s ,  67 percent i l lite, and 15 percent kao linite p lus chlorite, 
according to analyses made by H. D. Glass.  

Nature of contacts.--Contacts of the Tiskilwa Member w ith the overlying New 
B er l in Forma t ion are much better known than conta c t s  w i th the o'Lder Capron 
Member. In f a c t ,  a lm o s t  noth ing i s  known about the nature of the b oundary 
between the Tiskilwa and Capron. The contact of the Tiskilwa with the over
ly ing New B er l in F ormat ion i s  g enera l ly sharp. In m o s t  p l a c e s , it invo lve s  
the lower (unnamed sand and grave l )  member o f  the New Ber l in ;  the conta c t  
commonly coincides with or occurs just below the floors o f  gravel p its where 
the sand and grave l un i t  i s  m ined. In p lace s ,  this lower lllemb er of the New 
Berlin Formation is absent, and t ill of the Tiskilwa Member is directly over
l a in b y  t i l l  of the New Ber l in ;  the contact i s  gene r a l ly sharp. In other 
p laces, however, notably where much Tiskilwa till has been incorporated into 
the New Berlin, the contact is gradational and poss ibly unrecognizable. Where 
the s e  t i l l s  are s im i l ar in texture and c o l o r ,  the c ontact can b e  ident ified 
only when the moisture content of  both tills is  moderately high. 

Differentiation of other units.--Till of the Tiskilwa Member is lithologically 
sim�lar, though not ident�cal, to till  of the older Capron Member of the Zenda 
Format ion. Both are pink, medium-textured till with approximately the same 
grain- s i z e  d is tributions.  Capron t i l l  is l e s s  r e d ,  however , a c c o r d ing t o  
B l euer ( 1 9 7 0 ,  p .  J - 1 2 ) ,  norma l ly having a 7 . 5YR hue rather than the 5YR hue 
that is more typical of the Tiskilwa. Tiskilwa til l is readily differentiated 
from b o th the o lder C l inton t i l l  and the y ounger New B e r l in t i l l  by i t s  
pinkish color and distinctly finer texture. 

Region a l  ext ent and thickne s s .--In northern I l l ino i s  (McHenry County) , the 
T�sk�lwa Member compo ses the prominent north-south-trending Marengo moraine, 
which is the outermost moraine of the Harvard Sub lobe (Willman and Frye, 1970,  
p .  1 08 ) .  Just north of the W i s cons in state l ine the Marengo moraine i s  
overlapped by the northw e s t - s ou theast-trending Darien moraine, the terminal 
mora ine of the Delavan Sub lo b e  (Alden, 1 90 4 ,  1 9 1 8 ;  S chne ider,  1 9 82 ) ,  and i t s  
proglacial outwash depos its.  Thus, the Tiskilwa Member extends into Wisconsin 
from I llino is in south-central Walworth County. It is exposed at the surface 
or benea t h  a blanket of the New B e r l in Format ion in a b e l t  roughly 7 to 1 1  
m i l e s  ( 1 1  t o  1 8  km) w i d e  that extends from the state l ine northward t o  the 
K e t t l e  Mora ine or i t s  a s s o c iated outwash depo s it s .  Very probably it is the 
principal till  of Alden's (1918) Elkhorn moraine, which comprises part of this 
b e l t  for a cons iderab l e  dis tance northwe s t  of Lake Geneva. The T i skilwa is 
also known to be present at many localit ies farther east , where it is normal ly 
buried beneath thick drift of the New Berlin and Oak Creek Format ions. Nei
ther typical nor maximum thickness f igures for the Tiskilwa Member are known 
at this time. 

Origin.--Till of the Tiskilwa Member in Wisconsin was most likely deposited as 
a b a s a l  t i l l  by the Harvard Sub lobe of the Lake Michigan Lob e ,  which in 
northern I ll inois terminated at the Marengo moraine (Wil lman and Frye, 1 970).  
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Age.--The age of the Tiskilwa Member is Late Wiscons inan. The unit was prob
ably depos ited between 18 ,000 and 20 ,000 B.P. 

Correlat ion.--Correlation of the Tiskilwa Member with other litho stratigraphic 
un i t s  in W is c on s in is prob l ema t i c .  P o s s ibly the un it corr e l a t e s  w ith the 
lower p art of the C opper F a l l s  Formation in the northw e s tern part of the 
state.  

Description of type section.--The type section of the Tiskilwa Til l Member of 
the Wedron Forma tion is a road cut ,  des igna ted as the Buda E a s t  S e c t ion, in 
the Bloomington moraine of northern I llinois (Wil lman and Frye, 1970,  p. 68-
6 9 ) .  At the b a s e  o f  this cut 1 . 2  m of ma s s ive c a l careous p inkish-tan s andy 
till  containing cobbles and sma l l  boulders is exposed. This till is overlain 
by 1 . 2  m of sand and gravel recognized in I l l inois as part of the Henry 
Formation,  which is overlain in turn by 2.4 m of R ichland Loe s s  (Frye and 
W i l lman , 1 96 5 ,  p. 9 5 ;  W i l lman and Fry e ,  1 9 7 0 ,  p. 6 8 ) .  

Persons naming member.--H. B. Wil lman and John C. Frye ( 970).  (This descrip
t ion written by Allan F. Schneider.) 
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APPENDIX 7 

NEW BERLIN FORMATION 

Source of name.--City of New Berlin, southeastern Waukesha County, Wiscons in, 
located on the Wauke sha, Wauwa t o s a ,  Muskeg o ,  and Hales  Corners 7 .S-minute 
quadrangles . 

Type sect ion.--Gravel pit complex operated by Kohler Pit, Inc., and New Berlin 
Redi-Mix, Inc. on north s ide o f  H ighway I (Lawnsda l e  Road) 0 . 5  t o  1 . 0  m i l e  
( 0 .8 t o  1 .6 km) w e s t  of H ighway Y (Rac ine Avenue) ,  SE!,; s e c .  1 9  and S W !,;  s e c .  
20 , T.  6 N . ,  R. 2 0  E . ,  Waukesha County ,  located o n  the Muskego 7 . S-m inute 
quadrang l e  (fig.  2 7 ) .  

Reference sections.--(l) Gravel pit operated by Robert Stewart in the vil lage 
o f  Fontana, SEiiNW!,;NE!,; sec.  1 5 ,  T. 1 N. ,  R. 1 6  E . ,  W a lw o r th Coun t y ,  located on 
the Walworth 7 . 5 -m inut e  quadran g l e  (fig.  2 8 ) .  ( 2) Grav e l  p it operat e d  by R. 

FIGURE 27 .--Part of the Muskego 7 . 5-
minute quadrang l e  show ing the loca
tions of the type section and refer
ence s e c t ion 3 of the New B e r l in 
Format ion . 

FIGURE 28.--Part of the W al worth 7 .5 -
minute quadrang le showing the loca
t ion of ref erenc e s e c t ion 1 o f  the 
New Ber lin Format ion. 

W. M i l ler & S on s ,  Inc . ,  1 m i l e  ( 1 .6 km) northeast  o f  the c ity o f  Lake Geneva 
on the northwest side of Highway 36 , W� SW!,; s e c. 1 9 ,  T. 2 N., R. 1 8  E . ,  
Walworth County ,  located on the Lake Geneva 7.S-minute quadrangle (fig. 29). 
(3) Gravel pit operated by Valley Sand and Gravel Company south of Highway 1 5  
o n  the w e s t  s ide o f  Highway Y (Ra c ine Avenue) ,  NW!,; s e c .  5 ,  T .  5 N . ,  R .  20 E . ,  
Waukesha County, located on the Muskego 7.S-minute quadrangle (fig. 27). At 
a l l  three of these reference sect ions both the lower ( sand and gravel) member 
and the upper (till) member of the New Berlin Formation are well exposed. The 
lower member is the thicker of the. two units,  general ly reaching a thickness 
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FIGURE 29 .-- Part of the Lake Geneva 
7 .5-m inute quad rang le show ing the 
locat ion of ref erenc e s e c t ion 2 o f  
the New Berlin Formation. 

of 12 or 1 5  m. The upper member commonly ranges from 2 to 8 m thick at these 
sections. The contact between the two units is sharp at all three localities. 
The contact between the lower member and the underlying Tiskilwa Member of the 
Z enda F o rmat ion i s  w e l l  d i s p layed a t  reference s e c t ion 2.  B o th "pure" New 
Ber l in t i l l  and "contamina t e d" New Ber lin t i l l  can a l s o  b e  o b s erved at the 
M i l ler p it .  Other s ignificant a s p e c t s  of the f orma t ion v i s ib l e  at the s e  
reference sect ions are described below. 

Des cription of unit.--The New Berlin Formation cons ists of two principal mem
b e r s ,  a lower sand and g rave l  unit and an upper t i l l  unit. B o th members can 
be recognized throughout m o s t  of the area where the formation i s  at or near 
the surface. Ne i ther un it i s  f o rma l ly d e f ined at this t im e ,  however. The 
upper member typica l ly is gravel ly sandy loam till,  averaging about 58 percent 
s and , 29 p er c ent s i l t ,  and 1 3  perc ent c lay in the matrix ( l e s s -than-2-mm 
fraction). In some places it is considerably more sandy than this,  containing 
a s  much as 7 0  o r  7 2  percent sand. In other p l a c e s , however , it is somewhat 
less sandy and would fall into the &ravelly loam category. Oxidized till is 
yellowish brown (l OYR 5/4 to 7.5YR 5/4 or 7.5YR 4/4) or, less commonly, brown 
(lOYR 5/3) ;  unoxidized till is grayish brown (lOYR 5 / 2  or 2.5Y 5/2). The till 
everywhere is s trong ly c a l c ar e ous and has a pH value of about 8.  The s e  
char a c t er i s t i c s  are due t o  the presence of very large amoun t s  of crushed 
carbonate (dolomite) rock in all s ize fractions. Dolomite pebbles and cobbles 
also dominate the stone assemblage, which inc ludes a wide variety of igneous 
and metamorphic rock types. I l l ite is the principal clay mineral ,  making up 
about 66 percent of the clay-mineral complex; expandable clay and kaolinite 
plus chlorite are nearly equal, each accounting for 17 percent of the tota l ,  
a s  shown by ana lyses  made by H. D .  G l a s s  o f  t h e  I l l in o i s  S ta t e  Geo l o g i c a l  
Survey. In parts of Walworth County, particularly in the area mapped by Alden 
( 1 9 1 8 )  a s  the E lkhorn moraine, New Ber l in t i l l  has a d i s t inct p ink ish cas t ,  
which i s  attributed to the incorporation and assimilation of pink t ill from 
the underlying Tiskilwa Member of the Zenda Formation that is now known to be 
the surface drift in much of Alden's Elkhorn moraine. At several s ites , as at 
the Stewart pit (the first des ignated reference section) , the till splits into 
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t w o  un i t s ,  s eparated from each o ther by dep o s i t s  o f  outwash sand and g ravel 
s im i lar to tho s e  found in the lower member of the format ion. Two d i s c r e t e  
t il l  units , des ignated informal ly a s  1 A  and 1 B ,  have been recognized a t  sever
a l  places along the Lake Michigan shoreline (Mickelson and other s ,  1977).  At 
other loca l i t i e s ,  as a t  the V a l ley S and and Gravel Company p i t  ( the third 
reference section) , some of the till  is conformable with the underlying sand 
and gravel member and some cross-cuts the structure of the gravel (Whittecar 
and Mickelson, 1979).  

Nature o f  conta c t s .--Both the upper and l ower boundaries of the New Ber l in 
Format1on are generally sharp. The lower contact,  with the underlying Tiskil
wa M ember of the Z enda Formation,  is common1¥ the sharper;  it ha s b een ob
served in several gravel pits in southeastern W1sconsin, where the top of the 
Tiskilwa generally marks the floors of the pits. The upper contact, with the 
overlying Oak Creek Formation, is d isturbed or irregular in some places. 

Differentiation from other units.--Till of the New Ber l in Formation is readily 
identified by its abundant pebbles,  sandy texture, brown to yellowish-brown 
c o lor , and high carbona t e  content. It is far more stony,  much sand i e r ,  and 
much more loosely packed than t il l  of the Oak Creek Formation. It is general
ly more stony, les s  s ilty, and lighter in color than the older Tiskilwa Member 
of the Zenda Formation. However, in places where New Berlin t ill has incorpo
r a t e d  much Tiskilwa t i l l ,  i t s  c o lor b ecomes somewhat p ink and the t i l l  i s  
d i f f i cu l t  t o  d i s t ingu ish from the T iskilwa. This i s  part i cular ly true in a 
b e l t  that extends from Lake Geneva to the area north and w e s t  of E lkhorn. 
Both t i l l  units are d e f in i t e ly p r e sent here, and in s ome p la c e s  they are 
d i s t in c t ,  e s p e c ia l ly where they have been found in contact , but in other 
places they are difficult to distinguish. Till of the New Berlin Formation is 
a l so s im ilar t o  t i l l  of the C l inton M ember of the Walworth Format ion. The 
C l inton M ember is o ld e r ,  however, and thus o c cup i e s  a lower s trat igraphic 
pos ition than the New Berlin; also,  its area of surficial distribution is west 
of the Dar ien moraine , ra ther than east  (fig.  2 ) .  A c c ord ing to Alden ( 1 91 8 ) ,  
t i l l  o f  the New Berlin Formation can be distinguished from till  o f  the Horicon 
Formation (deposited by the Green Bay Lobe) by its higher content of Niagaran 
dolomite pebbles. 

Regional extent and thickness.--The New Berlin Formation is widely d istributed 
in southeastern Wiscons in (fig. 2). It is the surface unit throughout much of 
Waukesha and W alworth Count i e s ,  and it is a l s o  present in par t s  of Kenosha,  
Racine, Milwaukee, Washington, and Ozaukee Count ies. Geomorphologica l ly,  it 
c ov e r s  the area b eh ind (nor thea s t  of)  the Dar i en moraine and b e t ween the 
Kettle Moraine on the west and the Valparaiso moraine or its equivalent on the 
e a s t .  I t  extends eastward i n  the sub surf a c e  to Lake M ichigan, a t  l e a s t  in 
places, because it is probably exposed near the base of the shore bluff as far 
south as Sheridan Park in southern Milwaukee County. Whether it is present 
beneath thick depos its of the Oak Creek Formation in eastern Racine and east
ern Kenosha Counties is not known, however. 

The New B er l in Format ion i s  at least  22 m thi ck. The lower unit i s  
genera l ly the thicker of the two units and ranges in thickness from 0 to about 
12 m. Several gravel pits in Wa lworth and Waukesha Count ies expose the full 
thickness of the unit, with both the lower and upper contacts being vis ib le. 
The upper unit of the formation is generally thinner, ranging up to about 10 m 
in thickness. 

Origin.--The lower sand and gravel unit of the New Berlin Formation is inter
preted as a proglacial outwash unit deposited as an outwash plain in front of 
and around the margins of the advanc ing Delavan Sub lobe of the Lake Mich igan 
Lobe (Alden, 1 904, 1918 ;  S chneider , 1982). The upper unit of the formation is 
interpreted as basal till depos ited by the Delavan Sub lobe ,  which terminated 
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at the Dar ien moraine on the s outhwest and a l ong the Kett le Mora ine on the 
west and northwest. Whittecar and Mickelson (1979) have postulated that both 
an "advance" t i ll and a "retreat" t ill are pre s ent in the Waukesha dru m l in 
field, based upon a study of internal structures in the drumlins. The forma
t ion a l so includes thick, c o a r s e  i ce-contact depos it s , .  which reach the ir 
greatest extent adj acent to the Fox River in western Kenosha, western Racine, 
and eastern Walworth Count ies. 

Age.--The New Berlin Formation was depo s ited in Late Wiscons inan time, prob
a b ly b e tw een 1 4 , 00 0  and 1 6 , 0 0 0  B.P. No radiocarbon dates  are ava ilab l e  for 
conf irmation of its precise age, however. 

Correlation.--The New Berlin Format ion is correlated with the Horicon Forma
t ion of the Green Bay Lobe. It is equivalent to a t  lea s t  part o f  the Haeger 
T i l l  M ember of the Wedron Format ion of northe a s t ern I l l ino i s  ( W i l lman and 
Frye,  1 97 0 ) ; the lower part of the forma t ion pos s ib ly correlates  with the 
o lder Malden and Yorkville Till Members of the Wedron Formation. 

