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PREFACE 

"Geosc ience Wisconsin" is a serial that addres ses itself to the geology 
of W i s cons in--g eo logy in the b roadest sense to inc lude rocks and rocks a s  
related t o  soils,  water, c limate, environment, and so forth. It  i s  intended 
to pre s ent t im e ly information from kno w ledgeab le sourc e s  and make i t  
a cces s ib l e  w i t h  m in ima l t ime in review and pro duc t ion t o  the bene f i t  o f  
private citizens� government , scientists,  and industry. 

Manu s c r i p t s  are inv i t e d  from s c ient i s t s  in academ i c ,  government , and 
indu s t r i a l  f ie lds.  Once a manu s c r ip t  has b een reviewed and a c c e p t e d ,  the 
authors w i l l  s ub m i t  a rev i s e d  copy o f  the paper , and the Geo log ica l-and 
Natura l H i s tory Survey w i l l  pub l i s h  the paper as funds perm i t ,  d i s t r i b u t e  
copies a t  nominal cos t ,  and maintain the publication a s  a part o f  the Survey 
list of pub lications. This will help to insure that results of research are 
not los t  in the archiv a l  s y s t e m s  of large l ib rar i e s ,  or lo s t  in the mus t y  
drawers of an open-f ile. 

The two papers in this issue address a Lower Proterozoic (po s s ibly Bara
boo interval) quartz ite in northeastern Wisconsin, and Pleistocene stratigra
phy a l ong the Lake Superior shore line. Jean O l son describes  the McCas l in 
Formation which consi s t s  predominantly of conglomerate and quartzite, overl ies 
m e t avo lcan i c  rocks, and is  inc luded in uni t s  o f  the Wolf R iver batho lith. 
Edward Need and Hark Johnson describe stratigraphy and sedimentology of t il l s  
and a s s o c ia t e d  un i t s  t h a t  f o r m  the b luff s o f  Lake Superior. W e  thank the 
Journal of Sedimentary Petrology for permission to reproduce f igure 10 on page 
31 in the Need and Johnson report. 

W e  encourage sub m i s s ion of manu s c r i p t s  relat ing to Wiscons in g eo logy. 
S p e c i a l  cons i d er a t ion w i l l  be g iven papers which deal w ith t ime ly top i c s ,  
present new ideas, and have regional or statewide implicat ions. 

iv 

Wisconsin Geological and Natural 
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THE GEOLOGY OF THE LOWER PROTEROZOIC McCASLIN FORMATION ,  
NORTHEASTERN WISCONSIN 

by 

Jean M. Olsonl 

ABSTRACT 

Geoscience Wisconsin 
Volume 9 June 1984 

The McCaslin Fo rmat ion o f  nort heastern W i scon s in overlies t h e  W au p e e  
Volcanics and has been intruded b y  the Hager Rhyolite Porphry and High Falls 
Granite of the Wolf River Batholith. The McCaslin Formation is at least 1 ,220 
m thick,  consi sting of a thin,  basal quar t z -pebble m e t aconglomerate and a 
thick metamorphosed orthoquart z ite. The formation was metamorphosed to the 
hornblende hor nf e ls facies by t h e  1 , 500 Ma o ld W o l f  R iv e r  Batho lith.  The 
McCaslin Formation forms a major syncline plunging 3 0 °  to the S. 20° W. The 
southern branch of the McCaslin range consists of overturned quartzite. 

The McCaslin Format ion app ears t o  have been d e p o s i t ed as part o f  a 
braided alluvial system. The sedimentation was influenced by the lack of land 
vegetation, intense weather ing , and probably aeolian conditions in the source 
areas. Paleocurrent data show that the direction of sediment transport was 
mostly from west to east with substantial local variation. Clast lithologies 
and heavy minerals indicate mUltiple sediment sourceS. The tectonic environ
ment was generally stable with slight but steady subsidence. 

The McCaslin Formation may correlate with several other quartzites in the 
region, including the Baraboo,  Waterloo , Barron, Flambeau, and S ioux Quartz
ites. Radiometric ages on related igneous rocks indicate deposition of these 
format ions during the Early Proterozoic between approximately 1 ,7 60 and 1 ,630 
Ma. 

Minor radioactivity of  the McCaslin Formation is due to placered zircon 
grains. The metaconglomerate is probably too young to contain Elliot Lake
type placer ed uran ium. How e v e r ,  since the McCaslin-Wau p e e  contac t  i s  not 
exposed and has not been stud ied, an unconformity-type uranium deposit can not 
b e  ruled o u t .  

INTRODUCTION 

The McCaslin Formation (Mancuso , 1 960) is located in northeastern Wiscon
sin in par t s  o f  Fo rest , Ocont o ,  Marinet t e , and Langlade Coun t i e s  (f ig.  1). 
The main topographic features ar e McCaslin Mount ain,  Thunder Moun t a i n ,  and 
Deer Lookout Tower Hill. Eastward the range splits into two ridges, informal
ly referred to as the northern and southern branches. 

1 Department of Geology, University of Minnesota-Duluth, Duluth, Minnesota; 
now at Chevron USA, 935 Gravier St . ,  New Orleans, Louisiana 701 1 2  
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The McCaslin Formation is underlain by the Waupee Volcanics which con
s i s t s  o f  b a sa l t ,  and e s i t e ,  rhyo l it e ,  and int erf low metas ed imentary rocks 
(Mancuso, 1 960; Lahr, 1 972). The McCaslin Formation has been intruded by the 
Wolf River Batholith, which in the McCaslin area consists of the Hager Rhyo
lite Porhyry and High Fal ls Granite. 

LITHOLOGY 

The total thickness of the McCaslin Formation is difficult to evaluate 
because of extensive glacial cover. The basal contact with the Waupee volcan
ics is not exposed although the two crop out within 30 m of one another. The 
thicknes s  of the McCaslin Formation varies from 1 ,220 m at Thunder Mountain to 
610 m across the northern branch (Olson, 1982). The varying thickness may be 
due to erosion of the McCa s l in pr ior to emplacement of the Hager Rhy o l it e  
Porphry. 

The main rock types comprising the McCaslin Formation are quartzite and a 
basal metaconglomerate. The metaconglomerate, best exposed on the northern 
side of the range, is generally thin and lenticular. It becomes inter layered 
with cross-bedded quartzite upward in the section and eventually disappears 
about 300 m from the b a s e. Approximately 73 percent of the peb b l e s  counted 
were white v e in quartz (fig. 2). The remainder included iron-format io n ,  1 8  
percent; whit e  chert and quartz i t e, 7 percent; and j a s per 2 percent. In 
general, the pebbles decrease in size from 3 em at Ada Lake in the west to 0.2 
cm at Thunder Mountain in the east. The average size also decreases upwards 
through 85 m of section at Ada Lake from 3.0 cm to 1.5 cm. 

The majority o f  the quartzite i s  light maroon in color due to d i s  semi
nated hematite. Or ig inal g r a in boundaries are vi s i b le only on the extreme 
western end where the quartz has not been signi f icantly recry stal l ized by 
contact metamorphism. 

Much o f  the quartzite i s  cro s s-bedded ( fig. 3).  A totsl o f  1 23 cro s s
beds was measured in the f ield. Approximately 25 percent are classified as  
tabular or planar and 75 percent as trough. The cross-beds range between 2.5 
and 61 cm in thickne s s ,  both type s  averaging about 1 2  cm. The upper psrt o f  
the section contains very little cross-bedding. This may be due to changes in 
the depositionsl environment or it may have been obscured by contact, metamor
phism of the Wolf River Batholith. 

A few silty layers, up to 3 cm thick, are present in the McCaslin Forma
tion, however these comprise only a very small percentage of the total expo
sure. Asymmetrical ripple marks are present in one outcrop along the southern 
branch. These trend northeast-southwest w ith an apparent current d i r e c t ion 
from the southeast. The ripple index is about 9 ,  indicating subaqueous depo
sition. 

Cyclicity is common in the bedding and cro ss-bedding of the quartzite of 
the M cC a s l in Formation, w ith an upward decrease in g r a in s ize and s c a l e  o f  
cross-bedding. In general, light-colored coarse bedS with large-scale cross
beds alternate with darker colored, f iner-grained beds with small-scale cross
beds .  

2 
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FIGURE 2.-- M e t acong lomerate at Car t e r  Lookout Tower ( NEl,; sec.  5 ,  T. 33 N., R. 
1 5  E.). Note predominance of vein quartz pebbles. 

FIGURE 3.--Large scale trough cro s s-bedding in quartzite at Thunder Mountain 
( SEl,; s e c. 30 , T. 33 N . ,  R. 1 8  E.). 
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STRUCTURE 

The McCaslin Formation generally dips to the south along m o st of the 
r id g e  inclu d ing the northern branch ( f ig. 4 ) .  However,  along the southe rn 
branch, the bedding dips to the north and is overturned. Beds at both Thunder 
Mountain and Deer Lookout Tow e r  Hill d ip to the w est. A p i  d iagram o f  242 
poles of bedding shows the girdle of a syncline plunging 30 degrees to the S. 
20° W .  (f ig.  5 ) .  The ax is o f  the syncline l i e s  between Thunder Mountain and 
McCaslin Mountain. 

The overturning of the south ern branch is a secondary f e atur e  in the 
syncline (fig. 6). The overturned or ientation of the bedd ing waS determined 
on the basis of overturned trough cro ss-bedding north of the McCaslin Mountain 
Lookout Tower. The presence of quartz pebbles in this outcrop suggest it is 
proximal to the basal metaconglomerate. There may be a fault related to the 
intrusion o f  the H igh Falls Gran ite between the northern and southern 
branche s .  The location o f  the fault zone is marked by quartzite b r eccia 
recemented by white vein quartz as well as a lineament observable on aerial 
photographs. The zone trends northeast and appears to cut the eastern edge of  
the northern branch. 

A major fault, or iented north -nor thw e s t ,  occurs south of Carter 
(Mancuso , 1 960). It is a r ight lateral fault. The Waupee-McCaslin contact is 
offset about 300 m across the fault. The quartzite along the fault has also 
been recemented by white vein quartz. 

Deer Lookout Tower Hill appears to be separated from the McCaslin Range 
by a major fault which str ikes approximately east-northeast, but the direction 
of displacement 1S unknown. The fault trace appears as a lineament on aerial 
photographs and as a linear series of magnetic highs and lows on an airborne 
magnet ic survey. 

Another smaller reverse fault is also present at Deer Lookout Tower Hill, 
trending north-northeast. The Waupee-McCaslin contact is repeated indicating 
d i p  slip movement w i th the w e stern block uplifted r e lativ e to the eastern 
block . 

PETROGRAPHY 

Seventy samp les of the McCaslin were studied in thin section. All thin 
section chips were stained for alkali feldspar and plagioclase. Twenty-five 
th in sections w er e  p o int counted along r andom trav e r se s  p e r p end icular to 
bedding.  

There are three types of sand-sized rock fragments in the McCaslin Forma
tion. These include recrystallized chert, quartz sandstone,  and iron-forma
tion compo sed of banded hematite and chert. There are three type's of quartz 
present in the sand fraction. These include monocrystalline or common quartz, 
recrystallized chert, and recrystallized sandstone grains. 

Muscov ite occurs as laths which may be p o ik i loblastic enclos ing the 
quartz, especially near faults and granite intrusions due to the shearing and 
higher metamorphic grade in these areaS. 
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Epidote o c cu r s  near Ada Lake at the w e stern end where  the m e tam o r p h i c  
grade i s  lowest. It is  pre sent as irregular, secondary grains in a micaceous 
matr ix. 

Feld spar only Occurs  in an outcrop n e ar the P e s htigo River where a 5 m 
block of quartzite has been surrounded by High Falls Granite. Albite, micro
cline, and perthite are present. The microcline and perthite are les s  altered 
than the plag i o c l a s e ,  and po ikiloblastic around quartz grains.  Appar e ntly 
potas sium was supplied to the quartzite by the granite, enabling the formation 
of the feldspar at the expen se of andalusite. 

Chlo r ito id is f ound in s ample s from D e e r  Lookout Tower H i l l  Thunder 
Mountain, and the northern branch. It is pleochroic green to blue, twinned, 
and forms needles and laths. 

Andalu site Oc cur s in varying amounts throug hout m o s t  o f  the area. It 
commonly shows s igns of  alteration to ser1c1te and probably formed from meta
morphism of the original interstitial clay. 

Andradite appears in samples from Deer Lookout Tower Hill, Thunder Moun
tain, and the southern branch. It commonly has alteration rims of chlorite. 

S illimanite occurs in quartzite at Deer Lookout Tower Hill and Thunder 
Mountain. It typ ically f o r m s  needle s ,  generally r ad i ating from grain c o n
tacts . 

Only two m inerals are found as matr ix in the quartz ite. S e r i c ite or 
f ine-grained, slightly impure muscovite, appears as tiny individual laths less  
than 30 microns long. Kaolinite, identified by x-ray analysis,  is  similar in 
appearance to seri c ite but has lower birefringence. Minor amounts are pre s ent 
lo c ally as  sm all laths .  The kao lin ite is probably n o t  pr imary, p o s s i b ly 
forming by alteration of pyrophyllite. The pyrophyllite reported by Motten 
(1972) and Miller ( 1 980) was not ob served in this study. 

The only m ineral w h i c h  can b e  identif ie d  as c em en t  i s  s il ica. I t  i s  
observable as quartz overgrowths in samples from the western end of the out
crop area. Elsewhere r ecrystallization has obscured the original grain bound
aries .. 

Fifteen heavy m in e r al mounts from the Mc Cas lin Formation w e r e  also 
studied. At least 300 nonmagnetic, non-opaque grains were counted for each. 
The heavy mineral suite can be divided into detr ital and metamorphic groups. 
Tho se which show evidence of abrasio n such as rounding are detrital; the r est 
are considered metamorphic. 

