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SUP ERIOR SHOREL INE--WISCONSIN P OINT TO BARK P OINT 

by 

Edwa rd A.  Nee dl ,2 and Ma rk D .  Johnsonl ,3 

ABSTRACT 

Deta ile d  inve st igat ions of t he mate ria l s  e xpose d  in t he bluff s along t he 
shore l ine of La ke Supe r ior betwee n Wisconsin P oint and t he mout h  of t he Ba rk 
Rive r, Wiscons in, discl o se t he pre se nce of t hree t ill unit s. This three-fold 
t il l  st rat igraphy ha s been ve rif ie d  in nume rous mult iple -unit expo sure s a nd 
t hrough la borat ory a na ly s is. It wa s pos sible t o  e xtend this t ill  st rat igra phy 
18 t o  2 4  km sout hwa rd f rom t he shore l ine wit h  subsurfa ce data on f ile at t he 
Wi sconsin Ge ologica l  a nd Nat ural Hist ory Surve y. 

The o lde st t i l l  unit i s  na me d t he Ja rdine Cree k Me mbe r  of t he Coppe r  
Fa l l s  F ormat ion. The t i ll i s  a re d d i sh brown, s l ightl y st ony, sa ndy l oa m .  
The t il l  unit ove rlie s  be drock a nd ma y compose t he mora ine a long t he sout he rn 
e dge of the st udy a rea . The next younge st t il l  unit is na me d t he Ha nson Creek 
Me mbe r  of t he Mil le r  Creek F ormat ion. The t il l  is  ca l ca re ou s, da rk re ddish 
brown, st one-poor c la y  that commonl y conta ins complexly patterne d  st inge rs of 
re d a n d  gra y mate r ia l . This t i l l  unit is  pre se nt we st of t he mout h  of t he 
Iron Rive r a nd a ppea rs t o  pinch out in t he subsurfa ce 6 t o  13 km sout h  of t he 
shore l ine. The younge st t il l  unit is  na me d t he Dougla s Me mbe r of t he M i l le r  
Cre e k  F o rmat ion. The t i ll i s  ca l ca re ou s, dull re d d i sh brown, st o ne- p oor, 
ma s s ive c la y  or c la y  l oa m .  Th i s  unit i s  t he surfa ce unit t hroughout t he 
nort he rn pa rt of t he st udy a rea . 

The se t hree t i l l  unit s ind icate t hat gla c ie rs a dva n ce d a nd ret reate d 
t hrough t he st udy a rea at lea st three t ime s. The ea rl ie st a dva nce, re corde d  
by t he Ja rd ine Cree k Me mbe r, wa s st rongly e ro s ive ca u s ing la rge a mount s of 
l o ca l  be drock t o  be incorporate d in t he t i l l .  The t wo re d- c la y  t il l  un it s 
we re de pos ite d by ice t hat incorporate d la ke se dime nt while a dvancing int o a 
progla c ial la ke . 

Some te ntat ive correlat ions a re sugge ste d .  The Ja rd ine Cree k t i l l  i s  
corre late d t o  t ill of t he St. Croix, Aut omba , Spl it Rock, and Nicke rson P ha se s  
of Wright and othe rs ( 1 973 ). The Ha nson Creek t il l  ma y be correlat ive wit h  a 
compa ct pe bbly cla y nea r  Dul ut h, Minne sota .  The Dougla s t ill is  corre late d t o  
the ma s si ve re d c la y  nea r  Dulu t h ,  M inne so ta; re d- c la y t i l l  in Cook County, 
Minne sota; re d-cla y  t ill sout h  a nd ea st of AShla nd, Wiscons in; a nd re d- c la y  
t il l  nea r  Ont ona gon, Michiga n. 
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s in 53223 
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Though no se dime nt in the study are a  is date d, date s on corre lative units 
sugge st the f o l lowing history: the Jardine Cree k till  was de pos ite d bef ore 
1 2 ,0 0 0  B.P .; the Han son Cre e k  t i l l  around 1 1 , 00 0  B. P .; and the Doug l a s  t i l l  
around 1 0, 0 0 0  B.P . 

INTRODUCTION 

During Late Wisconsin time, ice of the Supe r ior Lobe re pe ate dly cove re d 
part of northwe stern W isconsin. This study is conce rne d with the strat igraphy 
of the deposits in the bluff s of the Wisconsin S hore l ine of Lake Supe r ior, the 
correl ati on o f  t h e se de p o s i t s to pre v io u s ly studie d  de posit s in the re gion, 
and the g la c i a l  h i s tory that can be inte rpre te d f rom the se de p o s i t s .  The 
location of the the study area is shown in f igure 1 .  

The stratigraphy of the shoreline f rom Wisconsin P oint to the Bark Rive r  
was e xamine d in de tail during the summe r  of 1979 . A mile- by- mile surve y of 
the shoreline was made; in e ach mile, two to three stratigraphic se ctions and 
bluff prof ile s were measure d. Numerous sample s we re take n f rom each of the 
stratigraphic units f or standard laboratory analy s is. O r iente d  samples we re 
taken at seve ra l  s i t e s  a long the shore l ine f or t h in- se c t ion studie s .  The 
engineering propertie s  of the units were de te rm ined f rom geote chnical borings 
made at eight s i t e s  a long the sho r el ine .  The shore l ine stratigraphy was 
extended inl an d  in part of t he s tu dy are a  with we l l- l og data on f i l e  at the 
W isconsin Geological and N atural History Survey . 

In this paper, the lithologic characte r ist ics, geographic e xtent, strat
igraphic relati onships, and subsurf ace extent, as determined f rom laboratory 
analy ses shoreline e xposure s and the well- log data are de scribe d f irst. The 
h is t o r i c a l  inte rp r e t a t io n s  of the strat igraphy, regional correlations, and 
tentative dates are d iscussed in the second part of the pape r. 

/ 

Figure l .-- Locat ion and refe re nce map of study area. P-- P op lar, M -- M ap le, 
BR-- Brule, IR-- Iron Rive r, P W- -P ort Wing, H--He rbste r, C--Cornuco
p ia, B-- Bayf ie ld, W--Washburn. 
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P REVIOUS WORK 

Ea r l y  work on the g lac ia l h i s t ory of the Supe r ior Lobe c once ntra te d  on 
ma pp ing a ba ndone d  shore l ine s of g lac ia l la ke s ( La w so n ,  1 8 93; Ta y l o r ,  1 8 97; 
W inche l l ,  1 89 8 ) .  A re g iona l  a s se s sme nt of p o s t g lac ia l la ke le ve l s  in the 
Supe r ior ba s in wa s ma de by Le ve re tt ( 1 929) a nd la te r by Farra nd ( 1 960 ) .  

De posits of re d c la y  in the Supe rior ba s in we re note d  a s  early a s  1852 by 
W h it t le se y . Le ve re tt ( 1 92 9 )  d i sc u s se d  the p o s it io n s  o f  e nd mora ine s of the 
Supe rio r Lobe a nd sugge s te d  tha t some of the re d c la y  wa s de p o s ite d sub g la 

c ia l ly a nd S o me in a la ke .  W h it t le se y  ( 1 8 5 2 )  a nd Ta ylor sugge s te d  a lac u s 
trine origin for the re d c la y--a n  inte rpre ta t ion uphe ld b y  la te r ge ologists  
( Me nge l , 1 9 7 3; Mo s s ,  1 97 7; Za r t h ,  1 9 7 7 ) .  Johnson ( 1 9 80 )  u se d  m ic rofa b r ic 

a na ly s i s  to show tha t the re d c la y  wa S de po site d  subglac ia l ly.  Re d-c la y t i l l  
wa s ma ppe d  a long the shore l ine in Cook County, M inne sota by Sha rp ( 1 9 53b) a nd 
in the O ntona gon a rea of Mic h iga n by Hac k (1965) .  

The g lac ia l h i s tory of the Supe r ior Lobe ha s bee n  o ut l ine d  b y  Wr ight 
(Wright and Ruhe , 1 9 6 5; Wright and Wa t t s ,  1969; Wright, Ma tt son, a nd Thoma s ,  
1 9 70; Wrigh t ,  1 9 7 2; Ma t sc h ,  a nd Cush ing , 1 9 7 3 ) .  He de sc r ibe d a four-pha se 
La te W i sc on s ina n history ba se d on stra tigraphic and ge omorph ic re la t ionships 
in Minne sota .  

In the study a rea , fe w de ta ile d  inve stiga t ions e xist. Whit son a nd othe rs 
( 1 9 14 )  ma ppe d  s o i l s  in the Ba y f ie l d a rea a nd c on s i de re d  the re d c la y  of the 
re g i o n  t o  be of g lac ia l o r i g in.  S lope sta b i l it y  fac t o r s  for the re d c la y  in 
Dougla s County, W i sc ons in, we re de te rm ine d by Me nge l a nd Brown ( 1 976, 1979) .  
Me nge l ( 1 973) inte rpre te d the re d c la y  of  Dougla s County to be la ke se dime nt .  

STRA TIGRAPHY 

Introduc t ion 

The ma te r ia l  e xpo se d  in the b l u f f s  a long the La ke Supe r ior shore l ine 
be tween W i sc onsin P o int and Ba rk Ba y i s  pre domina ntly t ill.  Three t i l l  unit s 
we re ide ntif ie d  in the study a rea a nd a re de sc r ibe d  in de ta il be low. The y a re 
the sa ndy Ja rdine Creek Membe r ,  the c la ye y  Ha n son Creek Me mbe r ,  and the c la ye y  
Doug la s Membe r. 

In a ddition to ti l l, disc ontinuo u s  be d s  of sa nd and grave l loca l ly pre 
domina te within the bluffs. La mina te d  la ke se diment ha s bee n  de sc r ibe d  in the 
re g ion ( Me nge l,  1 973; Mo s s ,  1977; a nd Zarth, 1977), but only isola te d  outc rops 
loca te d on Ba rk P o int we re found in the study a rea . 

The c ha rac te r i s t ic s  of eac h t i l l  uni t ,  summa r ize d in ta b le 1, a re d i s 
c u s se d  be low in orde r  o f  a ge from olde st to younge st. A c omp le te l i s t ing o f  
a l l sa mp le s a na ly ze d  a nd the ir loca t ions c a n  be found i n  Nee d  ( 1 9 80 ) .  The 
d i s t r ibut ion of the t i l l  unit s a nd o the r ma te r ia l s  a long the shore l ine i s  
shown in figure s 2 through 9 .  The se shore line profile s  we re de rive d  from da ta 
pre se nte d  by Nee d  a nd othe rs (1980).  Type sec t ions a re de sc r ibe d  in Mic ke l son 
a nd othe rs ( in pre s s) .  
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Jar d ine Cr eek Memb er 

Sec 35/36 R7W 

T he s andy t i l l  unit is named the Jar d ine Cr eek M emb er of the Copper Falls 
For mation for ex pos ur es in the b luffs near the mouth of Jar d ine Cr eek, Or ienta 
T owns h ip, Bayf i e l d  County, W is cons in (S W\NE\NE\ s e c .  3 5, T .  50 N., R. 9 W .) .  