Description of type section.--The type section of the New Berlin Formation is 
in the heart of the Waukesha drumlin field. The locality is a compound gravel 
pit,  which formerly consisted of several separate pits but which now are more 
or l e s s  merged into one l arge o p erat ion. Exc ept for some variat ion in the 
thicknesses of the two members of the formation, a s imilar section is present 
throughout m o s t  of the s ite.  The l ower member cons i s t s  of w e l l  sorted and 
s t r a t i f ie d  dep o s i t s  o f  sand and grave l ;  between 1 0  and 13 m o f  th i s  un i t  i s  
w e l l  exp o s e d  in the p i t  w a l l s .  The upper membe r ,  a l though s omewhat f iner 
grained than average, is typical of this part of the formation; it is a highly 
c a l c areous pebb ly l oam conta ining 43 percent s an d ,  37 percent s il t ,  and 20 
percent clay. The upper two-thirds of the t i l l  i s  oxidized to a brown or 
yellowish-brown color; the lower part of the unit is  unoxidized and gray and 
r e s t s  sharply on the sand and grav e l  member. Total  thickne s s  o f  the t i l l  
ranges from 2 to 1 0  m. About 7 to 9 m i s  exposed in the upper part of most of 
the pit wal ls. X-ray ana lysis  of the less-than-0.002-mm clay fraction from 
the till  shows 13 percent expandab le clay minerals,  70 percent illite, and 17 
percent kaolinite plus chlorite (H. D. Glass ,  written communication, 1 982).  

·Person naming format ion.--Allan F. Schneider. This is the fir st use of this 
unit name. 
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APPENDIX S 

OAK CREEK FORMATION 

Source of name.--City of Oak Creek, southeastern Milwaukee County, Wisconsin, 
located on the Greendale, South Milwaukee, Franksville, and Racine North 7.S
m inute quadrangles. 

Type s e c t ion.--Oakwood Road South S e c t ion, a Lake M ichigan b luff expo sure 
b etw een Oakwood Road and E lm Road,  j us t  nor th o f  the Oak Creek Power Plant,  
NE!,;NE!,;NE!,; s e c. 36 , T. S N. ,  R. 22 E . ,  and NW!,; sec.  3 1 , T. S N.,  R .  23 E . ,  
Milwaukee County, located on the Racine North 7.S-minute quadrangle (fig. 30). 

Reference section.--Sheridan Park Section, a Lake Michigan bluff exposure at 
the north end o f  Sheridan Park, just  south of the S t .  Franc i s  Power P l an t ,  
sw!,;NW!,; and NW!,;SW!,; sec. 2 4 ,  T. 6 N., R. 2 2  E., M ilwaukee County, located on the 
South M i lwaukee 7.S-minute quadrangle (fig. 31).  This is the best exposure of 

FIGURE 3 0 .--Part of the Rac ine North 
7 .S-m inute quad rang le show ing the 
locat ion of the type s e c t ion of the 
Oak Creek Format ion. 

FIGURE 31 .--Part of the South Milwaukee 
7 .S-minu te quadrang l e  show ing the 
locat lOn of the reference section of 
the Oak Creek Formation. 

multiple tills along the Lake M ichigan shorel ine in south-eastern Wisconsin. 
Sever a l  t i l l  un i t s  are p r e sent,  includ ing two that b e l ong to the Oak Creek 
Formation (tills 2B and 2C of M ickelson and others, 1977) ,  a thicker 6-m unit 
(2B)  in the lower ha lf o f  the exposure and a thinner 2-m un it ( 2 C )  at or near 
the top of the b luff.  Both un i t s  contain int erbeds of s i l t  and c lay. They 
are separated by a thick sand and gravel unit, which apparently grades upward 
into lacustr ine s i l t s  and s i l t y  c la y s ,  a l l  of which are inc luded in the Oak 
Creek Format ion. Two o lder t i l l  un i t s  (lA and l B  of M i ckel son and othe r s ,  
1 97 7 ) ,  ranging from 0 t o  4 m thi ck ,  a r e  pres ent a t  the b a s e  o f  the b l u f f ,  
where they under l ie a b o u l d e r  lag that separa t e s  t h e s e  un i t s  from the Oak 
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Creek Formation. These older units are distinctly sandier and more stony than 
Oak Creek t ill and are tentative ly placed in the New Berlin Formation. 

De s cr ip t ion o f  un it.--The Oak Creek Formation inc ludes fine-textured glacia l  
t 11l, lacustrine clay, s ilt,  and sand, and some g lac iofluvial sand and gravel. 
Three till units were identified by Mickelson and others (1977 ) ,  but these are 
not formal ly named in this paper. The lacustrine and glaciofluvial sed iments 
seem to be much more chara c t er i s t i c  of the format ion in the east ern part o f  
its areal extent (near Lake Michigan) than farther west, where the unit con
s ists predominantly of till. This till is everywhere strongly calcareous and 
fine grained, commonly containing between 80 and 90 percent silt and c lay in 
the matrix ( less-than-2-mm fraction). Because the relat ive amounts of silt  
and clay vary from place to  place, the texture of the till ranges from s ilty 
c lay through clay loam and s ilty c lay loam to silt loam. Commonly, however ,  
the deposit is s 1lty clay or s ilty clay loam t il l. The average composition i s  
about 1 2  percent sa_d , 4 3  percent s i l t ,  and 4 5  percent c l a y .  Stones are 
g enera lly small and not terr1bly abundant. Oak Creek t ill normal ly has a 1 0YR 
hue i the color of the oxidized t i l l  near ly everywhere i s  b rown ( I OYR 4 / 3  to 
5 / 3 ) ,  ye l lo w i sh b rown ( l OYR 5 / 4  t o  5 / 6 ) ,  o r  dark y e l lo w i s h  b rown ( I OY R  4/4) .  
In a few p la c e s  it has  a 7 . 5YR hue (7 . 5YR 4/4,  b rown).  Wher e  the t i l l  i s  
unoxidized, i t  i s  gray (I OYR 5 / 1 ) .  Illite i s  the dominant clay mineral in the 
l e s s-than-0.002-mm fra c t ion, averaging 7 2  p e r c ent o f  the c lays ; expandab l e  
c lay minerals and kao linite plus chlorite are about equal ,  1 5  percent and 13 
percen t , r e s p e c t iv e ly (R.  D. G la s s , wri t t en commun i cation,  1 9 8 2 ) :  Do lomite  
dominates the pebble as semblage, but the drift contains a considerable variety 
of igneous and me t amorph i c  rock types from the Canad ian Shi e l d ;  b a s a l t  i s  
particularly common. Perhaps the most diagnostic item, however, is the pres
ence of dark gray shale fragments,  which are presumably der ived from the Lake 
M ichigan bas in. 

Nature o f  conta c t s .  T il l  of the Oak Creek Format ion over l i e s  the upper , o r  
till,  unit o f  the New Ber l in Formation. Although the contact is sharp in most 
p la c e s  where it has been ob s erve d ,  in some p la c e s  it is marked by int erbed
d ing , proba b ly produced b y  the incorporat ion o f  thru s t  s l i c e s  o f  the o ld e r  
t ill.  In eastern Kenosha and southeastern Rac ine Counties , Oak Creek till is 
sharply over l a in by lacustrine deposits, inc luding both sandy shallow-water 
sediments and mass ive to laminated and varved depo s its laid down in quieter 
waters  of g la c ia l  Lake Chicago. From M ilwaukee northwar d ,  the Oak Creek 
Format ion is overlain by till  and associated depo s its of the Kewaunee Forma
t ion. In many p lac e s ,  according to soil s c ient i s t s  who have mapped in the 
area,  t i ll of the Oak C reek Format ion c arr i e s  a thin l o e s s  cap. Nowhere i s  
the loes s sufficiently thick t o  extend through the solum, and thus the loess 
is not considered s ignificant enough to be recognized here as a lithostrati
graphic unit. 

Differentiation from other units.--Til l of the Oak Creek Formation is readily 
d i s t ingu i s hed from a l l  o ther t i l l s  in the s tate b y  i t s  co lor (both oxidized 
and unox i d ized) , by i t s  high s i l t-clay cont ent , b y  its abundant dolomite  
clasts, and by  the presence of dark gray to  black shale chips. The underlying 
New B er l in t i l l  i s  much coarser grained and somewhat lighter in co lor than 
t i l l  of the Oak C reek Format ion. The young e r  Kewaunee Format ion t i l l s  are  
d i s t in c t ly more red and g enera l ly lack the sha l e  fragment s found in the Oak 
Creek. 

Regional extent and thickness.--The Oak Creek Formation is found in southeast
ern W isconsin, where it occurs as the surface drift in a north-south belt that 
extends from the I llinois state l ine northward through Kenosha, Racine, M il
waukee, and eastern Waukesha Count ies at least as far as Ozaukee and Washing
t on Coun t i e s  ( f ig.  2 ) .  I t s  w e s t ern limit for much of this  dis tance is the 
Valparaiso moraine, whose distal (western) margin is followed, in general,  by 
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the Fox River. The e a s t ern boundary of the forma t ion from the s t a t e  l ine 
northward to Racine is the plain of g lac ial Lake Chicago. Between Racine and 
Milwaukee the formation extends to Lake Michigan, and from M ilwaukee northward 
the formation is overlapped bl the Ozaukee Member of the Kewaunee Formation, 
which borders the lake in th1s area. In addition to being the surface drift 
in the Valparaiso moraine, Oak Creek till is the dominant constituent of the 
T in l e y  moraine and the s ever a l  Lake Border moraine s ,  a s  we l l  a s  in area s 
between these ridges. East of the front of the Tinley moraine (Alden's outer
m o s t  Lake Border mora ine ) ,  the t i l l  i s  much thi cker than farther w e s t .  A l
though its maximum thicknes s  is unknown, bluff exposures along the Lake Michi
gan shoreline in southern Milwaukee County show that the Oak Creek Formation 
reaches a thickness of at least 35 m in some places. 

Origin.--T il l o f  the Oak C reek Format ion was depo s ited by ice  of the Lake 
Michigan Lobe as it moved west-southwestward out of the Lake Michigan bas in 
and crossed a large area of southeastern Wiscons in. Lacustrine sediment in 
the formation was laid down mainly in proglacial environments during brief 
interval s  of ice-front recess ion. 

Age .--The Oak Creek Format ion was depo s ited dur ing Late W iscons inan time,  
b e tween about 14, 000 and 1 3, 000 and 1 2, 500 B .P .  

Correlation.--The till  of  the Oak Creek Formation correlates with the Wads
worth T i l l  M ember of the Wedron Format ion in I l l ino i s  ( W i l lman and Fry e ,  
1970) ,  with which it is contiguous for many miles along the W iscons in-I llinois 
s ta t e  l ine. Very p robably it i s  equival ent in age to the upper part of the 
Horicon Formation of the Green Bay Lobe. 

Description of type sect ion.--The type section is a bluff exposure along the 
Lake M ichigan shore l ine b etween the end of Oakwood Road and the end of E lm 
Road, immediate ly north of the Oak Creek Power Plant. Numerous mudflows and 
s lump blocks commonly conceal parts of the exposure, but because the beach is 
narrower in the northern part of this shore segment, the Oak Creek Formation 
is generally much better exposed from the ravine at Oakwood Road southward for 
about 600 m than farther to the south. Two to three t ill units are present in 
the upper half of the exposure.  The s e  range in thi ckne s s  from 1 . 2  to 5 .2 m 
and are s eparated b y  layers of s and and g ravel o r  l a cu s t r ine s and and s il t .  
All units in the section belong to the Oak Creek Formation. A sample from one 
o f  t h e s e  t il l  un i t s  contains 7 percent s and, 48 percent s il t ,  and 45 percen t  
c la y ;  i t s  c l ay-mine r a l  compo s it ion i s  1 3  percent expandab l e s ,  6 9  percent 
illite, and 18 percent kaolinite plus chlorite (H. D. Glas s ,  written communi
cation, 1982).  The lower half of the exposure consists mos t ly of lacustrine 
depo s it s --s ilt and f ine s and,  but w i th t i l l  interbe d s .  S ilty c lay loam o r  
s ilty c lay t i l l ,  ranging from less than 1 . 5  m at the north end o f  the exposure 
to 4.6 m thick near the south end, appears to cap the bluff nearly everywhere. 
Bluff height is about 30 m. 

Person naming formation.--Allan F. Schne ider. This is the first use of this 
unit name. 
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APPENDIX 9 

HORICON FORMATION 

Source of name . --City of Horicon, Dodge County, Wisconsin. 

Type section . --Same as the Mapleview Member , Appendix 9a.  

Reference sections.--The type sect ion for the Liberty Grove Member and Maple
v�ew Member serve as reference sect ions for this unit. 

Description of unit.--The Horicon Formation includes till,  assoc iated sand and 
grave l ,  and o ther stra t i f i e d  depo s it s .  The t i l l  i s  genera l ly b rown ( 7 . 5YR 
hue ) o r ,  l e s s  common ly,  reddish b rown ( 5YR hue) and s andy. Sand c ontent 
varies considerably but is general ly between 60 percent and 80 percent. C last 
composition also varies considerably depending on location and the till  facies 
( suprag lac ia l  or sub g l a c ia l )  present. Deta i l s  of pebb l e  l i thology and c lay 
mineralogy are g iven in member descriptions. Most of the area of the Horicon 
Formation has not been studied in detail,  and mean values of c lay percentage 
or other lithologic parameters would be meaningless at this t ime. 

Nature of contacts .--Thi s  formation is the surficial unit in much of south
central Wisconsin (fig. 2). In most of that area the formation lies d irect ly 
on bedrock or sand and grav e l  w i th a sharp cont a c t .  I n  areas c l o s e  t o  Green 
Bay it is overlain by reddish, f iner-grained t ill of the Kewaunee Format ion. 
This contact is usually clear and abrupt. 

Differentiation from other units.--Till of this format ion can be distinguished 
from the overlying Kewaunee Formation fairly readily in the fie ld. The Kewau
nee Format ion i s  r e dder ( 2 . 5  or 5YR hue s )  and f iner gra ined. According to 
Alden (191 8) , the till of the Horicon Formation can be dist inguished from the 
otherwise s imilar New Berlin Format ion (deposited by the Lake Michigan Lobe) 
by its lower percentage of Niagaran dolomite pebbles. 

Regional extent and thickness.--With the except ion of the Copper Falls Forma
t ion, the Horicon Formation covers a larger area of the state than any other 
(fig. 2). It is at the surface in much of eastern Wisconsin and is present in 
numerous se c t ions be low depo s i t s  of the Kewaunee Format ion. No d e t a i l e d  
studies of thickness have been done but in buried valleys,  it is evidently in 
exce s s  of 1 0 0  m thi ck. In places  near i t s  southw e s t ern edge and a l ong the 
Niagaran escarpment it is less than 1 m thick. 

Origin.--The till  of the Horicon Formation was depos ited by ice of the Green 
Bay Lobe. In at least some locations subglacial and supraglac ial facies can 
be iden.tified. Large amounts of sand and gravel are asso c iated with the till  
in counties along its  western extent, but these have not been mapped in enough 
detail to formalize as lithostratigraphic units. 

Age and correlation.--The Horicon Formation was deposited during Late W iscon
s inan time, evidently between 13 ,000 and 18,000 B.P. No radiocarbon dates are 
available to date the deposition of the format ion. The formation correlates 
t ime-stratigraphically w1th the New Berlin Formation of the Lake Michigan Lobe 
and the tw� units are in contact along the Kettle Moraine in eastern Wisconsin. 

Description of type section.--The type section is the same as the type section 
of the Mapleview Member, described in Appendix 9a. 

Person naming unit.--David M. M ickelson. This is the first use of this unit' 
name . 
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APPENDIX 9a 

MAPLEVIEW MEMBER OF THE HORICON FORMATION 

Source of name.--Mapleview Road, a town road running east from Highways 4S,  47, and 52 Just south of Antigo in Langlade County. Located in the northwest 
corner of the Mattoon 7 .S-minute quadrangle (fig .  32). 

Tre section.--Road cut on the south side of Mapleview Road, SE�SW�W� sec. 
3 , T .  31 N.,  R. 1 0  E. ,  Lang lade County l o c a t ed on the Mat toon 7 .S -m inute 
quadrangle. Road cut is just west of intersection of Mapleview Road and Maple 
Roa d  ( f i g .  3 2 ) .  

Reference s e c t ion.--Lower t i l l  in Ski  H i l l  S e c t ion,  road cut at entran c e  to 
County Ski Area off Highway S 2 ,  NW�NW�

. 
NW� s e c .  8 ,  T. 32 N., R. 13  E . ! Lang lade 

County, located on the P ickere I 7.S-minute quadrangle (figs. 33,  34). 

FIGURE 3 2 .--Part s  of the Aniwa and 
Mattoon 7.S-minute quadrangles show
ing the location of the type sect ion 
of the Mapleview Member. 

FIGURE 33 .-- Part of the P i cker e l  7 .S
minute quadrang le s ho w ing the loca
t ion of the Ski Area referen c e  s e c 
tion o f  the Mapleview Member. 

