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INTRODUCTION 

The conference will  empha s i z e  stratig :�aphic evidence for various environ
m en t al con d i t ions  that occurred  during the Qua t e rnary in t h e  s o u t h - c e n t r a l  
Drif t l e s s  Area. Saturday. May 22. w i l l  b" devoted to  the Quat ernary history 
o f  the K i ckpoo v a l l ey.  The e a r l y  p a r t  o f  the d ay w i l l  f o cus on alluv i a l  
depo s i t s  con t a in e d  in v a l l ey f il l s  o f  t h e  l o w e r  and m i d d l e  K ickapoo v a l l ey .  
As the trip progre s s e s  t o  the headwat ers o f  the Kickapoo. add it ional at tent ion 
w i l l  be given to the Holocene alluvial chrono l ogy in the context of Holocene 
c l imate and vegetat ion changes.  Pl eistocene hills  lope proc e s s es will  also be 
examined at an upland site  that inc ludes a paleoso l separating Woodfordian and 
pre-Woodfordian loes s depos its.  

The trip for Sunday May 23 . cons i s t s  of  three stops in the lower W iscon
s in River v a l l e y .  The f i r s t  s top p r e s en t "  ev i d en c e  f or g l a c i a l  t il l  on t h e  
Bridgeport t errace a t  the mouth of the Wi"consin River. The remaining stops 
examine the chara c t e r i s t i c s  of pre-W i s c o n s inan d e po s i t s  on the B r i d g e p o r t  
strath. Two pre-W iscons inan outwash depo s i t s  are apparent o n  the s trath and 
one suggests that the W i s consin River was t l�mporarily reversed relative to i t s  
p r e se n t  d i r e c t ion of f l ow.  E x c e p t  f or t he g l a c i a l  t i l l  o n  t h e  B r i d g e p o r t  
terrace a t  the mouth o f  the W i s cons in River" none o f  the Kickapoo or W i s cons in 
River v a l l ey d e po s it s  sugg e s t s  that t h e  D r i f t l e s s  Area was ever cov e r e d  b y  
continental glacial ice. The trip route and stops are shown on f igure 1 .  

MILEAGE 

0 . 0 0 .0 

0 . 7 0 . 7  

ROADLOG 

S t art point  ( 7 : 50 a . m  •• M a y  2 2 .  1 9 82) int e r s e c t i on o f  h ig hw a y s  
1 8 .  27 . 3 5 .  6 0 .  northeast side o f  P:rairie du Chien. The c it y  is  built 
on a late-Wiscons inan t errace that averages about 12 m above present 
r iver level.  The surface of the Prairie du Chien t errace probably was 
the f loodp lain of the aggrading M i s s i s s ippi River unt i l  about 1 2 .000 
years ago when relativ e ly sediment-free discharge from glacial lakes 
f l ow e d  through the M is s i s s i p p i  River and caus e d  e n t r e n c hm en t  
(Clayton. this volume). The maximum thickness o f  outwash s ediment s in 
the val l ey is unknown. but wel l s  in Prairie du Chien ind icate approxi
mate l y  50 m ( 1 50 f t )  of f il l .  

Proceed east on highway 27 toward b luff o f  Mis s i s s ippi gor g e .  

B a s e  of b l uf f .  B e g i n  a s cent c f  D r i f t l e s s  A r e a  up l an d  v i a  s t e e p  
t r i b u t a r y. The Ordov i c ian r o c ks that crop out a l on g  t h e  road are 



2 . 1  2 . 8  

representative of the formations that dominate the southern one-third 
of the D r i f t l e s s  Ar e a. e s p e c i a l ly s o u t h  o f  the W i s cons in Riv e r .  
Ostrom (97 0 )  described the outcrop from the base upward as including 
about 73  m (240 f t )  of Prairie du Chien Format ion (mo s t ly dolom i t e )  
and about 8 m ( 26 f t )  of St.  Peter s andstone. Ostrom suggested that 
the exposure is  excel lent for ex atlining the pre-St.  Peter unconf ormi
t y .  H igher up t h e  h i l l .  around tt.e bend in t h e  h ighw a y .  t h e  P l a t t e 
v il le F o rm a t ion i s  e xp o s ed i n  a c u t b ank on the n o r t h  s i de o f  t h e  
road. Ostrom (97 0 )  found that t he Plat tevi l l e  Formation was repre
s en t e d  here  by t h i ck - b e d d e d  d o l om i t e s  near the b a s e  and t h in n e r 
bedded argillaceou s .  nodular .  cal citic l imestones above.  

Cont inue nor t h e a s t w ar d  a l on g  t h e  n ar r o w  up l and s t r e am d iv i d e .  
E x am inat i on o f  t h e  quar ry n e a r  t h e  c e n t e r  o f  s e c t io n  2 1  and 0 . 8  km 
n o r t h  o f  t h e  h i g h w ay showed no ev i d e n c e  o f  g l a c i al out w as h  g r av e l s  
b eneath the W i s cons inan l o e s s  a s  ·oas b e en o b s erved f o r  a f ew u p l and 
s i t e s  n e ar the w e s t e r n  m ar gin of the Dr i f t l e s s  Area south of t h e  
W i s consin River. The high- l evel o ut w ash gravels t o  the south o f  here 
are thought to be of classical Nebraskan age ( W i l lman and Fry e.  196 9 ) .  

The upland l an d s cape  i n  t h e  are a  s h o w s  t w o  prom inent e r o s i o n  
surfaces. Trowbri dge ( 1921)  g ave t h e  nam e  "Dodgev i l l e" to the higher 
s u r f a c e  t h a t  is r ep r e s e n t e d  h e r e  by the po int s of h i g h e s t  e l ev a t ion 
along highway 27  on the ridge cres t. He gave the name "Lancaster !! to  
the s ur f ace that i s  here a b o u t  30  m ( l 00 f t l  lower and d o m i na t e s  the 
s e condary int e r s t r e am d iv i de s .  Lat e r .  Trowbridge ( 1954) recognized 
only the L ancaster as a relict  ero :;ion surface. What ever the number . 
t h e s e  Ter t i ary e r o s i o n  s ur f ac e s  that Trowbridge identi f ied a s  pene
p l a i n  remnant s app e a r  to r e p r e s e n t  the r e l i e f  o f  the l an d s c ap e  t h at 
e x i s t e d  in t h e  D r i f t l e s s  Area  a t  t h e  b e g inning o f  t h e  P l e i s t o c e n e .  
Evidence for deep inc is ion o f  the landscape in P l e i stocene t ime occurs 
a c r o s s  t h e  M i s s i s s ip p i  Riv e r  in aor t h e a s t ern Iowa where Trowbridge 
( 1 96 6 )  showed that c l as s i c al Neb�a s k an t i l l  i s  f ound on ly on t h e  
upland d r ainage d iv id e s  b u t  that c l as s i c a l  K an s a n  t i l l  i s  found a t  
much lower e l evat ions including v alley s ides and certain stream t e r 
races.  Wil lman and Frye ( 1969)  conc l uded from a study of high lev e l  
g lacial outwash in the D ri f t le s s  Area o f  northw estern I l l ino is that 
t h e  M is s i s s ippi Rive r  was no t in i t s  p r e s e n t  po s i t ion unt i l  a f t e r  
Nebraskan glaciat ion. They also concluded that the deep inc i s ion o f  
the Dri f t l e s s  Area landscape had largely occurred b y  c l as s ical Kansan 
t ime.  I support W il lman and Frye's ooncl u s ions because g l ac i al t il l  on 
the Bridgeport terrace at the mout h o f  the W i s cons in River has a clay 
m ineralogy that is nearly identical to  the c l ay m ineralogy o f  c l as s i
cal Kansan t il l s  o f  northeast ern Icwa (Knox. Attig.  and Johnson. this  
volume). The dolomite strath under the Bridgeport t il l  i s  from 1 2 5  to  
1 50 m (400 to  500 ft)  lower than th,o upland drainage d ivides. S ign i f 
i c ant add itional inc i s ion occurred af ter development o f  the Bridgeport 
strat h, however, becaUSe the adjacent b edrock va lley floor is kno wn to 
b e  at  least 60 m ( 200 f t )  below the s trath sur f ace. 
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9 . 1  1 1 . 9 

E nt e r  v i l l a ge of E a s t m a n  on h i g hway 27 . C o n t i nue nor t h e r l y  
through v il l a g  e .  

0 . 8  1 2 . 7  

1 . 3 14 . 0  

J unc t i o n  of h ighw ays 27 . 1 7 9 . a nd D 
highway 1 7 9  to S t e uben. Descend up land into 

T ur n  r i g h t  to e a s t  on 
dra i nage of Otter Creek. 

The w e s t - t o - e a s t  m a i n  v a l le y  s e gm e nt of Ot t e r  C r e e k  w a s  d e s 
cribed b y  L udvigson ( 1 9 7 6 )  a s  part of the D u  Charme Creek "l i near" . a 
s y s t e m  o f  s t r a i ght d r a i na g e  s e g m e nt s  t r e nd i ng N.  8 5  0 E .  a nd r ep r e 
s e nt ed b y  D u  C h arm e .  O t t e r .  a nd P i ne C r e e k s  a s  w e l l  a s  a s e g m e nt o f  
the K i ckapoo v a l l ey ne ar S t e ub e n  a nd a n  un- nam e d  t r i b ut ar y  e a s t  of 
S t e uben.  

E a s t m a n  rock q uarry on l e f t. L udv i g s o n  ( 1 9 7 6 )  d e s c r i b e d  con
t a c t s  b e tw e e n  the S t .  Pe t e r  s a nd s t o ne a nd the Shakopee a nd O ne o t a  
Members o f  the Prairie d u  Chien Formation for this site.  L udvigson 
argued that the irregular s urfac4:! on the Prairie d u  Chien Formation 
is  of kar s t  or i g i n  b ec a us e  c h a nne l f i l l s  in t h e  b a s a l  St.  P e t e r  
s a nd s t o ne t erm i na t e  a b r up t ly at  t h e  cont a c t  w i t h  und e r l y i ng w e ak 
facies.  He also.  as others have before him. described an ant i c l i na l  
struc t ure that i s  apparent i n  the northwest corner o f  the q uarry. 

The Drif t l e s s  Area often is perceived as a s t r ucture l e s s  region 
represent e d  by dendritic drainage networks s uperimposed into nea r ly 
h o r i z o nt a l  or very g e nt ly d ip p i ng b e drock.  Act ua l l y ,  t h e  d r a i na g e  
patterns and the ridge orientat ions are very s trongly control led by 
f r a ct ure o r i e nt at io ns in t h e  b e d r o c k  a nd by b r o a d  a nt i c l i na l  a nd 
sync l i nal struc t ures that often r ange from 30 to 5 0  km ( 1 5  t o  3 0  m il 
i n  l e ng t h .  5 t o  1 0  km ( 3  to  6 m i l  i n  w i d t h .  a nd from 3 0  t o  6 0  m (1 00 
t o  200 f t )  in amp l i t ude (Heyl . and others . 1 9 5 9 ) .  

1. 5 1 5 . 5  

Observe that bases of val l e y  sides preserve rem na nt s  of co l l u
vial and f l uvial sediments that were m uch more extens ive during late
W iscons ina n  Woodfordian t ime. In adj acent Grant County I f o und that 
organic sed iments near the base of col l uvial and f l uv ial sediment s  i n  
a s i m i l ar s e t t i ng w e r e  2 0 . 2 7 0  ± 6 5 0  B . P .  ( IS G S - 5 5 8 ) .  P e r i g l a c i a l  
c l imatic co nd it ions occurred during at l east part o f  the Woodfordian, 
a nd m a s s  movem e nt of m a t e r i a l s f rom s t e e p  h i l l s l o p e s  w a s  e x t r e m e  
t h e n. M a ny o f  t h e  e r o d e d  c o l l uv i al t e r r a c e s  s ho w  l a r g e  a ng ul ar 
dolom it e  boulders embedded within a depos it that cons i s t s  mo st ly of 
reworked loess .  

The  ero s io n  o f  the co l l uv ia l  a nd f luv ia l  s e d im e nt s  prob a b l y  
b e g a n  s h o r t ly af t e r  a b o ut 1 2 . 0 0 0  B .P .  w h e n  dow nc ut t i ng o c c ur r e d  i n  
t h e  M is s i s s ip p i  and W i s c o ns i n  Riv e r s  a nd t h e n  e x t e nd e d  i nt o  t h e  
tributaries b y  headward ero s ion ( Knox. McDow e l l .  and Johnson. 1 9 81 ) .  
The ini t ial cause o f  inc i s ion was dis charge of relatively sedim e nt 
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f r e e  w a t e r  from g l a cial Lakes Ag as s i z  and Du l u t h  ( C l ay t o n .  t h i s  
volume ) .  

0 .4 15 . 9  

Not e  large alluvial fan on "outh val l ey wall  tributary. Most of 
the large alluvial fans now visible in the Driftless Area were con
structed during Woodfordian t im e .  

0 . 8 16 . 7  

A rock pinnacle  occurs on the lower portion of the north val l ey 
side. Although sandstone pinnacles can be formed by natural process
e s  in a few thousands of y e a r s .  it s e e m s  that  much longer p e r i o d s  
would b e  required when dolom itic rocks are involved a s  here. 

1 . 0  17 . 7  

C r o s s  P ine C r e e k .  t r i bu t ar y  t o  O t t er C r e e k .  Cont inue e a s t  on 
highway 1 7 9 .  Note the rather extens ive colluvial bench along the base 
of the north val ley side.  

1 . 1  1 8 . 8  

0 . 3  1 9 . 1  

0 . 8 19 . 9  

0 . 1  20 . 0  

Ent er up l and s a g .  s o u t h w e " t  q u a r t e r  o f  s e c t i o n  7 about 3 km 
(2 m i l  w e s t  of S t e ub e n  ( f i g .  2 ) .  The u p l and s a g  a p p e a r s  to be t h e  
north sect ion o f  a cut-off val l e )' meander marking a former course o f  
the Kickapoo R iver. Scars of former val ley meanders a r e  abundant in 
the lower Kickapoo val l ey ( f ig. 2) 

The e l evation on t he f loor of the up land sag is between 225 and 
23 0 m ( 7 40 and 7 6 0  f t ) ab ove s e a  l ev e l .  S in c e  the e l ev a t i o n  o n  t h e  
t o p  o f  t h e  e a s t w ar d  dipping outw a s h  f r o m  t h e  B r i d g e p o r t  t i l l  i s  
approxim a t e l y  2 2 5  m ( 7 40 f t )  above s e a  l ev e l  a t  t h e  m o u th o f  t h e  
Kickapoo River near Wauzeka. the apparent cut -off probably occurred 
in r e s ponse t o  s e d i m e n t a t ion and v a l l ey a g g r a d a t i on in the l o w e r  
Kickapoo a s  the base level a t  the mouth o f  t h e  Kickapoo w a s  raised by 
the Bridgeport outwash (Knox. At tig. and Johnson. this volume ) .  

Crest of upland sag. Begin de scent t o  val ley f loor of Kickapoo 
River . 

I ntersect ion of county high .'ay E with state highway 1 7 9 .  Con
t inue east on 179.  

Cross Kickapoo River. 
c en t  to the l e f t  b ank of  
Indian mound rather t han a 

The large mound on the f l oodplain adja
the Kickapoo R iv er is tho ught t o  b e  an 
terraCI� remnant. 
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FIGURE 2 .--Topographic map of  the Citron Val ley area, Crawford County, Wis con
sin. The numbered dots represent dr i l l  hole locations. 
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0 .3 20 . 3  

Ascend high Woodfordian terrace in the gorge cut -off in front of 
C itron Valley ( f ig. 2) .  The t errace surface represents the max imum 
level of valley aggradat ion that prevailed between about 20 .000 and 
14 . 0 0 0  y e a r s  a g o .  As may be r e c a l l ed f r o m  e a r l i e r  d i s cu s s io n .  the 
major degradat ion of the aggraded val l ey f l oor probably began shortly 
after 1 2 .000 years ago and may have cont inued unt il about 9 500 years 
ago . 

T h e  av e r a g e  e l ev a t ion of t h e  h i gh W o o d f or d ian t er r a c e  in t h e  
C i t ron V a l l ey a r e a  i s  about  2 1 0  m ( 6 90 f t )  above s e a  l e v e l. D r i l l  
ho le number 11 was placed in the f loodplain below the high t errace in 
the gorge t o  deter mine the relat ionship between the f ill  in the gorge 
and the f il l  in the cut-off of Citron Val ley ( f ig. 2 ) .  

T h e  P l e is t o c en e  depo s it s  o f  t h e  Cit ron Va l l e y  a r e a  are shown 
schemat i cally  in f igure 3 .  The dr il l  holes that were used for con
stru c t ion of f igure 3 can be located on the topographic map of f ig
ure 2. 

The sedimentology as soc ia t e d  with dr il l ho l e  11 ind icated four 
maj or stratigraphic units in the alluvial f ill ( f ig. 4) The top 3 m 
included a mixture of recent f il l  for a railroad grade and Holocene 
s ilty sand. The Holocene un it w a G  underlain by approxima t e ly 7 m ( 23 
f t )  o f  W o o d f o r d ian a g e  s and w it h  chert  g r av e l .  The b a s e  o f  t h e  
Woodfordian occurs at a n  e l evat ion o f  about 1 9 4  m (640 f t )  above sea 
l eve l .  S in c e  t h e  t op of the h igh W is co n s inan t e r r a c e  is 2 10 m ( 6 90 
f t )  above sea l ev e l .  the magn itude of Woodfordian aggradation in the 
g o r g e  w a s  about 1 6  m (52 f t ) . 

The y e l l ow ish brown ( 2 .5Y  5 / 4 )  Woo d f or d ian c h e r t y  sands  are 
r e s t ing on a p a l e o s o l  tha t  is  dev e l oped in a leached and o xi d iz e d  
s il t  ( f ig .  4 ) .  The bur ie d  s o il ·.as b l ack ( 7 . 5Y 2 / 2 )  a t  it s surf a c e  
a n d  b e c a me dark g r a y  ( SY 4 / 1) 3 0  t o  6 0  e m  ( 1  to 2 f t )  b e l o w .  The 
l eached s il t s  became dark yellowish brown ( l OYR 4/6 ) at a depth of 
about 1 1.3 m 07 f t )  b e l ow the t o p of t h e  d r i l l  hole and about 2 . 1  m 
( 6 .9 ft) b e l o w  the t op o f  t h e  pa l e o s o l .  

The age o f  the s o il is unkno wn a t  this t i me. I t s  stratigraphic 
po s i t ion ind icates it is pre-Woodfordian. The depth of leaching and 
the increased concentration of c l ay w ith depth in the s ilt suggests  
that it might even be pre - W iscons inan. 

Sandy alluvium occurs under the oxid ized and leached s il t .  The 
p e r c e n t a g e s  of sand . s il t .  and c l ay in t h is p r e - W oo d f o r d ian s andy 
unit are s imilar to  per c entages d etermined for the Woodfordian allu
v ial sands ( f ig. 4).  However. wh"n the sand fract ions were analyzed 
at o n e - p h i  int e rv al s .  it was f o und that the p r e - W o o d f o r d ian sands 
t end to be f iner than the Woodf or liian sands (see graphs of percentage 
of total sand retained on the 2-phi and 4-phi s ieves . f ig. 4).  

Cont inue east on 17 9 into S t E,uben . 
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1 . 2 21 . 5  

Intersec t ion of highways 1 7 9  and 1 3 1 .  H ighway 1 7 9  ends. Turn 
left  to north on highway 1 3 1 .  C onti nue north o ne b lock a nd turn l ef t  
t o  west i n  front of St euben vil l .• ge park. 

D r i l l  ho l e  1 3  is l o c a t e d  ad j ac e nt to t h e  r lver b a nk at  the 
northeast corner of the park. No buried soil or leached a nd oxdized 
silt  was observed here as at dr i l.l ho l e  1 1 .  At the t ime of compila
tion of the road log. laborator y analyses had not been completed on 
s am p l e s  f r om d r i l l  hole 1 3 .  P r e l im i na r y  r e sul t s  sug g e s t  that the 
base of the Woodfordian occurs �,pproximately 8 to 9 m ( 28 f t )  below 
t h e  s u r f a c e  w h e r e  a g r av e l  zo ne o c c u r s .  S i l t  d e r iv e d  f r o m  
W o o d f o r d i a n  l o e s s  a l s o  a p p e a r s  t o  d i s a p p e a r  b e l ow a d e p t h  o f  about 
8.5 m ( 2 8  f t ) .  D e p t h  t o  b ed r o c k  i s  1 5 . 1  m ( 50 f t ) .  

The above-sea- level e l evations o n  the bedrock valley f loor are 
1 83 m (602 f t )  and 1 8 9  m ( 6 20 f t )  respect ively f or drill holes 1 1  a nd 
1 3 .  Comparison of these val l ey f loor e l evations with the e l evation 
o f  t h e  b e dr o c k  v a l l e y  f l oor in Cit r o n  V a l l e y  a t  d r i l l  ho l e  1 i nd i
cates that the f l oor of the gorge is lower. The d ifferences are 4 m 
( 1 3  f t )  b e t w e e n  d r i l l  ho l e s  1 and 1 3  a nd 1 0  m ( 3 3  f t )  b e t w e e n  d r i l l  
ho les 1 and 1 1 .  These differencs i nd icate that modest val ley inc i
s io n  i nto bedrock occurred somet i me af t er Citron Valley was abandoned 
as a cour s e  o f  t h e  Kickapoo R iv e r  ( f i g .  3 ) .  

C o nt i nue w e s t  p a s t  S t e u b e n  park.  Turn r i ght t o  nor t h  at  the T 
intersection and cross Kickapoo River. 

0 . 3  21 . 8  

Ascend high Woodfordian t e r race o n  north s ide of Kickapoo River. 

0 . 5  2 2 . 3  

I ntersection with Citron west township road o n  l e f t .  Cont i nue 
s t raight  ah e a d  ( no r t h )  into t h e  e a s t  s e c t io n  of the C it r o n  V a l l e y  
cutoff meander. 

1 . 0 24 . 0  

0 . 1  24 . 1  

Int ersection of Hughes Road and C itron Val ley Road. Turn left 
onto Hughes Road. 

� lAo Val ley f il l  strati graphy repr e s e nted in dr i l l  ho les 1 
through 6 ( f i g .  2 ) .  

T h e  d e p t h  t o  b e d r ock i s  3 0  m ( 9 8  f t )  a t  d r i l l ho l e  1 .  2 2  m ( 7 0  
f t )  a t  d r i l l  ho l e  2 .  a nd 1 1  m (3�. f t )  a t  d r i l l ho l e  4 .  The 3 0  m o f  
valley f i l l  i s  unusually deep for sma l l  val leys that are i nterna l  to 
the Drif t less  Area. The deep f iL has resulted because C itron Valley 
has trapped most of the sediment der ived from uplands throughout much 
of the late P l eistocene.  
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The s t r a t i graphy i n  dr i l l  h o l e  I i s  pre s e nt e d  i n  f ig ur e s  5 a nd 
6 .  which show f o ur maj or d epo s i t io nal units. The basal unit cons i s t s  
o f  i nt er be d d e d  s i l t  a nd s a nd .  T h e  s a nd c o nt a i ns p e b b l e s  b e l o w  a 
d e p t h  o f  2 5  m ( 80 f tl. w h i ch s ug g e s t s  t h a t  t h e  b a s al unit prob a b l y  
w a s  d e po s i te d  by r i v e r  pro c e s s e s .  T h e  top o f  th e b a s a l  uni t  o c c ur s  
a t  a d e p th of approxim a te l y  2 1  m ( 7 0  f t )  a nd i s  l e a ched to w e a k l y  
c a l c a r e o us i n  the upp e r  2 . 5  m .  S i l t y  s a nd a nd s a nd y  s i l t  i n  t h e  
basal unit i s  gray ( 5Y 4/ 1 ) .  The gray s il t y  depo s i t s  are capped w ith 
a b l ac k  ( l OY 2 / 1 )  f i ne to m e d i u:n s i l t  t h a t  m ay repr e s e nt a f o r m e r  
s o i l  h o r i z o n. T h e  c a l c ar e o us c ra r a c ter o f  t h e  b l ac k  s i l t  m ay hav e 
r e s ulted from downward movem e nt of calcareous f i ne sediment s  from the 
overlying unit. The age of the basal unit is unknow n. It i s  pos s i
bly as old as class ical Kansan. A Kansan age a s s ignment a s s um e s  that 
t h e  s i l t s  w h i c h  are i nter b e d d e d  w i th t h e  f l uv i al s a nd a nd g r av e l  
r e s ulted from ponding when aggradation of the W is co ns i n  River valley 
b y  B r i dg e p o r t  o ut w a s h  c a us e d  t he b a s e  l ev e l  a t  the mo uth of t h e  
K ickapoo River t o  rise. I have traced the up-val ley d i s t r ib ut io n  of 
m e a nd e r  s c ar s  o n  the b e d r o c k  v a l l ey w a l l s  tha t  r e p r e s e nt r e l i c t  
c o ur s e s  o f  t h e  K i ckapoo R iv e r  ( f i g .  7 ) .  The up -val l e y  d i s tr i b ut i o n  
of the meander scars extends to an e l evation of approxima t e ly 2 2 5  m 
( 7 40 f t )  above sea leve l.  S ince the maxim um e l ev a ti o n  of the Bridge
port o utwash s urface near Wauzeka at the mouth of the Kickapoo R iver 
is a l s o  approximate ly 2 25 m (740 f t )  above sea l ev e l .  i t  appears that 
t h e  i ni t i a l  pha s e  in t h e  d ev e l op m e nt of c ut- o f f  v a l l ey m e a nd e r s  i s  
r e l at e d  to t h e  B r i d g e p o r t  o ut w a sh .  The r e l a t i o ns h ip o f  the m ea nd e r  
scars w ith the Bridgeport t il l  and o utwash theref ore s upports an age 
a s s ignment of class ical Kansan ( Dlder than abo ut 730.000  year s )  for 
t h e  c ut - o f f s .  Howev e r .  if T r o wb r i d g e  ( 1 9 5 4 )  w a s  c o r r e c t  i n  h i s  
interpretation that the rock s t rath under the Bridgeport t i l l  repre 
sent s  the l evel o f  r ive r i nc i s i o n  i n  Kansan t im e ,  then the basal unit 
i n  Ci tr o n  Va l l ey m us t  be y o ung e r  s i nc e  t h e  b e d r o c k  f l oor o f  Cit r on 
V a l l ey i s  approx imate l y  20  m ( 7 (1 f t )  l ow e r  tha n  t h e  s ur f a c e  o n  the 
r o c k  b e nc h  ne ar Wauz ek a .  T es t s  f o r  rem na nt m a g ne t i sm w e r e  a l s o 
c o nd uc t e d  f o r  s e v e r a l  h o r i z o ns i n  d r i l l  h o l e  1 ( f i g .  5 ) .  S i nc e  t h e  
l as t  m a j or rev e r s a l  f rom the M a t uy am a  ( r ev e r s e d )  t o  the B r uh ne s  
( norm a l - p r e s e nt) o c c ur r e d  abo ut 7 3 0 . 00 0  y e a r s  a g o .  f i nd i ng of r e 
ver sed rem nant magne t i sm i n  C itron Val l ey sedime nts would s uppo r t  an 
age a s s ignment to the Kansan. U nfort unately.  it was not pos s ib l e  to 
extr a c t  a c o r e  from t h e  b a s a l  f luv i a l  uni t. b ut c o r e s  w e r e  t ak e n  a t  
s everal d ifferent hor izons i n  overlying units.  The polarity o f  the 
detr i t a l  rem na nt magnetism was a r..alyzed with a spinner magne tometer. 
All  samples w ere f o und to have normal polarity. i nc l uding a s ample  
f r om the f ine to m e d i um b l a c k  s il t a t  a depth o f  21  m ( 6 8  to 7 0  f t ). 
These t e s t s  therefore at  l e a s t  im ply a po s t-Kansan age for a l l  of the 
sedim e nt s  overlying the basal unit. The pre s e nt l y  ava i l able informa
tion theref ore leads to a conc l us ion that the i nitial development o f  
t h e  c ut - o f f  va l l e y  m e a nd e r s  o c c ur r e d  w h e n  t h e  B r i dg e p o r t  o utwa s h  
caused sedimentat ion in the lower Kickapoo val ley. These sediment s  
appar e nt ly ac c um ul a ted i n  s uf f i �i e nt d e p th to o v e r t o p  l o w  sa g s  o n  
bedrock r idges on t be i ns ide bends of val ley meanders. The i nc i s io n  
o f  Citron Val l ey below the Bridg"port strath and the apparent po s t 
K a n s a n  a g e  f or t h e  b ul k  o f  t he v a l l ey f i l l  i n  C i tr o n  V a l l ey im p l i e s  
t h a t  a t  l e a s t  some of the c ut - o f f  v a l l ey m e a nd e r s  m ay have b e e n  
re o c c up i e d  b y  the K i c kapoo River i n  p o s t -Ka n s a n  t im e  and t h a t  t he 
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l o w e r  K i ckapoo va l l ey w a s  a g a i n  s ub j e c t e d  t o  m a j o r  aggrada t io n  in 
post -Kan san t ime. 

A second episode of aggradation of Citron Valley is represente d  
in d r i l l  h o l e  1 b y  m e d i um a n d  f ine g r a y  (SY 4 / 1 ) s i l t s  that a r e  
capped  b y  o l iv e  b l a c k  ( l. 5Y 3 / 1 ;  f in e  t o  m e d i um s i l t  ( f ig .  5 ) .  The 
o l iv e  b l ac k  s e d im e n t s  inc l ud e d  h o r i z o n s  w i t h  a l t erna t in g  g r ay and 
black beds of 1 to 3 mm thickne ss. Organic f ibers were common along 
the bedding p l anes. The general absence of sand and coarser text ured 
s e d iment s from t h i s  uni t  ind i c a t e s  t h a t  d e p o sit ion o c c ur r e d  un der 
v e ry low energy cond i t ions . po s s i b l y  in a s h a l l ow lake.  T e s t s  o f  
remnant magnet i sm imply either an I l linoian o r  '\o,Tis consinan age for 
the sediment s. They are at l east  pre-Woodfordian because Woodfordian 
sediments rest on top of them. If  these f ine and medium s i l t s  were 
d e p o s i t e d  in a sha l l ow l a k e  as  hypo t h e s i z e d  a b ov e .  then t h ey m o s t  
p r o b a b l y  are o f  I l l ino i an a g e  b e c a us e  ponding i n  t h e  upp e r  M i s s i s 
s ip p i  R iv e r  and i t s  t r i b ut a r i e s  probab ly o c c ur r ed when I l l i no ian 
glacial ice  advanced aeross the M i s s i s s ippi River into southeastern 
I o w a .  Alden and L ev e r e t t  (Al d e n .  1 9 1 8 .  p .  1 7 2 )  s pe c u l a t e d  t h a t  
e l ev a t i o n s  of d i v e r s ion chann e l s  a l ong t h e  m a r g in o f  t h e  f o r m e r  
I l l inoian i c e  f ront in Iowa imply ponding up t o  a n  e l evat ion o f  200 m 
(720  f t )  above sea l evel.  Recent work by Updegraff ( 19 8 1 )  has shown 
that p r e s en t  s ur f a c e  e l eva t ionE: in the d ive rs ion chann e l s  c an b e  
m i s l eading because they may b e  f il led with po s t - I l l inoian depo s i t s .  
Updegraff concl uded that depo s i t :; i n  the Goo se Lake d ivers ion chan
ne l .  which had prev i o us ly b e e n  re c o g n i z e d  as r e l at e d  to I l l in o i an 
ice.  presented no evidence to s ubstant iate the idea that Goo se Lake 
val ley in eastern Iowa was ut i l ized by the M i s s i s s ippi River during 
t h e  I l l ino i an. It s e e m s  l i k e l y  that  s ome pond ing o c c ur r e d  in r e 
sponse t o  blockage of the Miss issippi River. as has been s ummarized 
by W i l lm a n  and Frye ( 1 9 7 0 ) .  b ut :�t is unc l ear at t h i s  t im e  what t h e  
d e p t h  and d ur a t i o n  o f  pon d ing m a y  have b e e n .  I t  i s  a l so p o s s i b l e  
that the f ine and medium s i l t s  w ere depo s it ed b y  sheetwash and mass 
wast ing processes which appear to have dominated for the overlying 
Woodford ian sediment s. The high.,r percentage of c l ay in the lower 
s i l t s  compared to the ov e r l y ing W oo d f o r d i an s i l t s  s ug g e s t s  t h a t  
proce s s es responsible f or the two units were d if ferent . al tho ugh the 
smaller clay percentages in the Woodfordian may s imply ref lect  the 
greater importance of l oess der i ved sediments there. If  the lower 
s i l t s  are not of a lacustr ine origin. then the buried paleosol at  an 
e l ev a t io n  o f  1 94 m (6 3 5  f t )  a b o ve s e a  l ev e l  a t  d r i l l  h o l e  1 1  m ay 
corre spond in a g e  w i t h  the w e a k l y  d e v e l o p e d  w e a t h e r ing zone at an 
e l evation of abo ut 207 (6 80 f t )  a bove sea l evel in drill ho l e  1 ( f ig. 
3 ) .  The latter int erpretat ion seems unl ikely. however. because the 
weathering zone that separates th e p r e - W o o d f o r d i an and W o o d f or d i a n  
s i l t s  occurs a t  nearly the same e l evation throughout C itron Val ley. 
D r i l l  ho l e s  9 and 1 0  a re l o c a t e d  in a po s i t io n  w h e r e  a l l uv i a l  fan 
d e po s i t ion o c c ur r e d  d uring W o o d f o r d ian t im e  and sho ul d  have a l s o 
o c curred d uring the t im e  o f  d e po s i t ion o f  t h e  und e r l y ing f in e  and 
medium silts if they were deposited in a non- lacus tr i ne envi ronment. 
F i g ure 3 sho w s  that no e l ev a t e d  a l l uv i a l  fan s ur f a c e  is p r e s e n t  in 
the s ubs urf a c e .  Ther e for e .  it i s  apparent t h a t  t h e  h i l l s l o p e  p r o 
cesses which were characteristic of the Woodf ord i an w ere not dominant 
when the f ine and medium s i l t s  were being depo s i t ed. 
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The base of the Woodfordian sediment s  occur s  between about 207 
a nd 2 0 9  m ( 6 80 a nd 6 85 f t )  above s e a  l ev e l  in C i t r o n  V a l l ey .  The 
b a s e  is d e f i ne d  b y  t h e  chang e  f rom s t r o ng l y  c a l c ar e o us c o nd it io ns 
above the contact to  weakly cal "areous or leached cond i tions b elow. 
At d r i l l ho l e  9, where dra i na g e  is good ( f ig.  2 ) .  a w e l l - de v e l o p e d  
s o il o c c ur r e d  at  t h e  b a s e  of t h e  W o o d f ord i a n. T h e  t op o f  the 
Woodfordian sediment s  vary from the modern s urf ace at  dri l l  ho le 9 to  
s ub s urface po s i t ions under Hol o c E'ne s e d im e nt s  e l s ewhe r e .  At d r i l l  
h o l e s  1 a nd 2 t h e r e  a r e  5 a nd 6 m ( 1 7 and 2 0  f t )  o f  l ea ch e d  H o l o c e ne 
sediment s  overlying the Woodford ian. The depth of leaching i ncreases 
to 6 t o  7 m ( 20 t o  2 3  f t )  a t  dr i l l  ho l e  4 in the s i de v a l l ey t r i b u
t ary (fig.  2 ). The s light trend toward i ncrea s i ng depth of leaching 
i nt o  t h e  tr i b ut ar y  i nd i c a t e s  that the H o l o c e ne s e d i m e nt s  p r o b a b l y  
experienced m o s t  of their leach i ng when they were located on h i l l
s lopes and have s i nce been washed  onto the f loor of Citron Valley. 

The W o o d f o r d i a n  s e d im e nt s  i n  d r i l l  ho l e  1 t e nd to be darker 
grays than the underly i ng f ine and medium silts  ( f ig. 5 ) .  The occa
s i o nal o c c urrence of sm all  wood y fragments in the lower section of 
the Woodfordian and the common occurrenc e s  of organic rich dark gray 
(N 3/0) hor izons in these s i l t  d o mi na t e d  s e d im e nt s  im p ly a c c r e t io n  
under very low e nergy conditions., I envision the e nv ironm e nt of the 
v a l l ey f l o o r  to hav e b e e n  poor ly d r a i ne d  shr ub .  s e d g e .  a nd g r a s s  i n  
the early Woodfordian about 20 .000 years ago. As the c l imate became 
progre s s iv e ly more harsh when glacial ice lob e s  e xt e nded s o uthward 
into central Iowa on the west and into southern W i s co ns i n  and north
e r n  I l l i no i s  on the e a s t .  t h e  sh:cub s proba b ly d is a p p e a r e d  f r om the 
v a l l ey floor and mas s was t i ng of sediment s  from h i l l s lope s  probably 
i ncreased .  The coar s e ni ng of thE' sediment s  in d r i l l  hole 1 between 
d e p t h s  o f  8 . 5  a nd 11  m ( 2 8  a nd 37 f t )  are i nt er pr e t e d  as an i nd e x  of 
a shift t oward periglacial c limatic condit ions. U nf ort unat e ly pollen 
i s  too poorly preserved i n  the s e d iment s  to al low meaningf ul i nt er
pretat ions of  past c l imate condtions. Radiocarbon dates  a s s oc iated 
w i t h  D e s  M o i ne s  l o b e  d e po s i t s  i n  I o w a  ( R uh e .  1 9 6 9 )  a nd w it h  i c e  
marginal Woodfordian depo s i t s  o n  the eastern mar g i n  o f  the Dri f t l e s s  
Ar ea at  Dev i ls Lake ( M ah e r .  t h i s  vo lum e )  s ug g e s t  t h a t  c o l d  c l im a t e  
condit ions ext ended to  a t  least  1,�.000 years ago and pos s ibly a s  late 
as 1 2 . 5 00 year s ago.  D ur i ng t h i !: c o l d  phase m a s s  w a s t i ng a nd s h e e t  
wash appear a s  the dom i nant h i ll s lope erosion pro c e s s e s .  The mean 
frontal zone repr e s e nt i ng the northern boundary of moist  air from the 
Gulf of Mexico probably was a lways s o uth of the Dri f t l e s s  Area i n  all  
s e a sons of  the year. Southward di splacement of  the front a l  zone i s  
s uggested by the f i ne t e xt ur es o f  sediments in Woodfordian a l l uv ial 
f ans. The stream s  that feed the a l l uvial f ans c ut thro ugh dolom ite 
o f  the P r a ir i e  du Chien F o rm a t i o n  which prov i d e s  a n  a b unda nce of 
p e bb l e s .  c o bb l e s .  a nd b o u l d e r s  und er p r e s e nt - d ay c o nd i t i o ns . The 
W o o d f o r d i a n  s e d im e nt s  of d r i l l  ho l e s  4 a nd 6 ( f i g .  2 )  showed v e ry 
l i t t l e g r av e l  a nd m o s t  of t h e  W o o d f o r d i a n  s e c t i o n  at  e a ch s i t e  w a s  
domi natd by reworked loess.  The general absence of sedim ents coar ser 
than sand implies that high int pn sity thunderstorms must have been 
extrem e ly rare d uring the Woodfordian. Snow a nd l ow i nt e ns ity f ro n
tal rainf a l l  must have been the d om inant pre c ipitation proces s e s. 

The up p e r  2 . 5  m ( 8  f t )  o f  t he W o od f ord i a n  s e d i m e nt s  i n  d r i l l  
ho l e  1 a r e  very hom o g e ne o us m e d i um si l t s  ( f i g .  5 ) .  The uni t  i s  
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traceable through several dri l l  holes in Citron Valley ( fig. 3). It 
appears  that the m e d ium s il t s  re p r e s e n t  an e p i s o d e  of int e n s i f i e d  
l o e s s  dep o s i t i o n  t o w a r d  t h e  e n d  o f  t h e  W o o d for d i an.  A l though t h e  
s il t s  probably a r e  derived in part from reworked loes s transported 
from hil l s lopes .  I b e l i eve that much the accumulation may have been 
d e po s i t e d  in�. Ev idence  to support  in � a c cum u l a t ion i s  
sugg e s t e d  b y  t h e  r e m a r ka b l y  un :,.form t h i c kn e s s  o f  t h e  m e d ium s i l t s  
b e t w e e n  d r i l l  ho l e s .  except  for tho s e  in a l l u v i a l  fan s where t h e  
t h i ckne s s e s  a r e  m u c h  g r e a t e r  d u e  t o  h i l l s lo p e  contr i but ion s .  For 
e x am p l e .  in d r i l l  h o l e  6 a maj or i n c r e a s e  in l o e s s  c o n t r i b u t ion 
o c cu r s  at a d e p t h  of about 8 . 5  m ( 2 8  ft ) b e l o w  the s u r fa c e .  No 
g r av e l s w er e  o b s e rved above 8 . 5  m d e p t h  and the s and fra c t ion w a s  
dominated b y  fine sand (fig. 8 ) .  Because the sediments at  dril l hole 
6 were l ea ch e d  to a d e p th o f  1,.6 m ( 1 5  ft ) .  The upper 3 t o  4 m 
probably  r e p r e s e n t  Holocene s e d iment at ion.  More  d i s cu s s ion about  
Woodfordian sedimentat ion will  follow at stop  l B. 

Tbe topmost major stratigraphic unit in dril l ho l e  I is  Holocene 
in a g e .  T be l o w e r  boundary is s e t  at about 5 m d e p th .  w b i ch c o r r e 
sponds with the depth o f  leacbed sediment s. I t  is  unlikely t bat .in 
.u.t.u. leac bing would be  very extens ive on t be poorly drained floor o f  
Citron Valley. a condition t bat existed i n  t be Woodfordian and during 
most of t be Holocene. Tberefore "  the leached sediment s probably are 
derived from better drained sites on t be surround ing hil l s lope s  and 
bave been transported onto t be val ley floor by running water. As sum
ing t bat the p l ac e m e n t  o f  s t r a t i g raphic  boun d a r i e s  are r e a sona b l y  
a c curat e .  i t  i s  i n t e r e s t in g  t o  no t e  that t h e  t hi c kne s s  o f  H o l o cene 
s e diment a t i on repr e s e n t s  about  one -third o f  the thicknes s  o f  Wood
fordian sedimentation in the area of drill holes 1 and 2 (figs. 2 .  3. 
and 5 ) .  I t  i s  t be re fo r e  app a r e nt t ba t  a c o n s i d e r ab l e  quant i t y  o f  
sed iment bas been r emoved from the b i l l s  lope s .  even under vegetat ion 
and climate conditions of tbe Hc locene. Tbe relatively t bick loes s  
on the uplands and t be steepness  o f  bil l s l opes  in t be Citron Val ley 
watershed may account for tbe very high magnitudes of Holocene sedi
m entat ion. The proportions may not be repr e s enta t ive of o ther par t s  
o f  the Drift less  Area. 

Continue west on Hughes Road. through the cutoff Citron Val ley. 

Dr i l l ho l e  1 was l o c a t e d  in fie l d  a d j a c ent to  s o ut h  s id e  o f  
roa d .  

Follow township road nort bw esterly along b a s e  o f  Hogback Hil l .  
Note the large a l luvial fans on the oppo s i t e  v a l l ey wall.  The major 
portion of these al luvial fans accumulated between 20 .000 and 1 2 .000 
B . P .  

Continue on t be township road through t be west ern limb o f  Citron 
Valley. Note the smooth concave prof iles developed on col l uvium and 
al luvium at tbe bases of hillslo pes.  Tbes e  depo s it s  i l lustrate the 
l ar g e  quan t i t y  of s e d im en t s that w e re t r a n s p o r t e d  from h i l l s l o p e s  
during periglacial climat ic condi�ions o f  t be Woodfordian. 
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Dri l l  ho l e s  9 and 1 0  are l oca t e d  here near the e d g e  of  t h e  high 
surface in Citron Val ley (f ig. 2). The small st eep tributary t o  the 
immediate east of the sites ind icates that dril l ho les 9 and 10 are 
sensitive as indicators of past a l luvial-fan depo sit ion. 