The mo st abundant detr ital heavy mineral is  zircon. Zircons were d iv ided 
into s ix categor ies based on the presence of  zoning and degree of  roundn e s s .  
On the w hole,  u n z o n e d  z ir c o n s  a r e  m o r e  num e r o u s ,  ave raging 6 1  p e r c ent. The 
angular categories include idiomorphic grains, broken grains, and those w ith 
euhedral overgrowths and constitute 7 6  percent of the total. The subrounded 
groups c ompr i s e  21 per cent w ith the round ed c atego r i e s  making up abo u t  3 
percent of the total. 

9 



D e t r i t a l  red rut i l e  is  uncommon , making up l e s s  than 1 percent of the 
total heavy mineral suite. Tourmal ine is  rare; it  generally shows brown-green 
p l e o chroism and occ urs as broken cry s t a l s .  The ZTR Index (Hubert , 1 96 2 )  o f  
t h e  d e t r i t a l  heavy m inera l s  is  1 0 0  percent , ind icat ing a very mature s u i t e .  
Opaque minerals include magnetite and hematite. Pyrite also oc curs hut ap
pears to be secondary. 

The metamorphic heavy minerals include andalusite, andrad ite, sil liman
ite, epidote, and c l inozoisite. Yellow rut ile is generally associated with 
hematite 1n thin section, and probably resulted from the separation of titani
um and iron from ilmenite and leucoxene during weathering and metamorphism. 

Almost all of the McCas l in thin sections can be clas sif ied as quartzite 
or quartzose metaconglomerate. On a ternary sandstone c lassification .diagram 
(Pettijohn, Potter, and Siever, 1973), these would plot at the quartz corner. 
There are no feldspar or rock fragments present in the sand fract ion. Assum
ing the seric ite, andalusite, and sillimanite represent original clayey ma
t r i x ,  a l m o s t  a l l  the samp l e s  would be c l a s s i f ied as me tamorph o s ed q u a r t z  
aren i t e s .  On ly o n e  f ine-grained samp le , containing m o r e  than 1 5  p e r c ent 
matrix, would be c lassif ied as a quartz wacke. 

METAMORPHISM 

The contact metamorphism is a result of the intrus ion of various phases 
of the Wolf River Batho lith. The only two metamorphic facies present in the 
McCaslin are the hornblende hornfels facies ,  and the alb ite-epidote hornfel s  
facies which i s  es sentially low pres sure greenschist facies. 

Metamorphism resulted from con t a c t  with the Hager Rhyo l i t e  Porhyry a s  
well a s  the intrusion of the High Fal l s  Granite. McCaslin outcrops adjacent 
to the Hager con t a in s i l l im a n i t e  and andrad i t e ,  ind i c a t ing it waS very hot , 
pos s ib ly equal in temperature to the High Fal ls  Granite. 

The lowest metamorphic grade is found at Ada Lake where epidote, sider
ite ,  and andalusite occur. The majority of the quartzite contains some anda
lusite with chloritoid and andradite present locally. Sillimanite represents 
the high e s t  grade of m e t amorphi sm ,  and o c cur s at Deer Lookout Tower H i l l ,  
Thunder Mountain, and near the Oconto River. The Sillimanite needles typical
ly tormed at the expense of andalusite. 

SEDIMENTATION 

Rose diagrams of 113 paleocurrent measurements ,  corrected for structural 
d ip by a two-t i l t  s o l u t ion (Ram s a y ,  1961) are shown in f igure 7 .  A f t e r  
r o t a t ion o f  bedding b a c k  t o  horizonta l ,  the m e an d ip o f  inc l in a t ion o f  t h e  
crOSS-bedding w a s  21 degr e e s ,  d e cr e a s ing s l ig h t ly upward i n  the format ion. 
A lthough mo s t  of the o u t c r o p s  have a h igh var iance ,  the c a l c u l a t ed v e c t o r  
means are subparallel t o  the east. The overall direct ion of sediment trans
port is interpreted to have been generally from west to east with substantial 
local variat ion. 

The overal l  characterist ics of the McCaslin Formation include cyclical,  
smal l-scale trough and planar cro s s-bedding, poor to moderate sorting, thin 
discont inuous conglomerate, rare asymmetrical ripple markS, and compo sit ional 
maturity. S ilt and clay are scarce and herringbone cross-bedding is total ly 
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absen t .  These features seem t o  best f i t a br aided stream model. Most pre
S i lur ian st reams were brai ded (Co t t er,  1 9 7 8 ) .  The absence o f  veget ation 
rest r i ct ed the to rmation o f  overbank deposits and also perm it ted extensive 
movement o f  sand by the w ind , thus aid ing in product ion of a mature sand.  
Most likely the McCaslin Formation was deposited in a braided stream environ
ment although aeo lian processes were probably active over the alluvial plain. 

However , there are several features of the McCaslin Formation which do 
not easily f it the braided stream model. Braided streams typical ly have an 
overall unimodal paleocurrent distr ibution. The paleocurrent distribution of 
the McCaslin is somewhat unidirectional, but there is a considerable amount of 
var i ance. One po ssib i l it y  may b e  a t idal inf luence in a sea at the edge of 
the alluvial plain. However, features typical of tidal mar ine environments 
such as herringbone cross-strata and associated carbonates and shales are not 
present. Other possible causes for the lack of unimodality include the var i
ab i l it y  inherent in braided str eam cro ss-bedding (Smith,  1 97 2) and local 
irregularities in the Waupee topography at the time of deposit ion. 

There are six types of braided stream models (Miall, 1 977) .  The McCaslin 
Format ion most resem b l es the Donjek River m o d e l  which occurs in the more 
distal reaches of al luvial fans (Rust, 1 975) .  The Donjek characteristics are 
somewhat variab le, but generally cyclic w ith an upward decrease in grain size, 
bed thickness and scal e  of sed i ment ary structures. Poorly-bedded g r av e l  
compr ises between 1 0  and 90 percent o f  the Donjek with small-and large-scale 
cross-beds in the sandy layers. In summary, the McCaslin Formation was prob
ab l y  deposited by a ser ies o f  braided st reamS mov ing over a broad a l l uv ial 
p lain on a fairly stable but subsiding continental margin. 

PROVENANCE 

Since the dom inant paleocurrent d irect ion is general ly from the west 
towards the east, the source area was probably located to the west, although 
sed i m en t  also cou l d  have been supp l ied from the north and south. Mul t ip l e  
sources o f  sed iment are indicated b y  the v ar ious types o f  pebb l es i n  the 
m e t acong lo merat e as w e l l  as the various sizes and amount s o f  round ing of  
z ir co n  g rains. Iron-format ion and chert pebb l es ind icat e weather ing and 
erosion of sedimentary rocks. The rutilated quartz and vein quartz pebbles 
are probably igneous, and the quartzite pebbles probab ly came from a metamor
phic terrane. A p o ssib l e  source of the iron-formation is the B lack R iver 
Falls iron-formation located approximately 200 k i l ometers to the sou thwest. 
Quartz-rich metasedimentary rocks occur in the Waupee Volcanics (Lahr, 1 9 7 2) 
and m ay have p r oduced som e  o f  the quart z  sand. The quar t z  sand cou l d  have 
been reworked from an older sedimentary source, but because of metamorphism 
and r ecryst allization, mult iple overg r o w ths can n o t  be detected. Neverthe
l ess, the overal l composit ional m at u r i t y  and high ZTR Index ind icate some 
reworking o f  older sands may have occurred. 

CORRELATION AND AGE 

The McCaslin Formation must be o l der than the Wolf River Bathol ith, dated 
at 1 , 5 0 0  Ma (Van S chmus, Thurman, and Peterman, 1 97 5 ) .  However , the Waupee 
Volcanics which underl ie the McCaslin have not been dated, therefore a maxiumu 
age for the McCasl in has not been determined. 
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The McCaslin Formation was prev iously correlated with the Baldwin Con
glomerate because of similarit ies in stratigraphic position and l itologic type 
(Mancuso , 1 96 0) .  The Baldw in Cong lom erate crops out near Mountain , 23 km 
south of McCaslin Mountain Lookout Tower. Like the McCaslin ,  it overl ies the 
Waupee Volcanics and underlies the Hager Rhyolit e  Porphyry. The Baldwin is a 
poorly sorted metaconglomerate with angular to subrounded clasts of quartz, 
Waupee, and feldspar in a matrix of quartz,  feldspar and m ica. 

Anderson ( 1 978) concluded that the Baldwin and McCaslin Formations were 
not depo sited simultaneously. The Baldwin has primarily subangular clasts of 
rock fragm ent s  suggest ing a close source area w ith fairly high rel ief. In 
contrast , the McCaslin has mainly rounded quartzite and quartz pebbles indi
cat ing a more d istant source and l o wer rel ief. The r ad ioact ivity o f  the 
Baldwin is also h igher as a result of  more immature rock fragments. 

S ims and Mudrey (personal communications, 1 9 8 1 ,  and as shown in Morey and 
others, 1 982) suggest a possible origin for the Baldwin. They believe there 
is evidence of shear ing along an east-northeast trending zone in the Waupee 
Vo l can ics. The B a l d w in may b e  a b r eccia dep o sit ed along the edge of t h is 
zone , which was later l it h i f ied and covered by the Hager Rhy o l i t e  Porphry. 
Therefore the Baldwin Conglomerate may have been deposited at approximately 
the same time as the McCaslin Formation, but they are not l ithologic correla
tives. 

There are several Precambr i an quar t z i t es in the Lake Superior reg ion 
w h ich have been stud ied most r ecen t ly by Ojakangas and Morey ( 1 9 82).  These 
include the Bessemer Formation, the Sibley Group, the Puckwunge Formation, and 
the Nopeming Formation. These quartzites range in age from 1 , 100 to 1 ,340 Ma 
and are al l younger than the McCaslin. Other older quartzites in the region 
have a lso been correlated , namely the S ioux,  F l ambeau , Bar ron , Baraboo , and 
Waterloo Quartzites (Dott and Dalziel , 1 97 2 ;  Weber, 1 981 ; and Campbel l ,  1 982). 
The ages of these quart z i t es have been p l aced bet ween 1 ,630 and 1 , 760 Ma o n  
the basis o f  rad iomet r ic dating o f  assoc iated igneous rocks (Van S chmus,  
1 978). These erosional remnants may represent a single sheet or at least more 
ext ensive deposits. 

The McCaslin resembles this o lder group of quartzites and may be correla
t ive w it h  them.  The sed iment at io n ,  metamorph ism , regional structure,  and 
compo si t ions are al l s i m i l ar. Composit ional similarit ies consist of clast 
l i t h o l og ies,  the types o f  quart z  sand grains, the heavy m iner a l  su i t e s ,  and 
the phy l losil icates (tab le 1). 

Sedimen t a t i o n  of these quar t z i t es also appears t o  have occurred under 
analogous condit ions since the quartzites are all fairly thick. The environ
ments of deposition of the Flambeau (Campbel l ,  1 982), the Baraboo and Waterloo 
(Do t t , in press) , and the McCas l in appear to be f luv ial.  The Barron 
(Campbel l ,  1 982) and Sioux (Weber, 1 981) are possibly a combination of f luvial 
and marine. Both f luvial and marine environments may have occurred at differ
ent t imes in different areas. 

The McCaslin has the highest metamorphic grade of the quartzites under 
consideration, reaching the hornb lende hornfels facies. Generally the o ther 
quartzites have been subjected to regional metamorphism, ranging from green
sch ist t o  lower amphib o l it e  f ac i es (Dot t ,  in press). The h i g h  grade of the 
McCaslin results from contact metamorphism of the Wolf River Batho l ith. This 
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TABLE 1.--Comparison of composition of McCaslin Formation with other Pro terozoic quartzites. 
Information compiled from Dott and Dalziel, 1972; Campbell, 1982; and Weber , 1981. 
Listed in order of decreasing abundance 

McCaslin Baraboo Barron Sioux Flambeau 

Pebb le Vein quartz Vein quartz Vein quartz Vein quartz Vein quartz 
Types Jasper Chert Quartzite Chert Chert 
(>2 mm) Chert Jasper Jasper Jasper Rhyo lite 

Iron-formation Slate Iron-fo rma t ion Iron-formation 
Rhyolite 
Quartzite 

Sand Types Strained Strained Unstrained Strained Stra ined 

«2 mm) Unstrained Po lycrys ta11ine Strained Po lycrystal line Polycrystal line 
Chert Po lycrysta 11 ine Unstrained Chert 

Chert Chert 

Heavy Minera Is Hematite Zircon Zircon Zircon Magnetite 

Zircon Magnetite Ilmenite Rut ile Hematite 
Rutile Pyrite Leucoxene Tourmaline Zircon 
Pyrite Rutile Rutile Magnetite Tourmaline 
Tourmaline Barite Apat ite Hematite 

Phyllosilicates Muscovite Muscovite Kao linite Pyrophy 1 1  i te Muscovite 

Kao linite Pyrophy11 ite Illite Muscovite 
Kaolinite Il lite 



may have been superimposed on an older low grade regional metamorphism similar 
to the other quartzites, however evidence of only one metamorphic event can be 
ob served in the McCas I in. 

The deformation of Some of the quartzite units is also remarkab ly simi
lar. The Baraboo, Waterloo, and McCasl in form asymmetrical synclines oriented 
northeast-southwest. The Flambeau Quartzite al so forms a syncline, opening to 
the northwest.  In con t r a s t ,  the Barron i s  almost f lat,  d ipp ing s l ightly to 
the north, and the Sioux is  very gently folded, general ly dipping to the south 
and southwest. 

The McCasl in Formation appears to correlate with the Baraboo, Waterloo, 
Barron, Flambeau, and Sioux on the basis of maturity, deposit ional environ
men t ,  degree of metamorph i s m  and s t y l e of deformat ion. If the McCa s l in i s  
correlative with the other quartzites, it may be between 1,630 and 1,760 Ma or 
Early Proterozoic in age. 