Description of unit.--The bu lk of the Map leview Member con s i s t s  o f  cobb l y ,  
pebbly, silty sand t i l l  with scattered boulders in Langlade County; the frac
t ion sma l l er than 2 mm averag e s  83 percent sand , 13 percent s il t ,  and 4 
percent clay in Langlade County. What is presumably the same unit to the east 
in Oconto County averages 77 percent sand, 19 percent silt,  and 4 percent clay 
and to the south in Shawano County averages 83 percent sand, 14 percent silt,  
and 6 perc ent c la y ,  but mea surements in the s e  two coun t i e s  are from a sma l l  
number of samples. Field colors are generally dull reddish brown ( SYR 4/4) or 
reddish brown (SYR 4/6) but more commonly brown (7.SYR 4/4, 7.SYR 4/6). Peb
b l e  l itho logy averages 33 percent igneous ,  40 percen t  me tamorphi c ,  and 26 
percent sed imentary rock types (18 samples counted). Clay minerals average 6 9  
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percent il lite,  13 percent kao linite plus chlorite 5 percent vermi culite, and 
14 percent smectite (Stewart, 1 973). 

Nature of contacts.--The Mapleview Member is general ly thick, and because of 
poor exposure the lower contact has not been ob served. In the end moraine the 
fil l  �nterf inger s w i th washed s e d iment. Some we l l  logs and reports  by 
Thw a i t e s  ( 1 934)  ind icate  tha t the t il l  g enera l ly over l ie s  s and or s and and 
gravel. In most places the Mapleview Member is the surface material. Subgla
c ia l  till is  overlain by scattered supra g l a c ia l  debris or fluvial sed iment. 
At the ski-area reference section (figs. 33, 34) , where the Mapleview Member 
is overlain by the Nashville Member of the Copper Falls Formation, the contact 
is relatively sharp. 

Different iat ion from o ther uni t s .--The Mapleview Member is s imilar to the 
Nashville Member of the Langlade Lobe, but the Mapleview Member contains about 
25 percent dolomite pebbles , which are nearly lacking in the Nashville Member. 
The Maplev iew M ember i s  d i s t ingu i shed from o lder un i t s  to the w e s t  by the 
greater abundance of carbonates,  illite, and chlorite (Stewart and M ickel son, 
1976). It is distinguished from the younger Kewaunee Formation to the east by 
its brown, less red, color. 

Regiona l extent and thicknes s.--The Mapleview Member is the surface unit from 
the west edge of the Outer moraine in Langlade County eastward at least to the 
Mountain moraine or to the community of Mountain, where a younger unit over
l i e s  it.  To the north,  in Lang lade C ounty north o f  Bryan t ,  the Mapleview 
Member is  covered by the Nashv i l le Member (Ne l s on and M i cke l son,  1 9 74 ,  
M i ckel son,  S tewart and Nel son,  1 9 7 4). The s ou thern extent of this unit i s  
unknown. The unit i s  typically 1 0  m or more thick in end moraine areas ,  but 
its thickness is generally unknown e lsewhere. 

Origin.--The Mapleview Member is till depos ited by glacier ice of the Green 
Bay Lobe. In areas of exposure, the till,  which is probably largely subgla
cial til l,  is overlain in places by a thin discontinuous layer of more sandy 
material interpreted to be washed supraglac ial debris and by a thin layer of 
loess or s lopewash sediment. 

Age.--The Mapleview Member was probably depos ited in Late Wiscons inan time, 
around 1 5, 0 0 0  or 14, 0 0 0  B.P. 

Correlation.--The Mapleview Member is partly contemporaneous with the Nash
v i l l e  M ember o f  the Lang lade Lob e ,  and i t  int erfingers w i th that un it a l ong 
the boundary between the Langlade Lobe and Green Bay Lobe (Mickelson, Nelson, 
and Stewart , 1974). 

Description of type section.--The type sect ion is located about 1 00 m west of 
the intersection of Mapleview Road and Maple Road, about 3 km east of Highways 
4 5 ,  47 and 5 2 .  The roadcut i s  on the south s ide o f  Mapleview Roa d ,  i s  8 m 
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high, and consists entirely of Mapleview subglacial till,  with the exception 
of po s s ib l e  suprag l a c i a l  debris  at the top of the s e c t ion. A samp l e  taken 
4.5 m below the surface contained 8 percent igneou s ,  39 percent metamorphic,  
and 53 percent sedimentary clasts in the pebble fraction. This proportion of 
sedimentary rock i s  large compared to most of the other samples in Langlade 
County. A sample collected 2.5 m below the surface contained 80 percent sand, 
16 percent s ilt,  and 5 percent c lay in the less-than-2-mm fraction ( less-than-
2-micrometre clay). When the exposure was described vegetation covered much 
of the cut and any stratification or variab ility that might be present was not 
observed.  

Person nam ing member.  Dav id M icke l son. Name was first used informally by 
McCartney and Mickelson (1982). 

APPENDIX 9b 

LIBERTY GROVE MEMBER OF THE HORICON FORMATION 

�S�o�u�r�c�e�o�f�n�a�m�e.--Liberty Grove Township,  northern Door C ounty , W i s cons in, 
located on the S ister Bay, Ellison Bay, and Washington Is land IS-minute quad
rangles . 

Type s e c t ion.--Road cut on north s ide of Waters  End Roa d ,  j u s t  w e s t  of the 
inter s e c t ion w i th Highway Z Z ,  3 m i l e s  (4.8 km) northeast of S i s ter Bay,  
SEl,;SEl,;NWl,; sec.  3 5 ,  T. 32  N.,  R .  28 E. ,  Door Coun t y ,  located on the  S is t er B ay 
IS-minute quadrangle (fig. 35). 

Reference sections.--(l) Road cut on north side of Hill Road, just west of T
inter s e c t ion w i th Highway Z Z ;  SEl,;SEl,;SWl,; s e c .  3 5 ,  T.  32 N.,  R. 2 8  E . ,  Door 
County, located on the S ister Bay IS-minute quadrangle (fig. 35). This cut is 
s imilar to the type sect ion, expos ing 3-4 m of calcareous brown (7 .5YR 5/4 to 
10YR 5/3)  coarse-grained till  in a drumlin of the Liberty Grove drumlin field, 
well known to local residents as the Hill Road drumlin. (2) Road cut on north 
s ide of Hi�hway H, about 0.5 mile (0.8 km) east of intersection of Highways H 
and XC , SE'1;SEl,;SWl,; s e C .  2 ,  T. 26 N.,  R. 24 E . ,  Door County ,  l o cated on the 
Brus s e l s  7 . 5 -m inute quadran g l e  (fig.  3 6 ) .  From 3 to 4 m o f  light y e l lo w ish
brown ( l OYR 6 / 4 )  s andy t i l l  is expo sed f or a d i s tance o f  more than 200 m in 
this relatively fresh cut. 

De s c r iption o f  un it.--The L iberty Grove Member contains coarse-grained till,  
b e s t  d e s c r ibed textura l ly a s  pebb ly s andy l o am. Because o f  its abundant 
stone s ,  road cuts and other exposures generally g ive the impress ion that the 
material is gravel ,  rather than till. In many places, particularly where the 
t i l l  i s  thin and res t s  d ire c t ly on bedrock, it i s  a very rubb ly depo s it 
containing many subangular pebbles,  cobbles,  and boulders. Most of the c lasts 
are dolomite deriv e d  from the under l y ing S ilurian un i t s .  A count o f  1 1 7  
boulders more than 6 inches i n  d iame t er reported b y  Thw a i t e s  and Ber trand 
(195 7 ,  p. 843) from till in southern Kewaunee County showed 73 percent Niaga
ran dolomite, 8 percent light-colored igneous rocks , 16 percent dark-colored 
igneous r o ck s ,  and 3 percent m i s c e l laneous rock types.  Based  on a l im i t e d  
number of ana lyses , the matrix o f  the till ( less than 2-mm fraction) contains 
b etween 50 and 6 0  perc ent sand, but in many p la c e s  the s and c ontent may b e  
higher. About 3 0  t o  4 0  percent o f  the matrix i s  s i l t ,  and the c la y  content 
rang e s  from 5 to 1 5  percent. X-ray ana ly s e s  by H. D. G l a s s  o f  the I l l ino i s  
State Geological Survey ind icate that the till averages 16 percent expandable 
clay mineral s ,  6 5  percent illite,  and 19 percent kao linite plus chlorite. The 
co lor o f  the t i l l  ranges from l ight brown ( 7 .5YR 6 / 4 )  or brown ( 7 . 5YR 4 / 4  to 
5/4 or 1 0YR 5/3) to light yellowish brown (l OYR 6/4) or yellowish brown (lOYR 
5/4). Commonly it is almost exactly midway between 7.5YR 5/4 and 10YR 5/3 on 
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FIGURE 3 5.--Part of the S i s ter Bay 1 5 -
m inu t e  quadrang l e  showing the loca
t ions of the type section and refer
enc e  s e c t ion 1 of the Liberty Grove 
Member of the Horicon Formt ion. 

FIGURE 36 .--Part of the Bru s s e ls 7 .5-
minute quadrang le show ing the loca
t ion o f  referenc e s e c t ion 2 of the 
Lib erty Grove Memb er of the Horicon 
Format ion. 

the Munse l l  char t s .  I n  many p la c e s  it h a s  a p a l e  p inki s h  o r  s a lmon c a s t ,  
which i s  attributed to the incorporation of ground-up Niagaran dolomite. 

Nature of contacts.--The Liberty Grove Member rests on bedrock at a l l  locali
t i e s  where the base of the un i t  ha s b een s e en. In most  of the s e  p la c e s  it 
overl ies Silurian dolomite of the Alexandrian or Niagaran S er ies , but it has 
a l s o  b e en "found in conta c t  w i th the Maquoketa Format ion of Lat e  Ordovic ian 
a�e. Where it is not the surface depos it, the Liberty Grove general ly under
l l. e s  c a l careous red clayey t i l l  of the Kewaunee Format ion,  e s p e c ia l ly the 
Glenmore Member of that formation. In some places it probably underlies the 
Two Rivers Member. At a few s ites in Door County it underlies an unnamed p ink 
sandy t ill of unknown origin and d istribution. The contact with the Glenmore 
Member is generally sharp; the contact with the pink till is sharp to diffuse. 

Differentiation from other units.--The Liberty Grove Member is fairly s imilar 
to the Ma�leview Member of the Horicon Formation. Til l of the Liberty Grove, 
however, l.S finer grained and distinctly lighter in color, ranging from brown 
(7.5YR hue) to yellowish brown (lOYR hue) ,  whereas Mapleview till  ranges from 
b rown ( 7 . 5YR hue) to r e dd i sh b rown ( 5YR hue) .  L i b e r t y  Grove t i l l  d iffers 
greatly from the fine grained reddish-brown till  of the Glenmore Member and 
o ther members o f  the Kewaunee Formation; the Liberty Grove is much coarser 
grained and much lighter (more yellowish) in color than the Kewaunee units. 

Regional extent and thickness.--The Liberty Grove Member i s  b e s t  known from 
nor thern Door Coun t y  (f ig .  2 ) , where i t  i s  the surf i c ia l  depo s i t  throughout 
much of the area north of S turgeon Bay ( S chneider,  1 9 8 1 ) .  It extends s outh
ward, mainly as a subsurface unit beneath the Glenmore Member of the Kewaunee 
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Formation, through southern Door County and at least as far south as central 
and southern Kewaunee County. The Liberty Grove is a thin unit and is gener
a l ly less than 3 m. thick in much of Dopr County. Although its ma'.'imu,!, thic�
ne s s  i s  unknown, 1n some place s ,  a s  1n the L 1berty Grove drum 1 1n f 1 e l d ,  1t 
probably ranges up to 10 m thick. 

Origin.--The L iberty Grove Member of the Hori con Forma t ion is g la c ia l  t i l l  
deposited b y  ice o f  the Green Bay Lob e ,  which c r o s s e d  northern Door C ounty 
f l o w ing in a direct ion of S. 5 °  to 2 0 ° E.  ( S chne ider,  1 98 1 ) .  

Age.--The Liberty Grove Member is Late Wisconsinan age. Although unconfirmed 
b y  radio carbon dat e s ,  the Liberty Grove Member was likely d e p o s i t e d  about 
1 4 , 000 to 1 5, 00 0  years B.P.  

Correlation.--The Liberty Grove Member is correlated with the Mapleview Member 
of the Horicon Formation, which has been mapped on the west side of the Green 
Bay lowland. Very likely, it is equivalent to the informally named Wayside 
till  recognized by McCartney and M i ckel son ( 1 9 82 )  in southern Brown County. 
The Liberty Grove is part of the wide spread t i l l  of the Door P en insula that 
was placed in the Cary Substage by Thwaites and Bertrand (1957).  

Description of type section.--The type section of the Liberty Grove Member is 
a road cut through a 20-foot high drumlin in the Liberty Grove drumlin f ield 
(Kowalke, 1952 ;  Thwaites and Bertrand, 1 957 , p. 847 ; Schneider, 1 981). About 
3 m of till  is well exposed. Although the cut on the north side of Waters End 
Road s e rv e s  a s  the t ype s e c t ion , the un i t  i s  a l s o  w e l l  expo s e d  on the s ou th 
s ide of the road. Both cuts have remained free of vegetat10n for many years ,  
and the exp o s e d  drift i s  very typ i c a l  o f  the Liberty Grove M ember a s  i t  i s  
described above. The clay-mineral composition o f  the t i l l  here is 16 percent 
expandab l e  c l ay s ,  6 7  perc ent i l l i t e ,  and 1 7  perc ent kao l in i t e  and chlorite 
(H. D.  Gla s s ,  written communication, 1 982). 

Person naming member.--Allan F. Schnei der. This is the f ir s t  forma l use o f  
this unit name. The name was used by Schneider (1981). 
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APPENDIX 10 

KEWAUNEE FORMATION 

Source of name.--Kewaunee County,  Wisconsin. 

Type section.--The Kewaunee s ite located in the lake bluff at the south edge 
of the c ity of Kewaun e e ,  NE�SE�SE� s e c .  1 9 ,  T. 23 N. , R. 25 E . ,  Kewaunee 
County, located on the Kewaunee 7.5-minute quadrangle (fig. 37). 

FIGURE 37 .--Part of the Kewaunee 7 . 5 -
minute quadrang l e  show ing the loca
t ion of the type s e c t ion of the Ke
waunee Formation. 

Reference section.--All type sections of included members described in Appen
d ixes  1 0  a ,  b ,  c ,  d ,  e ,  f ,  g ,  h ,  and i. 

D e s c r iption o f  unit.--The formation con s i s t s  of the Two R iver s ,  Va lder s ,  
Haven, Ozauk e e ,  G l enmore , C h il ton, Branch R iver , M i dd l e  In l e t ,  K irby Lak e ,  
S ilver C liff Members, and several unnamed members. All t i l l  in the formation 
is charac te r i z ed by b rown (7 . 5YR 5 / 4) or reddish b rown ( 5Y R  4/4)  color.  A l l  
o f  the till  and assoc iated depos its are calcareous but have varying amounts of 
sand, s ilt,  and c lay ( see member descriptions). 

Nature of conta c t s.--The Kewaunee Format ion is at the surface over much o f  
northeast Wiscons in. In places i t  i s  overlain by younger organic and alluvial 
depo s it s  of an unnamed form a t i on. The b a s a l  conta c t  o f  the format ion is 
g enerally distinct.  

Different iation from other units.--Although the Kewaunee Formation is variable 
in c o l o r ,  it is nearly everywhere more red than the under ly ing Hor i con, New 
Ber l in ,  or Oak Creek Formations. It has significantly less sand than depos its 
of the Horicon or Waukesha Formation and about the same or s lightly more sand 
than the Oak Creek Formation. Propert ies of individual members are given in 
Append i c e s  1 0  a ,  b ,  c ,  d ,  e ,  f ,  g ,  h ,  and i. 

Region a l  extent and thickn e s s .--The Kewaunee Formation varies in thickness 
from less than 1 m to at least 18 m thick. Its extent is shown in f igure 2. 
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O r igin.--The Kewaunee Format ion contains t i l l  depo s it e d  by ice of the Lake 
Michigan and Green Bay Lobes. In many places subglacial t ill is present but 
supraglacial till is present loca l ly. The formation also contains sand and 
gravel that is fluvially deposited and sand, s ilt,  and c lay that was deposited 
in a lacustrine environment. 

Age and corre lat ion.--The format ion is the t ime equivalent to parts of the 
Wedron and Lake Michigan Formations of Illinois and the younger parts of the 
Copper Falls Formation in northern W isconsin. It includes the Two Creeks Bed 
which is dated at about 1 1 , 80 0  B.P. ,  and so is  b o th o lder and younger than 
this. The maximum age of the unit is not f ixed with precision but is probably 
1 3 , 0 0 0  to 1 2 , 500 years.  I t s  minimum age is probably about 1 1 , 00 0  to 1 1 , 40 0  
years. This formation is equivalent t o  what was called the ''Valders till" by 
many writers after Thwaites ( 1 943). 