The strat igraphic sequence of sediment textures at dr i l l  ho le  9 
i s  p r e s en t e d  in f i gure 9 .  The s ur f a c e  unit i s  interpre t a t e d as 
Woodfordian loess and is correl"ted with the upper Woodfor dian unit 
that imm e d ia t e ly unde r l i e s  the H o l o c e ne s e d iments  in d r i l l  h o l e  1 
(f ig. 3 )  There is litt  L e  or no B.olocene section represented at dr i l l  
ho l e  9 .  T h e  ab s e n c e  of  a HoLocene r e c ord probab ly r e s u l t s  f ro m  
trenching o f  the al luvial fan (near the present township road al ong 
the b a s e  of t h e  h i ll )  b e t w e e n  1 2 , 0 0 0  and 9 500 y ea r s  ago.  The s e d i 
mentology of the Woodfordian sediment s is generally similar t o  tho se 
at drill  hole 1 in that dominance by reworked Woodford ian l oess gives 
the unit a very high silt  composit ion. The Woodfordian at this site 
h a s  c o n s i d er a b l, m ore sand than the W o odf ord ian at d r i l l  h o l e  1 .  
More sand should be expected here because of the c lose proxim ity to 
the s t e e p t r i b ut ary that cut s a c r o s s  sandstone b e dr o ck. N o t e  that 
the sand fract ion increases t o  about 90 percent in the basal sect ion 
o f  the W oo d f ord ian. The v e ry high sand perc entage im p l i e s  that in 
the early Woodfordian before much loess had blanketed the landscape, 
frost-dominated c l imate condi tions probably w ere quite eff e c t ive in 
w e a t h e r i ng the sand s t one r o c k .  R e l a t ively little  loess would hav e 
been av a i l a b l e  t o  d i l ut e  the sand as it was t r a n s p o r t e d  onto  the 
al luvial fan. The Woodfordian at: dril l hole  9 is  leached t o  a depth 
of about 1 .4 m (4.5  f t ) .  C o l o r s  range f r om d u l l  y e l l o w i sh b r own 
( l OYR 5 / 4 )  to y e l l ow i sh brown ( 2 .5Y 5/ 3 ) .  The un i t  is s t r o n g l y  
cal careous below the surface leached zone. 

The sandy unit in the basal Woodfor dian at dril l hole 9 overlies 
a leached paleos o l. The e l evation of the paleo s o l  is 209 m (6 85 ft)  
above sea l ev e l ,  an e l ev a t ion that is  ne arly ident i c a l  w i t h  the 
e l ev a t ion f o r  the base of  the Wc odf ord ian at d r i l l  ho l e  l ( f i g .  3 ) .  
The soil  was dark brown ( lOYR 3/'. to 4/4) and leached. The similar
ity o f  e l ev a t ions f o r  t h e  W o o df o r d ian b a s e  sugg e s t s  that a l ar g e  '�o o d f o r d i an - t y p�'al l u v i a l  f a n  i s  n o t  p r e s e nt i n  t h e  upper p r e 
Woodfordian sediment s a t  d r i l l  hol e  9 .  

Figure 9 shows that the pre-I,oodfordian sediments contain o n  the 
av e r a g e  m o r e  sand and c l ay and l e ss  s i l t  th an the ov e r l y i n g  W o o d 
fordian sediments. Their av erage color i s  du l l  yel lowish brown (lOYR 
5/4)  and they w e r e  l e ached throughout the d e p t h  o f  d r i l l i ng t o  21  m 
( 7 0  f t )  be l ow the ground surface. As indicated in the discuss ion for 
drill ho l e  I, the sediments are interpretated as shallow lacustrine. 
The g r e a t e r  v a r i a b i l ity in sand. s i l t .  and c l ay p e r c e n t a g e s  h e r e . 
compared t o  dril l  ho l e  1 ,  probab ly r e f l e c t s  the l o c al i n f l u e n c e  o f  
the steep tributa ry. 

Further support for sediment accumulation in sha l l ow water con
ditions is indicated by fi gure 10 which pre sent s a higher resolu t ion 
e v a l u a t i o n  of ve r t i c a l  var iat i o ns in se diment textur es. Note that 
the vertical line separating Wood f ord ian and p r e - W o o d f o r d ian s e d  i-
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m e n t s  cor res p o nd s  w i t h  an e l ev at i on o f  2 0 9  m ( 6 85 ft ) above s e a  
l evel.  The d a t a  o n  figure 1 0  ther e fore c or r e l a t e  w i th the d a t a  
centered on about 1 0  m depth o n  figure 9 .  The pre-Woodfordian sedi
m en t s  at  drill hole 1 0  are s l ightly to  moderately calcareous below a 
surface l e a ched hor i zo n  o f  about a m e t e r t h i ckne s s .  The p r e - W oo d 
for d i a n  s e d iment s between about 1 2 . 5  a nd 1 6 . 5  m ( 40 and 5 4  ft ) a t  
drill ho le 1 0  cont ain very little sand and high percentages o f  s i l t  
a n d  c l ay. S e d im en t  c ores showed v a r i a t i o ns in b e dd i n g  t h a t  r a ng e d  
from fine ly-lam i na t ed t o  m a s s i ve .  The s e d im ent s a p p e a r e d  t o  h av e  
b een d ep o s i t ed i n  ponded w a t er". N o t  a l l  o f  the p r e - W o o d for d i a n  
sediments in dril l ho l e  1 0  were a s  fine-grained a s  those represented 
in figure 1 0 .  Below a d e p t h  o f  16 .5  m ( 54 ft ) the s ed im e nt s  chan g e d  
t o  s a n d y  s i l t s  a n d  s i l t y  s a n d s .  B e l ow a d e p t h  o f  about 1 8  m ( 6 0  tt ) 
o c c a s i o na l  chert pebb l es w er e  o b s erv e d .  The s a nd and pebb l e  z o ne 
below 16.5  m may correspond with the basal unit at  dr i l l  ho le 1 .  For 
e x am p l e .  the beg inning of p e b b l "  o c c u r r en c e s  a t  a d e p t h  o f  1 8  m ( 6 0  
ft ) corresponds with an above sea l ev e l  e l evation o f  203 m ( 6 6 5  ft ) .  
T h e  t o p  o f  t h e  b a s a l  unit a t  d r il l  h o l e  1 o c curs a t  2 0 1  m ( 6 6 0  ft ) 
e l ev a t i o n  above s e a  l ev e l .  B e d r o c k  w a s  encount er e d  a t  a d e p t h  o f  
2 0 .7 m ( 6 8  ft ) .  T h e  higher e l ev a t i o n  o f  b e d r o c k  h ere c o m p a r e d  t o  
bedrock e l evation at dril l ho le 1 probably relates to dril l ho l e  1 0 'S 
l o c a t io n  on the i n s i d e  o f  a v a l l ey m e ander. w h e r e a s  d r i l l  ho l e  1 i s  
located o n  a relatively straight reach o f  val l ey. 

Continue south on t ownship r oad to the T int er se c t ion . 

0 . 2 26 . 7  

0 .4 27 . 1  

0 . 1  27 . 2  

T int e r s e c t i o n. Turn r i g t.t t o  w e s t .  The t o w n s h i p  r o a d  i s  
l o c a t e d  o n  a l ow t er r a c e  that  i s  a b o u t  3 .7 0 2  ft ) a bove the f l o o d 
p l a i n  o f  m o d e r n  s t r eam s .  T h e  3 .7 m t er r a c e  i s  a b o u t  4 .6 m ( 1 5  ft ) 
lower than the high W i s con s i nan terrace that marks the maximum l evel 
of Woodfordian val l ey aggradation (fig. 3 ) .  The average elevations 
above sea l evel for the low and high t erraces are 206 m (675  ft ) and 
2 1 0  m (690 ft ) .  These terraces are inset against the fil l of C it ro n  
Valley (fi g .  3 ) .  Since the average e l evat io n o n  the floor of Ci tron 
Valley is about 220 m ( 7 20 ft ) above sea l ev e l .  the high Wiscons inan 
terrace is  therefore about 1 0  m ( 33 ft) lower. 

Ascend high Wisco ns inan terrilce . 

Dril l ho le 1 2  15 located in the pasture o n  the north s ide of the 
road . 
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0 .0 27 . 3  

Intersect ion with county hi,;hway E .  

Stop I B  is t o  examine the r e l ationships of the two late-Wiscon
s inan t erraces with each o ther and their relat ionship to the f i l l s  in 
C i tron Val l ey. 

A comparison of the stratigraphic sequence s  represented in dri l l  
h o l e s  7 a n d  1 2  ( f i g s .  1 1  a n d  1 2 )  show that t h e  l ow t er r a c e  i s  e r o 
sional and cut into the high W isconsinan terrace. Note .  for example.  
the percentages o f  2-phi and 4-ph i sand fra c t ions agree  c l o s e ly for a 
comparabl e  datum. Since the surface e l evation at  dri l l  hol e  7 is 204 
m ( 6 7 0  ft ) a bove s e a  l ev e l .  and the s u r fa c e  e l ev a t ion a t  d r i l l  ho l e  
1 2  i s  2 1 0  m ( 6 90 ft ) above s e a  l ev e l .  t h e  9 m t h i ck s t r a t i g r a p h i c  
s e quence that i s  r e p r e s e n t e d  in d r i l l  ho l e  7 c o r r e l a t e s  w i t h  s e d i 
ment s a t  d e p t h s  b e t w e e n  5 and I ·" m e t e r s  b e l ow t h e  surface in dr i l l  
h o l e  1 2 .  

The top 2 .4 m ( 8  ft ) o f  sediment a t  dr il l ho l e  1 2  i s  interpreted 
a s  m o s t l y II illl i o e s s  b e ca u s e  it av e r a g e s  n e a r l y  7 0  p e r c e n t  s il t  
and contains very l i t t l e  sand. If this unit were of fluvial or igin. 
or from h i l l s lope mass w a s t ing. it should have a much higher percent
age of sand than what i s  r eprese:>ted by the data shown in figure 1 2 .  
The average com po s i t ion o f  6 5  to  7 5  percent s il t  and 2 5  t o  3 0  percent 
c l ay is  near ly ident ical to  the percentages of thes e  sediment frac
t ions in t h e  t opmo s t  2 . 5  m ( 8 . 2  f t )  of the W o o d for d ian at d r i l l  ho l e  
1 and in t h e  t op m o s t  1 .3 m ( 4.3 ft ) o f  the W o o d fo r d ian a t  d r i l l  ho l e  
9 (figs. 6 and 9). Since the younge s t  Woodfordian depo s its at  drill  
hol e s  1 and 9 were also interpreted as representing a strong in ll.tJI. 
l o e s s  componen t .  the t o p  2 .4 m o f  s ed im e n t  a t  dr i l l  ho l e  1 2  on t h e  
high W iscons inan terrace is  corr elated in t ime with these depo s i t s  
( fi g .  3 ) .  

As suming the loess des ignation i s  correct.  the loe s s  must have 
been depo s ited before about 1 2 .000 B.P. because that is when inc i s ion 
of the val l ey fil l s  began (Clayton. this volume ) .  A very s i l t y  unit 
in the high W i s con s inan t er r a c e  at a d e p t h  o f  6 t o  8 m ( 20 to 26 ft ) 
sugges t s  that loess fal l  may have been intens iv e  then too. However. 
the lower s il t  in drill hole 12 contains from 10 to  20  percent sand. 
which indicates that sediment movement from the hil l s lope s was a l so 
o c curr in g .  The r e l a t iv e l y  l ow p e r c e n t a g e s o f  s il t  and c l ay in t h e  
lower sequence o f  sediments at  dr i l l  h o l e  1 2  sugg e s t s  that l o e s s  fal l  
w a s  l e s s  i n t e n s e  when t h o s e  s e d iment s w e r e  a g g r a d ing the v a l l e y  
floor . 

Turn right (north) onto county 
e r ly up the valley of Ci tron Creek. 
vial t errace on valley sides.  

2 2  

highway E and continue northwe s t 
Note l ev e l  of Woodfordian collu-
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FI GURE 1 1 . - - V e r t i c a l  v a r i a t ion in t h e  quant i t y  of m e d i um and f i ne sand at 
d r i l l  ho l e  7. See f igure 2 for l ocat ion. The variat ion in f ine and med ium 
sand at dril l ho le 7 c l o s e l y  matches the variation in f in e  and me dium sand 
at d r i l l  ho l e  1 2  ( f i g .  1 2 )  at e q u i v a l e n t  e l ev a t io n s .  The s i m i l a r i t y  ind i 
cates that the terr a c e  on which dril l hole 7 i s  located is eros ional and cut 
into the depo s i t s  of the high terrace at d r i l l  hole 1 2 .  
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1 .3 28 . 6  

H ighway makes a sharp curve to  w e s t .  Begin ascending upl and v ia 
Duffy Creek tributary. Note that the bedrock changes from sandstone 
in the lower hil l s lopes to  dolom i.te in the upper hil l s lopes. 

2 . 0  30 . 6  

Outcrop of Pairie du Chien Formation. 

0 . 6 3 1 . 2  

The surrounding landscape provides a clas s i c  exam p l e  of the two 
e r o s ion s u r f a c e s  d e s cr ib e d  as p e n e p l a i n s  by Trowb r i dg e  ( 1 9 2 1 )  and 
o t h e r s .  The L an c a s t e r  e r o s ion s u r f a c e  i s  i l l u s t r a t e d  o n  t h e  l o w e r  
upland inter stream d ivides to  the northeast o f  the highway. 

0 .3 3 1 . 5  

T h i s  h i g h e s t  pos i t ion on t h e  m a i n  watershed div i de represents 
t h e  Dod gev i l l e  e ro s io n  s u rf a c e .  The Dodgev i l l e  and L a nc a s t e r  s u r 
f aces are present on both sides o f  the highway along the next 0 .8 km 
( 0 . 5  m i l .  

2 . 1  33 . 6  

0 . 4  34 . 0  

1 . 1  3 5 . 1  

I n t e r s e c t ion of count y h i ghway E w i t h  s t a t e  h i ghway 2 7 .  Turn 
right (northeas t )  and continue th::ough the vil lage of Seneca. 

t o  
Enter vil l age of Seneca. 

s t o p  2 about  0 .6 km ( 0 .4 m i l  
Stay on Highway 27 through 
n o r t h  of t h e  v il la g e .  

.s.t.Qll Z .  Seneca gravels ( f ig .. 1 3 ) . 

Seneca and 

The Seneca gravels . are consid ered part of the W indrow Formation. 
Thwaites and Twenhofe l  ( 192 1 .  p.  2 94)  def ined the W indrow Formation 
as con s i s t ing of " • • •  q u a r t z  and c h e r t  pebb l e s  in a m a t ri x  of q u ar t z  
sand and brown iron oxide. iron oxide cemented sandstone . concretion
a r y  l im o n i t e .  and at s o m e  l o c a l i t i e s  b l u e  and w h i t e  s t i cky c l a y ." 

The Windrow Formation is thought to be of Cretaceous age based on i t s  
d i s tribution in Iowa and Minneso t a. 

The descript ion provided by Thwaites and Twenhofel provides a 
reasonably accurate des cript ion of the Seneca gravels  at  stop 2 where 
t h e y  o c c u r  ov e r l y ing d o l om i t e  o f  t h e  Gal ena Form at ion.  And r ew s 
( 1 9 58) conducted a detailed examination of the W indrow Formation and 
subdivided it into an o l der Iron B il l  Member cons ist ing of iron oxide 
r eplacement deposits and a youngE,r East Bluff Member cons i s t ing of 
clastic  sediments of a f luvial origin. He recognized both members at  
the Seneca s i t e .  And r e w s  0 9 5 8 .  p .  6 1 6 )  c o n c l u d e d  that the h e avy
m ineral suite of the W indrow Formation sugges t s  a source of igneous 
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FIGURE 1 3 . - - T o p o graph i c  map of the S e n E, c a  a rea. Crawford Count y. Wis cons in. 
The upland site at sto p 2 expo ses depo s i t s  of Windrow grave l s .  
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and metamorphic rocks in addition t o  the various Pal eozoic s edimenta
ry rocks of the region. 

The highly pol ished quartz pebbles in the W indrow Formation have 
been interpreted by many as stream depos i t s  of channels that f lowed 
on one of the upland erosion surf aces.  Trowbridge ( 1921 .  p. 1 1 1 - 1 1 3 )  
original ly thought that the Windrow grav e l s  were of a Tertiary age 
and ac cumulatd on the Dodgev i l lE! eros ion surface. Later. he ( 1954.  
p. 80 2 )  sugge s t ed that only the Lancaster surface was a true erosion 
p l ane and he then accepted a Cretaceous age f or the grav e l s .  Andrews 
0 9 5 8 .  p. 6 1 9 )  c o n c l u d e d  t h a t  the D o d g ev i l l e e r o s ion s u r f a c e  at i t s  
type local ity i s  much younger than the surface upon which the W indrow 
Formation r e s t s .  

The W indrow gravels  are widE!l y  distr ibut e d  throughout the Drif t 
l e s s  A r e a .  They a r e  f ound under P l e i s t o c e n e  l o e s s  d e po s i t s  and i n  
caves and crev ices within the Pal eozoic bedrock formations. I t  wou l d  
b e  easy t o  m i sinterpret the highly pol ished quart z pebbles  a s  glacial  
errat ics . 

Continue northward on highway 27 to the v i l l age of Mt. Ster l ing. 
The t h i c kn e s s  of  r e dd i sh c l a y- r i ch s o i l s  t h a t  o c c ur b e t w e e n  t h e  
W o o d f o r d i an l o e s s  a n d  b e d r o c k  v a r i e s  cons iderably between s i t e s  in 
the D r if t l e s s  A r e a  a s  i s  apparent a l o n g  t h i s  ridge  l in e .  F r o l k in g  
( t h i s  v o l u m e )  f ound t h a t  t h e  r e d  c l ay s o i l s  a r e  minera l o g i ca l ly 
uniform. Both within profiles  and among d ifferent sites.  He  f ound 
t h a t  ( 1) s m e c t i t e s  and m i x e d  l a y e r  int e r gr a d e s  dom i n a t e  b o t h  t h e  
f ine-medium and coarse c l ay fract ion s .  ( 2) kaol inite and quartz occur 
in m o d e r a t e  amoun t s .  and (3 )  m i c a  and v e rm i c u l i t e  a r e  p r e s e n t  in 
sma 1 1  quan t i t ies.  Frolking's a na l y s e s  s h o w e d  that t h e  W o o d f o rd i an 
l o e s s .  e x c e p t  f o r  g r e a t e r  amoun t s  of  v e rm i cu l it e .  e x h i b i t s a c l ay 
mineralogy s im ilar t o  that of red c lay. H i s  t extural.  mineralogical.  
and t h in s e c t i o n  ana l y s e s  l e d  h i m  to c o n c l ude t h a t  t h e  h i g h  c la y  
c o n t e n t  of  t h e  r e d  c l ay s  d o e s  n o t  r e s u l t  s o l e l y  f r om w ea th e r ing o f  
do lomite res iduum or loess since the s i l t  and sand fract ions of  these 
materials are largely  quartz.  Frolking s uggested that the t exture of 
the clays must result  in part from an inf l ux of clay and that much of 
the f ine-medium c l ay could be  illuvial. 

Pleist ocene eros ion has removed much of the red c l ay res iduum at 
m o s t  s i t e s  in the D r i f t l e s s  Are a .  The a m o un t  o f  r e d  c l ay r e s i duum 
t h a t  rem a i n s  at a g iv en s i t e  app e a r s  to be c l o s e ly r e l a t e d  t o  t h e  
amount of  c he r t  t h a t  i s  prov i d e d  f ro m  t h e  unde r ly ing b e dr o ck. R e d  
clay residuum tends t o  be  very thin t o  absent a t  s ites where chert i s  
absent in the underlying bedrock. The critical geomorphic sign if i
cance of  t h e  c h e r t  r e l a t e s  t o  i t s  t endency t o  f orm a r e s i s t an t  l a g  
d e p o s i t  ( s t one l i n e )  o n  the s u r f a c e  and t h e r e by s l ow the r a t e  o f  
f l uv i a l  ero s ion. 

Note outcrop of St.  Peter sa�dstone on r idge to left  (west ) side 
of highway 27. 
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2 . 2  3 8 . 7  

Enter v i l l age o f  M t .  Sterl ing. Continue north on highway 27 t o  
the intersect ion with state highway 1 7 1 .  

0 . 1  3 8 . 8  

I nt e r s e c t i o n  of  h ighw a y s  2 7  and 1 7 1 .  Turn r i ght (northea s t )  
onto highway 1 7 1  and proceed t o  t he v il lage of Gays M i l l s .  

0 . 8  39 . 6  

S m a l l  quarry o n  l e f t  (nor t h )  s i de o f  road  i s  1 n  S t .  P e t e r  sand 
stone .. 

0 . 7 40 . 3  

3 . 0 43 . 3  

0 .4 43 . 7  

0 . 2  43 . 9  

1 .7 45 . 6  

0 . 3  45 . 9  

D e s cend u p l and and return t o  the K i ckapoo v a l l ey f l oor v i a  
tributary o f  Caswell H o llow. NOI:e pas sage through the dolom it e  of 
the Prairie du Chien Formation in the upper hil l s lope s .  Below about 
2 90 m ( 9 50 f t )  a bove s e a  l ev e l ,  the v a l l e y  w a l l s  are und e r l ai n  by 
sandstone of  the Trempealeau Group. 

Entering Kickapoo vall ey f l oor. Note col luvial bench on val ley 
sides . 

Enter vil l age of Gays Mil l s .  

C r o s s  K i ckapoo R iv e r .  The d o w n t o wn s e c t i o n  o f  G a y s  M i l l s  i s  
c o n s t r u c t e d  i n  p a r t  o n  a l o w  t er r a c e .  A t  t h i s  t ime it is  unknown 
whether the terrace is correlative w ith the low terrace at dril l hole 
7 in C itron Val ley or whether it is a younger Holocene terrace. 

Cont inue east through Gays M il l s  to Junct ion with state highway 
1 3 1  near b a s e  of h i l l  on the e a s :  s i d e  of the v i l lage.  Turn l e f t  
(north) and continue on Highway E l .  

Note sand exposure on right (,eas t ) .  The lower m iddle reaches of 
the Kickapoo val ley, especial ly between Gays M il l s  and S o l d iers Grove 
(f ig. 1 4 ) ,  are characterized by thick depo s i t s  of sand on the east ern 
side of the val ley. 

A dril l hole was p laced here adj acent to the west s ide of  high
way 1 3 1 ( f i g .  1 4 ) .  The e l ev a t ion a bove s e a  l ev e l  at the t o p  of t h e  
dril l h o  I e  was e s t  imated to b e  about 23 2 m ( 7 6 0  f t )  above sea lev e l .  
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FIGURE l4.- -Topographic map of the Gays l1il l s  to Soldiers Grove reach of the 
Kickapoo valley.  Crawf ord County W i s con s in. Not e  the abundance of scars on 
the va l l ey s i d e s  r e p r e s en t ing re l i ct  c o ur s e s  o f  t h e  K i c k apoo R iv e r .  The 
Gays Mills  bench drill hole in a deep Hand depo s i t  is  located in the lower 
left part of the map. Data for the sand are given in f igure 1 5. 
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The elevation at the top of the dril l hole i s  therefore about 6 m ( 20 
f t )  higher than the base level represented by the top of the Bridge
port outwash in the W iscons in River val ley at the mouth of the Kicka
poo River (Kno x .  A t t i g ,  and J ohre s o n .  t h i s  v o l u m e ) .  I t  i s  po s s i b l e  
that the abundance of sand in this reach o f  the val ley i s  related to  
the reworking (by wind act ion) of sand that may have accumulated at 
the head of a lake formed in the lower Kickapoo vally when the mouth 
of the r iv e r  w a s  b l ocked by o ut w a sh f r om t h e  Br i d g eport i c e  l ob e .  
Another po ss ibil ity relates to  the contribution o f  the highly erod
able Trempealeau Group of sandstone f ormations that are dominant in 
the val ley wal l s  of t he lower m iddle Kickapoo val ley. 

B a t e s  ( 1 93 9 .  p .  86 8 - 87 0 )  c a t e g o r i z e d  the s e c t i o n  of t h e  l ow e r  
m i ddle reach o f  the Kickapoo val l ey north o f  Gays Mil l s  a s  part i cu
l a r l y  vulnera b l e  t o  ero s ion.  He d iv i de d  the K i c kapoo v a l l e y  i n t o  
f o u r  s e c t i o n s  b a s e d  on p r e s e r v a t i o n  o f  v a l l e y  m e a n d e r s .  He s t a t e d  
( p .  86 8 - 87 0 ) :  " S o u t h  o f  Gays  M i l l s the b a s e  o f  the d o l o m i t e  e x t e n d s  
d o w n  t o  w i t h i n  l e s s  t h an 7 5  f e et o f  t h e  p r e s e nt s t r e am l ev e l .  I t  
apparent ly has been suf f i c ient ly r e s i s t ant to  retard the destruct ion 
of meander-cores and inter-meand,er spurs by lateral and down-stream 
m ig r a t i o n  of t h e  meander • • • •  The next s e c t io n  of the v a l l ey i s  • • •  b e 
tween Gays M i l l s  and LaFarge • • •  .Here the val ley has cut t o  a greater 
d e p t h  i n  t h e  w e a k  s and s t on e s  und e r l y ing the P r a i r i e  du C h i e n  d o l o 
m it e .  and meander form s a r e  n o t  w e l l p r e s erv e d  • • • •  The t h i r d  p a r t  o f  
t h e  v a l l e y  e x t e n d s  f rom L a  F a r g e  t o  3 m il e s  n o r t h  o f  Ont a r i o  • • . • The 
out s t anding f e ature of t h i s  s e c t i o n  is  the d e v e l opment of a r o c k  
terrace which f orms the f loor of an outer valley 400 f eet deep and a 
m il e  in width.  and below which the stream is inc ised 100 to  1 50 feet 
in large well developed meanders • • • •  Exposures along the inner val ley 
o f  the s t r e am show that the r o c k  t er r a c e s are un d e r l ai n  by t h e  
I r o n t o n  s a n d s t o n e  m em b e r  o f  th l:!' F r a n c o n i a  f or m a t ion . . . .  T h i s  i s  a 
r e s i s t an t  s t r atum w i t h i n  t h e  g e ner a l ly non- r e s i s t ant • • •  s a nd s t on e s  
that und e r l i e  the P r a i r i e  d u  C h i e n  d o l om i t e  • • • •  The v a l l e y  above 
Ontario compr ises  the fourth sect ion and i s  qui t e  different from the 
others ... .Absence of the broad out,er val ley is explained by the fact  
that near Ontario the Kickapoo i s  j oined by two tri butar i e s .  each of 
which is m ore than half the s ize of the mainstream • • •  .Apparently the 
s ma l l er s t r e a m s  above t h i s  p o i n t  h av e  not b e e n  a b l e  to deve l op t h e  
wide meander ing pattern which ma(�e pos s ible the exten s ive removal of 
material above the res i stant sandstone ." 

The med ian particle size averages about 2.4 ph i (f ine sand) f or 
depo s i t s  that occur in the extensive sand bench north of Gays M i l l s  
(fig.  1 5) .  Graphical moments stat i s t i cs f or s or t ing. skewn e s s .  and 
kurtos i s  (Inman. 1 9 5 2 )  indicate that the sands were not depo s ited by 
f l uv i a l  a c t ion ( f i g . 1 5 ) .  The s a n d  i s  m o d e r a t e l y  w e l l  s o r t e d .  and 
the phi-distributions of the part icle sizes are somewhat plat ykur t i c  
and symmetrical about the med ian. Nei ther do the sands seem t o  b e  o f  
col luvial origin because there is too l i t t l e  s i l t  and c lay associated 
with them. Total s ilt and clay in the s ampl e s  associated with f igure 
1 5  were typical ly in the range of 4 to 6 percent by weight. 

The part i c l e  s ize data pre sented in f i gure 1 5  suggest that wind 
act ion probably is responsible f01C depo sit ion of most of the sand on 
the Gays M i l l s  Bench. At least two episodes of sand depo s i t ion are 

30 



'-I 
E C' I H II 
F H I 

T 
�: 
E 

CAYS "ILLS BENCH 

4 

5 �---+�----+--�--+--;'---+--�'---+--�' ,) -+ ':. 1 ':. 1 '�� 2 0  

liAYS Pt I LLS BENCH 

�::, :: 
? 

:35 
:=: 

7 5  
C 

,:;�, 
r;' 

"'; <=;  
5 � , , , l: 4 :3 ' �, 1 6  2 0  

D E F T H  p-j r'l E  T E F":. 

I , , 
p T '.' 
0 

j ':, 

'� 
t:: 
C 
I:; 

5 
4 

GAYS � I LLS BENCH 

" 
, 

2 >J 

232 2 2 5  2 1 2  
E LE VA T I ON I N  METERS 

FIGURE 1 5.--Statistical proper t i e s  of  s e d l.ment t ex t u r e s  of  s and at t he Gays  
M i l l s  bench dri l l  hole.  The statistical  parameters were determined by  the 
graphic momen t s  me thod. The statis tical properties sugge s t  that the sand 
depos it accumulated by aeolian proces s e s .  S e e  f igure 1 4  f o r  locat ion. 

3 1  



apparent . however. When dri l l in ;>;  the site on the Gays M i l l s  bench. a 
weak s o i l  h o r i z on w a s  encountered a t  a d e p th o f  7 .6 t o  8 . 2  m ( 2 5  t o  
2 7  f t ) .  The s o i l  w a s  o l iv e  br o w n  ( 2. 5Y 4 / 3 )  and darker t h an t h e  
s a n d s  a b o v e  a n d  b e l o w  which c omm o n l y  w e r e  d u l l  y e l l ow b r o w n  ( l OYR 
5 / 3 )  t o  y e l l ow i sh brown ( 2 .5Y 5/ 3 ) .  The s a n d s  above the s o i l  were  
l ea c h e d .  a s  w er e  the s an d s  b e l o w  the s o il to  a d e p t h  o f  a b o u t  1 2  m 
(40 f t ) .  The sands were f ound to be very weakly calcareous be low 1 2  
m t o  the bottom of the dril l hole at 1 9 . 5  m (64 f t ) .  The sand became 
c o a r s e r  b e l o w  about 1 5  m ( 50 f t )  d e p t h .  and c o l l a p s e  of t h e  d r i l l 
ho l e  prev e n t e d  d r i l l ing deeper  than 1 9 . 5  m ( 6 4  f t ) .  An e l e c t r i c a l  
re s i s t iv it y  t r a n s e c t  was condu c t e d  a t  the d r i l l in g  s it e .  and t h e  
resu lt s s uggested a s tratigraphie break a t  about 24 m ( 80 f t )  below 
the surf ace. The e l evat ion of the stratigraphic break is  about 207 m 
(6 80 f t )  above sea level.  The el evation of  207 m is  approxima t e ly 9 
m ( 3 0  f t )  h i gher than the e l ev a t i on of  the b e d r o c k  f l o o r  of  t h e  
val ley a t  thi s  locat ion ( f i g  n. There f ore.  the stratigraphic break 
at 24 m ( 80 f t )  b e l ow the s u r f a c e  m a y  o n l y  repr e s ent a change in 
moisture content or a change in t exture. It  is  also possible that it 
represents bedrock of a strath surface that is  comparable in age to 
the f l oor of  C i t r o n  V a l l e y .  It m a y  be r e c a l l e d  that  the b e d r o c k  
f l oor of  C it ron Val l ey v a r i e d  b e t w e e n  4 a n d  1 0  m ( 13 a n d  3 0  f t ) 
higher than the b e d r o c k  f l o o r o f  t h e  a d j a c e n t  g o r g e  c u t o f f .  

Cont inue north on highway 1 :1 1  to Soldiers Grove. 

2 . 0  47 . 9  

1 .6 49 . 5  

1 . 7 51 . 2  

O b s e r v e  t h e  prom inent l at e - W is c o n s inan terrace in Bear val ley 
tributary t o  your right (east) .  The very large width of Bear valley 
t r i bu t a r y  at  i t s  m o u t h  r e s u l t s  b e c a u s e  the m o u t h  area is a f or m e r  
val ley meander o f  the Kickapoo River ( f i g .  14).  

You are entering another valley meander scar. The area below he 
s c ar is a l s o  f i l l e d  w i th an e x t e n s ive sand d e p o s it ( f i g .  1 4 ) .  C o n 
t inue nor thea s t  on H i ghway 1 3 1 t o  s t o p  3 a t  t h e  s o u t h  e d g e  o f  
Sold iers Grove.  

� 1. The large sand depo s i t  on the east s ide of highway 1 3 1  
a t  s t op 3 w a s  inv e s t ig a t e d  b y  Ak'= r s  ( 96 5 ) .  a s tudent  o f  R.F.  B l a ck.  
I i n t e r p r e t  the d e po s i t  as repre s e n t ing a s and dune o f  W o o d f o r d ian 
age.  but Akers concluded that glaciat ion best explains the depo s it .  
Ake r s  0 9 6 5 .  p.  8 2 )  s t a t e d :  " The depo s i t  i s  n e a r - d e l t a i c  in s t r uc 
t u r e .  y e t  w i t hout a s our c e - - a  w a s t ing i c e  b l o ck c o u l d  p r ov i d e  t h a t  
sour c e . " Akers suggest ed that sand grains in the depos i t  at  stop 3 
a r e  l e s s  f r o s t e d  and m or e  an g u l a r  t h an sand g r a i n s  in the l o c a l  
bedrock or in the extensive sand depo s it s  on the low bench along the 
eastern s ide of the valley. To support his glacial interpretation. 
Aker s  ( 1 9 6 5 .  p. 8 2 )  a l s o  s t a t e d :  " The depo s i t has f r e s h  g l au c o n i t e  
even where it l i e s  above the highest g l auconite-bearing bedrock--an 
ice block could easily have carried glauconitic sands to such a high 
po s i t ion. The w ashing of the material , the l e s s  pit t ed appearance of 
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the quart z .  and the higher percentage of ilmenite and magne t i t e .  a l l  
could r esult  from the transport b y  and wastage o f  this material from 
. " 
1ce . It is  true that glacial processes  could account for the phe-
nomena Akers describes.  but it i s  also true that the s and deposit  at 
s t o p  3 c o u l d  e a s i l y  r e s u l t  f rom aeo l ian pro c e s s e s .  As ind i c a t e d  
above. I support the latter interpretat ion. 

Cont inue on h ighw ay 1 3 1  through S o l d i e r s  Grove to j un c t ion 
between highways 1 3 1  and 61 on the southea s t  edge of the v il lage. 

1 . 0 52 . 2  

Int e r s e c t ion of highw a y s  1 3 1  and 6 1 .  Turn l e f t  ( t o  nor t h )  and 
cont inue o n  h i g hw a y  1 3 1 .  To c om b a t  t h e  prob l e m s  of annual f l oo d  
damage. Soldiers Grove elected t o  move much o f  the bus ines s  district 
away f r om t h e  l ow g round near t h e  r iv e r  t o  a p l a c e  of higher e l ev a 
t ion. The new location is  along highway 6 1  a t  the southeast edge of 
t h e  p r e s en t  v i l l a g e .  The m ove was suppo r t e d  in part  by a f e d e r a l  
grant. Most of the new building" are heat e d  by solar energy. 

0 . 1  52 . 3  

0 . 4 52 . 7  

A dri l l  hol e  was placed in the f l oodplain on the northeast edge 
of S o l d i e r s  Grove to d e t e rm ine the d e p t h  of W o o d f or d i an f il l  and 
d e p t h  to b e d r o c k  ( f i g s .  1 4  and I f, ) .  The s e d im ent s w e r e  r ep r e s ent e d  
by s il t  and sandy s il t  of H o l o cene a g e  t o  a d e p t h  o f  a b o u t  2 . 7 5  m ( 9  
f t ) .  Woodfordian sediments are dominant ly sand with minor s i l t  and 
occasional gravel horizons. The Woodfordian sediments were leached 
and were typically dul l  yel lowish brown ( l OYR 5/4) to y e l lowish brown 
( 2.5Y 5/4) in color. The Woodforc:ian base is t entat iv e ly placed at a 
depth of 8.8 m ( 29 f t )  where the sediments sharply increase in grav e l  
content. The sedimento logical ml�asures pre sent ed i n  f i gure 16  show 
t h i s  break c l ea r l y  in t h e  p e r c e nt a ge o f  t h e  s and f r a c t ion that  i s  
r e t ained o n  t h e  2 - phi s i ev e .  About 6 0  t o  6 5  p e r c e n t  o f  t h e  W o o d 
f o r d i a n  s a n d  f a l l s  in t h e  r a n g e  f rom 1 to  2 ph i .  wher e a s  t h e  c o r r e 
s ponding percentages for under lying pre-Woodfordian sand are between 
40 and 50 percent (fig. 1 6 ) .  The pre - Woodfordian sands were somewhat 
lighter than the Woodfordian sands. Colors of l OYR 6/4 (du l l  yellow 
orange) were common. A s light cal careous r eact ion was a l so recorded 
for several of pre-Woodfordian horizons. espec i a l ly tho s e  which w ere 
more grav e l - ri ch. Weathered bedrock was encountered at a depth of 1 5  
m ( 4 9  f t ) .  

Note that the highway cut s through part of the co l luvial bench 
extending out from the east v al l ey w a l l .  An open p it (summer 1 9 81 )  
in the lawn near the house a t  Everson's f arm showed l e s s  than a meter 
of l o e s s  ov e r l y i n g  r e l a t iv e ly c l ean s t r a t i f i e d  s a n d .  A d r i l l  h o l e  
was p laced on the extension o f  the col luvial bench in Everson's f ie l d  
w e s t  o f  the highway (fig.  1 4) .  The d r i l l ing showed approxima t e ly 1 m 
( 3  f t )  of s i l t  that graded  i n t o  " i l ty sand and s an d y  s i l t  b e t w e e n  1 
and 1 .9 m ( 3  and 6 .2 f t ) .  R e l a t iv e ly c l e a n  s an d  b e came dom inant 
below about 2 m depth. A gravel horizon occurred between 2 .7 and 3 .3 
m ( 9 .5 and 1 1  f t ) .  Many of t h e  sand h o r i z o n s  w e r e  o f  med ium t o  
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c o ar s e  t extur e .  but ranges  frou f ine t o  c o a r s e  w e r e  o b s e rv e d .  T h e  
sands were commonly ye llowish brown t o  d u l l  yellowish brown. Sedi
m ent s were f ound t o  be l eached  to a d e p t h  of  6 .7 m ( 22 f t )  b e l o w  
which they were s light ly cal careous in a horizon o f  medium t o  coars e  
s a n d s  w i t h  common p e bb l e s .  The s t r a t i gr aphy i s  unkn o w n  b e l ow t h e  
d r i l l  h o l e  d e p th o f  9 m ( 3 0  f t ) .  The s e d im e n t s above 9 m d e p t h  a r e  
thought to b e  ent irely Woodfordian age because n o  gravelly zone was 
ob served as at the dril l ho le on the f l oodplain near S o l d iers Grove. 
Also.  the surface e l evation at the dri l l  hole site in Everson's f ie l d  
w a s  e s t im a t e d  t o  b e  f rom 4 t o  6 m ( 1 5  t o  20 f t )  h i gher t h a n  t h e  
a d j acent  f l o o d p l ain.  Ther e f o r e .  g i v e n  t h e  e xp e c t e d  d e p t h  o f  Woo d 
f or d i an f i l l .  i t  i s  un l i k e l y  t h a t  a d r i l l  ho l e  o f  o n l y  1 0  m ( 3 0  f t )  
depth would have been suff icient: t o  extend through the Woodfordian 
sediment s .  

Cont inue northerly on H ighway 1 3 1  t o  Readstown. 

3 . 5 56 . 2  

I n t e r s e c t i o n  o f  h ighways 1 4 .  6 1 .  and 1 3 1  a t  R e a d s t own.  Turn 
right (east )  and cross Kickapoo River. 

0 . 3 56 . 5  

2 .4 5 8 . 9  

2 . 5 6 1 .4  

Intersect ion. Turn left  (nc,rth)  and f o l l ow highway 1 3 1  through 
Readstown. The v il lage is built on the Woodf ordian colluv ial bench. 

Cont inue northeasterly from Readstown on highway 1 3 1 .  

C ount y h ighway S f r om the w e s t  f o r k  t r i bu t a r y  j o i n s  o n  n o r t h  
side of highway. Continue east e r ly o n  highway 1 3 1 .  

� fl ( o p t i o na l - - d e pending on t im e ) .  S t o p  4 i s  t h e  K i ckapoo 
C e n t e r  d r i l l  h o l e  s i t e  ( f i g .  17).  The d r i l l  ho l e  is  l o c a t e d  on a 
col luvial bench along the west s ide of highway 1 3 1  near the nor theas t 
c orner of  the c em e tery.  The s u r f a c e  o f  t h e  c o l l uv i a l  b ench a t  t h e  
s i t e  i s  e s t im a t e d  to b e  about 2 20 m ( 7 2 5  f t )  above s e a  l ev e l .  The 
bench s u r f a c e  is  about 6 m ( 20 i t )  higher t h an t h e  a d j a cent  f l o o d 
p l ain o f  the Kickapoo River. The bottom of  the dri l l  hole at  1 8.3 m 
(60 f t )  below the surface appears t o  be in weathered bedrock. 

The charact eristics  of sediment textures observed in the K icka
p o o  C e n t e r  d r i l l  h o l e  are p r e s e n t e d  in f i gure 1 8. The s ed im en t a r y  
sequence shows three prominent d iv i s ions. A rather sharp change in 
sediment textur e s  occurs at a dep th of about 8 m ( 26 f t ) .  Above thi s  
depth the sediment s average 80 t o  9 0  percent sand. but below 8 m t o  a 
d e p t h  of  a b o u t  14 m ( 4 5  f t )  the s ed im e n t s  av e r a g e  m o r e  t h an 7 0  
percent s i l t .  The bottom unit i s  medium and coar s e  sand w ith common 
chert . 
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FIGURE 17 .--Topographic map of the Kickapoo Center area, Vernon County, W i s 
consin .  
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FIGURE 1 8.-- Stratigraphy and sedimento logy at dri l l  ho le I ,  
The pre-Woodfordian sediments contain a peaty sect ion at 
1 2  m (40 f t ) .  The peat has been subm i t ted for radiocarbon 
location is g iven on f igure 1 7 .  
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1 . 9 6 3 . 3  

0 . 6  6 3 . 9  

The upper sandy unit i s  lea"hed and it s colors are general ly in 
the range between dul l  yellowi sh brown ( 1 0YR 5/4) and yellowish brown 
( 2 .5Y 5 / 4 ) .  The sand f r a c t i o n  in t h e  upper un i t  is dom ina t e d  by 
medium textures (fig.  1 8) .  The s ilty middle unit is  commonly repre
sented by thinly interbedded sandy s i l t s  and s i l t y  sands that appear 
t o  h av e  b e en d e r ived f r om s lo pe w a s h .  Compared t o  t h e  ov e r l y i n g  
sandy uni t .  colors i n  the m iddle unit are grayer. Except at the top 
of the unit where the color is  brown ( 7 . 5YR 4/4 ) .  col ors are brownish 
gray ( 1 0YR 5 / 1 )  to g r a y i s h  brown ( 1 0YR 5 / 2 ) .  The m i d d l e  unit  i s  
s light ly calcareous t o  calcareou:3. I t  i s  l east calcareous near i t s  
b a s e  b e t w een d e p t h s  o f  1 2 . 2  a n d  1 4 . 9  m ( 40 a n d  4 9  f t )  w h e r e  a s i l t y  
p e a t  h o r izon o c c ur s .  The s il t y  peat i s  b r o w n i s h  b la c k  ( 7 . 5YR 3 / 2 ) .  
A sample o f  the peat has been submitted for radiocarbon dating. 

The basal unit at the Kickapoo cemetery drill s ite has s t ronger 
yellowish hues than overly ing un:�ts .  I t s  colors vary from yel lowish 
brown ( 2 . 5Y 5/4). To bright yellowish brown ( Z . 5Y 6/6).  The unit is  
leached t hrougho u t .  S e d iment t e x t ures include abundant med ium and 
c o a r s e  s and w i th chert  pebb l e s .  S i l t  and c l a y  c ompr i s e  l e s s  than 
about 2 5  percent of the total sediments (fig. 1 8 ) .  