T he t i l l  o f  Jar dine Cr eek M emb er is a s andy loam. S tones ( lar ger than 2 
mm) c ompos e  5 to 1 5  per cent of the t i l l. The aver age gr ain-si ze d is tr ib ut ion 
o f  t h e  m a tr ix (s m a l l er than 2 m m )  and the r ange o f  gr ai n si zes ar e s hown in 
f igur e  7 .  T he t i l l  of the Jar d ine Cr eek M emb er is much s andier than the t i l l  
o f  t h e  Hans on Cr eek M. emb er and t h e  c lay faci es o f  the D oug las M emb er. Al
t ho u g h  the gr a in s ize r ange o f  the J ar di ne Cr eek ti l l  over l aps w ith that o f  
the clay-loam facies of the D ouglas M emb er, they can b e  d is tinguis hed on the 
b as is of carb onate content. 

T he Jar d ine Cr eek t i l l  is typ i ca l ly dark r ed ( 2.5YR 3/ 6 )  to r ed ( 2 . 5YR 
4/ 6 ) .  Br owner hues ( 5  YR) wer e  noted towar d  the eas ter n end o f  the s tudy 
ar e a .  

T he Jar d ine Cr eek ti l l  cannot b e  d is t inguis hed fr om other ti l l  on the 
b as is o f  its c l ay mi ner a l ogy b ecaus e  a l l  t i l l  in the ar ea is ri ch in i l li t e 
and s mecti t e  (tab le 1). However, the Jar di ne Cr eek ti l l  does have a dis ti nc
t ive X-ray di ffr actogr am pattern. The combi ned k ao li ni t e  and chlori te 0.7 nm 
p eak o f  the Jar dine Cr eek ti l l  is much s harper than thos e of other ti l l .  This 
di ffer ence , s hown in fi gur e  8 ,  could als o  be us ed to dis ti nguis h the Jardine 

2 6  

"m 

36 

30 

24 

" 



� Hanson Creek till (48) m Douglas till: 

clay facies (68) 

� Jardine Creek till (29) � Douglas till: 

clay-loam facies (36) 

Figur e  7 .--Tr iangular diagr am of gr ain-size d istr ibut ions . 

-3.5A -3.5A 
K 

Other tills Jardine Creek till 

����-
". '--------' 

Figur e  8. --X -r ay diffr actogr am patterns (Cu r adiation). Note th e sh arp, r el a
t ively noise-fr ee 0 .7 nm peak of th e J ar d ine Cr e ek com par ed w ith 
th at of th e oth er unit s. Also no te th e pr edom inance of th e k ao l in
ite peak near 0 .3 5  nm in th e Jard ine Cr eek com par ed with th e b im od
a l  p a t t er n  of th e oth er unit s .  A l l  r un s  ar e dr y-air r un s .  C-
ch lor ite, K--Kaol inite. 
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N 
00 

Charac teris tics 

Typical color (moist) 

Grain-size distribution (n) 
weight % sand 
weight % silt 
weight % clay (0.002 mm) 

Clay mineralogy (n) 
% illite 
% smectite 
r. vermiculite 
% kaolinite & chlorite 

Carbonate content 
silt & clay (n) 

weight % carbonate 
calcite/dolomite ratio 

coarse silt (n) 
weight % carbonate 
calcite/dolomite ratio 

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

Coarse-sand lithology (n) 
% shale 
% limestone & dolomite 
% red sandstone 
% rhyolite & agate 
% mafic igneous 
% gray & green metamorphic 
% granite & gneiss 
% quartz 

TABLE 1. -- Summary of till characteristics 
{mean plus or minus one standard deviation< 

Jardine Creek 
till 

2.5YR 3/6 

(29) 
61 ± 10 
24 ± 6 
15 ± 6 

(5) 
51 ± 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 

(In 
o ± 0 
9 ± 8 

16 ± 9 
10 ± 7 
14 ± 7 

0.4 ± 1 
15 ± 10 
38 ± 12 

Hanson Creek 
till 

5YR 3/4 

(48) 
10 ± 6 
32 ± 5 
56 ± 6 

(]) 
54 ± 5 
34 ± 4 
6 ± 3 
6 ± 1 

(4) 
11 ± 2 

0.80 
(5) 

3 ± 2 
0.50 

0) 
5 ± 2 

59 ± 3 
13 ± 1 
23 ± 3 

0) 
1 ± 2 
3 ± 4 

14 ± 8 
17 ± 13 
42 • 11 

3 ± 3 
16 ± 10 

5 ± 6 

Douglas till 
clay facies 

2.5YR 4/4 

(68) 
10 • 5 
26 ± 7 
64 ± 9 

0) 
54 ± 8 
32 ± 6 
9 ± 4 
5 • 1 

(10) 
13 • 3 

1.60 
(10) 

4 ± 3 
0.33 

(2) 
4 ± 2 

59 ± 2 
14 ± 4 
23 • 3 

(2) 
0.3 • 0.9 

13 • 12 
20 ± 14 
13 ± 11 
29 • 10 

4 ± 5 
17 ± 11 

6 ± 8 

Douglas till 
clay-loam facies 

2.5YR 4/4 

(36) 
40 • 12 
27 ± 9 
33 ± 6 

(7) 
62 ± 4 
25 ± 2 
8 ± 4 
5 • 1 

(5) 
9 ± 6 
1.25 
(5) 

3 ± 2 
1.00 



Creek ti l l  t rom the c la y- loa m  fa c i e s  of t h e  D oug la s  Member.  The sepa ra t ed 
ka olinite a nd chlor ite pea ks nea r 0.3 5 nm spa c ing show tha t  the difference is  
due to the wel l-crysta l liz ed,  unwea thered cha ra cter of  the ka olinite in the 
Ja rdine Creek t ill. 

The ca rbona te content of the s ilt and cla y  fra ction C le s s  tha n 0 .063 mm) 
a nd the coa r se-s ilt fra ction (0.03 1 to 0 .063 mm) of the Ja rdine Creek till  a r e  
q u i t e  lo w ,  a v erag ing 3 p e r c ent a nd I percent b y  w e ig h t  r e s p e c t iv e l y .  The 
corresponding ca l c i t e / do l o m i t e  ra t io s  a r e  2.0 a nd 4.0. As ment ioned a bo v e ,  
this property disting uishes the Ja rdine Creek t i l l  from the ca lca reous c la y
loa m  fa c ie s  of the D oug la s  Member. Qua rtz and pota ss ium feldspa r  predomina te 
in the t ine-sa nd fra c t ion (0. 12 5  to 0.2 5  mm) , wherea s  qua rtz and red sa ndstone 
frag ments are important constituents of the very-coa r se-sa nd fra ct ion C l .O to 

2.0 mm). These cha ra c t eristics a r e  summa r iz ed in ta ble 1. 

The eng ineer ing properties of the Ja rdine Creek till were determined from 
two sa mples. Thes e  properties a r e  presented in ta ble 2 .  The la rg e difference 
between the properties of the Ja rdine Creek till  a nd tho se of other till  a r e  
due to the considera b l e  differences in gra in s iz e. 

As shown in f ig ur e s  2 throug h  6 ,  the Ja r d ine Creek Member ext e n d s  
throug hout the study a rea . Exposures west o f  the Iron River a r e  restricted t o  
d i s c ont inuous a pp ea ra n c e s  a t  t h e  t o e  o f  t h e  b l u f f .  The t il l  unit i s  w e l l  
exposed between the Iron River and P ort W ing , rising mid-wa y  up the 6 - t o  9 -m 
bluffs. It is  a lso well expo sed in the low bluf f s  of Ba rk P oint. The unit i s  
a bsent b etween P ort W ing and Herbster and in the hig her bluffs o f  Ba rk P o int 
where sa nd a nd g ravel are the predominant ma terials. 

TABLE 2. -- Engineering La erties of the till 
mean plus or minus one standard deviation 

Property 

Natural water content (n) 
percent 

Liquid limit (n) 
percent 

Plasticity index (n) 
percent 

Bulk d�nsity (n) 
kg/m 

Angle of internal friction (n) 
degrees 

Cohesion (n) 
kg/m2 

Std. penetration resistance (n) 
blows/foot 

Overconsolidation ratio (n) 

Jardine Creek 
till 

2 9  

(I) 
23.0 

(I) 
17 .0 

(I) 
5.0 

(1) 
2.00 

(I) 
40.0 

(I) 
81 

Hanson Creek 
till 

(4) 
37.0 ± 8.6 

(6) 
59.3 ± 11.7 

(6) 
36.1 ± 8.4 

(2) 
1.94 ± 0.03 

(2) 
28.0 ± 0.0 

(2) 
0.00 ± 0.00 

(I) 
21 

(2) 
2.2 ± 0.1 

Douglas tilt 
clay facies 

(lj) 
38.4 ± 7.4 

(12) 
72.7 ± 7.1 

(12) 
45.1 ± 7.9 

(6) 
1.86 ± 0.05 

(4) 
28.4 ± 3.5 

(4) 
0.01 ± 0.03 

(5) 
14 ± 5 

(2 ) 
3.7 ± 0.2 



Inland fr om the b luffs , the Jar dine Cr eek Member is corre la ted to ma ter i
a l  r e f err ed to a s  " har d pa n" a nd " c la y ey gra v e l" · in wa ter- w e l l  constr u c t ion 
r epor t s .  The l o ca ti on of we l l s  u s e d  in this study a n d  the loca t ion of four 
sub sur fa c e pr o f i l e s  ar e shown in f ig ur e  9. The Jar d ine Cr eek M ember ca n b e  
tenta t iv e ly tra ced to the southern edg e  of the study ar ea wher e the corr ela 
t ions , shown in the pr o f i l e s ,  become somewha t  specu la t ive. It is difficult to 
deter m ine the a c tua l extent of the t i l l  a t  the edg e of the study ar ea beca u s e  
o l der depo s i t s  o f  the Super ior L o b e  fur ther south conta in t i l l  s im i lar in 
co lor a nd gra in siz e  to the Jar dine Cr eek t i l l .  

A s  exp o s e d  i n  t h e  b l uf f s ,  t h e  Jar d ine Cr eek M ember ra ng es in th ic kn e s s  
fr om 2 to 7 .5  m and a verag es a bout 3 m. The differ ences in thickne s s  seem to 
be r e la ted to irr eg u lar ities in the under lying bedr ock sur fa ce. The t i l l  unit 
tends to be thicker wher e the bedr ock sur fa ce is mor e  uneven. 