Description of type section.--The type section is a lake bluff exposure at the 
south edge of the city of Kewaunee and can be reached by walking from Highway 
42 toward the lake bluff along a line of Lombardy poplar tree s ,  then walking 
south a l ong the b lu f f  top about 1 00 m. At the top o f  the s e c t ion is 2 t o  
2 . 5  m o f  t i l l  o f  the T w o  R ivers  M ember. This over l ie s  a sma l l  expo sure o f  
organic mater ia l about 0 . 2  m thi ck. In p l aces  this over l ie s  about 1 m o f  
oxidized grave l .  Below this i s  3 . 5  m o f  unoxidized (gray) t i l l  o f  the Haven 
Member. This overlies 1 .5 m of gravel and then 3 m of what is presumed to be 
unoxidized t i l l  o f  the O z aukee Memb er. This t i l l  over l ie s  5 m o f  p o o r ly 
laminated s ilt and c lay with some f ine sand beds. This laminated sediment and 
an underlying till are not clearly associated with the Kewaunee Formation and 
the b a s e  o f  the f ormation i s  now a s sumed t o  be a t  the top o f  the lamina ted 
sediment . 

Person nam ing un it.--Dav i d  M icke l son. This is the f i r s t  use o f  this un i t  
name . 

APPENDIX lOa 

OZAUKEE MEMBER OF THE KEWAUNEE FORMATION 

Source of name.--Ozaukee County, Wiscons in, on the shoreline of Lake M ichigan. 

Type section.--Lake Park Section, immediately north o f  the Port Washing ton,  
W is co n s in Harbor,  NW�SE�NE� sec.  28,  T.  1 1  N.,  R. 22 E . ,  O z aukee Coun t y ,  
located o n  the Port Washington East 7 .S-minute quadrangle (fig. 38). 

Reference s e c t ion.--Virmond Park S ec t ion, NE�NE�SW� s e c .  2 8 ,  T.  9 N., R. 22 
E . ,  O z aukee C ount y ,  loca ted on the Thiens v i l l e  7 .S-minute quadrang le ( f ig .  
3 9 ) .  About 23 m o f  Ozaukee t i l l  over l ie lake s e d iment and o lder t i l l  at the 
top o f  the b lu f f .  

D e s c r iption of unit.--The O zaukee Member contains pebbly, clayey, and s ilty 
till  and associated lake sediment. The color of its c lay fract ion ranges from 
l ight reddish brown ( SYR 6 / 3 )  or p inkish gray ( SYR 6 / 2 )  to l ight gray ( l OYR 
6 / 1 ) .  The t i l l  rang e s  from hard and b lo cky t o  crumb ly when dry and 1 S  very 
plastic when wet. Most exposures occur on the faces o f  s lump scarps. 

The t i l l  o f  the O zaukee Member c ontains numerous dolomite pebb l e s  and 
cobb l e s  and a les ser quan t i t y  o f  igneous rock type s .  The un i t  c ontains an 
average o f  1 3  perc ent sand , 47 percent s il t ,  and 40 perc ent c lay. X-ray 
analys is. of the relative quantities of selected c lay minerals,  reveals 20 to 
30 percent expandables, 50 to 63 percent illite, and about 20 percent kaoli
nite and chlorite (Acomb, Mickelson, and Evenson, 1 982).  

AIO-2 



FIGURE 38.--Parts of the Port Washing
ton East and West 7 .S-minute quadran
gles showing the locat ion of the type 
sect ion of the Ozaukee Member. 

FIGURE 3 9 .--Part of the Theinsv i l l e  
7 .S-minute quadrang le show ing the 
loca t l.on of the V irmond Park refer
ence sect ion of the Ozaukee Member. 

Nature o f  contacts .--The l o wer c ontact of the O zaukee Member is s omewhat 
gradational where the underlying material is of similar grain size (clay and 
silt)  and sharp when the underlying material is coarser grained sediment (sand 
or grave l ) .  

In Milwaukee and O zaukee Counties the Ozaukee Member i s  the surface unit. 
The s e d iment exp o s e d  south o f  Kewaunee that is correlated w ith the O zaukee 
Member has distinct upper and lower contacts but north of Kewaunee the con
tacts are less distinct. 

Differentiation from other units.--The Ozaukee Member is most easily differen
t iated from the gray o lder un i t s  o f  the area b y  i t s  red c o lor. It c an b e  
d i s t ingu ished f r o m  the younger ( a l s o  r e d )  t i l l  un i t s  b y  i t s  f ine grain s i z e  
and high illite percentage (Acomb , Mickelson, and Evenson, 1982). 

Regional extent and thickne s s .--The Ozaukee Member is present at the top of 
the Lake Michigan coastal bluff from Milwaukee northward to about the Ozaukee
S heboyg an county l ine. In t h i s  area the member exten d s  inland to Alden ' s  
(1918) red t ill boundary which roughly parallels the ice marginal Milwaukee 
River. Thi s  boundary def ine s a wedge o f  red t i l l  increa s ing in width from 
about 1 .6 km in the Milwaukee area to almost 14.S km north of Port Washington 
( f i g .  2 ) .  North o f  the O zaukee-Sheboygan county line the un it i s  corre lated 
w ith s imilar material which crops out in the Kewaunee County lake bluff and 
pos s ibly with material reported in boreholes at Haven, Wiscons in. 

The member varies in thickness from about 
mond Park) t o  only 2.4 m in other locations.  
member has an average thickness of about 9 m. 

A10-3 

19.5 m (at Shorewood and Vir
In sho r e l ine exposures the 



O r igin.--The O zaukee Member cont a ins basal  t i l l  depo s ited by ice f l o w ing 
southward in the Lake M i chigan b a s in and a s s o c iated f luvial and lacustrine 
depo s its . 

Age.--Radiocarbon dates from the Ozaukee Member do not exist. However, if the 
un1 t  correlates  w ith the material overly ing the Cheboygan Bryophyte Bed o f  
Michigan (Farran d ,  Zahner ,  and B enninghof f ,  1 9 6 9 ) ,  an age o f  about 1 2 , 9 0 0  
years i s  suggested. 

Corre la t ion.--The Ozaukee M ember may be corr e l a t iv e  wi th the Shorewood or 
Member named by Lineback and others (1 974) in the Lake Michigan basin and with 
units of similar texture and mineralogy in M ichigan (Taylor, 1 97 8). The unit 
is the time equivalent of the Branch River Member of Green Bay Lobe (Appendix 
1 0e ) . 

D e s c r ipt ion of type s e c t ion.--At the type s e c t i on at Lake Park the Ozaukee 
Member is exposed in the upper portion of the bluff bordering Lake Michigan. 
Total bluff height above Lake M 1chigan is approximately 37 m. The upper half 
of the bluff exposes the Ozaukee Member, the lower half is s lumped material. 

Person naming unit.--Larry Acomb and David M. Mickelson. 
fust used mformal ly by Acomb (1 978) , and subsequent ly 
and Even s on (1982). 

APPENDIX lOb 

This unit name was 
by Acomb, Mickelson 

HAVEN MEMBER OF THE KEWAUNEE FORMATION 

Source of name.--The rural locality of Haven, Sheboygan County, located on the 
Sheboygan North I S-minute quadrangle. 

Type section.--Nuc lear Power P lant site in the lake bluff , NWl,;NWl,;NE!,; sec. 22 , 
T. 1 6  N. ,  R. 23 E . ,  located on the Sheboygan North 7 .S-minute quadrangle ( f ig.  
40) . 

Reference s e c t i on.-- ( l )  In the lake b luff,  s e c s .  7 and 8 ,  T. 1 8  N.,  R. 23 E . ,  
l o c ated o n  the Manitowoc 7 .S-minute quadrang le ( f i g .  4 1 ) .  Here about S m o f  
lake sediment and discontinuous Valders til l overlie about 1 5  m o f  Haven till.  
The Haven t ill extends to beach level in the s outhern one-half of the sect ion. 
( 2 )  In the lake b luff NE!,; s e c .  3 1 , T. 23 N., R. 2 5  E . ,  located on the Kewaunee 
7 .5-minute quadrangle (fig. 42). Here about 2 m o f  Two Rivers till are at the 
top o f  the b luff , underlain b y  about 2 m o f  lake s e d iment. Haven t i l l  about 
2 m thick underl ies this and is in turn underlain by lake sed iment and Ozaukee 
till (Acomb, Mickelson, and Evenson, 1 982) . 

Description of unit.--The Haven Member is primarily pebbly, sandy and clayey 
s i l t  t i l l .  I t s  c lay fract ion var i e s  in co lor from l ight .l'ink ish gray ( 5YR 
7 / 2) to pale red and l ight reddish b rown ( 2 . 5YR 6 / 3 ;  5YR 6 /3 ) .  When dry the 
un it var ies from hard and b l ocky to crumb ly and when wet the un it is qu ite 
plastic . 

Numerous dolomite p ebb l e s  and cobb l e s  and Some igneous rock type s are 
f ound throughout the member. The Haven t ill is composed of approximately 15 
percent sand, 56 percent silt,  and 28 percent clay. Semiquantitative analysis 
of s e lec ted c lay m inera l s  shows an average i l l ite c ontent of 56 perc ent and 
more expandables (25 percent) than kao linite and chlorite (19 percent) (Acomb , 
Mickelson and Evenson, 19 82). Lacustrine sediment in the unit is present, but 
has not been described. 

Nature of contacts.--The upper and lower contacts of Haven Member range from 
sharp to diffuse depending on the grain s ize dis tribution of the neighboring 
materia l .  
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FIGURE 40.--Parts of the Howards Grove 
and Sheboygan North 7 .5-minute quad
rang les  show ing the locat ion o f  the 
type section of the Haven Member. 

FIGURE 4l .-Part of the Manitowoc 7.5-
minute quadrang le sho w ing the l o ca
t ion of referen c e  s e c t ion 1 of the 
Haven Member. 

Dif feren t i a t ion from other un it s.--The Haven Mamber is most easily dist in
guished from the very s imilar Ozaukee, Valder s ,  and Two R ivers Members by its 
grain size and clay mineralogy. It has less clay than the Ozaukee Member and 
less sand than either the Valders or the Two Rivers Member. Its c lay mineral
ogy makes it almost indistinguishable from the Ozaukee Member; however, it has 
distinctly less expandab le c lay than either the Valders or Two Rivers Member. 

Regiona l ext ent and thicknes s.--The Haven Member is almost continuous ly ex
posed in the eroding shoreline buffs o f  Lake Michigan, from south o f  Sheboy
gan, Wiscons in, to north of Algoma, Wisconsin. It is the till exposed below 
the Two Creeks Forest Bed at Two Creeks, Wisconsin (Goldthwait, 1 907;  Thwaites 
and Bertrand, 1 9 5 7 ;  B la c k ,  1 9 7 0 ;  Evenson, 1 97 3 ) .  Inland the unit extends t o  
the Kettle Moraine a s  mapped by Thwaites and Bertrand ( 1 9 57 )  and Alden (1918)  
( f  ig. 2 ) . In land exposures  o f  the Haven Member are l im ited due to a surface  
cover consisting of the Valders Formation. The thickness of the unit varies 
from a maximum of almost 1 5  m to a minimum of about 2.4 m. 

O r igin.--The t il l  o f  the Haven Member was depo s it e d  b y  ice  advancing in the 
M ichigan basin. It also inc ludes associated fluvial and lacustrine depos its. 

Age.--It is d if f icult t o  pre c i s e ly p in down the age of the Haven Member. 
However , becau s e  it und e r l i e s  the Two Creeks Forest Bed and over l ie s  the 
Ozaukee Member, a reasonable age is about 1 2 , 600 years. 

Correlation.--The t i l l  of the Haven Member is probably equivalent to the 
Manitowoc T i l l  Member o f  I l l inois  (Lineback and other s ,  1 974)  in the Lake 
Michigan basin. On the M ichigan shoreline, however, these units have not been 
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FIGURE 42 .--Part of the Kewaunee 7 . S
minute quadrang l e  sho w ing the l o ca
t ion of re fer enc e s e c t ion 2 o f  the 
Haven Member. 

ful ly d 1fferentiated or mapped. Its time equivalent in the Green Bay Lobe is 
the Chilton Member (Appendix lOb). 

De s c r iption o f  type s e c t ion.--The type s e c t ion l i e s  in a lake b luff about 
1 . 6  km east  of the v i l lage o f  Haven. Total b luff he ight is about lS m. At 
the t ime of des cript ion the lower 1 0  to 12 m of the b luff exp o s e d  the Haven 
Member. The Haven Member at this site is overlain by 3 to 4 m of till  of the 
Valders Member. 

Person naming unit.--Larry Acomb and David M icke l son. Thi s  unit name was 
first used informal ly by Acomb (1978)  and subsequently by Acomb , Mickelson, 
and Evenson (1982). 

APPENDIX 10c 

VALDERS MEMBER OF THE KEWAUNEE FORMATION 

Source of name.--Vi11age of Valders, Manitowoc County, located on the Reeds
ville 1S-minute quadrangle. 

Type o f  s e c t ion.--Va 1ders  L im e  Quarry,  SW\;NE\; s e c .  3 2 ,  T. 1 9  N.,  R. 22 E . ,  
located on the Valders 7.S-minute quadrangle (fig. 43). 

Reference s e c t ion.-- ( l )  S toney Po int S e c t ion, in the lake b luff , s e c .  3 4 ,  T. 
16 N. ,  R. 23 E . ,  l o c a t ed on the Sheboygan North 7 .S-m inute quadrang l e  ( f ig.  
44). Here somewhat less than 2 m of Valders till over lies sandy, stoney till.  
(2)  Pods S e c t i on ,  in the lake b l u f f ,  s e c. 22,  T. 16 N.,  R.  23 E.,  located  on 
the Sheboygan North 7 .S-minute quadran g l e  (fig. 4 S ) .  Here d is cont inuous 
l enses and pods of Valders t il l  are present in lake sediment in the upper part 
of the b luff. 

Description of unit.--The Valders Member contains a pebbly and cobb1y , sandy, 
s il t y  till.  In  m o s t  exposures it i s  s omewhat crumbly when dry , and p 1 a s t 1 c  
when wet.  I ts c o l or ranges from p ink ( SYR 7 / 3 )  and reddish y e l l o w  ( SYR 6 / 6 ,  
7/6)  to reddish brown (2.SYR S/4). 
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FIGURE 43 .--Part o f  the Valders 7 . 5-
minute quadrang le showing the loca
t ion of the type s e c t ion of the Val
ders Member. 
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FIGURE 44.--Parts of the Howards Grove 
and Sheboygan North 7.5-minute quad
rangles showing the location of ref
e r e n c e  s e c t i o n  1 o f  the V a l d e r s  
Member. 

FIGURE 45 .--Parts of the Howards Grove 
and Sheboygan North 7.5-minute quad
rangles showing the locat ion o f  ref
e r en c e  s e c t i on 2 o f  the V a l d e r s  
Member. 



Till of the Valders Member is quite pebbly, containing numerous cobbles 
and s and l en se s .  I t s  average s and , s il t ,  and c lay content i s  3 0  percent , 5 2  
percent , and 1 7  percent respectively. C lay mineral analys is shows 46 percent 
expandab l e s ,  42 percent i l l ite and 1 2  percent kao linite and chlorite.  The 
unit is distinctly over-conso lidated. 

Na ture o f  contac t s .--The lower conta c t  of the Valders Member in expo sures 
inland of the lake b lu f f  i s  usua l ly sharp ; however,  a long the shore l ine the 
lower contact can be gradational ,  or interbedded with sand of a lower member. 

The Valders Member is the surface un it over much of i t s  known extent 
( f ig. 2 ) .  In the s e  areas there i s  a w e l l  developed s o i l  deve loped on the 
Valders Membe r ,  and i t  i s  l eached to greater than 7 5  cm ( M i cke l s on and 
Evenson, 1975).  North and east of the East Twin River the Valders Member is 
presumably covered by the Two Rivers Member but the contact has not been seen. 

Differentiation from other units.--The Valders Member is most eas ily distin
guished from other till in the region by its c lay mineralogy. It has the most 
expandable clay (46 percent) and least illite (mean about 40 percent) of any 
unit in the area. Additionally, the Valders Member can be differentiated from 
the o l der member s by i t s  coarser gra ined texture (more sand , pebb l e s ,  and 
cobbles) • 

Regional extent and thickness.--The Valders Member is presumed to extend along 
the Lake Michigan shoreline from south of Sheboygan to north of Algoma. How
ever, the un i t  is not exp o s e d  in the lake b lu f f  north o f  Two R ivers.  Inland 
the unit reaches the Kettle Moraine in Sheboygan County and drapes Over the 
Kettle Moraine in the Valders area. It is present at the surface immediately 
west of the East Twin River, but not to the east. The Valders Member averages 
about 2.4 m thicknes s  and ranges only between 1.8 and 3 m. 

Origin.--The Valders Member contains basal glacial till  deposited by ice of 
the Lake Michigan Lobe and associated f luvia l and lacustr ine deposits.  

Age .--The Valders Member is thought to be s trat igraphica l ly b e l o w  the Two 
Creeks Bed, suggest ing an age of more than 1 2 ,000 years. Radiocarbon dates on 
material from K e l lners Lake (Goodw in ,  1 9 7 6 )  indicate ear l ier dep o s it ion; 
however, the dated sediment was probably contaminated with dead carbon. 