The base of the Woodf ordian is  tent a t iv e ly pl aced a t  a depth o f  
about  1 2  m ( 40 f t )  where a weakly  d ev e l op e d  s o i l  and l eached z one 
o c c u r s .  Note on f i gure 1 8  that  p e r c en t a g e s  of c l ay are h i g h e s t  
b e t w e e n  1 2  and 1 4  m dept h .  but  d e c l ine s t e a d i l y  above 1 2  m d e p t h .  
A l though it is  t empting t o  a s s i gn the b a se of  the Woodf ordian t o  the 
major strat igraphic break at about 8 m ( 26 f t )  depth. the percentages 
of  s il t  in the m i dd l e  unit  b e t w e e n  8 and 1 2  m ( 26 and 40 f t )  a r e  
t yp i c a l  of  t h o s e  a s s o c ia t e d  w i t h  W o o d f o r d ian l o e s s  in t h e  r e g i o n .  
Note a l s o  o n  f igure 1 8  that the percentages of  medium and f ine sand . 
a s  rep r e s e n t e d  by t h e  2 and 4 ph i s i eve f r a c t i o n s .  show r e l at iv e l y  
progr e s s ive chan g e s  f r om the d e p t h  o f  a b o u t  1 2  t o  1 4  m t o  t h e  s ur 
f ac e .  The 1 2  m t h i ckne s s  o f  W o o d f o r d ian s e d iment s a t  t h e  K i ckapoo 
Center drill site is  greater than amounts recognized at  drill s ites  
d iscussed earl ier. The larger quantity at  the Kickapoo Center site 
is  a t t r ib u t e d  to i t s  c l o s e  p r o x im i t y  to the b a s e  of  t h e  h i l l s l op .  
The sediment s a t  the Kickapoo Center s ite appear t o  be m o s t l y  derived 
from l ocal slope wash rather than from having been transported to the 
s i t e  by river p r o c e s s e s .  B a t e s  ( 1 93 9 .  p.  87 2 )  a l so c o n c l u d e d  t h at 
aggradation of the Kickapoo Val ley was accom p l i shed primar ily by wash 
from the val ley sides. 

Continue northerly on highway 1 3 1 .  

Enter village of Viola. Cont inue on highway 1 3 1  t o  village park 
for l unch stop. 

Cross Kickapoo River. � � in park t o  right . 

Continue norther ly on highway 1 3 1 .  
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0 . 1  64 . 0  

Intersect ion o f  highways 56 and 13 1 .  Turn left (northea s t )  and 
cont inue northerly on highway 1 3 1. 

3 . 8 67 . 8  

2 . 1  6 9 . 9  

0 . 2  70 . 1  

0 . 1  7 0 . 1  

0 . 3 70 . 5  

0 . 8  7 1 . 3  

Tunne l v i l l e  r o a d c u t .  Observe on f igure 1 9  that  the b e d r o c k  
meander core that extends northw"stward from the Tunnelville roadcut 
was not cut off as occurred downBtream at o ther sites.  The e l evat ion 
of the p r e s e n t  f l oo d p l a i n  s u r f a e e  i s  about 1 3 8  m ( 7 80 f t )  above s ea 
l ev e l .  S ince the m aximum l ev e l of the B r i dgeport  o u t w a s h  at  t h e  
m o u t h  o f  t h e  K ickapoo R iv e r  n e a r  W a u z e k a  i s  a b o u t  2 2 5  m ( 7 40 f t )  
above s e a  l ev e l ,  aggradat ion r e l at e d  t o  that  ev ent w o u l d  have b e e n  
i n su f f i c ient t o  ove r t o p  a n d  c u t  o f f  t h e  b e d r o c k  v a l l ey m e ander a t  
Tunne lvi 1 le. The Tunne lvil le meander core represent s a landform that 
was once common throughout the lc,wer reaches of the Kickapoo River. 

Cont inue nor ther l y  on h i ghway 1 3 1  t o  the v i l l a g e  of LaFarge.  
New roadcut s that were open during the summer o f  1 9 81 along the base 
of the southeast valley wal l between Tunne 1vi l l e  and LaFarge showed 
c ommon t h i n  b e d s  of s i l t  i n t e r b e d d e d  w i t h  t h i n  b e d s  of s a n d .  The 
sediments  appeared to be derived from s lopewash. 

Enter v i l l age of LaFarge . 

A s c end low t er r a c e .  The t er r a c e  i s  s im i l ar in e l ev a t i o n  t o  
early Holocene ( 10 ,000 t o  7000 B.P.) terraces in the upper Kickapoo 
d r a i na g e ,  but i t  m a y  a l so be corr e l a t i v e  t o  the l o w  C it ron Val l ey 
terrace, which would place it  between 9 500 and 1 2 ,000 B.P. 

I nt e r s e c t i o n  of h i ghw ays 8 2  and 1 3 1 .  Turn l e f t  ( w e s t )  and 
continue on highway 1 3 1 .  

Int er s e c t i o n  of  h i ghways 8 2  and 1 3 1 .  Turn r i ght (nor t h )  and 
cont inue on highway 1 3 1 .  

T h e  r o c k  b e n c h e s  b e t ween e l ev a t i o n s  o f  a b o u t  2 7 5 t o  2 8 5  m ( 90 0  
t o  9 3 5  f t )  e l ev a t i o n  a bove s e a  l ev e l  c o n t a i n  r iver grav e l  d e po s i t s .  
An opportun i t y  t o  see these gravels  w i l l  be presented at stop 5 .  The 
l o c a t ion o f  h i g hw a y  1 3 1  north of LaFarge has  b e e n  m o v e d  s in c e  the 
topo graph i c  map in f igur e  1 9  was  pr i n t e d .  The new h i ghway p a s s e s  
along the intermediate e l evat ion rock benches and hills l opes o n  the 
ea st s ide of the Kickapoo River. 
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FIGURE 1 9 .- - T o p o graph i c  map o f  the m i dd l e  Ki ckapoo  va l l e y .  Vernon Coun t y .  
Wis consin. Scars of r e l i ct val ley meanders gene r a l ly are not apparent north 
of Viola. The bedrock meander core near Tunne lvi l l e  probably represents a 
landform cond it ion common to the lower Kickapoo valley b efore aggradation 
over-topped the low sags and subsequently resulted in cut -offs  when trench
ing was renewed. The ini tial phase of aggradation is corre lated with base 
level rise at the mouth of  the Kickapoo when the Wiscon s in River val ley was 
aggraded with Bri dgeport outwash sediments during c l ass ical Kansan time. 
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0 . 6  7 1 . 9  

Note the partially completed  dam on the Kickapoo River on your 
lef t  (west) .  The dam and related facilities were nearly completed in 
the e a r l y  1 9 7 0 s  when the pr o j e c t  w a s  chal lenged on e c o n o m i c  and 
environmental grounds. One o f  tbe env i r o nm ental  i s s ues  r e l a t e d  t o  
rare plant s growing o n  sandstone bluff s a l ong the river. These plants  
h av e  b een v i ewed as  evo lv i n g  f r om unique c o nd i t i o n s  o f  a D r if t l e s s  
Area r e f u g ium w h i l e  t h e  r e s t  o f  the region exp e r i e n c e d  g l a c i at i on.  
Many of the p l ant s w o u l d  have b een d e s t royed b y  the ponded w a t e r s  
above the dam. The m o st seriouB environmental i s s ue related t o  the 
expected quality of water in the future lake. Because of the intense 
agricultural land use in the wat ershed str eam runoff was expected to 
have transported large quantitie"  of sediment and nutrient s into the 
lake . 

Cont inue northerly on highway 1 3 1 .  The pine plantations on the 
hi l l s l o p e s  w e r e  p l an t e d  by the U . S. Army C o r p s  of Engineers  in the 
1 97 0 s  as part of the LaFarge dam pro ject.  

4 .0 7 5 . 9  

H ighway m a k e s  an abrupt l e E t  t urn ( t o  w e s t ) t o  c r o s s  K i ckapoo 
River. Note graf f i t i  on railing of  south side of  bridge. 

0 . 3 7 6 . 2  

5 . 2  81 . 4  

1 . 5 82 . 9  

0 . 5  83 . 4  

0 . 6 84 . 0  

Vil lage of Rockton. Continue north on highway 1 3 1  t o  village of 
Ontario. Note the prominent intermediate e l evation rock bench that 
averages 60 to 90 m ( 200 to 3 00 f t )  lower than the surrounding up land 
ridge crests.  The rock bench contains relict stre am gravel s on i t s  
surf ace a t  many sites.  

Note t o  your r i gh t  ( s ou t h ea s t ) the prom inent low terrace c o n 
taining an abandoned barn o n  i t s  surface. The terrace i s  interpreted 
as e a r l y  H o l o c e ne on t h e  b a s i s  of s im i l a r i t i e s  w i t h  a r a d i o c ar b o n  
dated terrace a few kilometers upstream. 

Enter vil lage of Ontario ( i i:s ' 20) . 

I nt e r s e c t i o n  of  h i gh w a y s  3 3  and 1 3 1 .  F o l l ow 1 3 1  norther l y  
through Ont a r i o .  

Highway 1 3 1  cro s s ing Kickapoo River near north edge o f  Ontar io. 
Cont inue northerly on 1 3 1 .  
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FIGURE 2 0 .- - T o p o g r a p h i c  m a p  o f  t h e  u p p e r  K i c kapoo v a l l e y  in t h e  Ont a r i o  and 
Oil C ity region. Vernon and Monroe Coun t i e s .  W i s cons in. Note the prominent 
h i g h - l ev e l  b e n c h e s .  S o m e  of t h e  h i g h -' l ev e l  b e n c h e s  cont a i n  r e l i c t  r iv er 
grav e l s  such as a t  the Oil C it y  roadcut ( f ig. 2 1 ) .  
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� ..5.. O i l  C i t y  r o a d c u t  ( f i g .  2 0 ) .  

� s e c t ion il extremely !ianzerous because the crit ical stra
t igraphy i s  l o c a t e d  at  the top of the cut h i gh a bov e the r o a d .  B e  
careful not t o  l o s e  your balance while viewing the sect ion. Before 
inspe c t ing the exposure on the ea:lt s i de of the highway. p lease c l imb 
up the backs lope of the surface on the west s ide of the highway. The 
vant a g e  point  prov ides  a c o nv en i en t  po s i t i o n  f o r  d i s c u s s ing and 
phot o g r aphing the en t ir e  s e qu e n c e  of P l e i s t o c ene d e p o s i t s  at  t h i s  
s i t e . 

S tr a t i g raph i c  i n t e r pr e t a t i ons that  have b e e n  app l ie d  t o  t h e  
exposures along the e a s t  s ide o f  the highway are shown in f igures 2 1  
a n d  2 2 .  A n  overv i e w  w h i c h  s h o w s t h e  r e l a t iv e  p o s it ions o f  t h e  
sect ions i n  f igures 2 1  and 2 2  i s  given in f igure 23. Note that the 
sect ion at  pos it ion A inc ludes two loesses  overlying relict stream 
gravel s .  The l o e s s  un i t s  are s e p a r a t e d  by a p a l e o s o l .  The s e c t io n  
a t  B represents a gully f i l l .  No te  that the grav e l s  have been trun
cated higher ups lope and have been transported to form a stone line 
over the gully f i l l. Note a l so bat the stone l ine occurs above the 
paleo so l .  

The age of the relict river grav e l s  i s  unknown. They may b e  of 
e a r l y  P l e i s t o c e n e  a g e  b e c a u s e  the r o c k  b ench o n  w h i c h  they r e s t  
appe a r s  t o  g r a d e  into  the B r i dg ep o r t  s t r a t h  i n  t h e  W i s co n s in Riv e r  
valley ( f ig .  7 )  The prof ile e l ev..tions were e s t imated from contours 
on 1 : 6 2 .500 scale topographi c  map" with 20ft  (6 m)  contour interv al s. 
North of LaFarge the e l evations of  the bench were eas ily det ermined 
because the surface is extensive. South of LaFarge the task was more 
d if f i cult because the rock benches were e ither absent or l e s s  promi
nent . The profile  south of Sold i er s  Grove represents e l evations on 
the f loors of high- l evel meander s cars such as the one immediately 
w e s t  of S o l d i e r s  Grove near t h e  c e n t e r  o f  s e c t ion 2 5  ( f i g .  1 4 ) .  I f  
Trowbridge ( 1 954) was correct in h is interpretat ion that the surface 
of the Bridgeport strath was the level of val l ey inc is ion at the t ime 
northeast Iowa was invaded by c l a s s ical Kansan i c e ,  and if the pro
f i l e  of f igure 7 is  correct . then the grav e l s  at  the Oil C it y  sect ion 
may be of early P l ei s t oc ene age. 

Textures of sediments overlying the grav e l s  at sect ion A in the 
Oil C ity roadcut are shown in f igure 24. The sediments above l ine A 
on f i gure 24 represent most ly Woodfordian loes s .  A thin horizon o f  
Altonian l o e s s  might b e  represented just  above the buried s o i l .  but 
the increased density at that horizon might al so be due to  il luvia
t ion of  c l a y s  ( f i g .  2 4 ) .  An o l d E r  l o e s s  i s  r e p r e s en t e d  under t h e  
l ine A o n  f i gure 2 4 .  I t  h a s  a w e l l - dev e l op e d  s o i l  in i t s  s ur f a c e  
hor i z on.  The upper s ev e r a l  c e n t im e t e r s , i n  t h e  s o il hor i z on , h a s  
many vertical cracks that are f iLled with f ine sand. I t  i s  the sand 
in the cracks that accounts f or the anomalous bu lge on the sand curve 
in f igure 24. The cracks may represent desiccation at some time in 
the p a s t .  but it i s  m o r e  l i ke ly t h a t  t h e y  r e p r e s e n t  c r a c k ing of t h e  
ground under cond itions of extrem e cold. The geomorphic ef f e c t s  o f  
p e r i g l ac i al c l im a t e s  dur ing W o o df o r d i an t ime have b e e n  d i s c u s s e d  
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F I GURE 2 1 . - - S tr a t i graph i c  s e quence a t  the O i l  C i t y  r e a d cu t .  s t o p  5 .  See 
Figure 20  f or l ocat ion. The river gravels  appear to rest  on a surface that 
repre sent s a r e l i c t  r iv e r  p r o f i l  e that  i s  graded te the B r i d g e p o r t  s t rath 
( f i g .  n .  
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FIGURE 22.--Re l ict f il led channel at the Oil City roadcut. See f igure 20 for 
location. Note that the channel f i l l  i. capped by a paleosol.  The paleosol 
is  in turn ov erl ain by a st one line and Woodfordian co l luvium that repres ent 
the d e s tab i l i z a t ion o f  h i l l s  l o p e s  during c o o l  m o i s t  c l i m a t e s  of t h e  l a t e  
Wiseons inan � 
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FlGUltE 23 . _ _  
overv iew of the Oil C ity roadcut. The letters A and II correspond 

with the stra t igraphic sections shown in f i gures 21 and 22. 
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F I GURE 2 4 . - - T e x t u r a l  prope r t i e s  o f  s e d i.ment s a t  t h e  O i l  C i t y  roadcut .  For 

location see  f igure 20. The sediments above line A are Woodfordian loess.  
A paleosol occurs imm ed iately below line A. Vertical cracks in the paleosol 
are f i l l e d  w i t h  f ine s and and ac count f or the s an d  b u l g e  at  that h o r i z o n .  
The s ed im e n t s b e t w e e n  l ines A and B r e p r e s e n t  a p r e - W o o d f o r d ian l o e s s .  
S e d im en t s  b e l o w  l ine B r e p r e s ent point  bar s a n d s  o f  a r iv e r  that f o rm e r l y  
f l owed at the e l evation of the upland bench. 
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FIGURE 2 5 .--Clay mineralogy of sediments from the major stratigraphic units  at 
the Oil C i t y  roadcut  ( f i g s .  20 and 2 1 ) "  The p o s i t i o n s  o f  the s am p l e s  a r e  
measured i n  cen t im e t er s above the surface of the river gravels.  The 55-em 
s am p l e  repr e s ent s the Po int Bar sand s ; t h e  1 6 0 - c m  samp l e  r e p r e s en t s t h e  
lower portion o f  the pre-Woodf ordian loe s s ;  the 240-cm sample represents the 
paleosol  horizon; and the 300-cm sample represent s the basal component of 
the Woodfordian loes s .  
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earl ier in this log. Severe conditions leading to hil l s lope eros ion 
during the early Woodfordian is indicated at the Oil City sect ion by 
the bev e l ing of t h e  f l uv i a l  gra.v e l s  and their sub sequent downslope 
movement to bury the p a l e o s o l  ov e r ly i n g  t h e  chann e l  f i l l  ( f i g s .  2 2  
and 23 ) .  The a g e  o f  t h e  l o e s s  w i t h  t h e  w e l l - de v e l op e d  s o i l  i s  a l s o  
unknown. I t  may b e  of early W i s cons inan age.  but the paleosol a t  its  
surface seems too wel l-·deve loped for that a s s i gnment. Possibly.  it 
1 S  of I l l inoian age. 

Clay mineralogy was a l so determined by x-ray analysis  on sev eral 
s amp l e s  f r om s e c t ion A a t  the Oil C i t y  r o a d c u t .  Four o f  t h e  x - r ay 
defraction curves represent ing the principal uni t s  are present ed in 
f igure 2 5 .  C l a y  s am p l e s  w e r e  w it h d r awn a t  5 e m  d e p t h  i n  a 1 0 0 0  m l  
cy l inder af ter shaking and four hours suspens ion. Sodium hexam et a 
pho s phate  w a s  u s ed a s  a d i s pe r s ing a g e n t .  T h e  e x t r a c t e d  s amp l e  w a s  
dripped onto a heated s lide to  m inimize the eff e c t s  o f  differential  
set t l ing of  c lay particles .  The s amples were saturated with e thylene 
glycol by plac ing them over a glycol solut ion in a c losed container. 
The container and samp les  were heated to 6 0 · C  overnight and then x
rayed. The sample s l ides were subsequently heated to 550 ·C for two 
hours and then x-rayed again to  aid in the identif icat ion of certain 
mineral s .  

The x-ray analyse s ind icate d ifferences in degree of weathering 
and clay m ineralogy between the :)rincipal s tratigraphic uni t s .  The 
Woodfordian loess has strong vermiculite and kaol inite peaks . but the 
m i ca and s m e c t i t e  p e a k s  a r e  r e l a t iv e ly subdued.  T h e  v e rm i c u l i t e  
i d en t i f i ca t ion w a s  b a s e d  o n  i t s  po s i t i on a t  1 4  ang s t ro m s  f o r  t h e  
g lycolated analys i s  and i t s  collapse to  1 0  ang stoms after heat ing t o  
550 ·C for two hours. The defract ion curve represent ing 240 c m  above 
the fluvial gravel s is from the upper part of the paleosol (f ig. 24).  
Note that the p a t t e r n  sho w s  a broad r i s e  r a t h e r  than w e l l  d e f ined 
peaks in the range f rom 10  t o  17  a n g s trom s .  This  may b e  due to  
randomly int erstrat i f ied m ica-smectite.  sugg e s t ing pedogenic al tera
t ion of m i ca to  smectite.  This broad r i se col lapses to  1 0  ang s trom s 
after heating to  5 50 ·C for two hour s .  At greater depth. the defrac
t ion curve repre sent ing sediment s from 1 6 0  cm above the gravel sur
face shows that the 10 angstrom mica peak is sharper. indicating that 
the mica has not been as s everely altered to  sme c t it e  as above. The 
bottom defraction curve representB the c lay fract ion of a s il t y  sand 
unit that may be point -bar sediments assoc iated with the underlying 
r iv e r  grav e l s .  A very s t rong m i c a  p e a k  is chara c t e r i s t i c  o f  t h e s e  
sediments and the strength of the peak sugg e s t s  l it t le mica altera
t ion by weather ing. 

S i l t  in the Woodfordian loe s s  is s l ight ly coarser than s i l t  in 
t h e  l o e s s  b e l o w  the s u r f a c e  of the p a l eo s o l .  The p e r c ent age o f  
Woodfordian silt  that f e l l  between 0 .06 and 0.03 mm diameter averaged 
24.2 percent with a standard deviation of 4.0 percent. The percent
age o f  un d e r l y ing p r e - W o o d f o r d i ;iD s i l t  t h a t  f e l l  b e t w e e n  0 .0 6  and 
0 . 03 mm av e r a g e d  2 0 . 8  p e r c ent w i t h  a s t andard d e v i a t ion of 2 .9 p e r 
cent . The f iner t e xt u r e  o f  t h e  p r e - W o o d f o r d i an l o e s s  m i ght i m p l y  
that it was transported from a location farther away than the source 
of the overly ing Woodfordian loe s s .  Alternativel y .  the differences 
in texture might be  due to alterat ion by weathe r ing. The textures of 
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1 . 9 87 . 8  

0 .6 8 8 . 4  

0 . 2  8 8 . 6  

0 .3 8 8 . 9  

s i l t  i n  both loe s s e s  do not compare c l osely with the t e xture of s i l t  
i n  the underlying point bar where the percentage o f  the s ilt that w a s  
between 0.06 and 0.03 m m  diameter averaged 54.7 percent w ith a stan
dard deviation of 1 6 .8 percent. 

No ana l y s e s  have y e t  b e en c.one to d e t erm ine if the s i l t  in t h e  
channel f i l l  (fig. 2 2 )  i s  derived from the pre-Woodford ian loess a t  
t h e  t o p  o f  t h e  s l op e .  

The depo s i t s  at  the Oil City roadcut are a t  great odds w ith the 
s u gg e s t ions  by B l a c k  ( 1 97 0 )  that the D r if t l e s s  Ar e a  h a s  b e en g l a 
ciated. The presence o f  a well- developed paleosol separating Wood
f or d i an and p r e - W o o d f ord ian l o e s s  d epo s i t s  e s p e c i a l ly c h a l l e n g e s  
B lack's conclusion that the region may have been glaciat e d  as recent
ly a s  a b o ut 3 0 .000  B.P. The river g r av e l s  on the narrow O i l  C i t y  
interf l uve probably have been there since at least class ical Kansan 
t ime .  

Turn vehicles  around and ret urn t o  vil l age of Ontario via high
way 1 3 1 .  

K i ckapoo R iv e r  b r i dge n e a r  n o r t h  e d g e  o f  v i l l ag e  o f  Ont a r i o .  
Continue through Ontario t o  the i.nters e ction w i th highway 33  o n  the 
s o u t h  s i de of the v i l l a g e  ( f i g .  2 0 ) .  

I n t e r s e c t ion w i th highway 3 3 .  Turn r i ght ( w e s t )  onto  h ighway 
33. Cont inue westward into Brush Creek tributary. 

Cross Brush Creek t r ibut ar y .  

� �. Powell site . 

The upper Kickapoo drainage syst em has been the focus of 
s ive H o l o c ene p a l e ohydr o l o g i c  s t ud i e s  during the p a s t  f e w  
(Knox. M c Dow e l l .  and John s o n .  1 9 8 1 ;  M cD ow e l l .  t h i s  v o l um e ) .  
C r e e k  t r i bu ta ry r e p r e s ent s an a r e a  o f  the drainage s y s t em 
studies were especially concentrated. 

inten
y e a r s  
Bru s h  
w h e r e  

T h e  f l uv i a l  inc i s ion on t h e  M i s s i s s ip p i  and W i s co n s in R iv e r s  
caused by glacial meltwaters apparent ly w orked i t s  way headward to  
the upper reaches of  the Kickapoo system and is  the f ir s t  maj or event 
in H o l o c ene p a l e ohydr o l ogy.  Th e i n t e r p r e t a t ion i s  b a s ed on the 
observation that Woodfordian colluvial benches stand much higher than 
H o l o c en e  a l l uv i a l  t er r a c e s  that  d a t e  a s  ear ly a s  9000 B.P.  S in c e  
t h a t  t im e .  c l im a t e  a p p e a r s  t o  be  t h e  dominant f a c t or cont ro l l ing 
fluvial epis o d e s .  
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C limate condit ions at the beginning of the Holocene about 1 0 .000 
B.P. w ere relat iv e ly cool and moist  but were rapidly becoming warmer 
and d r i e r  ( B ar t l e i n  and W e b b .  t h i s  v o l um e ) .  The r e l a t iv e l y  f in e  
t extures o f  early Holocene sed im,ents indicate that large f loods were 
relativ ely rare during this period. probably because moist air masses  
were r ar e l y  a b l e  to  pene t ra t e  t he reg ion prior to  7000  to  6000  B .P.  
(Knox. 1 982) .  Early Holocene a l l uvium usually is  represented by  less  
than 1 m thickne s s  of  channel lag gravels  that are overlain by about 
2 t o  3 m ( 6 . 5  to 1 0  f t )  of sandy s i l t  s e d im en t s .  The sandy s i l t s  
u s u a l l y  h av e  a y e l l o w i sh b r o w n  ( I OYR 5 / 4 )  appearance b e c a u s e  t h e y  
have been oxidized. Maximum warmth and drynes s  occurred about 7200 
B.P. .  when prairie  e xpanded into  w o od l an d s  of the  area.  B e t w e en 
about 7 500 and 6 000 B.P. convec t i on a l t hund e r s t or m s  probably  were 
t h e  dom inant cau s e  of f l o o d s .  b e c a u s e  e r o s ion and d e po s i t ion o f  
a l l uv i a l  s e d im ent s w e r e  conc e n t r a t e d  i n  s m a l l  w a t e r s h e d s  a n d  on 
al luvial f ans. Since about 6000 B.P •• c l imate has general ly f o llowed 
a c o o l ing t r end � and s e d im en t a r y  s e quenc e s  ind i c a t e  e p i s o d e s  when 
f l o o d s  w e r e  much l a r g e r  t han t h o s e  o f  t h e  e a r l i e r  H o l o c ene.  T h e s e  
f l oods contributed to intensive lateral channel m igrat ion and s l ight 
c hann e l  inc i s ion.  e s p e c i a l ly d u r ing 6 000 t o  440 0 .  3 1 00 t o  1 80 0 .  and 
1 200 t o  8 0 0  B.P. A l t hough channe I cond i t ions  at o t h e r  t i m e s  w er e  
apparent ly more stable.  some l at "ral migrat ion occurred continuously 
t h r o u g h  t h e  H o l o c e n e .  T h e  t en d "n c y  f o r  ep i s o d i c  v a r i a t ion s  in t h e  
int en s ity of fluvial activ it y  o n  the val ley f loor has resul t ed in a 
sequence of Holocene surfaces each having relativ ely unique sedimen
tological and pedological prope r t i e s  (McDow e l l .  t h i s  v o l u m e ) .  The 
f ine t e xtured early Holocene depo s i t s  represent the highest al luvial 
s u r f a c e .  They t e nd t o  h ave w e l l - d ev e l o p e d  s o i l  p ro f i l e s  w i t h  B
horizon development. Holocene depo s i t s  that are younger than about 
6000 B.P. t end to include very sandy point bars with many cobbl e s  and 
s m a l l  b ou l der s .  So i l s  o n  d e po s i t s  younger than 6 000 B.P.  t end t o  
h ave AIC prof i l e s .  The p o o r l y  d ev e l oped prof i l e s  on the l a t e  
Holocene alluvium ref lects the poorer drainage o f  these lower e l eva
t ion s it e s  and the shorter period of t ime that they have been exposed 
t o  weathering processes.  

The relatively gradual changes in Holocene veget at ion implied in 
po llen diagram s  of the reg ion (Maher. this volume ) correspond poorly 
with the relatively abrupt changes apparent in the al luvial record. 
T h e  a b r u p t n e s s of c hange in f l u v i a l  a c t iv i t y  a p p e a r s  to be  b e t t e r  
r e l a t ed t o  l on g - t e rm var i a t i o n s  in r e c u r r e n c e  in t erv a l s  o f  large  
f l o o d s  ( f i g .  26) .  The m a g n i t u d e s  o f  high f r e q u ency f l o o d s  of the  
H o l o c e n e  w er e  e s t im a t e d  from the  b a nk f u l l d im e n s ions  of H o l ocene 
p a l e o chann e l s .  F l o o d s  h av i n g  a re currence in t e rv a l  of a b o u t  1 . 5 8  
year s ( annual durat ion s e r i e s  r e c or d s )  cor r e l a t e  c l o s e l y  w i t h  t h e  
b ankf u l l  s t age i n  a l l u v i a l  c hanne l s .  Magn i t u d e s  o f  cont em porary 
f loods of 1 .58-year recurrence frequency were used as a bas e l ine to 
a s s e s s  r e l at ive m a g n i t u d e s  o f  1 .5 8- y ear f l o o d s  dur ing t h e  p a s t  
Holocene t ime$ Magnitudes o f  f loods in Holocene channe l s  were calcu 
l a t ed from the applicat ion o f  empirical equat ions that describe the 
funct ional relationship between contemporary bankf u l l  channe l capaci
t ies and 1 .58-year f lood m a gn i t u d e s .  H o l o c en e  p a l e o ch an n e l  d i m en
s ions were recons tructed by cro s s -prof ile dril l ing at interv a l s  of a 
f e w  m e t e r s .  Chann e l s  w e r e  d a t ed e i t her d ir e c t ly by r a d i o c arbon 
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FIGURE 26 .- -The s i z e s  of 1 . S8 -year ( h i g h  f r e qu e n c y )  f l o o d s  d e t e r m ined f o r  
H o l o c ene p a l e o  r iv e r  c hann e l s a t  s i t e s in t h e  u p p e r  K i ckapoo w a t e r s h e d  
indicate departures ranging from 40 % smaller t o  s light ly larger than con
temporary f l oods of the same recurrence frequency. Smal l  f loods were espe
c i a l l y  chara c t e r i s t i c  b e t w een about 8 0 0 0  and 6 0 0 0  B.P. and 4000 and 3000  
B.P. Large  f l o o d s  w e r e  e s p e c i a l ly c h ar a c t e r i s t i c  b e tw e en 6 00 0  and 5000 
B.P • •  3 000 and 2000 B.P  • •  and for a b r i e f  p e r i o d  af t er 1 2 00 B.P. 

SW W I S  FLOODPLA I N  VERT I CAL ACCRET I O N  
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FIGURE 27.--Re lationship between radiocarbon age and ove r lying pre-agricultur
al sediment thickness  for sites in the Drif t l e s .  Area of southwestern Wis
consin. The relationship indicat e s  that the l o n g - t e r m  v e r t i c a l  a c c r e t ion 
rate is  about 1 em per 34 year s ,  but clust ering of the data points  ind icate 
that accumulations probably occurred episod i c a l ly. 
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6 .4 99 . 5  

ana l y s i s  o r  i n d i r e c t l y b y  e s t im a t i ng t h e  r e l a t iv e  a g e  fr om a graph 
r e p r e s en t i ng t h i c kne s s  of sed im en t s in the c h annel margins  v e r s u s  
r a d i o c arbon a g e  (f ig.  27 ) .  Tent a t iv e  r e s u l t s  sho wn i n  f i gu re 26 
indicate that Hol ocene magnitudes of  1 .58-year-frequency f loods have 
v a r i e d  from n e a r l y  40 p e r c e n t  smal l e r  to perhaps  5 5  p e r cent l ar g e r  
than magnitudes o f  contemporary f loods. Large f loods were char acter
i s t i c  b e t w e en about  6 0 00 to 5 0 0 0  B.P • •  3 000 to 2000 B.P • •  and during 
a brief interval after 1 200 B.P. Small f loods apparently were dom i 
n a n t  bet ween about  8000 and 6 5 00 B . P  • •  4 0 0 0  and 3 00 0  B.P • •  and about  
2000 and 1 500 B.P. Tent ative cal culat ions suggest that the Holo cene 
magn i t u d e s  of high f r e quency f l o o d s  p r o b a b ly ranged f r om about 1 0  
percent smaller to perhaps more than 1 00 percent larger than magni
t u d e s  of 1 .5 8 - year f l o o d s  p r i o r  to se t t l em ent in t h e  r e gion. It i s  
concluded that c l imatic inf luence o n  m a g n i t u d e s  and f r e quenc i e s  of  
f l oo d s  was the most  impor t ant cause of t h e  e p i s o d i c  inten s i t y  of  
f l uv i a l  a c t ivit y .  A l t hough the r a d i o c a r b on age versus sed iment 
thickness curve of f igure 27 suggests  progressive aggradation. c l o ser 
i n s p e c t ion show s that the d a t e s  are c l u s t e red and that the b r eaks 
between clusters tend to corr espond with the breaks between fluv ial 
ep isodes identif ied above. Figure 27 might be better chara cter ized 
as a s t ep-function sequence. 

Cont inue west on highway 33 . 

Alt ernate stop 6 (Helmuth site.  f ig. 28).  

The Helmuth site shows 
and late Holocene alluvium. 
cribed in Knox. McDow e l l ,  and 

the contact relat ionship between early 
The sediment o logy of this site i s  des

Johnson ( 1 9 81 ) .  

Continue west on highway 3 3  to vil lage of  Cashton. 

Intersect ion of highways 27 and 33 in vil lage of Cashton. Turn 
left (south) onto highway 27 and return to Prairie du Chien. 

End o f  road  l o g  f or day 1 .  

DAY TWO 

I t  • • 
Trip part ic ipants are reque sted to read the paper Pr e-W �scons �nan Depo s -

its in the Bridgeport Terrace o f  the Lower W i s consin River Valley l l  by Knox, 
Attig. and Johnson. in this volume. Much of the evidenc e for reconstruct ing 
the Pleisto cene history of the lower W i s consin R ivEr val ley is presented in 
t h i s  paper.  Hereaf t e r . for brev i t y ,  r e f erence t o  inf o rma t i on in the Kno x,  

• • •  1 1 . T 1  
Att�g.  and Johnson paper w�ll be g�ven as Br�dgeport paper . 
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FIGURE 2 8 .--Topographic map of Middle Brush Creek drainage basin. Vernon and 

Monroe Counties. W i s consin. 
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MILEAGE 

0 .0 0 .0 

1 .6 1 . 6 

1 . 8 3 .4 

0 . 2 3 . 6 

0 . 9 4 . 5  

S t a r t  p o i n t  ( 8 : 3 0 a .m • •  May 23 . 1 9 82 )  i n t e r s e c t i on of h i ghw a y s  
1 8 . 2 7 . 3 5 .  & 6 0 .  n o r t h e a s t  s i d e o f  P r a i r i e  d u  C h i e n. 

Proceed south on highway 1 8 .  3 5 .  and 6 0 .  

P a s s  H i dden Va l l e y L o d g e  ( F r i e n d s  of P l e i s t o c e n e  h e a d q u a r t e r s  
f or conference) on right ( w e s t ) .  Cont inue southe a s t e r ly on the high 
W i s cons inan terrac e .  The maximum e l evat ion on the Wis cons inan ter
r a c e  i s  about 1 9 5  m ( 6 6 0  f t )  a b ove sea l e v e l .  I t  m a y  b e  r e c a l l e d  
f r o m  y e s t e r d a y ' s  r o a d  l o g  t h a t  a t  l e a s t  5 0  m ( 1 5 0 f t )  of a l l u v i a l  
f il l  unde rlies the high W i s consinan surf ace in this area. 

The highway begins to ascend the Bridgeport t errace. Note the 
outcrops of Prairie du Chien dolom it e  under the P l e i s tocene depo s i t s  
on the Bridgeport t errace. The bedrock surface underlying the P l e i s 
tocene depo s its on the Bridgeport t e rrace i s  recognized a s  a strath. 
Trowbridge ( 1954) sug g e s t ed that the Bridgeport str ath " 

• • •  seems to 
represent the depth to which the M i s s is s ippi and W i s consin Rivers had 
cut their va l l eys by the time the Kansan g la c i e r  reached this po s i 
t ion . " A d r i l l e r ' s  l o g  f o r  a w e l l  o n  t h e  h i g h  W i s cons inan t e r r a c e  
and a d j a c e n t  t o  t h e  B r i d g e p o r t  t e rra c e  ind ic a t e s  27 m ( 90 ft ) o f  
al luvial f i l l .  The c l o s e  proximity of the w e l l  t o  the bedrock o f  the 
Br i d g e p o r t  s t r a t h  ind i c a t e s  t h a t  the M i s s i s s i p p i  v a l l e y  d e s c e n d s  
abrup t ly at the contact with the Bridgeport s t rath. 

Junct ion of old highway 18  on right ( south) with highway 1 8 .  3 5 .  
and 60. Turn right to southe a s t  on old highway 1 8 .  

� 2 .  White S it e .  

The locat ion o f  the White s i t e  is ind icated b y  the l e t t er X near 
the east ern edge of sect ion 9 .  Bridgeport Town ship. shown on f igure 2 
of the Bridgeport paper. The dr i l l  hole at the White site is about 3 
km ( l . 5  mi l upstream from the mouth of the W i s co n s in R iver. Res u l t s  
f r om dr i l l i ng ( s e e  a p p e n d i x  I .  B r i d g e p o r t  p a p e r )  ind i c a t e  t h a t  a 
s a ndy t i l l  of at l e a s t  6 .4 m ( 2 1  f t )  t h i ckne s s  o c c ur s  a t  the W h i t e 
S it e .  The t i l l  is very sandy as might be anticipated at a site where 
i ce apparent ly overrode outwash sediment s  in the M i s s i s s ippi valley. 
San d : s i l t : C l a y  av e r a g e s  are 50 : 3 0 : 20 for t h e  u p p e r  p a r t  of t h e  t i l l  
s e q u e n c e  and 5 1 : 2 4 : 2 5  f o r the l o wer p a r t  o f  t h e  t il l  s e q ue n c e .  
Quart z grains in the sand fract ion are predominant ly angu lar. Their 
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angu l a r i t y  s t an d s  in s h a r p  c o n t r a s t  t o  o u t w a s h  s e d im en t s  o b s e rv e d  
el sewhere in the lower W i s consin River val l e y  ( appendix I .  Bridgeport 
paper ) • 

The hypothes is that Bridgeport t i l l  at  the White Sit e was depo s 
ited by an i c e  lobe that advanced from the w e s t  in northeast Iowa w a s  
tested b y  compar ing clay m ineralogy o f  Iowa s amples w i t h  Bridgeport 
samp l e s .  To maintain comparab i l it y  of l a b o r a t o ry p r o c e d ur e s .  f iv e  
s am p l e s  f rom t h e  B r i d g e p o r t  t i l l  w e r e  s e n t  t o  t h e  Iowa G e o l o g i c a l  
Survey for proces s ing. Semi-quan t it a t iv e  c a l c u l a t ions  s h o w e d  t h a t  
the clay m ineralogy o f  t h e  f iv e  samples averaged 6 7 %  expandabl e s .  1 6 %  
i l l it e .  and 1 7 %  kao l init e  plus chlorite (table 1 .  Bridgeport paper) .  
These results agree c lo s e ly with average values of clay miner a l s  in 
the Iowa W o l f  C r e ek F o rm a t ion w h e r e  t h e  m in e r a l o g y  i s  6 2% expand
abIes . 17%  i l l it e .  and 21  kao l inite plus chlorite (Hal lberg. 1 9 8 0 .  p .  
1 5 ) .  My o w n  ana l y s e s  o f  c l ay m in e r a l ogy i nd i c a t e d  s ignif i c ant l y  
higher percentages of m i ca ( i l l i t e )  than suggested by the Iowa ana l 
y s e s .  Differences appear to  be related t o  laboratory procedures.  I 
used a very rapid drying procedur" in s l ide preparation by compari s on 
to the Iowa procedure (Hal lberg. 1978) .  

The  W o l f  C r e e k  Form a t ion of  Iowa c o r r e s ponds  w ith c l a s s i c a l  
Kansan t ime.  I t  i s  interest ing that the c lay m ineralogy of the Wolf  
C r e e k  Form at i on is  b r o a d l y  s i m i l ar to  t h e  c la y  m in e r a l og y  of t h e  
H ersey t i l l  in W i s cons in on the northw estern margin o f  the Drif t l e s s  
Area ( Baker and S im p son . 1 9 8 1 ) .  A l i s t in g  o f  av e r a g e  d a t a  i s  g i v e n  
in tab l e  1 o f  the Bridgeport paper. Baker and others ( 1 9 82 )  pre s ent 
resu l t s  of paleomagnetic  ana lyses that ind icate the Hersey t i l l  was 
d epo s it e d  d u r ing the M a t u y ama Rev e r s ed Epoch pr ior t o  0 .7 m i l l ion 
years ago and is therefore c la s s ical Kansan in age. 

Cont inue east on old highway 18 to  intersection w ith highway 1 8 .  
3 5  and 6 0 .  

I nt e r s e c t ion w i t h  h i ghway 1 8 .  3 5 . 6 0 .  Turn r i ght ( e a s t ) .  The 
intersection occurs on a low north/south trending drainage d ivide on 
the Bridgeport terrace. This divide is  t entatively ident i f ie d  a s  the 
terminal moraine of the Bridgeport ice  lobe that advanced from the 
west.  Alden ( 1 9 1 8) and M ac C l intoek ( 1 9 2 2 )  reported frequent observa
t ions of s t r ia t e d  pebb l e s  in s ed iment s unde r l y ing t h i s  l o w  d iv i d e .  
Alden ( 19 1 8 .  p .  1 7 2 )  a l s o  observed a quart zite boulder on the surf ace 
near this intersection that was 6 0  cm (2  ft)  d iameter on the interme
diate axis. He concluded the quart zite boulder was depo s ited by an 
i ce l obe that advance acro s s  the M i s s i s s ippi River from Iowa. 

Intersect ion with Bouska Road on left  (north).  Stop 7B ( a l t er
nate,  depending on t ime and weather cond i t ions ) .  
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The gu l l y  i n  t h e  n o r t h e a s t  corner o f  s e c t i o n  1 0 .  B r i d g ep o r t  
T o w n s h ip ( s e e  f ig .  2 .  B r i d g e port p a p e r ) c u t s  thro ugh t h i c k  s andy 
outwash sediment s .  

Continue east on highway 1 8 .  3 5  and 6 0 .  

I nt e r s e c t i on o f  h i ghway 6 0  w i t h  h i ghway 1 8  and 3 5 . Turn l e f t 
( e as t )  onto highway 6 0 .  Proceed easterly over the highly d i s sected 
B r i d g eport t errace. 

The very w e l l p r e s e r v ed f l at  t er r a c e  at  about 2 0 0  m ( 6 6 0  f t )  
above sea l evel  in the unnamed tributary of s e c t ion 1 1  northeast of 
B r i dg e p o r t  is the h i g h  W i s cons inan t er r a c e  ( f i g .  2 .  B r i d g e p o r t  
paper) .  Valleys appear t o  have been graded to  this l evel unt i l  about 
1 2 .000 years B.P. ( Clayton. this volum e ) .  

Continue e a sterly o n  highway 6 0  to  stop 8 a t  Wauzeka. 

Much of the Bridgeport terrace between Bridgeport and Wauzeka 
has been r emoved by eros ion (fig. 1 .  Bridgeport paper).  Where it i s  
p r e s e r v e d  t h e  P l e i s t o c en e  s e d iment s ove r l y ing t h e  s t r a t h  o n  t h e  
Prairie du Chien Formation a r e  primar i ly represented b y  Woodfordian 
l o e s s  and Br i dg e p o r t  o u t w a s h  s e d iment s .  C o l l uv ium of unknown a g e  
a l s o  o c curs a t  m any s i t e s .  The grad ient  o n  t h e  surf a c e  o f  the o u t 
wash s lope s relatively steeply eastward and ind icates that the W is 
consin River w a s  reversed. r e l a t ive to  its  pre sent po s it ion. when i c e  
b l ocked t h e  v a l l ey a t  t h e  m o u t h  ( f i g .  3 .  B r i d g e p o r t  pape r ) .  Former 
e a s t w ard f l o w a g e  o f  t h e  W i s con s in R iv e r  i s  a l s o  s ug g e s t e d  by the  
t endency f or t h e  m e d i an p ar t i c l e  s i z e  of sand i n  t h e  B r i d g e p o r t  
outwash to become f iner i n  an eastward d irection ( f i g .  5 .  Bridgeport 
pape r )  • 

N o t e  eff i gy Ind i an mounds in w ay s i d e  p a r k  on l e f t  (nor thw e s t  
s ide o f  highway 60) .  

C ross  Gran Grae Creek. The high Wiscons inan (Woodfordian) ter
race is  very evident in most tributaries as is  the s itua t ion here. A 
lower t errace that is  about 4 .6 ill ( 1 5  f t )  above the f loodp lain of the 
W is cons in River i s  also pre served at select ed localit ies along thi s  
r e a ch o f  the W i s co n s in R i v e r  v a l l e y and i t s  t r i b u t a r i e s .  The l o w  
t errace appears to  be  of eros ional ori g in and equivalent to  the low 
terrace described for dr i l l  ho le  7 at stop 1 of  this  tr ip. 