The Jar dine Cr eek Member dir ec t ly over l ies Pr e ca mbr ia n sa ndstone which is 
e i th er f ir m  or br e c c ia t ed.  Wher e the r o ck is  br e c c ia t ed , the conta c t  i s  
defined b y  the occurr ence o f  erra tic stones. Most o f  the Jar dine Cr eek Member 
is  unconfor ma b ly over la in by the Ha nson Cr eek Member or the D oug la s  Member .  
The upper conta c t s  with these units ar e typica l ly a brupt. Some exposur es o f  
thes e  conta ct s  show textura l gradua t ions and int er bedding .  The Jar d ine Cr eek 
M e m b er is over la in by a n  unna med la m ina t ed c la y  unit on Bar k  P o in t  a nd by 
unna med units of sa nd and f ine-sa ndy s i l t  between Bar don and Ha ukka la Cr eeks. 
The s e  conta c t s  ar e a br up t  but t h e ir confor m it y  is uncer ta in. The Jar d in e  
Cr eek t i l l  unit i s  the sur f icia l  unit a t  the tip o f  Bar k  P o int • 
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F ig ur e  9. --Re f er en c e  ma p for subsur fa c e s tra t igra phy. The s tudy ar ea i s  
bor d er ed b y  the doub le l in e  a nd t h e  d o t s  show the loca t io n s  o f  
w e l l s  used in this study. The number ed bra cke ts show the loca t ions 
of the subsur fa c e  pr ofiles and the widths of the s l ices they r epr e
s e n t .  Ar ea s I ,  I I ,  a nd I I I ar e those  d e f ined by Meng e l  a nd Br own 
( 1 979). 
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Ha nson Creek Member 

Th e next young e s t  un it is  na med t h e  Ha n s on C r e ek Memb e r  of th e M i l le r  
Creek Forma t ion for excellent exposures in th e b luffs a bout 1 . 5  k m  w e s t  of  th e 
mouth of Ha n son Creek, Doug la s County, W is consin (SE� SW� sec.  3 7 ,  T. 49 N., R. 
12 W . ) .  

Th e Ha nson Creek t i l l  i s  c la y  with a stone ( la rg er tha n  2 mm) content of  
l e s s  tha n  5 p e r c e n t .  Th e a verag e g ra in- s iz e  d i s t r ibut ion o f  th e ma t r ix a nd 
th e ra ng e o f  g ra in s i z e s  f ound a re sh o wn in f ig ure 7 .  Th e Ha n son Creek t i l l  
is rea dily d i s t ing uish ed from th e Ja rd ine Creek t il l  a nd th e c lay-loa m  fa c ies 
of th e Doug la s Member on th e ba s is of  its g ra in- size distribution. Alth ough 
th ere is cons idera b le overlap with th e c la y  fa c ies of  th e Doug la s Member, th e 
Ha nson Creek t i l l  typica l ly conta ins more silt  a t  any g iven s ite. Th ere is a 
noticea b le decrea se in th e sa nd content of  th e till  from ea st to west. Th is 
trend w i l l  be d i s cussed in more deta il be low. 

Th e t i l l  is da rk reddish brown (5YR 4/3 )  to da rk reddish brown (5YR 3 /4) 
a n d  c ommo n l y  c o n ta in s da rk g ra y  ( 5Y R  4 / 1 )  a nd reddish brown (2 . 5YR 4 / 4 )  
s t r ing er s .  Th e s e  s tr ing er s  ha ve c o m p l e x ,  interming l ing pa t t ern s ,  sh own in 
f ig ure 10,  tha t g ive th e t i l l  a ma rbled appea rance. Th e overlying c la y  fa c ies 
of  th e Doug la s Member is noticea b ly redder a nd ha s no ma rb l ing . In th e f ie l d ,  
th e t i l l  of  th ese two units ca n be dist ing uish ed sole ly on th e ba s is of th eir 
co lor differen c e s .  

Fig ure 10.--Cla y  string ers in th e Ha nson Creek Member. I ce f lowed from left 
to  r igh t .  E xp o sure is  1 . 5  km w e s t  o f  th e mouth of th e Amni c on 
Rive r .  Fig ure reproduced w i th th e p erm is s io n  o f  Th e Journa l o f  
S e d imenta ry P e tro log y , v .  53 , p .  8 59 -8 7 4 ,  f ig .  4.  
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The Ha n son Creek ti ll contai ns a n  averag e of 34 percent smectit e a nd 5 4  
percent i lli te , wit h  les ser a mount s of t he ot her c la y  mi nera ls. The ti ll lS 

ca l ca reous.  The averag e ca rbonat e cont ent of the si lt a nd cla y  fra cti on i s  11 
percent a nd the ca lci te/ do lomit e rati o i s  0.8 .  The a verag e ca rbonat e cont ent 
o f  the c oa rs e - si lt fra c ti on i s  3 p e r c ent a n d  the ca l cit e/ d o lomit e rati o i s  

0 .5 .  Q ua r t z  a nd pota s si um f e l d s pa r  predomi nat e i n  t h e  fi ne -sa nd fra cti on , 
wherea s ma fi c igneous frag ment s a re t he maj or constit uent s of the very-coa rse
sa nd fra cti on. These cha ra cteri sti cs a re summa ri zed in ta b le 1. 

The eng inee ring prope rt ie s  of the Ha nson Cre ek t il l  were de termine d  f rom 
s ix sa mples. The a verag e properti e s  of  th e t il l  a re shown i n  ta b le 2. Com
pa re d to the c la y  fa c ie s  of t h e  Doug la s M em b e r ,  the Ha n son C r e ek ti l l  ha s a 
lower p la s t ic i t y  inde x ,  a s l ig ht ly hig her dry unit densi t y ,  a nd a hig her 
s ta n da rd penetra t io n  r e si s ta n c e .  The t i l l  is overconsoli dat ed, ha vi ng once 
support ed a g r ea ter loa d tha n i t  does now. 

As shown in fig ures 2 throug h  6, the Han son Creek M ember extends from the 
western end of the study a rea to t he Iron River. G ood exposures beg in a mile 
ea s t  o f  Dutchma n  C r e e k  a nd c o n ti nu e  ea s t wa rd to t he Bru l e  River.  The ti l l  

g enera l ly ma kes up the lower one- t o  t wo-thirds of  t he bluf fs  i n  thi s  rea ch. 
Ea st of the Brule River, exposures are li mit ed to di scont inuous a ppea rances a t  
the t o e  o f  the b l u f f .  

I n la nd f r o m  the b lu ff s ,  t h e  Ha n s on C r e ek ti l l  i s  c o r r e lat ed wit h t wo 
types o f  ma teria l  de scribe d i n  wel l-const ruct ion reports: "red c la y," where 
it unde rl ies ''b lue c la y," a nd "g ra y c la y." From the shoreline, where the uni t 
is  the thickest,  it ca n b e  tra ced d iscontinuou s ly for a bout 8 to 13 k m  to  the 

a ppa re nt l imit of its extent ,  whi ch s e ems to coincide wit h a sha rp steepening 
o f  t h e  t o p  o f  be d r o c k  a s  see n in f ig ur e  1 6 .  Th i s  li m i t  ma y b e  d e p o s  i t  i ona 1 ,  
erosiona l, or merely a result o f  insuffici ent informa tion in wel l-construction 
reports for the a rea furt her north. 

The expose d  thickne s s  of the Ha nson Creek Member ra ng e s  from 0 .5 to 11 m 
a nd a ve rag e s  a round 7 . 5  m. The unit i s  t hi ck e s t  in t h e  w e s tern pa rt o f  t h e  
study a r ea a n d  is nota b l y  thinner ea st of the Brule Ri ver. 

The Hanson Cre ek Member unconforma b ly ove r l ie s  t he Ja rdine Creek Member 
and unna m e d  unit s conta ining sa nd and sa ndy si lt between Ba rdon and Ha ukka la 
C r ee ks .  W he r e  i t  ca n b e  s ee n ,  the conta ct w i th the Ja rd ine C r e ek Member is  
g ene ra l ly a brupt , but va ria tions occur a s  mentioned above. The conta c ts  wit h  
the sa nd a nd sa ndy s ilt  units a r e  a b rupt .  Mo st o f  the Ha nson Creek Member i s  
unconforma b ly overlain by the c la y  fa c ie s  of the Doug la s Member. This conta ct 
ra ng es f rom a brupt to d iff us e ,  but it ca n usua l ly b e  loca te d  t o  within 0 .3 m. 
N ea r  t h e  mou th o f  the Bru l e  Ri v e r ,  l e n s e s  o f  sa n d  over li e  t h e  Ha n s on Creek 
Member.  The c o n ta ct s wit h t h e s e  l e n s e s  a r e  a b rupt but t h ei r  conformit y i s  
uncerta in . 

Doug la s M ember 

T h e  upper c la yey ti l l  unit i s  na m e d  t he Doug la s M ember o f  t he Mi l ler 
Creek Forma ti on for it s occurrence as the surfa ce mat eria l of  nort hern Doug la s 
Count y, W is consi n ,  where i t  i s  kn own a s  the "red c la y" (SEJ,; SWJ,; SWJ,; sec. 2 7 ,  T. 
49 N.,  R. 12 W .) .  Two fa ci e s  wit h  nonov e r la ppi ng g eog ra phi c ext ent s ca n b e  
di s t ing ui shed wit hi n t he Doug la s ti ll: a c la y  fa ci e s  a nd a c la y-loam fa ci es. 
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Bot h  f a cie s have st one ( lar ger t han 2 mm) conte nt s o f  le s s  t han 5 per ce nt .  
T he aver age gr ai n-si ze di stri buti ons of  t he matri x and t he r ange are shown i n  
figure 7. The gr ain-si ze r ange of t he c lay facie s of t he Doug las Me mber and 
t he Jar di ne Creek ti l l  over lap, but t heir contr asting car bonate content s can 
be use d  t o  di st ingui sh t he m .  T he t wo facie s of t he Doug las Member appe ar t o  
re sult fr o m  a br oad ge o gr aphi c tre nd i n  t he gr ai n-si ze o f  t he Doug l a s  ti l l. 
Thi s  trend i s  di scusse d  be low i n  more det ai l. 

T he c lay facie s of t he Doug las Me mber i s  char acteri sti cally reddi sh brown 
( 2 . 5 YR 4/ 4 ) .  T he Hans o n  Creek ti l l  i s  noti ce ab ly br owner and cont ai n s  t he 
stri nger s o f  gr ay and re d t hat t he Doug las ti l l  lack s . In t he fie l d, t he se 

ti l l s  may be di sti ngui she d  s o le ly on t he b a si s  o f  t heir co lor di f fere nce s .  
T he c lay- loam f a cie s i s  re ddi sh br own ( 2 . 5YR 4/ 4, 5YR 4/ 4) t o  dark re ddi s h 
br own ( 5YR 3/ 6) or ye l lowi sh re d ( 5YR 4/ 6).  