Correlation.--A lateral equivalent in Lake Michigan or on the Michigan shore-
11ne has not been recognized to date; however, it is presumed that the unit is 
at l e a s t  loca l ly represented b o th on the lake b o t tom and in the M ichigan 
b luff s .  More work may es tab l i sh i t s  existence in these area s .  The C h i l t on 
Member of the Green Bay Lobe is a t ime equivalent o f  the Valders Member. 

Description of type sect ion.--At the type sect i on about 2 m of t i l l  of the 
Valders Member overlies a striated dolomite surface in the northeast corner of 
the quarry. Along the northern part of the quarry exposure brown, sandy till  
of the Horicon Formation about 2 m thick lies between the Valders t ill and the 
underlying dolomite surface. 

Person nam ing member.--F ir st use o f  the un it name was by F. T .  Thw a i t e s  
(1943). Red e s cribed b y  Larry Acomb ( 1 9 7 8 ) .  S ub sequent ly used b y  Acom b ,  
Mickelson, and Evenson (1 982) and others. This descript ion written b y  Larry 
Acomb and David M. Mickelson. 
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APPENDIX 1 0d 

TWO RIVERS MEMBER OF THE KEWAUNEE FORMATION 

Source o f  name.--The c ity o f  Two R iver s ,  Man itowoc Coun t y ,  located on the 
Manitowoc IS-minute quadrangle. 

Type s e c t ion.--Car Dealer S e c t ion,  NW�SW�W� s e c .  3 1 , 
located on the Two Rivers 7 .5-minute quadrangle (fig. 46). 
Chevro let dea lership on ea s t  s ide of H ighway 42 on the 
Rivers . 

T. 2 0  N. ,  R. 25  E ,  
Section is behind 

north s ide of Two 

Reference S e c t ion.-- ( 1 )  Two Creeks Sect ion, NE�E� seC.  2 ,  T.  21 , N.,  R. 24 
E . ,  located on the Two Creeks 7 . s -minute quadrang le (fig.  4 7 ) .  About 2 m o f  
Two Rivers till overlies sand and silt containing the Two Creeks Bed. Beneath 
the lake sed iments i s  Haven t i l l  at beach leve l. (2)  In the lake b l u f f ,  NE� 
s e c .  3 1 ,  T. 23 N.,  R. 25 E. ,  located on the Kewaunee 7 . 5 -m inut e  quadrang le 
(fig.  48).  Two Rivers t i l l  about 3 m thi ck i s  present at the top of the 
b luff.  This uni t  may inc lude sub g l a c i a l  and suprag l a c i a l  f a c i e s .  Thi s  i s  
underlain b y  lake sediment, Haven t i l l ,  more lake sediment and probably Ozau
kee till (Acomb, Mickelson, and Evenson, 1982). 

Description of unit.--The t ill of the Two Rivers Member is pebbly and cobbly, 
sandy s i l t. I t s  co lor is e i ther l ight reddish brown to p ink ( 5YR 6 / 4 ,  7 . 5YR 
7/4) or reddish y e l l o w  ( 5YR 6 / 6 , 7 /6 ) ,  and the unit is ra ther crumb ly when 
dry. When wet the Two Rivers till  is plast ic. 

The pebb l e s  and cobbles are predom inant ly l o ca l ly d e r ived d o l o m i t e ;  
howeve r ,  igneous r o c k  type s are n o t  inf requent. The t i l l  of the Two R ivers 
Member c ons i s t s  o f  3 1  perc ent sand , 50 percent s il t ,  and 19 percen t  c lay in 
the less-than-2-mm fract ion. Its clay mineral assemblage includes an average 
of about 35 percent expandab le clay, 52 percent il lite, and 13 percent kaoli
nite plus chlorite. 

Nature o f  contacts .--The lower conta c t  of the Two Rivers Member w i th the 
lacustrine sed iment is often d iffuse and veined. At the Two Rivers moraine 

-there is a z one of a l t ernat ing t i l l  and lacustrine sediment that i s  inter
preted to b e  subaqueous f low t i l l .  I n  o ther sho re l ine exposures the lower 
contact is highly distorted by load-cast involutions (Mickelson and Evenson, 
1 974) . 

In the Point Beach area of Wisconsin the Two Rivers Member is overlain by 
sandy near-shore depo s i t s .  This contact is sharp. Inland, the Two R ivers 
Member i s  pres ent a t  the surface and has a w e l l  deve loped s o i l  d eve loped on 
it,  but is  leached only t o  depths of less than 60 cm ( M i cke l s on and Evenson, 
1 97 5 )  • 

Differentiation from other units.--The Two Rivers Member is distinguished from 
the very s imilar Valders, Haven, and Ozaukee Members by its clay mineralogy, 
color, and grain-s ize distribution. It is more orange, coarser grained ,  and 
has more expanda b l e  c lay and l e s s  kaolinite and chlorite than the Haven and 
Ozaukee Members, whereas it has less expandable clay and more illite than the 
Valders Member. (The grain-size distribution and color of the Valders and Two 
Rivers Members are very similar). 

Regional extent and thickness.--The Two Rivers Member extends from Two Rivers 
northward to at least  Algoma along the Lake M i chigan b lu f f  top ( f ig .  2 ) .  
In land the margin o f  un i t  roughly para l l e l s  the E a s t  Twin River to north o f  
the Kewaunee R iver where it probably merges with the Glenmore Member of the 
Green Bay Lobe. The w idth o f  the onshore port ion o f  the member i s  approxi
mate ly 6 m i l e s  ( 1 0  km). I t  i s  the t i l l ove r ly ing the Two Creeks Bed. The 
relatively thin Two Rivers Member averages about 2.4 m in thickness.  
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FIGURE 46.--Part of the Two Rivers 7.5-
minute quadrang l e  showing the loca
t ion of the t ype s e c t i on of the Two 
Rivers Member. 

FIGURE 47 .--Part of the Two Creeks 7.5-
minute quadran� l e  showing the loca
t ion of s e ct l.on for I of the Two 
Rivers Member. 

FIGURE 48 .-- Part of the Kewaunee 7 . 5-
minute quadrang l e  show ing the lo ca
t ion of referenc e s e c t ion 2 of the 
Two Rivers Member. 

AID-ID 



Origin.--The Two Rivers M ember contains b a s a l  t i l l ,  depo s i t e d  by g la c ie r s  
flowing southward in the Lake Michigan basin, and associated fluvial lacus
trine depos its. 

Age.--The Two Rivers Member directly overlies the very wel l  dated Two Creeks 
Bed, meaning that it was depos ited shortly after 1 1 , 500 B.P. 

Corre lat ion.--The Two Rivers Member is corr e l a t e d  later a l ly with the Two 
R1vers T 1l1 Member mapped in Lake M ic h ig an (Lineback and o th er s ,  1 97 4 )  and 
with mater i a l s  in M ichigan reported by Tay lor ( 1 9 7 8 ) .  The un i t  i s  the t ime 
equivalent of the Glenmore Member of the Green Bay Lobe (Appendix 1 09). 

Description of type section.--At the type section, located behind the Chevro
let dealership,  in a w e s t  f a c ing p i t ,  approxima t e ly 3 m o f  red c lay t i l l  
ove r l i e s  sandy s e d iment presumed t o  b e  o f  lacus t r ine origin. A dr i l l  hole 
indicates the lacustrine deposits to  be  about 15 m thick. The till section is 
complex and probably includes thrusted mas ses of Valders till and soil mater
ial . 

Person naming member.--Edward B. Evenson (1973). Described by Larry Acomb and 
David M ickelson. 

APPENDIX 1 0e 

BRANCH RIVER MEMBER OF THE KEWAUNEE FORMATION 

Source of name.--The Branch River in Morrison Township, located on the Denmark 
IS-minute quadrangle. 

TVl)e s e c t ion.--Greenleaf Quarry,  SEl,;SWl,; s e c .  4, T. 21  N., R. 20 E . ,  Brown 
County. Quarry is on the north s ide of Highway 96,  0.4 m iles (0.7 km) east of 
Greenleaf and is located on the Greenleaf 7 .5-minute quadrangle (fig. 49). 

Reference s ect ions .--( 1 )  Road cut on east s ide of Campb e l l  Roa d ,  0 . 2 5  m i le s  
(0.4 km) s outh of Co1 1 in s  Roa d ,  NWl,;NWl,; s e c .  24,  T. 21 , N. ,  R. 20 E. ,  located 
on the Green l e a f  7 .5-minute quadrang le ( fig.  50).  T i l l  o f  the Branch R iver 
Member is about 2 m thick over dolomite. (2) Sma l l  borrow pit on the south
w e s t  c orner of the inte r s e c t ion o f  Highways Z and PP , NE corner , s e c .  2 8 ,  T .  
2 1  N . ,  R.  2 0  E. , located o n  the Greenleaf 7 . 5 -m inut e  quadrang l e  ( f i g .  5 1 ) .  
T i l l  o f  the Branch River Memb er i s  about 1 m thick and ove r l i e s  g ravel o f  
unknown thickness.  The till is  overlain locally by about 1 m of Chilton till.  

Des cription of unit.--The till of the Branch River Member is brown (7.5YR 5/4) 
and avera g e s  34 percent sand , 48 percent s i l t ,  and 23 per cent c lay. The 
0.0625-to-0.037-mm fraction contains less than 1 percent calcite and about 27 
percent dolomite. The mean magmetic susceptibility value is 6.8 (McCartney 
and Mickelson, 1982).  

Nature of contacts.--Where the Branch River Member is the surface unit, in a 
s ma l l  p ar t  o f  Brown County ,  i t  i s  overlain l o ca l ly b y  organ i c  depo s i t s  and 
a l luvium. Where over l a in by the Chil ton Member the cont a c t  is d i s t in c t .  
Where t h e  Branch River M ember ove r l ies  dolomite o r  t i l l  and g ravel o f  the 
Horicon Formation the contact is also dis t inct. Its contact with the correla
t ive S i lver C liff Member is an arbitrary vertical contact at the Fox River. 

Differentiation from other units.--Till of the Branch River Member is dist in
guished from that of the und e r ly ing Hor i con Format ion b y  its s omewhat more 
reddish color and less abundant sand. It is distinguished from the over lying 
Chilton and Glenmore Members by its more abundant sand (34 percent in Branch 
River, 1 7  percent in Chilton, 1 5  percent in Glenmore.) 
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FIGURE 49 .-- Part of the Green leaf 7 . 5 -
minute quadrang le show in¥ the loca
t i o n  of the type s e c t 10n of t h e  
Branch R iver M emb er and ref erence 
section 1 of the Chilton Member. 

FIGURE 50.--Part of the Green l eaf 7 .5-
minu t e  quadrang l e  showing the loca
t ion of ref erence s e c t ion 1 o f  the 
Branch River Member. 

FIGURE 51 .--Part of the Greenl eaf 7 .5 -
minu t e  quadran g l e  showing the loca
t ion o f  ref erence s e c t ion 2 of the 
Branch River Member. 
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Regional extent and thickness.--The extent of the Branch River Member is not 
we l l  known in the subsurfa ce.  I t s  surface exposure is s hown in f igure 2 .  
Avera�e thicknes s  is probably about 2 m although very few sections have been 
descr1bed. 

Origin.--Till of this member was deposited by ice of the Green Bay Lobe. 

Age and correlat ion.--The Branch River Member is correlative with the S ilver 
Cliff Member west of the Fox River (Appendix lOh). It is probably correlative 
with the Ozaukee Member in the area covered by the Lake M1chigan Lobe and may 
a l so b e  corr e l a t ive with the Haven Member. At no locat ion are mater ia l s  o f  
this member in contact with materials of either the Haven or Ozaukee Member 
and there are no radio carbon dat e s  to a l l ow f irm corre lat ion. Becau s e  the 
Branch River Member is below the Chilton Member, it was deposited before the 
Two Creeks Bed. 

De s cr ipt ion of type s e c t ion.-- In 1 97 9  the b e s t  exposure was a long the east  
face of  material stripped for the quarry operation. Under spo il material is 
0 .5 to 1 .5 m of Chil ton t i l l ,  leached to i t s  base.  Much of this is in the B 
hor izon of the s o il .  B eneath the Chil ton t i ll i s  0.1  to 0 . 5  m of s and o f  
unknown association. Lying below the sand and above dolomite is about 1 m of 
Branch R iver t i l l  that i s  un l eached. No Glenmore t i l l  has b e en seen in the 
quarry face. 

Person naming unit.--David M. M ickelson. This unit name was used informally 
by McCartney and Mickelson (1982). 

APPENDIX 10f 

CHILTON MEMBER OF THE KEWAUNEE FORMATION 

Source of name.--City of Chilton, Calumet County, located on the Chilton 1 5-
minute quadrangle. 

Type section.--The DePere S ite, a gravel pit just north of Brown County High
way X near the top of the S i lur ian e s c arpment. Located in the southeast  
corner o f  s e c .  38 ,  T .  23 N.,  R .  20 E. ,  on  the  Depere 7 . 5 -m inute quadran g l e  
( f i g .  5 2 ) .  

Reference s e c t ions.-- ( l )  Greenleaf Quarry, SEl,;SWl,; s e c .  4 ,  T .  21  N . ,  R. 20 E . ,  
Brown County ( s ee Appendix 1 0 e  and f i g .  4 9  f o r  d e s c r i p t ion) . ( 2 )  B r i l lion 
Quarry,  swl,;swl,;swl,; s e c .  24,  T. 20 N.,  R.  2 0  E . ,  C a lumet County,  located on the 
B r i l l ion 7 . 5 -minute quadrang l e  ( f ig .  53) .  On the north face of the quarry 2 
to 3 m of Chil ton t i l l  over l i e s  t i l l  of the Hori con Format ion. A sand lens 
separates two s lightly differing units of Chilton t ill. 

De s c r iption of unit.--The t i l l  of the Chil ton Member is reddish-brown (5YR 4/4) and averages 17 percent sand, 49 percent silt,  and 33 percent clay in the 
less-than-2-mm fract ion. The 0.0625-to-0.037 mm fraction contains less than 1 
perc ent c a l c i t e  and ab out 3 2  percent do lomite.  The m ean value of magn e t i c  
s u s c e p t i b i l i t y  i s  6 . 4  (M cCartney and M icke lson,  1 9 8 2 ) .  I n  many p la c e s  the 
t i l l  a ppears to have two pha s e s  but the s e  have not b een def ined,  nor have 
cons istent differences been found at many locations. 

Nature of contacts.--The Chilton Member is the surface unit in eastern Calumet 
Coun t y  (f1g.  2). Here it is over l a in in p l a c e s  by organ i c  and a l l uvial 
depo s i t s  of an unnamed unit o f  H o l o c ene age.  The lower c ontact w ith und er
ly ing Hor i con Formation or Branch River Member is g enera l l y  d ist inct. I t s  
contact with the correlative Kirby Lake Member i s  an arbi trary vertical con
tact at the Fox River. 
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FIGURE 5 2 .--Part of the DePere 1 5 -
minu t e  qua drang le showing the loca
t ion of the type s e c t ions o f  the 
Chilton and Glenmore Members. 

FIGURE 5 3 .--Po r t i on o f  the B r i l l ion 
7 . S-minute quadrangle  show ing the 
locat ion of ref erence s e c t ion 2 o f  
the Chilton Member. 

D i f f erentiat ion from other uni t s .--Til l of the Chilton Member contains less 
sand than the underlying Branch River Member (17 percent in Chilton, 34 per
cent in Branch River). It is distinguished from t ill of the Valders Member to 
the east by its lower percentage of sand (17 percent in Chilton, 30 percent in 
Valders). I t  is distinguished from the overlying t ill of the Glenmore Member 
by i t s  higher magnet ic sus c e p t i b i l ity (6.4 in Chilton,  3 .9 in G lenmor e).  I t  
is distinguished from the Kirby Lake Member by its geographic pos it ion east of 
the Fox River (McCartney and Mickelson, 1982). 

Regional extent and thickness .--Till of the Chilton Member is generally 1 to 3 m th1 ck.  Asso c ia t e d  depo s it s  of sand and grav e l  may b e  cons iderab ly 
thicker. The extent of the unit is shown in f igure 2. 

O r ig in.-- T i l l  of this  member wa s depo s it e d  by g la c i a l  ice  of the Green Bay 
Lob e .  Pha s e s  of this t i l l  (McCartney and M 1 ckelson,  1 9 82)  may repres ent 
subglacial origins of two separate ice advances or they may be subglacial and 
supraglacial facies of a s ingle advance. 

Age and correlation.--The Chilton Member is correlat ive with the Valders Mem
b er of the Lake M i chigan Lobe (B lack , 1 9 8 0 ;  Acomb , M icke l s on and Evenson , 
1 9 8 2 ;  McCartney and M ickel son , 1 9 8 2 ) ,  and the K irby Lake Member (Appendix 
1 0 i) to the west. At its type section it underlies organic material dated at 
1 1 , 98 0  � 1 0 0  B.P. ( I SGS-48 0 )  and the memb er was depo s ited before the Two 
Creeks Bed. 