The basal h il l s lope s are now underlain by Cambrian sandstone and 
s i l t stone s tratigraphy. 
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Cross  Litt le  Kickapoo River " 

0 . 2  1 4 . 7  

Note sign on left (north) advertising the Kickapoo Cav erns .  The 
c ave o c c u r s  high on t h e  v a l l e y  w a l l  a b o u t  90 m ( 3 0 0  f t )  a b ov e  t h e  
present level o f  t h e  Wisconsin River f l oodplain. The cave apparently 
developed b ef ore entrenchment of the W i s consin River. 

2 . 1  1 6 . 8  

I nt er s e c t ion w i t h  county h i gh w a y  N on l e f t  (nor t h ) .  Cont inue 
east on highway 60. Highway 60 is con structed on the low late Wood
f or d ian t errace. 

0 .3 17 . 1  

Turn lef t (nort h )  on side s t reet  in Wauzeka. Proceed two blocks 
----------,rn-lQm-rtt'hh-tt""o')-ca". . . T iuter section and turn tight (east). 

0 . 1 17 . 2  

1 . 8 1 9 . 0  

� li. Wauzeka quarry . 

The W auzeka sect ion shows Bridgeport outwash grav e l s  overlying 
bedrock. The e l evation at the s i t e  is about 2 1 5  m (700 f t )  above sea 
l evel.  An exposure of outwash grav e l  in a tributary northwest of the 
v i l l a g e  ind i c a t e s  that the g r av el s e x t end upward to 2 2 5  m ( 7 40 f t )  
above s e a  l ev e l  ( A l d e n .  1 9 1 8 ) .  The 2 2 5 - m  l e v e l  i s  t h e r e f or e  r ec o g 
nized a s  the approximate level o f  aggradation o f  the W i s consin River 
v a l l ey when i t  w a s  t r an s p o r t ing B r i d ge p o r t  o u t w a s h .  S i n c e  t h e  
Bridgeport t il l  appears to  be  o f  c l as s ical Kansan age. the e l evation 
range b e t w e e n  2 1 5  and 2 2 5  m ( 7 0 0  and 7 4 0  f t )  abov e s e a  l e v e l  appar
ent ly  represents the  local  base l ev e l  of  the adj acent Kickapoo River 
for at least a brief period of the early Plei stocene. The reader may 
recal l f rom prior d iscus s ion assoc iat ed w i th stops 1 and 5 that scars 
of cut -off and relict val l ey meanders in the Kickapoo val l ey extend 
upstream to about the same e l ev a t ion above sea l evel.  The reader may 
a l so recal l  that the long itudinal prof i l e  of the surf ace containing 
t h e  f l u v i a l  g r av e l s  at  t h e  O i l  C it y  r o a d c u t  ( s t o p  5) and b o t t om 
e l ev a t i on s  of r e l i ct high- l ev e l  v a l l e y  m e an d e r  s c a r s  g r a d e  t o  t h e  
s u r f a c e  o n  t h e  s t r a th at  W a u z e ka ( f i g .  n .  The s e  r e l a t i o n s h i p s  
suggest that the initial phase i n  t h e  development of cut -off val l ey 
meanders began in classical Kansc:m t ime and that major val ley inc i
S Lon has occurred s ince then. 

Return to highway 60 and proceed east ward. Note the two l ev e l s  
o f  the Woodfordian terraces in W auzeka. 

Cro s s  Kickapoo River a 
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I n t e r s e c t ion o f  highways  1 3 1 and 6 0 .  C on t inue e a s t w a r d  o n  
h i g h w a y  6 0 .  The high l a t e  W o o d f or d i an t er r a c e  o c c ur s  j us t  ahead 
a l ong t h e  base o f  the h i l l  on the nor t h  s ide o f  the road.  A short 
d i s tance beyond. The highway returns to the higher e l evation of  the 
Bridgeport t errace ( f ig. 29) .  

2 .4 21 . 5  

The Roth S i t e  dr i l l  ho l e  ( B r i dgeport  p a p e r )  i s  in t h e  p a s t u r e  
s ou t h  o f  t h e  sharp b e nd in t h e  h i g hw a y  ( NW 1 I4NE l /4 s e c .  1 1 .  f i g .  2 9 .  
and B r i d g e p o r t  paper . app e n d i x  1 ) .  D e p t h  t o  b e d r o c k  a t  t h e  s i t e  i s  
1 0  m ( 3 2  f t ) .  and a l l  o f  t h e  s e d iment s a b ove t h e  w ea th e r e d  b e d r o c k  
are leached. The Bridgeport outwash i s  represented b y  c l ayey gravel
l y  sand.  The Br i d g eport  o u t w a s h  i s  ov e r l a in b y  1 .7 m ( 5 . 5  f t )  o f  
c layey silt.  Textural ana lyses o f  four samples between about 3 and 9 
m O O and 2 8  f t )  d e p t h  ind i c a t ed aver a g e  p e r c e n t a g e s  of sand . s i l t . 
and c l ay of 7 4 : 9 : 1 7 .  

0 . 2  21 . 7  

B e g in de s c e n t  f rom Br i d g e p o r t  t er r a c e .  O b s e rv e  t h a t  b o t h  t h e  
high and low Wisconsinan terraces are preserved along the base of the 
Bridgeport terrace on the descent into Boydtown tributary (f ig. 29) .  

0 . 3  2 2 . 0  

Bridge crossing Boydtown Hol low tributary. 

1 . 0 23 . 0  

4 . 7  27 . 7  

1 . 2 28 .9 

The highway pa s s e s  a l ong the edge o f  the B r i dgeport  t er r a c e .  
N o t e  t h e  p r e s en c e  o f  t h e  s t r a t h  and b e d r o c k  i n  t h e  roadcut o n  t h e  
north side of highway 6 0 .  

C on t inue nor th e a s t e r l y  o n  h ighway 6 0 .  T h e  n e xt s ev e r a l  m i l e s  
p r o v i d e  s ce ni c  v i e w s  of the b r a i d ed l o w e r  W i s c on s in River.  T h e  
bedrock in the lower segments of hil l slopes is Cambrian sandstone and 
s i l t stone. including the Jordan. St.  Lawrence.  and Lone Rock Forma
t ions . 

I n t e r s e c t ion o f  h i gh w a y s  6 0  and 6 1  at W is co n s in River b r i d g e .  
C o n t inue s t r a i gh t  a h e a d  ( n o r t h e a s t e r l y )  on h i g h w a y  6 0 .  N o t e  t h e  
c o l l uvium ov e r l y ing t h e  C am b r i an b e d r o c k  i n  t h e  r o a d c u t  a l ong t h e  
north side of the highway. 

Intersect ion of highways 60 and 6 1 .  Turn right (east northeast ) 
and cont inue on h i g h w a y  6 0 .  F i gures 1 .  3 .  and 4 o f  t h e  B r i d g eport  
paper should be  examined in  preparation for  stop 9 .  
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FIGURE 29.--Topograph i c  map of the Wauz eka area. 

W i sconsin . 

Crawford and Grant Count i e s .  



0 . 2 29 . 1  

The c e m e t e r y  t o  t h e  l e f t  (nor t h )  o f  the h ighway 1 S  on t h e  h i gh 
Wiscons inan terrace. 

4 . 1  33 . 2  

Cross ing Knapp Creek. The W is consinan terraces are very sandy 
as is apparent from the sand pit to the south of highway 60 immedi
ately east of Knapp Creek. 

0 .2 33 .4 

0 . 2 3 3 . 6  

3 . 1  36 . 7  

0 .9 37 . 6  

Low Wiscons inan t errac e .  

Ascend high Wisconsinan terrace. Continue east on highway 6 0  to 
Port Andrew (fig.  4. Bridgeport paper). 

Inter sect ion of count y highway X with highway 60 in Port Andrew. 
Turn l ef t  (no r t h )  o n t o  county hi ghway X. P r o c e ed n o r t h  on X t o  the 
Greenwood Cemetery dril l hole (fig. 4.  Bridgeport paper). 

� ia. Greenwood Site . 

A desc ript ion of the strat igraphic sequence for the dri l l  ho le 
at the Greenwood Site  is g iven in appendix I of the Bridg eport paper. 
A general ization of the stratigraphy at the Greenwood S it e  is given 
in figure 3 of the Bridgeport paper. 

Sediments at the Greenwood Site can be grouped into four catego
ries. The top 5.6 m ( I 8  f t )  are repre sented by Woodford ian loess.  A 
p a l e o s o l  o c curs near the b a s e  of t h e  l o e s s .  The p a l e o s o l  is not 
leached. a cond it ion that probably has r esulted from downward move
m ent and inc l u s i o n  o f  t h e  o v e r l y ing h i gh l y  c a l ca r e o u s  W oo d f o r d i an 
loess . 

The s e cond m a j o r un i t  is sand w i t h  chert  granu l e s  and m inor 
c ry s t a l l ine e r r a t i c s  ( a p p e n d i x  I .  B r i d g eport  p a p e r ) .  The sand ex
t e nds to a d e p t h  of  about 7 .3 m ( 2 4 ft ) and is l e a ched througho u t .  
The occurrence of the chert granu les indicates the sand i s  not wind 
depo s i t e d .  When t h e  sand t e xtur e s  and l itho l ogy at t h i s  s i t e  were  
compared wi th characteristics  of  the sand fractions at  the El der and 
Thiede S i t e s  1 0  t o  1 3  km ( 6  t o  8 m i l  t o  t h e  e a s t .  i t  s u gg e s t e d  that 
the sand unit at the Greenwood S ite  is f luvial outwash sediments from 
an east ern and northern W isconsin source. 

The third unit e x t en d s  f r om t h e  b a s e  of the r e l a t iv e l y  c l e an 
sand at 73 m ( 24 f t )  to the cont act with the Bridgeport outwash at a 
d e p t h  of  1 0 .4 m ( 3 4  f t ) .  The thi�d unit  is com p o s e d  o f  s i l t y  sand 
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0 . 1 37 . 7  

and sandy s i l t .  L o e s s  a p p e a r s  t o  hav e b e en a m a j or cont r i but ing 
source f or the s ilt and fine sand fractions. The unit is also leach
e d .  

The basal unit of Bridgeport outwash extends from 1 0 .4 m (34 f t )  
t o  w e a t h e r e d  b e d r o c k  a t  a d e p t h  of  1 5 . 2  m ( 5 0 f t l .  T h e  B r i d g e p o r t  
outwash is cal careous at this s i t e .  which might sugg est that it was 
soon buried by loess fol low ing its deposition. The sand fract ions of 
t h e  w e s t e r n - d e r iv ed B r i dgepo r t  outwash and t h e  ov e r l y ing e a s t e r n 
derived outwash have both s im ilarities and differences. There is a 
t endency f o r  the m o d a l  fra c t ion t o  c l u s t e r  around 1 . 50 t o  1 .7 5  p h i  
(medium sand) in both, al though the Bridgeport sand has a f iner mode 
at the Thiede S i t e  ( f i g s .  4 and 5 .  Bri d g epo r t  pa p e r ) .  The m o s t  
distinct ive d iff erence occurs in the coarse sand fraction where the 
B r i d g e p o r t  o u t w a s h  i s  d o m ina t e d  by qua r t z  and the e a s t e r n - d e r iv e d  
outwash has little  quartz and is dominated by chert fragment s .  

I t  i s  concluded that the stratigraphy determined from the three 
d r i l l ho l e s  and f r om surf a c e  e x p o s u r e s  al ong the n o r t h  s i d e  of  the 
Wisconsin River near B lue River and Muscoda suggests two pre-W iscon
sinan outwash depo s its. MacClintock ( 1 922) also re cognized two pre
W iscons inan deposits  in the lower Wisconsin valley.  but his r elative 
age a s s i gnm ent s appear t o  h av e  b e en in c o r r e c t .  M a c C l i n t o c k  n o t e d  
that the Bridgeport terrace depo s i t s  near Bri dgepor t contained more 
carbonate c l asts than Bridgeport terrace depo sits near B l ue River and 
M u s c o d a .  He  t h e r e f o r e  c o n c l uded t hat t h e  B r i d g e p o r t  t e r r a c e  near 
Bl ue River and Muscoda was older than the Bridgeport terrace near the 
mouth of the Wisconsin River at stop 7. MacCl intock worked only with 
surface exposures and was unaware of the cal careous Bridgeport out
wash g r av e l s  such as d e s c r i bed f o r  t h e  b a s a l  un i t  at t h e  G r e enwood 
S i t e .  The d if f er e n c e  in carbonate cont ent of  s ur f a c e  s ed iment s 
probably is explained by source regions of the sediment s. The west 
ern s our c e  area f o r  t h e  b a s a l  e a s tward d ip p i n g  B r i d g e p o r t  o u t w a s h  
inc lude s southeastern Minne sota and northastern Iowa where carbonate 
bedrock o c c u r s  commo n l y  at the s u r f a c e .  The s o u r c e  r e g i on f o r the 
pre-W isconsinan outwash sediments that overlie the eastward-dipping 
B r i d g e p o r t  s ed im e n t s  apparent ly is cent r a l  and n o r the rn W i s co n s i n  
where carbonate bedrock is l e s s  commonly expo sed at the surface. 

Cont inue north on county highway X to the int e r s e c t ion w i t h  
county highway M. 

Int e r s e c t i o n  o f  county h i ghw a y s  M and X. Turn r i ght ( e a s t ) on 
highway M. Note that from the crest of the hill it is apparent that 
the surf ace of the B r i d g e p o r t  t e r r ace to t he e a s t  is b o t h  l o wer and 
l e s s  d i s s e c t e d ,  an a p p e arance that is c o n f i r m e d  by the t op o g r a ph i c  
map of f igure 4 (Bridgeport paper).  The diff erenc e in elevat ion and 
dis section might be because two diff erent age Bridgeport deposits  are 
j uxtapo sed here. but is is more l ike ly that the diff erence is related 
to t h i c k e r  l o e s s  de po s i ts  on the h i gher and m o r e  d i s s e c t e d  area.  
Observe f rom f igure 1 of the Bridgeport paper that the Greenwood S it e  
i s  located immediat e ly oppo site a long southwest-northeast tr ending 
reach of the Wisconsin River. The Greenwood Site  is therefore ideal-
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0 . 8  3 9 . 2  

ly l o c a t e d  t o  r e c e i v e  l a r g e  cont r i but ions of loess depo s it ion com
pared to the s i t e s  further east. Loess thickness was only about 1 m 
(3 f t )  thick at the Elder Site (Bridgeport paper. appendix I ) .  

I nt e r s e c t ion o f  co unt y highway M w i th h i ghway 6 D .  Turn r i ght 
( south) onto highway 60 and return toward Port Andrew. 

� ill. (opt iona l ) .  Glenwood Drive section. 

Turn left onto gravel road of G lenwood Drive and proceed f o r  0.6 
m i .  The Glenwood Drive sect ion shows the Bridgeport outwash over
lying Cambrian sandstone. The site  is a gul ly exposure on the north 
s id e  of the r o a d .  The qua l i t y  of the s it e  i s  sub j e c t  t o  change. 
During the summ er o f  1 9 81 the s e c t i on provided ev i d ence of  w eak 
east ward dipping bedding. The sect ion usua l ly is good for gaining an 
impres sion of the compo s i tion and textural varia tions of the we stern
derived Bridgeport outwash. 

End of tri p .  
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MAPS OF THE POLLEN DATA 

Two major conditions must be met if 
the calibration procedures are to work : 
( 1 )  the po l l e n  chan g e s  t h a t  a r e  c a l i 
b r a t e d in t h e  f o s s i l  d a t a  s h o u l d  b e  
var iat i o n s  t h a t  can be a t t r i b u t e d  to 
c l im a t i c  c au s e s  and ( 2 ) m o d e r n  po l l e n  
data must exist that match these varia
t i ons and can t h e r e f o r e  be u s e d  t o  
c a l c u l a t e  the ne c e s s a r y  c a l i b r a t i o n  
f u n c t i o n s .  M a p p i n g  the f o s s i l  p o l l e n 
d a t a  p r ov i d e s  an e xc e l l e n t  way t o  i l 
lustrate the patt erns in the s e  dat a and 
to aid the se lect ion of those patt erns 
and tho s e  p o l l en types that s e em to b e  
r e s p on d ing t o  c l i m a t ic chang e s .  I s o 
p o l l  m a p s  w i t h  i s o p l e t h s  o f  p o l l e n  
percentages show the geographical pat 
t e rns i n  t h e  m o d e rn (Dav i s  and W eb b . 
1 97 5 ;  W ebb and McAndrew s .  1 9 7 6 )  as w e l l  
a s  t h e  f o s s i l d a t a  ( B e r n a b o  and W e b b .  
1 9 7 7 ;  W eb b . 1 9 8 1 ) .  T h e s e  m a p s  i l l u s 
t r a t e  the p a t t e rn s  in p o l l e n  p e r c e n t 
a g e s ,  and h e n c e  in t h e  v e g e t a t i o n ,  a t  
s e l e c t e d  dates . such a s  today. 3000 and 
6000 B.P. Difference m ap s  between two 
time periods show the changes in these 
p a t t e r n s .  In e a s t e rn N o r t h  Ame r i c a ,  
when similar changes for one o r  several 
p o l len types occur from New Engl and t o  
M inne s o t a ,  then c l im a t e  c a n  b e  po s t u 
l a t e d  a s  a l ik e l y  c an d i d a t e  f o r  t h e  
c a u s e  o f  t he s e  chan g e s  ( W e b b .  1 9 8 0 ) .  
F ind ing !!rev e r t e n c e" in t h e  v a l u e s  o f  
c e r t a i n p o l l en t y p e s  ( t h a t  i s .  t h e  
ret urn to high values af t er a n  interm e 
diate period o f  low valu e s )  i s  a s econd 
feature in pol len maps that can h e l p  in 
identifying past variations that proba
b ly ref l ec t  cl ima t i c  changes.  Von Post 
( 1 9 4 6 )  f ir s t  p r o p o s e d  t h a t  r ev e r t en c e  
i n  a po l l en t y p e  i s  a b ehav i o r  ind i c a 
t ive o f  c l imatic chang e s , and isochrone 
m a p s ,  w h i c h  s h o w  t h e  l o c a t io n  of a 
particular isopo l l  at d i f f erent times . 
provide an exc e l lent format for il lus
trating revert e n c e .  

When the pol len data from the Mid
w e s t ern s i t e s  a r e  m a p p e d  f o r  d a t e s  
b e t w e en 1 0 .0 0 0  B.P. and t h e  p r e s e n t  
( f i g .  1 ) . i s o c h r o n e  m a p s  f or s e l e c t e d 
isopo l l s  show broad s c a l e  movements and 
revertence in the d i s t r ibut ion patt erns 
for the major pol len types (Bernabo and 
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Webh. 1 9 7 7 ;  Webb and o ther s .  in pr e s s ) .  
B o t h  t h e  rev e r t e n c e  and b r o a d - s c a l e  
patt erns sugg e s t  that c l im a t i c  changes 
may be the main. u l t imate cause for the 
m a p p e d  d i s t r i b u t i o n chang e s .  The 5 % 
contour o f  spruce (full) p o l len shows 
that s pruce populations moved northward 
into Ontario from 1 0 .000 to 8000 yr ago 
( f i g .  1 a ) .  L a t e r .  af t e r 4000 B.P • •  t h e  
a b und a n c e  o f  s p r u c e  t r e e s  inc r e a s e d  
southward into n o r t h e r n  M inn e s o t a  a n d  
M i c h i g a n .  T b e  i s o c h r o n e s f o r  o a k  
(Quercus) p o l l en show a s im i l a r  north
ward movement in the early Holocene and 
s o u t h w a r d  m o v e m e n t  a f t e r  6 0 00 B . P .  
( f i g .  1 b . d ) .  T h e  p r i m a r y  mov e m e nt o f  
t h e  i s o c h r o n e s  f o r  2 0  % p r a i r i e - f or b  
po l l en (Ambrosia + Artemisia + Com p o s 
i t a e  + Chenopodiace ae /Amaranthaceae) i s  
e a s t - we s t  ( f i g .  1 c ) .  a n d  t h e s e  i s o 
c h r o n e s  s h o w  t h a t  t h e  p r a i r i e / f o r e s t  
b o r d e r  h a d  m o v e d  e a s t w a r d  i n t o  s o u t h 
w e stern W i s consin by 8000 B.P. and then 
r e t r e a t e d  w e s t w a r d  a f t e r  6 0 0 0  B . P .  
(Wright . 1 9 7 1 ) .  

These mapped changes in the p o l len 
data suggest that t emperature incr e a s ed 
f r o m  1 0 . 0 0 0  t o  6 0 0 0  B.P.  and t h e n  d e 
c r e a s e d  a f t e r  t h a t  t im e .  The m a p  o f  
prair ie-forb p o l len sugg e s t s  that pre
c i p i t a t i on d e c r e a s e d  f rom 1 0 . 0 0 0  t o  
6 0 0 0  B.P. w i t h  m o s t  o f  the d e c r e a s e  in 
Minnesota and the Dakotas. After 7000 
to 6 00 0  B.P • •  p r e c i p i t a t i on a g a in i n 
creas ed. In support of th is interpre
t a t ion, cores from many Iowa and M inne
s o t a  lakes show that water l ev e l s  w e r e  
l o w e r  a t  7 0 0 0  B . P .  t h an t h e y  a r e  t o d a y  
( W a t t s  and W in t e r .  1 96 6) .  

THE RELATIONSHIP BETWEEN 
MODERN CLIMATE AND POLLEN DATA 

By s t a t i s t i c a l l y  analyzing the mod
ern c l imate and po l l en data. w e  gained 
regre s s ion equations that represent the 
po l l e n / c l i m a t e  r e l a t i o n s h i p s  w i th in 
t h e s e  d a t a .  M a p s  o f  t h e  m o d e r n d a t a  
i l l u s t r a t e  these r e l a t ionship s and pro
v i de u s e f u l  inf o r m a t i o n  f o r  c h o o s ing 
the c a l i b r a t ion data set. In the Mid
w e s t  today. the mapped patterns of mean 
annual t em p e r a t u r e  and p r e c i p i t a t i on 
show good correspondence with the map-
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INTRODUCTION 

In the M i d w e s t .  t h e  r e g i o n a l  p a t 
t e rns o f  H o l o c en e  v e g e t a t i ona l and 
c l im a t i c  change p r o v i d e  a c on t e x t  f o r  
un d e r s t and ing t h e  f l uv i a l  ev ent s r e 
corded by s o i l  and a l l u v i a l  s t r a t i 
graphic records in the Drif t l e s s  Area. 
A spatial network of over 40 radiocar
bon-dated po l len diagrams perm i t s  map
p ing of the g e o g r a p h i c  p a t t e rns o f  
vegetational and environmental changes 
(Webb and o ther s .  in p re s s ) .  and c a l i 
bration-funct ibn techniques can be em 
p loyed to construct paleo c l imatic maps 
f r om the f o s s i l po l l en d a t a  (Webb and 
Bry s o n .  1 9 7 2 ;  W e b b .  1 9 80 ) .  We have 
u s e d  the s e  t e c hni que s and mapped the 
p a s t  p a t t e rns in annual p r e c i p i t a t ion 
and temperature  for 9 0 0 0 .  6 0 0 0 .  and 
3000 B.P. We have a l s o  p l o t t e d  the 
chang es in the s e  c l im a t i c  v a r i ab l e s  
along two t r an s e c t s  that  c r o s s  the 
Drif t l e s s  Are a .  T h e  f ir s t  t r an s e c t  
l ies north-south and shows the SOO-year 
chan g e s  in annua l  t em pe ra t u r e  from 
southwe stern On t ar i o  to  c e n t r a l  I l l i 
n o i s .  The s e cond t r an s e c t  ext ends 
e a s t - w e s t  a n d  s b o w s  t h e  S O O - y e a r  
change s  in annu a l  p r e c i p i t a t ion f r o m  
eastern South Dakota to Indiana. 

METHODS AND DATA 

Recent r e s e arch in t h e  c l im a t i c  
calibration o f  po l l en data has focused 
on using regress ion t e c hniques t o  gain 
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quant i t a t ive c l im a t i c  e s t im a t e s  f r om 
f o s s i l  po l l en d a t a  ( W e b b  and C l a rk .  
1 9 7 7 ;  Howe and W e b b .  1 9 7 7 ;  Kay . 1 9 7 9 ;  
Heus ser and Stree t e r .  19 80 ; Andrews and 
o the rs . 1 9 80). An equation of the form 

C = PB 

is  u s e d  , where C is  s ome m e a s ure of 
c l imat e .  P is the po l len data. and B is 
a v e c t o r  of r e g r e s s ion c o e f f i c i e n t s .  
The po l len/cl imat e relat ionships repre
sented by B are gained from ana ly s is of 
geo gra p h i c  n e t w orks of modern p o l l en 
and c l im a t ic d a t a .  I f  a num b e r  of 
statist ical and ecological assumpt ions 
are m e t .  then the resultant calibrat ion 
funct ions will  yield reliable c l imatic 
e s t im a t e s  f or f o s s i l data ( W e bb and 
Clark. 1 9 7 7 ;  Howe and Webb. 1 9 7 7 ;  Howe 
Oind Webb. in preparation ;  Bartl e in and 
I�ebb. in pre s s ) .  

In our study. we used a data s e t  of 
m o d e rn po l l en and c l im a t i c  d a t a  f r om 
the r e g io n  w i t b in 40 ° t o  S O ON. and 8 5  ° 

to l O S o W .  ( W e b b  and M cAnd r e w s .  1 9 7 6 ) .  
The precipitat ion equation was derived 
from data within this whole region. but 
t h e  t em p e ra t u r e  equ a t i on was d e r iv ed 
f r o m j u s t  t h e  d a t a  b e t w e e n  8S o and 
9 S o W .  ( Ba r t l e in and W ebb . in p r e s s ) .  
The reconstructed c l ima tic values were 
c a l cu l a t ed for 40 r a d i o carbon-dat e d  
p o l len d i agrams i n  the M i d w e s t  ( W ebb 
and othe r s .  in pres s ) .  Webb and others 
( in pre p arat i o n )  w i l l  prov i d e  a d e 
tai led descript ion of this analys is.  
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FIGURE l .--Isochrone maps for 1 0 .000 to 500 B.P. from radiocarbon-dated pol len 
d i agram s in t h e  M idw e s t :  ( a )  map of  Picea p o l l en in w h i ch 5 % or more  
spruce po l len is to the north of  the iso chrones.  (b) and (d)  maps of  Ouercus 
po l len in which oak pol len is  t o  the south of the isochrone s .  and (c)  map of 
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c e a e ) po l l en in w h i c h  20 % or m o r e  of the po l l en i s  t o  the w e s t  o f  t h e  
isochrones (from Webb and o ther s .  in pr e s s ) .  
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ped patterns of certain po l l en types in 
the set  of m o d e rn po l l en d a t a .  The 
north-sou th grad ie nt of t em p e r a t ure 
e a s t  of 9 5  o W .  is  inv e r s e l y r e l a t e d  t o  
the dis tribution of spruce pollen (fig.  
2a and 2c)  and i s  d i r e c t l y  r e l a t e d  t o  
the d i s tr i but ion o f  o ak p o l l en ( f i g .  
2d).  The general eas t - west gradient of 
p r e c i p i t a t ion b e t w een 40 ° and 50 0 N .  
( f i g .  2 b )  is  d i r e c t l y re l a t e d  t o  the 
d i s t r ibut ion of  oak p o l len ( f i g.  2 d )  
and inver sely related t o  the distribu
t i on of p r a i r i e - f orb Do l l en ( f i g .  2 e ) .  
The mapped patt erns of t emperature and 
prec ipitat ion show that these c l imatic 
variab l e s  are e s s ent i a l ly o r t h o g o n a l  
over the Midwes t .  and we are therefore 
ab l e  to r e c o n s t r u c t  t w o  e s s ent i a l ly 
independent components of the Midwes t 
ern c l imat e. 

The st rong r e l a t i o n s h i p s  b e t w e en 
the c l imate variab les and the selected 
pol len types are also evident on scat
ter diagrams for the se variables  (fig.  
3 ) .  The s c at t e r d i a g r a m s  reve a l  pro
nounced nonlinearit ies in the relat ion
ship s .  The se b iv a r i a t e  r e l a t i o n s h i p s  
m a y  b e  l in e a r i z e d  by t ra n s f orm ing one 
or both of the variab l es.  Transforming 
the percentage of oak po l len by rais
ing it to the 0.25 power linearizes its  
relationship with mean annual tempera
ture ( f i g .  3 e ) .  and r a i s ing t h e  p e r 
centage o f  p r a i r i e - f orb p o l len t o  t h e  
0.50 power linearizes its  relationship 
with m e an annual  p r e c i p i t a t ion ( f i g .  
3 f )  • 

Our aim when ca l culat ing a regres 
s i on m o d e l  i s  t o  m i n i m i z e  any v i o l a 
t io n s  t o  the s t a t i s t i c a l  a s sum pt i on s  
that ordinary least squares est imat ion 
( OL S )  requires  ( B art l e i n  and Webb . in 
pre s s ) .  In p a r t i c u l a r .  w e  h av e  f ound 
that mode l-specificat ion errors are the 
m a in sour ce of a s sum p t ion v io l a t io n s  
when c a l cu l a t ing a c a l ibrat ion f un c 
tion. Spec if ica t ion error arises from 
a number of sour c e s  inc l uding ( a )  s e 
l e c t i on of  t o o  l ar g e  or t o o  s m a l l  a 
geograph ic r e g i o n  for the modern d a t a  
use d i n  the a n a l y s i s .  ( b )  n e g l e c t  o f  
non - l inear r e l a t i o n s h i p s  b e t w een the 
dependent and pred ictor variab l e s .  and 
( c )  om i s s i on of p o t en t i a l ly u s e f u l  
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pre d i c t or s  f r om t h e  m o d e l .  We have 
found that when specification error is 
minimized. other sources of a ssumption 
violations are m inimized as w e l l .  The 
particular sequence of steps we use in 
model building inc ludes 

( 1 )  s e l e c t ion of the po l len types w i th 
mean values greater than 1 % and recal
c u l a t ion of  the p o l len p r e c e n t a g e s  
us ing a sum o f  just these type s ;  

( 2 )  examinat ion of b ivariate scatter 
diagrams a)  to help choose transforma
t i o n s  f or l in e a r i z ing t he p o l l en / c l i 
mate relat ionship and b )  to help sc reen 
for out l iers and bad data values ; 

( 3 )  e s t im a t ion of  a r e g r e s s ion m o d e l  
with a l l  candidate predict ors inc luded. 
and the cal culation of various res idual 
d i agno s t i c  s t a t i s t i c s  t o  h e l p  s c r e en 
for further unrepresentative or overly 
inf l uen t i a l  d a t a  po int s and t o  a s s e s s  
the ho m og ene i t y  of the reg ion f r o m 
which data is drawn; 

(4) est imation of a regress ion model 
w ith a subset of the cand idat e pred ic
t o r s  cho s en by a c r i t e r ion that m i n i 
mizes bias wi thin the coeffic ient s ;  and 

( 5 )  a formal ana lysis  of the res idual 
d iagnost ics for the cho sen equation and 
modif ication of the equation. if neces
sary . 

H o w e  and Webb ( in p r e p . )  and B a r t l e i n  
and Webb ( in pr e s s )  describe the bene
fits  that are derived in app lying this 
sequence of steps. 

The equations used for reconstruct
ing annual temperature and p r e c i p i t a 
t i o n  appear in t a b l e  1 .  The summ ary 
s t a t i s t ic s  l i s t e d  in this t a b l e  are 
d e f i n e d  in B ar t l e i n  and W e b b  ( i n 
press ) .  

B e f o r e  in t e r p r e t ing t h e  maps  f r om 
9000 . 6 0 0 0 .  and 3 0 00 B.P • •  we f i r s t  
checked the performance o f  the calibra
t i on e q u a t i o n s  in e s t im a t ing m o d e rn 
c l imat i c  v a l u e s  f o r  the l 1 c o r e - t op" 
s am p l e s  at e a c h  s i t e  w i th a f o s s i l 
d a t a .  W e  w e r e  c o n c e r n e d  l e s t  a n y  



biases appear among the c l imatic e s t i 
mates. Bias might arise a s  system a t i c  
under- o r  over- estimat ion o f  the c l ima
t i c  v a l u e s .  To check for t h i s  type  o f  
b i a s .  � e  regr e s s e d  the c l im a t e  e s t i 
mates for the core-top data against the 
modern observed c l imate data. For both 
the temperature and precipitation est i
m a t e s ,  the s e  regre s s ions y i e l d  i n t e r 
cepts i.nsignificant ly diff erent from 0 
and s l o p e s  i n s i gn i f i c ant ly d i f f e r e n t  
from 1 (tab le 2 ) .  These resul t s  there
fore revealed no evidence of bias among 
the mod ern samp l e s  f r om the f o s s il 
sites .  
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FIGURE 3 .--Scatter diagram s for (a)  mean annual temperature v s .  the percent
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TABLE l .- -C a l ibration functions .f.Ju: m.!:-'ill annual temperature ill1li orecipation 
� §Yl!!� statistics � � reiressiQn equations 

- Reconstruct ion Equations 
( a )  Mean Annua l T e m p e r a t ure ( O C )  

TMEANYR = 5 . 55  - .46*PICEA • •  2 5  - .1 7 *PlNU S · 50 - . 29*BETULA· 50 

( . 81 ) ( . 1 7 )  ( . 06)  ( . on 

+ . 20*FRAXlNUS + I . 43*QUERCUS · 2 5  - .05*ULMUS 
( . 05)  ( . 27 )  ( . 0 2 )  

+ . I 4*ACER + . 2 4*TSUGA· 50 - .29*ALNUS · 50 

( . 06)  ( . 0 9 )  ( . 1 3 )  

( b )  Mean Annual Pr,.cipi tat ion (cm )  

PRECPYR = 92 . 7 5  + 3 . 9I*AB IES · 50 + 2 . 08*Juniper · 50 -
( 4 . 86 )  ( 1 . 49)  ( . 8 1 1  

1 .6 7*PlNUS ' 50 

( .41 1 

= 2 . 48*FRAXlNUS · 25 + 6 . 2I*QUERCU S · 2 5  

( 1 . 3 5 )  ( 1 . 4 2 )  
- 4 . 17*ULMUS · 2 5  

( 1 .  54) 

+ 3 .6 8*TSUGA . 2 5  

( . 93 )  
- 5 . 1 2*ALNUS · 2 5  

( 1 . 2 8 )  
- 5 .  8 7  *FORB SUM '  50 

( .43 )  

(Values in parentheses are the standard errors of the regr e s sion coeff i c ien t s )  

- Summary St.l:lLtist i cs -

n (Number of observat ions ) 
p (Number of predictor s )  
R2 (Squared mul tiple corre lat ion coeff . )  
adj . R2 (R2 adjusted for p )  
Cp (Mallow ' s  stat i s t i c ) 
Std . Error 
Condition Number 

Statist ics for test of 
inhomogeneity of res idual variance 
non-normality of re siduals 
Spatial autocorrelation of res idua l s  

( a )  
Temperature 

1 0 8  
9 
84 .6  
83 . 2  
8 .3 9  
. 6 87 
6 9  

1 .347 8* 
. 9 9 7* 
. 16** 

* indicates that the statistic i s  not significant 
** indicates that the test s t a t i s t i c  is s ignif icant 

74 

( b )  
Prec i p itation 

135  
9 
8 8 . 2  
87 .3 

1 0 .09  
5 .3 9  
1 0 9  

. 7 7 43* 

. 994* 

. 09** 



'" 
'" 

Equation C l i mate 

Variable 

1 TMEANYR 

2 PRECPYR 

3 TMEANYR 

4 PRECPYR 

� 

Dependent Independent 

Variable Va r i ab l e  

Moder n  o y r  B . P .  

Modern o yr B . P .  

Mod e r n  5 0 0  y r  B . P .  

Modern 500 yr B . P . 

, 

bo 
i n tercept 

- 0 . 0938 

-8 . 6410 

0 . 08 5 7  

-9 . 9 1 8 5  

t - test 

bO �O 

-0 . 205 

-1 . 170 

0 . 170 

-1 . 092 

bl 
s l ope 

1 . 0294 

1 . 1303 

1 . 0254 

1 . 1 0 55 

( a l l  t - v a lues are not signi ficant ) 

TABLE 2 . --ill..u. yalidatioD re�re8sion summaries flu:. II >Ul.!i 2Q.!!. .Il...L-

t - test r2 n 

b l  � 1 . 0  

0 . 420 8 8 . 6  30 

1 . 298 77 . 9  38 

0 . 326 8 6 . 1  30 

0 . 884 7 0 . 5  38 



Ano t h e r  potent i a l ly more harm f u l  
s o u r c e  o f  b i a s  in t h e  r e c o n s t r u c t ions 
ar i s e s  from Euro-American disturbance 
of the M id w e s t ern l a n d s c a p e  and i t s  
effect on the po l l en rain (Van Zant and 
other s .  1 978) .  Despite the deletion of 
Ambrosia po l len from the analy s i s .  herb 
pollen types including the other prai
rie forbs are higher in the modern data 
than the f o s s i l  d a t a as  a r e s u l t  of 
human ac t iv i t y .  R e c o n s t ruct ion equa
t i on s .  such as the one f or pre c ip i t a
t i on that depend h e av i l y on t h e  herb 
t y pe s .  may thus  produ c e  b i a s e d  r e c o n 
s t ru c t ions t h a t  are over-estimates of 
precipitat ion during the Holocene. One 
t e s t  f o r  such b i a s  i s  t o  compare  t h e  
modern c l imate values w i t h  those e s t i
m a t e d  f r om po l l en data representative 
of  the t ime immed iat ely before settle
ment. We used the po l l en data interpo
l a t e d  to  r ep r e s e n t  500 B.P.  and r e 
gressed their c l imat e e s t imates agains t  
t h e  m o d e rn o b s e rv e d  c l im a t e  d a t a .  
Again. the intercepts are not different 
f rom 0 and the s l o p e s  not d if f e r e n t  
f r o m  1 ( t a b l e  2 ) .  A l t hough S o m e  c l i 
m a t e  v a r i a t ions h av e  o c curred during 
the p a s t  500 years in the M idw e s t  
( S w a i n .  1 9 7 8 ;  B e r na b o .  1 9 8 1 ) .  the s e  
var iat ions  are m o d e s t  when compared 
with the c l imatic variat ions during the 
rest of the Holocene . and are unl ikely 
to mask any serious b ia s  in the recon
struct ions caused by some po l len types 
b e ing ov e r - r ep r e s e n t ed in the m o d e rn 
set . 

HOLOCENE CLIMATIC VARIATIONS 

F r o m  9 0 0 0  t o  6 0 0 0  B . P  • •  a nn u a l  
p r e c i p i t a t ion d e c l in e d  n e a r l y  ev ery
where a c r o s s  t h e  ne t work of s it e s  in 
t h e  M id w e s t  ( f i g .  4 a ) .  P r e c i p i t a t i o n  
w a s  over 2 0  % h i g h e r  a t  9 0 0 0  B . P .  t han 
at  6000 B.P. in par t s  of wes tern M inne
s o t a  and I o w a .  and w a s  at l e a s t  1 0  % 
h i gher in w e s t ern W i s c o n s i n .  A t  6 0 00 
B.P.. precipitation was less  than mod-

ern v a l u e s  near ly ev e r y w h e r e  in t h e  
M id w e s t .  a n d  w a s  l e s s  t h a n  8 0  % o f  i t s  
modern v a lu e s  ov e r  part s o f  w e s t e rn 
Wisconsin, southern Minnesota.  and Iowa 
( f i g . 4b ) .  T h e s e  p r e c ip i t a t i o n  v a r i a 
t ions match the movements of the prai
rie/forest border between 9000 and 6000 
B.P. ( f ig .  1 ) .  The p r e c ip i t a t ion v a r i 
a t i on s  are probab ly a s s oc i a t e d  w i th a 
r egion-wide increase in the duration of 
m i l d .  dry P a c if i c  a irma s se s  that r e 
sulted from an increase i n  the frequen
cy of z o na l - ty p e  c ir c u l a t ion p a t t erns 
( W en d l and and B r y s o n .  1 9 8 1 ) .  Our un
pub l i sh e d  r e c on s t ru c t io n s  o f  a i rm a s s  
durat ions support this interpretat ion. 

From 6 0 0 0  t o  3 0 0 0  B.P •• p r e c ip i t a 
t i on inc r e a s e d  around 1 0  % n e a r l y  ev
erywhere  in t h e  M i d w e s t  e xc e p t  f rom 
Iowa t o  nor t h e r n  Ind i an a  ( f i g .  4 e ) .  
The decrease in precipitat ion along the 
southern edge of the region is  matched 
by a s im ilar adjustment in the d i s tri
b u t ion of p r a i r i e - f o r b  p o l l e n  ( f ig .  1 )  
and i s  a c c om p a n i e d  b y  a d e c r e a s e  in 
temperature acro s s  the northern half of 
the Midwest. These changes are probab
ly r e l a t e d  t o  an inc r e a s e  in t h e  dura
t i on o f  Ar c t i c  a i rm a s s e s  in the n o r t h  
a n d  a s o u t h w a r d  s h i f t  i n  t h e  a x i s  o f  
the s t ronge s t  w e s t e r l i e s .  F r o m  3 0 0 0  
B .P.  t o  t h e  pr e s en t . pre c i p i t at i o n  
i n c r e a s e d  a c r o s s  t h e  s ou t h er n  e d g e  o f  
the region as the duration o f  t h e  moist 
At lantic  (marit ime Tropic a l )  airmas s e. 
increased there (fig. 4f) .  

Temperatures in  the  Midwest  were  up 
t o  2 .5 °C coo l er a t  9 0 0 0  B.P. than a t  
present. and increased between 1 °C and 
2 °C nearly everywhere acros s  the Mid
w e s t  b e t w e e n  9000 B.P. and 6 000 B.P.  
T h i s  t em p e r a t u r e  change is  m a t c h e d  by  
the r e t r e a t  of t h e  boreal  f o r e s t  i n t o  
C a n a d a  ( f ig.  1 ) .  In par t s  o f  n o r t h e rn 
Minnesota, t emperatures were over 2 .0 ° C  
warmer a t  6 0 00 B.P. t han a t  p r e s e n t  a s  
P a c i f i c  air r e p l a c e d  the c o l d e r  Ar t i c  
a i r  ( f i g .  5 ) .  B e t w e e n  6 00 0  B.P.  and 

F I GURE 4 .- - M a p s  of m e an annu a l  p r e c i p i t a t i o n  f o r  ( a )  t h e  r a t i o  b e t w e e n  9 0 0 0  [) 
and 6 0 0 0  B.P • •  ( b )  t h e  r a t i o  b e t w e en 6 0 0 0  B.P.  and t o d a y .  ( c )  6 0 0 0  B.P • •  ( d )  
today.  ( e )  t h e  r a t i o  b e t w ee n  6 000 and 3 00 0  B . P  • •  a n d  ( 0  t h e  r a t i o  b e t w e e n  
3000 B.P.  and t o d ay .  
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the p r e s e nt . t emp erat ures d e c r e a s e d  
acro ss northern M inne sota into northern 
Michigan. and increased to the south of 
t hat region. 

Further insight into the character 
of the Holocene cl imatic variations can 
be g a i n e d  by examining the c l im a t i c  
vari at ions a l ong t w o  trans e c t s :  an 
e a s t - w e s t  t r an s e c t  of r e c o n s t r u c t e d  
prec ipitat ion values from Pickerel Lake 
in S o u t h  Dak o t a  t o  P r e t t y  L a k e  in 
Ind i ana ( f ig.  6 ) ,  and a north- south 
t em p e r a t ure tran s e c t  from FRB Lake in 
Ontario to  Chat s w o r t h  Bog in I l l in o i s  
(fig. 7). The time/space cro s s  section 
o f  pr e c ip i t a t i on c l e arly rev e a l s  the 
tongue of dry air and lower precipita
tion that extended eastward acros s  the 
M i dw e s t  during t h e  m i d -H o l o c ene ( f i g .  
6 ) .  T h e  max imum dryne s s  w a s  at t a i ne d  
b e t w e e n  6 5 0 0  a n d  6 0 0 0  B . P .  T h e  
t i m e / s p a c e  cro s s  s e c t ion for tempera
ture ( f i g .  7l s how s an app arent ly t im e  
tr ans gre s s iv e  t em pe rature maximum or 
! tHypsi thermal" , with the maximum warmth 
o c c u r r i n g  a r o u n d  6 0 0 0  B . P .  in t h e  
northern Midwe s t .  and around 4000 B.P. 
in the s o u t h e r n  M i d w e s t .  The g e n e r a l  
w a r m i n g  from the e a r ly t o  t h e  m i d
H o l o c e ne w a s  p r o b a b l y  r e l a t e d  t o  t h e  
rep l a c em en t  o f  t h e  r e t r e a t ing A r c t i c  
a i r  b y  t h e  warm er (and dri e r )  Pac if i c  
airmasses prior t o  6000 B.P. The later 
t em p e r a t u r e  m a x imum in t h e  south ern 
Midwest reflects  the replacement of the 
Pacif ic airmasses by the warmer Atlan
t i c  airm a s s e . b e t w e en 6 0 0 0  and 3 000 
B . P .  