T he c lay facie s cont ai n s  an aver age of 32 per cent sme ctite and 54 per ce nt 
i l lite, wit h  le s ser amount s of  t he ot her clay materi als.  T he ti l l  i s  calcare
o u s .  T he aver age car bonate conte nt o f  t he si lt and c lay fr a ct i o n  i s  1 3  
per ce nt, and t he corre spondi ng ca l cite/ do l o mite r ati o i s  1 . 6 .  T he aver age 
car b onate conte nt o f  t he coar se -si lt fr a cti on i s  4 per ce nt and it s c a l
cite/ dolomite r ati o i s  0.3. Quart z and pot as si um fe ldspar pre dominate i n  t he 
fi ne- s and fr a cti on where as m a fi c i gne ous and re d s an d st one fr agme nt s are 

i mport ant constit ue nt s of t he ver y-coar se -sand fr acti on. T he se char acteri st 
i cs are summari ze d i n  t ab le 1 .  T he clay-loam facie s cont ains an aver age of 2 5  
per ce nt s me ctite and 6 2  per ce nt i l lite . T hi s  ti l l  i s  a l s o  c a l c are o u s .  T he 
average car bonate conte nt and calcite/ do lomite r ati o of  t he si lt -c lay fr acti on 
are 9 per ce nt and 1.2, re spe ctive ly. T ho se o f  t he coar se -si lt fr action are 3 
per cent and 0.5. No miner a logi cal or lit hologi c  analyse s  were per for me d on 
t he sand subfr acti ons of  t hi s  ti l l. 

T he engi neering pr opertie s of  t he c lay facie s of t he Doug las Me mber were 
deter mi ne d  fr om 1 2  sample s. T he se pr opertie s, pre se nte d i n  t ab le 2, allow it 
t o  be di sti ngui she d  fr om t he Hanson Creek ti l l  as di s cusse d  above .  T hi s  ti l l  
i s  over cons o li date d. T he e ngi neeri ng pr o pertie s o f  t he c lay- loam f a cie s o f  
t he Doug las Me mber were not determi ne d. 

As shown i n  fi gure s 2 t hr ough 6, t he c lay f a cie s of t he Doug l a s  Me mber 
e xtends fr o m  Wi s consin P oi nt t o  P ort Wi ng, and make s up t he upper one - t o  t wo
thir ds of t he bluffs in t hi s  reach. It i s  usually we l l  e xpose d  i n  fre sh, 2.5 
t o  3 . 5  m s cr ap s  be low t he cre st of t he b lu f f, but t he lower part s are o ft e n  
ob scure d by s lumpe d  de bri s .  T he c lay-loam facie s e xtends di s continuous ly fr om 
P ort Wi ng t o  t he Bar k  Ri ver as s hown in fi gure s 2 t hr ough 6. W here pre se nt, 
it i s  we 1 1  e xpose d. 

Inland fr om t he bluff, t he Doug las ti l l  i s  corre late d t o  t he sur face or 
ne ar -sur f a ce materi a l, whi ch i s  ge ner a l ly re ferre d t o  a s  "re d  c lay" i n  t he 
we l l  constr ucti on report s.  Base d only on i nterpreti ve corre lati on of  t he we l l  
construction report s, t he Doug las ti l l  see me d t o  gr ade i nt o  a "sandy c lay" at 
a di st ance o f  about 1 .5 t o  5 km fr o m  t he sout her n e nd o f  t he cr o s s- se cti o n s .  
Howe ver, subse que nt fie l d  w or k  i n  t hat are a i ndi cate s t hat t he gr ai n - si ze 
char acter o f  t he Doug l a s  Me mber i s  not gr adati o n a l  at it s s out he r n  li mit 
(C layt on, or al communi cati on). 
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The thi ckne s s  of the c lay facie s of the D ouglas Me mber range s from 1 to 
15 m and average s  about 7 .5 m. The c lay facie s i s  thi cke st in the we ster n e nd 
o f  the study are a and thi n s  consi de r ab ly e as t  o f  the Ir o n  Ri ver . The c lay
loam f a cie s r ange s  fr om 0 . 5  to 6 m in thi ckne s s .  It  i s  typi c a l l y  1 m thi ck 
and has the appe ar ance of bei ng dr ape d over the top of the b luff. 

The c lay facie s of the D ouglas Member unconfor mably over lie s the Hanson 
Cree k Me mber, the Jar dine Creek Me mber, and the sandstone of the Pre cambri an 
Bayfie l d  Gr oup. The contact wi th the sandstone i s  abrupt; the contacts wi th 
the o t her ti l l  uni t s ha ve bee n  de scri be d a bo ve .  The c la y  fa cie s i s  the 
sur fa ce uni t thr oughout i t s  e xte n t .  The c l ay- loam facie s unconfor mabl y  
ove r lie s de po si t s o f  sand and gr ave l ,  an unname d uni t contai ni ng lami nate d  
c lay, and the Jar di ne Creek Me mber . The contacts wi th the lami nate d- c lay uni t 
and the Jar di ne Cre e k  Me mber are abr up t .  The c o n t a c t s  wi th the de p o si t s  o f  
sand and gr ave l are gener a l ly abr upt, but the ge ner ally sandy uni t i mme di a te ly 
be l o w  the c o n t a c t  for 2.5 to 3 .0 m contai n s  as much as 50 per ce n t  si l t  and 
c lay. I n  the se case s, the contact i s  more di ffi cult to locate .  Channe ls, now 
fi l le d  wi th we l l- sor te d s and, we re cut i n to the c la y - loam f a cie s i n  some 
p lace s. The se channe ls are thought to be of pos tg laci a l  ori gi n. W here pre s
e n t  and no t cut by the se channe l- fi l l de p o si t s, the c lay- loam f a cie s i s  the 
sur face uni t e as t  of P or t  Wing. 

Ge ograp hi c  tre nds i n  te xture 

The pre se n ce o f  ge ogr aphi c  tre nds i n  the gr ai n- si ze di s tri buti on o f  
H an s o n  Cree k and Doug l a s  ti l l  was n o te d  above .  I n  b o t h  uni t s, the sand 
content i s  gre ate st i n  the e as t  and de cre ase s  we stwar d. The se re lati onshi p s  
are shown a s  scatter di agr am s  of sand content and di stance i n  fi gure s 11  and 
12. 

A lthough some of the we stwar d de cre ase i n  sand i s  associ ate d wi th one or 
two r ather abr upt local change s, re gi onal tre nds see m to be pre se nt. Thi s i s  

i l lu s tr ate d b y  t he c a l cu l a ti on o f  le a s t- s quare s li ne ar re gre s si on s  for the 
s c a t ter di agr a m s .  The li ne c a l cu l a te d  for the Doug l a s  ti l l  d a t a  h a s  an r 
s q uare d v a l ue o f  0.52; that c a l cu la te d  for the Hanson Cree k da ta has an r
s quare d value o f  0.64. The se re gi onal tre nds could have been pr oduce d  by one 
or more g laci a l  pr oce s se s  acti ng wi thin the we s te rn  end of the Lake S uperior 
basi n .  

Comminuti on pr oce s se s  can pr oduce a ge ogr aphi c  tre nd i n  the gr ai n- si ze of 
ti ll.  With pr o longe d tr anspor t, the amount of finer-gr ai ne d  materi al i n  the 
g l a ci a l  de bri s i ncre ase s at  the e xpe n se o f  the coar ser -gr ai ne d  m a teri a l .  
Thus, a ti l l  c ou l d  bec ome fi ner gr ai ne d  i n  the dow n -ice dire c ti on i f  n o  
addi ti onal coar se- gr ai ne d  materi al was incor por ate d  a t  the same ti me . 

A lthough thi s  pr oce s s  was pr obably acti ve whi le Hanson Cree k and D oug las 
ti l ls were de posi te d, i ts contri buti on to the observe d  tre nd was appare ntly 
s m a l l .  M o s t  o f  the sand i n  the ti l l  i s  quar t z  and fe l d spar .  A c c or din g to 
Drei mani s and Vagner s (19 71 ) ,  the finer ter minal mode for the se miner als i s  
si l t .  Thus c o m mi nuti on o f  thi s sand would re s u l t  i n  an i n cre a se i n  si lt 

r a the r  than c lay.  The aver age gr ai n - si ze di s tri buti on for the D ou g l a s  ti l l  
e as t  o f  P or t  Wi ng, be twee n Por t Wing and Ha ukka la Creek, and we st o f  Haukkala 
Creek, shown i n  fi gure 12, indi cate that thi s di d not occur .  
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Figure 12.--Scatter diagram of sand content and distance--Douglas Member. The 
dots are sample data, the solid line is a visual best- fit line, 
and the dashed line is a regression line (y = 0.97x + 1.1; r
squared = 0.52). The numbers in parentheses are the average 
grain-size distributions (sand:silt:clay) of the samples between 
the geographic features indicated. 
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Gross and Moran (1971) propose d th at th e m 1x1ng of m a te rials deriv ed from 
s ources h aving contras t ing ch aracte r is t ics produce d  ge ograph ic trends in t i l l  
on the Allegheny P lateau. Th rough m ixing, th e initial grain s ize o f  the ti l l ,  
influenced b y  its up-ice s ource , is altered by the incorporat ion o f  mate r ia l  
from a down- ice s ource .  W i th incre as e d d is t ance from the s ource con t ac t ,  
continue d eros ion and incorporat ion o f  down-ice m at erial produces a cont inuum 
o f  grain-s i z e  d is tr ibutions .  Th is process probably produce d  the r e g io na l  
trends i n  g r a in s iz e  obse rve d  i n  the s tudy are a .  W es tward de cre ase in the 

s and in th is t i l l  can be exp lained as the res ult of s and derived from Bayfie ld 
Group s ands tone m ixing with prog lacial lake se d im ent during readvances of th e 
i ce . Var i a t ions we re cause d b y  the i n corporat ion of s and f rom localiz ed 

s ou r ces w i th in the s tudy are a ,  s u ch as the large de pos i t  of s and and grav e l  
betwee n  P ort Wing and Herbs ter. 

Microfabric analys is of c laye y till 

In th e p as t ,  th e ph ys i c a l  ch aracte r is t i cs of Hans o n  Cre ek and Doug las 
t i l l  h ave be e n  th e b as is f o r  t w o  c on f l ic t ing inte rpre t at ions o f  its o r i g in. 
The h igh c lay content, unbe dde d  appearance ,  and low s tone (sm aller th an 2 mm) 
conte n t  le d s ome worke rs to interpret th is m aterial as a lacus trine de pos it 
( Wh it t lese y ,  1852; Levere t t ,  1929; M enge l ,  1973; Moss , 1 9 77; Z ar th , 1977). 
Othe r works s ug ges t ed it was t i l l  (Wh its on and o the rs ,  19 14; Levere tt,  1929). 
Microfabric analys is (th e  s tudy of fabric in th in se ctions) was us ed to he lp 
c larify the origin of the re d clay in th e s tudy are a. P rocedures and res u lts 
we re d is cusse d by Johns on (1980). 