Descript ion of type section.--The type section is on the north-facing exposure 
o f  a g ravel p i t  about 1 0 0  m northw e s t  of a large radio tower.  This is a l s o  
the type section of the Glenmore Member. The uppermost unit i s  Glenmore till, 
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approxmately 6 m thick. It has low magnetic susceptibility (average of two 
s am p le s ,  3 .3 ) .  This d ir e c t ly over l i e s  organ ic mater ia l (wood fragment s ,  
spruce needles) and what is interpreted to be a soil developed in sand about 
2 m thick. This sand o f  the Chi l ton Member ove r l ie s  2 . 5  m o f  t i l l  o f  the 
C h i l ton M ember w i th high magne t i c  susceptib i l it y  (average of two samp l e s ,  
6 .4 ) .  Beneath thi s  t i l l  i s  grave l a t  least 8 m thick but i t s  lithostrat i
graphic assoc iation is not known. 

Per son naming un it.--David M icke l son. This un i t  name was first  used by 
McCartney and Mickelson (1982). 

APPENDIX 109 

GLENMORE MEMBER OF THE KEWAUNEE FORMATION 

Source of name.--Township of Glenmore , Brown County, located on the DePere 15-
and 7.5-minute quadrangles. 
Type section.--The DePere S ite,  a gravel pit just north of Highway X near the 
top o f  the S i lur ian e s c arpment. Located in the southeast corner of s e c .  3 8 ,  
T .  2 3  N . ,  R .  2 0  E . ,  on the Depere 7 . 5 -minut e  quadrang le (fig.  5 2 ) .  

Reference sections.--(l)  The Highway W S ite located on the south s ide o f  an 
unnamed creek, 6 0  m east o f  H ighway W, NW\NE\ s e c .  3 ,  T. 20 N. ,  R. 20 E. ,  in 
C a lument C ount y ,  located on the B r i l l ion 7 . 5 -m inut e  quadrang l e  ( f ig.  54) .  
Expo s e d  in thi s  s e c t ion is about 12  m of G lenmore t i l l  conta ining many wood 
fragments. Two drill holes about 5 m south of the top of the exposure pene
trated sand at about stream level and what is assumed to be dolomite bedrock 1 
m b e low this.  (2)  A low roadcut (2.5 m )  on s outh s ide of Schoo l Road at  
NW\NW\NE\ sec.  3 2 ,  T .  22 N.,  R. 21  E . ,  Brown Coun t y ,  located on the Morrison 
7.5-minute quadrang le (fig. 55).  All t ill exposed is Glenmore till.  

FIGURE 54.--Part o f  the Br i l l ion 7 .5 -
m inute quadrangle showing the loca
t i on of ref erence s e c t ion I of the 
Glenmore Member. 
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FIGURE 5 5 .--Part of the Morr i son 7 . 5 -
minute quadrang le show ing the loca
t ion o f  ref erenc e sect ion 2 o f  the 
Glenmore Member. 



De s c r iption of un it.--The t i l l  of the Glenmore Member is dull reddish-brown 
(5YR 4/4) and averages 15 percent sand, 48 percent silt and 37 percent clay in 
the l e s s  than 2-mm fract ion. The 0 . 06 25-to-0.037 mm fract ion contains l e s s  
than calcite and 3 2  percent dolomite. The mean value of magnetic susceptibil
ity is 3.9 (McCartney and Mickelson, 19 82). 

Nature of contacts.--The Glenmore Member is the surface unit in many places 
where it is present (fig. 2). In places it is overlain by organic sediment or 
lacustr ine s i l t  and c lay of younger , unnamed un i t s .  The lower contact i s  
usually abrupt although when i t  overlies t ill o f  the Chilton Member magnetic 
susceptibility often must be measured to identify the contact. 

The contact between the Glenmore Member and the Middle Inlet Member is an 
arbitrary vertical contact at the Fox River. 

Differentiation from other units.--Till of the Glenmore Member is distinguish
able from till of the underly ing Chilton Member by its lower magnetic suscep
tibility (mean 3.9 in Glenmore and 6.4 in Chilton). It is distinguished from 
the o lder Branch R iv er M ember by the greater amount of s i l t  and clay ( 8 5  
percent in Glenmore , 66 percent in Branch River). Till of the Glenmore Member 
is distinguished from the correlative till of the Two Rivers Member by having 
l e s s  sand ( 1 5  perc ent in G l enmore ,  3 1  percent in Two R iv e r s ) .  T i l l  of the 
Glenmore Member can also be distinguished from older units by greater depth of 
leaching (Mickelson and Evenson, 1975).  

Regional extent and thicknes s.--Till of the Glenmore Member is as much as 8 m 
thi ck. It appears that the thickest sect ions are in the Denmark mora ine , 
w ithin 2 km of the outer extent of the un i t .  Grav e l  o f  the member may b e  
thi cker than 8 m in p la c e s .  The extent o f  the G l enmore M ember is shown in 
f igure 2. 

Or igin.--Ti l l  o f  this  member was depo s ited b y  g la c ia l  i c e  o f  the Green Bay 
Lobe. Sand and gravel assoc iated with the till  was fluvially deposited. 

Age and correlation.--The Glenmore Member is corre lative with the Two Rivers 
Member depo s its by the Lake Michigan Lobe and the Middle Inlet Member (Appen
dix 10j)  depo s ited by the western portion of the Green Bay Lobe. At its type 
sect ion it overlies organic material dated at 1 1 , 9 80 .±. 100 B.P. (ISGS-480) and 
the member was therefore depos ited before the Two Creeks Bed (McCartney and 
Mickelson, 1 9 82). 

Description of tyte section.--The type section is on the north-facin� exposure 
of a gravel  pit a out 100 m nor thw e s t  of a large radio tower.  Th1s i s  a l s o  
the ty�e sect ion of the Chilton Member. The uppermost unit i s  Glenmore till,  
approx1mate ly 6 m thick. It has low magne tic susceptib ility (average of two 
samp l e s ,  3 .3 ) .  This d i r e c t ly over l ie s  organic mater i a l  (wood fragment s ,  
spruce needles) and what is interpreted to be a soil developed in sand about 
2 m th i ck. This sand of the Chil ton Member ove r l ie s  2 . 5  m o f  t i l l  of the 
Chil ton M ember w i th high magn e t i c  susceptib i l ity (average of two s amp l e s ,  
6 .4 ) .  Beneath th i s  t i l l  i s  grav e l  at lea s t  8 m thi ck but i t s  litho s trat i
graphic assoc iat ion is not known. 

Person nam ing uni t .--Dav id M .  M icke l son. This uni t  name was f i r s t  used by 
McCartney and Mickelson (1982). 

APPENDIX 10h 

SILVER CLIFF MEMBER OF THE KEWAUNEE FORMATION 

Source of name.--Township of Silver Cliff in western Marinette County. 
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Type s e c t ion.--Road cut at the crest of the Inner Mounta in moraine on the 
north side of Eag l e  R iver Road in swl,;swl,;swl,; s e c .  9, T. 34 N.,  R. 1 8  E. , 
Mar inet t e  County located on the Roar ing Rap ids  7 .S-minute quadrang l e  ( f i g .  
S6 ) .  

Reference sections.--(l)  Road cut on the north side of Eagle River Road about 
0.9  m i l e s  ( l . S  km) east  o f  the type sect ion in swl,;swl,;swl,; s e c .  1 0 ,  T. 34 N.,  R. 
1 8  E. ,  Mar ine t t e  C oun t y ,  located on the Leahman Lake 7 .S-m inute quadrang l e  
( f i g .  S 7 ) .  The S i lver C l iff t i l l  i s  over l a in b y  s il t y  sand and ye l l o w i s h  
med ium sand i n  th i s  cut .  ( 2) The type s e c t ion of the Kirby Lake Member 
described in Appendix 1 0 i. 

FIGURE S6 .--Part of the Roaring Rapids 
7 .S-minut e  quad rang l e  show ing the 
type s e c t ion of the S i lv er C l iff 
Member. 

FIGURE S 7 .--Part of the Leahman Lake 
7 .S-minute quadrang l e  sho w ing the 
locat ion of ref erenc e s e c t ion 1 of 
the S i lver C l iff Member. 

Description of unit.--The sand : s il t : clay ratio in the till averages 6 1 : 3 2 : 7  in 
Marinette and Oconto Count ies. The till is generally reddish brown (SYR 4 to 
S / 4) .  Carbona t e s  average 27 percent (standard deviat i on 7 percent ) in the 
less-than-0.063-mm fraction, 9 percent (standard deviation 4 percent) in the 
O .13-to-O.2S-mm fra c t ion , and 3 9  percent (standard deviat ion 13 percent ) in 
the I-to-2-mm fraction, based on eleven analyses. Carbonates are typical ly 
l eached to a depth o f  1 to 2 m. 

Nature of contacts.--The S ilver Cliff Member is generally poorly exposed. It 
commonly unconformably over lies sorted sand and s ilt,  but in some places it 
l i e s  on o lder t i l l  or pre-P l e i s t o c ene rock. It i s  the surface unit in some 
areas, but is unconformably overlain by s ilty sand, sand, or grave l ly sand in 
many area s ,  and to the east it is overlain by younger till  units. Its contact 
with the correlative Branch River Member is an arbitrary vertical contact at 
the Fox River. 
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Differentiation from other units.--The till of this unit is distinguished from 
the till of the o lder Horicon Formation by its redder color and s lightly finer 
grain s iz e .  The S i lver C l iff t i l l  is cons iderably coarser than the younger 
Kirby Lake t i l l .  Where the Kirby Lake t i l l  i s  a b s ent , the S i lver C l iff t i l l  
may b e  d i f f i cu l t  t o  d is t ingu i s h  from the younger M id d l e  Inlet t i l l ,  but in 
s imilar settings the S i lver C liff is leached of carbonates to a greater depth 
than the Middle Inlet. 

Regiona l extent and thickness.--The Silver C liff Member is thin and discontin
uous . I t s  w e s tern b oundary i s  the east ern mora ine of the Mounta in s y s tem 
(Thwaites , 1 943) in Marinette and Oconto Counties. Its southern and northern 
limits are unknown. 

Origin.--Most of the material in the S ilver C liff Member is till depos ited by 
i c e  of the w e s t  half  o f  the Green Bay Lob e ,  but S Ome lenses of f luv ial  s and 
and grave 1 occur in the till. 

Age.--The S ilver C liff till was depo s ited in Late W isconsinan time, presumably 
b efore 1 2 , 0 0 0  B.P. 

Correlation.--The S ilver C liff Member is probably the time equivalent of the 
Branch River Member on the east s ide of the Green Bay Lobe. 

D e s c r ipt ion o f  type s e c t ion.--The roadcut is about 2 m high and appar ent ly 
cons i s t s  ent ire ly o f  the S i lver C l iff t i l l ,  a s ample  of which conta ined 6 2  
percent sand,  3 1  percent s i l t ,  and 7 percent clay.  Mapleview t i l l  may b e  
present a t  road level and extend t o  an unknown depth. 

Person naming unit.--M. C. McCartney, modified by Lee Clayton. This unit name 
origina lly used informal ly by McCartney (1979) and subsequently by McCartney 
and Mickelson (1982). 

APPENDIX 10 i 

KIRBY LAKE MEMBER OF THE KEWAUNEE FORMATION 

Source of name.--Kirby Lake, a lake 1 5  km west of Crivitz, Marinette County, 
in the northeast corne.r of the Crivitz 7 .5-minute quadrangle. 

Type s ec t ion.--Road cut on south s ide of H ighway W , 0.1 m i l e s  (0 .16  km) w e s t  
of K irby Lake Road , NEl,;NWl,;SEl,; s e c .  27 , T .  3 2  N. ,  R.  1 9  E . ,  Marinette County,  
located on the Crivitz 7 .5-minute quadrangle (fig. 58). 

Re f er ence s e c t ion.--T i l l  a t  the b a s e  o f  the gravel p i t  in the township o f  
Amberg a t  the SWl,;SWl,;NW l,; s e c .  27 , T .  3 5  N., R .  2 1  E . ,  Mar ine·t t e  County located  
on  the Wausaukee I S-minute quadrangle (fig. 59). 

Description of unit.--The Kirby Lake till averages 36 percent sand, 47 percent 
s il t ,  and 1 7  1'ercent c lay ( in the l e s s- than-2-mm frac t i on) in Marine t t e  and 
Oconto Coun t l.e s .  The t i l l  i s  qu ite var iab l e  in grain s iz e  (standard devia
t ions of 14,  1 0, and 1 0  percent in the sand , s i l t ,  and c lay) . At the type 
s e c t ion the uni t  i s  more c layey. The t i l l  is commonly reddish brown (2.5YR 
4/4 and 5YR 5 / 3  to 4) but infrequent ly is y e l lo w i sh red ( 5YR 3 / 6 )  or l ight 
brown 7.5YR 6/4).  Carbonate content averages 31 percent (8 percent standard 
deviat ion) in the less-than-0.63-mm fraction, 14 percent (5 percent s tandard 
deviation) in the 0.13-to-0.25-mm fraction, and 44 percent (14 percent stan
dard d ivation) in the 1-to-2-mm fraction in 21 samples (McCartney, 1979).  

Nature of contacts .--The Kirby Lake Member is generally poorly exposed. It 
overlies sandy t i l l ,  b e dded sand , b edded s il t  and c la y ,  or pre-Pl e i s t o c ene 
rock. I t  is ove r l a in by b edded sand , s i l t y  sand , or t i l l. The cont a c t  
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FIGURE 58 .--Part o f  the C r iv i t z  7 .5-
m inut e  quadrang l e  showing the loca
tion of the type sect ion of the Kirby 
Lake Member. This s e c t ion a l s o  is 
ref erence s e c t i on 2 o f  the S i lver 
Cliff Member and reference section 2 
of the Middle Inlet Member. A sketch 
of the sect ion is given in fig'ure 60. 

FIGURE 59 .--Part of the Wausaukee 1 5 -
m inu t e  quadran g l e  showing the loca
t ion of the reference sect ion of the 
Kirby Lake Member. 

b etween the Kirby Lake Member and the correlat ive Chilton Member is an arbi
trary vertical contact at the Fox River. 

Differentiation from other units.--The Kirby Lake t i l l  i s  d i st ingu ished from 
both underlying and overlY 1ng til l by its finer grain size. 

Regional extent and thicknes s.--The Kirby Lake till is patchy at the surface 
in the southern half of Marinette County and is absent at the surface in the 
northern half of the county. The w e s tern l imit o f  the t i l l  is the e a s t ern 
edge of glacial Lake Oconto and the eastern moraine of the Athelstane moraine 
s y s t em south of Athe l s tane (Thw a i te s ,  1 94 3 ) .  North of Athel s t ane the K irby 
Lake t i l l  is covered by the M iddle Inlet t i l l. The Middle Inlet t i l l  a l s o  
covers the K irby Lake t i l l  to the w e s t  of a n  irregular i c e  marg in that i s  
partly contiguous with the western moraine o f  the Athlestane moraine system of 
Thwa i t e s  (1 943 ) .  The K irby Lake t i l l  is typica l ly very thin at the surface 
( l e s s  than 1 m th i ck) but has b e en found t o  be a s  much as 1 0  m th i ck in the 
subsurfac e .  

Origin.--Much of the Kirby Lake Member is subglacial till deposited by ice of 
the Green Bay Lobe. 

Age.--The Kirby Lake till was deposited during Late W iscons inan time, before 
deposit ion of the Two Creeks Bed. 
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Corre lat ion.--The K irby- Lake i s  probably the age equ iv a l ent of the Chil ton 
Member, depos ited by ice of the east half of the Green Bay Lobe. 

Descrivtion of type section.--A sketch of the type section is shown in figure 
60. T1ll of the M 1ddle Inlet Member is approximately 2 m thick at the top of 
the s e c t ion. A samp l e  from this  unit contains 67 percent sand , 24 percent 
silt,  and 9 percent clay. C lay minerals from this unit are 49 percent illite, 
1 9  percent chlorite and kao linite, and 33 percent expandables (Herbert Glass, 
personal communication). Below this is approximately 1 m of Kirby Lake till  
that contains 3 8  percent sand,  41  percent s i l t ,  and 21 per cent c lay. C lay 
minerals from this unit are 46 percent illite, 1 7  percent kao linite and chlor
ite, and 38 percent expandables (Herbert Glass,  personal communication). 
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FIGURE 60.--Diagrammatic sketch of Cri
vitz  S e c t ion, the type s e c t ion of 
Kirby Lake Member, showing relat ion
ship of units. 

The Kirby Lake til l overl ies about 4 m of S ilver Cliff till conta1n1ng SO 
perc ent sand, 3 7  percent s i l t ,  and 13 perc ent c lay. C lay mine r a l s  of this 
unit are 46 percent illite, 16 percent kao linite and chlorite, and 39 percent 
expanda b l e s  (Herb ert Gla s s ,  pers ona l communic a t ions ) .  Beneath the S ilver 
C liff till is about 1 m of till that contains 48 percent sand, 3S percent silt 
and 1 7  percent c lay and is tentatively correlated with the informal ly named 
F l orence t i l l  o f  F lorence Coun ty. C lay m inera l s  are 3 7  perc ent i l l it e ,  20 
percent kao l in i t e  and chlor i t e ,  and 43 percent expanda b l e s  (Herb ert Gla s s ,  
personal communications). Below the Florence till sand of unknown association 
extends to the base of the section. 