One s ignificant feature of the maps 
of reconstructed c l imates is that pat
t erns at both a r e g i ona l and a s ub 
r e g i o n a l  s c a l e  a p p ear on t h e  change 
maps ( f i g .  4 . 5 ) .  We may thus be  a b l e  
t o  derive "synoptic'l s cale  maps of past  
c l imatic patt erns with expans ion of  the 
re constructions into the eastern United 
S t a t e s  and e a s t e rn Cana da. It w i l l  
then b e  p o s s i b l e  t o  make inf e r e n c e s  
about the specific nature o f  the varia
t ions in atmosp h e r i c  c ir c u l a t io n  t h a t  
control regional variations in c limate. 

Q FIGURE 5 .- - Map s of mean annual t empera
ture f o r  ( a )  t o d a y .  ( b )  6 0 0 0  B.P • •  

and ( c )  the difference between 6000 
B . P .  and t o d a y .  N e g a t i v e  v a l u e s  
ind i c a t e  lower t emperatures today 
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SUMMARY OF RESULTS 

Environmental change in the Hidwest 
dur ing the H o l o cene is  re corded in 
f o s s i l po l l e n  data that d e s c r i b e  the 
v e g e t a t i on a l  h i s t ory of t h e  r e g io n .  
The princ i p a l  f ea tu r e s  of  t h e  v e g e t a 
t ional h i s t ory i n c l u d e  t h e  nort hw a r d  
movement o f  t h e  borea l for e s t  from 
1 0 .000 B .P. to  8000  B.P • •  and t h e  e a s t 
ward movement o f  t h e  p r a i r i e / f or e s t  
border into W i s consin b y  8000 B.P.  and 
i t s  sub s equent w e s t w ard retreat af t er 
6 000 B.P. ( f i g .  1 ) .  

These v e g e t a t ion chan g e s  a s  r e 
corded i n  t h e  f o s s il p o l l en c an b e  
transformed into quant i t at ive e s t imates 
o f  pa s t  c l im a t e s  by u s e  of  r e g r e s s ion 
equa t ions ca l ib r a t e d  from modern cli
mate and p o l l e n  d a t a  ( t a b l e  1 ) .  The 
reconstruc t e d  c l im at i c  variations are 
t emporally and spa t i a l ly coherent. and 
m a t ch the q ua l it a t iv e  reconstruct ions 
b a s e d  on po l len i s o chrone m a p s .  From 
the e a r l y  H o l ocene t o  6000  B.P • •  p r e 
c ip i t a t ion d e c r e a s e d  b e t w e e n  1 0  % and 
20 % ov er much o f  the M i d w e s t  ( f i g .  4 ) .  
At  6 0 00 B.P. p r e c i p i t a t io n  w a s  l e s s  
than 80 % of its  modern values in parts 
o f  w e s t e r n  W i s c o n s i n .  s o u t h e r n 
M inne s o t a .  and I o w a .  A f t e r  6 00 0  B.P.  
p r e c ip i t a t i o n  g e n e r a l l y  i n c r e a s e d  
a c r o s s  t h e  M id w e s t .  Tem p e r a t u r e  in
crea s e d  b e t w e e n  1 ° c and 2 ° C n e a r l y  
everywhere across the Midwest from the 
e a r ly H o l o c e n e  to 6 0 0 0  B.P •• when t e m 
peratures in par t s  of Minne sota were as 
much a s  2 ° e  above p r e s en t  v a l u e s  ( f i g .  
5 ) .  Af t e r  6 00 0  B.P.  t em p e r a t u r e s  de 
c l ined in the nor t hern M i dw e s t .  b u t  
cont inue d to  s low ly inc r e a s e  i n  the 
southern Midw e s t .  

CLIMATIC VARIATIONS IN 
THE DRIFTLESS AREA 

From the regional patterns of cli
matie variation s ,  we can gain some idea 
of the Holocene c l imatic variations in 
the D r if t l e s s  Area.  Previous  work 
(Dav i s .  1 97 7 )  s h o w e d  t h at c l i m at i c  
interpretation of pollen data from the 
Drif t l es s  Area is d if f i cu l t  because of 
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the s t e ep r e l i e f  and c o n s e q uent c r e a 
tion o f  m icrohabitats a t  certain s i t e s .  
The Midwestern tran s e c t s  and m ap s  show 
t h e  c l im a t i c  g r a d i e n t s acro s s  t h e  
D r i f t l e s s  A r e a  and a l l o w  o n e  t o  inf e r  
:the c l imat i c  changes w ithin it. 

Our regional r e con s t ru c t ions  show 
that t em p e r a t u r e s  g eneral ly increased 
there throughout the Holocene. with the 
maximum occurring between 6000 B.P. and 
3 0 0 0  B.P.  ( f i g .  n .  The m a x im um in t h e  
n o r t h e r n  D r if t l e s s  A r e a  m a y  hav e b e e n  
{�arl ier than the maximum in the south. 
Precipitat ion decreased during the ear
ly Holocene. reaching values 20  % lower 
than m o de rn v a l ue s a t  6 0 0 0  B.P. S in c e  
6 0 0 0  B . P .  p r e c i p i t a t ion h a s  i n c r e a s e d  
s t e a d i l y  to  i t s m o de rn v al u e s  ( f ig .  
4 . 6 ) .  G e o m o r p h i c  a c t iv i t y  i n  t h e  
D r if t l e s s  Area i s  b r o a d l y  c o r re l a t e d  
w i th t h e s e  c l im a t i c  v a r i a t ions  (Kno x .  
1 9 7 2 ;  Knox a n d  o t he r s .  1 9 8 1 ) .  I n  par
t. i c u l a r .  the i n t e rv a l  o f  m ax im um dry
ne s s  imm e d i a t e l y  p r io r  t o  6 00 0  B.P.  
corresponds to  an interval of  l i t t le or 
no a l l uvial depo s i t ion in the val ley of 
B r u s h  C r e e k .  W i s con s in ( M c Dow e l l .  in 
p r ep a r a t ion) . As pr e c ip i t at i on in
c r e a s e d  a f t e r  6 0 00 B.P •• s i gn i f i cant  
changes  in t h e  nature  of  geomorph i c  
a c t iv i t y  o c c u r r e d ,  r e s u l t ing i n  w i d e 
s p r e a d  a l luv i a t ion in D r if t le s s  Ar e a  
v a l l ey s .  
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INFLU ENCE OF AGAS S I Z  AND SUPER IOR DRAINAGE ON THE M I S S I S S IPPI RIVER 

Lee C layton 
Wisconsin Geological and Natural Hi st ory Survey 

Madison Wis consin 53706 

From about 1 2 .000  t o  9 500 B.P • •  

drainage from L ake Agas s i z  and L ake 
Superior  had a maj or i n f l ue n c e  on the 
M i s s i s s ip p i  River and its tributaries 
( f i g .  1 ) .  i n c l u d ing . p r e s um a b l y .  t h o s e  
o f  the f i e l d t r i p  a r e a .  A l though f e w  
r a d i o c a r b o n  d a t e s  a r e  av a i l a b l e .  
C l ayton and Moran ( 1 9 82 )  and C l ay t on 
(Aga s s iz Sympos ium at  t h e  G e o l o g i c al 
Association of Canada meet ing in W inni
p e g .  M a y  1 7  to 1 9 .  1 9 8 2 ;  and W i s co n s in 
G e o l o g i c a l  and N a t u r a l  H i s t o r y  Survey 
Report o f  I nv e s t i g a t i o n s ,  in p r e s s )  
have at t e m p t e d  t o  corr e l a t e  ev ent s i n  
t h e  Aga s s iz and Super i or a r e a s ; t h e ir 
chronology is  presented in outl ine form 
here (fig.  2 ) .  but without the evidence 
given in those pub l icat ions. 

Whenever the Red River Lobe (in the 
Agassiz basin) or the Superior Lobe of 
t h e  i c e  s h e e t  t erm i n a t e d  s o u th of t h e  
continental divide ( f ig.  1 )  outwash was 

, . 1  N .,., . 

. � 'i i2 "' ", .  . ..., bC 
I -0: • 

'. \ :  , 

Minnesota 

River 

t ransp o r t e d  down t o  the M inne s o t a  and 
S t .  C r o i x  R iv er s .  c a u s ing t h em to a g 
g r a d e. Whenever t h e  l o b e s  w e r e  nor t h  
o f  the d iv ide. water was ponded in the 
Aga s s iz and Supe r i or b a s in s  and l a ke 
w a t e r  s p i l l ed s o u t h w a r d .  c a u s ing t h e  
Minne s o t a  and S t .  C r o ix R iv e r s  t o  d e 
g r a d e  b e ca u s e  t h e y  n o  longer carr i e d  
bedload from the glacier. The presumed 
e f f e c t  of t h e s e  ev e n t s  on the M i s s i s 
s i p p i  River i s  s hown i n  the c en t e r  
co lumn of f ig u r e  2 .  T h e  M i s s i s s ip p i  
R iv e r  a g g r a d e d  un t il the t e rm in u s  of 
t h e  R e d  River and Superior  L o b e s  r e 
treated north of the continental d iv ide 
a b o u t  1 2 .2 0 0  B . P .  Then r a p i d  d o w n c u t 
t in g  o c curred  d u r i n g  the T w o  C r e e ks 
i n t e rv a l .  B o t h  t h e  R e d  R iv e r  a n d  
S u p e r i or L ob e s  a g ain advanced a c r o s s  
t h e  d iv i d e  about 1 1 . 5 0 0  B . P . ,  caus ing 
renewed aggradation. This was f o l l owed 
by t h e  m a i n  p e r i o d  of  downcu t t i n g ,  
unt i l  about 1 0 . 800 B.P. Another period 

River 

Lake 

Superior 

Hississippi 

River 

FIGURE l .--Location of the southern spil lways of Lake Aga s s iz and Lake Super
�or. X indicates the present -day continental d ivide. 
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of downcut t i n g  o c cu r r e d  b e t w e e n  9 9 0 0  
and about 9 500 B.P.  Th e s e  ev e n t s  are 
described in more detail in the f o 1 10w
lng paragr a p h s .  

The S w i s s  Pha s e  o f  the S u p e r i o r  
Lobe  ( f i g .  2 )  p r o d u c e d  a n  out w a sh t e r 
race  down t h e  s t .  C r o i x  v a l l e y .  This  
t e rrace  f l a t t e n s  at the l ev e l  o f  Lake 
Grant sburg ( f ig. 3 ) .  sugge s t ing that it  
ended there at a d e l t a . Lake G r an t s 
burg was dammed in the St.  Croix valley 
by the Grant s b ur g S u b 1 0 b e  of  the D e s  
Moines Lobe (the predeces sor of the Red 
River Lobe). If this interpretat ion is 
correct , the Swi s s  Phase is equivalent 
to the Split Rock Phase of the Superior 
Lobe in Minne sota. which al so produced 
o u t w a s h e n d i n g  a t  a d e l t a  i n  L a k e  
Grantsburg .  

This  w a s  f o l l o w e d  b y  the A i r p o r t  
Pha s e s  of  the S u p e r i o r  L o b e  ( f i g .  2 ) .  
which produ c e d  o u t w a s h  t e r r a c e s  t h a t  
s e em to cor r e l a t e  w i t h  t h e  m a i n  high
l ev e l  t e rrace down t h e  St .  Cro ix and 
Missis sippi Rivers (fig.  3) .  Along the 
m i d d l e  and lo w e r  r e a c h e s  of t h e  S t .  
Croix Riv e r ,  t h i s  t e r r a c e  con s i s t s  o f  
w e l l - s o r t e d  sand over l a i n  b y  e o l ian 
dune s .  probab ly b e c a u s e  the s e d iment 
was derived from the late Precambrian 
sand s t one of  the S up e r i o r  b a s in. In 
cont r a s t , later t e r r a c e s  con s i s t  of  
more  p o o r ly s o r t e d .  c o a r s e r  s e d iment 
l a cking dune s .  p r o b a b l y  b e c aus e the 
sediment was derived from a variety of 
m a t e r i a l s  i n c l ud ing t i l l  in the c u t 
banks of t h e  s p i l l w a y .  C l ay t on ( i n  
pre s s )  h a s  te n t a t iv e l y  c o r r e l a t e d  t h e  
Airport Phase with the Nickerson Phase 
of the Sup e r i o r  Lobe  in M inne s o t a  and 
the W i negar Pha s e s  of the Chip pewa 
Sublobe of Wiscons in and M ichigan. 

During the f o l l o w ing p e r i o d  ( t he 
Two Creeks interva l ) .  b o th t h e  Red 
River (Des Moines) Lobe and the Super 
ior Lobe wasted acro ss  the cont inental 
d ivide. initiating early phases  of Lake 
Agass iz and Lake Superior.  causing the 
Minnesota and St. Croix Rivers to down
c u t .  The up s t r e am end o f  t h e  Airport  
outwas h surface  w a s  e n t r e n c h e d  more  
t han 3 0  m .  
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Mark F l o c k  (Agronomy Depart m e n t .  
U n iv e r s i t y  of  I l l i n o i s .  Urb ana ; in 
preparation. April 1 9 82) has identified 
s l ack-water c lay on the main high Mis
s i s s i p p i  t er r a c e  (Airport ? )  f r om the 
Chippewa River to St.  L ou i s ;  l ay e r s  of  
Goarse,  red,  kao linitic clay were prob
a b l y  d e r iv e d  f rom the Sup e r i o r  b a s i n .  
and layers of f ine. gray. montmorillo
n i t i c  c l ay were  probably d e r i v e d  f r om 
the Agas s i z b a s in. He s u gg e s t s  t h a t  
f l uv i a l  d e p o s i t ion on t h i s  t e r r a c e  
ceased and s la ck-water depo sitio n  began 
around 1 2 . 5 00 B.P . .  about the t i m e  
l oe s s  depo s i tion cea sed in the region. 

A r e a dvan c e  of  the g l a c i e r  a c r o s s  
the continental divide brief ly produced 
a new pha s e  of a g g r a d a t i o n  in t h e  S t .  
C r o i x  v a l l e y .  during  the L ak e  Ruth 
P h a s e  ( f i g 3 ) .  C l ay t o n  ( in p r e s s )  h a s  
t e nt a t iv e ly c o r r e l a t e d  t h e  Lake Ruth 
Phase w i t h  t h e  Mar e n i s c o  Pha s e  of t h e  
Chippewa Sublobe. 

Both l obes again wasted back acro s s  
t h e  c o n t i n e n t a l  d iv i d e .  shut t ing o f f  
the supply of outwash t o  the M i s s i s s ip
pi Riv er a b o u t  1 1 . 500 B.P. During t h e  
C a s s  a n d  L o c k h a r t  Ph a s e s  o f  L a k e  
A g a s s  i z  and p h a s e s  A and B o f  Lake 
Superior ( f i g .  2 ) .  lake water l ac k i n g  
b ed l oad s p i l l e d  s outhward d o w n  t h e  
Minnes o t a  and S t .  Croix Rivers . caus ing 
them to rapidly downcut. Several pro
gl acial lakes in Alberta. Saskatchewan. 
Manit oba. North Dakota. Minnesota.  and 
Ontario s p i l l ed eastward and southward. 
s om e t im e s  c a t a s t roph i c a l l y ,  c a u s i n g  
f l o w s  of  p e r h a p s  a s  m u c h  a s  1 06 m3 / s  
down the Missis s i p p i  ( s ee  pro c e e d in g s  
of the Agas s iz Sympos ium at the Geolog
ical Association of Canada Mee ting. May 
1 9 82 ) .  C l a y t on ( in pres s )  has s h o w n  
that during much o f  the t ime that Lake 
Superior stood at the Duluth leve l .  the 
upper S t .  C r o i x  River was 1 km w i d e  
and 1 2  m d e e p ;  a n d  m u c h  of  t h e  t im e  
that Lake Agas s iz st ood at or above the 
Campbell  lev e l .  the Minnesota River was 
milch bigger than the St. Croix. 

At t h e  end of t h e  Lockhart P h a s e  
(f ig. 2 )  Lake Agas s iz dropped below the 
Cam p be l l  l ev e l .  shut t i ng o f f  t h e  f l ow 
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t o  the M inne sota s p i l lway.  This  w a s  
caused b y  t h e  open ing o f  t h e  e a s t ern 
Agas siz out lets to Lake Superior as the 
Superior Lobe w a s t ed fr om the N i p i g o n  
b a s i n  i n  Ontario.  C l ayton ( in p r e s s )  
has argued that this occurred when Lake 
Supe r i o r  s t o o d  b e l o w  the Duluth level  
( f i g .  2 ) .  b e c a u s e  the  Duluth l ev e l  was  
above the Campbell level.  perhaps when 
Lake Superior  s t ood a t  the A l g o nquin 
leve l .  about  1 1 . 80 0  B.P.  

B o th Lake Agas s i z ( E m e r s o n  P h a s e )  
a n d  L a ke S u p e r i o r ( p h a s e  D )  a g a i n  
s p i l l e d  s o u t hward t o  t he M i s s i s s i ppi 
River during the Marquette Phase of  the 
Superior L o b e .  when it again b l o c ked 
the Agas siz  out lets through the Nip igon 
b a s in. The b e g inning o f  t h i s  event i s  
w e l l  d a t e d  a t  9 9 0 0  B.P.  The upper 
M i s s i s s ippi River cont inued to downcut 
during this episode. probably to below 
its present level.  

The Emer s on Pha s e  of Lake Ag a s s i z  
ended when i t  a g a in d r a ined e a s t w a r d  
through the Great Lakes about 9 500 B.P. 
L i ke the f l ood at t he s t a rt of t h e  
Moorhead Phase.  it could not have come 
down the S t .  C r o i x  River b e c a u s e  t h e  
Duluth lev e l  was above t h e  Cam pb e l l 
level ( f i g .  2 )' 

I t h a n k  M i k e  M u d r e y .  D a v e  
M i cke l s o n ,  and J im Knox for r e v i e wing 
this note. 
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THE GENESIS AND DISTRIBUTION OF UPLAND RED CLAYS 

IN WISCONSIN ' S  DRIFTLESS AREA 1 

Tod A .  Frolking 
Department of Geography 
University of Wiscons in 
Mad ison. Wis cons in 53706 

INTRODU CT ION 

Reddish c l ay-rich s o i l s .  which com
monly occur in conjunction with weath
ered l imestone and d o l o m i t e  s u r f a c e s . 
are term e d  t e r r a  ro s s a .  B e c a u s e  of 
c l o s e  a s s o c i a t i o n .  the red c l a y s  are 
sometimes thought to be weathered re
s idual insoluble materials that accumu
l a t e  as c ar bona t e  d i s s o l u t i o n  pro
gres s e s .  although f luvial-colluvial and 
eo l i an provenan c e  are a l s o  ind i c at ed .  
In karst areas o f  southern Indiana much 
of the terra r o s s a  i s  p e d i s e d iment 
which is derived from the  backwast ing 
of s t r a t igraph i c a l l y  h igher c l a s t i c  
rocks (Olson and o thers . 1 9 80).  Eo l ian 
contr ibut ions have b e e n  r e c o gn i z e d  by 
s i m i l a r i t i e s  in c l a y m in e r a l o g y  
(Bal lagh and Run g e .  1 9 7 0 )  and b y  the 
d ivergence of oxygen isotopic r a t ios of 
a s s o c i a t e d  f i n e  q u a r t z  ( S y e r s  and 
others .  1 96 9 ) .  

Buried reddish-brown c lays discon
t inuous ly man t l e  t h e  d o l o m i t e  u p l ands 
of  southw e s t ern W iscons in. The strong 
brown to y e l l o w i s h  r e d  c o l or s . c l ayey 
textur e .  s t ro n g  angu l ar b l o cky s t r u c 
ture. and d i s t inct lack o f  horizonat ion 
impart to the s e  c l a y s  an a p p e a r a n c e  
which con t r a s t s  w i t h  t h e  ove r ly ing 
Peoria - l o e s s  d e r iv ed s o i l s .  The r e d  
clays are very s im ilar i n  appearance to 
those of the limestone uplands of cen
t r a l  and s ou t h e rn M i s s ou r i  and to the 
central European brown l o am s ( t e r r a  
f.u.s..s:..a) descr ibed by Kub iena ( 1 9 53 ) .  

Chert pebbles and cobbles are oft en 
p r e s ent w i t h in t h e  c l ay m a t r ix and 
commonly are concentrated as stone l ines 
at  the b oundary w i t h  the ove r l y ing 
loess. The boundary with the loess  is 
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generally quite d i s tinct.  The dolom it e  
char a c t er i s t i c a l ly weathers t o  rhombs 
of s and s iz e  b e f o r e  comp l e t e  d i s s o l u 
t ion. Loc a l i z e d  m i x ing o f  c l ay and 
s andy d o l o m i t e  as w e l l  a s  p e n e t r a t ion 
of c lays into dolom i t e  pores and cracks 
i s  common.  A t h in zone o f  b r o w n  c l ay 
s ev e r a l  m i l l im e t er s  to  cent i m e t e r s  
t h i ck of t en l i e s  d ir e c t ly over t h e  
dolom i t e  boundary. Dist inguishing true 
r e siduum from highly weathered loess  i s  
n o t  po s s ib l e  in many p l a c e s  ( B la c k .  
1 970).  The s im ilar clay m ineral a s s em
b l ages  o f  l o e s s  and r e d  c l ay and t h e  
h i g h  w i t h i n - g roup var iance o f  h e avy 
m inera l s u i t e s  o f  do l om it es and r e d  
c l a y s  h a v e  f r u s t r a t e d  p r o v e n a n c e  
stud ie s  ( R.H. Aker s .  1 96 1 .  C l ay m iner 
als  of glacial depo s it s  of west -central 
W isconsin: M.S. thes is . Univers i t y  of 
W i s c o n s i n .  M a d i s o n ) .  T h i s  paper p r o 
v id e s  a g e ne t i c  m o d e l  t h a t  h e l p s  t o  
e xp l a in t h e  m iner a l o g y ,  t e x t u r e  and 
prof i l e  chara c t e r i s t i c s  a s  w e l l  a s  t o  
a s s e s s  t h e  r e l a t iv e  con t r ibut i o n s  o f  
r e s i d u a l  a n d  eo l i an m a t e r i a l s  t o  r e d  
c lay prof i 1  e s .  

FINE CLAY ILLUVIATION 

The upl and red c lays are textural ly 
dist inct from both the do lom ite ins o lu
ble m a t e r ia l  and t h e  P e o r ian l o e s s  
( t a b l e  1 ) .  The high c l ay cont ent of 
the red c lays cannot result s o l e ly from 
w e a t h e r i n g  of do l om it e  r e s i duum or 
loess s ince the s il t  and sand fract ions 
of these mater ia l s  are largely quartz.  
Rather the t ex t u r e  of the c la y s  m u s t  
r e s u l t  f r o m  a n  inf lux o f  c l ay.  The 
very high f in e - med ium c l a y  c o n t e n t  of 
the red c l ays sugg e s t s  that much of the 
red c l ay c o u l d  b e  i l l uv ia l .  Thin s e c 
t ion s o f  s am p l e s  t aken from t h e  r e d  



c lay-do lomitic sand cont act reveal iso
l ated dolomite  rhombs within the basal 
r ed c l ay and o r i e n t e d  c l ay s  c o a t i ng 
grains in the weathered do lomite zone. 
T h e s e  l a t t e r  c l ay s  c annot r e s u l t  f ro m  
in � dolomite d i s s o l ut ion s ince the 
unweathered dolom i t e  cont a in s  on ly an 
average of 2 .1 % c l a y .  S l ight in
c r e a s e s  in o r g a n i c  m a t t e r c o n t e nt and 
acid ammonium oxa l a t e  extractable iron 
near the b a s e  o f  s ev e r a l r e d  c lay p r o 
f il e s  suggest that c l ay-organa-metal lic  
complexes have been tran s located to the 
c l ay dolomite contact ( t able 2 ) .  

T h e  r e d  c l ays  are m in e r a l o g i c a l ly 
uniform , both within pro f il es and among 
d i f f erent s i t e s  ( t a b l e  1 ) .  Sm e c t i t e s  
and m ixed l a y e r  int e r  g r a d e s  dom inat e 
b o th the f in e -med ium and c o a r s e  c l ay 
fractions. Kao linit e and quar t z  oc cur 
in m o d e r a t e  amoun t s  and m i c a  and v e r -

R o semeyer S i t e  

0.2 ·2 �m 

Mg Eth G l y  

red c la y  

wea t h e r ed 

dolom i te 

d o l o m i t e  

17.0 
I 

m i c u l i t e  a r e  p r e s ent in sm a l l  quant i 
t i e s .  The l o e s s ,  e x c ep t  f or g r e at er 
amounts of vermiculite,  exhibits a c lay 
m i ne r a l o gy s im i l a r  to that o f  t h e  r e d  
c lay. The m ineralogy of clays present 
w i thin t h e  y e l l o w i sh brown d o l o m i t i c  
s and r e s em b l e s  that of  t h e  ov e r l y ing 
red c l ay ( f ig .  1 ) .  The c a l c a r e o u s  
environment o f  t h e  do l om i t i c  s an d  i s  
not f av o r a b l e  f or t h e  a l m o s t  c om p l e t e  
a l t er a t i o n  o f  m i c a  t o  2 : 1  e xp an dab l e s  
and kao l in i t e .  

T extura l ,  m i n er a l o g i c a l  and t h i n  
section evidence ind i c a t e  a m e c han i sm 
f o r  red c l a y  a c c um u l a t ion s im i l ar t o 
that for Beta-B horizons (Barte l l i  and 
Ode l l ,  1 9 6 0 ) .  Fine t extured, smectite
r i ch c l a y s  a c c um u l a t e  in t he z o n e  o f  
dolom i t e  disso lution. When proximal t o  
dolomite, a c i d  i lluvial c lays exchange 
hydrogen ions  f o r  C a2 +  and Mg 2 +. The 

Rosemeyer S i t e  

< 0 . 2  � m  

Mg E t h  G l y 

r e d  c la y  

weathered 
d o l om i t e  

d o lo m i t e  

1.2 A 
I 

FIGURE 1 --X-ray diffractograms of Mg-ethylene g lyco l s o lvated c lays : (bottom) 
from dolomite (micaceous , 10 X), (top) f rom lower r ed c l ay (mainly smect it e  
and kao l in i t e ,  1 7  X and 7 . 2 X ) ,  and ( m i d d l e )  o r i e n t e d  c l ay f i l m s  o n  w e a t h 
ered dolom i t e  rhombs (mainly smectite w it h  some m i c a  and kaol init e ) .  
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<0 
o 

�la teri a 1 

Loe s s  

Red cl ay 

Do l om i t e  

* 

TABLE l .--ll= distribution JmJi mineralol:Y (scale i u  ll ll loe ss . � ilu 
.arul do lomite res iduum 

Texture r�i neral o gy 
---1 

( < 2  p m )  

� 0 . 2  p m  < 2  p m  2 -50 )J m  > 50 p m  S V M K 
% 

1 6  ±4 . 9 ( 4 ) *  28± 4 . 4  70 ±2 . 7  1 . 4±1 . 8  4 . 7:1-0. 5 ( 6 )  2 . 7±0 . B 1 . 5±0 . 5  1 . 7± 0 . 5  

70=1 0 . 4 ( 1 5 )  82±- 9 . 1  1 4 . 7±8 . 1  5 . 2±4 . 5 11 . 5±0 . 5 ( 2 4 )  1 . 9±.o . 6  1 . 5±D . 6  2 . 4tO . 9  

34 ±9 . 6 ( 7 ) * 47±1 1 . 0  43  ±8 . 7  1 0  . l ±9 .  7 1 . l ±0 . 3 ( S )  1 . 1 ±0 . 3  3 . 6±1 . 2  1 . 0±0 

0 

1 . 7:1-0 . 8  

2 . 0tO . 7  

4 . 2 ±0 . 7  

Numbers i n  paren t heses are n umbers o f  samp l e s i n  gro u p . M i n e ral ogy represents an avera g i n g  o f  < 0 . 2 pm & 
0 . 2-2 )Jm XRD da ta : S=smec t i t e ,  V=ve rmi cul i t e ,  M=rni ca , K= kao l i n i t e , Q=quartz ( Fe l d spar & c h l o r i te <5 % ) . 

TABLE 2 .--fhL orl:anic carbon. and oxalate extractable � II � � sam�les 
in upland profiles. n.e..al:. do lomite contact. mui in subsurface so lut ion .t..u.h.e. 
.c.J..an 

Hateri al pH Carbon MO F e  

% 
Red cl ay ( 9 )  6 . 0± 1 . 0  0 . 2h O . l l  0 . 2 6± 0 . l l  

Ba s a l  red cl ay ( 3 t' 7 . 0± 0 . 4  0 . 36±0.05 0 . 5 3 ± 0 . 20 

Sol u t i o n  tube cl ay (4) 7 . 4± 0 . 1  0 . 1 4± 0 . 03 0 . 2 2±0 . 04 

* 
Wi t h i n  2 0  c m  of dol omi te conta c t .  



pH of upland r e d  c l ays  p r i o r  to t h e  
influx of the dolom it i c  l o e s s  can best 
be estimated from those prof iles having 
a shal low loess cover, in which enrich
ment in Ca and Mg f r o m l o e s s  w o u l d  b e  
minimized. Four red c lay samples from 
two prof iles having less  than 40 cm of 
l o e s s  averaged pH 4 . 8 .  The neu t r a l i t y  
o f  the b a s a l  red c l ays a t  t h e  c l ay
dolom ite macro-cont act and the c lays in 
s o l u t ion t ub e s  ( t a b l e  2 )  r e s u l t s  f r om 
ion exchan g e  in the z on e  of  d o l o m i t e  
dis solution . 

Clay bodies also oc cur many meters 
b e l o w  the b e d r o ck s u r f a c e  and t h u s  
clays must have been carried by perco
la ting w a t e r s  t h r o ugh f i ne cra c k s  and 
p o r e s  in t h e  d o l o m i t e .  T h e  c l a y 
bod ies. upon drying and wetting. f i l t er 
m igrating c l a y s  w h i c h .  through t h e i r  
exchange acidity. promot e  further dis
s o l ut ion of do l om i t e .  Even at t h e  
ambient pH o f  the (Ca.Mg) (HC03)2 solu
tion. Ca- and M g - s m e c tite  has surface 
a c i d i t y  ( M o r t land and Raman. 1 96 8 )  
which enhances the disso lut ion of dolo
m i t e .  Thus d o l o m i t e  d i s s o l u t ion i s  
f avored a t  the p e r ip h e r y  o f  t h e  c l a y  
pods and tub e s .  which therefore en large 
ov er t i m e .  The p r e s e rv a t ion of t h e  
linearity of chert bands ext ending from 
dolomite through red c lay pods (f ig. 2 )  

r e qu � r e s  t h a t  ( i )  t h e  c l ay rep l a c e s  
d o l o m i t e  o n  a vo l um e  f o r  v o lume b a s i s  
and ( i i) the cohes ion of the c lay mas s .  
a i d e d  by s w e l l ing p r e s s u r e .  f ur n i s h e s  
support f o r  the chert . 

QUARTZ AS AN INDICATOR OF 
RED CLAY PROVENANCE 

Quar t z  in do lomite is mainly authi
genic m icrocrys t a l l ine chert and s e c 
ondary l o w  t em pe ra t u r e  ve in and r e 
p l a c em ent qua r t z .  Chert con s i s t s  o f  
aggregates o f  f ine euhedral and subhe
d r a l  q u a r t z  whereas  c av i t i e s  may be 
l i ned w i t h  euhedral  and po l y h e d r a l  
microcry s t a l l ine and m a c r o c ry s t a l l i n e  
qu a r t z  ( S ay in and J a c k s o n .  1 9 7 5 )  w i t h  
h i gh oxygen i s o t o p i c  r a t i o s .  E o l ian 
quar t Z t  derived f r om a m i x e d  prove
nance,  contain s a s ignif icant percent
age of igneous detrital quart z general
ly i n  the f o rm of  angular t o  rounded 
anh e d r a l  g r a i n s . with l o w  oxygen i s o 
topic ratios. Thus the characteristics 
of t h e  quar t z  a s s o c i a t e d  w i t h  the red 
c l ays  should r e v e a l  whe ther the s i l t  
and sand fract ions are largely res idual 
from the dolomite or whether eol ian and 
o t h e r  tran s p o r t e d a d d it ions  have b e en 
significant . 

FIGURE 2--Generalized diagram of a c lay pod. il lustrating key features :  ( 1 )  
chert line extending across c lay pod . ( 2 )  pref erential  carbonate diss olut ion 
in thinly bedded permeable strata. ( 3 )  laminar structure of c lays proximal 
to do l om i t e .  ( 4 )  b r o a d  d i s s o l u t ion z o n e  of sandy w e a t h e r e d  d o l o m i t e  w i th 
clay films.  ( 5) typical f ine-medium angular blocky structure of red c lay s. 
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FIGURE 3 .- - D i s t r i bu t ion of r e d  c l ay and chert  at t h e  R o s e m e y er Farm S i t e  
(mod if ied from Knox and Maher.  1 974.  p .  40).  

At the Ros emeyer Farm quarry. an in 
� chert band extends through the red 
c lay separating an upper and lower red 
c lay un it ( f ig .  3 ) .  D e t a i l ed ana l y s e s  
w er e  made o f  t h e  1 - 1 0  ]lm q u ar t z  f r a c 
t ion f r o m  f our s am p l e s : l oe s s  ( RB ) ;  
upper r e d  c l a y  ( R 1 5 ) ;  l o w e r  r e d  c l ay 
(R1 9 ) ;  and d o l om i t e  (Rdo l l .  The r a t i o  
o f  XRD p e a k  h e ight s o f  ( l 0 0 )  quart z ( d  
= 0 .427 n m )  a n d  ( l O l l  quar t z  ( d  = 0 .3 3 5  
nm ) f o r g r a i n s a l l o w e d  t o  s e t t l e 
through an aqueous medium measures the 
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r e l a t ive concen t r a t i o n  o f  e u h e d r a l  
g r a i n s  1n the s am p l e  ( E s l in g e r  and 
o thers .  1 9 7 3 ) .  The 11 00/11 01 ratio f or 
loes s ia l  quartz indicated randomly ori
ent e d  g r ai n s . that i s .  a l a c k  o f  e u h e 
d r a l  cry s t a l s ( t a b l e  3 ) .  The h ig h  
value of the lower r e d  c lay compared to  
the do l om it e  may r e s u l t  f rom d i f f e r 
ences in detrital and authigenic quart z  
content or from the breakdown of chert 
aggregates into 1 - 10 ]lm euhedral grains 
in t h e  r e d  c l a y .  The int e r m e d i a t e 



value for the upper red c lay may indi
cate a mixing of dolom it i c  and loessial  
quar t z .  M e an 1 1 0 0 /1 1 0 1 r a t io s  f o r  
lo e s s .  red c l ay and d o l o m i t e  5 - 20 �m 
fract ions revealed the same trend. 

The oxygen i s o t op e  r a t i o s  ( 81 8 0 )  
of 1 - 10 �m quart z from dolomite and the 
lower red clay ind icate a predominance 
of l ow t em p e r a t u r e  a u t h i g en i c  quart z 
(chert ) in th e s e  s am p l e s  ( t a b l e  3 ) .  
The m ixed provenance o f  the l o e s s ia l  
quar t z  y i e l d s  an int e r m e d i a t e  81 8  0 
v a l u e  t y p i c a l  o f  m i d w e s t ern l o e s s ia l  
s o i l s  ( S y e r s  and o t he r s .  1 9 6 9 ) .  The 
uppe r  red c l ay has had s ig n i f i c a n t  
add i t ions of  l oe s s  or of  l o n g - t erm 
aerosol dust f a l l .  

Standardized trace e l em ent concen
t r a t ions o f  1 - 1 0 �m quart z show t h e  
same pat tern a s  the 11 00/11 0 1 and oxy
g e n  i s o t o pe d a t a  ( t a b l e  3 ) .  Tra c e  
e l ement concentrations in the loessial  
quartz reflect a m ixed provenance (that 
is, igneous, metamorphic,  and low tem
p e r a t ur e  q u ar t z ) .  The l o w  t r a c e  e l e
ment concen t r a t i o n s  o f  t h e  do l om i t i c  
quartz relative t o  the loess indicate a 
predom inan c e  of  r e l at iv e l y  pure l o w  
temperature authig e n i c  quar t z  ( c h er t ) .  
The low trace e l ement concentrat ions o f  
the lower red c l ay compares closely to 
the d o l om i t e .  w ith s o m e  w e a ther ing 
disso lut ion of amorphous cements which 
t yp i c a l ly have higher t r a c e  e l em e n t  
concentrat ions than the euhedral quartz 
crystal s .  

Samp l e  I l  OOl Il  01 

Loe s s  0 . 23 

Upper red c l ay 0 . 54 

LmJer red c l ay 1 . 02 

Do l omi te 0 . 7 0  

The 1 100/1 1 01 ' oxygen isotope. and 
t r a c e  e l em e n t  dat a f o r  1 - 1 0 �m q u ar t z  
are c o r ro b o r a t iv e ,  sugg e s t ing t h e  t h e  
1 - 10 �m fract ion of  the lower r e d  clay 
is  res idual from the do lom it e .  Inter
m e d i a t e  v a l u e s  f o r  the uppe r  r e d  c l ay 
a g r e e  w i t h  the t exur a l  d a t a .  a l l  o f  
which indicate admixture of  loess .  

The  v e r y  f ine and  f in e  sand f r a c 
t ions revealed m icros copic d if ferences 
in the grain m or pho l og y  of  l o e s s  and 
d o l o m i t e  ins o l u b l e s  ( t a b l e  4). The 
loe s s  contains many fractured, smooth
s id e d  g r ains w h e r e a s  e u h e d r a l  g r a i n s  
and microcrystal line aggregates (chert ) 
are p r e v a l e n t  in t h e  do l o m i t e s .  The 
quar t z  m o rpho l o g y  in the red c l ay s  i s  
very s im ilar t o  that in the dolom i t e s .  
indicating that the f ine sand fract ion 
i s  r e s i d u a l  f rom the d o l om i t e. The 
c o a r s e  quar t z  of  the upper r e d  c l a y  
from the Rosemeyer s ite  had the highes t  
p e r c en t a g e  o f  angu l a r - f racture grains 
( 1 1  %) of the s ix red c lay samp les  that 
were analyzed. 

PROFILE CHARACTERISTICS 

The very high c l ay c o n t e n t  of the 
red c l a y  s u gg e s t s  that  s i l t .  sand and 
coarser fractions pre sent in the dolo
m it e  are d i l u t e d  by il l uv i a l  c l ay s  a s  
dolomite d i s s o l u t i on p r o g r e s s e s .  The 
provenance of  the c l ay f r a c t i o n  i s  
q u i t e  d if f i cu l t  t o  a s s e s s .  C e r t a in l y  

0 1 80 Trace el ements* 

(%" ) (rel ative mas s )  

l S . 6  2 . 1 S±0 . 4 0  

1 9 . 7  1 . 6 1 ±0 . l S  

26 . 9  0 . 7S±0 . 1 0  

2 6 . 4  1 . 0 

* 
Trace el ements are Sc , Co . La , Sn , Vb, Lu , Hf, Th , U .  

TABLE 3 .--Quart z � shape. oXYien isotope � ani � element content 

� � �m fraction frQm � strata �l Rosameyer � 
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50-250 )Jm 

Materi a l  CflD Fe Eu hedra 1 Fractured 

---------------------:%,------------------------
Lo ess 

Red c l ay 

Do l omi te t 

1 . 2± 0 . 4 ( 7 ) *  

4 . 9±2 . 4 (21 ) 

8 . 6 ±4. 6 ( 8 )  

tCa rbonate-free b a s i s .  

5 . 7±3 . 2 ( 3 )  

1 6  ±4 . 0 ( 6 )  

1 8  ± l l ( 3 )  

34 :,:20 

5 . 2  ±3 . 5  

4 . 7  ±3 . 5  

*Numbers i n  parentheses are numbers of samp l e  i n  grou p .  

TABLE 4 . --� � and � � shapes 

most  of the c l ays p r e s e n t  w i t h in the 
dolomite are incorporated int o  the red 
c l ay. Shale zones within the dolomite.  
eo l ian material and pedised iment could 
also be sources of clay. Over t ime, as 
d i s so l ut io n  and downw a s t ing of t h e  
dolomite continue. c lays wou l d  b e  recy
c l ed and m ixed by the i l l uv i a t ion
r e p l a cement proce s s .  The r e su l t s  of  
this  pro c e s s  are c l a y - r i c h  pro f i l e s  
containing c l ay s  o f  m i x e d  provenan c e .  
T h e  abundan c e- o f  c u t an s .  pa rt i c u l a r l y  
in the lower portions o f  red c lay pro
f i l e s .  ind i c a t e s  that c l ays i l l uv i a t e  
w i thin the prof i l e  a s  w e l l  a s  w i thin 
the zone o f  d o l om i t e  d i s s o l ut ion.  As  
c lays are removed from the upper so lum 
by downward trans l o c a t ion and s u r f a c e  
ero s ion, the coarse fract ion s  remain at 
the surface as lag depo s it s .  

T h e  d o l o m i t e  is a m a j or s o u r c e  of  
iron f o r  the red c l ay .  T h e  iron p r e s 
ent a s  part o f  the do l om it e .  c a l culated 
on a carbonat e-free basis (table 4). is 
higher than the iron content of the red 
c l ay. Fine ly d i s s em i n a t e d  a l um inous 
iron oxide s, derived from the oxidation 
of pyrite (FeSZ) and dolomite-ankerite 
( ( M g .F e ) C a ( C 0 3 ) 2) in t h e  p r e s e n c e  of 
c l a y .  f orm s t a b l e  c o a t i n g s  on c l a y  
surfaces . 

R e d  c l a y  p r o f i l e s  lack r e a d i l y  
ident ifiable hor izons in term s o f  co l
or, structure and clay mineralogy. No 
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i n c r e a s e  in kao l i n i t e  o r  A I - c h l or i t e  
was found near the upper boundaries of 
prof iles.  The mineralogical unif orm ity 
of the profiles  may result from a com
b ination of  low weathering rates due t o  
t h e  compa c t .  nonporous  n a t ure o f  r e d  
c l ay peds and prof ile m ixing over t ime. 
No r emnant s of Al h o r i z o n s  in the r e d  
c l ay h av e  b e e n  d e t e c t ed i n  t h e  Dr if t 
l e s s  Area (Ho l e .  1 9 7 6 ) .  T h i s  m a y  b e  
due t o  widespread stripping during the 
Wiscons inan or to post -bur ial degrada
t ion of sal ient A horizon features. In 
Europ e ,  t e rra ro s s a  a n d  t e rra fnsca 
s o i l s  t y p i c a l l y h av e  thin. w ea k  m u l l 
l ike m o d e r  h o r i z o n s  (Kub i e n a .  1 9 53 ) .  
The visible propert ies of the A horizon 
c o u l d  s o o n  b e  l o s t  in a b r i ght l y  hued 
soil with minimal organic incorporation 
that is subj ect to phys ical pedoturba
tiCD . 

RED CLAY DISTRIBUTION 

The p a t chy d i s t r i b u t i o n  o f  t h e  
up land red clays i s  nonrandom. Several 
factors.  important at  local t o  regional 
scales.  have been put forth in explana
t i on of t h e i r  d i s t r i b u t i on.  T he s e  
include ridgetop breadth. s lope ang l e .  
proximity t o  the Woodfordian i c e  fron t .  
p r o x im i t y  t o  l o e s s  source  a r e a s .  b e d 
rock surf ace morpho logy and avai l abil
ity of coarse lag deposits.  For exam
p l e .  Black ( 1 97 0 )  concluded tha t .  over-



a l l .  t h i c k e r  d e po s i t s  are p r e s ent on 
broad u p l ands as oppo s e d  to  nar r o w  
ridge crests and that r e d  c l a y  is gener
ally absent on s lopes greater than f ive 
p e r c e n t .  W h i l e  the s h o r t a g e  of  s u i t 
able exposures prevents a c l o se exam i
nation of these various factors.  avail
a b l e  data show that b e d r o c k  surf a c e  
morphl ogy a n d  t h e  av a i l a b i l i t y  o f  
chert , wh i c h  a r e  b o t h  t o  s o m e  extent  
stratigraphica l ly contro l l e d .  o u t w e igh 
the other factors. 