TECTONIC SETTING 

The over a l l  t ecton i c  s e t t ing mus t have been f a i r ly s t ab l e  to produce a 
th ick exten s ive dep o s i t  of quartz sand. However, some b a s in sub s idence or 
up l if t  would b e  neces sary t o  enab l e  these th ick format ion s t o  develop. The 
primary aluminum-rich clay m ineral s such as pyrophyl lite and kaolinte indicate 
intens ive chemical weathering typical of a warm, humid climate w ith fairly low 
relief. This combination would permit weathering and leaching of les s stable 
constituents such as feldspar. The lack of land vegetat ion would have allowed 
the result ing f ine material to be removed by wind or water action. 

The pal eocurrent patterns f or the s ix pos s ib ly cor r e l a t ive (?) un i t s  
appear t o  surround a fairly extensive highland located in east-central Minne
sota and central W iscons in (fig. 8). Broad coalescing alluvial fans may have 
developed on the flanks of this highland with a sandy coastal p lain along the 
edge of the alluvial plain. 

Marine tran sgres sion may have started w ith the deposit ion of the quartz
ites. Black s lates and iron-format ion-bear ing d o l om i t e  over l ie the Baraboo 
(Do t t ,  1982). The S ioux Quar t z i t e  has been interpreted as f luvial in the 
l ower two-th i r d s  and mar ine in the upper t h i r d  (Weber, 1981). The later 
deformation of these quartzites marks the end of the stable tectonic setting. 

URANIUM POTENTIAL 

Interest in the uranium potential of the McCas l in developed in 1955 with 
the d iscovery of uraniferous conglomerate east of the McCaslin Mountain Look
out Tower (Kal liokoski, 1976). Attempts to f ind s imilar conglomerate in this 
area have been unsucces s ful. The uraniferous samp les could have originated in 
the conglomerate along the northern branch, or they may be part of the glacial 
drift . 

Exp loration in the McCas l in area began with geochem ical and geophysical 
reconnai s sance during 1957 (Kinneman and I l l s ley, 1962). Anderson (1978) 
included the McCaslin in his radiometric survey of Middle Precambrian quartz
ites in W isconsin. Western Nuclear dr il led three test holes into the McCasl in 
in 1978. The cut tings were studied by Mil ler (1980) who concluded that zir
cons were the cau se of radiat ion in the McCaslin. 
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Airborne rad i o metr ic and magnetic survey s were f lown over mo s t  o f  the 
McCaslin area during Augus t ,  1 9 8 0 .  Flight l ines and contour map s were made 
available to the author by the U.S. Geological Survey. Rad ioactive anomal ies 
appear to be scattered randomly throughout the area. Many are related to the 
Hager Rhyolite Porphry and ,High Fal ls  Granite, but Some seem to be associated 
w ith the McCasl in-Waupee contact. 

A ground survey of the McCas l in during this investigation disclo sed that 
the conglomerate is more rad ioactive than the quartzite. Uranium and thorium 
analyses of nine samples were also conducted by the USGS. The overal l amount 
o f  thorium ranges between 3.3 and 9 9 . 9  ppm, and uranium between 1.31 and 
9.45 ppm (Olson, 1 982).  The highest thorium reading is from the southern side 
of Deer Lookout Tower Hill. The highest uranium value is from a sample jus t  
north of the McCaslin Mountain Lookout Tower. 

Luxophotographs (alpha-pr int s) were also made on samples of the McCasl in. 
The results show that the source of radioactivity in the McCaslin is probably 
zircon grains .  

A uran iu m  dep o s i t  cou l d  s t i l l  conce ivab ly be f ound a t  t h e  b a s e  o f  the 
McCa s l in wh ich is  n o t  expo sed and was not  reached in the t e s t  ho l e s .  A 
quart z-pebble conglomerate-type deposit is unlikely if the McCas l in is younger 
than 2 ,000 Ma. Oxygenat ion o f  the atmo sphere at about t h i s  t i me cou l d  have 
prohibited subsequent deposition of placered uraninite and pyrite (Kall ioko ski ,  
1976). The potential for an unconformity-type d ep o s it appears more l ikely. 
The reg o l ith along the McCa s l in-Waupee cont act , i f  presen t ,  could supply 
uranium and act as a host for depo s it ion. The uran ium po t en t ial of the 
McCasl in cannot be fully analy zed until this unconformity is  studied. 

SUMMARY AND CONCLUSIONS 

The McCa s l in For mation i s  at least 1 , 2 2 0  m th ick and i s  compo s ed o f  a 
basal  metacong l o merate and an over ly ing quar t z ite. It is a mature quart z  
aren i t e  derived f r o m  mul t ip l e  sources. The pebb l e s  are pred o m inan t ly vein 
quartz,  with les ser amount s  of iron-format ion, chert , quartzite, and jasper. 
The detr ital non-opaque heavy mineral suite i s  very mature, pr imarily composed 
of zircon with trace amounts of red rutile and tourmal ine. Most zircons are 
angu lar to subrounded , but some are very wel l rounded. Opaque mineral s in
clude hematite and magnetite. The euhedral pyrite is  probably not detrital. 

The McCaslin has been metamorpho sed to the hornblende hornfels facies by 
the intrusion of the Wolf River Batho l ith. Pr inc ipal metamorphic miner al s 
include anda l u s i t e ,  andrad i t e ,  s i l l i man i t e ,  chl o r i t o id , and ep ido te. The 
structure is  that of a syncline plunging moderately to the south-southwest. 
The southern branch of the McCas lin Range is overturned. 

The env ironment o f  depo s i t ion was probab ly a 
overal l paleocurrent direction from west to east. 
f a i r l y  s t ab l e  but w ith cont inued s low sub s idence. 
curred on broad al luvial fans along the flank of an 

bra ided s t r eam w ith the 
The tectonic setting was 
Depo s it io n  probably oc-

extensive highland. 

On the bas is of lithology, the McCas lin may correlate with the Baraboo , 
Water l o o ,  Barron,  Flambeau , and S ioux Quar t z it e s .  If correlative,  it  i s  
probably between 1 ,630 and 1 ,760 Ma, or Early Proterozoic in age. 
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The source of the minor radioactivity within the McCaslin is most l ikely 
z ircon grains. The McCaslin may be too young for a quartz-pebble conglomer
ate-type of uranium deposit. However, there is Some potential for an uncon
formity-type deposit at the base of the formation since it is not exposed and 
therefore has not been studied. 
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STRATIGRAPHY AND HISTORY OF GLACIAL DEPOSITS ALONG WISCONSIN ' S  LAKE 
SUPERIOR SHORELINE--WISCONSIN POINT TO BARK POINT 

by 

Edward A. Needl ,2 and Mark D .  Johnsonl , 3  

ABSTRACT 

Detailed investigat ions of the material s expo sed in the bluffs along the 
shoreline of Lake Superior between Wisconsin Point and the mouth of the Bark 
River, Wi sconsin, disclose the presence of three t ill units. This three-fold 
t i l l  strat igraphy has been verified in numerous mult iple-unit exposures and 
through laboratory analys is. It was pos s ible to extend this till  strat igraphy 
18 to 24 km southward from the shoreline with subsurface data on f ile at the 
Wi sconsin Geological and Natural History Survey. 

The o ldest t i l l  unit i s  named the Jardine Creek Member o f  the Copper 
Fal l s  Format ion. The t i ll is a redd i s h  brown, s l ig h t ly s tony, sandy l o am .  
The t i l l  unit overlies bedrock and may compose the moraine along the southern 
edge of the study area. The next youngest till unit is named the Hanson Creek 
Member of the Mil ler Creek Formation. The t i l l  is  calcareous, dark reddish 
brown, stone-poor clay that commonly contains complexly patterned st ingers of 
red and gray mater ial.  Thi s  t i l l  unit is  present west o f  the mouth o f  the 
Iron River and appears to pinch out in the subsurface 6 to 13 km south of the 
shorel ine. The youngest t i l l  unit is named the Douglas Member of the M i l ler 
Creek Fo rmat ion. The t i ll i s  cal car eous, d u l l  r ed d i s h  brown, s tone-poor,  
mas s ive clay or clay loam. Th i s  unit i s  the surface unit throughout the 
northern part of the study area. 

These three t i l l  unit s indicate that g laciers advanced and retreated 
through the study area at least three times. The earliest advance, recorded 
by the Jardine Creek Member, was s trongly ero s iv e  cau s ing large amount s  o f  
l o cal bedrock t o  b e  incorporated in the t i l l. The t w o  red-clay t il l  un i t s  
were depos ited by ice that incorporated lake sediment while advancing into a 
proglacial l ake. 

Some tentativ e  correlations are sugge s t ed. The Jardine Creek t i l l  i s  
correlated to t ill of the St. Croix, Automba, Split Rock, and Nickerson Phases 
of Wright and others ( 1 973). The Hanson Creek t i l l  may be correlative with a 
compact pebbly clay near Duluth, Minnesota. The Doug las t ill is  correlated to 
the mas sive red clay near Du l uth , M innesota; red-clay ti l l  in Cook County, 
Minnesota; red-clay t ill south and east of AShland, Wiscons in; and red-clay 
till near Ontonagon, Michigan. 

1 Dep artment o f  Geo logy and Geophy s i c s ,  Unive r s i t y  o f  W i s con sin,  Mad i s on, 
Wi sconsin 53706 

2 Now at D'Appolonia, 4300 West Brown Deer Road , Suite 130, Milwaukee, W i s con
s in 53223 

3 Now at Department of Geology, Fort Lewis Co l lege, Durango , Colorado 8 1 30 1  
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Though no sediment in the study area is dated, dates on correlative units 
suggest the fo llowing history: the Jardine Creek till was deposited before 
1 2 , 0 0 0  B.P.; the Hanson Creek ti l l  around 1 1 , 0 0 0  B.P.; and the Doug las t i l l  
around 1 0 , 0 0 0  B.P. 

INTRODUCTION 

During Late Wisconsin time, ice of the Superior Lobe repeatedly covered 
part of northwestern Wisconsin. This study is concerned with the stratigraphy 
of the deposits in the bluffs of the Wisconsin Shoreline of Lake Superior, the 
correlation of these deposits to previously studied deposits in the region, 
and the g lacial history that can be interpreted from these deposits. The 
location of the the study area is shown in figure 1. 

The stratigraphy of the shoreline from Wisconsin Point to the Bark River 
was examined in detail during the summer of 1979. A mile-by-mile survey of 
the shoreline was made; in each mile, two to three stratigraphic sections and 
bluff profiles were measured. Numerous samples were taken from each of the 
stratigraphic units for standard laboratory analysis. Oriented samples were 
taken at several sit es along the shoreline for thin-sectio n  studies. The 
engineering properties of the units were determined from geotechnical borings 
made at eight sit e s  along the shor e l ine. The shor el ine stratigraphy was 
extended inl an d  in part o f  the study area with w e l l -l o g  data on file at the 
Wisconsin Geological and Natural History Survey. 

In this paper, the lithologic characteristics, geographic extent, strat
igraphic relationships, and subsurface extent, as determined from laboratory 
analyses shoreline exposures and the well-log data are described first. The 
histo rical int erpretatio ns o f  the strat igraphy, r egional correlations, and 
tentative dates are discussed in the second part of the paper. 

/ 

Figure l .--Locat ion and reference map o f  study area. P--Poplar, M--Map le, 
BR--Brule, IR--Iron River, PW--Port Wing, H--Herbster, C--Cornuco
pia, B--Bayfield, W--Washburn. 
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PREVIOUS WORK 

Ear ly work on the g lacial h i s t or y  of the Superior Lob e  concentrated on 
mapp ing abandoned shorel ines o f  g l acial l akes (Law s o n ,  18 93; Tay l o r ,  18 97; 
W inche l l ,  189 8 ) .  A reg ional a s s e s sment o f  p o s t g lacial lake level s in the 
Superior basin was made by Leverett (1929) and later by Farrand (1960). 

Depo sits of red clay in the Superior basin were noted as early as 1852 by 
W h it t l esey. Lever ett (1929) d i s cu s sed the p o s it io n s  of end morain e s  o f  the 
Superior Lobe and s ug g e s t ed that some of the red clay was dep o s ited subg la
c i a l l y  and Some in a l ake. W h i t t l e sey (1852) and Taylor sugges ted a lacu s
trine origin for the red clay--an interpretation upheld by later geo logists  
( Meng el , 1973; Mo s s ,  1977; Zarth , 1977). Johnson (19 8 0) u s ed m icrofab r ic 
analy s i s  to show that the red clay waS depo sited subglacial ly. Red-clay t i l l  
was mapped along the shoreline in Cook County, Minnesota b y  Sharp (1953b) and 
in the Ontonagon area of Mich igan by Hack (1965). 

The g l acial h i s tory o f  the Super ior Lobe has been o u t l ined by Wright 
(Wright and Ruhe, 1965; Wright and Watt s,  1969; Wright , Mat t son, and Thomas , 
1970; Wr ight , 1972; Mat sch ,  and C u s h ing , 1973). He descr ibed a four-phase 
Late W i sconsinan history based on stratigraphic and geomorphic relationships 
in Minnesota. 

In the study area, few detailed investigations exist. Whit son and others 
(1914) m apped s o i l s  in the Bay f ield area and cons idered the red c l ay of the 
region t o  b e  o f  g lacial or i g in. S lope s t ab i l it y  f ac t o r s  for the red clay in 
Douglas County, Wiscons in,  were determ ined by Mengel and Brown (1976, 1979). 
Mengel (1973) interpreted the red clay of Douglas County to be lake sediment. 