Person naming unit.--M. C. McCartney, modified by Lee Clayton. This unit name 
originally used informa l ly by McCartney (1979) and subsequently by McOartney 
and M ickelson (1982). 

APPENDIX 10j 

MIDDLE INLET MEMBER OF THE KEWAUNEE FORMATION 

Source of name.--Township of Middle Inlet in central Marinette County. 

Type s e c t ion.--Road cut in NE\NW\SE\ sec.  8 ,  T.  33 N., R. 23 E . ,  Marinette 
County, located on the Stephenson IS-minute quadrangle (fig. 61) .  This cut is 
on Caylor Road , about 0.9  m i l e s  ( l .S km) north of Highway JJ,  on the north 
s ide of the road. 

Reference s e c t ions.-- ( l )  Road cut at NE\NE\SW \  sec. 8,  T. 33 N. ,  R. 23 E.,  on 
the w e s t  s ide o f  Caylor Road, about 0.4 m i l e s  ( 0 . 7  km) north o f  Highway JJ,  
located on the Stephenson I S-minute quadran$ le (fig. 61).  The whole exposure 
is Middle Inlet till.  (2) The Crivitz sect 10n, described as the type sect ion 
of the Kirby Lake Member (Appendix 10i) and shown on figures S8 and 60. 

D e s c r iption o f  unit .--The M i dd l e  Inlet t i ll averages 64 �erc ent s and,  28 
percent silt, and 8 percent clay ( in the les s-than-2-mm fract10n) in Marinette 
and Oconto Count ies. Most colors are brown (7.SYR S/3 to 4) or, more commonly 
reddish brown ( SYR S / 3  to 4 ) .  Carbona t e  cont ent averages 32 percent (7 per
cent standard deviation) in the smaller-than-0.063-mm fraction, 13 percent (S  
percent s tandard deviat ion) in the 0 .1 3 -to-0 .2S -mm frac t ion,  and 3 2  p e r c ent 
( 1 2  percent s t andard d ivat ion) in the 1 - to- 2-mm fract ion in 28 samp l e s  
( M c Cartney, 1979).  

A10-20 



FIGURE 61 .-Part of the Stephenson 15-
minute quadrang l e  show ing the loca
t ion of the type s e c t ion and refer
ence s e c t ion 1 of the M idd l e  In l e t  
Member . 

Nature o f  cont a c t s .--The M iddle In let till commonly overlies bedded sand or 
s i lty sand. In some areas it d irect ly over l i e s  the Kirby Lake t i l l ,  and the 
contact is sharp. The contact between the Middle Inlet Member and the corre
lat ive Glenmore Member is an arbitrary vertical contact at the Fox River. 

Different iat ion from o ther uni t s .--The M i d d l e  Inlet t i l l  is coar s e r  and 
s l ight ly l ighter co l ored than the K irby Lake t i l l. Where the K irby Lake i s  
m is s ing and the Middle Inlet res ts directly on the S ilver C liff, they may be 
hard to distinguish. In s imilar landscape settings, the Middle Inlet can be 
dist inguished from the S ilver Cliff by depth of leaching; the Middle Inlet is 
typically leached about 0.1 m, whereas the Silver C liff is leached about 1 m. 

Regional extent and thickness.--The Middle Inlet till is the surface till  in 
much o f  Marinette C ounty. Its  w e s tern b order i s ,  at l e a s t  in p a r t ,  the 
eastern moraine of the Athelstane moraine system (Thwaites , 1 943).  The till 
has not been traced out of Marinette and Oconto Counties, so its extent to the 
north, south, and east is unknown. The Middle Inlet Member is probably thin 
in most  area s ,  but i t s  b a s e  ha s b e en s een in too few p la c e s  to d e term ine the 
average thicknes s. 

Origin.--The Middle Inlet Member is composed largely of subglacial till depos
ited by ice of the Green Bay Lobe. 

Age.--The Middle Inlet Member was deposited in Late Wisconsinan time, probably 
after the Two Creeks Bed. 
Correlat ion.--The M iddle Inlet Member probably correlates with the Glenmore 
Member, depos ited on the east side of the Green Bay Lobe. 

D e s c r ipt ion of type s e c t i on.--The type s e c t ion is about 4 . 5  m high and i s  
composed entirely o f  Middle Inlet t ill. 

Person naming unit.--M. C. McCartney, modified by Lee Clayton. This unit name 
was first used informal ly by McCartney (1979)  and subsequently by McCartney 
and Mickelson ( 1 982). 
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APPENDIX 11 

COPPER FALLS FORMATION 

Source o f  name.--Copper Fa l l s  in Copper F a l l s  State Park, Ashland Coun t y ,  
W1scons1n, shown on the Mellen 7.5-m inute quadrangle. 

Type s e c t ion.--Cutb ank on w e s t  s ide of Bad R iv e r ,  about 0 . 5  m i l e s  (0.8 km) 
nor thw e s t  o f  C opper F a l l s ,  in C opper F a l l s  S tate Park, SW!,;SE!,;NW\ s e c .  1 7 ,  T. 
45 N.,  R. 2 W. , Ash land Coun t y ,  l o c a t ed on the M e l l en l 5-minute quadrang l e  
(fig. 62). A sketch o f  units present i s  shown in f igure 63. 

FIGURE 6 2 .--Part of the M e l l en 7 .5-
minute quadrangle,  showing the loca
t ion of the type s e c t ion of the Cop
per Fa lls Formation. 

Reference s e c t ion.--Cutbank on w e s t  side of Bad R iv e r ,  about 0 .8 m i l e s  
(1.3 km) north of the type section, in Copper Falls State Park, SW!,;NE!,;SW!,; sec. 
8 ,  T. 45 N . ,  R. 2 W . ,  Ashland Coun t y ,  (fig. 6 2 ) .  A sketch of the un i t s  present 
is shown in f igure 64. T i l l  un i t s  may have b een removed by shore eros ion 
above Unit I. Correlation with the type section is unc lear, but the greenish 
till near the bottom of Unit D of the reference section may correlate with the 
greenish t i l l  near the top of un it G of the type s e c t io n ;  if so , it seems 
likely that un i t s  C and D of the t ype s e c t ion o c cur below un it B of the 
reference section. 

D e s c r iption of unit.--The Copper Falls Formation cons ists largely of fluvial 
s and and gravel and t i l l .  The t i l l  typica l ly c on s i s t s  of 3 5  to 80 perc ent 
san d ,  1 5  to 50 p er c ent s i l t ,  2 t o  15 per cent c lay,  and a f ew percent pebb l e s ,  
cobbles,  and boulders. The t il l  deposited by the main Superior Lobe in Doug
las County averages about 7 0  percent sand,  2 5  percent s i l t ,  and 5 percent 
clay, whereas the till deposited by the Chippewa Sub lobe in Bayfield, Ashland, 
and I ron C oun t ies  averages about 6 0  percent sand , 3 5  per cent s i l t ,  and 5 
perc ent c lay. In a l l  f our count ies the proport ion of sand increa s e s  s ou th
ward; it averages 45 percent in the type area. Copper Fall s  till  is commonly 
reddish b rown , ranging from 2 .5YR t o  7 . 5YR 3 to 4/4 to 6;  it i s  g enera lly 
redder t o  the north and browner to the south in Doug l a s ,  Bayf i e l d ,  Ash land , 
and I ron Count ies. It is only s l ight ly calcareous in most areas ; in northern 
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Douglas County the coarse-silt fract ion is between 0.5 and 1 .5 percent carbon
ate, predominantly calcite. 

Nature of contacts .--The b a s e  of the format ion is i l l  def ined. I t  r e s t s  on 
pre-P l e i s to c ene rock in the few p laces i t s  b a s e  has b een s een in Doug l a s ,  
Bayfield, Ashland, and Iron Counties (Clayton, in pre s s ) ,  but presumably older 
Pleistocene units occur below the Copper Falls. The Copper Falls Formation is 
overlain by the M iller Creek Formatwn (Appendix 12) . 

Differentiation from other units.--The t ill of the Copper Falls Formation is 
sandier and browner than the till of the Mil ler Creek Formation. The till of 
the M i l l er Creek Format ion contains as much as 35 percent sand on ly in few 
places where it overlies sand and gravel. 

Regional extent and thickness.--The Copper Falls  Format ion i s  at the surfa c e  
a s  far north as the Miller Creek Formation (fig. 2 ) .  I t  occurs a s  far east as 
the dolomitic  t i l l  of the Green Bay Lobe and a s  far w e s t  a s  the M inne sota 
border. Its southern limit i s  unc lear, but has been shown a t  the St.  Cro ix 
and Chippewa moraines on f igure 2. Because of the lack of detailed stud ies, 
the unit must be rather diffuse ly defined at this time, and it may have to be 
more c l ea r ly defined later when more of i t s  members have b e en def ined and 
traced. 

The Copper Falls Formation is several tens of metres thick in many parts 
of Doug las,  Bayfield, Ashland, and Iron Count ies. 

Origin.--Roughly half, or perhaps more, of the Copper Falls  Formation cons ists 
of fluvial sed1ment, deposited by melt-water streams in front of the glac ier, 
on stagnant i c e ,  or beneath the g la c ier in the form of eskers.  M o s t  of the 
rest of the format ion is t ill depos ited by the main Superior Lobe, the Chippe
wa Sub lobe, the Wiscons in Valley Lobe, or the Langlade Lobe. 

Age and Correlat ion.--The bu lk of the C opper F a l l s  Format ion w a s  p robab ly 
deposited in Late Wisconsinan time, although the chronology of older parts has 
not been worked out, and it is poss ib le that it includes some Ear ly Wisconsin
an material. 

It is probably equivalent, at least in part, to the Cromwell Formation of 
Minnesota (Wright, Mattson, and Thomas , 1 970). The Jardine Creek t ill of Need 
( 1 9 8 0 ) ,  Johnson ( 1 9 80 ) , and Need , Johnson, and M ickel s on ( 1 9 8 1 )  i s  e i ther 
equ ivalent to or a subdivision of the Copper Falls Formation. 

De s c r ipt ion o f  type s e c t ion.--Everyth ing in the type section belongs to the 
C opper Fa l l s  Formation. The t i l l  members have not b e en f o rma l ly d e f ined 
because they have no t yet been succ e s s fu l ly correlated b eyond the type s e c 
tion. There i s  considerable lateral variab 1lity in the type section, and the 
column in figure 63 was measured in the middle part of the cutbank, north of 
its highest point, where it is about 45 m high. The lower 6 m, up from r iver 
level ,  is covered by s lumped material. The next 4.5 m cons ists of c lay, silt,  
sand , and g rav e l ,  probab ly o f  lacustrine or f luvial o r i g in ,  or b o th.  Above 
that is 2 . 5  m of reddish brown t i l l ,  with c l o s e ly-spaced co lumnar j o int s ,  
averag ing 52 p e r c ent sand , 39 perc ent s il t ,  and 9 perc ent c lay ( three sam
ples). Above a sharp contact is 9.5 m of reddish brown (but darker and redder 
than underlying unit) till,  averaging 51 percent sand, 39 percent s ilt,  and 10 
percent clay (six samples). Above that is  a 2 m covered interval with seeps 
and then 5 .5 m of f ine s and w ith s i lt b e d s ,  p robably of o f f shore o r i g in. 
Above that is 5 m of reddish brown till (similar in color to next lower till) ,  
averag ing 3 5  perc ent sand,  53 percent s il t ,  and 12  perc ent c lay (f ive s am
p l e s ) ;  sma l l  inc lus ions of g re en i s h  calcareous t i l l  and a thin b e d  of sand 
o c cur near the top of the uni t .  (The greenish gray t i l l  a l s o  o ccurs as a 
layer about 2 cm thick, about 17 m above river level, in the reference section 
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FIGURE 63.--Type section of Copper Falls Format ion. Bottom of section (river 
level) is near an elevation of 290 m ( 950 feet). Location shown in f igure 62. 
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Unit Description Sample Sand :Silt :Clay 
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Sand, some silt layers (shoreline, nearshore, and offshore 
sediment deposited while lake Superior stood at the 
Duluth level). 

K 

. - -- -
Silt and clay (offshore sediment deposited while lake J - -
Superior stood at the Duluth level)' - . -' - ' -- . - - -
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\ , / 

, / ,  As-1 2:13·9-15-79 • • 

\ / 1  I As-1 2:1 2-9-1 5-79 • • 
1 /' \ / 

Till, loam, reddish brown. A 2·cm layer of greenish·gray 
As-12: 1 1-9-1 5·79 • • 
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/ 1 
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64.--Ref erence s e c t ion o f  Copper Falls  Formation. Bottom of section 
leve l)  is near an e l evation o f  2 7 3  m ( 89 5  f e e t ) .  Lo cat ion shown on 
62. 



on the west side of the river 1.3 km to the north.) Above that is 1 m of s ilt 
and f ine sand,  probably of o f f shore origin.  Above that is 2 m of reddish 
brown t i l l  (more bouldery than the next lower t il l) averaging 43 percent sand, 
45 percent s i l t ,  and 12 percent c lay ( three samp l e s ) .  Above that i s  2 m o f  
s and , and then 2 m o f  reddish b rown t i ll w ith 38 percent sand , 5 5  p erc ent 
s i l t ,  and 7 percent clay (one sam p l e ) .  At the top o f  the cutbank i s  2 m o f  
s and.  I t  i s  likely that the upper three t i l l  layers c on s i s t  o f  f lo w  t i l l ,  
representing several supraglacial debris flows. They are part of a collapse 
hummock and probably represent a s ingle glacial advance. The lower two t ill 
units may have been deposited during the same or during a separate advance or 
advances . 

Person naming unit.--Lee C layton. This unit name is being used for the first 
t ime in this paper. 

APPENDIX 11 a 

NASHVILLE MEMBER OF THE COPPER FALLS FORMATION 

Source o f  name.--Township of Nashville ,  Forest County, Wisconsin, located on 
the Nashvdle 7 .5-minute quadrangle. 

Type s e c t ion.--Grave l  p i t  in a drumlin,  SEl,;SWl,;SEl,; s e c .  7 ,  T .  3 5  N . ,  R .  1 2  E . ,  
southwest part of Forest County, located on the Nashville 7.5-minute quadran
g l e  (fig.  6 5 ,  6 6 ) .  

FIGURE 6 5.--Port ion o f  Nashv i l l e  7 . 5 -
minute quadrang le showing the l o ca
tion of the type section of the Nash
ville Member. 

S LOESS WITH WEAKLY DEVELDPEO SOIL 

........ 

N A S HVILLE TILL - G RAVELLY 

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

N A SHVILLE T I L L  

N 
O m  

= 1.5 

= 3  
..... ...L.=...",.= ____________ J =4 .• 

I PIT FLOOR 
� 5 m _______ -\ 

FIGURE 66 .--Sketch of the west face of 
the gravel p i t  that is the t ype s e c
tion of Nashville Member. 
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Reference s e c t ions .--(l )  Upper t i l l  un it (and probably sand beneath) in P ine 
Lake g ravel p i t ,  SE!,;NW\NW\ s e c .  26 , T. 37 N.,  R. 1 2  E . ,  Forest C ount y ,  l o c a ted 
on the Argonne 7.5-minute quadrangle (fig. 67) .  (2)  Gravel pit in drumlin on 
w e s t  s ide o f  H ighway 55 , NW\NE\SW \  s e c .  3 1 ,  T. 36 N. , R. 1 2  E . ,  on the Crandon 
7 .5-minute quadrangle (fig. 68). About 2 m of Nashville till overlies over 25 
m of sand and gravel of the Mapleview Member. 

FIGURE 67 .--Portion of the Argonne 7 .5-
m inute quadran g l e  showing the loca
t i on of ref erence s e c t ion I of the 
Nashville Member. 

FIGURE 68.--Portion of the Crandon 7.5-
minute quad rang I e  show ing the l o c a
t ion of referen c e  s e c t ion 2 o f  the 
Nashville Member. 

D e s c r ipt ion o f  unit .--The t i l l  of the Nashv i l l e  Member is a pebb ly,  cobb ly 
s andy loam, averaging 77 percent sand, 16 percent silt,  and 7 percent clay in 
the less-than-2-mm fraction, and containing numerous sand lenses within it. 
The percentage of sand increases  s l ight ly in the northern part of Forest  
C ounty. Moist field colors of  the till  range from a reddish-brown (5YR 4/4) 
to y e l lowish red ( 5YR 4 / 6 )  to dark brown O. 5YR 4 / 4  t o  7 .5YR 4/ 6 ) ,  w ith more 
reddish hues apparent in areas near the Michigan border. C lay mineral percen
tage us ing a semiquantitat ive ana lysis (Stewart, 1 973)  show the till to have 
approximately 80 percent illite , 12 percent chlorite and kao linite, 5 percent 
vermiculite, and 3 percent smectite (Simpkins, 1 979).  The pebble lithologies 
in the unit average 95 percent igneous and metamorphic and 5 percent sedimen
tary. The percentage of sedimentary clasts presumably increases towards the 
east . 