Red c l ay s  are char a c t e r i s t i c a l ly 
ab sent on r i d g e  t o p s  und e r l a i n  by the 
upper Galena Do l om it e  (non-cherty uni t )  
includ ing s ev e r a l  l ar g e  u p l and t r a c t s  
( M i l i t a r y  R i d g e  from M ou n t  H o r e b  t o  
M o n t f o r t  and t h e  s e condary d iv i d e s  
extend ing s ou t h  t o  M in e r a l  P o in t  and 
L iv ing s t on . ( f i g u r e  4 ) .  W he th e r  ero 
s ion has kept pace with soil formation 
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through t im e  o r  w h e t h e r  a c c e l e r a t e d  
erosion during periglacial episodes in 
the l a t e  P l e i s t o cene  s t r i p p e d  t h e s e  
surf a c e s  is  n o t  known. T o  t h e  s o u t h 
west o f  this area the lower cherty unit 
of the G a l ena Form a t ion surf a c e s  and 
red c l a y s  are c o mm o n ,  g en er a l ly in 
con j un c t ion w i t h  jumb l e d  l a g  cher t .  
Red c l a y s  a r e  a l s o  f ound i n  t h e  s o ut h 
e a s t ern D r if t l e s s  A r e a  (Green Count y )  
where the lower G a l ena Dolomite forms 
the up l a n d s .  H e r e  t h e  p r e s e n c e  of 
c h e r t y  r e d  c l a y s  on f a i r l y n a r r o w  
ridgetops c lose t o  the Woodfordian ice 
maximum ind i cates that chert armoring 
can prevent r e d  c l ay r e m o v a l  even in 
ero s ion intens ive areas. 

Red c l ay s  appear  to be m o s t  abun 
dant in s o u t h e rn M o n r o e  and Juneau 
Counties  a l ong the northern edge of the 
Dr i f t l e s s  Area.  The l o w e r  P r ai r i e  du 
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FIGURE 4.--Relative abundance of red c lays at sites invest igated by Fro lking 
( 1 97 8 ) ;  'x' d e no t e s  an abundance of c l ay s .  ' 0 '  deno t e s  a s c a r c i t y  of c l ay s .  
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Chien Formation (Stockton Hil l Member ) .  
w h i c h  f o rm s t h e  up l an d s  i n  t h i s  area . 
c o n t a i n s  the m o s t  exten s iv e  chert and 

vein quartz depo sits in the Ordovician 
s e q ue n c e .  The f a c t  that t h i s  area  i s  
qu i t e  far f r om l o e s s i a l  so urce a r e a s  
sug g e s t s  that t h e  quan t i t y  of e o l ian 
m a t e r i a l s  depo s i t e d  over t im e  bas  not  
inf luenced the quant i t y  of red c l ay 
remaining on the uplands.  

B e c a u s e  of the l a c k  o f  exten s iv e  
e xposu re s ,  t h e  d e g r e e  t o  w h i c h  m a s s e s  
o f  u p l and c l ay l i e  pro t e c t e d  i n  kar s t  
depre s s ions is d ifficult t o  a s s e s s .  A 
feedback mechanism exi s t s  in which the 
presence of a s o il cover favors uneven 
b e d rock d i s s o lut ion ( S w e e t i n g . 1 9 7 3 ) .  
which in turn pr o t e c t s  s o i l  a c cum u l a 
t i ons.  I n  con t r a s t , bare carbona t e  
rock tends t o  weather evenly and there
by does n o t  favor s o i l  a c c u m u l a t i o n .  
B e d r o c k  t h a t  und e r l i e s  r i d g e c r e s t s  is  
typically more decompo sed than shoulder 
or side slope bedrock. Therefore bed
rock at shoulder po sit ions may buttres s  
red clay accumulat ions in broad ridge
t o p  d e p r e s s i o n s .  Bedro ck bedd i n g . 
jointing and p o r o s i t y  c h a r a c t e r i s t i c s  
inf luence b edrock disso lut ion patt erns 
and thus partially control the dis tri
bution of up land clays. 

In southwest ern Wis consin the late 
P l e i s t o c ene was do m in a t e d  by eros ion 
(Knox and J o hn s o n .  1 97 4 ) .  The inter
f ingerings and invo lut ions of  red clay 
and loess on moderate s lopes ( l e s s  than 
1 0  %) and the int er l a y e r i n g  of c l a y s  
and chert m a s s e s  on s a n d s tone h i l l 
s l opes a t t e s t  t o  the predo m inance of 
mass wast ing under pe r i g l a c i a l  cond i
t i ons.  The f i e l d  ident i f i cat ion of 
transported c lays as opposed to in � 
il luvial replacement c lay proves diffi
cult due t o  the lack of horizonat ion in 
r e d  c l ay pr o f i l e s  and t o  the rapid 
r e d eve l o pm ent o f  s t r u c t u r a l  f e at u r e s  
(Kub iena . 1 9 53 ) .  In s om e  a r e a s  c l a y s  
a r e  common o n  h i l l s  l o p e s  o f  t w en t y  t o  
t w enty- five p e r c e n t .  Much o f  thi s 
material has probably been transported. 
On hil l s lope s .  the c o n t a c t  w i t h  t h e  
overlying l o e s s  is  often quite d iffuse 
indicat ing m ix ing d u r i n g  the ear l y  
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stages of loess deposition. The upper 
red c la y  at  the Ro sem eyer F arm S i t e  
p r o b a b l y  i s  a m a s s  w a s t e d  m i x t u r e  of 
red c l ay and l o e s s  that b e c am e  s t a b i 
l i z e d  a s  the Pear ian lo e s s f a l l  pro
gres sed . 

SUMMARY 

Smectitic  reddish brown cl ays d i s 
cont inuo u s l y  mant l e  t h e  d o l o m i t e  up
lands of southwestern Wiscons in. Their 
high c l ay content can be explained by a 
B e t a - B  t y pe m e c h an i s m  in w h i c h  c l ay s 
il luviate in the zone of dolomite dis
solut ion. The mineralogical s im ilarity 
of c l a y s  in t h i s  zone to tho s e  in t h e  
r e d  c l a y s  a b o v e  and the p r e s en c e  o f  
c l ay f i l m s  o n  d o l om it e  g r a i n s  supp o r t  
this mechanism. The occurrence of clay 
pods and undis turbed chert l ines in red 
c l ay ind i c at e  that i l l uv i a l  c l ay can 
replace do l omite on a volume for vo lume 
basis.  Grain shape. oxygen i s otope and 
t r a c e  e l em ent d a t a  show that t h e  s i l t  
and sand f r a c t ions are r e s i d u a l  f r om 
dolomite.  Most red clay masses contain 
chert lag gravels.  The distribution of 
red clays corre lates strongly with the 
d i s t r i b u t i o n  of c h e r t - r i ch d o l o m i t e  
un i t s  a l t hough o t h e r  fact o r s  s u c h  as 
bedrock surface m o r p h o l o gy are im por
tant.  I n t e r f ingerings and involut ions 
of red c l ay and loess suggest that mass 
wast ing was the dominant form of hil l
s l ope e r o s ion during  the l a t e  W i s c on
s inan. 
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SOILS OF CRAWFORD . VERNON . AND WESTERN RICHLAND COUNTIES . WISCONSIN 
Franc is D .  Hole  

W is c o n s in Geo l o g i c a l  and Natura l H i s t ory Surv e y ,  
Mad ison . Wis con s in 53 7 06 

The genera l i z e d  map (f i g .  1 )  o f  
t h i s  a r e a .  b a s e d  o n  a U . S .  G e o l o g i c a l  
Survey ( 1 968 ) contour map o f  Wiscon s in 
0 : 500 . 0 0 0 ) . s h o w s  m a j o r  s o i l  l an d 
s c apes (Al..... il. e t c . )  a s  d e l i n e a t e d  on 
the s t a t e  s o i l  map 0 : 7 1 0 . 0 0 0 )  pub 
l i s hed in 1 9 6 8  (H o l e .  1 9 7 6 ) .  Reg i o n a l  
r e l i ef is  m o r e  th an 200 m C l O D  f t )  and 
l o c a l  r e l i ef d i m i n i s h e s  up - t r i b u t a r y  
from about 1 7 0  m at bluff s of t h e  Mis s 
iss ippi and Wis con s in Rivers . 

The init ial material s  of the s o i l s  
inc lude s ev e r a l  b e d r o c k  f o r m a t i o n s  
(Ho l e .  1 9 7 6 ) .  c h e r t y  c l ay r e s iduum 
(Frolking. 1 9 7 8) from do lomit e s .  loe s s .  
colluvium. outwash benches (terraces of 
v a l l e y  t r a in s ) .  a l luv i um and p e a t .  
This part of  t h e  " Dr i f t l e s s  Area! !  i s  
occupied b y  a mature ly d i s s ected back
s l ope of  a cue s t a  having a r e g i o n a l  
s lope southward o f  about 2 m ( 7  f t)/mi 
( 1 .2m /km ) (Mart in . 1 9 6 5 ) .  The cue s t a  
has . over Cambrian sandstone and s il t 
s t o ne s t r a t a .  a c a p  o f  O r d o v i c i an 
Prairie du Chien dolomite on which are 
perched some out l i e r s  of St. P e t e r  
s and s t o n e  and S i nn ipee  do l o m i t e  ( a l s o  
Ordovician in age ). The loes s material 
is  c o a r s e  5 iit l o am in an 8 - m  cover 
near the M i s s i s s ippi gorge and med ium 
s i l t  lo am t o  the ea s t .  thinning t o  1 m 
at eas t e rn coun t y  l i n e s  ( f i g .  1 ) .  The 
l o e s s  ov e r l i e s  ( 1 )  c h e r t y  red c l ay 
r e s iduum , whic h near C a s h t o n  is  more  
than 2 m thick. loca lly;  ( 2 )  sand stone; 
(3) old col luvium in high pos it ions on 
maj or v a l l ey s l op e s ; and ( 4 )  o u t w a s h  
t erraces . p a r t i c u l a r l y  t h e  m o s t  e l e 
vated o n e s .  A f ew o f  the s e  t e rrac e s  
c o n s i s t  o f  c a l c a r e o u s  r e d d i s h  brown 
s i l t y  c l ay m a t e r i a l s .  r a t her than the 
u s u a l  s t r a t i f i e d  s a n d  a n d  g r a v e l .  
Robinson ( 1 950)  e s t imated ages of some 
Wisconsin s o i l s  dev e loped in ca l careous 
initial materials on the basis of depth 
of l e a c h i n g ,  a s suming a con s t ant r a t e  
of  leach ing comparab le t o  that known to 
remove agr i c u l t ur a l  l im e s t one p o w d er 
f r o m  cul t iv a t e d  s o i l s  c u r r e n t ly. H i s  
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e s t imates (not pub l ished el sewhere) are 
reported in figure 2 and table 1 .  

S o m e  int e r e s t ing s o i l  s e r i e s  are 
b r i e f l y c h a r a c t e r i z e d as f o l l o w s .  
Seaton and Fayette s i l t  loams are for
e s t  s o i l s  (Typ ic Hap l u d a l f s .  f in e 
s i l t y ,  m ixed,  me s i c ,  a c c o r ding t o  t h e  
S o i l  Su rv ey S t af f ,  1 9 7 5 )  t h a t  con s t i 
tute a west -east sequence deve loped in 
c o a r s e  and f i ne l o e s s ,  r e s p e c t iv e l y _  
These s o i l s  and t h e  shal lower ( t o  bed
r o c k )  P a l sgrov e .  A s h d a l e  and Dubuque 
s o i l s  are found on s l ope s a s  s t e e p  a s  
4 5  % to 6 0  % with well  developed ar gil
l i c  ( c l ay e y )  B ho r i z o n s .  which i n d i 
cates that the s l opes have been stable 
for thousands  of year s.  Fay e t t e  s i l t  
loam has been mapped in three lands cape 
po s itions. namely up land. val ley s lope 
and bench. Tama s ilt l oam (Typic Argiu
do l l .  f ine - s i lty. m ixed. mesic)  is the 
prairie equivalent of Faye tt e. Valton 
s i l t  loam is  t r an s i t iona l b e t w e e n  a 
f or e s t  s o i l  and a p r a i r i e  s o il and 
f o r m e d  in 0 .3 t o  0 .9 m ( 1 5  t o  36  in. ) 
of loess  overlying more than two meters 
of  cher t y  red c l ay r e s i duum on do l o -
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FIGURE 2 . - - E s t im a t e d  r e l a t ive a g e s  in 
t h o u s a n d s  of y e a r s  of  s ev e r a l  s o i l s  
f o rm e d  i n  c a l c a r e o u s  m a t e r i a l  
(Rob i n s o n .  1 9 50) .  
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AI -Tama S i l t  loam and othe� prairie s o i l s  (Argiudo l l s )  in deep loes s 
over dolomite (& r e siduum) 

AS-Seaton. Fayett e .  Dubuque and o ther forest s o i l s  (Hapluda l fs ) .  loe s s  
over residuum/dolom ite 

A6 -Dubuque. Fayette s i l t  loam s and other forest soi l s  ( including 
Valton. a Paleudalf )  in l o e s s .  etc.  

A7 -Seaton. Fayette silt loam s :  forest soils (Hap lud a l f s )  in deep 
l o e s s  over residuum over dolom ite 

C S - Sparta. Plainfield and other loamy sands (Ent i c  Hapludo l l s  and 
P s ammen t s )  in sandy outwash 

C9 -Dako t a  sandy loam . Sparta sand (Mollisol s ) .  prairie s o i l s  on out 
wash t erraces 

P I -Steep rocky land with Hixton. Norden loam s :  f orest  s o i l s  (Haplu-
daIf s )  in sandstone & s i l t stone 

J2-Wet a l luvial s o i l s .  und ifferentiated ( with muck) 
{, Bodies of Medary s ilt loam 

• •  Tour Route 

FIGURE l . - - General ized s o i l  map of f ield trip area . 
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S a mp l e  S o i l  N a m e  
n u m b e r  

F a y e t t e  s i . 1 .  

2 F a y e t t e  a i . l .  

3 F a y e t t e  a i . l .  

4 F a y e t t e  s i . l .  

5 T a m a  s i . l .  

6 W a u k e s h a  a i . l .  

W a r s aw s i . l .  

8 M i a m i  s i . l .  

L o c a t i o n  
C o u n t y  S e c t i o n  

G r a n t  N .  C e n t e r  2 8  

G r a n t  N .  C e n t e r  2 0  

G r a n t  S E 1 / 4  5 

G r a n t  C e n t e r  W .  S i d e  3 4  

G r a n t  8 11 1 / 4  3 1  

R o c k  SW . C o r n e r  3 4  

R o c k  8 E 1 I 4  2 5  

W a l wo r t h  C e n t e r  2 8  

9 C a r r i n g t o n  S i . l .  I D o d g e  C e n t e r  7 

1 0  

1 1  

1 2 

1 3  

1 4  

1 5  

1 6  

1 7  

1 8  

1 9  

2 0  

2 1  

C am p i a  s i . l  

M e d a r y  s L l  

S u p e r i o r  1 .  

K e w a u n e e  1 .  

K e w a u n e e  1 .  

K e w a u n e e  1 .  

, O n a w a y  .. .  

O n a w a y  l o a m  

O n t o n a g o n  1 .  

H i b b i n g  1 .  

C u s h i n g  1 .  

C u s h i n g  1 .  

B a r r o n  S .  C e n t e r  2 6  

G r a n t  N E .  C o r n e r  I B  

W i n n e b a g o  S W .  C o r n e r  2 5  

B r own S E .  C o r n e r  2 9  

O n t a g a m i e  N E .  C o r n e r  3 4  

F o n d  d u  L a c  C e n t e r  2 8  

S h a w a n u  W .  C e n t e r  1 3  

S h a w a n o  S .  C e n t e r  8 

A s h l a n d  S E I / 4  2 7  

B a y f i e l d  N E 1 / 4  2 5  

B u r n e t t  C e n t e r  B 

B u r n e t t  C e n t e r  2 6  

T o w n - R a n g e  
s h i p  

2 N .  2 II .  

N .  w .  

2 N .  II • 

N .  2 II .  

4 N .  3 W .  

3 N .  1 3  E .  

4 N . I D E .  

N .  1 5 E .  

l I N .  1 5  E .  

3 6  N .  1 3  w .  

2 N .  2 W .  

1 7  N .  1 6  E .  

2 2  N .  2 0  E .  

2 1  N .  1 6  E .  

1 7  N .  1 7  E .  

2 5  N .  1 7  1<;. 

2 5  N .  1 8  E .  

4 7  N .  4 w .  

4 B N . 5 W . 

3 7 N . 1 8 W .  

3 8  N .  1 9  II .  

C a r b o n - D e p t h  o f  
a t e s  % l e a c h i n g  

i n c h e s  

1 9 . 7 5  6 4  

1 7  • 2 9 9 6  

1 5  . 7 1  7 4  

1 5 • 5 7  8 8  

1 5 . 5 0 1 1  2 

2 5 . 6 1  5 2  

2 6  . 1 5  3 2  

3 2 . 4 2  3 5  

2 5 . 5 9 6 7  

7 . 1 8  8 8  

1 2 .  0 0  4 0  

3 5 . 3 8  1 5  

2 6 . 46 1 6  

2 4 . 7 1  1 6  

2 7 . 3 8  1 6  

3 0 . 3 8  2 2  

3 0 . 4 7  2 1  

1 0 . 8 6 2 6  

9 . 5 0  2 7  

9 . 0 1  3 5  

7 . 0 6 4 8  

E s t . 
A g e  

2 0 . 2 0 0  

2 5 . 9 0 0  

1 7  . 8 0 0  

2 1 . 0 0 0  

2 6 . 8 0 0  

2 3 . 2 0 0  

1 5 . 7 0 0  

2 0 . 6 0 0 

2 8 . 0 0 0  

8 . 8 0 0  

7 . 7 0 0  

1 2 . 8 5 0  

8 . 5 0 0  

8 . 2 3 0  

9 . 4 0 0  

1 2 . 2 0 0  

1 1 . 6 5 0 

4 . 9 4 0  

4 . 3 8 0 

4 . 2 7 0  

4 . 4 8 0 

R e l a 
t i v e  
a g e * *  

4 . 7 3  

6 . 0 7  

4 . 1 7  

4 . 9 3 

6 . 2 8  

5 . 4 5  

3 . 6 8  

4 . 8 3  

6 • 5 7  

2 . 0 6 

1 .  8 1  

3 . 0 0  

2 . 0 0  

1 .  9 4  

2 . 2 0  

2 . 8 4 

2 . 7 3  

1 , 1 6  

1 , 0 2  

1 , 0 0  

1 . 0 4  

* * C a l c u l a t e d  o n  t h e  b a s i s  o f  C u s h i n g  l o a m  1 . 0 0  a n d  a s s u m i n g  e q u a l  r a t e s  o f  l e a c h i n g  f o r  a l l  s o i l s . 



m it e .  The as sumed great  age of  the 
t h i c k  r e d  c l ay l ay e r  h a s  been u s e d  t o  
justify class ifying this a s  a pa leosol  
(Mo l lie P a l e ud a l f .  f ine- s i l t y .  m i x e d .  
mes ic) .  The Rockbridge s i l t  loam i s  a 
rare soil surv iving on valley walls  at  
a f e w s i t e s .  I t  is  a f o r e s t  s o i l  
f o rm e d  in 0 .4 t o  0 .8 m ( 1 5 t o  3 0  in.)  
of l o e s s  over r e d d i s h  c layey c h e r t y  
grav e l ly coll uvium. This is  probably a 
p a l e o s o l .  but is  not  so  d e s i g n a t e d  
(Typic  Hap lud a l f .  f in e - l o a my. m i x e d .  
mes i c ) .  Medary s i l t  l o am is  f o und o n  
v a l l e y  b e n c h e s  ( t e r r a c e s ) .  I t  i s  a 
f o r e s t  s o i l  ( T y p i c  Hap lud a l f .  f ine . 
mixed.  m e s i c ) .  t h a t  h a s  f o rmed in 0 .4 
t o  0 .8 m ( 1 5  t o  3 0  in.)  o f  l o e s s over 
s lack-w ater-depo si ted reddish s il t  and 
c l ay that i s  c a l careous  a t  a d e p t h  o f  
0 . 9  m (3  f t ) .  Rob inson ( 1 9 5 0 )  e s t i 
mated the age o f  one Medary s o i l  p r o 
f i l e  t o  be  7 7 0 0 y e a r s  ( f i g .  2 .  t a b l e  
1 ) .  Madenford ( 1 9 7 4 ) s u g g e s t e d  246 0 
B.P. as  the d a t e  of depo s i t ion of t h e  
red s i l t  and c l a y .  w h i c h  he propo s e d  
was washed from red t i l l  o f  the Super
ior Lobe in to g l a c i a l  Lake A i t k in a t  
the head w a t e r s  o f  t h e  M i s s i s s i p p i  
River. from which it was washed dur ing 
d i s s e c t ion i n i t i a t e d  b y  b ed r o c k  r e 
bound. The Arenzv i l l e .  Orion. Ettrick 

1 0 1  

and a l l u v i a l  land s o i l b o d i e s  ar e in 
al l uv ium at l o w e s t  v a l l e y po s i t i o n s ,  
b e l o w  t h e  b e n c h  s o i l s  ( B e r t r a n d .  
J a c k s o n .  Cur r a n .  R i c hwo o d .  Toddv i l l e .  
R o w l e y  s i l t  l o am s ; Dako ta s andy l o am ;  
S pa r t a  and P l ainf i e l d  l o am y  san d s ) .  
A l l  o f  t h e s e  a l l uv i a l  s o i l s  bury a 
sedimentary-pe do logical record in deep 
valley f i l l .  

S o i l  l an d s c ap e  p a t t e r n s  d i s p l a y e d  
on the phot omo s a i c  s h e e t s of t h e  s o i l  
survey reports for Crawford, Grant and 
Vernon C o un t i e s  ( S l o t a  and G a rv e y .  
196 1 ;  Robinson and Klingelhoet s .  1 96 1 ;  
S l o t a .  1 9 6 9 )  r o u g h ly par a l l e l  cont o u r  
l in e s  on u p l a n d s  and f o l low drainage 
l i ne s in v a l l e y s .  Det a i led as t h e s e  
moder n s o i l  survey maps a r e .  t h e y  d o  
not attempt t o  show the u l t imate detail 
n e e d e d  for r e s e a r c h  purpo s e s ,  s u c h  a s  
d i f f e r en t i a t i o n  b e t w e e n p h a s e s  o f  
Fay e t t e  s i l t  l o am in no s e ,  ho l l o w ,  
foots  lope and bench po sitions. Con s id
erable acreages of  steep stony land and 
of a l l u v i a l  land c o n t a i n  com p l e x e s  o f  
s o i l s that w e r e  un d e r s t andably not 
mapped in detail. Studies and surveys 
t o  d a t e  have o n l y  b e gun t o  r ev e a l  t h e  
v a s t  amount o f  informat ion contained in 
the soi l s  of this area. 
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PRE-WISCONSINAN DEPOSITS IN THE BRIDGEPORT TERRACE OF THE LOWER 
WISCONSIN RIVER VALLEY 

* J .  C .  Knox 
** J .  W .  A t t i g .  J r .  

* *  M .  D .  Johnson 
*Geography Department 
** Geology Department 

University of Wiscon s in .  Madison 537 06 
INTRODUCTION 

The l o w e r  W i s c o n s in Riv e r  extends  
across the Drif t l e s s  Area from the late 
Wiscons inan terminal ID 9raine in south
central W iscons in to its j unct ion w i th 
the M i s s i s s ip p i  R iv e r .  A prom inent 
f ea t u r e  in the l ow er v a l l ey i s  t h e  
Bridgeport t errace. a landform contain
ing d e po s i t s  that  hav e  b e e n  u s e d  t o  
support various interpretat ions o f  the 
Quat ernary hi s t or y  of  the region ( fig. 
1 .  f i g .  2 ) .  The B r i dg e p o r t  t e r r a c e .  

Miss, .. 'pp; 
Rivec 

nam ed f o r  a sm a l l  commun i t y  near t h e  
mouth o f  the Wis con s in River. h a s  long 
b e e n  kno w n  to cont a i n  pre-Wiscons inan 
g l a c i a l  d e po s i t s .  but there  h a s  b e e n  
disagreement on the source o f  t h e  sedi
m e n t s  and on w h e t h e r  t h e y  a r e  t i l l  o r  
o u t w a sh.  T h e  p r e s e n t  s t udy i s  an a t 
t empt t o  reso lve thes e  issues.  

Prior t o  t h e  pr e s e nt s t udy . no 
detailed examination of Bridgeport ter-

J 

1( 

Kilom ..... n 

Wisconsin 
River 

I North 

FIGURE 1 .--Distr ibution of the Bridgeport terrace in the lower W i s consin River 
valley . 
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FIGURE 2 .--The X near the center of sect ion 9 .  Bridgeport Township. show s the 
location of the White Site drill  hole where glacial t il l  was encountered at  
a depth of about 2 m.  We tentatively recognize the low r idge that extends 
from n o r t h  t o  s o u t h  a c r o s s  the w e s t  h a l f  of adj a cent s e c t i o n  10 as t h e  
terminal moraine o f  an ice lobe that extended into the lower Wisconsin River 
v a l l e y .  C l ay m i n e r a l o gy of the t i l l  ind i c a t e s  that it is v e ry s im i lar t o  
the cla s s i ca l  Kansan til l of northeast ern Iowa. 



THE BRIDGEPORT TERRACE race depo s i t s  had been conducted s ince 
the early twent ieth c entury when Alden 
( 1 9 1 8 ) .  M a c C l i n t o c k  ( 1 9 2 2 ) .  a n d  
Thw a i t e s  ( 1 92 8 )  e x am in e d  v a r i o u s  s e c 
t ions o f  the v a l l ey. In compari son to 
these early inv e s t igations. this study 
had the advan t a g e  of a d r i l l  r i g .  a e r 
ial photography. and topographic m ap s .  
The interpretations and conclusions in 
the pre sent study are based princ ipal ly 
on s t r a t i graph i c  s e quences  identif ied 
in f ive d r i l l  ho l es sy s t em a t i c a l ly 
spaced on the Bridgeport terrace in the 
l o w er-mo s t  6 0  km of the v a l l e y .  T h e  
s i t e s  of the dril l ho l e s  are ident i f ied 
on f igure 1 as White.  Roth. Greenwood. 
E l d e r .  and T h i e d e .  The W au z eka S i t e .  
a l s o  s hown o n  f i gure 1 ,  i s  a s ur f a c e  
exposure .  

The longitudinal gradient of modern 
t o p o g r aphy on t h e  B r id g e p o r t  t e r r a c e  
s l o p e s  v e r y  gent ly e a s t ward in s harp 
contrast to the westward and relatively  
steep grad ient of the present W i s cons in 
River ( f i g .  3 ) .  The very i r r e g u l a r  
l on g i t u d i n a l  p r o f  i l e  o f  t h e  m o de r n  
s u r f a c e  i s  r e l a t e d  to  uneven l oe s s  
d i stribution and t o  the highly d i s s e ct 
ed character of the Bridgeport surf ace. 
L o c a l  r e l i ef commonly r e a c h e s  30 m on 
the t e r r a c e  r emnant s .  S e d i m e n t s  e n 
count e r e d  during d r i l l ing a n d  in s u r 
f a c e  e xp o s u r e s  i n d i c a t e  t h a t  t h e  
Bridgeport surface in most places over
l i e s  a c l ayey . s andy g r av e l  that w e  
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outwash - clayey sandy grovel - - - - -=- -;,utwaih--- - -
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pre5e.nt pr�file of 
Wisconsin 
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-0- = top of d r i ll hole or 
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_ = position of samples 
in figure 3 
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FIGURE 3 .--Longitudinal topographic and s tratigraphic prof iles.  C l ayey sandy 
gravels  that represent out wash from the ice lobe that b l ock�d the mouth of 
the W i s co n s i n  R iv e r  ind i c a t e  that  r iv e r  f l ow w a s  t em p o r a r 1 1y r ev e r s e d  a t  
that t i m e .  S e d im ent s ov e r l y ing t h e  w e s t er n - d e r iv e d  o u t w a s h  �e t w e e n  t h e  
Greenwood and Thiede Sites  include eastern-derived outwash sed1ment s that 
also appear to  be of pre-W isconsinan age. 
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interpret as outwash. The t opographic 
gradient on the outwash is east ward and 
is much steeper than the eastward gra
dient on the modern Bridgeport surface 
( f i g .  3 ) .  The o u t w a sh grave l s  r e s t  
directly on a strath surface cut into 
dolomite and sand st one. The longitud i
nal gradient of the strath has not been 
p r e c i s e ly de t e rm i ne d .  but e l ev a t i o n s  
e s t im a t e d  f r o m  t o pographic maps indi
cate  that it is c l o s e  t o  h o r i z o n t a l  
( f i g .  3 ) .  

PRESENT HYPOTHESES AND PRIOR 
INVESTIGATIONS 

Depo sits  in the Bridgeport terrace 
have been a s o u r c e  of  c o n t r o v e r s y  r e 
garding t h e  Qua t e r n a r y  h i s t ory of t h e  
l o w er W i s c o n s in River.  We p r e s e n t  
ev idenc e in t h i s  p a p e r  t o  support our 
hypo theses that a p r e - W i s c o n s inan i c e  
lobe advanced eastward approximat ely 3 
to 4 km into the lower W i s consin val ley 
and cau s e d  t e m p o r a r y  rev e r s a l  in t h e  
f l ow o f  the W i s c o n s in River . T h e s e  
hypo theses are supported by our recog
n i t i o n  of g l ac i a l  t i l l  on the B r i d g e 
port  t e r r a c e  near t h e  m o u t h  of  t h e  
v a l l ey and on ,our int e r p r e t a t i o n  t h a t  
the san dy grav e l s  r e s t ing d i re c t l y o n  
the dolomite and sandstone s trath ( f ig. 
3 )  are outwash.  W e  a l s o  hypothe s i z e  
that in the mid - s e c t ion of the valley.  
near B l ue River and M u s c o d a . the t e r 
race contains outwash derived from the 
ea s t .  S in c e  t h e  o u t w a s h  d e r ived from 
the east occurs s tratigraph i c a l ly above 
the Bridgeport outwash derived from the 
west . it is younger than the Bridgeport 
depo s it s  of the lower val l ey. 

A l den ( 1 9 1 8 .  p. 1 7 2 )  was one of t h e  
f i r s t  t o  s ug g e s t  t h e  p r e s e n c e  of t i l l  
when he i nd i c a t e d  that  a large quar t 
z i t e  b o u l d e r  ( 0 .3 m x 0 .6 m x 0 .9 m )  
res ting on the Bridgeport surface about 
3 km upstream from the valley mouth was 

• • •  depo s i t e d by an i c e f ront c ro s s ing 
the M is s i s s i p p i  Val l e y  from the w e s t  
and thru s t i ng i t s e l f  into the l o w er 
part of t h e  W i s c o n s i n  V a l l e y .  A f e w  
y e a r s  l a t e r .  T hw a i t e s  ( 1 9 2 8 )  argued 
that the quart zite pebb les  and boulders 
in the Bridgeport terrace at the mouth 
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of the va l l ey were derived from u p 
stream in the present W iscons in val ley 
near Barabo o .  T hw a i t e s  ( 1 9 2 8. p .  6 3 8-
6 3 9 )  p r e s e n t e d  a s e r i e s  of ar gumen t s  
against recognit ion of t i l l  and against 
rev e r s a l  of the W i s c on s in R iver.  T w o  
key points were Thwai t e s '  diff iculty in 
f i nd i ng an e a s t e rn out l e t  that wou l d  
not invo lve pond ing and t h e  f or m a t i o n  
o f  d e l t a  de p o s i t s  a n d  h i s  b e l ief t h a t  
t h e  h i ghest  e l ev a t i on s  o f  t h e  B r i d g e 
p o r t  t e rrace  o c c urring b e t w e en t h e  
mouth of the W is cons in River valley and 
W auz eka ( f i g .  3 )  c ou l d  be e xp l ained by 
t h e • • •  s u p e r i o r  r e s i s t a n c e  o f  t h e  
bedrock bench o n  which they rest.  Our 
data sugg e s t  that  Thw a i t e s  was i n c o r 
r e c t  in his assessments.  

The m o s t  d e t a i l e d  of the e a r l y  
s t ud i e s  conc erning B r i d geport terrace 
d e p o s i t s  w a s  t h a t  by M a c C l i n t o c k 
(1 922).  MacClintock also suggested the 
e x i s t en c e  of g l ac i a l  t i l l  in t h e  t e r 
race  a t  the m o u t h  of  t h e  v a l l ey .  H e  
hy p o t h e s ized t h a t  a tongue o f  i c e  may 
have pro j ected into the lower Wiscons in 
v a l l e y  a d i s tance of about 6 km. H o w 
ev e r .  h e  b e l iev ed th at t h e  B r i d gepo r t  
surface was underlain by two pre-W is
cons inan de po s i t s  which had d if ferent 
source  r e g i ons.  He agreed w i th A l d e n  
( 1 9 1 8) that the pre-Wiscons in depo s i t s  
down-v a l l e y  o f  Wau z eka w e r e  d e r ived 
f r om the we s t .  but he con c l ud e d  that  
depo s i t s  in  the B r i dgeport  t e rrace  o n  
t h e  n o r t h  s i de of t h e  W i s c on s in River 
o p p o s it e  B l u e  River and M u s c oda w e r e  
d e r iv e d  f r o m  the e a s t  ( f i g .  1 .  fig.  4 ) .  
In the fol lowing discussion w e  present 
ev idence  that  s u p p or t s  M ac C l in t o c k ' s  
interpretation o f  two outwash depo s i t s ,  
but our data suggest that Mac C l intock's 
r e l a t ive age as s i gnm e n t s  w e r e  i n c o r 
rec t .  

OBJECTIVES AND PROCEDURES 

The prior studies of the Bridgeport 
d e p o s i t s  sug g e s t e d  t hree c r i t i c a l  i s 
s u e s .  The f i r s t  i s  w h e t her g l a c i a l  
t i l l  exi s t s  in t h e  l o w e r  v a l l e y ;  t h e  
second concerns po s s ible f low reversal 
of the W i s c o n s i n R iv e r  in re s p o n s e  to 
ice b l oc kage a t  the r iv e r  m o u t h ;  and 
the third concerns the existence of one 
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Thied e .  E lder. and Greenwood dril l s i t e s .  Not e  t h e  difference in topography 
on the Bridgeport terrace north of Port Andrew in comparison to that east  o f  
B y r d s  C r e e k .  The g r e a t e r  r e l i e f  and d i s s e c t i o n  o n  t h e  w e s t e r n  e n d  o f  t h e  
t errace remnant appear t o  b e  related t o  greater thicknes ses  of l o e s s  there 
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or two pre-W i s cons inan outwash depo s i t s  
represented in the Bridgeport depo s i t s .  
F ive d r i l l ing s i t e s  w e r e  l o c a t e d  t o  
m axim i z e  t h e  e f f e c t s  o f  d o w n -v a l l ey 
d if f e r e n c e s  in the s e d im en t o l o g i c a l  
p r o p e r t i e s  of  t h e  B r i d ge p o r t  d e po s i t s  
in l i ght of t h e  above po s s ib i l i t i e s .  
Dri l l ing w a s  condu c t e d  w i t h  a t ru c k 
mounted Mob i l - 50 r i g .  u s ing 1 0 -cm diam
eter screw augers and s ampling from the 
augers at 30 cm inte rval s.  The proce
dure involved  dr i l l in g  in l o S -m s e 
quences.  whereby each d r i l l ing of 1 .5 ill 
into new sediments wou ld be f o l lowed by 
r e t r iev a l  w i thout r o t a t ion o f  the en
t i r e  aug e r - s t r ing so that s am p l ing 
could be  conducted on the bottom auger
f l ight . A f t e r  sam p l i ng . t h e  aug e r s  
were cleaned. reas s embled.  and dril l ing 
proceeded downward into the next 1 .5 m 
of sediment. 

Brief descript ions of the sedimen
tology were taken during d r i l l ing. but 
m o s t  ana l y s e s  w e r e  d e f e r r e d  to t h e  
l a b o r a t o r y .  At  t h e  t i m e  o f  t h i s  
writ ing not a l l  sam p l es have been ana
lyzed.  Summary s t a t i s t i c s  of r e s u l t s  
t o  date are g iv e n  i n  append ix I f o r  
s amp l e s  t h a t  have b e en ana l yz e d  in 
detai l. The grain size distribution of 
the l e s s  than 2 mm fract ion was deter
m ined using s t andard s ieve and hydrome
t er p r o c e d u r e s .  The l i th o l o g y  of t h e  
v ery c o a r s e  s a n d  f r a c t ion ( 1  t o  2 mm ) 
was determined by identifying at least 
1 50 grains from each s am p l e .  A qua r 
ter-phi interval particle  s iz e  ana ly s i s  
of the sand fract ion (0.06 to  2 mm) was 
conducted on several s amples  to  deter
m ine the d e g r e e  of s o r t ing.  S i l t  and 
c l ay were r emov e d  f rom the sand f r a c 
t ion by wet s ieving. The sand fract ion 
was dried and sieved on a soni c - s if ter. 

ICE- CONTACT DEPOSITS NEAR 
THE VALLEY MOUTH 

The dr i l l  ho l e  at  the W h i t e  S it e  
about 3 km u p s t r e am f rom t h e  m o u t h  of  
the Wis consin River was e stabl ished to  
det ermine whether ice-contact depo s it s  
o c c u r  b e n e a t h  t h e  W i s c ons in l o e s s  a t  
t h e  mouth o f  t h e  v a l l e y. O u r  r e s u l t s  
ind i c a t e  that a sandy loam t i l l at 
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l e a s t  6 .4 m t h i c k  o c c ur s  at  t h e  s it e  
( a p p e n d ix I ) .  T h e  chara c t e r i s t i c s o f  
the t i l l  al low i t  to  be  separat ed into 
an upper and lower port ion. The dril l 
ing w a s  no t t o  b ed r o c k .  which may b e  
ano t h e r  1 0  m b e l o w  t h e  b a s e  of t h e  
h o l e .  T h e  s andy c h ar a c t e r  o f  t h e  t i l l  
may reflect the influence of outwash in 
t h e  a d j a c ent M i s s i s s i p p i  v a l l e y  that  
was  p r e s um a b ly ov e r r i den by  the ice  
t ha t  d e po s i t e d  t h e  t i l l .  T h e  ave r a g e  
sand: s i l t : clay ratios in the upper and 
lower port ions of the t il l  are respec
t iv e ly 50 : 3 0 : 20 and 51 : 24:25.  A clayey 
m a t e r i a l  ( 3 5  to 4 5  % c l a y )  about 1 . 5  m 
t h i ck s e p ar a t e s  the upper and l o w e r  
p o r t i on s .  Quart z  g r a i n s  i n  t h e  sand 
f rae t ion are p r e dom inant l y  angu l a r .  
The ratio of angular to  rounded qua r t z  
g r a in s  a t  the W h i t e  S it e  t en d s  t o  b e  
much greater than typical of those for 
other s ites in the val l e y  (appendix I ) .  

The c r y s t a l l i n e  e r r a t i c s  o b s e rv e d  
during dril l ing were l argely of pebbl e  
and g r anu l e  s iz e .  The s m a l l  s iz e s  
p r o b a b ly r e f l e c t  t h e  b i a s  o f  s am p l ing 
from augers.  We have ob served errat ics  
in surf ace exposures that include sma l l  
boulders o f  quar t z i t e .  and Alden ( 1 9 1 8 .  
p .  1 7 2 ) o b s e rv ed i n  t h e  same area  a 
quar t z ite boulder that was 60 -cm d iame
t e r  on t h e  int e r m e d i a t e  axi s .  The 
common occurrence of  coar se c lastics  in 
a m a t r i x  that  i s  about 50 % s i l t  and 
c l a y  ind i c a t e s  that f l uv i a l  p r o c e s s e s  
are unl ikely a s  a mechanism for depo s i
t ion.  P e b b l e s  in t h e  unit mapped  a s  
t i l l  c o n t a i n  s t r i a t i o n s  ( A l d e n .  1 9 1 8 ;  
MacClintock. 1922) .  

We  have tent a t iv e l y a s s i g n e d  the  
low ridge on the terrace surface in the 
west  one-half of section 1 0 .  Bridgeport 
Township as the terminal moraine for an 
ice lobe extending into the lower Wis
cons in River val l ey a d i s t ance of about 
3 km ( f i g .  2 ) .  A d e e p l y  inc i s e d  gu l ly 
j us t  t o  t h e  e a s t  of  t h e  r id g e  in s e c 
t i on 1 0  sho w s  f luv i a l  s a nd and grav e l  
that apparently repre sent s outwash from 
t h e  term ina l m o r a i n e .  S in c e  we h av e  
not drilled  on a l l  of the high surfaces 
o f  the t er r a c e  n e a r  B r i dg e po r t . it i s  
p o s s i b l e  t h a t  t i l l  m a y  e x i s t  s l ight l y  
further eastward. MacC lintock suggest-



e d  that i c e  may h av e  e x t e n d e d  about 6 
km into the va l l ey ,  but w e  f ind no 
evidence to support  his con c l u s ion.  
The high e l ev a t ion o f  the surf a c e  w e 
r e c o gn i z e  a s  t h e  t er m i n a l  m o r a i n e  has  
no counterpart e l s ewhere on the Bridge
p o r t  t e r r a c e  in t h e  l o w e r  v a l l e y 
( f i g .  3) . 

The s t r a t i g r a p h i c  s e quence at  and 
near the White Site at the mouth of the 
W i s cons in R iv er v a l l e y  ind icates that 
the Bridgeport t i l l  was associated w i th 
an �ce l ob e  t h a t  advan c e d  from t h e  
w e s t .  To t e s t  f or c o r r e spondence b e 
tween the Bridgeport t i l l  and t il l s  of 
northe a s t er n  I o w a �  f iv e  s am p l e s  w e r e  
s ent t o  t h e  I o w a  G e o l o g i c a l  S urvey 
c l ay-mineralogy laboratory. The semi
quan t i t a t ive c a l c u l a t ions  f r om t h e  
ana l y s e s  cond u c t e d  a t  t h e  I o w a  Surv e y  
l a b  s ho w e d  that  t h e  c l ay m in e r a l o g y  
averaged 6 7  % expandabl e s ,  1 6  % il l i t e ,  
and 17 % kao linite p l u s  chlorite (ta
b l e  1 ) .  These r e s u l t s  a g r e e  c l o s e l y  
w i th average values for c l ay m ineralogy 
of the Iowa W o l f  C r e e k  For m a t i on t h a t  
averages 6 2  % expanda b l e s ,  17  % il l it e ,  
a n d  2 1  % k a o l i n i t e  p l u s  c h l o r i t e  
( H a l l b e r g ,  1 9 80 , p .  1 5) .  

Pre - I l l ino i an P l e i s tocene depos its 
in northeastern I o w a  have c l a s s i c a l ly 
b e en r e c o gn i z e d  a s  Kan s a n  and N e b r a s 
kan. H a l l b e r g  ( 9 80 ) r e d e f ined the 
Kansan and Nebras kan o f  e a s t - ce n t r a l  
Iowa a s  undifferent iated pre-I l l inoian 
s t ag e s  f o r  purpo s e s  of t im e - s t ra t i 
graphic c l a s s i f i c a t i o n .  O n  the b a s i s  
o f  rock s t r a t i g r a p h i c  un i t s ,  H a l l b e r g  
subdivided the p r e - I l l ino ian d e po s it s  
into the Alburnett and Wolf  Creek For
m a t ions.  Each of t h e  f o rm a t i ons w a s  
recognized a s  inc luding multiple t i l l s ,  
but the c l ay mineralogies within f orma
t i o n s  w e r e  r e l a t i v e l y s i m i l a r .  
H a l l b e r g  r e p o r t e d t h a t  t h e  o l d e r  
Alburnett Format ion averages about 43 % 
e xpandab l e  c l ay m i n e r a l s  w h e r e a s  the 
young er W o l f  C r e e k  Formation averages 
6 2  % expandab le c l ay m inera l s .  