STRATIGRAPHY 

Introduction 

The material expo sed in the b l u f f s  along the Lake Super ior shorel ine 
between Wisconsin Point and Bark Bay is predominantly t il l. Three t i l l  unit s 
were identif ied in the study area and are descr ibed in detail below. They are 
the sandy Jardine Creek Member, the clayey Hanson Creek Member , and the clayey 
Doug las Member. 

In addition to ti l l, discontinuo u s  beds of sand and gravel local ly pre
dominate w ithin the bluffs. Laminated lake sediment has been descr ibed in the 
region (Mengel , 1973; Mo s s ,  1977; and Zarth, 1977), but only isolated outcrops 
located on Bark Point were found in the study area. 

The charac t er i s t ics of each t i l l  uni t ,  summar ized in t ab l e 1, are d i s 
cus sed below in order o f  age from oldest to youngest. A comp lete l is t ing o f  
a l l  s amp l e s  analy zed and their locations can b e  f ound i n  Need (19 8 0 ) .  The 
d i s t r ibut ion of the t i l l  unit s and o ther mater ial s along the shorel ine i s  
shown in figures 2 through 9. These shoreline profiles were derived from data 
presented by Need and others (1980). Type sections are described in Mickelson 
and others ( in press). 
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Jardine Creek Member 

Sec 35/36 R7W 

The sandy t ill  unit is named the Jardine Creek Member of the Copper Falls 
Formation for exposures in the bluff s  near the mouth of Jardine Creek, Orienta 
Tow n s h i p ,  Bayf i e l d  Coun t y ,  W i s con s in ( SW\NE\NE\ s e c .  3 5 ,  T. 50 N. ,  R. 9 W . ) .  

The till o f  Jardine Creek Member i s  a sandy loam. Stones (larger than 2 
mm) compose 5 to 1 5  percent of the till.  The average grain-size distr ibut ion 
o f  t h e  m a t r ix ( sm a l l e r  than 2 mm)  and the range of g r a in s i z e s  are shown in 
f igure 7. The till of the Jardine Creek Member is much sandier than the t i l l  
o f  t h e  Han son C r e ek M. e m b e r  and t h e  c lay f a c i e s  o f  the Doug l a s  Memb e r .  Al
t ho u g h  the g r a in s iz e  range of the Jard ine Creek t i l l  ove r laps w ith that of 
the clay-loam facies of the Douglas Member, they can be distinguished on the 
basis  of carbonate content. 

The Jardine Creek t i l l  is typ ica l ly dark red ( 2.5YR 3 / 6 )  to red ( 2 . 5YR 
4 / 6 ) .  Browner h u e s  ( 5  YR) w e r e  n o t e d  to ward the e a s t e rn end o f  the s tudy 
are a .  

T h e  Jardine Creek t i l l  cannot b e  d i s t ingui shed from other t i l l  on the 
b a s i s  of i t s  c l ay m ineralogy b ec a u s e  all t i l l  in the area is r i ch in i l l it e  
and smectite (table 1). However, the Jardine Creek t i l l  does have a distinc
t ive X-ray diffractogram pattern. The combined kao linite and chlorite 0.7 nm 
peak of the Jardine Creek t i l l  is much sharper than tho se of other till.  This 
d ifference , shown in f igure 8 ,  could also be used to dist inguish the Jard ine 
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� Hanson Creek till (48) m Douglas till: 

clay facies (68) 

� Jardine Creek till (29) � Douglas till: 

clay-loam facies (36) 

Figure 7 .--Triangular diagram of grain-size distributions . 

-3.5A -3.5A K 

Other tills Jardine Creek till 

����-
". '--------' 

Figure 8.--X-ray diffractogram patterns (Cu radiation). Note the sharp , rela
t ively no i s e-free 0 . 7  nm peak of the Jard ine Creek compared w it h  
that of the other units. Also note the predominance o f  the kaolin
ite peak near 0.35 nm in the Jardine Creek compared with the bimod
al p a t t ern of the other uni t s .  A l l  runs are dry-air run s.  C-
chlorite, K--Kaolinite. 
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N 
00 

Charac teris tics 

Typical color (mo i s t )  

Grain-size d i s t r ibut ion ( n )  
weight % sand 
weight % s i l t  
weight % c l a y  ( 0 . 002 mm) 

Clay mineralogy ( n )  
% i l l ite 
% sme c t i t e  
r. vermiculite 
% kaolinite & chlorite 

Carbonate content 
s i l t  & clay ( n )  

weight % carbonate 
c a l c ite/dolomite ratio 

coarse s i l t  ( n )  
weight % carbonate 
calcite/dolomite ratio 

Fine-sand mineralogy ( n )  
% heavy minerals 
% quartz 
% plagioclase 
% potass ium feldspar 

Coarse-sand l i thology ( n) 
% shale 
% l imestone & dolomite 
% red sandstone 
% rhyolite & agate 
% mafic igneous 
% gray & green metamorphic 
% granite & gneiss 
% quartz 

TABLE 1 .  -- Summary of t il l  charact e r i s t ic s  
{mean plus or minus one s tandard deviat ion< 

Jardine Creek 
t i l l  

2 . 5YR 3/6 

( 2 9 )  
6 1  ± 10 
24 ± 6 
1 5  ± 6 

( 5 )  
5 1  ± 3 
36 ± 4 
7 ± 2 
6 ± 1 

0 )  
3 ± 2 
2 . 00 
0) 

1 ± 0 . 4  
4 .00 

( 2 )  
3 ± 0 

62 ± 6 
12 ± 3 
23 ± 3 

( I n  
o ± 0 
9 ± 8 
16 ± 9 
10 ± 7 
14 ± 7 

0 . 4  ± 1 
15 ± 1 0  
38 ± 1 2  

Hanson Creek 
t i l l  

5YR 3/4 

(48) 
10 ± 6 
32 ± 5 
56 ± 6 

( ] )  
54 ± 5 
34 ± 4 
6 ± 3 
6 ± 1 

( 4 )  
1 1  ± 2 

0 . 80 
( 5 )  

3 ± 2 
0 . 50 

0 )  
5 ± 2 

59 ± 3 
1 3  ± 1 
23 ± 3 

0 )  
1 ± 2 
3 ± 4 
14 ± 8 

1 7  ± 13 
42 • 1 1  

3 ± 3 
16 ± 1 0  

5 ± 6 

Doug las t il l  
clay facies 

2 . 5YR 4/4 

(68) 
10 • 5 
26 ± 7 
64 ± 9 

0 )  
54 ± 8 
32 ± 6 
9 ± 4 
5 • 1 

( 1 0 )  
1 3  • 3 

1 . 60 
( 1 0 )  

4 ± 3 
0 . 3 3  

( 2 )  
4 ± 2 
59 ± 2 
14 ± 4 
23 • 3 

( 2 )  
0 . 3  • 0 . 9  

1 3  • 1 2  
2 0  ± 1 4  
1 3  ± 1 1  
29 • 1 0  

4 ± 5 
17 ± 1 1  

6 ± 8 

Doug las t i l l  
c lay-loam facies 

2 . 5YR 4/4 

( 3 6 )  
4 0  • 1 2  

27 ± 9 
33 ± 6 

( 7 )  
6 2  ± 4 
25 ± 2 
8 ± 4 
5 • 1 

( 5 )  
9 ± 6 

1 . 25 
( 5 )  

3 ± 2 
1 . 00 



Cr eek t i l l  t rom the c lay- l o am f a c i e s  of the Dou g l a s  Member.  The s e p a r a t ed 
kaolinite and chlorite peaks near 0.35 nm spac ing show that the difference is  
due to the wel l-crystal lized, unweathered character of the kaolinite in the 
Jardine Creek t ill.  

The carbonate content of the silt  and clay frac t ion Cle s s  than 0 .063 mm) 
and the coarse-s ilt fraction (0.031 to 0.063 mm) of the Jardine Creek t i l l  are 
q u i t e  low , av erag ing 3 p e r c ent and I percent by we ight r e sp e c t iv e l y .  The 
corre spond ing c a l c i t e / do l o m i t e  r a t i o s  are 2.0 and 4 . 0 .  A s  ment ioned abo v e ,  
this property distinguishes the Jardine Creek t i l l  from the calcareous c lay
loam fac ies of the Doug las Member. Quartz and pot ass ium feldspar predominate 
in the t ine-sand fract ion (0.125 to 0.25 mm) ,  whereas quartz and red sandstone 
fragments are important const ituents of the very-coarse-sand fract ion Cl.O to 
2.0 mm). These characteristics are summarized in table 1 .  

The engineering properties o f  the Jardine Creek t i l l  were determined from 
two samples. These properties are presented in table 2. The large difference 
between the properties of the Jardine Creek t i l l  and those of other t i l l  are 
due to the considerable differences in grain s ize.  

As shown in f igures 2 through 6 ,  the Jard ine Creek Member ext e n d s  
throughout the study area. Exposures west of the Iron River are restricted t o  
d i s c on t inuou s appearan c e s  a t  t h e  toe of t h e  b luff.  The t i l l  unit i s  w e l l  
exposed between the Iron River and Port Wing, r i s ing m id-way up the 6 - t o  9-m 
bluffs. It is  also well expo sed in the low bluffs of Bark Point. The unit i s  
absent between Port W ing and Herbster and in the higher bluffs o f  Bark Point 
where sand and gravel are the predominant mater ials.  

TABLE 2 .  - - Engineering L a  e r t ies of the t i l l  
mean plus o r  minus one standard deviation 

Property 

Natural water content (n) 
percent 

Liquid limit ( n )  
percent 

Plastic ity index ( n )  
percent 

Bulk d�nsity (n) 
kg/m 

Angle of internal f r i c t ion ( n )  
degrees 

Cohesion (n) 
kg/m2 

S t d .  penetration resistance ( n )  
blows/ foot 

Overconsolidat ion ratio (n) 

Jardine Creek 
t i l l  

29 

( I )  
2 3 . 0  

( I )  
1 7  . 0  

( I )  
5 . 0  

( 1 )  
2 . 00 

( I )  
40 . 0  

( I )  
81 

Hanson Creek 
t i l l  

(4) 
37 . 0  ± 8 . 6  

( 6 )  
59 . 3  ± 1 1 . 7 

( 6 )  
36 . 1  ± 8 . 4  

( 2 )  
1 . 94 ± 0 . 0 3  

( 2 )  
28 . 0  ± 0 . 0  

( 2 )  
0 . 00 ± 0 . 00 

( I )  
21 

( 2 )  
2 . 2  ± 0 . 1  

Doug las t i l t  
clay facies 

( l j )  
38 . 4  ± 7 . 4  

( 1 2) 
72 . 7  ± 7 . 1  

( 1 2 )  
45 . 1  ± 7 . 9  

( 6 )  
1 . 86 ± 0 . 0 5  

( 4 )  
28 . 4  ± 3 . 5  

( 4 )  
0 . 0 1  ± 0 . 0 3  

( 5 )  
1 4  ± 5 

( 2  ) 
3 . 7  ± 0 . 2  



Inland from the b luffs , the Jardine Creek Member is correlated to materi
a l  r e f erred to a s  "ha rd pan" and "c layey grave l "  ·in water-w e l l  con s t ruct ion 
report s .  The l o c a t ion of we l l s  u s ed in this study and the locat ion of four 
s u b s u r f a c e  pro f i le s  are shown in f igure 9. The Jard ine Creek Member c an b e  
tent a t iv e ly traced to the southern edge of the study area where the correla
t ions , shown in the profiles,  become somewhat specu lative. It is difficult to 
determine the actua l extent of the t i l l  at the edge of the study area becau se 
o l der depo s i t s  of  the Super ior Lobe further south con t a in t i l l  s im i l ar in 
color and grain siz e  to the Jardine Creek t i l l .  

As  exp o s e d  in t h e  b l uf f s ,  t h e  Jardine Creek Member rang e s  in t h i c kn e s s  
from 2 to 7.5 m and averages about 3 m. The differences in thickne s s  seem to 
be related to irregular ities in the under lying bedrock surface. The t i l l  unit 
tends to be thicker where the bedrock surface is more uneven. 

The Jardine Creek Member direct ly over lies Precambr ian sandstone which is 
e i t h e r  f irm or b r e c c i a t ed.  Where the rock is  b re c c ia t ed , the contac t i s  
defined b y  the occurrence of erratic stones. Most of the Jardine Creek Member 
is unconformably overlain by the Hanson Creek Member or the Doug las Member. 
The upper contacts with these units are typica l ly abrupt. Some exposures of  
thes e  contact s  show textural graduations and interbedding. The Jardine Creek 
M e m b e r  i s  ove r l a in by an unnamed l am inated c lay unit on Bark P o int and by 
unnamed units of sand and fine-sandy s i l t  between Bardon and Haukka la Creeks.  
The s e  c on t a c t s  a r e  abrupt but their conform i t y  i s  un c e r t a in. The Jardine 
Creek t i l l  unit is the surf icial unit at the tip of  Bark Point • 
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Figure 9 .--Re f e r e n c e  m ap for subsurface s t r a t ig raphy. The s tudy area i s  
bordered b y  the doub le l ine and t h e  do t s  show the l o c a t ion s o f  
wells  used in this study. The numbered brackets show the locations 
of the subsurface profiles and the widths of the s l ices they repre
s e n t .  Ar e a s  I ,  I I ,  and I I I  are those  def ined by Meng e l  and Brown 
( 1 97 9 ) .  
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Hanson Creek Member 

The next younge s t  un it is  named the Han s on C r e ek Member of th e M i l ler 
Creek Format ion for excellent exposures in the b luffs about 1 . 5  km west of the 
mouth of Hanson Creek, Douglas County, Wis consin (SE�SW� sec.  3 7 ,  T. 49 N., R. 
1 2  W . ) .  