In m icrofabric analys is , an analogy is m ade b etwee n  s and grains d is pe rse d 
in a c lay m a tr ix and grave l-s ize d  s tones dis pe rs ed in a s and, s il t ,  and c lay 

m at r ix.  I n  b o th s it u a t i o ns , the larger part i c l es acquire a pre f e r r ed 
o r ie nt a t ion in res p ons e to i ce- f lo w  s tresses . Th ese part i c les are a b le t o  
rotate be caus e  th e s tress expe rie nce d by them is large re lative t o  the sm alle r  
par t i c les and the r e  is g e n e r a l l y  an abs ence o f  g r a in- to- g r a in contact w i th 
parti c les of equivale n t  s ize . 

Ne arly a l l  of the red-clay s am p les analyze d  h ad a pre fe rre d  orientation 
o f  e lo n g a te s an d  grains .  O th er ge o lo g is ts h ave conc lude d  th a t  th is type o f  
p re te rre d  o r ie nt a t ion can ind i c a te i ce - f low dire ct ions (Sitler and Ch apm an, 
1955; R ar r is on ,  1957; Grave no r  a n d  Mene l e y ,  1958; Os try and Dean, 1963; 
Eve ns on ,  1971; Kuj ans uu ,  1976). The prefe rred orientation of s and grains in 
the re d c lay s up p o r ts a g la c ia l  o r ig in for th ese de pos its . Such f e a t u r es 
would not be anti cipate d  in de ep-wate r  lacus trine environme nts .  

M ic r o fabr i c  in Hans on Creek and Doug las t i l l  sh ow th a t  i ce f lo w  was 
variable , ranging from north-no r th wes t to no r the as t.  Signif icant indepe nde nt 
e vide nce o f  ice- f low direct ions th at s trongly aff irms a g lacial origin for th e 
Douglas t i l l  was found at a s ite along th e bluffs 5 km wes t  of P ort Wing. At 
th is s it e ,  a s tr ia t e d  b o u l de r  pavem e n t  is pres e n t  a t  c o n t a c t  be t w ee n  the 
Douglas t i l l  and the underlying Jardine Creek till.  Striations on the boul
de rs h ave an averag e o r i e n t a t ion of N. 25° E .  These corres pond w e l l  w i th 
orie ntation of s and grains in the overlying till.  

In addit ion to m icrofabric ana lys is , o the r evidence s upports a glacial 
o r ig in for the red clay. As sh own in table 2, these m a te rials are pre cons ol i
d a te d ,  a p r o pe r ty th at can be a t t r i b u t e d  t o  load ing by i c e .  Th e ge og raph i c  
tre nds in the grain-s ize dis tribution of th e m a te r ial dis cusse d above are m o re 
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Figure 13.--Subsurface cross section--Dutchman Creek to County Highway B. 
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Areas I and I I  shown at the top of the figure are the type areas 
defined by Mengel and Brown (1979); ND--not defined. The Douglas 
Member is correlated with the surface and near-surface unit con
taining red clay (r); the Hanson Creek Member is correlated with 
units containing gray clay (g), brown clay (bn), and red clay (r) 
underlying blue clay (b); the Jardine Creek Member is correlated 
with units containing hard pan and clayey gravel. Note the south
ern limit of the Hanson Creek Member in T. 48 N .  and the gradua
tion of clay to sandy clay at the southern edge of T. 47 N. 
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Figure 14.--Subsurface cross section--Amnicon River to Hawthorne. Areas I and 
I I  shown at the top of the figure are the type areas defined by 
Mengel and Brown (1979); ND--not defined. The Douglas Member is 
correlated with the surface and near-surface unit containing red 
clay (r); The Hanson Creek member is correlated with units con
taining gray clay (g), brown clay (bn), and red clay (r) under
lying blue clay (b); the Jardine Creek Member is correlated with 
units containing hard pan and clayey gravel. Note the sudden 
thinning of the clay in T. 48 N. and the gradation to sandy clay 
at the southern edge of T. 47 N. 
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F igure 1 5.--Subsurfa ce cross se ct ion--P opla r  Rive r to County Highwa y  B. Area s 
I a nd I I  s hown a t  the t o p  of the f igure a re the type a rea s 
de fine d  by Menge l and Brown (1979); ND--not de f ine d. The Doug la s 
Me mbe r  is corre la te d with the surfa ce a nd nea r-surfa ce unit con
ta ining re d c la y  (r); the Ha nson Cree k Me mbe r  is corre la te d  with 
u n i t s  con ta ining g ra y  c la y  ( g ) ,  brown c la y  (bn ) ,  a nd re d c la y  (r)  
unde r ly ing b lue c la y  (b); the Ja rdine Creek Me mbe r is  corre la te d  
w ith units conta ining ha rd pa n a nd c la ye y  gra ve l. Note tha t the 
we l l s  in the southe rn ha l f  of T. 4 7  N .  do n o t  pe ne t ra te to rock; 
the cre s t  of the divide is just unde r  3 3 5  m in this f igure .  
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1 6.--Subs urfa ce cros s se c ti on-- Ha ukka la Creek to La ke Ne ba ga mon . Areas 

I a nd I I  shown a t  the top of the f igure a re the type a rea s de f ine d 
by Me nge l a nd Brown ( 1 9 7 9 ); ND--not de fine d .  The Doug la s Me mbe r  
i s  corre la te d w ith the surfa ce a nd nea r-surfa ce u n i t  conta in ing 
re d c la y  ( r ); the Ha n s o n  Cre e k  Me m be r is  corre la te d w i th un i t s  
conta ining gra y  c la y  (g),  brown c la y  (bn), a nd re d c la y  (r) un de r
lying b lue cla y  (b); the Ja rd ine Creek Me mbe r is corre la te d w ith 
u n i t s  conta ining ha rd pa n a nd c la ye y  g ra ve l .  No te t he s outhe rn 
l i m i t  o f  the Ha n s on Cre e k  Me mbe r  a t  the s o ut he rn e dge of T. 48 N. 

a nd the two we l l s  a t  a b out 3 6 6  m e ncounte r ing re d c la y. (The 
h ig he s t p r o g la c ia l  la ke le ve l wa s 341 m . )  A l s o  n o te the bur ie d  
va l le y  s o u t h  of the se we l l s  in T.  47 N. 
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ea si ly ex plai ne d  uS1ng a g la cia l mode l. T he ma rb le d  a ppea rance of the re d a nd 
gray s tri nge rs i n  the Ha nson Creek ti l l  sugge st shea ri ng by g la cia l move me n t ,  
a nd f lute s and low hummocks a re pre se nt on the surfa ce of the D oug la s  ti l l  i n  
D ougla s  County. Consi de re d  colle cti ve ly, thi s e vi dence lea ds u s  t o  conclude 
tha t the two re d-cla y  uni ts a re compose d  of ti l l  and not la ke se di me nt. 

GLACIAL HISTORY 

The three ti l l  uni t s  i de nti fie d i n  ex posure s  a long the Wi s consi n  shore
li ne of La ke Supe ri or be twee n Wi sconsin P oint and Ba rk Ba y re cord the occur
re nce of a t  lea s t  three g la cia l eve nts during La te W is con s in t ime .  The his to
ry of the se e ve n t s ,  a s  inte rpre te d from the physi ca l e vi de nce col le cte d duri ng 
thi s study, i s  pre se nted fi rst.  Corre la ti ons be tween thi s  hi story a nd previ
ous s tudie s i n  the we s te rn La ke Supe ri or re gi on a re the n  sugge s te d . O n  t he 
ba si s of  the se corre la ti on s ,  the a b s o lute a ge s  o f  the g la cia l e ve nt s  a re 
brie f ly di scu s se d. No da ta b le ma te ria l wa s found i n  the study a rea . 

The olde st of the gla cia l e ve nt s  i s  re corde d  by the Ja rdine Creek Me mbe r  
a nd re la te d sa ndy de posi ts.  Ana lysi s of pebble orie nta ti ons wi thi n  the Ja r
di ne Cree k ti l l  indi ca te s  tha t i ce wa s f lowi ng from the northea s t  a t  the ti me 
of de posi ti on. Fi gure 17 pre se nts the pole p lo t s  for three mea sure ment si te s 
contoure d  by po le de nsi ty. Stria ti ons on the unde r lyi ng be drock a re ra re due 
to the f ria b le na t ure o f  the Ba yfie l d  sa n d s tone; but whe re pre se n t ,  thei r 
orie n ta ti on s  a gree wi th the ma crofa bri c  da ta . 

N 

Fi gure 17 .--Ma crofa bri c  i n  ti l l  of  the Ja rdi ne C ree k Me m be r; n = numbe r o f  
pe b b le s coun te d .  Pe b b le long-axi s orie n ta ti on s  wi th a c o n t our 
inte rva l  of twi ce the standa rd de via ti on a round the mea n orien ta 
ti on axi s; hi g he s t  va lue s  i n  b la ck re gi on. Arrow i s  t he mea n 

axi muth, whi ch shows i ce- flow di re ction. 
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Evide nce in the s tudy a rea indica tes tha t a s ubs ta ntia l a mount of eros ion 
occ urre d  during this g lac ia l e ve nt. The sand iness of the Ja rd ine Creek t i l l  
s ugges ts tha t  i t  is c ompose d o f  ma te ria ls e rode d  from the Ba yfiel d sands tone .  
Stria te d  s urfaces a nd, more c ommon ly, zones of brecc ia te d sands tone direc tly 
be nea th the t i l l  1ndica te g lac ia l e ros ion of sands tone during this e vent. Any 
unl ithifie d  de pos its pre da t ing this e ve nt would ha ve been e rode d  as we ll , but 
the, amount of e ros ion tha t occ urre d  cannot be de te rmine d. 

Nea r  Ha ukka la Cree k,  a recess iona l ice -ma rg in pos ition can be infe rre d 
from ex pos ures in the b lu f f .  As s hown in F igure 6 ,  a unit of  mode ra te ly to 
we l l -s orte d ,  fine -sa ndy sil t gra des eas tward in to a unit of wel l-s orte d  me dium 
to c oa rse sand. Within the sand unit a re la ye rs of ma te ria l  tha t  a re indis 
t inguis ha b le from the Ja rd ine Creek till. The f ine -sa ndy s ilt unit is inte r
pre ted as a prox ima l lac us trine de pos it,  and the sand is be lie ve d  to ha ve bee n 
inte rbe dde d  with f low till  origina ting a t  the ice ma rgin. In a ddition to th is 
ice -ma rgin fea ture , the la rge de pos its of sand a nd gra ve l tha t  c ompose nea rly 

a l l o f  the b luffs be t wee n P or t  W ing a nd He rbs te r s hown in f ig ure 5 ma y ha ve 
bee n  de pos i te d  a t  t h is t i me .  A l though or i g in of the sa nd a n d  gra ve l is not 
c lea r ,  it is poss ib le tha t  this ma te r ia l  was de pos ite d a t  the mouth of a ma j or 
s ub g lac ia l dra ina ge out le t  l ike those hypo thes ize d  by Wright (1973) for the 
tunne l c ha nne ls of eas t-centra l  Minnes o ta .  