T h e  c l ay m ine r a l og y  of t h e  W o l f  
C r e ek Format ion i s  b r o a d l y  s im i l a r  t o  
the clay mineralogy o f  the Hersey t i l l  
located in W i s cons in o n  the northw e s t -
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ern margin of the Drif t l e s s  Area (Baker 
and S im p s o n ,  1 9 8 1 ) .  A com p a r i so n  o f  
average values for clay minera l s  in the 
t w o  un i t s is g iven in t a b l e  2. Baker 
( p e r s o n a l  commun i c a t io n ,  1 9 8 2 )  has  
found that remnant magnet ism in l ow er 
hor i z on s  o f  t h e  H e r s e y  t i l l and a s s o 
c i a t e d  l a k e  d e po s i t s  has  reve r s e d  po
l a r i t y ,  i n d i c a t ing that the rev e r s a l  
m a y  r e p r e s e n t  the Brunhe s / M at u y a m a  
boundary a t  a b o u t  7 3 0 ,000 B.P. I f  
t h e s e  c o rr e l a t i ons are corr e c t t  they 
imply that  t h e  B r i d ge p o r t  t i l l  i s  o f  
c l a s s i c a l  K an s an a g e  a s  s ugg e s t e d  b y  
M a c C l i n t o c k  ( 1 9 2 2 )  a n d  T r o w b r i d g e  
( 1 954) • 

REVERSED FLOWAGE OF THE 
WISCONSIN RIVER 

Surf a c e  e xp o s u r e s  and dr i l l  ho l e  
stratigraphy were used to map the gra
dient of outwash eastward from the t i l l  
at the White S it e. The upper boundary 
of t h e  o u t w a s h  of c la y e y  sandy g r av e l  
that includes abundant crystal l ine er
rat i c s  form s an abrupt con t a c t  w i t h  
ove r lying s il t y  and c l ay e y  y oung e r  
depo s i t s .  The eastward gradient on the 
s u r f a c e  of the B r i dg e po r t  o u t w a s h  b e 
t we e n  t h e  W au z eka and T h i e d e  S i t e s  i s  
approximat e l y  0 . 1 5  m /k m ,  a m a g n i t u d e  
t h a t  i s  approxim at e ly one - ha l f  of t h e  
w e stward gradient o f  the pres ent W is
consin River between the same two sites  
( f i g .  3) .  We were  unab l e  to  d e t ermine 
the signif icance of  any former isostat 
i c  adj u s tm ent s on the grad i e n t  o f  t h e  
outwash. Given the relat ionship o f  the 
e a s t w ar d  s l o p e  o f  the o u t w a s h  to t h e  
relatively f lat surface o n  the dolom i t e  
and sandstone s trath below i t ,  we con
c lude that the W iscons in River experi
e n c e d  reve r s ed f l o w a g e  during the pe
riod when g l acial  ice b locked the mouth 
of the val ley near Prairie du Chien. 

Par t i c l e  s i z e  charac t e r i s t i c s  of 
the Bridgeport outwash sands also sup
port  the i n t e r pr e t a t i on of e a s t w a r d  
f l o w a g e .  F i gu r e  5 p r e s e n t s graphic 
mom ent s t a t i s t i c s  ( I nm an ,  1 9 5 2 )  t o  
quantita t iv e ly document change in par
t i c l e  s i z e  charac t e r i s t i cs w i t h  d i s 
t an c e .  The s an d  s am p l e  f rom t i l l  a t  



TABLE 1 . --� mineraloiY Qf tM. Br idieport illl * 

EX ILL K+C 

White S it e .  3 . 2 m depth 63 % 20  % 17  % 
White S ite . 3 . 5 m depth 6 5  % 17  % 1 8  % 
White Site , 5 . 0  m depth 7 2  % 1 2  % 16 % 
White Site , 6 .3 m depth 6 8  % 1 5  % 1 7  % 
White S i t e ,  9 .9 m depth 6 4  % 1 8  % 1 8  % 

mean 67  % 1 6  % 1 7  % 

standard deviation 3 . 7 % 3 . 1  % 0 . 8  % 

*These samples were processed by the Iowa Geological Survey through the cour
t e s y  of G.R. H a l l b e r g .  Ch i e f .  G e o l o g i c a l  S t u d i e s  D iv i s ion. A d e s c r i p t io n  o f  
procedures is given i n  Hal lberg ( 19 7 8 ) .  Two addit ional samples were processed 
at the Univers ity of W i s consin. Madison. W e  found somewhat higher percentages 
of illite and lower percentages of expandables  and kao lini t e  plus chlor i t e .  
but laboratory procedures were d ifferent from tho s e  a t  the Iowa laboratory. 

TABLE 2 .- - Ayeraie till min era lop cl. t i lls .t..Q. � l>'ll..t. � northR.e..ll. cl. � 
Driftless Aiu 

Hersey t i l l *  

montmorillonite 50 - 6 0  % 

kaol inite 25-30 % 

mica 1 5  % 

quart z 5-10  % 

chlorite 0 - 5  % 

Wolf Creek Formation ** 

expandables  6 2  % 

il l ite  17  % 

kaolinite + 
chlorite  21  % 

* Data prov ided by R . W .  Baker.  Univ e r s i t y  of W i s co n s i n .  R iv e r  Fa l l s. The 
Hersey t il l  percentages represent average values of s amples  from the C soil 
horizon. 

** Data from Hal lberg ( 1980 . p .  1 5 ) . 

1 1 0  
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FIGURE 5.--Quarter-phi interval histograms of sand fract ions from basal sedi
ments underly ing the Bridgeport surface. The White S ite represent s glacial 
t ill  and the other f ive s ites  represent outwash. The Elder Site sands are 
f rom an e a s t e r n - d e r iv e d  o u t w a s h .  but t h e  o t h e r  f o u r  h i s t o gr a m s  r e p r e s e n t  
sands f r o m  t h e  w e s t e r n - d e r iv e d  out w a s h. N o t e  t h a t  t h e  w e s t e r n - d e r iv e d  
sands become f iner in an eastward direction. 
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t h e  W h i t e  S it e  i s  po o r l y  sor t e d  in 
comparison to  t h e  f luv i a l l y  d e po s i t e d  
sands  a t  other s i t e s  in t h e  v a l l ey.  
The o th e r  h i s t o grams r e p r e s e n t e d  on 
f igure 5 describe f luvial outwash sedi
ment s sampled from basal pos it ions of 
s t rat i g r a p h i c  s e quences overlying bed
rock. The s amp l e s  from Wauzeka. Roth. 
Greenwoodt and Thiede represent former 
b e d l o a d  s e d iment s f rom o u t w a s h  that 
f lowed eastward from the glacial t i l l  
at  t h e  W h i t e  S it e .  T h e  E l d e r  S i t e .  
which i s  located between the Greenwood 
and Thiede Sites  (fig.  1 ) .  is underlain 
predom inant ly by outwash that was car
ried westward from c e n t r a l  W i s c on s in .  
A l t ho u g h  t h e  E l d e r  s a m p l e  a l so i s  
s tr a t i graphi c a l ly c l o s e  t o  t h e  und e r 
ly ing b e d r o c k  s urf a c e .  i t s r e l at iv e  
e l ev a t i on i s  h i g he r  than t h e  a d j a c e n t  
outwash f r o m  t h e  t i l l  near B r i d g e p o r t  
a t  t h e  m o u t h  o f  t h e  W i s cons in River 
v a l l ey ( f i g .  3 ) .  

Compar i s o n  of t h e  graphic moments 
s t a t i s t i c s  f o r t h e  W a u z e k a .  R o t h .  
Greenwood. and Thiede Sites  shows that 
the m e d ian p ar t i c l e  s iz e  t en d s  t o  b e 
come f iner and that f ine sands tend t o  
constitute a greater proportion o f  the 
total sand fract ion with dist ance eas t 
ward from the 'White Site.  The younger 
outwash f rom an e a s t e r n  s o u r c e  at t h e  
E l d e r  S i t e  t ends t o  b e  b e t t er s o r t e d  
and s l ight l y  c o ar s e r  than t h e  unde r 
lying older western derived outwash a t  
t h e  Greenwood a n d  T h i e d e  S it e s  ( f ig .  
5 )  • 

Fur ther sup p o r t  f o r  t em po r ar y  r e 
versal of the W i s cons in River when the 
val ley mouth was blocked by g lacial ice 
is suggested by bedding in the outwash 
sediments.  Mac C l intock 0 9 2 2 .  p.  6 7 6 )  
observed cro s s -bedding i n  sandy layers 
that  dipped e a s t w ar d  at  Wauz eka. We 
also observed poor ly-developed eastward 
d ipping bedd ing in B r i dgeport outwash 
deposits direct ly overlying bedrock in 
a gully wall located near the center of 
section 36 . Eagle Township. about 3 km 
northe a s t  of B lue R iv e r .  The gul ly 
exposure is approximat e ly 1 .5 km south
east of the Greenwood Site  ( f ig. 1 ) .  

POSSIBILITY OF TWO PRE-WISCONSINAN 
OUTWASH DEPOSITS 

The stratigraphy of the Bridgeport 
t er r a c e  a l on g  the nor th s ide of the 
W i s con s in River near Blue R iv e r  and 
Muscoda suggest the po s s ibility of two 
pre - W i s c o n s i n a n  o u t w a s h  d e po s i t s .  
S an d s  and c l ay e y  c h e r t y  sands  w i t h  
c ry st a l l ine erra t i c s  a r e  sandw i c h e d  
between overlying W i s cons inan l o e s s  and 
the underly ing eastward-sloping outwash 
derived from the mouth of the W i s cons in 
R iv er v a l l ey ( f i g .  3 ) .  The s t r a t i gr a 
phy o f  the intermediate unit is complex 
and appe a r s  to  inc lude  e l em ent s of 
c o l l u v i a l .  a e o l ian.  and f luv i a l  s e d i
m ent s .  A prom inent c h ar a c t e r i s t i c  i s  
abundance of angular chert fragment s of 
v a r i o u s  s i z e s .  By com p a r i s o n ,  t h e  
underlying western derived outwash has 
relat ively l i t t l e  chert (appendix I ) .  

The particle s ize proper t i e s  o f  the 
sand f r a c t ion in t h e  e a s t e r n - d e r iv e d  
outwash has both s im il arities and d i f 
ference s  with the sand fract ion i n  the 
w e s t e rn - d e r iv e d  out w a s h. T h e r e  i s  a 
t endency f o r  t h e  m o d a l  f r a c t ion t o  
cluster around 1 .50 t o  1 . 7 5  phi (medium 
s a n d )  in b o t h .  a l though t h e  b a s a l  sand 
a t  the T h i e d e  S i t e  h a s  a m o d e  of  2 . 2 5  
phi ( f ine sand ) .  The most d i s t inct iv e  
d iff erence between the two units occurs 
in the coarse sand fract ion. The west
ern-derived outwash has  greater quanti
t i e s  of c o ar s e  sand that i s  dom ina t e d  
by quartz.  Coars e  sand in the eastern
d e r iv e d  o u t w a s h  has l i t t l e  quart z  and 
i t  i s  dom i n a t e d  by chert  f r a g m e n t s .  
The e a s t er n  sands  a r e  s l ig h t l y  b e t t e r  
sorted than the w estern sand s .  

T h e  d e po s i t s  o f  e a s t e r n - d e r iv e d  
Bridgeport sediment s differed somewhat 
b e t w e e n  d r i l l  ho l e s  at  t h e  Thie d e .  
E l d e r .  and Greenwood S i t e s .  A t  t h e  
Thiede S i t e  the sands contained con s id
erab l e  quant ities  of c l ay and chert and 
m o s t  c h e r t  pebb l e s  and g r anu l e s  w e r e  
very angular a s  previous ly not ed. The 
abundance of chert and c l ay appears to 
be d e r iv e d  f rom l o c a l  co l luv i a l  and 
f luvial contributions. The Thiede Site 
is only 0 .7 km from t h e  b a s e  of a h i g h  
s t e e p  v a l l ey w a l l  a n d  t ri b u t a r y  en-

1 1 2 



trance ( f i g s .  1 and 4 ) .  At  the E lder 
Site, Wis consinan loess overlies re la
t ively c l e an out w a s h  sand.  The sand 
inc ludes crystal line erra tics and chert 
pebbles but is not characterized by the 
quant ity o f  c l ay and chert t y p i c a l  of 
the Thiede S it e .  Fur ther down v a l l e y 
at the Greenwood S i t e  a v e ry w e l l 
s o rted and l e ached sand w i t h  c h e r t  
granules occurs beneath the calcareous 
W i s c o n s i n a n l o e s s  a n d  a p a l e o s o l  
(appendix I ) .  W e  bel ieve the Greenwood 
sand is co rr e l a t ive w i t h  the e a s t e r n 
derived outwash sands at the Thiede and 
Elder Sites because the sedimentologi
cal  char a c t e r i s t i c s  are s im i l ar.  The 
sandy l o e s s  that und e r l i e s  the Green
wood sand may be contemporaneous with 
the eas tern sedimen t s ,  but it may also 
be related to a late phase of the basal 
Bridgeport outwash from the west.  

MacCl intock ( 1 9 2 2 ) .  working primar
ily w i th s ur f a c e  e x p o s u r e s .  a l s o  s ug 
gested that Bridgeport terrace depo s i t s  
near Blue  River and M u s c o d a  w e r e  d if 
ferent in age from Bridgeport depo sits  
in the lower valley. Because he found 
more carbona t e  c l a s t s  in depo s i t s  o f  
the lo wer v a l l e y  r e l a t ive t o  the m i d 
cour s e  v a l l e y .  M a c C l in t o c k  conc l ud e d  
t h a t  d e p o s i t s  n e a r B l u e R i v e r  a n d  
Muscoda were oldest.  However, bec ause 
the lower val ley Bridgeport depo s it s  
p a s s  under the m i d c o u r s e  Bridgeport  
d e p o s i t s  t h o u g h t  t o  b e  o l d e s t  by  
MacCl int o c k .  his  r e l a t iv e  age  a s s i gn 
ment s were incorrect.  The differences 
in content of carbonate c last s between 
the two units probably can be explained 
by s o u r c e  r e g io n s  of the s e d im ent s .  
The w e s t e rn s o urce  a r e a  f o r  the b a s a l  
e a s t w a r d - d i p p i n g  o u t w a s h in c l ud e s  
southeastern Minne sota and northeas t ern 
Iowa where carbona t e  b e d r o c k  o c c u r s  
commonly at  the s u r f a c e .  W e  b e l i ev e  
the source r e g ion f or t h e  pre- W i s co n 
sinan Bridgeport sediment s .  that over
l i e the e a s t w ar d - d i p ping outwash near 
Bl ue River and Muscoda. is central and 
northern W isconsin where carbonate bed
rock is  l e s s  c om m o n ly expo s e d  at t h e  
surfac e .  

The s i z e s  of err a t i c s  recov e r e d  
during d r i l l ing i n  t h e  upper ou t w a sh 

near B l ue R iv e r  and Mu s c o d a  w e re v e r y  
sma l l  and ind i c a t e  that t h e  i c e  f r o n t  
pr o b a b l y  � a s  o f  c o n s id erab le distance 
t o  the e a s t .  The l ar g e s t  erra t i c s  
observed were very small  pebb les  ( 4  to 
8 mm i n t ermed i a t e  axis ) .  It is very 
likely that larger particles  exist  but 
were not recovered on the drill augers.  
Erra t i c s  r e c ov e r e d  by d r i l l ing in t h e  
b a s a l  w e s t e r n - d e r ived o u t w a s h  a t  t h e  
same sites were a s  large a s  sma l l  peb
b l e s  ( 8  to 16 mm i n t e r m e d i a t e  a x i s ) .  
but sma l l  boulders up to 1 20 mm diame
te r on the i n t e r m e d i a t e  a x i s  w e re e x
p o s e d  in a gu l ly that cut into t h e  
basal outwash. Another indicat or that 
the ice front probably was of consider
a b l e  d i s t ance  to the e a s t  i s  the l o w  
f r e q u e n c y  o f  e r r a t i c s  i n  t h e  upper 
o u t w a sh by c o m p a r i s o n  to the l o w e r  
outwash where they are abundant. The se 
d ifferences suggest that the ice front 
that w a s  r e l a t e d  to the upper o u t w a s h  
p r o b a b l y  w a s  f ur t her away than the 
down- v a l l e y d i s t a n c e  repres e n t e d  b e 
t w een the W h i t e  S i te  and the b a s a l  
out w a s h  i n  t h e  m i dc o u r s e  v a l l e y near 
Blue River and Muscoda. 

SUMMARY 

The Bridgeport terrace is composed 
of i s o l a t e d  remnan t s  o f  a o n c e  m o r e  
e x t e n s i v e  t e r r a c e  t h a t  e x t e n d e d  
throughout the l o w e r  W i s c o n s in R iv er 
s y s t em.  I t s  pre s e rv a t i on at  s e l e c t ed 
l o c a l i t i e s  r e l a t e s  t o  protect ion from 
l a t e r a l  s t r eam e r o s ion p r o v i d e d  by a 
b u r i e d  do l o m i t e  and s a n d s t o n e  s t r a t h .  
Terrace  d e po s i t s  o n  the s t r a t h  are 
dom inan t ly p r e - W i s cons inan a g e , and 
appear t o  repre sent at least two maj or 
pre- W i s c o n s inan depo s i t iona l ev ent s .  
The f i r s t  event i s  ass ociated w i th a 3 
to 4 km pene trat ion of an ice lobe into 
the mouth of the val ley. This pene tra
tion resulted in depo s i t ion of glacial 
t i l l  on the B r i d g e port  t e r r a c e  at the 
valley mouth and in depo s it ion of f lu
vial glac ial outwash that grades east
ward t o w ar d  c e n t r a l  W i s c o n s in.  The 
e a s t w a r d  grad i e n t .  e a s t w a r d - d ipp ing 
bedding. and eastward decreas ing parti
c l e  s iz e  in B r i d g e p o r t  ou t w a sh s e d i
ments ind icate that the W isconsin River 
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w a s  t em p o r a r i l y  reve r s e d w h i l e  1 c e  
b l o c k e d  t h e  m o u t h  o f  t h e  v a l l e y. T h e  
d i s c h a r g e  p r o b a b l y  f l o w e d  t o  t h e  R o c k  
R i v e r  p a l e o d r a i n a g e  v i a  B l a c k  E a r t h  
Cre e k  v a l l e y  b e c a u s e  d e e p  f i l l s  o c cur 
there and in the Mad ison area. Alt er
natively. f l ow may have p a s s e d  e a s tward 
into L ake M i c h i g an d r a i n a g e .  C l ay 

m in e r a l o g y  of t h e  B r i d g e p o r t  t i l l  i s  
sim i lar t o  the c l ay mineralogy o f  t il l s  
in the W o l f  Creek Formation i n  a d j acent 
n o r t h e a s t  I o w a  and in t h e  H e r s ey t i l l  
o n  t h e  nor t hw e s t e r n  m ar g in o f  t h e  
D r i f t l e s s  A r e a  i n  W i s c o n s in. T h e s e  
cor r e l a t i o n s  s u g g e s t  t h a t  t h e  B r i d g e 
port t i l l  i s  o f  c l a s s i c a l  Kansan age. 

The s e c on d  p r e - W i s c o n s inan e v e n t  
represented i n  Bridgeport terrace sedi
men t s  i n c l u d e s  d e p o s i t s  o f  s a n d s  a n d  
c l a y e y  c h e r t y  s an d s  w i t h cry s t a l l i ne 
errat i c s  t h a t  are f o u n d  san d w i c h e d  
between outwash o f  the Bridgeport t i l l  
and overl y ing Wis cons inan loes s.  These 
d e p o s i t s  a p p e a r  to r e p r e s e n t  f l u v i a l  
g l a c i a l  o u t w a s h  from a s o u r c e  t o  t h e  
east in central and northern W i s cons in. 
Their age is unknown. except that they 
occur stratigrap h i c a l ly a b ove o u t w a s h  
from the Bridgeport t i l l  and are there
fore younger. They are best preserved 
in the midcourse valley along the north 
s i d e  of the W i s c o n s i n  R i v e r  n e a r  B l u e  
River and Muscoda. 

The d e p o s i t s  n e a r  M u s c o d a .  w h i ch 
are l o c a t e d  n e a r  the c e n t e r  of t h e  
southern sector o f  the Drif t l e s s  Area. 
have b e e n  c i t e d  by B l a ck ( 1 9 7 0 )  a s  
ev i d e n c e  f o r  g l a c i a t i on of t h e  D r i f t 
less Area. Our examination of surface 
expo s u r e s  and of s e d im e n t s  from t h r e e  
drill h o l e s  that pene trated to bedrock 
in the imm e d iate area ind icate that the 
s ed i m en t s  s u g g e s t e d a s  t i l l  by B l a c k  
a r e  in f a c t  f l uv i a l  g l a c i a l  o u t w a s h .  
W e  f o und no e v i d e n c e  t o  i n d i c a t e  t h a t  
g l a c i a l  i c e  p e n e t rat e d  t h e  l o w e r  W i s 
c o n s in R i v e r  v a l l ey m o r e  t h an a b o u t  3 
or 4 km a t  t h e  m o u t h  o f  t h e  W i s c o n s in 
River near Prairie du Chien and Bridge
port . 
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APPENDIX I 

WHITE SITE* 

Field Description Depth Depth Moist 
U n i t  " m Munse 1 1  Color Calcareous S : s i : C l  G ,  XL Q/F Ch e!;t Ang/Rd 

Silt .n' c l ayey s i l t  0 . 0 - 5 . 0  0 .0 - 1 . 5  7 . 5YR4/4 No 

Silty sand wi e r r a t i c  5 . 0 - 9 . 0  1 . 5 - 2 .  i 10YR6/4 No 5 9 : 2 3 : 1 8  8 2 1  3 . 4 
pebble:> 

Sandy s i l t - s i l t y  9 . 0 - 1 5 . 3  2 . 7 - 4 . 7  7 . 5YR4/4-4/6 No 
sand wi erratic 

pebbles 
13 . 0  4 . 0  No 51 : 3 1 :  1 8  4 1 5  0 

1 4 . 0  4 . 3  No 5 2 : 2 9 : 1 9  9 13 3 . 8  

1 5 . 0 4 . 6  No 48 : 3 1 : 21 5 1 5  1 7  4 8 .6 

Sandy c l a y  1 5 .3 - 2 0 . 0  4 . 7 -6 . 1  10YR5/4 No 

1 7 .0 5 . 2  No 36 : 1 9 : 4 5 0 1 7  1 . 5  

1 9 . 0  5 . 8  No 43 : 2 2 : 3 5  1 4  0 0 . 9  

Clayey s i l ty sand 2 0 . 0 - 2 9 . 0  6 . 1 - 8 . 8  10YR4/6-5/6 No 

2 1 . 0  6 .4 No SI : 26 : 23 4 1 3  1 3  4 3 . 4  

2 2  .0 6 . 7  No 5 0 : 23 : 27 6 1 5  6 . 5  

23 .0 7 . 0  No 5 1 : 23 : 26 2 1 2  1 7  5 . 6  

24 . 0  7 . J No 5 2 : 2 3 : 2 5  1 3  0 . 2  

::6 . 0  7 . 9  No 57 : 1 9 : 24 1 1  0 0 . 1  

Sand 2 9 . 0 - 3 5 . 0  8 . 8- 1 0 . 7  2 . 5Y6/4 No 

3 1 .0 9 . 5 No 6 8 : 14 : 1 7  8 20 1 2  0 

3 4 . 0  1 0 .4 No 8 2 : 8 : 1 0  0 4 9 4 1 . 7 

Roth S i t e *  

F i e l d  Description Depth Depth Moiat 
Unit ft m Mun s e l l  Color Calcareous S : S i : CI G, XL Q/F Chert Ang/Rd 

Clayey s i l t  0 .0-5 . 5  0 . 0 - 1 . 7  10YRS/6 No 

Clayey �he!;ty sand 5 . 5 - 1 0 . 5  1 . 7 - 3 . 2  lOYR4/6- No 
... 1 erratica 5/6 

Clayey cherty sand 1 0 . 5- 1 6 . 0  3 . 2 - 4 . 9  7 . SYR4/4 No 7 2 : 10 : 1 7 0 49 1 . 1 5  

Sand with mLnor 16 . 0 - 1 9 . 0  4 . 9 - S . 8  1 0YR6/6 No 7 4 : 1 2 : 1 4  1 7  1 . 6 
s i l t  on' clay 

Clayey sand 19 .0-23 . 5  5 . 8-7 . 2  7 .  SYR4/4 No 7 4 : 9 : 1 7  0 . 2  
... / erratics 

Clayey grav e l l y  
sand between beds 23 . 5 - 2 8 . 0  7 . 2 - 8 . 5  7 . 5YR4/4 No 7 7 : 2 : 2 1  1 2  0 . 8  

of sand 

Clayey gravelly 2 8 . 0 -3 1 . 0 8 . 5- 9 . 5  10YR3/4 No 
sand 

Weathered bedrock 3 1 .0-33 . 5  9 . 5 - 1 0 . 2  2 . 517/6 y" 
( d o l )  

1 1 6 



Greenwood S i t e *  

F i e l d  Description Depth Depth Moist 
UUil It m Hunsell Color Calcareous S : S i : Cl G, XL Q/F Chert Ang/rd 

Silt .nd 0 . 0 -7 . 0  0 . 0-2 . 1 10YR5/6 No 
clayey s i l  t 

Coarse s i l t  7 . 0 - 9 . 0  ;: . 1 - 2 . 7  1 OYR5/ 4 y" ) : 80 : 1 7 a a a a 
Coarse s i l t  9 . 0 - 1 8 . 0  2 . 7 - 5 . 5  10YR6/6 y" 

Paleoso l ? - s i l t  1 8 . 0 - 1 8 . 3  5 . 5- 5 . 6  7 . 5YR4/4 y" 

Paleosol ? - s ilt 1 8 . 3 - 1 8 . 7  5 . 6 - 5 . 7  lOYR6/8 y" 

S i l t  1 8 . 7 - 1 9 . 5  5 . 7 - 5 . 9  2 . 5Y7/4 y "  

Sand �i th chert 19 . 5- 2 4 . 0  5 . 9-7 . 3  2 . 5Y8/4 No 9 1 :  1 :  8 a lO a 37 1 .  7 3  
granules 

Clayey s i l t  :'. 4 . 0 - 2 9 . 0  7 .3 - S . S  2 . 5Y6/4 No 

Sandy s i l t  - 29 . 0 - 3 4 . 0  8 . 3 - 1 0 . 4  10YR6/4 No 47 : 3 0 : 1 3  a a a a 
s i l t y  sand 

Sand 3 4 . 0 - 3 9 . 5  1 0 . 4 - 1 2 . 0  10YR6/4 No 8 3 :  9: 8 l 2  1 6  8 1 2  0 . 1 1  

Rounded cherty 39 . 5- 41 . 5  1 2 . 0 - 1 2 . 7  lOYR4/4 y" 7 2 : 1 7 : 1 1  3 1 7  1 . 7 1  
gravel in s i l t y  
sand 

Gravelly sand 41 . 5 - 5 0 .0 1 2 . 7 - 1 5 . 2  IOYR6/4-S/4 y" 82 : 8 : 1 0  4 0 . 1 6  
with 5 i t  l 

Weathered 50 .0-50 . 5  1 5 . 2 - 1 S . 4  
hedrock ( s s )  

Elder S i t e  

Field Description Depth Depth Hoi s t 
Uuit ft m Muns e l l  color C a l careous 

S i l t  0-3 . 0  0 . 0 - 0 . 9  No 

Silty sand 3 . 0-6 . 5  0 . 9 - 2 . 0  7 . 5YR5/4-4/4 No 

S i l t y  sand 6 . 5- 10 . 0  � . 0 - 3 . l 7 .  5YR4/6- 5/6 No 

Coarse sand .nd 10 . 0 - 1 6 . 0  3 . 1 - 4 . 9  7 . 5YR6!6 No 

erratic pebbles 
and chert 

Sand with s i l  t 1 6 . 0 - 1 8 . 0  4 . 9 - 5 . 5  7 . 5YR6/6 No 
and erratic - 10YR6/6 
pebbles 

Weathered 1 8 . 0 - 2 0 . 0  5 . 5 - 6 . 1  No 

bedrock ( s s )  

1 1 7  



Thiede Sit e* 

Field Description Depth Depth Moist 
Unit f t  m Munse 1 1  color C.dcareous S : S i : C I  G, XL Q/F Chert Ang/rd 

Sand. silty sand 0 . 0-5 . 0  0 . 0 - 1 . 5  7 . 5YR6/6 No 
10YR6/6 

Silty cherty sand 5 . 0 - 7 . 5  1 . 5-2 .3 7 . 5YR5/6 No 

Cherty clayey sand 7 . 5 - 8 . 0  2 .3 - 2 . 4 IOYR3/3-3/4 No 

Clayey sand and 8 . 0 - 1 4 . 0  2 . 4-4 . 3  7 . 5YR6/8- No 7 5 : 9 : 1 6  0 4 0 J 7  J . 2  
cherty sand 5/8 

Silty saod and 
cherty sand 1 4 . 0 - 1 7 . 0  1 . .  3 - 5 . 2  7 . 5Y 5/6 No 

Clayey s i l t y  1 7 . 0 - 1 9 . 0  5 . 2 - 5 . 8  7 . 5YRS/6 No 
sand 

Clayey cherty 1 9 . 0 - 2 4 . 0  5 . 8 - 7 . 3  7 . 5YRS/6 No 
Band and silty 

sand 

Sand with 24 . 0 - 2 9 . 0 7 . 3 - 8 . 8  10YR6/4 - No 9 0 : 3 : 7  9 2 1 .4 
granules and 6/6 
pebbles of erraticB 

Clayey s i l  ty sand 2 9 . 0 - 3 1 . 0  8 . 8- 9 . 5  10YR5/6 No 
wi�h common 4/6 
errat � c s  generally 
less than 5 - 1 0  = 
diameter 

Weathered 31 . 0 -3 2 . 0  9 . 5 - 9 . 8  green No 
bedrock ( s s )  

><; ,  � granite 
XL � other crystal line rock 

Q/F = quartz + fedlspar 
Ang/rd = ratio of angular t o  round quartz grains 

1 1 8  



The record at Devils Lake can b e  
t i e d  t o  the regional glacial record . 
The lake basin was formed when the ad
vancing Woodfordian i c e  reached the 
Baraboo Ranges and flowed westward 
a long the exposed edges o f  the more 
massive Southern Rang e .  The depos i t i on 
of outwa s h  in the bas i n  dates back to 
this t ime . This event also marks the 
t ime when meltwater from the ice north 
of the Baraboo Range was cut off from 
i t s  drainage route down the lower Wis
consin Rive r .  The discharge ponded 
against the highlands to the we s t ,  fi
nally to spill into the valley of the 
Black River (Bre t z ,  1 9 5 0 ) . 

The cessation of outwash depo s i t i on 
and the onset of organic sedimentation 
i n  Devils Lake mark the retreat of the 
Green Bay Lobe from the Johnstown Mo
raine . The timing o f  this event i s  
usually based on bog-bottom dates--the 
radiocarbon age o f  the first organic 
material found on the unglaciated ter
rain. These dates are variously sus
p ec t .  They may b e  far too young if the 
depos itional s i t e  was occupied by a 
buried ice block (Florin and Wrigh t , 
1969 ) , or far too old i f  the bas i n  
formed in d r i f t  that was calcareous or 
that contained par t i c l e s  of coal or 
older peat picked up by the glaci e r .  
Es timates for the rece s s i on o f  the 
Green Bay Lobe range from 1 2 , 000 to 
1 3 , 000 B . P .  ( B l ack and Rub in, 1 96 7 -6 8 )  
t o  1 5 , 5 6 0  + 1 5 0  B . P .  (WIS-442 ; Bender 
and other s ,-1 9 7 l )  or even more . 

Fina l l y ,  Devils Lake sediments 
contain l i t t l e  or no carbona t e .  
Although the blocking moraines may 
contain some calcareous material , i t s  
presence i s  not obvious , and none was 
noted in the lake . The water is so f t ,  
and the surrounding quar t z ite terrain 
contributes l i t t l e  soluble material to 
the lake ( Twenho fel and McKel vey , 
1 9 3 9 ) . The organic carbon in i t s  
sediments thus can provide better dates 
than most lakes in the Midwe s t .  

The lake is 2 . 1  km long and 1 km 
wide; i t s  surface area i s  1 . 5 3  km2 • Its 
maximum depth is 1 2 . 5  m; i t s  median 
depth and mean depth, respectively, are 
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9 . 2  m and 7 . 8 m .  The elevation o f  the 
water surface is higher than the land 
surface outside the blocking moraine s ;  
the lake surface forms a saddl e  i n  the 
eas t-we s t  groundwater divide that ex
tends along and under the quar t z i t e  
ridge . I t  i s  not known what proportion 
the wa ter leaves the basin by evaporat
ing or by percolat ing through the sedi
ment f i l l .  The age and thickness o f  
unconsolidated sed iment under the lake 
are not kno'tm . A wa ter we l l  at the 
south edge of the basin penetrated 1 1 7  
m without s triking quar t z i t e  ( Black , 
1967-68 ) .  

The size o f  Devils Lake makes i t  
hard t o  study . Twenhofel and McKelvey 
( 1 9 3 9 )  described i t s  surficial sed
imen t ,  obtained by Ekman dredge and 
short cores from an i c e  cove r .  They 
reported the off-shore material gener
a l ly was a normally-sorted black s i l t y  
clay with few macrofo s s i l s . They found 
a few small clams in the shallow water , 
and a couple of f i s h  vertebra e .  They 
reported the presence of diatoms , 
sponge spicul e s , and bacteria , but no 
mention was made o f  pollen. The 
surface s e d iment o f fshore was described 
as a soupy black " s ludge" up t o  1 m 
thick . Their average sediment water 
content o f  8 2 . 5 % ,  and average loss on 
ignition of about 1 9 %  were similar to 
those I measured on the upper 
sediment s .  Twenh o f e 1  and McKelvey d i d  
n o t  reach t o  the base o f  t h e  organic 
sediments .  They mentioned that the 
muds gave no hint o f  layering, and 
commented that , a l though thi s might 
normally be judged the resul t of 
comp l e t e  mixing by organisms , smal l  
worms were the only bottom fauna they 
had no ted . 

I f i r s t  vi s i t e d  Devils Lake in the 
early 1 9 60 ' s  when I began teaching gen
eral geology and l e d  field trips to the 
Baraboo area . As there was no coring 
equipment to deal with so large a lake , 
F .  W .  Bachhuber and I took a 2-inch 
Livingstone core from Hansen Marsh , 
which occupies one of the old pro
glacial lake basins (NWI/4 s e c .  1 6 ,  T .  
1 1  N. , R .  7 E . )  5 km northeast o f  
Devi l s  Lake . Af ter penetrating a meter 



of peat and gytt j a ,  the core entered 
brown and bluish laminated clays . Bed
rock , probably Cambrian sandstone , was 
reached 8 . 5  ill below the surface . 

The pollen sequence on the final 
pollen diagram (Bachhuber,  1 96 6 )  was 
typical for the Midwes t .  The unusual 
thing about i t  was that the late
glacial spruce zone extended for 7 m, 
whi le the po stglacial record was re
stricted to the top meter ! No funds 
were available for carbon dating at the 
time . The peat was later resampled 
(Davi s ,  1 9 7 5 )  for material to date the 
end of the local spruce zone . The re
sulting date was 1 0 , 735 + 105 B .P .  
(WIS-740 ; Bender and others , 1976 ) ,  
which agrees with other dates from the 
region. 

It is never certain that samples 
from such thin peat units  are not 
contaminated by roots . A s i t e  was 
needed wi th a higher postglacial sedi
mentation rate to improve the reso
lution for both dating and palynology. 
Devi ls Lake offered the best 
possibilities if its  sediment was not 
too mixed and if it contained well 
preserved pollen .  

. SAMPLING 

Samples of the flocculent sed iments 
from the deeper part of the lake were 
obtained in 1 9 7 7  for s tudent projec t s .  
The wa ter/ sed iment interface was sam
pled wi th a "frozen finger" sampler 
(Wrigh t ,  1 980 ) .  Pollen was abundant 
and well preserved . The upper few 
centimeters contained a zone rich in 
ragweed that indicates the effect o f  
land clearance accompanying settlement 
in southern Wi sconsin . 

To assess problems that might arise 
from coring the flocculent sediment , a 
SCUBA d iver inserted open plastic tubes 
in the sediment and corked both ends 
before withdrawa l .  The cores were al
lowed to stand upright while they were 
frozen applying dry ice only to one 
side.  The frozen cylinders were ex
tracted and cut into samples for pollen 
analysis . The sediment in the core was 
never more than a fraction o f  the 
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thickness the tube wa s inserted ; the 
top of the frozen core was clear wa ter . 
The open struc ture of the flocculent 
sediments apparently is  dis turbed by 
the core tube , and the solids then 
c:ompact to occupy less spac e .  The 
ragweed zone was still  present in the 
upper part of the collapsed core.  This 
information influenced later coring . 

Heavy-duty coring equipment (Cush
i.ng and Wr ight , 1 9 6 5 )  was assembled on 
the ice-covered lake during the late 
winter of 1 9 7 8 .  The Livingstone core 
t:ubes were 1 0  cm in diameter so that 
samples for radiocarbon dating could be 
taken from a small sediment interval . 
The large cores would also provide ma

terial for macrofossil analysis as well 
as po llen . A special device was made 
for measuring the upper posit ion of the 
soft bottom sediment to establi sh a 
coring datum at the surface . This 
c onsisted of an iron weight to which 
was at tached a balanced spatulate metal 
vane . When the device was lowered from 
the surface ,  a mercury switch attached 
to  the vane closed an electrical 
c ircuit when the vane tilted on 
reaching the flocculent sediment . This 
rang a bell at the surfac e .  The wire 
holding the device was graduated in 
meters ,  and indicated the depth of 
water that must be traversed to s tart 
the first core. The device functioned 
well and gave readings reproducible to 
within 2 em. 

The posit ion for the core was se
lected to be near the deeper part of 
the lake , well removed from sources of 
sediment in the small delta of Me ssen
ger Creek at the southwest shore and 
from the sandy bathing beache s .  The 
core was taken 750 m from the north 
shore and 2 2 0  m from the talus blocks 
at the wes t  s i d e .  The water depth a t  
the coring s i te was 1 1 . 75 m .  The first 
drive wa s taken through a depth of 1 . 5  
m using a long core tube . The core 
tube was capped at both ends and al
lowed to stand upright at the surface 
unti l  it froz e .  A tubular metal cas ing 
was lowered from the surface to help 
support and guide the drive pipe . 
Drives of a me ter or less were used in 



the deeper sediment s . The core yield 
was excel lent , and the segments were 
wrapped in plastic and metal foil for 
storage. The fac t that the casing did 
not quite reach to the sediment caused 
problems when penetration had reached a 
depth of 6 m .  The pressure needed to 
push the Livingstone sampler deeper 
bowed the drive pipe which sheared off 
just below the casing . This last core 
and the sampler were still attached to 
the surface by the small-diamet e r  pipe 
holding the pis ton . The pipe proved to 
have enough tensile s t rength to pull 
the corer from the hole , The sampler 
then jammed in the casing , and the 
entire casing had to b e  removed in one 
pul l to retrieve the apparatus . 

The core of 1 9 78 d id not extend to 
the mineral sediments that were expect
ed to occur below the organic 
sediments , al though later coring showed 
we had reached to within a centimeter 
o f  our goal . That add i t i onal coring 
was completed during the late winter of 
1 9 7 9 . The station was reoccupied by 
triangula t i o n .  The casing was length
ened to 1 4 . 5  m s o  that it extended 
through the wa ter column and well into 
the sediment s . A 5-cm diameter Living
s tone samplet was used , and the 
interface with the lower mineral 
sediments was reached on the f i r s t  
drive . The lower sediments were black , 
laminated s i l ty clay. Coring continued 
2 . 2  m below the interface with the 
mineral sediment s .  Time and available 
drive pipe limited the penetration. 

LABORATORY PROCEDURES 

The core segments were taken to my 
pollen laboratory a t  Mad ison for 
further stud y .  The frozen core from 
the upper 1 .  5 m of s e d iments contained 
only 1 . 1  m of sediment under clear ice ; 
the ice was discarded . The remaining 
sediment was allowed to mel t  in a foil
lined horizontal trough . Pollen sam
ples were t aken by packing sed iment 
into a spoon of measured volume . The 
samples were also weighed and wat e r  
content measured so that pollen 
concentration could be expres se d  in 
grains/ cm3 or grains per gram ( d ry or 

wet ) . The basic sampling interval was 
5 cm; extra sampl e s  were taken near the 
top and base of the sediment . 

Ten samples for radiocarbon anal
ysis were chosen from various depths in 
the core . The base of the ragweed zone 
and the top of the spruce zone were se
lected by scanning raw sed iment and 
glycerin smeared on microscope slides . 
The other samp l e s  for dating were taken 
at regular intervals . The samples were 
analyzed at the Radiocarbon Laboratory , 
Center for Climatic Research, Universi
ty of Wi scon s i n ,  Madison (Bender and 
o thers , 1 98 0 ) . 
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Duplicate pollen sampl e s  were taken 
from two levels in each of the six 
original core segment s .  These twelve 
samples were used to estimate the 
number of marker grains needed for 
concentration measurements in the 
various parts of the cor e .  The markers 
consisted of darkly stained Lycopod ium 
spores embedded in tabl e t s  ( S tockmarr , 
1 9 7 3 ;  batch 2 1 2 76 1  has a tablet mean 
and standard deviation of 1 2 , 489 � 
4 91 ) . The darkly stained Lycopod ium 
spores are used as an abundance 
s t andard in the sample , to which the 
indigenous pollen and spores are 
compared . Five tablets " ere placed in 
each of the twelve duplicate samp l e s  
which we re then processed i n  the usual 
fashion: succ e s s ive 10-minute treat
ments in 10% HC 1 ,  10% KOH, and 48% HF; 
glacial acetic acid washes before and 
after three minutes o f  acetolysi s , 
washing with wa t e r ;  dehydrating with 
tertiary butyl alcoho l ,  and mounting i n  
2 0 0 0  centi s t ok e s  s i licone fluid f o r  
storage and microscope analysiS (Mahe r ,  
1 9 7 7 ) . Rough counts suggested that 
five tablets would produce a reasonable 
number of markers in all the core 
segments except the fifth , from the 
interval between 4 3 0  and 5 2 5  cm in the 
s ed iment ( f i g .  1 ) ;  ten tablet s  were 
added to pollen samples from that 
segment . 

The cores obtained in 1 97 9  from the 
lower lake sediments were treated in a 
s imilar manner ,  and two add i t ional 
samples were submi t t ed for radiocarbon 
analys is . 
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FIGURE l . --Age versus depth relation
ships of the radiocarbon samples from 
Devils Lake . See also Table 1 .  Di
ameters of black dots include two 
standard deviations from mean value . 
Second order function fit  to the data 
by least-squares criterion regressing 
radiocarbon age onto depth in cm; n = 

11  ( 10 dates and surface) . The two 
open circles and dashed upper segment 
are discussed in the tex t .  

The pollen statistics were done 
using the methods described in Mos imann 
( 196S) and in Maher (1981 ) .  In an 
attempt to avoid operator bias , all the 
pollen counting was completed , and the 
core was zoned by numerical methods 
before a pollen diagram was drawn . 

LITHOLOGY 

The sediment from above 6 03 cm in 
the core is an olive black (Munsell 
color wet :  SY 3 / 1 )  silty clay . The 
s ediment is massive and has little 
indication of stratigraphy except some 
occasional diffuse darker banding . The 
s ediments have not yet been sieved for 
macrofos sil stud i e s .  Aside from some 
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fossil leaves noted in the field ; li t
tIe coarse material was found when the 
pollen samples were taken . The wa ter 
c.ontent varies from 80% of the fresh 
s ediment weight near the surfac e ,  to as 
l ittle as 48% at 500 cm . Loss on 
ignition over this same depth interval 
ranges from 2S% to 8% . Fragments of 
charcoal were noted at a l l  ] evel s ;  no 
attempt was made to quanti fy thei r  
abundance .  As the pollen stratigraphy 
will clearly demonstrat e ,  the homog
enous appearance of this lake sediment 
resul ts not from thorough mixing , hut 
f rom a lack o f  contrasting sediments 
with which to define discrete layer s .  