The Hanson Creek t i l l  i s  c lay with a stone ( larger than 2 mm) content of 
l e s s  than 5 p e r c e n t .  The average g r a in- s iz e  d i s t r ibut ion of t h e  m a t r ix and 
the range of g r a in s i z e s  found are shown in f igure 7 .  The Han son Creek t i l l  
i s  readily d i s t inguished from the Jardine Creek t ill  and the c lay-loam facies 
of the Douglas Member on the bas is of its grain-size distribution. Although 
there is considerable overlap with the clay facies of the Doug las Member, the 
Hanson Creek t i l l  typically contains more silt at any given s ite. There is a 
no ticeable decrease in the sand content of the t ill  from east to west. This 
trend will be d i s cussed in more de tail below. 

The till  is dark reddish brown (5YR 4/3) to dark reddish brown (5YR 3/4) 
and commo n l y  c o n t a in s  dark gray ( 5YR 4 / 1 )  and r e d d i s h  brown ( 2. 5YR 4/4)  
s t r in g e r s .  The s e  s t r ingers have complex,  int e r m ing l ing p a t t e rn s ,  shown in 
figure 1 0 ,  that g ive the till  a marbled appearance. The overlying clay facies 
of the Douglas Member is no ticeably redder and has no marb l ing. In the f ield,  
the till of these two units can be dis t inguished solely on the bas is of their 
color differen c e s .  

Figure 1 0.--Clay stringers in the Hanson Creek Member. I ce flowed from left 
to r ig h t .  Expo sure is  1 .5 km w e s t  of the mouth of the Amnicon 
R iv e r .  F igure reproduced with the perm is s ion of The Journ a l  of 
S e d imen t a ry P e t r o lo g y ,  v .  53 , p .  8 5 9 - 8 74 ,  f ig .  4 .  
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The Hanson Creek t i l l  contains an average of 34 percent smectite and 54 
percent i l l ite , with lesser amounts of the other c lay minerals. The t ill  l S  
calcareous. The average carbona te content of the silt  and clay frac t ion is 1 1  
percent and the calc ite/do lomite rat io i s  0.8. The average carbonate content 
of the c o a r s e - s i l t  f r a c t ion i s  3 percent and the c a l c i t e / do lom i t e  r a t i o  is 
0 . 5 .  Quartz and p o t a s s ium f e l d s par predom ina t e  in the f ine-sand fra c t io n ,  
whereas mafic igneous fragments are the major constituents o f  the very-coarse
sand fract ion. These characteristics are summar ized in table 1 .  

The engineering properties o f  the Hanson Creek t i l l  were determined from 
s ix samples. The average propert ies of the t i l l  are shown in table 2. Com
pared to the c la y  f a c ie s  of the Doug las Memb e r ,  the Han son Cre ek t i l l  has a 
lower p l a s t i c it y  index, a s l ight ly h igher dry un i t  dens i t y ,  and a h igher 
s t an dard pen e t r a t ion res i s t an c e .  The t i l l  is overconsolidated, having once 
supported a greater load than it does now. 

As shown in figures 2 through 6, the Hanson Creek Member extends from the 
western end of the study area to the Iron River. Good exposures begin a mile 
e a s t  of  Dut chman C r e ek and cont inue eas tward to the Bru le River. The t i l l  
generally makes up the lower one- to two-thirds of the bluffs in this  reach. 
East of the Brule River, exposures are limited to discontinuous appearances at 
the t o e  of the b lu f f .  

Inland f r o m  the b l uf f s ,  the Han s on C r e ek t i l l  is  corre l a t ed w i t h  t w o  
types of  material described in well-construct ion reports: "red c lay," where 
it underlies ''blue clay," and "gray c lay." From the shoreline, where the unit 
is the thickest ,  it can be traced discontinuou s ly for about 8 to 13 km to the 
apparent limit of its extent, which seems to coincide with a sharp steepening 
o f  the t o p  o f  b e d r o ck a s  seen in f igure 1 6 .  Th is  l im i t  may b e  depos i t  iona 1 ,  
erosional ,  or merely a result o f  insuff i c ient information in wel l-constru c t ion 
reports for the area further north. 

The exposed thickness of the Hanson Creek Member ranges from 0.5 to 11 m 
and average s  around 7 . 5  m. The unit i s  t h i cke s t  in the w e s tern part o f  the 
s tudy area and is  notably th inner east of  the Brule River. 

The Hanson Creek Member unconformably overlies the Jardine Creek Member 
and unnamed units containing sand and sandy s i l t  between Bardon and Haukka la 
C r e e k s .  Where i t  c an b e  seen,  the c on t a c t  w i t h  the Jardine C r e ek Member is 
genera l ly abrupt, but variations occur as mentioned above. The contacts with 
the sand and sandy s ilt units are abrupt. Mo st of the Hanson Creek Member is 
unconformably overlain by the c lay facies of the Doug las Member. This contact 
ranges from abrupt to diffuse, but it can usua l ly be located to within 0.3 m. 
Near the mouth of the B ru l e  Rive r ,  lenses of s and ove r l ie the Han son C r e ek 
Member.  The c on t a c t s  w i t h  t h e s e  l e n s e s  are abrupt but t h e i r  confor m i t y  is  
uncertain . 

Douglas Member 

T h e  upper c l ayey t i l l  un it i s  named the Doug l a s  M ember of the M i l ler 
Creek Formation for its occurrence as the surface material of northern Doug las 
County, Wiscons in,  where it is known as the "red c lay" (SEJ,;SWJ,;SWJ,; sec. 27 , T. 
49 N.,  R. 1 2  W . ) .  Two f a c i e s  w i th nonov e r l ap p ing geograph i c  e x t e n t s  can b e  
distinguished within the Doug las t il l :  a c lay facies and a c lay-loam facies. 

3 2  



Both f a c i e s  have s t one ( larger than 2 mm) con t en t s  o f  le s s  than 5 percent.  
The average grain-size d is tr ibutions of the matrix and the range are shown in 
f igure 7 .  The grain-s ize range of the c lay facies of the Doug las Member and 
the Jardine Creek t i l l  overlap, but their contrast ing carbonate contents can 
be used to d i s t inguish them. The two facies of the Doug las Member appear to 
r e s u l t  from a b road g eograph i c  tr end in the g r a in-s i z e  o f  the Doug l a s  t i l l. 
This trend is discus sed below in more detail. 

The c lay facies of the Doug las Member is character ist ically reddish brown 
( 2.5YR 4 / 4 ) .  The Hanson C r e ek t i l l  i s  not i c eably browner and contain s  the 
s t r ing e r s  o f  gray and red that the Doug las t i l l  lacks.  In the f ie ld ,  the s e  
t i l l s  may b e  d i s t inguished s o l e ly on the b a s i s  o f  their c o l o r  d i f f erenc e s .  
The c lay-loam f a c ie s  i s  redd i s h  b rown (2.5YR 4 / 4 ,  5YR 4/4) t o  dark redd i s h  
brown (5YR 3 / 6 )  o r  ye l lowish red (5YR 4/6). 

The c lay fac ies contains an average of 32 percent smectite and 54 percent 
illite,  with lesser amount s  of the other clay material s .  The t i l l  is calcare
ous.  The average carbonat e  content of the s i l t  and c lay f r a c t ion is 1 3  
p e r c e n t ,  and the corres pond ing ca l c i t e / do lo m i t e  r a t io i s  1 . 6 .  The average 
carbona t e  content of the coarse - s i l t  fra c t ion is 4 p e r cent and i t s  c a l
cite/dolomite ratio is 0.3. Quartz and potass ium feldspar predominate in the 
f ine-sand f r a c t ion whereas maf i c  igneous and r e d  s ands t one f ragmen t s  a r e  
important const ituents o f  the very-coarse-sand fraction. These characterist
ics are summar ized in table 1 .  The c lay-loam fac ies contains an average of 25 
percent s m e c t it e  and 6 2  percent i l l it e .  This t i l l  i s  a l s o  c a l careou s .  The 
average carbonate content and calcite/dolomite rat io of the s ilt-c lay fract ion 
are 9 percent and 1.2, respe c t ively. Those of the coarse-s ilt  fraction are 3 
percent and 0.5. No mineralogical or l itho logic analyses were performed on 
the sand subfract ions of this t i l l. 

The engineering properties of the c lay fac ies  of the Douglas Member were 
determined from 1 2  samples. These properties , presented in tab le 2, allow it 
to be distinguished from the Hanson Creek t i l l  as discussed above. This t i l l  
is overconso l idated. The eng ineering prope r t i e s  o f  t h e  c lay- loam f a c i e s  o f  
the Douglas Member were not determined. 

A s  shown in f igures 2 through 6 ,  the c lay f a c ie s  of t h e  Doug l a s  Member 
extends from Wiscons in Point to Port Wing, and makes up the upper one- to two
thirds of the bluffs in this reach. It is usua l ly wel l  exposed in fresh, 2.5 
to 3 . 5  m s craps b e lo w  the cre s t  of the b luf f ,  but the lower p a r t s  a r e  o ft en 
obscured by s lumped debri s .  The c lay-loam fac ies extends discontinuous ly from 
P o r t  W ing t o  the Bark River a s  s hown in f igur e s  2 through 6 .  Where pre s en t ,  
i t  is we 1 1  exposed. 

Inland from the bluff,  the Doug las till  is correlated to the surface or 
near-surface m a t e r ia l ,  which i s  genera l ly r e f e r r ed to as "r e d  c lay" in t h e  
wel l  construct ion reports.  Based only o n  interpretive correlation of the w e l l  
construct ion report s ,  the Doug las t il l  seemed to grade into a "sandy c lay" a t  
a d i s t ance of about 1 .5 to  5 k m  from t h e  southern end of t h e  c r o s s - s e c t i o n s .  
Howev e r ,  s u b s e q uent f i e l d  work i n  tha t a r e a  ind i ca t e s  t h a t  t h e  g r a in- s i z e  
chara c t e r  o f  the Doug l a s  Member i s  no t grad a t ional  a t  i t s  s o u t h e rn l i m i t  
(C layton, oral communicat ion). 
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The thicknes s  of the c lay facies of the Doug las Member ranges from 1 to 
1 5  m and averages about 7 .5 m. The c lay facies is thickest in the west ern end 
of the s tudy area and thins con s iderab ly e a s t  of the I ron Riv e r .  The c lay
loam f a c i e s  ranges from 0 . 5  to 6 m in thickn e s s .  I t  is  typ i c a l l y  1 m thick 
and has the appearance of being draped over the top of the b luff. 

The c lay facies of the Doug las Member unconformably over lies the Hanson 
Creek Member, the Jardine Creek Member, and the sandstone of the Precambr ian 
Bayfield Group. The contact with the sandstone is abrupt; the contacts with 
the o t h e r  t i l l  un i t s  have been d e s c r ibed above. The c lay f a c i e s  is  the 
s u r f a c e  un i t  throughout i t s  extent. The c l ay-loam f a c i e s  unconformab ly 
ove r l i e s  depo s i t s  of sand and g r ave l ,  an unnamed unit contain ing lam inated 
c lay, and the Jardine Creek Member. The contacts with the laminated-c lay unit 
and the Jard in e  C r e ek M ember a r e  abrupt. The c o n t a c t s  w ith the depo s i t s  of 
sand and gravel are generally abrupt, but the generally sandy unit immediately 
b e low the con t a c t  for 2 . 5  to 3 . 0  m contain s  as  much as  50 percent s i l t  and 
c lay. In these cases , the contact is more difficult to locate. Channel s ,  now 
f i l le d  w ith w e l l - s o r t e d  s and , w e r e  cut in to the c lay- loam f a c i e s  in some 
p laces. These channel s  are thought to be of pos tg lacial or igin. Where pres
ent and no t cut b y  t h e s e  channe l -f i l l  depo s it s ,  the c lay- loam f a c i e s  is the 
surface unit east of Port Wing. 

Geographic trends in texture 

The p r e s en c e  of g eog raphi c  t r ends in the g r a in-s ize d i s t r ibut ion o f  
H an s on C r e e k  a n d  Dou g la s  t i l l  was n o t e d  above. I n  b o t h  unit s ,  t h e  sand 
content is greatest in the east and decreases westward. These relationships 
are shown as scatter diagrams of sand content and distance in f igures 11 and 
1 2 .  

Although some of the westward decrease in sand i s  associated with one or 
two rather abrupt local chang e s ,  regional trends seem to be present. This is 
i l lu s t r at ed by t h e  c a l c u l a t ion of l e a s t - s q u a r e s  l inear regr e s s io n s  for the 
s ca t t e r  d ia g r a m s .  The l in e  c a l cu la t e d  f o r  the Doug l a s  t i l l  data has an r
squared value o f  0 . 5 2 ;  that c a l cu la t ed for the Han s on Creek da ta has an r
squared value of 0.64. These reg ional trends could have been produced by one 
or more g lacial proces se s  acting with in the western end of the Lake Superior 
b a s in .  

Comminut ion processes can produce a geographic trend in the grain-size of 
t i l l. With prolonged transport, the amount of f iner-grained material in the 
g l a c ia l  debr i s  inc r e a s e s  at the exp e n s e  o f  the coarser-grain e d  m a t e r i a l .  
Thu s ,  a t i l l  c o u l d  b e come f iner g r a ined in t h e  down - i c e  d ir e c t ion if no 
addit ional coarse-grained material was incorporated at the same t ime. 