Beca use the Ha ns o n  C re e k  Me m be r is no t prese n t  eas t o f  the Iron Rive r ,  
two poss ibilities ex is t  re ga rding the ex tent of ice re trea t fol lowing de pos i
tion of the Ja rdine Creek Me mbe r. The s tudy a rea eas t of the Iron Rive r ma y 

not ha ve bee n  de g lac ia te d, in whic h  case the eas te rn l imit of the Ha ns on Cree k 
Me mbe r  a pprox ima tes the max imum re trea t pos ition. Alte rna tive ly , the e n tire 
s tudy a rea ma y ha ve bee n  de g lac ia te d  a t  this time ,  a nd the limited ex tent of 
the Hans on Creek t i l l  unit is due s imply to la te r e ros ion. 

The second g lac ia l e ve nt rec orde d  in the Supe rior b luffs is indica te d  by 
the Ha ns on Creek Membe r. F low direc t ion of the ice tha t de pos ite d  the Ha ns on 
Cree k t i ll is indica te d by m ic ro fa bric a na lys is and orie nta tion of infe rre d 
s hea r pla nes w ith in the t i l l. M ic rofa bric a na lys is (Johns on, 1980) indica tes 
tha t  s ome of the t i l l  was de pos ite d by ice f lowing from the north-northwes t-
nea rly pe rpendic u la r  to the ax is of the bas in--a nd s ome was de pos ite d  by ice 
f lo w ing f r o m  the n o r theas t.  M ic ro fa b r ic s ho w ing f lo w  from the northeas t 
ge ne ra l ly occ urs in sa m p les l oca te d in the lowe r  pa rt of t h ic k  ex pos ures . 
T h is fa bric presuma b ly re f lec ts the s trong , loca l c on trol of the dee p  trough 
in the la ke b o t t o m  on the ice f lo w  dur ing the i n i t ia l  s ta ges of the a dva nce . 
M ic ro fa bric s howing f low from the northeas t occ urs in sa mp les from the uppe r  
pa rt of thic k  expos ures and from the exposures wes t  of the Brule Rive r. The y 
indica te a s hift in flow direc t ion as the bas in f il le d  with ice . 

The re d a n d  gra y  s t r in ge rs w i t h in the Ha ns on C re e k  t i l l ,  i f  c orrec t l y  
inte rpre te d a s  s hea r zones , indica te de forma t ion b y  f lowing ice . One s tringe r  

a t  the s ite s hown in f igure 1 0  was de te rm ine d  t o  ha ve a dip d irec t ion o f  N.  
67° E.  a nd a dip o f  1 4° .  Th is or ie n ta t ion is c ons is te nt w i th the ice - f l o w  
d irec t ion indica te d by mic rofa bric da ta . Howe ve r, it is not c lea r if the ice 
t ha t  de pos ite d  the Ha ns on Cree k t i l l  or the ice o f  a la te r a dva nce d id the 

s hea r ing . 

The le nses of sand be twee n the Ha ns on Creek a nd D oug las Me mbe rs nea r  the 
B r u le R ive r  s hown in f igure 4 ma y ha ve bee n  de p os ite d  during the re trea t 
f o l l o w ing t h is e p is ode -- pe rha ps as s uba que ous o u t wa s h  a t  the ice ma r g in .  
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The le nse s could a lso re pre se nt de position of sa nd subgla c ia l ly in me lt-wa te r  
tunne ls .  A third pos s ib ility i s  tha t the y we re ca rrie d  by ice t o  tha t loca
ti on dur ing a la te r a dva nce .  Pa r t  or a l l o f  t he la rge de p o s it of sa n d  a nd 
g ra ve l be t wee n P o r t  W ing a nd He r b s te r  shown in f igure 5 ma y a l s o  da te from 
this re trea t. 

The ea s twa rd ex te nt of the Doug la s Me mbe r indica te s tha t  the study a rea 
wa s comple te ly de g la c ia te d  following the de po s it ion of the Han son Creek t i l l  
u n i t .  Howe ve r ,  the re is  no fur the r e v ide nce of how fa r ea s t wa rd the ice 
ma rgin re trea te d. 

The younge s t  g la c ia l  event 1S re corde d  by the Doug la s  Me mbe r. Microfa b
ric, stria te d  boulde r  pa ve me n t s ,  a nd f lute s indica te tha t the Dougla s  t i l l  wa s 
de pos i te d  by ice flowing from the northea st. As with the Ha nson Creek t i l l ,  
the re i s  some indica t ion o f  f low from the north-northwe s t  in the lowe r  pa rts 
of thick ex posure s  of the Doug la s t i l l ,  bu t mos t  of the m icrofa brics indica te 
f lo w  f r o m  the northea s t .  A t  a s ite a bout 5 k m  we s t  o f  P or t  W ing the re i s  a 
s t r ia te d  boulde r  pa ve me n t  a t  the ba se of the Dougla s t i l l .  The stria t ions a re 
orie nte d  N. 25° E.,  a nd mic rofa br ics from the ove r lying t i l l  ha ve or ienta t ions 
of N. 30° E. a nd N. 40° E. C la y ton (in pre s s) ide nt i f ie d  nume rous ,  low-re l ie f  
f l u te s  o r ie n te d  from N .  2 5° E.  t o  N. 5 5° E. o n  the ge n t ly s lop ing p la in o f  
north centra l Doug la s County. 

A la ke forme d  in the Supe r ior ba s in follow ing the la s t  g la cia l  a dva n ce .  
No la c u s t r ine se d ime n t  ove r l ie s  the Doug la s Me mbe r in the b lu f f s  proba b ly 
be ca use of e ro s ion by wa ve s or non- de position. 

The g la c ia l  h i s t ory a s  inte rpr� te d  from the phy s ica l  e v ide nce in the 
s tudy a rea ca n be ex te nde d a n d  supporte d by corre la t in g  w it h  chrono l o g ie s 
de s cribe d  e lse whe re in the re g ion. In a numbe r of pub lica tions ,  Wright pre
se n t s  a four- pha se h i s t ory for the Supe r ior Lobe in M inne s o ta during la te 
W i s consin t ime s  (Wright a nd Ruhe , 19 6 5; Wright a nd Wa t t s ,  19 69; Wright , 19 7 2; 
Wrigh t ,  Ma t tson, a nd Thoma s ,  19 70; Wright, Ma t s ch ,  a nd Cushing, 19 73 ).  Work 
ha s a lso bee n  done in the Duluth a rea by Moss (19 77 ) ,  in Cook County, Minne so
ta by Sha rp (19 53) , a nd in the Ontona gon, Michiga n a rea by Ha ck (19 6 5).  

Dur ing the S t .  C r o ix P ha se ,  t he f ir s t  of W r ight' s  pha se s , the Supe r io r  
Lobe a dva nce d southwe s t wa rd t o  the St.  Croix mora ine o f  ce ntra l  Minne sota ( see 
f i g .  1 8 ). Eros ion a nd incorpora t ion o f  P re ca m b r ia n  sa n d s t o ne dur ing i ce 

a dva nce ca use d  the t i l l  de pos ite d  during this pha se to be re d a nd sa ndy. This 
t i l l  is inc lude d  in the Cromwe l l  F orma t ion (Wr ight , Ma t t s on , a nd Thoma s ,  
19 70) . Ba sa l orga n ic se d ime n t  in We be r La ke , a la ke forme d  a f te r S t .  Cro ix 
re trea t ,  yie lde d  a da te of 14,690 .± 390 B.P . (W- 1763 ) ,  a nd a bog w ithin the S t  
Croix mora ine itse lf ha s bee n  da te d a t  13 ,270 .± 200 B.P . (Y- 13 26 )  (Wright a nd 
Wa t t s ,  19 69 ).  Ba se d on the se t w o  l im i t ing da te s ,  Wright sugge s t s  a da te of 
1 6 ,000 B.P . or olde r  for this pha se (Wright a nd Wa t t s ,  19 69 ). 

F o l l o w ing t he S t .  C r o ix P ha se ,  i ce of t he Automba P ha se de p o s ite d re d 
sa ndy t i l l  indi s t inguisha b le from the S t. Croix t i l l .  Pa rtly on the ba s is of 
g ra in s ize ,  Wright a rgue d t ha t  the i ce ma r g in d i d  n o t  re t rea t ve ry fa r into 
the La ke Supe r ior ba s in prior to the Automba P ha se .  A more ex tensive re trea t 
w o u l d  ha ve a l lo we d  prog la c ia l  la ke s to  form a nd the s u b se que nt re-a dva nce 
during the Automba P ha se would ha ve incorpora te d the la ke se dime nt ca u s ing the 
t i l l  to be f ine r. The t i l l  of this pha se is a lso include d  w ithin the Cromwe l l 
F orma tion. No da te s a re re ported for this pha se .  
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Pr ior t o  t he t h ir d  pha se of the Super ior Lobe , t he Split Rock P ha se , ice 
retreate d far enough int o t he La ke Super ior ba s in t o  a l low a pro g la c ia l  la ke 
t o  t or m .  The la ke se d ime nt de p o s ite d in t h is la ke wa s incor porate d in t he 
t i l l  of  t he S p l it Rock P ha se .  Th i s  t i l l  for m s  a t h in ve neer over t he pre 
ex ist ing t opography a nd is  pre se nt on ly at e le vat ions be l o w  380 m ( Wr ig ht ,  
Mat sch, a nd Cushing, 1 9 7 3) .  There are t wo date s fr om a n  ice -b lock de pre s s ion 
(Kot ira nta La ke) in out wa sh a s sociated with t he Split Rock P ha se ,  13,480 � 3 50 
B.P . ( W - 1 7 6 2) a nd 1 6 , 1 50 � 5 50 B.P .  ( W - 1 97 3) ( Wr ight a nd Watt s ,  1 96 9) .  A date 
of 1 5 , 2 50 � 2 20 B.P . (1 - 50 5 1) wa s obta ine d fr om White L i l y  La ke on t he S p l it 
Rock e nd mora ine . ( Wr ight ,  Mat sch, a nd Cu shing, 1 9 7 3) .  Be cau se t he se date s  
are s i m ilar t o  t he date s of t he St . Cr o ix P ha se , Wr ight ar gue d  t hat t he St . 
Cr o ix Pha se must be older than 16 ,000 year s. 