Nature o f  contacts. --Un l e s s  i t  is at the surface the Nashv i l le Member i s  
g enerally bounded by sand and gravel or till  derived from the Green Bay Lobe 
(Horicon Format ion) below and by sand and gravel from the Langlade Lobe (Cop
per F a l l s  Format ion) above. The contacts are usua l ly sharp , a l though some 
c lasts of till can be found in stratified drift overly ing the till. 

Differentiation from other units.--Where the Nashville Member d irect ly over
lies till of the Mapleview Member, differentiation of the units can be made on 
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the b a s is of the perc entage of do lomite or sed iment ary pebb l e s ,  the l a t ter 
unit having the most. 

Regional extent and thickness.--The Nashville Member is the surf icial unit in 
southern Forest and northern Lang lade Counties. The till is also present in 
e a s t ern V ilas and One i da Count i e s .  The average thi ckne s s  of the Nashv i l le 
Member is 6.1 m and ranges from 2 m to 17 m. 

Or igin.--The Nashv i l l e  M ember contains subg lacial till  depo s ited by glacia l  
i c e  o f  the Langlade Lobe. In areas o f  exposure, subglacial t i l l  is sometimes 
ove r l a in by thin, d i s c ont inuous supraglacial  t i l l .  A s s o c ia t e d  depo s it s  o f  
sand and gravel are also included. 

Age and Correlation.--The Nashville Member is Late W iscons inan age. It is the 
stratigraphic equivalent of the informal ly named Kempster and Moccas in Lake 
t i l l s  des cribed by Nel son ( 1 9 7 3 )  in the area o f  the Parr ish and Summ it Lake 
moraines of the Langlade Lobe, respect ively. It is the stratigraphic equiva
lent of the Map leview M ember of the Green Bay Lob e ,  a l though t i l l  o f  the 
Nashville Member is known to overlie the Mapleview Member in eastern Langlade 
County (M icke lson and other s ,  1 97 4 ) .  Complex intertongu ing of the s e  un i t s  
a l s o  occurs in an inter lobate area in eastern Lang lade County and northward to 
northern Florence County. The Nashville till is also the approximate strati
graphic equ ival ent of the B a s s  Lake t i l l  of the W i scons in Valley  Lobe,  a l 
though the latter i s  shown t o  cross-cut the informally named Kempster til l in 
the Parrish moraine (Nel son, 1973). 

Description of tI;e section.--A sketch of the west face of the gravel pit is 
shown on figure • All of the material exposed in the upper part of the p it 
is Nashville till,  supraglacial (gravelly) and subglacia l  facies are probably 
present. Gravel, presumably of the Nashville Member is present at the base of 
the p i t .  

Person naming unit.--Wi lliam Simpkins, modified by David Mickelson. This unit 
name was first used informal ly by S impkins (1979).  
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APPENDIX 12 

MILLER CREEK FORMATION 

Source o f  name.--A tribu tary of Amnicon R iver,  Doug las C oun t y ,  Wiscons in ,  
shown on the Poplar NE 7.5-minute quadrang le. 

Type section.--Same as for Hanson Creek and Douglas Members ;  a bluff sect ion 
located on Poplar NE 7.5-minute quadrangle (fig. 69). 

Ref erence s e c t ions.--( 1 )  S am e  a s  for Hanson Creek and Doug las Memb e r s .  ( 2 )  
The shore b l u f f  o f  Or onto B a y  o f  Lake Super i o r ,  about 1 .7 m i l e s  (2.8 km) 
northwest of S axon Harbor,  NE!,;NW!,;NE!,; s e c .  1 0 ,  T.  47 N., R. 1 W . ,  Iron Coun t y ,  
Wiscons in (fig. 70). The sect ion, containing a representat ive exposure of the 
Miller Creek Format ion east of the Bayfield Peninsula, is shown in figure 7 1 .  
The uppermost t i l l  unit (F) i s  the surface unit over most of the region. The 
lower till units (B, C ,  D) p lunge below beach level a short distance southeast 
of the sect ion. 

F IGURE 6 9.--Part o f  the Pop lar NE 7 .5 -
minute quadrangle show ing the type 
s e c t ions o f  the M il l er Creek Forma
t ion and the Hanson Creek and Doug las 
Members . 

FIGURE 7 0 .--Part o f  the L i t t l e  G i r l s  
P o int I 5 -minute quadran g l e  showing 
the l o c at ion o f  ref erence s e c t i on 2 
of the Miller Creek Formation. 

Description of unit.--The Mil ler Creek Formation contains reddish clay sedi
ment of the Superior lowland. In the past it has b e en ca l led Red C lay. I t  
includes the Hanson Creek and Douglas Members west o f  the Bayfield Peninsula. 
East of the Bayfield Peninsula it includes units that may correlate with the 
Hanson Creek and Douglas Member s ;  they tend to be more s ilty and less clayey 
than the un i t s  w e s t  o f  the Bayf i e l d  P eninsula. In addit ion to the s e  uni t s , 
which are largely till,  the formation also contains offshore sediment, which 
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is general ly reddish bedded s ilt and clay, overlying, between, or under lying 
the t i l l  uni t s .  A sma l l  amount of interbedded s and and grav e l  is a l s o  in
cluded in the formation. 

Nature of contacts.--Except for modern fluvial ,  lacustrine, and or�anic depos-
1ts, the M 111er Creek Formation is the surface unit in the Super10r lowland. 
Where observed, the contact with the underlying Copper Falls Formation or pre
Pleistocene units is sharp. 

Differentiation from o ther un i t s .--The M il ler Creek Formation is somewhat 
r e dder and i s  more c layey' and s ilty than the unde r ly ing Copper F a l l s  F o rma
tion. The til l  of the M1ller Creek Formation typically contains less than 20 
percent sand, although it may have as much as 60 percent sand where it over
lies fluvial sand. In contrast, the till of the Copper Falls Formation gener
a l ly contains more than 35 percent sand. 

Regiona l extent and thickne s s .--The M i l l e r  Creek Format ion occurs in mo s t  
p la c e s  b e low the 330-m contour in northw e s t ern W i sconsin,  that i s ,  a lm o s t  
everywhere below the Duluth level o f  Lake Superior (fig. 2). East of Gurney, 
however, it occurs above the Duluth beach, to an elevat ion of 370 m, where 1t 
makes up the end moraines near Saxton. The formation is typically about 10 to 
20 m thick, but i t  is more than 90 m thick near the c i t i e s  o f  Superior and 
Ashland . 

Origin.--Probably at least three-fourths of the M il ler Creek Formation is till  
deposited by ice  of the ma in Super ior Lobe or o f  the Chippewa Sub lob e ,  and 
most of the rest is offshore sediment. 

Age and correlation.--The Mil ler Creek Formation was depos ited in latest W is
conS 1nan and ear11est Holocene time; greater detail is g iven in the discuss ion 
of the Hanson Creek and Douglas Members. The Wrensha ll Formation in Minnesota 
(Wright, Mattson, and Thomas ,  1 970) cons ists of offshore sediment deposits in 
the southwestern end of the Superior b a s in. The Wrensha l l  can be traced to 
the Wisconsin border, but its relationship to the members of the Miller Creek 
Format ion is unc lear; it may overlie the Hanson Creek Member and underlie or 
be lateral ly equivalent to the Douglas Member. 

Des cr iotion of type sect ion.--See description of Hanson Creek type sect ion. 

Person naming unit.--Lee Clayton. This unit name is being used for the first 
t ime in this report. 

APPENDIX 12a 

HANSON CREEK MEMHER OF THE MILLER CREEK FORMATION 

Source of name.--Hanson Creek, draining into Lake Superior 1 km east of the 
mouth of the Amnicon River, Douglas County, Wiscons in. 

Type s e c t ion.--B luff about 0.9  miles ( 1 .5 km) west of the mouth of Han son 
Creek, SE!,;SWl,;SWl,; s e c .  27 , T. 49 N., R. 12 W.,  Doug las Count y ,  l ocated on the 
Poplar NE 7.5-minute quadrangle (fig. 69).  

Reference section.--Bluff 0.2  miles (0.3 km) southwest of the mouth of Pearson 
Creek,  SEl,;SE!,;NWl,; s e c .  22 , T. 49 N. ,  R. 11 W. ,  Doug l a s  County,  located on the 
C loverland 7.5-minute quadrangle (fig. 72). 

De s c r ipt ion of unit.--The Hanson Creek t i l l  averages 10 percent sand , 3 2  
percent s ilt,  and 58 percent clay in the 1ess-than-2-mm fract ion west of the 
Bayfie l d  Penin s u l a  i n  Bay f i e l d  and Doug las Count i e s .  The t i l l  is typ i ca l ly 
dark r e dd ish b rown ( 5YR 3 /4 )  and common ly cont a ins dark gray ( 5YR 4 / 1 )  and 
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FIGURE 7 1 .--Sketch o f  ref erenc e s e c t ion 2 o f  the M i l l er Creek Forma t i on. 
Locat ion shown in figure 70. 

reddish-brown ( 2.5YR 4/4)  str ingers.  It contains 54 percent i l l ite , 3 4  per
cent smectite, 6 percent vermiculite, and 6 percent kaolinite plus chlorite in 
the less-than-0.002-mm fraction. Carbonate content averages 11 percent in the 
less-than-0.063-mm fract ion and 3 percent in the O.063-to-O.037-mm fraction. 

Nature of contacts.--The Hanson Creek Member overlies 
s 1lty o ffshore d e po s i t s ,  or pre-P l e i s to c ene rock. 
places by Douglas till  but in some places by sand. 

Copper Falls sandy till,  
It i s  ove r l a in in most  

Differentiation from other units.--Hanson Cr eek t i l l  i s  s il t ier and b ro wner 
than Douglas till  and finer grained than the Copper Falls  till. Lake sediment 
assoc iated with the Hanson Creek and Douglas Members has not been differen
t iated. 
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FIGURE 7 2.--Part of the C loverland 7.5-
minute quadrang le show ing the l o ca
tion of the reference section of the 
Hanson Creek Member. 

Regiona l extent and thickness.--The Hanson Creek Member occurs along the Su
per ior shore l ine throughout Doug las County. I t s  eas tern limit  in Bay f i e l d  
County i s  the mouth o f  the Iron River. Water-well logs indicate that the unit 
may pinch out under the Douglas Member about 8 to 1 3  km south of the shoreline 
in north e a s t ern Doug l a s  County ,  or it may extend a s  far south a s  the Duluth 
b each of Lake Superior (at an e levat ion of about 330 m). In the Superior  
bluffs it  ranges from 0 .5 to  1 1  m in thicknes s ,  averaging 7 .5  m. 

O r ig in.--The Hanson Creek M ember cons i s t s  l ar g e ly of t i l l  depos ited by the 
Super ior Lobe. 

Age.--The Hanson Creek Member has never been dated, but it was probably depos
ited in latest Wisconsinan t ime , perhaps around 1 1 ,000 B.P. 

Corre lation.--The Hanson Creek Member has not been correlated westward beyond 
Douglas County nor eastward around the Bayfield Peninsula. However, at least 
two till  members of the Mil ler Creek Formation exist in the Superior lowlands 
e a s t  of the Bayf i e l d  P en insu l a ,  and pre sumab ly the Hanson Creek corr e l a t e s  
with the lowest one. 

Des cription of type sect ion.--The type section is a lake bluff, which can be 
reached f rom a campground j ust to the s outh. The bluff is 16 m h igh. The 
upper 8 . 5  m con s i s t s  of Doug l a s  t i l l ,  and the lower 7 . 5  m cons i s t s  of Han son 
C r e ek t i ll. Seven samp l e s  o f  Hanson Creek t i l l  0.2 km w e s t  of the type 
section average 5 percent sand, 34 percent silt,  and 61  percent clay. 

Person nam ing un i t .--E. A. Need ( 1 9 8 0 ) ,  mod i f i e d  b y  Lee C lay t on.  This uni t  
name was first used informally by Need (1980) and Johnson (1980). 
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APPENDIX l2b 

DOUGLAS MEMBER OF THE MILLER CREEK FORMATION 

Source of name.--Douglas County, Wisconsin. 

Type section. Same as Hanson Creek Formation. 

Reference sections.--(l) Bluff exposure 0 . 7  m i l e s  ( 1 . 2  km) w e s t  o f  the mouth 
of the Iron R iver,  SW!,;NE!,;NW!,; s e c .  4 ,  T. 49 N.,  R. 9 W . ,  Bay f i e l d  County 
(typical clay fac ies ) ;  located on the Brule and Port Wing IS-minute quadran
g le s  (fig.  7 3 ) .  ( 2 )  B luff on the northwe s t ern side o f  Bark P o int , SW�El,;NE!,; 
s e c .  2 6 ,  T. 51 N., R. 7 W . ,  Bayf ield  C ount y  (the more sandy fac i es ) ;  located 
on the Cornucopia IS-minute quadrangle (fig. 74). 

FIGURE 7 3 .--Part s  of the Bru l e ,  Port 
W ing , and I ron Lake I S-minute quad
rangles showing the location of ref
e r e n c e  s e c t i o n  1 of t h e  D o ug l a s  
Member . 

FIGURE 74.-Part of the Corpucopia l S
minute quadrang le show ing the l o c a
t ion of referenc e s e c t ion 2 o f  the 
Douglas Member. 

Description of unit.--In mo st places the Douglas Creek Member consists of t ill 
averag ing 1 0  percent sand, 26 percent s i l t ,  and 64 percent clay in the les s 
than-2-mm fraction. I t  is typica lly reddish brown (2.SYR 4/4). It averages 
54 percent illite, 32 percent smectite, 9 percent vermiculite, and S percent 
kaolinite and chloride in the less-than-0.002-mm fraction. Carbonates average 
13 percent in the less-than-0.063-mm fraction and 4 percent in the 0.063-to-
0.037 -mm frac t ion. 

Where the Doug las  till  over l ie s  sand , i t  averages 40  percent sand,  27  
percent silt,  and 33 percent clay in the less-than-2-mm fract ion. Carbonates 
average 9 percent in the l e s s-than-0.063 -mm fract ion and 3 percent in the 
0.063-to-0.037-mm fract ion. 
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Nature o f  con t a c t s.--The Doug las M ember over l i e s  t i l l  of the Hanson Creek 
M embe r ,  t il l  of the Copper F a l l s  Formation, sand and gravel of e ither the 
Mil ler Creek or Copper Falls Formation, laminated clay and silt of the Miller 
Creek Formation, and pre-Pleistocene rock. It is generally the surface unit 
but in a few p la c e s  i t  i s  over l a in b y  fluvia l or lacu s t r ine sand and grav e l  
deposits or offshore s ilt and clay depos its o f  the Miller Creek Formation or 
younger fluvial,  lacustrine, and organic depo s its.  

Differentiat ion from other un i t s .--Typi cal Doug las t i l l  i s  r e dder and more 
c layey than Hanson Creek till. The sandy facies is much more sandy than the 
Hanson Creek till  but not as sandy as most Copper Falls t ill. 

Regiona l extent and thickness.--The Douglas Member occurs in Superior b luffs 
from W i s cons in Po int ea s tward to the mouth of B ark River ( f ig .  2 ) ;  the more 
c layey facies occurs west of Port Wing and the more sandy facies occurs east 
of Port Wing. The Douglas t ill is probably the surficial unit throughout most 
of Superior bluf f s ,  the more c layey facies  ranges from I to 1 5  m thick, 
averag ing 7 . 5  m;  the more s andy f a c i e s  rang e s  from 0.5  to 6 m ,  av erag ing 1 m. 

Origin.--Most of the Douglas Member is till deposited by ice of the Superior 
Lobe . 

Age.--The Doug l a s  t i l l  was probab ly depo s i t e d  in ear l ie s t  Holo cene time,  
probably just after 9900 B.P. 

Corre lat ion.--The Dou g l a s  t i l l  has no t been corre lated ea stward around the 
Bayfield Peninsula, but it presumably correlates with the upper till  member of 
the M il ler Creek Format ion in the Ash land region, and it may make up the 
y ounger end mora ine s in the Saxon area , which contain wood dated 9 7 3 0  .±. 1 40 
( 1 - 5 0 8 2 )  and 1 0 , 1 0 0  .±. 1 00 B.P. (WIS-409 ) .  C layton and Moran ( 1 9 8 2 )  have 
correlated the Douglas Member with a unit in northern Michigan dated 9 900 B.P. 

Description of type section.--See description of Hanson Creek type section. 

Person naming unit .--E. A. Need ( 9 80) , mod i f ied by Lee C layton. This un it 
name was first used informally by Need (1980) and Johnson (1980). 
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