Although this proces s  was probably active wh ile Hanson Creek and Doug las 
t i l ls were depos ited, its contribution to the observed trend was apparently 
s m a l l .  Mo s t  o f  the sand in the t i l l  is  quar t z  and f e l d spar. A c c o r d ing to 
Dreimanis and Vagners ( 1 97 1 ) ,  the f iner terminal mode for these minerals is 
s i l t .  Thus c o m m inut ion of t h i s  sand wou ld r e s u l t  in an incr e a s e  in s i l t  
r a t h e r  than c lay. The average g r a in- s i z e  d i s t r ibut ion for the Doug l a s  t i l l  
east o f  Port Wing , between Port Wing and Haukkala Creek, and west o f  Haukkala 
Creek, shown in f igure 12,  indicate that this did not occur. 
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Figure ll.--Scatter diagram of sand content and distance--Hanson Creek Member. 
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Figure 12.--Scatter diagram of sand content and distance--Douglas Member. The 
d o t s  are s ample d a t a ,  the s o l i d  l ine i s  a v i s u a l  b e s t- f it l ine , 
and the dashed l in e  is a reg r e s s ion l in e  (y = 0 . 9 7 x  + 1 . 1 ;  r
squared = 0 . 5 2 ) .  The numbers in parenth e s e s  a r e  the average 
g r a in-s ize d i s t r ib u t ions (sand : s ilt: clay) of the samples between 
the geographic features indicated. 
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Gross and Moran (1971)  proposed that the m1x1ng of materials derived from 
sources having contrast ing characterist ics produced geographic trends in t i l l  
o n  the Allegheny Plateau. Through mixing, the initial grain s ize o f  the t i l l ,  
influenced b y  its up-ice source , i s  a ltered by the incorporat ion o f  material 
from a down-ice source.  W i t h  inc r e a s e d  d i s t ance from the source con t ac t ,  
continued eros ion and incorporation o f  down-ice material produces a cont inuum 
of g rain-s i z e  d i s t r ibutions.  This  pro c e s s  probab ly produced the r e g io n a l  
trends in g r a in s iz e  ob s erved i n  the s tudy area.  W e s tward decrease in the 
sand in this t i l l can be exp lained as the result of sand derived from Bayf ield 
Group sandstone mixing with prog lacia l  lake sed iment during readvances of the 
i c e .  Var ia t ions w e r e  caused b y  t h e  incor p o r a t ion of sand from l o c a l ized 
s o u r c e s  w i th in the s tudy a r e a ,  such a s  the large depo s it of s and and grave l 
between Port Wing and Herbster. 

Microfabric analys is of c layey t i l l  

I n  the p a s t ,  the phy s i c a l  char a c t e r i s t i c s  o f  Hanson C r e ek and Doug l a s  
t i l l  have b e e n  t h e  b a s i s  f o r  t w o  con f l ic t ing int erpr e t a t io n s  o f  i t s  o r i g in.  
The high c lay content,  unbedded appearance, and low stone (smaller than 2 mm) 
content led some workers to interpret this material as a lacustrine deposit 
( Wh i t t l e s e y ,  1 8 5 2 ;  Leve re t t ,  1 9 2 9 ;  M enge l ,  1 9 7 3 ;  Mo s s ,  1 9 7 7 ;  Z a r t h ,  1 9 7 7 ) .  
Other works suggested i t  was t i l l  (Whitson and others , 1 9 14;  Leverett,  1 9 2 9).  
Microfabric analysis (the s tudy of fabric in thin sections ) was used to help 
c larify the origin of the red clay in the study area. Procedures and results  
were discu s s ed by Johnson (1980). 

In microfabric analysis, an analogy is made between sand grains dispersed 
in a c l ay matrix and gravel-s ized stones dispersed in a sand, s i l t ,  and c lay 
m a t r ix. In b o t h  s ituat ion s ,  t h e  larger part i c l e s  acquire a p r e f e r r ed 
o r ien t a t ion in r e sp o n s e  to ice-f l o w  s tr e s s e s .  The s e  part i c l e s  a r e  a b l e  t o  
rotate because the stress experienced by them i s  large relative t o  the smal ler 
par t i c l e s  and there is g en er a l l y  an a b s ence of g r a in-to-g r a in contact w i th 
particles of equivalent size. 

Nearly a l l  of the red-clay samples analyzed had a preferred orientation 
o f  e long a t e  s and grains.  Other g e o l o g i s t s  have concluded that this type o f  
p r e t e r r e d  o r i e n t a t ion can ind i c a t e  ice-f low direct ions (Sitler and Chapman, 
1 9 5 5 ;  Rar r i s o n ,  1 9 5 7 ;  Gravenor and Mene l e y ,  1 9 5 8 ;  Os try and Dean, 1 96 3 ;  
Evenson, 1 9 7 1 ;  Kujansuu, 1 976).  The preferred orientation of sand grains in 
the r e d  c lay suppor t s  a g la c ia l  or ig in for the s e  depo s it s .  Such f e a ture s  
would not b e  anticipated in deep-water lacustrine environments.  

M ic r o f a b r i c  in Hanson Creek and Doug l a s  t i l l  show that i c e  f lo w  w a s  
variabl e ,  ranging from north-northw e s t  t o  northeas t.  Significant independent 
evidence of ice-flow directions that s trong ly affirms a g lacial or ig in for the 
Doug las til l was found at a site along the b luffs 5 km west of Port Wing. At 
t h i s  s it e ,  a s tr ia t e d  boulder pavement is p r e s e n t  a t  con t a c t  b e t w een the 
Douglas t i l l and the underlying Jardine Creek t i l l. Striations on the boul
d e r s  have an average or ien t a t ion of N. 2 5 °  E. The s e  corre spond w e l l  w i th 
orientation of sand grains in the overlying t i l l. 

In addit ion to microfabric ana lysis, o ther evidence supports a g lacial 
origin for the red clay. As shown in table 2, these materials are preconsoli
d a t e d ,  a p r o p e r t y  that can b e  a t t r ibut e d  to load ing by ice.  The g eog raph ic 
trends in the grain-size distribution of the material discussed above are more 
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Figure 1 3 .--Sub surface cro s s  s e c t ion--Dutchman Creek to County H ighway B.  
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Areas I and I I  shown a t  the top o f  the f igure are the type areas 
defined by Menge l  and Brown (1979) ;  ND--not defined. The Doug las 
Member is correlated with the surface and near-surface unit con
taining red clay (r) ;  the Hanson Creek Member is correlated w ith 
un i t s  contain ing gray c lay ( g ) ,  b rown c lay (bn),  and red c lay ( r )  
underlying b lue clay (b) ; the Jardine Creek Member i s  correlated 
with units containing hard pan and clayey gravel. Note the south
ern l im i t  of the Hanson C r e ek Member in T. 4 8  N. and the g radua
t ion of c lay to sandy c lay at the sou thern edge of T. 47 N. 
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Figure 14.--Subsurface cro s s  sect ion--Amnicon River to Hawthorne. Areas I and 
II  shown at the top o f  the f igure are the type areas  d e f ined b y  
Mengel and Brown ( 1 9 7 9 ) ;  ND--not defined. The Doug las Member is 
correlated with the surface and near-surface unit containing red 
c l a y  (r) ;  The Han son C r e ek memb e r  is corre l a t ed w ith u n i t s  con
t a in ing g r ay c lay ( g ) ,  b rown c lay (bn ) ,  and red c lay (r) under
lying blue clay (b);  the Jardine Creek Member is correlated with 
un i t s  conta ining hard pan and c l ayey g r av e l .  No t e  the sudden 
th inning of the c la y  in T. 48 N. and the grada t ion to sandy c lay 
at  the s outhern edge o f  T. 47 N. 
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Figure 1 5.--Subsurface cro ss sect ion--Poplar River to County Highway B. Areas 
I and I I  shown a t  the top of the f igure are the type areas 
defined by Menge l  and Brown (1979);  ND--not def ined. The Doug las 
Member is correlated with the surface and near-surface unit con
taining red clay (r) ;  the Hanson Creek Member is correlated with 
uni t s  containing g ray c lay ( g ) ,  brown c lay ( b n ) ,  and red c lay (r)  
underlying blue clay (b) ;  the Jardine Creek Member is  correlated 
w ith units containing hard pan and c layey gravel. Note that the 
w e l l s  in the southe rn h a l f  of T. 47  N.  do not pene t r a t e  to rock; 
the crest of the divide is just under 335 m in this f igure. 
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1 6.--Subsurface cro s s  sect ion--Haukkala Creek to Lake Nebagamon. Areas 

I and I I  shown at the top of the f igure are the type areas defined 
by Mengel and Brown ( 19 7 9 ) ;  ND--not def ined. The Doug las Member 
is correlated w ith the surface and near- sur f a c e  un it conta ining 
red c lay ( r ) ;  the Hanson C r e ek Member is correlated w i th un i t s  
containing gray clay (g),  brown clay (bn) , and red c lay (r) under
lying blue clay (b) ;  the Jardine Creek Member is correlated w ith 
un i t s  conta ining hard pan and c layey grav e l .  No t e  t h e  s outhern 
l im i t  o f  the Han s o n  C r e ek Member at the southern edge of T. 48 N. 
and the two w e l l s  a t  about 366 m encoun t e r ing red c l ay. (The 
h ighe s t  prog l a c i a l  lake leve l was 341 m.) A l s o  n o t e  the bur ied 
v a l ley south of t h e s e  w e l l s  in T.  47 N. 
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eas ily exp lained uS1ng a g lacial model. The marbled appearance of the red and 
gray stringers in the Hanson Creek t i l l  suggest shear ing by g lacia l  movement ,  
and f lutes and low hummocks are present on the surface of the Doug las t i l l  in 
Doug las County. Considered col lect ively, this evidence leads us to conclude 
that the two red-clay units are composed of t i l l  and not lake sed iment. 

GLACIAL HISTORY 

The three t i l l  units identif ied in exposures along the Wis consin shore
line of Lake Superior between Wiscons in Point and Bark Bay record the occur
rence of at least three g lacial events during Late Wisconsin t ime. The histo
ry of these even t s ,  as interpreted from the phys ical evidence col lected during 
this study, is presented first. Correlations between this history and previ
ous s tudies  in the w e s tern Lake Super ior reg ion a r e  then sugge s t e d .  On the 
b a s i s  of  the s e  corr e l a t ions , the a b s o lu t e  ages o f  the g l a c i a l  events are 
brief ly discussed. No datable material was found in the study area. 

The oldest of the glacial events is recorded by the Jardine Creek Member 
and related sandy depo s its. Analysis  of pebb le or ientations within the Jar
dine Creek t i l l  indicates that ice was f lowing from the northeast at the time 
of deposition. Figure 17 presents the pole p lo t s  for three measurement s ites  
contoured by po le density. Striations on the underlying bedrock are rare due 
to the f riab le nature o f  the Bayf i e l d  sands tone ; but where p r e s e n t ,  t h e i r  
orientations agree with the macrofabric data. 

N 

Figure 1 7  .--Ma crofabr i c  in t i l l  of  the Jard ine C r e ek M ember ; n = numbe r  o f  
p ebb l e s  coun ted.  P e b b l e  long -ax i s  or ientat ions w ith a contour 
interval of twice the standard deviat ion around the mean orienta
t ion axi s ;  h igh e s t  v a l u e s  in b la ck reg ion. Arrow is  the m e an 
aximuth, which shows ice-flow direct ion. 
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Evidence in the study area indicates that a substantia l amount of erosion 
occurred during this g lacial event. The sand iness of the Jardine Creek t i l l  
sugges t s  that i t  i s  composed o f  materials  eroded from the Bayfield sandstone. 
Striated surfaces and, more common ly, zones of brecciated sandstone direc tly 
beneath the t i l l  1ndicate g la c ia l  eros ion of sandstone during this event. Any 
unl ithif ied depo s its predat ing this event would have been eroded as wel l ,  but 
the, amount of ero sion that occurred cannot be determined. 

Near Haukkala Creek, a recess ional ice-margin position can be inferred 
from expo s u r e s  in the b lu f f. As shown in F ig u r e  6 ,  a unit of modera t e l y  to 
w e ll-sorted, f ine-sandy silt grades eas tward into a unit of wel l-sorted medium 
to coarse sand. Within the sand unit are layers of material that are indis
t inguishable from the Jard ine Creek till.  The f ine-sandy s ilt unit is  inter
preted as a proximal lacustrine depos i t ,  and the sand is believed to have been 
interbedded with f low t i l l  originating at the ice margin. In addition to th is 
ice-margin feature, the large depo sits of sand and gravel that compose nearly 
a l l  o f  the b lu f f s  b e tween P o r t  W ing and Her b s t e r  s hown in f ig ur e  5 may have 
b e e n  depo s i t ed a t  t h i s  t ime.  A l though o r i g in of the sand and grav e l  is  not 
c lear, it  is pos s ib l e  that this material was depo s ited at the mouth of a maj o r  
s u b g l ac ia l  d r a inage out l e t  l ike tho s e  hypo thes ized b y  Wright ( 1 9 73 )  for the 
tunnel channels  of east-central Minnesota. 

B e c a u s e  the Han son C r e ek Member is not p r e s e n t  e a s t  of the Iron Riv e r ,  
two pos s ib i l it ies  exist regarding the extent o f  ice retreat fol lowing depo s i
tion of the Jardine Creek Member. The study area east of the Iron River may 
not have been deg laciated, in which case the eastern l imit of the Hanson Creek 
Member approximates the maximum retreat pos i t ion. Alternatively, the entire 
s tudy area may have been deg laciated at this time, and the l imited extent of 
the Hanson Creek t i l l unit is due s imply to later ero sion. 

The s econd g lacial event recorded in the Superior b luffs is indicated by 
the Hanson Creek Member. Flow direct ion of the ice that deposited the Hanson 
Creek t i l l  is indicated by micro fabric ana lysis and orientat ion of inferred 
shear planes w ith in the t i l l .  Microfabric analysis (Johnson, 1 980) ind icates 
that some of the t i l l  was depos ited by ice f lowing from the north-northwest-
nearly perpend icular to the axis of the bas in--and some was deposited by ice 
f lo w ing f r o m  the northe a s t .  M i c r o f ab r ic show ing f lo w  f r o m  t h e  northea s t  
g en e ra l ly o c c u r s  in samp l e s  l o c a t ed in the l o w e r  p a r t  o f  th ick expo s ur e s .  
This fabric presumably reflects the strong, local control of the deep trough 
in the lake b o t t o m  on the i c e  f lo w  dur ing the in i t i a l  s t a g e s  of the advance.  
M icrofabric showing f low from the northeast occurs in samp les from the upper 
part of thick exposures and from the exposures west of the Bru le River. They 
indicate a shift in f low direct ion as the bas in f il led with ice. 