Bet ween t he Split Rock Pha se a nd t he fourt h pha se ,  t he Nicker son P ha se ,  
t he ice mar g in retreate d int o t he La ke Super ior ba s in .  F ine- gra ine d la ke 
se dime nt wa s incor porate d  by t he i ce dur ing t he a dvance of Nicker son P ha se ice 

a nd re de po s ite d ,  per ha p s  by one or more sur ge s ( Wr ight a nd Watt s ,  1 9 6 9) ,  a s  
re d ,  c la ye y ,  st one -poor t i l l. This t i l l ,  inc lude d  in t he Bar num F or mat ion 
( Wr ight , Matt s on ,  a nd Thoma s ,  1 9 70) , ma ke s  up t he N i c ker s on mora ine on t he 
sout h  s ide of t he Super ior Lobe a nd for m s  a ca p on t he Thompson mora ine on t he 
nort hwe st side of t he lobe .  The t il l  rea che s  but doe s not ex cee d a n  e le vat ion 
o f  3 6; m ( Wr ight , Mat s ch ,  a nd Cushing , 1 97 3) .  Se vera l date s are a s s o c iate d 
w it h  t he Nicker s o n  a dva n ce . Wood in se d ime nt s fr om g la c ia l  La ke A it k in I I  
( see t ig .  1 9) y ie l de d  date s o f  1 1 , 7 10 � 3 2 5  B.P .  ( W- 50 2) a nd 1 1 , 560 � 400 B.P . 
( W- 1 l 4 1) ( Wr ight a nd Watt s ,  1 9 6 9) .  Ba se d on t he re lat ionship bet wee n  t he 
out let s of this la ke and t he Nicker son ice pos it ion, t he Nicker son P ha se must 
ha ve been ear l ier t ha n  t he se date s. La ke-bott om mater ia l fr om t wo la ke s on 
t he N i c ker s o n  mora ine were date d at 10 , 400 � 300 B.P . ( L-7 9 4F) a nd 10 ,800 � 
300 B.P . ( L- 7 94 A-D) .  Se vera l d iver s ion cha nne l s  t hat f lo we d  int o a pr o g la 
c ia l  la ke a s  t he N i c ker s o n  ice mar g in retreate d conta in mater ia l date d at 
10 , 6 30 � 500 B.P . ( W- 1 6 7 7) a nd 10 , 4 20 � 300 B.P . ( W- 1 7 1 4) ( Wr ight a nd Watt s ,  
1 96 9) .  The se date s ,  a s  we l l  a s  t he ot her s me nt ione d ,  are younger t ha n  t he 
N i c ker s o n  P ha se .  The y s ugge st a 1 2 ,000 B.P . date for t he N i c ker s o n  P ha se 
( Wr ight and Watt s ,  1969) .  

Be ca use of t he s imilar it y  of Wr ight 's  se que nce (t wo re d- cla y  t il l  unit s 
over - lying two re d,  sa ndy t ill  unit s) a nd the se que n ce in t he study area (t wo 
re d - c la y  t i l l  unit s over one re d ,  sa ndy t i l l  unit) , it is te m pt ing t o  corre 
late d ire ct ly. This would indicate that t he Dougla s  t il l  wa s de pos ite d dur ing 

t he N i c ker s o n  P ha se , t he Ha n s o n  Cree k  dur in g  t he S p l it Rock P ha se , a nd t he 
Jar d ine Cree k t il l  dur ing t he St . Cr o ix a nd Aut omba P ha se s . Howe ver , we do 
not be l ie ve t h is corre lat ion is corre ct . 

F ir st ly,  t he Nicker son mora ine ca n be tra ce d int o Wisconsin where it is 
compose d  not of c la ye y  t il l ,  a s  would be expe cte d if t he t il l  of  t he Doug la s 
Me mber i s  e qu iva le nt t o  t he t i l l  of  t he Bar num F or mat ion,  but of re d sa ndy
loa m t i l l  s im i lar t o  t he t i l l  of  t he Jar d ine Cree k Me m ber . Se cond l y ,  t he 

a vera ge sa nd : s i lt : c la y  rat io of t i l l  o f  t he S p l it Rock a nd N i c ker s o n  P ha se s  
are 44:33 : 23 a nd 28 : 3 7 : 34 re spe ct ive ly (Howar d Hobbs,  wr itte n communicat ion) .  
S p l it Rock a nd N i c ker s o n  t i l l  i s  coar ser t ha n  t he t i l l  o f  t he Ha n s o n  Cre e k  
Me mber ( 10 : 3 2 : 58) or t he t i l l  of  t he Doug la s  Me mber ( 10 : 26 : 6 4) .  F ina l l y ,  in 
nort her n Doug la s  a nd Ba y f ie l d  Count ie s ,  t he t i l l  of  t he Doug la s  Me m ber i s  
e verywhere be low 341 m wherea s t he t ill  o f  t he Nicker son Pha se rea che s  3 6 5  m 
( Wr ight ,  Mat s c h ,  a nd Cushing , 1 9 7 3) .  I f  t he se e le vat ions are a s s ume d t o  
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r epr e s e n t  1 c e -ma r g ina l p o s i t ion s ,  it is  impo s s ib le f or the sa me g la c ier t o  
depo s it both t i l l s .  Thu s ,  the Dougla s  Member a nd the Nickerson Pha se ca nnot 
be c orr ela t ive. 

A similar argument ca n be ma de f or the Ha nson Cr eek Member and the S p l it 
R o c k  Pha se .  Nowher e in Doug la s a nd Ba yf i e l d  Coun t i e s  wa s the l i m i t  of the 
till of the Ha nson Cr eek Member f ound outside the geogra phic limit of the t i l l  
of the Doug la s  Member . I n  the subsurfa ce,  the t i l l  of the Ha nson Cr eek Member 
could be tra ced only a s  high a s  a bout 28 5 m. Though er osion ma y ha ve r emoved 
much of the t ill  of the Hanson Cr eek Member , it a ppear s tha t  the Ha nson Cr eek 
Member is less extensive tha n the Doug la s  Member .  I f  this is true, the t i l l  
of t h e  Ha nson Cr e ek Member ca nnot corr e la t e t o  the t i l l  of t h e  S p l i t  Rock 
Pha se which r ea ch e s  380 m in M inne s o ta (Wr igh t ,  Ma t s ch ,  a nd Cushing,  1 9 73) . 
Likewise,  the Ha nson Cr e ek Member ca nnot be consider ed a corr e la t ive of the 
N i cker son Pha se. 

The Dougla s Member a nd the Ha n son Cr eek Member must be younger tha n  the 
N i c k er s on t i l l  a nd thus r epr e s en t  t w o  younger pha s e s  of t h e  Super ior Lob e .  
This indica tes tha t the t i l l  of the Jar d ine Cr eek Member is equiva lent to a l l  
of the t i l l  depo s it e d  dur ing Wr ight's  f our pha ses a nd suggests  tha t nor ther n  
Dougla s and Ba yf ield Counties ma y not ha ve been deg la c ia ted dur ing the time 
r epr e s en t e d  by t h e  f our pha s e s .  I t  is a l s o  p o s s ib l e  tha t deg la c ia t ion d i d  
o c c ur i n  our s tudy ar ea b u t  o n l y  o n e  t i l l  u n i t  is  pr e s er v e d  or tha t  t w o  or 
mor e r ed sa ndy t i l l s  ar e pr eserved but ar e s imilar a nd diff icult to differen
t ia te .  

Duluth .ru:!l.!l. 

In Duluth a nd nor thea stwar d a long the La ke Super ior shor e l ine , loa m  to 
s i l t - loa m t i l l  of two s tra t i gra p h i c  un i t s  r ef err ed t o  a s  the " l o w er "  a nd 
"up p er " t il l  un i t s ,  ar e over la in b y  ma s s ive r ed c la y  (Mo s s ,  1 9 7 7) .  The 
" l o w er "  t i l l  is dar k  r ed d i s h  br o w n ,  a n d  ha s a sa nd : s i l t : c la y  ra t io of 
3 6 : 46 : 18 .  Gra v e l  ma k e s  up 2 5  per cent of the t i l l .  The 1 t o  2 mm sa nd fra c 
t ion i s  domina ted b y  ba sa lt.  The "upper " t i l l  i s  dar k  r eddish br own a nd ha s a 
sa nd : s il t : c la y  ra t io of 30 : 50 :20 a lthough it is quite var ia b le .  Gra vel ma kes 
up 20 p er cent of the t i l l. The t i l l  of b o t h  un i t s  wa s depo s i t ed by i c e  
f lo w ing f r o m  t h e  ea s t-nor t h ea s t  o u t  of t h e  La k e  Super ior ba s in.  Th e s e  t w o  
t il l  uni t s  ar e corr ela ted w ith the S t .  Cr o ix a nd Automba Pha s e s  r espectively 
b y  M o s s  ( 1 9 7 7) .  The ma s s iv e  r ed c la y  tha t  o c c ur s  a t  the b luff t o p  a long t h e  
s h or e l in e  c o n ta ins 2 t o  3 per c e n t  p eb b l e s  a nd ha s a sa n d : s i l t : c la y  ra t io of 
5 : 26 : 6 9  (Mo s s ,  1 9 7 7) .  Moss (1977) interpr et ed the ma s s ive r ed c la y  to be la ke 
sediment a ss o c ia t ed with an ear ly stage of La ke Super ior . 

If pr evious ly sta ted corr e la t ions a re corr e c t ,  the Ja rdine Creek Member 
corr e la te s  to the "lower" a nd "upper " t i l l  units a long the nor th shor e .  This 
indica te s  tha t  the ice mar g in did r etr ea t  into the ba s in ,  a t  lea st nor thea s t 
of Duluth, between the St.  Cr o ix a nd Automba Pha s e s ,  but pr oba b ly not ea s t  of 
the Br ule River wher e only one t i l l  unit is f ound. 

In ta ble 3 ,  a compar ison is ma de between the r ed c la y  descr ibed by Moss 
( 1 9 7 7) a nd the t il l  of the Doug la s  Member .  The similar ity s tr ongly sugge s t s  
t h e y  ar e the sa m e  u n i t .  B e ca u s e  t h e  r ed c la y  of t h e  Dou g la s  Member i s  t i l l  
( J o hn s on ,  1 980) , t h e  r ed c la y  d e s cr i b e d  by M o s s  (1 9 7 7) is  pr oba b ly t i l l  a nd 
not la ke sediment. 
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TABLE 3 .  -- Compar ison of unbedded r ed c lay near Duluth (Mo s s ,  1 9 7 7 )  
and Douglas till  

Char ac t er istics  

Gr ain- size d i s tr ibution (n)  
mean; % s and : % s il t :  % c lay 

Bulk dens ity , (n)  
r ange ;  kg/m3 

mean; kg/m3 

Water content (n)  
mean; percent 

Liquid l imit (n)  
mean; p er cent 

Plastic limit (n)  
mean; percent 

Color (mois t )  

Unbedded r ed 
clay 

(3 2 )  
5 : 26 : 6 9  

(4) 
1 . 2- 1 . 5  

1 .3 4  

( 2 1 )  
41 

( 2 7 )  
6 1  

( 2 7 )  
2 7  

5YR 4/4 

* Wester n  end of s tudy ar ea,  oppos ite Duluth.  