The red and gray s t r in g e r s  w i t h in the Han son C r e ek t i l l ,  i f  c o r re c t ly 
interpreted a s  shear zones ,  indicate deformat ion by f lowing ice. One s tringer 
a t  the s it e  shown in f ig u r e  1 0  w a s  d e t erm ined to have a dip d ir e c t ion of N. 
6 7 °  E .  and a d i p  of 1 4 ° .  Th i s  or ien t a t ion is con s i s t ent w i th the i c e - f l o w  
d irect ion indicated by microfabric data. However, i t  i s  not c lear if the ice 
t h a t  depo s i t ed the Hanson Creek t i l l  or the i c e  of a l a t e r  advance d id the 
shearing . 

The lenses of sand between the Hanson Creek and Doug las Members near the 
Bru l e  R iver shown in f igure 4 may have b e en dep o s i t ed dur ing the r e t r e a t  
f o l l o w ing t h i s  e p i sode - - perhaps a s  subaqueous  o u t w a sh at t h e  ice margin.  
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The lenses could also represent deposit ion of sand subglacially in melt-water 
tunnels.  A third pos s ib ility is that they were carried by ice to that loca
t ion during a la t er advance.  Part or a l l  of the large dep o s i t  of s and and 
grave l b e t ween Port W ing and Her b s t e r  shown in f igure 5 may a l s o  d a t e  from 
this retreat. 

The eastward extent of the Doug las Member indicates that the study area 
was completely deglaciated fo llowing the depo sit ion of the Hanson Creek t i l l  
un i t .  However,  there i s  n o  further ev idence of how f a r  eastward t h e  i c e  
margin retreated. 

The youngest g lacial event 1S recorded by the Doug las Member. Microfab
ric, striated boulder pavement s ,  and flutes indicate that the Doug las t ill  was 
deposited by ice flowing from the northeast. As with the Hanson Creek t i l l ,  
there i s  some indication o f  flow from the north-northwest in the lower parts 
of thick exposures of the Doug las till,  but most of the microfabrics indicate 
f low from the no r t h e a s t .  At a s ite about 5 k m  w e s t  o f  P o r t  W ing there i s  a 
striated boulder pavement at the base of the Douglas till.  The striations are 
oriented N. 2 5 °  E.,  and microfabrics from the overlying t ill  have orientations 
of N. 30°  E. and N. 40° E. C layton (in press) identified numerous ,  low-relief 
f lu t e s  oriented from N. 2 5 °  E. to  N. 5 5 °  E. on the gently s lop ing p l a in of 
north central Doug las County. 

A lake formed in the Superior basin follow ing the last g lacial advance. 
No l a c u s t r ine s e d iment ove r l i e s  the Doug las Member in the b lu f f s  probab l y  
because of erosion by waves or non-deposition. 

The g la c i a l  h i s tory as int erpr�t e d  f rom the phy s i c a l  ev idence in the 
s tudy area can b e  extended and support ed by corre l a t ing w ith chrono l o g i e s  
described elsewhere in the reg ion. In a number of pub lications, Wright pre
s e n t s  a four-ph a s e  h i s tory for the Super ior Lobe in M innesota during l a t e  
Wisconsin t imes (Wright and Ruhe , 1 96 5 ;  Wright and Wat t s ,  1969;  Wright , 1 9 7 2 ;  
Wright, Mattson, and Thomas, 1 9 7 0 ;  Wright, Matsch, and Cushing, 1 973). Work 
has also been done in the Duluth area by Moss ( 1 97 7 ) ,  in Cook County, Minneso
ta by Sharp (1953),  and in the Ontonagon, Michigan area by Hack (196 5).  

During the S t .  Croix Pha s e ,  the f ir s t  of W r i g h t ' s  pha s e s ,  the Superior 
Lobe advanced southwestward to the St. Croix moraine of central M innesota (see 
fig.  1 8 ). Eros ion and incorporat ion o f  Pre cambr ian sands tone dur ing i c e  
advance caused the t i l l  deposited during this phase t o  be red and sandy. This 
t i l l  is inc luded in the Cromwe l l  Format ion ( W r ig h t , M a t t s o n ,  and Thom a s , 
1 97 0) .  B a s a l  organic sed iment in Weber Lak e ,  a lake formed a f t er S t .  C r o ix 
retrea t ,  yielded a date of 14,690 .± 390 B.P. (W-176 3 ) ,  and a bog w ithin the S t  
Croix moraine itself has been dated a t  13,270 .± 2 0 0  B.P. (Y-1326 )  (Wright and 
Wa t t s ,  1 9 6 9 ) .  B a s e d  o n  these t w o  l i m i t ing d a t e s , Wright sugg e s t s  a date o f  
16 ,000 B.P. or older for this phase (Wright and Watts,  1969).  

F o l l o w ing the St.  Croix Pha s e ,  ice of the Automba Phase depo s i t e d  red 
sandy t i l l  indistinguishable from the St.  Croix till.  Partly on the basis of 
g r a in s iz e ,  Wright argued that the i c e  mar g in d i d  not r e t r e a t  very far into 
the Lake Superior basin prior to the Automba Phase. A more extensive retreat 
would have a l lowed prog lac ial lakes to form and the subsequent r e-advance 
during the Automba Phase would have incorporated the lake sediment causing the 
till to be f iner. The till of this phase is also included within the Cromwell 
Formation. No dates are reported for this phase. 
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Pr ior to the third phase of the Superior Lobe, the Split Rock Phase,  ice 
retreated far enough into the Lake Superior bas in to al low a proglacial lake 
to t o r m .  The lake sed iment depo s i t e d  in this lake was incorp o r a t e d  in the 
t i l l  of  the S p l i t  Rock Pha se.  Th i s  t i l l  forms a th in veneer over the pre
e x i s t ing topogr aphy and is present only a t  e l ev a t ions b e low 380 m ( W r ight , 
Matsch, and Cushing, 1973).  There are two dates from an ice-block depress ion 
(Kotiranta Lake) in outwash associated with the Split Rock Phase, 13 ,480 � 350 
B.P.  (W-1 7 6 2 )  and 1 6 , 1 5 0  � 550 B.P.  (W-1 97 3 )  (Wr ight and Wat t s ,  1 96 9 ) .  A d a t e  
of  1 5 , 2 5 0  � 2 2 0  B . P .  (1-5 0 5 1 )  w a s  o b t a ined f rom White L i l y  Lake on t h e  S p l i t  
Rock end moraine. (Wright, Mat sch, and Cushing, 1973).  Because these dates 
are s im i lar to the dates of  the S t .  Croix Pha s e ,  W r ight argued that the S t .  
Croix Phase must b e  o lder than 16 ,000 years. 

Between the Split Rock Phase and the fourth phase, the Nickerson Phase, 
the ice margin r e t re a t e d  into the Lake Superior b a s in.  F ine-grained lake 
sediment was incorporated by the ice during the advance of Nickerson Phase ice 
and redepo s i t e d ,  perhaps by one or more surg e s  (Wr ight and Wa t t s ,  1 9 6 9 ) ,  a s  
r e d ,  c la y e y ,  s t one-poor t i l l .  This t i l l ,  inc luded in t h e  Barnum F o r m a t ion 
( W r igh t ,  M a t t s on ,  and Thom a s , 1 9 7 0 ) ,  m akes up the N i ckerson mora ine on the 
south s ide of the Superior Lobe and forms a cap on the Thompson moraine on the 
northwest side of the lobe. The t i l l  reaches but does not exceed an e levation 
o f  3 6 ;  m ( W r ig ht ,  M a t s c h ,  and Cush ing , 1 97 3 ) .  S everal  d a t e s  are a s s o c ia t ed 
w i t h  the Nicker s o n  advance. Wood in s e d im e n t s  from g la c i a l  Lake A i t k in II 
( s e e  t ig .  1 9 )  y i e l de d  dates o f  1 1 , 7 1 0  � 325 B . P .  (W-502)  and 1 1 , 56 0  � 4 0 0  B.P.  
(W-1 l 4 1 )  (Wright and Wat t s , 1 9 6 9 ) .  B a s ed on the r e l a t ion ship b e t w e en t h e  
outlets of this lake and the Nickerson ice pos i t ion, the Nickerson Phase must 
have been earl ier than these dates. Lake-bottom material from two lakes on 
the Nickerson m o r a ine were d a t e d  at 1 0 , 4 0 0  � 3 0 0  B . P .  (L-7 9 4F )  and 1 0 , 8 0 0  � 
3 0 0  B.P.  (L-794 A-D). S ev e r a l  d iv e r s ion chann e l s  t h a t  f lo w e d  into a prog la
c i a l  lake as  the N i ckerson ice marg in r e t r e a t ed contain m a t e r ia l  dated a t  
1 0 , 6 3 0  � 5 0 0  B.P.  (W-1 6 7 7 )  and 1 0 ,420 � 3 0 0  B . P .  ( W- 1 7 1 4) (Wright and Wa t t s ,  
1 96 9 ) .  The s e  d a t e s ,  a s  w e l l  a s  the others mentioned,  are young e r  than t h e  
Nickerson Pha s e .  They s ug g e s t  a 1 2 , 00 0  B . P .  d a t e  for the N i c k e r s o n  Pha s e  
(Wright and Watts,  1969).  

Because of the similarity of Wright's sequence (two red-clay t i l l  units 
over-lying two red, sandy t i l l  units) and the sequence in the study area (two 
r e d - c l a y  t i l l  uni t s  over one r e d ,  sandy t i l l  unit ) ,  it is tempt ing to corre
late direct ly. This would indicate that the Douglas t i l l  was  depo s ited during 
the Nickerson Phas e ,  the Hanson C re ek dur ing t h e  S p l i t  Ro ck Phas e ,  and the 
Jard ine Creek t i l l  dur ing the S t .  Croix and Automba Pha s e s .  Howeve r ,  we do 
not believe this correlation is  correct. 

Firstly, the Nickerson moraine can be traced into Wisconsin where it is 
composed not of c layey t i l l ,  as would be expected if the t i l l  of the Doug las 
Member is equiv a l e n t  to the t i l l  of  the Barnum F o r m a t i o n ,  but of  red s andy
loam t i l l  s im i lar t o  the t i l l  of  the Jard ine Creek Member.  S e cond l y ,  the 
ave r a g e  s and : s i l t : c lay ratio of  t i l l  o f  the S p l i t  Ro ck and Nicke r s on Pha s e s  
are 44: 3 3 : 23 and 28:37 : 34 respectively (Howard Hobbs, written communication). 
S p l i t  Rock and N i c ke r s on t i l l  is c o a r s e r  than the t i l l  of t h e  Hans o n  C r e ek 
Member ( 1 0 : 3 2 : 58 )  o r  the t i l l  of  the Doug las M ember ( 10 : 26 : 64 ) .  F i na l ly ,  in 
northern Doug l a s  and B ayf i e l d  Coun t ie s ,  the t i l l  of the Doug l a s  M e m b e r  i s  
everywhere below 341 m whereas the t i l l  o f  the Nickerson Phase reaches 3 6 5  m 
(Wr ight , M a t s c h ,  and Cush ing , 1 9 7 3 ) .  I f  t h e s e  e l ev a t ions a r e  as sumed t o  
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r e p r e s e n t  1 ce -marg ina l po s i t ions , it is  impo s s ib le for the same g la c ier to 
depos it both tills.  Thu s ,  the Doug las Member and the Nickerson Phase cannot 
be correlative. 

A similar argument can be made for the Hanson Creek Member and the S p l it 
Rock Pha s e .  Nowhere in Doug l a s  and Bayf i e l d  C oun t ie s  w a s  the l i m i t  o f  the 
t i l l  of the Hanson Creek Member found outside the geographic limit of the t i l l  
o f  the Doug las Member. I n  the subsurface, the t i l l  o f  the Hanson Creek M ember 
could be traced only as high as about 285 m. Though erosion may have removed 
much of the t ill  of the Hanson Creek Member, it appears that the Hanson Creek 
Member is less extensive than the Doug las Member. If this is true, the t i l l  
of  the Hanson Creek M ember cannot corre l a t e  to  the t i l l  o f  the S p l i t  Rock 
Pha s e  which reaches 3 8 0  m in M inne s o t a  (Wrig ht ,  M a t s c h ,  and Cushin g ,  1 9 7 3 ) .  
Likewise,  the Hanson Creek Member cannot be considered a correla t ive of the 
N ic kerson Phase. 

The Douglas Member and the Hanson Creek Member must be younger than the 
N i c k e r s on t i l l  and thus represent two younger pha s e s  of the Super ior Lob e .  
This indicates that the t i l l  of the Jardine Creek Member is equivalent to a l l  
of the t i l l  depo s ited during Wright's four phases and suggests that northern 
Douglas and Bayfield Counties may not have been deg laciated during the time 
repr e s ented by t h e  four pha s e s .  I t  is a l s o  p o s s ib l e  that deg l a c i a t ion did 
o ccur in our s tudy a r e a  b u t  only one t i l l  uni t  is  p r e s e rved or t h a t  t w o  or 
more red sandy t i l l s  are preserved but are s im ilar and diff icult to differen
t i a t e .  

Duluth .ru:!l.!l. 

In Duluth and northeastward along the Lake Superior shoreline , loam to 
s i l t - lo a m  t i l l  of two s tr a t igraphic un i t s  referred to as the "lower" and 
"upper" t il l  un i t s ,  are ove r l a in by m a s s ive red c lay ( M o s s ,  1 9 7 7 ) .  The 
"lower" t i l l  is dark r e d d i s h  brown,  and h a s  a sand : s i l t : c lay rat io of 
3 6 : 46 : 1 8. Grave l makes  up 25 per cent of the t i l l .  The 1 t o  2 mm sand frac
t ion is dominated by basalt.  The "upper" t i l l  is dark reddish brown and has a 
sand : s il t : c lay ratio of 3 0 : 50:20 although it is quite var iable. Gravel makes 
up 2 0  p er c ent of t h e  t i l l. The t i l l  of b o th un i t s  wa s dep o s i t ed by i c e  
f lo w ing from the e a s t -northeas t  out o f  t h e  L a k e  Superior b a s in. Th e s e  two 
t il l  uni t s  are correlated w ith the St.  Croix and Automba Phases respe c t ively 
by M o s s  ( 1 9 7 7 ) .  The m as s iv e  red c lay that o c c u r s  a t  the b lu f f  top a long the 
s h o r e l ine contains 2 t o  3 percent p e b b l e s  and has a s and : s i l t : c lay rat io of  
5 : 26 : 6 9  (Mos s ,  1977).  Moss (1977)  interpreted the mas s ive red clay to be lake 
sediment associated w ith an early s t age of Lake Superior. 

If previously stated correlat ions are correct,  the Jardine Creek Member 
correlates to the "lower" and "upper" t i l l  units along the north shore. This 
indicates that the ice margin did retreat into the basin ,  at least northeast 
of Duluth, between the St. Croix and Automba Phase s ,  but probably not east of 
the Brule River where only one t i l l  unit is found. 

In table 3 ,  a comparison is made between the red clay described by Moss 
( 1 9 7 7 )  and the t il l  of the Doug las Member. The similarity s trong ly sugge s t s  
they are t h e  same un i t .  Becau s e  t h e  red c lay of t h e  Doug las Member i s  t i l l  
(Johnson,  1 9 8 0 ) ,  t h e  red c lay d e s cribed by M o s s  ( 1 9 7 7 )  is  probab ly t i l l  and 
not lake sediment. 
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TABLE 3 .  -- Comparison of unbedded red c lay near Duluth (Mos s ,  1 9 7 7 )  
and Douglas till 

Characteristics 

Grain-size d istribution (n) 
mean; % s and : % silt : % c lay 

Bulk dens ity , (n)  
range ; kg/m3 

mean ; kg/m3 

Water content (n) 
mean ; percent 

Liquid limit (n) 
mean; percent 

Plas tic limit (n) 
mean; percent 

Color (moist)  

Unbedded red 
clay 

( 3 2 )  
5 : 26 : 69  

(4)  
1 . 2- 1 . 5  

1 . 34 

( 2 1 )  
41 

( 2 7 )  
61 

( 2 7 )  
2 7  

5YR 4/4 

* Western end of study area, oppos ite Duluth.  

Doug las t il l  

( 2 6 )  
7 : 26 : 67* 

( 19 )  
1 . 2-1 . 5  

1 . 35 

( 1 2 )  
38 

( 1 2 )  
73 

( 1 2 )  
2 7  

2 . 5YR 4/4 

Mo s s  ( 1 9 7 7 ) a l s o  d e s c r ib e s  "compac t ,  pebbly c lay" o c curr ing in p a t c h e s  
s t r a t igraph i c a l ly b e t w e en t h e  m a s s ive r e d  c l ay a n d  the "upper" t i l l  u n i t .  
T h i s  m a y  b e  a c or r e l a t ive u n i t  to t h e  Hanson C r e e k  Member or part of  the 
Doug las Member, but the data are insuff ic ient to correlate. 

Cook County. Minnesota 

Sharp ( 1 9 53) described till stratigraphy along the Lake Superior shore
line 1n Cook County, Minnesota. He noted red-clay t i l l  overlying brown, sandy 
t i l l  o f  Cary a g e .  The sandy t i l l  is s tony and cont a in s  l e s s  than 5 p e r cent 
s i l t  and clay.  This is not Super io r  Lobe t i l l  b e ca u s e  it contain s  rock 
characteristic of the Rainy Lobe, which had a north to south ice-flow direc
t ion. Ove r l y ing t h is t i l l  is red-c lay t i l l  o c cupy ing a b e l t  5 to 6 km w id e  
a long t h e  shore l ine.  It  is  s tone-poor,  c a lcareou s ,  and con t a ins 6 0  t o  80 
percent clay. Lithologic content and color indicate it  is  Superior Lobe till.  
At one l o c a l it y  (see 2 7 ,  T.  6 2  N . ,  R.  3 E . ) ,  2 8  m of b rown , c a l careous ,  c layey 
t i l l  1 S  expo sed below r e d - c lay t i l l .  Sharp ( 1 9 53 )  s t a t ed that t h i s " • • •  is 
provisionally included with the brown, sandy t il l  although it might be o l der." 
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The brown, c layey t i l l  and the red- c lay t i l l  are tentat ive ly correlated 
to the t i l l  o f  the Hanson C r e e k  and Doug l a s  Nembers r e s p e c t i v e l y .  I f  t h e s e  
c o r r e l a t ions a r e  cor r e c t ,  t h e  i c e  marg in w a s  at l e a s t  as far a s  t h e  Cook 
County brown-clay-t i l l  outcrop prior to the Hanson Creek advance and to the 
northeastern tip of Minnesota prior to the Doug las advance. 

Ontonagan area, Michigan 

Hack ( 1 96 5 )  described a stone-poor, red, c layey til l overlying a reddish
brown, stony t i l l  on the Ontonagon Plain in M i ch igan's Upper Peninsula. These 
t i l l  units are tentatively correlated to the Doug las and Jard ine Creek Mem
bers ,  respective ly. Wh ile ice was depo s iting t i l l  of the Hanson Creek Member, 
this area was either not deglac iated or the evidence has been eroded. 

AGE DETERMINATIONS 

No datable material was found in the study area, but us ing the correla
tions above, ages for the three tills  in the study area may be suggested. The 
t i l l  o f  the J a r d in e  C r e ek Member is d a t ed 1 6 , 0 0 0  to 1 2 , 0 0 0  B.P.  b a s e d  on the 
Minnesota chrono logy (Wright and Wat t s ,  1 969) .  No datab le material is associ
ated with the units correlated to the Hanson Creek Member. 

Hack ( 1 965) reported three dat e s  as soc iated with the red, c layey t ill  on 
the Ontonagon P la in.  Wood in the t i l l  d a t e s  1 0 , 2 3 0  � 2 8 0  B . P .  (W-96 4 ) .  Bog
b o t t o m  wood and g y t t a  date 9 , 6 0 0  � 350 B.P.  (W-96 5 )  and 9 , 5 0 0  � 350 B.P.  ( W-
1 1 5 0 )  r e s p e c t iv e l y .  Th i s  ind i c a t e s  a d a t e  o f  9 6 0 0  to 1 0 , 23 0  B .P.  f o r  t i l l  o f  
the Doug las Member i f  it i s  corre lative t o  Hack's red, c layey t i l l. 

This date may be corroborated by examin ing wel l-dated Lake Aga s s iz f luc
tuat ions.  During Late Wisconsin deg lacia t ion, Lake Agas s iz drained into Lake 
S u p e r i o r  through ch anne l s  in southern On t a r i o .  When the S u p e r ior Lob e ad
van c e d ,  t h i s  o u t l e t  w a s  b locked and Lake Ag a s s iz r o s e .  Arndt ( 1 9 7 7 )  s t a t ed 
that t h e  Aga s s i z  o u t l e t  w a s  b lo ck e d  dur ing a p e r io d  1 0 , 1 0 0  to 9 , 9 0 0  B . P . ,  a 
period that overlaps w ith the age of  the red c lay on the Ontonagon Plain. The 
next o lder phase o f  Lake Agassiz is the Lockhart Phase which wa s present from 
about 1 1 , 3 0 0  B . P .  to 1 0 , 7 0 0  B .P.  ( C l ayton and M or a n ,  1 9 8 2 ;  f ig . 1 ) .  I f  the 
Hanson Creek advance is assoc iated w ith the Lockhart Pha s e ,  the Hanson Creek 
Member dates from around 1 1 ,000 B.P. 

Wright (1972) Moss ( 1 9 7 7 )  Sharp ( 1 9 5 3 )  t h i s  paper Hack ( 1 9 5 5 )  

* red clay red clayey till Douglas i'lemher red clayey t i l l  

* compaC'T pebbly ? brown clayey till Hanson Creek Nember -;.-

clay" 

Nickerson Phase * sandy t i l l  Jardine Creek l'-lb** red sandy till** 
(Rainv Lobe) 

Split Rock Phase * 

Automba Phase upper till 

S t .  Croix Phase lower t i l l  

* no equivalent unit recognized 
** ma y be equivalent to one or all of \\'right ' s  ( 1 9 7 2 )  phases 

F igure 1 9 . --Summary of correlation s .  
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The following tentative dates are suggested: before 1 2 , 000 B.P. for the 
Jardine Creek Member, 1 1 ,000 B.P. for the Hanson Creek Member, and 1 0,000 B.P. 
for the Douglas Member. These dates are based on the correlations suggested 
and require further study to ref ine them. 

SUMMARY 

Detailed stratigraphic investigations of the b luffs along the Wisconsin 
shor e l ine of Lake Superior r eveal the pr e s en c e  o f  three t i l l  u n i t s .  The 
o l d e s t  t i l l  unit is composed of the Jardine Creek t i l l .  This t i l l  can b e  
distinguished b y  its grain s ize (average 6 1  percent sand, 24 percent silt,  15 
percent c lay)  and by sharp kao l in i t e  p e aks at  0.7 nm and 0 . 3 5  nm spa c ings in 
x-ray diffractograms. Internal structures observed at a few loca t ions suggest 
that some o f  the Jardine Creek t i l l  was depo s i t ed as  subaqua t i c  f low t i l l. 
Subsurface data appear to indi c a t e  that the t i l l  unit extends beyond the 
southern edge of the study area. 

The next youngest till unit is the Hanson Creek Member. This till can be 
distinguished by its grain s ize (average 10  percent sand, 32 percent silt,  58 
p e r c ent c l a y ) ,  i t s  browner c o lor ( 5YR 3 / 4 ) , and the complex interm ing l ing 
patterns of red and gray color bands w ithin it. Th is t i l l  a l s o  has a lower 
plast1city index (38) and higher standard penetration resistance (21 b lows/ft) 
than the clay facies of the Douglas Member (45 and 14 b lows/ft respectively). 
The Hanson C r e ek Member may pinch out in the subsurface 8 to 1 3  km south o f  
the shore l ine . 

The youngest till unit is composed of the Douglas till. Two facies are 
present w ithin this unit--the c lay facies (average 1 0  percent sand, 26 percent 
silt,  64 percent clay) and the clay-loam facies (average 40 percent sand, 27 
percent s ilt, 33 percent clay). In addition, this till can be distinguished 
by its characteristic red color (2.5YR 4/4) and its occurrence as the surface 
unit of the Lake Superior plain. 

Geographic trends in the sandiness of the Hanson Creek and Douglas till 
are believed to be the result of progressive d ilution of sandy debris,  derived 
from Bayfield Group sandstone by proglacial lake sediment eroded by the read
vancing ice that deposited the till. Microfabric analysis of clay t ill of the 
Douglas and Hanson Creek Members indicates a glacial origin for this material 
rather than lacustrine as previou s ly r eported. Thi s  interpre t a t ion is s up
ported by overconsolidation of till in both units, geographic trends in grain
s ize distribution, glacial shearing in the Hanson Creek Member, striations at 
the base of the Douglas Member, and f lutes and low hummocks on the surface of 
the Douglas Member. 

The t i l l  of the Jard ine C r e ek Member may b e  equ iva lent to one o r  a l l  
tills deposited during Wright and others' (1973) four phases. Fol lowing the 
St. Croix Phase ,  the western end of the study area may have been deglaciated. 
b ased on corr e l a t ion to the lower and upper t i l l  uni t s  o f  Mo s s  ( 1 9 7 7 )  near 
Duluth. Alternatively, deglac iation within the study area during the period 
o f  W r ight and others'  ( 1 9 7 3 )  phases m a y  have o ccurred but no ev idence w a s  
found . 

Following the Nickerson Phase ,  the ice margin retreated at least as far 
eas t w a rd as the I ron River in W is cons in, as  ind i ca t e d  by the extent of the 
Hanson Creek Member in the s tudy a r e a ,  and perhaps further b a s e d  upon the 
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occurrence of brown, c layey t i l l  in Cook County, Minnesota. A more extensive 
retreat is also supported by the presence of two end moraines compo sed of red
c lay t i l l  near the Wisconsin-Michigan border. These two moraines are tenta
t ively correlated to the Hanson Creek and Doug las Members (C layton, III pres s) .  

Fo l l o w ing t h i s  r e t r ea t ,  ice advan ced and de po s i t ed t i l l  of  the Han son 
Creek Member. Pos s ible correlative units include a unit of compact, pebb ly 
c lay in the Duluth area (Mos s, 1 97 7 ) ,  a unit of calcareou s ,  brown clayey t i l l  
in Cook County, M innesota (Sharp, 1 9 53 ) ,  and a unit o f  red-clay t i l l  making up 
one of the two moraines on the Wisconsin-Michigan border. 

Retreat prior to depo s it ion of the till  of the Doug las Member was exten
s ive, l ikely farther east than Cook County, Minnesota and the Ontonagon area 
in Michigan, the eastern-mo s t  s ites con s i dered in this paper. 

The f inal ice advance into the western Lake Superior basin deposited the 
t ill  of the Doug las Member. This unit is correlated to a unit of mas s ive red 
c lay found near Duluth (Mo s s ,  1 9 7 7 ) ,  a uni t  of red , c layey t i l l  in Cook 
County, Minnesota (Sharp, 1 9 53),  and a unit of red, c layey t i l l  on the Ontona
gon P la in (Hack, 1 965). A summary of the correlations is shown in figure 1 9 .  
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