Doug las t il l  

( 2 6 )  
7 : 26 : 67* 

( 19 )  
1 . 2-1 . 5  

1 .3 5  

( 1 2 )  
3 8  

( 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 cr ibe s  "compa c t ,  pebbly c lay" o c curr ing in p a t c h e s  
s tr a t igra phic a l l y  b e t w e e n  t h e  m a s s ive r ed c l ay a n d  t h e  "upper " t i l l  u n i t .  
T h i s  m a y  b e  a corr e l a t ive uni t  to t h e  Hanson Cr e e k  Member or par t  of the 
Dougla s  Member , but the data ar e insuffic ient to corr e la te .  

Cook County. Minnesota 

Shar p ( 1 9 53 )  descr ibed t ill  str at igr aphy along the Lake Super ior shor e
line 1n Cook County, Minnesota .  He noted r ed-cla y  t i l l  over lying brown, sandy 
t i l l  o f  Car y  a g e .  The sa ndy t il l  i s  s tony and conta ins l e s s  than 5 per c e n t  
s i lt and clay.  Th i s  is  not Super ior L o b e  t i l l  b e c a u s e  it  c o n t a in s  r o c k  
chara cter is t ic o f  the Rainy Lobe , which had a nor th t o  south ice-flow dir ec
t ion.  Over l y in g  this  t i l l  is  r ed- c la y  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  shor e l in e .  I t  i s  s tone-poor , c a l c ar eou s ,  a n d  con t ains 6 0  t o  8 0  
per cent clay. Litho logic content and co lor indicate i t  is Super ior Lobe t i l l. 
At one l o c a l i t y  ( s e e  2 7 ,  T. 6 2  N . ,  R. 3 E . ) ,  28  m of  br o w n ,  c a l c ar eous ,  c la yey 
t i l l  1S expo s e d  below r ed- c la y  t i l l. Sha r p  ( 1 9 53 )  s t a t ed that t h i s " • • •  is  
pr ovisionally included w ith the br own, sa ndy till  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 tentative ly correlated 
to the t i l l  of t h e  Hanson C r e e k  and Doug l a s  Nembers r e s pe c t iv e l y .  I f  th e s e  
corre l a t ions a r e  cor re c t ,  t h e  i c e  margin w a s  at l e a s t  a s  f a r  a s  t h e  Cook 
County brown-clay-t i l l  outcrop prior to  the Hanson Creek advance and to  the 
northeast ern 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 P l a in in M i ch igan's Upper Peninsula. These 
t i l l  units are tentativ e ly correlated to the Doug las and Jardine Creek Mem
bers ,  respect ive 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
t ions above, ages for the three tills  in the study area may be suggest ed. The 
t i l l  o f  the Jard ine Creek Member is d a t ed 1 6 , 0 0 0  to 12 , 0 0 0  B.P.  b a s e d  on t h e  
Minnesota chronology (Wright and Wat t s ,  1 969).  No datab le material is associ
ated with the units correlated to the Hanson Creek Member. 

Hack (1965)  reported three dat e s  as sociated 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  d a t e  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 pe 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  t o  1 0 ,2 3 0  B . P .  for t i l l  o f  
the Doug las Member i f  i t  i s  corre lative to 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 s ou th e rn On t a r i o .  When t h e  Superior Lob e ad
van c e d ,  this o u t l e t  w a s  b locked and Lake Ag a s s iz r o s e .  Arn d t  ( 1 9 7 7 )  s t a t ed 
tha t 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 i o d  1 0 , 1 0 0  t o  9 , 9 0 0  B . P . ,  a 
period that overlaps w ith the age of the red c lay on the Ontonagon P l a in. The 
next o lder phase of 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 a y t on and M or a n ,  1 9 82 ;  f i g . 1 ) .  I f  the 
Hanson Creek advance is a s s oc ia t ed with 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 te nta tive da te s a re sugge ste d :  be fore 1 2,000 B.P .  for the 
Ja rdine Cree k  Me mbe r ,  1 1 ,000 B.P . for the Ha nson Creek Me mbe r, a nd 10,000 B.P . 
for the Dougla s Me mbe r. These da te s are ba se d on the corre la tions sugge sted 

a nd re quire furthe r  study to re f ine them. 

SUMMARY 

De ta ile d  stra tigra phic inve st iga t ions of the b luffs a long the Wisconsin 
shore l ine of La ke Supe r ior re vea l the pre se n ce o f  three t i l l  u n i t s .  The 
o l de s t t i l l  unit is  compose d  of t he Ja rd ine C re e k  t i l l. This t i l l  ca n be 
dist inguishe d  by its gra in s ize (a ve ra ge 61 pe rcent sa nd, 24 pe rcent s ilt,  15  
pe r ce n t  c la y) a nd by sha rp ka o l in i te pea ks a t  0.7  nm a nd 0 .3 5  nm s pa c ings in 
x-ra y  diffra ctogra ms. Inte rna l s tructures obse rved a t  a fe w loca tions sugge st 
tha t some o f  t he Ja rd ine C re ek t i l l  wa s depo s i te d  a s  s uba qua t ic f low t i l l. 
Subsurfa ce da ta a ppea r  to ind i ca te that the t il l  unit ex te nds beyond t he 
southe rn e dge of the study a rea . 

The nex t  younge s t  t i l l  unit is the Ha nson Creek Me mbe r. This till ca n be 
dis t inguishe d  by its grain s ize (a ve ra ge 10 pe rcent sa nd, 3 2  pe r cent s ilt,  58 
pe r ce nt c la y ) ,  i t s  browner co lor ( 5YR 3 /4) , a nd the comp le x  int e r m ing l ing 
pa t te rns of re d a nd g ra y  co lor ba nds w ithin it. Th is t i l l  a l s o  ha s a lowe r  
p la st 1city index (3 8) and highe r  standa rd pene tra tion re s i s tance (21 b lows/ft) 
tha n  the c la y  fa c ie s  of  the Dougla s  Me mbe r (45 and 14 b lows/ft re s pe ctively). 
The Hanson Cre e k  Me m be r ma y p inch out in the subsurfa ce 8 to 13 km south o f  
the shore l ine .  

The youngest till unit is compose d  of the Dougla s  till. Two facie s  are 
pre sent w ithin this unit-- the c lay facie s  (average 10 pe r cent sand, 26 pe rce n t  
s i l t ,  6 4  pe rce n t  c lay) and the clay- loam facie s  (ave rage 40 percent sand, 27 
pe rcent s ilt,  33 percent c lay). In addition, this till can b e  distinguished 
by its characte ristic re d color (2.5YR 4/4) a nd its occurrence as the surface 
unit of  the Lake Supe rior pla in. 

Ge ographic trends in the sandiness of the Hanson Cree k  and Dougla s till  
a re be l ieve d to be the re sult of  progressive d ilution of sandy debris,  de r ived 
from Bayfield Group sandstone by proglacial lake sediment eroded by the re ad
vancing ice that deposite d  the t ill. Microfabric analys is of c lay till  o f  the 
Douglas and Hanson Creek Members indicate s  a g la cial origin for this ma ter ial 
ra the r than lacustrine as pre v ious ly r eporte d. Thi s  int e rpre t a t ion is  s up
porte d by ove rconsolidation of till  in both units,  geographic tre nds in grain
s ize distribution, g lacial she aring in the Hanson Creek Membe r, stria t ions at 
the base of  the Dougla s Membe r ,  and f lutes and low hummocks on the surface of 
the Douglas Membe r. 

The t i l l  o f  the Jard ine Cree k  Me mber ma y be e qu iva le nt to one o r  a l l  
t ills deposite d  during Wright a nd othe rs'  (1973 ) four phase s. Following the 
St. Croix Phase , the we ste rn  end of the study area may have bee n  deglaciate d .  
ba s e d  on corre lat ion t o  the lowe r  a nd upper t il l  uni t s  o f  M o s s  ( 19 77 )  ne a r  
Duluth. Alte rnative ly, de g la c ia tion within the study a rea during the pe riod 
o f  W r ight a nd othe rs '  ( 19 73 ) pha se s ma y ha ve o c c urre d  but no e v i de n ce wa s 
found . 

F o l lowing the Nicke rson P ha se , the ice ma rgin re tre ate d  a t  le ast as far 
ea s twa rd as the I ron Rive r  in W is cons in, a s  ind i ca te d  by the exte n t  o f  the 
Ha nson Cree k Me mbe r in the s tudy a rea , a n d  pe rha p s  furthe r  ba se d upon the 
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occurr ence of br own, c la yey ti l l  in Cook County, Mi nnesota. A mor e extensi ve 
r e tr ea t  i s  a lso suppor ted by the pr esence of two end morai nes compo sed o f  r ed
c la y  ti l l  nea r  the Wi sconsi n-Mi chi ga n border . These two morai nes ar e tenta 
ti v e ly corr ela ted t o  the Hanson Cr eek a nd Doug la s  Member s ( C la yton , III pr es s ) .  

F o l lowi ng thi s retr ea t ,  i ce a dva n ced a nd d e p o si t ed ti l l  of the Ha n s on 
Creek Member. Pos si b le corr e la ti ve uni ts i nclude a uni t of compa ct, pebb ly 
cla y  i n  the Duluth ar ea (Mos s ,  1 9 7 7 ) ,  a uni t of ca lcar eou s ,  br own cla yey ti l l  

i n  Cook County, Minnesota (Sha rp, 19 53 ) ,  a nd a uni t of r ed-cla y  ti ll ma ki ng up 
one of the two mora ines on the Wi sconsin-Mi ch iga n border . 

Retrea t  prior to depo si ti on of the ti ll of the Doug la s Member wa s exten
si ve,  li kely farther ea st tha n  Cook County, Minnesota a nd the Ontona gon ar ea 

i n  Mi chi ga n ,  the ea ster n-mo s t  si tes  consi der ed i n  thi s pa per . 

The fina l  i ce adva nce into the western La ke Superi or ba si n deposi ted the 
ti ll of the Dougla s  Member .  Thi s uni t i s  corr ela t ed to a uni t of ma s si ve r ed 
c la y  f ound nea r Duluth (Mo s s ,  1 9 7 7 ) ,  a uni t of r ed ,  c la ye y  ti l l  i n  Cook 
County, Mi nnesota (Sha rp ,  1 9 53 ) ,  a nd a uni t of r ed, c la yey ti l l  on the Ontona 
gon P lai n (Ha ck, 1965).  A summa ry of the corr ela ti ons i s  shown i n  fi gure 1 9 .  
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