The mineral sediment from depths 
greater than 603 cm differs markedly 
from that at shallower depths . Its  
color ranges from SGY 2/1  to  SG 2 / 1  to  
2 . SGY 3/ 1--greenish black to dark olive 
gray . Its water content in fresh 
sediment is in the range of from 60% t o  
22% .  When cores were newly extruded in 
the field , thin varve laminae were 
clearly visible on the surfac e .  The 
material is in a highly reduced state . 
Vivianite (hydrated iron phosphate)  and 
aggregates of tiny pyrite crys tals were 
identified by electron-probe analysi s .  
When the cores were opened i n  the lab
oratory , the laminations exposed on 
fresh surfaces rapidly darkened due to 
oxidation . Spot measurements of thei r  
thickness a t  a number of places wi thin 
a meter of the contact with the over
lying organic sediment suggest the sed
iment accumulated at an average rate of 
0 . 128  em/yr . 

RADIOCARBON CHRONOLOGY 

The radiocarbon dating o f  the 
Devils Lake sediments is important for 
three reasons . Firs t ,  it provides a 
method of estimating the time since the 
i ce of the Green Bay Lobe started to 
retreat . Second , it allows the pollen 
s tratigraphy to be dated by an 
independent means . And third , i t  
provides a way o f  measuring sedi
mentation rates which are needed for 
estimating pollen influx. 



TABLE 1 . --Devils Lake radiocarbon dates , 

Bender and o thers ( 1 98 0 )  

SAMPLE 

HIS-993 
HIS-994 
HI S-9 9 5  
lII S-996 
HIS-997 
HIS-998 
HIS-999 
WIS-I000 
HIS-I00l 
IH S-I004 
IH S-I073 
WIS-I 0 7 5  

DEPTH BELOH 
LAKE BOTTOM 

( Cm) 

18 - 2 5  
1 4 9  - 1 5 4  
1 64 - 1 6 9  
263 - 2 6 7  
334 - 3 3 8  
3 9 5  - 3 9 9  
4 5 5  - 4 5 9  
5 1 4  - 5 1 8  
5 4 1  - 5 4 7  
5 9 9  - 603 
599 - 603 
603 - 6 1 1  

The twelve radiocarbon samp l e s  from 
the cores are listed in table 1 and 
s hown in s t ra t i g raphic position in fig
ure 1 .  The lowest sample from the 1 97 8  
coring operation (HIS-I 0 0 4 )  w a s  found 
e ssentially equal in spore content t o  
the sample taken i n  1 9 7 9  (WIS-I 073 )  
f rom just above the interface with the 
lower mineral _ sediment s .  The average 
of their C-1 4  ages is 1 2 , 570 B P ,  which 
i s  in agreement with the date of 1 2 , 520 
BP for HI S-I075 from the sediment jus t 
below the interfac e .  

The depth versus time curve shown 
on figure 1 i s  defined using only the 
s olid black dots that include the sur
face (0 cm = A . D .  1 9 7 8  = -28 B . P . )  and 
the ten lower carbon samples . ( The two 
samples HIS-993 and WIS-994 from the 
top segment are used for a different 
purpose described below . )  The curve is 
the bes t-fit second-order function de
fined by regressing radiocarbon years 
onto depth in centimeters below the 
water/sediment interface .  The value of 
r2 indicates that the func tion cor
relating radiocarbon age with depth ac
counts for almo s t  all the variance in 
the data. 

The two dat e s  from the upper core 
to derive the 

The drive 
s egment were not 
depth vs . time 

used 
func t i o n .  
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AGE BP 

245 + 5 5  
2055 + 6 5  
2430 + 6 5  
4 1 0 5  + 6 5  
5245 + 6 5  
6 9 2 0  + 7 5  
8640 + 8 5  

1 0 , 080 + 1 00 
1 0 , 620 + 105 
1 2 , 880 + 125 
1 2 , 260 + 1 1 5  
1 2 , 520 + 1 6 0  

COMPRE SSED 
DEPTH ( cm )  
( Se e  text) 

12 
105 

1 6  
l!19 

through the uppermost 1 50 cm yielded 
only 110 cm of cor e . An almo s t  perfect 
l inear increase in age exi s t s  in the 
c.ompres s ed upper core segment from the 
surface (-28 B P )  through the lower two 
c.irbon dates ( yr = [ 1 9 . 5 J  cm - 2 7 . 8 ;  
I' 0 . 9 9 9+) . I t  appears that the 
flocculent sediment i s  progressively 
less dense toward its upper por ti o n ,  
but when dis turbed b y  the core t ube , 
c ollapses to a subs tance of constant 
d en s i t y .  The sampl e s '  p o s i t ions in the 
c ompressed core were translated to age 
B . P .  So lving for depth in the quad
ratic equation in figure 1 a l l owed the 
compressed samples to be spaced reason
ably within the upper 1 . 5  m. Thi s  
reconstruction tends t o  confirm that 
I i t  tIe sediment is m i s s ing in the top 
segment . I t  should be noted that t h i s  
exercise i s  nec e s s a ry only when the 
reconstructed sediment column needs to 
be shown such a s  in figure 1 .  For all 
other purpo s e s  the core i s  taken as 
measured in the laboratory . For ex
amp l e ,  the sedimentation rate to be 
used for pollen sampl e s  from the upper 
s egment i s  that which comes from the 
compr e s s ed core : 0 . 05 1  em/yr . 

The curve of figure 1 shows a pro
g r e s s ive change of sedimentation rate 
through time . I interpret the rate 
change as resulting from compaction of 



the older sediment under the weight of 
younger. The line segment below 6 m 
shows the increased sedimentation rate 
in the underlying varved clays . The 
age at the base of the analyzed core i s  
taken to b e  about 1 2 , 800 B . P . , judged 
from the length of the varved segment 
and the average number of laminae per 
cm. 

IMPLICATIONS FOR THE GREEN BAY LOBE 

I am impressed by the orderly in
crease of radiocarbon age with depth, 
and that figure 1 ' s  curve so closely 
approaches the present age at the sur
fac e ;  i t  predi c t s  +5 B . P .  at 0 em 
rather than the actual age of -28 B .P .  

The Devils  Lake dates suggest the 
lake received outwash unti l  about 
1 2 , 500 B . P .  Normal postglacial sedi
mentation could not have occurred at 
Devils Lake unti l  the ice of the Green 
Bay Lobe had receded enough to open a 
drainageway along the eastern s ide of 
the Baraboo Range near the present 
Wisconsin Rive r ;  water from the progla-

c ial lake to the north would no longer 
flood Devil s  Lake . Now if the Two 
Creeks Forest  was drowned about 1 1 , 8 50 
B .P .  by rising Lake Michigan waters 
d ammed by the Greatlakean advance , the 
t ime available for the Green Bay and 
Michigan Lobes to retreat some 350 to 
400 km--exposing and then reblocking a 
drainage route to the east--is limited 
to  about 7 00 yr . This  amounts to an 
average retreat rate of  50  to  60  km per 
century . 

PERCENTAGE POLLEN DIAGRAt! 

Wright ( 1 9 7 1 )  and Bernabo and Webb 
( 1 9 7 7 )  have summarized the trends noted 
on Midwestern pollen diagrams , and d i s
cus s ed the i r  s ignificance i n  terms of 
vegetation and c l ima t e .  

Pollen s tudies generate too much 
detail to be shown on a s ingle pag e .  
Figure 2 i s  an abridged diagram of 1 5  
pollen taxa i n  the Devils Lake sedi
ment . The vertical dimension is  scaled 
in 1 000 ' s  of  radiocarbon year s ;  the 
depths of the samples were converte� to 
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years using the informa tion in figure 
1 ..  Scient i f i c  and common plant names 
used in this paper are listed in table 
2 .  

TABLE 2 . --S c ientific and common names 

Acer maple 
Alnus alder 
Aiiibr'Dsia ragweed 
Artemi s i a  sage 
Betula birch 
Cyperaceae sedge family 
Fraxlnus ash 
Gramineae grass family 
Larix tamarack 
Ostrya ironwood 
Picea 

---
spruce 

Pinus pine 
---

Populus aspen, c o t tonwood 
Quercus oak 
Tilia basswood 

---

Ulmus elm 

No t e :  "Chen . -Am . "  refers to the Cheno
podiaceae and Amaranthaceae famil i e s  
which are referred to i n  the text as 
the Chenopodiineae . This pollen taxon 
includes the goose foot and pigweed 
famil i e s .  

� i s  the dominant po llen type 
before 1 1 , 000 B . P .  Spruce then rap idly 
decline s ,  reaching 1 5 %  o f  total pollen 
by 1 0 , 800 and 1% by 9800 . The diagram 
d iffers from many in the Midwe s t  in 
that Populus is shown as a discrete 
curve . Populus pollen is easily de
s troyed , and i t s  abundance in the older 
s ediments may in part reflect the ex
cellent pollen preservation in these 
s ediments .  Taking the diagram at face 
value , howeve r, the combined abundance 
of P i cea and Populus sug g e s t s  the for
e s t  combined a good deal o f  aspen with 
s pruc e .  Larix mu s t  have occurred i n  
t h e  region throughout t h e  record . 
Larix pollen d i s s emina t i o n  i s  low, and 
�much signi f icance should be at
tached to the fact that its percentage 
curve is con t i nuous i n  the early part 
o f  the diagram. 

Fraxinus percentages exh i b i t  an in
t er e s t ing double exp ansion. The first 
period of abundance ends about 1 2 , 000 
B .P . ;  a second ash rise begins about 
1 1 , 0 00 only to crash a f t er 1 0 , 000 B . P .  
Fraxinus pollen can be subdivided on '
s everal morphological ground s .  McAn
drews and others ( 1 9 7 3 )  suggest that 
Fraxiulls nigra and F .  quadrangulata '
t end to have three fur rows whereas F .  

.
pennsylvanica and ,I. americana tend 
t oward four furrow s ..  There is a sig
n i ficant stat i s t i cal d i f ference in the 
propor,ion of 3-furrowed ash grains i n  
t h e  sedimen t : before 9 600 B . P .  they 
oompri s e  8 5% of all ash grains ; a f t e r  
t h a t  d a t e  the i r  proportion falls to 
50% . I c onclude the black ash (Fraxi

,'US nigra) is partially responsible for 
the twin peaks o f  abundanc e ;  i t  became 
L e s s  important later in the postgla
e ia l . 
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Betula p o l l en percentages start to 
rise about 1 2 , 000 B . P . , fall rapidly a t  
9 80 0 ,  and then maintain low values for 
:leveral millennia unt i l  a gradual r i s e  
:l tarts about 5 000 B . P .  Alnus p o l l e n  
occurs a t  low percentages throughout 
the record . 

Pinus percentages are exceedingly 
:�ow a t  Devil s  Lake prior to 1 1 , 000 B . P .  
Leading authori t i e s  conclude the genus 
s imply was not in the region (IVr i gh t ,  
1. 9 7 1 ) .  Pine pollen i s  d i s t ributed 
prodigally by wind , and the trace « 2 % )  
t n  the older sediments a t  Devi l s  Lake 
may well have come from trees growing 
in the Rock i e s .. It is d i f ficult t o  
visua l i z e  how migrating pines could 
c.ontribu t e  almost no pollen to the lake 
i:lfld then burst o n  the scene . The pine 
percentage goes from 1 . 5  t o  1 0 . 5  o f  
total pollen within about a century. 
The pollen grains o f  these f i r s t  pines 
have smooth furrow membranes belonging 
t o  the so-called yellow pines ( s ubgenus 
Diploxylon) ,  which in the Midwes t  prob
Ecbly included Pi nus banksiana ( jack 
pine) and !. resinosa (red pine ) . 

By 9600 B .P .  pine pollen with exine 
f lecks on the furrow membranes--the 



white pines ( subgenus Haploxylon)-
became more common at Devils Lake . In 
the Midwe s t  the only pine o f  this group 
is Pinus s t robus (white pine ) . Jacob
son ( 1 9 7 9 )  summa r i z e s  the migration o f  
whi t e  pine from a refugium in--or east 
of--the Appalachians . The whi te pine 
was in northern Indiana by 9800 B .P . , 
in northern Wisconsin by 8 5 00 B .P . , and 
then spread we s tward , reaching 
nor thwe s t ern Minnesota by 2 7 0 0  B . P .  
Davi s ( 1 9 7 6 ,  p .  2 1 ) , impl ied that white 
pine s pread to Wi sconsin around the 
north side of Lake Nichigan . White 
pine at Devils Lake a t  9 600 B .P .  ( s ee 
also King, 1 9 8 1 )  indicates a migration 
path around the south side of Lake 
Michigan. 

By the time white Dine a r r i ved at 
Devi l s  Lake , yellow pine was already 
declining . The percentage of yellow 
pine continues to drop gradually until 
about 7000 B . P .  when it s t abilizes at a 
relatively low level , leaving white 
pine pollen the dominant type of pine . 

Ulmus percentages begin an upward 
climb about 1 1 , 000 B . P .  From 1 0 , 000 t o  
5500 B . P .  elm fo rms a larger proportion 
o f  the t e r r e s t r i a l  pollen than at any 
later t ime . 

. 
Al though not included on 

the abridged diagram, Ac e r ,  O s t rya , and 
Ti lia a l s o  achieve their largest per
centages during this time . 

Quercu s , which had represented 3 t o  
9 %  of the pollen sum during the spruce 
zone , experienced a marked increase 
about 1 0 , 000 B . P .  With many fluctua
tions , i t  continued to dominate the 
t er r e s t rial pollen unt i l  the time of 
settlement . 

The pollen from anemophilous herbs 
never acquires the large percentages at 
Devils Lake that are found at s i t e s  
farther wes t  on the prairie (Wright and 
o thers , 1 9 6 3 ;  Van Zan t , 1 9 7 9 ) . The 
nonarbo real pollen (NAP ) is relatively 
high in the spruce zone , but decreases 
by 9000 B . P .  to very low values .  Am
brosia and Chenopodiineae obtain their 
highest pre- s e t t lement values from 9000 
t o  3600 B . P . , suggesting the mid-Holo
cene expansion of prai r i e . Gramineae 
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and Cyperaceae reach their high e s t  
pos tglacial values a f t er 5000 B . P . ; 
t hi s  l a s t  interval a l s o  shows increas e s  
i n  birch and oak . 

The e f f e c t  of the land dis turbance 
accompanying agriculture is most easily 
s een in the met e o r i c  rise in ragweed 
pollen and the concomitant decrease i n  
oak and pine . The southern part o f  
Wisconsin experienced a marked popu
l a t i on increase about 1 8 5 0 ,  some 1 25 y r  
b e f o r e  t h e  c o r e  was obtained . The 
carbon date o f  2 4 5  B . P .  (WIS- 9 9 3 ) , 
Table 1 ,  came from sediments deposi ted 
before the ragweed r i s e .  But as 
radiocarbon d a t e s  go, it is not dis
t inguishable from the present . Con
s idering the flocculent nature of the 
upper levels o f  the lake sediment , i t  
i s  amazing the ragweed rise i s  so 
prominent . 

POLLEN ZONES 

P o l l en zones are useful simply t o  
,oall a t t ention t o  a part o f  t h e  dia
.?;ram; I have already made reference to 
the spruce zone . Zone boundaries may 
"?oint to times of chang e _ Given a se
"r i e s  of curves like those on figure 2 ,  
one t r i e s  to s e e  pat terns or intervals 
,.here the pollen a s s emblage is s imilar . 

I need to consider zones in the 
Devils Lake core for two r ea s ons . 
Fi r s t ,  I acquired the pollen data SO 
that they could b e  used for percentage 
diag rams like figure 2 ,  but also for 
c.alculating the numbers o f  pollen 
grains/cm3 of sediment (pollen concen-
1:ration) and the number of pollen 

g rains/cm2 /yr ( po l l en influx ) . These 
measures have c e r tain advantages over 
percentage dat a ,  because the various 
taxa can be cons idered in a frame of 
r e ference separate from the other types 
of pollen in the a s s emblage. Percent
age curves tell the proportion made up 
by each pollen taxon. The changes in a 
taxon ' s  propor tion in s l ides from dif
ferent levels can result from the 
Interac t i ons of a myriad of factors 
that have nothing to do with the 
abundances of that taxon in the 
landscape (Davi s ,  1 963) . INhen the 



percentage and influx 
alike , the analyst is 
bothered with the influx 
when the diag rams differ 
intervals of time , it 
interesting.  

diagrams look 
asked why he 

measures .  But 
during certain 

becomes more 

For reasons discussed in Naher 
( 1 981)  and not elaborated here , pollen 
influx numbers are of prac tical inter
e s t ,  but they are subject to grievous 
errors due to uncertainties in the rate 
of sedimentation . It is simply not 
possible to know whe ther the average 
rate over an interval of core applies 
to a single sample taken from wi thin 
the interva l .  The ambiguities of pol
len influx data can be made less severe 
if the geometric mean of a taxon ' s  
concentration in several adjacent 
samples within a segment of core is 
mult iplied by the geometric mean of the 
estimated rates of sedimentation in the 
same segment .. If one is to average 
samples , it makes sense to average 
intervals of core that are more or less 
alike ; that is , to average over zones .. 

The second reason for considering 
Devils Lake pollen zones also has to do 
with treating the data as concentra
t ions and influxes as wel l  as percent
age s .  It  i s  now fashionable t o  zone 
pollen diagrams by numerical methods 
which are some times assumed to be 
better--or at least less operator
dependent--than the older method based 
on "experience. 1 0  It is not generally 
realized that a numerical method best 
suited for one form of data presenta
tion is not nece ssarily sui ted to 
anothe r ,  nor will it necessarily define 
the same zone s .  I t  would be a pity for 
the percentage and influx diagrams of 
Devils Lake to have diff erent zones ! 
With thi s in mind , I zoned Devi ls Lake 
using a nonparametriC: measure of simi
larity based on the rank order of 
abundance of the taxa in each samp l e .  
The same zones will be defined whether 
the pollen data are percentages or 
concentration or influx.. The measure 
is the Spearman rank correlation coef
ficient (S iegel , 1 9 5 6 )  which was used 
in palynology by Ogden ( 1 9 7 7 )  but then 
was generally put aside for other 
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numerical methods (Prentice , 1 980 ) . 

Figure 3 i s  a Spearman rank mRtrix 
for the 1 2 2  levels of Devils Lake . 
Each level is compared to the other 1 2 1  
levels , yielding 7381 pairs . When, as 
in this case , the correlat ion coeffi
c ients are based on the rank order of 
3 1  pollen taxa in each level ,  the null 
hypothesis that the samples are uncor
related can be rejected at the 0 . 01 
leve l of confidence when the rank 
coefficient is greater than 0 . 4 2 .  Mo st  
of  the coefficients in figure 3 are 
g reater . In looking at a few thousand 
years '  pollen record in a particular 
lake , surrounded by a constant topog
raphy in one geographic region that is 
characterized by we sterly winds , it is  
not surprising the pollen samp les are 
not a random assemblag e !  But high 
values of the rank coefficients can be 
used to indicate samples that are quite 
s imilar as judged by the order of 
abundance of their taxa . 

The ages of the levels in figure 3 
are plotted along the hypotenuse in 
1000 ' s  of years B . P .  At this simpli
f ied representation of the rank coeffi
cients in the core,  i t  is easy to see 
that the levels older than about 1 0 , 000 
B .P .  are more like themselves than like 
the younger levels . Simil ar l y ,  the 
s ediment levels younger than 1 0 , 000 
B .P . , although generally alike , seem 
capable of division at about 5000 B . P .  
Comparison of figure 3 wi th the per
centage pollen diagram (fig . 2 )  shows 
the zone > 1 0 , 000 B . P .  tends to have 
high Pi cea , Populus , Fraxinus , Be tula, 
Abies , and NAP . The zone <1 0 , 000 B .P . , 
by contras t ,  contains Quercus ,  Ulmu s ,  
and whi t e  pine . The subdivision o f  
this zone at 5000 B .P .  correspond s ,  
among other thing s ,  to the drop-off of 
Ulmus and the rise in Be tula and 
Cyperaceae . 

These few comments are suggestive 
of a method for dividing samples by 
s tarting with all combined and then 
breaking the whole into pa rts more 
s imilar within thems elves than to each 
othe r .  This has been called a "divi
s ive procedure by C�rdon and Birks 
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K E Y :  

0.80 - 0 , 9 9  

0.60 0.79 

FIGURE 3 . --Correlation matrix for 
zoning the Devils Lake cor e .  Levels 
refer to the sequence o f  depth levels 
from which the pollen samples were 
taken in the 6 m core . The approxi-
mate age o f  these levels is shown 
along the hypotenuse in 1000 ' s  o f  
years Before Present (KBP ) . See 
text . 

( 1 97 2 ) . The oppo s i t e  "agglome rative" 
technique s t ar t s  wi t h  the individual 
sampl e s ,  which are combined through 
established hierarchical procedures 
with similar samp l e s  i n  strat igraphic 
contac t ,  to form a dendrog ram showing 
the relationships perceived within the 
data. It is good prac t i c e  also t o  plot 
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the data in a matrix like f i gure 3 .  A 
:.lance can then tell whether the 
,3.gg1omerative re-sul t s  make sens e .  The 
prac t i c e  allows any computer with the 
·5ame instructions to divide the data a t  
t h e  same places o n  any given day ; this 
is difficult for humans to d o .  Users 
of dendrog rams soon learn there can be 
a s  many zones as there are samples ! 



For my purpo ses , I needed an 
o b j e c t ive method for dividing the core 
into small segments containing samp l e s  
w i t h  a related a s s emblage o f  pollen. 
An agglomerative technique was used 
with the Spearman rank coef f i c i en t s  t o  
zone t h e  Dev i l s  Lake core . I selec ted 
13 zone s ,  calling that at the base zone 
1 .  All the zones had four or more 
samples except zone 1 1  w i th thre e .  The 
least value of the coef f i c ient between 
any o f  a zone ' s  sample members was 
0 . 7 5 .  Zones 1 t o  4 comp r i s e  the lower 
grouping in figure 3--samples over 9 800 
B . P .  The middle grouping ( 9800 to 5300 
BP ) contains zone s 5 to 7 ,  and the 
upper grouping contains zones 8 to 1 3 .  
In discus s ing the influx o f  p o l l en t o  
the Devi ls Lake s e d imen t s , t h e  pollen 
influx stated wi ll be a value averaged 
over an entire zone . 

INFLUX POLLEN DIAGRNIS 

Pollen analy s t s  have long known 
that percentage data are easy to ob
tain, but difficult to interpre t .  In
flux does not reveal the vegetation o f  
t h e  pas t or its associated c l imat e ;  but 
it seems likely that a pollen taxon ' s  
influx variation through time will 
p rovide b e t t er environmental informa
tion than will a taxon ' s  percentage in 
a pollen count . In the l a t t er case i t s  
very measure o f  abundance has meaning 
only when i t  i s  grouped with things 
o ther than i t s el f .  

No t all s i t e s  are suited t o  pollen 
influx study ; s ome have sedimentation 
rates s o  poorly known or sed iment so 
unsuitable that any influx figure is 
meaningles s .  S t i l l , if the extra t ime 
is spent at a few sites that are 
especially favorabl e ,  then some 
add i t ional insights can be gaine d . 

Figure 4 i s  a graph o f  the average 
influx of terres t r i a l  p o l l en in the 1 3  
zone s .  NAP reached i t s  highest inf lux 
o f  6600 grains / cm2 /yr , m o s t ly ragweed , 
s ince the region was s e t tled during the 
last century . The NAP i n flux i s  
considerably l e s s  before European 
s e t t l ement , fluctuating within a narrow 
range between 1000 and 2400 . The 
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JlIGURE 4 . --t-Iean terrestrial p o l l en in
f lux in the 13 Devils Lake zones . 
Zone numbe r s  are to the right o f  each 
bar . Nonarboreal pollen (NAP) is in 
black , and arboreal pollen ( AP )  in 
gra y . The wh i t e  portion o f  the bars 
shows 0 . 9 5  confidence i n t e rval 
(Maher ,  1 9 8 1 ) . The dotted line a t  
the righ t  i ndicates the p o s i t ion o f  
the 1 2 2  leve l s  from which pollen sam
p l e s  were taken . The radiocarbon 
samp l e s  are shown by the small black 
bars . 

arboreal pollen influx i s  great er , and 
It o s c i l l a t e s  more widely ( 5300 t o  
2 2 , 500 g ra i n s / cm2 / yr ) . 

The arboreal species have many 
prolific pollen producers , and their 
height exposes their f l owers t o  the 
s tronger winds aloft . Trees growing in 
,'avorable habi t a t s  may contribute 
quan t i t i e s  of pollen to the s e d imen t s . 
Nonarboreal plants may produce quanti
t i e s  of pollen, but i t s  chance for 
transport is limited because it is re
:Leased c l o s e  to the ground . A re
duction in the number of trees might 
decrease the AP i nf lux without produc
ing a concomitant increase i n  the 
influx of NAP . It seems reasonable 
that the AP influx would range more 
",idely than the NAP, and this appears 
t o  be the case in figure 4 .  

The influxes o f  zones 1 and 2 are 
about the same in spite of the fact 
that the mean sedimentation rate for 



zone 1 ( 0 . 08 1  cm/yr) is heavily 
weighted by estima tes based on varve 
thicknes s ,  whereas the rate in over
lying zone 2 ( 0 . 033 cm/yr) entirely 
depends on radiocarbon dating ( fi g .  1 ) . 
Although this may be due to chance , it 
is comforting to find the sedimentation 
rates in the two zones combine with 
their different pollen concentrations 
in just such a manner as to produce 
similar estimates of influx .  

The mean influx o f  terrestrial pol
len in figure 4 is 1 2 , 600 g rains/cm2 / 

yr . Most  of the zone averages fall 
near the mean, except zones 4 and 5 
which have influxes higher than average 
( 2 0 , 000 to 2 5 , 000) , and zone 3 which 
has the lowe st influx (6000 to 7 000) . 
The boundaries of zone 3 are placed at 
1 1 , 900 and 1 0 , 900 B . P.  Zone 3 begins 
about the time the Two Creeks Forest 
was drowned (Broecker and Farrand , 
1963) . Pa1ynologis t s  ( for examp l e ,  
We s t ,  1 9 6 1 )  have long sought evidence 
in their pollen diagrams for cooler 
weather thought to accompany the 
post-Two Creeks ice advance of the 
Michigan Lobe ( Great lakean Substage; 
the Valders of some authors ) .  Whether 
this advance was caused by a change in 
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climate or a surge occasioned by 
dynamic proce sses within the ice 
(Wright , 1 9 71 ) ,  one result would have 
been the same . Blocking the drainage 
from the Green Bay lowland created a 
vast proglacial lake that extended 
southwest toward the Wisconsin River to 
within only a few mi les of Devils Lake . 
Such an expanse of water would affect 
the area ' s  humi dity. It is tempting to 
see the low influx of terrestrial 
pol len during zone 3 as a resul t of 
this moisture increase . Pollen is very 
efficiently removed from the atmosphere 
by rain.  Al though this may help bring 
pollen from local plants to Devils 
Lake , it effectively cuts off the 
regional pollen supply that is an 
important component in large lakes . 

Figure 5 i s  an abbreviated pol l en 
influx diagram showing the same taxa as 
f igure 2 ,  the percentage diagram. The 
influx diagram looks more schema t i c  
because each taxon ' s  reported influx 
represents i t s  average value over a 
whole pollen zone . The averaging 
process sacri fices some details in 
order to improve the e s t imates of sedi
mentation rat e .  At first glance there 
appears to be little difference between 
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FIGURE 5 . --Pollen influx diagram. Data plotted as a taxon ' s  mean influx dur
ing the 13 pollen zones shown in figure 4 .  Black part of pine curve repre
sents sents yellow pine s ;  white part represents white pines . The narrow 
white strip vi sible on some longer bars represents 0 . 9 5  confidence interval 
(Maher ,  198 1 ) . 
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the two diagrams . Howeve r ,  certain in
terest ing differences do exi s t .  

Late-Glacial Zones 1 t o  4 ( 1 2 , 800 to 
9800 BP) 

The influx of Picea experiences a 
general decline during the interval 
without the complex fluctuations o f  
f igure 2 .  The laminated Late-Vioodford
ian clays give way to organic lake sed
iment during zone 1 ,  signaling the 
beginning retreat of the Green Bay 
Lobe . Zone 2 should contain the pollen 
of the Driftless Area vegetation as 
well as that from plants spreading into 
the newly ice-free region . Today a 
record of thi s  vegetation is found in 
the type Two Creeks site and its  corre
latives . Zone 3 i s  contemporary with 
the Greatlakean advance .  The influx at 
Devi ls Lake is very low during this 
time . In the absence of competing pol
len grains , tho se that did get to the 
sediment seem important in the percent
age diagram . During zone 3 the per
centages of Picea , Populus , Betula,  
Alnu s ,  and Ab ies of the AP , and Grami
neae , Cyperaceae , and Artemisia o f  the 
NAP , seem larger than their influx 
suggests they we re . 

The influx diag ram shows that only 
Betula and--to a very minor extent-
Pinus are higher in zone 3 than in zone 
z:--The decline of Picea influx contin-

are much 
Be tula ,  

yellow 
Zone 4 

ues in zone 4 ,  but there 
larger influxes of Fraxinu s ,  
Ulmus , and Quercus , and the 
pines arrived in the vicinity . 
is somewhat transit ional to the Holo-
cene . Some taxa from the older zones 
(Fraxinus , Betula ,  and Ab i e s )  reach 
their all-time influx highs . Ulmus and 
Quercus influxes begin rises that ,.ri ll 
culminate in later zones . 

Early Holocene Zones 5 to 7 (9 800 to 
5300 B .P . )  

Influx o f  the groups typical of the 
Late-Glacial (Picea ,  Populus , Fraxinus , 
Betula, and Ab ies)  have much decl ined . 
The white pine arrived by 96 00 B . P . , 
early in zone 5 .  Ulmus influx i s  high
er in zone 5 than before or since; this 
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also applies to the unfigured taxa 
Ace r t  Tilia,  and Os trya . NAP influx i s  
rather low i n  zone 5 ,  but the gradual 
buildup of Ambrosia and Chenopodiineae 
probably represents an eastward expanse 
of prairi e .  Bernabo and Webb ( 1 97 7 , 
fig . 8 9 )  show prairie over more than a 
third of Wisconsin.  I find this hard 
t o  believe , given the large pollen in
flux of me sic tree taxa mentioned 
above . 

These Early Holocene zones provide 
another example of the di fferences be
tween percentage and influx dat a .  The 
large proportion of Ulmus and other 
mesic dec iduous taxa depress the Quer
cus percentages which seem to rise 
gradually from zones 5 through 7 .  The 
Quercus influx, however ,  is at its 
highest rate in zone 5 ,  suggesting that 
the oaks es tablished a niche at the 
s tart of the Holocene that they have 
maintained ever since . Ulmus percent
ages form two equally s trong maxima , 
the first at about 9000 B .P .  in zone 5 ,  
and the second in zone 7 at 6000 !I . P .  
The elm influx a t  9000 B . P .  was 
decidedly the larger . 

During zone 6 (8400 to 6900 B . P . ) ,  
quite a number of taxa experience de
creased influx compared to that which 
they had in zone 5 .  Examples include 
Pinus (both yellow and white) , Ulmus , 
Quercu s ,  and mos t  of the other AP . The 
NAP , especially Ambrosia and Chenopo
d i inea e ,  increased their influx, and 
this interval from 8400 to 6900 B . P .  
may have seen the largest development 
of prairie in southern Wi sconsin. The 
whole interval in Devils Lake from 9800 
to 5 300 B . P .  (zones 5 to 7 )  has Am
brosia and Chenopodiineae influxes that 
suggest the influence o f  prair i e .  It  
is  somewhat strange,  then , to  see the 
contemporary high influxes of mesic 
elements like Ulmus , Acer , Tilia, and 
Os trya . 

Late Holocene Zones 8 to 1 3  ( 5 300 B . P .  
t o  Present) 

The influx and percentage diagrams 
s eem much alike after 5 300 BP . There 
i s  a markedly decreased influx of Ulmus 



(and also Ac er , Ti lia ,  and Ostrya ) , and 
there is a concomitant rise in the in
flux of Be tula and perhaps Cyperaceae. 
It is tempting to relate the opposite 
behavior of these taxa to a common 
climatic factor . Perhaps the l e s s  
droughty cond itions experienced in the 
Midwest during the Late Holocene have 
favored ris ing water tables and peat 
growt h .  Large areas once supporting 
mesic woodland may have changed to 
fens � sedge meadows , and wet prairies . 

CONCLUSIONS 

The location, mineralogy , and geo
logic sett ing make the sediments of 
Devils Lake a unique resource.  They 
provide a direct t i e  to the glacial 
record , and their composition makes 
them unusually well sui ted to 
radiocarbon dat ing . The pollen is well 
preserved, and the homogeneous sediment 
is nearly perfect for influx studies . 

The informa tion contained in the 
pollen record has hardly been tapped . 
Many very close simi larities can be 
noted between the Devi ls Lake diagrams 
and other pollen dia grams in Wi sconsin 
and neighboring s tat es . These wi ll be 
useful for es�timating the age of some 
cores whose sediments are not suited 

for radiocarbon dating . When broad 
regional similari ties are noted , the 
sub tle variations across the region are 
easier to trace.  

The sediments contain diatoms and 
other algae,  and the charcoal record 
should provide insight into the fire 
his tory of southern t-li s consin. It is 
appropriate that such a lake is  pro
tected as part of the Ili sconsin Ice Age 
National Sc ient ific Re serve . 
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SOIL DEVELOPMENT IN LATE WIS CONSINAN AND HOLOCENE VALLEY 
DEPOSITS , BRUSH CREEK VALLEY, WIS CONSIN 

Patricia F. McDowe l l  
Department o f  Geography 

Boston University 
Boston,  Mas sachusetts  

River val leys in the Drif t l e s s  Area 
of Wisconsin contain a variety of Lat e 
W i s cons inan and H o l o c e ne g e o m o r p h i c  
sur f a c e s  on w h i c h  s o i l s  have f o r m e d .  
There are s ignif i c ant d i f f e ren c e s  in 
soil morpho logy from one surface to the 
next. An under standing of the strati
graphic relationships among the s e  sur
faces, coupled with radiocarbon dating 
of the sed imen t s  w h i c h  f o rm them , a l 
lows estimation of the age o f  the soil  
a s s o c i a t e d  with e a c h  sur f a c e .  The 
evidence discussed here indicates that 
differences in soil  development are due 
prim a r i l y  t o  a g e  and c l im a t i c  chang e s  
during the Holocene. 

Brush Creek is a sma l l ,  eas t - f l ow
ing tr ibut ary of the Ki ckapoo R iv e r .  
I t  drains an a r e a  of  7 0  km 2 in t h e  
upper Kickapoo' River wat ershed, Vernon 
and Monroe Coun t i e s .  W i s cons in. Geo
morphic  and p e d o l o g i c  inv e s t i g a t ions 
have been condu c t e d  in Brush Creek 
val ley s in c e  1 9 7 2  as part of the r e 
gion-wide study of modern and Holocene 
fluvial geomorphic a c t ivity by Knox and 
coworkers (Kno x and Johns o n ,  1 9 7 4 ;  
John s o n .  1 97 6 ;  M c Do w e l l ,  1 9 80 ;  Kno x .  
McDowe l l  and Johnson,  1 9 8 1 ) .  T h i s  
valley, the sit e  of  f ifteen radiocarbon 
dat e s .  is o n e o f  the k e y  s i t e s  for t h e  
Ho lo cene a l luv i a l  chrono l o gy of  t h e  
Driftless  Area. Because the Lat e Wis
cons inan and H o l o c en e  s t r a t igraphy of 
Brush Creek va l l ey is we l l  known, it is  
a good s i t e  for s t udying the compara
tive development of  soils.  

As  p a r t  of  a s t r a t i g r ap h i c  and 
s e d iment o l o g i c  inve s t i g a t i o n  of the 
H o l o c ene a l l u v i a l  d epo s i t s  of Bru s h  
Creek, s o i l  morpho logy was studied a s  a 
t o o l  f o r  the c o r r e l a t io n  of  al luv i a l  
depos i t s  ( M cDowe l l .  1 9 80 ) .  Al l u v i a l  

1 36 

sediments and the soils formed in them 
w e r e  s t udied at over t h i r t y  s e c t i on s ,  
rep r e s en t ing a l l  o f  the s t r a t i g r a p h i c  
un i t s  p r e s ent in t h e  v a l l e y .  T h i s  
paper i s  concerned with the sequence of 
s o i l s  in Brush Creek v a l l e y  found on 
s u r f a c e s  dat ing f r om the L a t e  W i s con
s inan to the historical period. First 
the stratigraphic setting of the s o i l s  
and t h e  ev idence b e aring on t h e  age of  
each soil  will  be  discussed. Then the 
t e x t u r a l  v a r i a t ions among the parent 
m a t e r i a l s  of  each s o i l  w i l l  be d e s 
cribed. The morpho logy of each soil  is 
d e s c r i b e d  in t h e  fourth s e c t ion. The 
latter part of  t h i s  paper is  devot ed to 
s ome t en t a t ive conc l u s i o n s  on the in
f l uence of two f a c t o r s  of s o i l  f o rm a 
t ion, t ime and c lima t e ,  o n  the s e quence 
of s o i l s  in Brush Creek val ley. 

STRATIGRAPHY AND AGE OF SOILS 

L ike m o s t  Dri f t l e s s  Area s t r e am s ,  
B r u s h  C r e e k f l ow s  in a v a l l ey d e ep l y  
inc ised in near ly f lat-lying Paleozoic 
s ands tone and dolomite. The landscape 
of  the wat ershed cons ists of an upland 
m antled by Late W i s c ons inan loess (cor
r e l a t ive to the Peorian Loess in Illi
n o i s )  and a v a l l ey c ont a in ing L a t e  
W i s c ons inan an d H o l o c ene c o l l uvia l ,  
a l l uv i a l  and m a s s - w a s t ing dep o s it s .  
T h i s  s t udy conc entr a t e s  on the v a l l e y  
d e p o s i t s .  T h e  s u r f a c e s  o f  s even d i s 
t inct strat igraphic units  in the valley 
have b e en e x p o s e d  to s u b a e r i a l  s o i l  
formation for periods ranging from more 
than 1 0 . 000 y e a r s  to l e s s  t h an 1 0 0  
y e a r s .  The s t r a t i g r a p h i c  uni t s .  and 
the zones of soil  formation assoc iated 
w ith their surfac e s ,  are shown in fig
u r e  1. The s t r a t igraphic  un it s are 
labe l led with letters.  in alphabet ical 
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FIGURE l .- - S c h em a t i c  c ro s s - s e c t ion show ing the r e l a t i o n s h i p s  
among s trat igraph ic units  and soil s in Brush Creek val ley. Not 
to s ca l e . 

order f rom the young e s t  u n i t  (Un it  A )  
to  the oldest unit (Unit G ) .  Each soil  
i s  des ignated by the same letter as  the 
un it  on w h i c h  it f or m e d .  R a d i o c arbon 
d a t e s  a s s o c i a t e d  w i t h  each unit are 
l i sted in table 1 .  

Geomorph i c  s t r a t i g raphic concepts 
can be u s e d  to e s t im a t e  the l e n g t h  o f  
t im e  over w h i c h  p e d o g e n i c  pro c e s s e s  
have b e e n  o p e r a t ing i n  e a c h  s o i l .  Th e 
age of the upper s u r f a c e  o f  e a c h  s t r a 
tigraphic unit ind icates the length o f  
t ime that this surface has been avai l 
a b l e  f o r  s o i l  f ormat ion. T h e  a g e s  o f  
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thes e  surfaces can be established only 
indirect ly. based on s tratigraphic re
l a t i on s h i p s  among the s u r f a c e s  and 
radiocarbon dates on the depo s i t s  which 
fo rm the surf a c e s .  The age of a geo
morphic  surf a c e  m a Y t  o f  cour s e ,  b e  
somewhat youn g e r  than t h e  d e p o s i t s  
.rh i ch unde r l ie i t .  The g e o m o r p h i c  
s ur f a c e s  i n  B ru s h  C r e e k  va l l ey can 
g en er a l ly b e  d a t e d t o  w i t h i n  1 0 0 0  
y ear s ,  and i n  Some c a s e s  l e s s .  The 
b a s e s  f or d a t ing t h e s e  s u r f a c e s  are 
d iscussed below. and the t imes of soil 
f o r m a t i o n  on e a c h  s u r f a c e  are summa
rized in f igure 2 .  



TABLE l . - - Strat i�raphic � present ill � � valley 

Strat igraphic 
Unit 

Unit A 
(Histor ical Alluv ium) 

Unit B 

Unit C 

Unit D 

Unit E 

Unit F 

Unit G 

Associated l4C dates 
or approximate age 

since A . D .  1 8 50 . based on 
historical art ifact s and 
documents 

2065 :!: 5 5  B . P .  (WIS-808)  
2445 :!: 6 0  B . P .  (WIS-767 ) 
2 7 1 5  :!: 55 B . P .  (WI S - 6 7 8 )  
2940 :!: 6 0  B . P .  (WIS-7 57 )  

4380 ± 6 5  B . P .  (WI S - 8 l O )  
4410 ± 7 5  B . P .  (WIS -l022)  
4440 :!: 6 5  B . P . (WIS-66 6 )  
4540 ± 7 0  B . P .  (WIS- l044) 

5045 ± 70 B . P .  (WIS- 8 1 3 )  
5055 ± 6 5  B . P .  (WIS-674)  
5145 :!: 6 5  B . P .  (WI S - l  07 1 )  
5 7 3 5  ± 7 0  B . P .  ( WI S - 7 5 8 )  
5790 :!: 85 B . P .  (WIS-l224) 

7 8 1 0  ± 95 B . P .  (WIS-l046) 
906 0 ± 95 B . P .  (WI S - 1 0 1 8 )  

not dated ; some fans depo sited 
before 5700 B.P • •  others may 
date from later Holo cene 

not older than 29 .000 B . P . a 

o lder than 10 . 500 B . P . b 

a Beginning of loess deposit ion (Hogan and Beat t y .  1 96 3 ) . 

b O l d e s t  d a t e  on sub s equent v a l l e y  inc is ion (Knox and J o hns o n .  
1974) . 

The o l d e s t  s t r a t igraph ic un it ex
posed in Brush Creek valley is the Late 
Wiscons inan co l luvium. which form s high 
terraces with gent ly sl oping surfaces 3 
m o r  more above the mo dern channe 1 of 
Brush Creek. The geomorphic surface on 
t h e s e  d e p o s i t s  d a t e s  f r o m  b e t w een 
29 ,000  B.P.  (maximum date o f  the l o e s s  
from which t h e  c o l l uv i um i s  d e r iv e d ;  
Hogan and B e a t t y ,  1 96 3 )  and 1 0 . 500 B.P. 
(oldest radiocarbon dates in the region 
on alluvial depo s its set into the ter
races;  Knox and Johnson. 1 9 7 4) .  It has 
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b e en sug g e s t e d  that m a s s - w a s t ing and 
c o l l uv i a t i o n  in t h i s  r e g io n  w e r e  r e 
l a t ed t o  t h e  p e r i o d  o f  c o l d  c l im a t e  
d u r  ing t h e  L a t  e W i s  c o n s  inan (S  chaf e r .  
1 9 6 2 ;  Kno x .  1 9 80 ) .  I f  thes e c o l l uv i a l  
depo s i t s  w e r e  f o r m e d  und er the c o l d  
g l a c i a l  c l im a t e .  then the s u r f a c e  may 
have b e en s tab il i z e d  by 1 1 , 3 0 0  B.P • •  

the approxim a t e  e n d  of the g l a c i a l  
c l im a t e  and b e g inning of  t h e  warm e r  
post-glacial c l imate (Webb and Bryson. 
1 9 7 2 )  • 
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B e l o w  t h e  h i gh t e r r a c e s  l i e  a s e 
r i es o f  s i x  Ho l o c ene a l l u v i a l  s t r a t i 
g r a p h i c  un i t s .  T h e s e  un i t s w e r e  
c r e a t e d  by ep i s o d e s  o f  a d j u s tm en t  in 
the f l uv i a l  s y s t e m .  r e s u l t ing from 
changes in c l imate and vege tat ion cover 
(McDowe l l .  1 9 80 ) .  During the Holoc ene . 
Brush C r e ek has not  s i g n i f i c ant l y  in
c i s ed the c o a r s e  g r a v e l  f i l I on whi c h  
i t  f lows. and most of the morpho logical 
adjus tment in the stream has been lat
eral rather  t h an v e r t ic a l .  Each e p i 
so de o f  a l luv iat ion h a s  r e su l t e d in 
construction of a new floodpl ain lev e l .  
s l ight ly lower than the previous f lood
p l a in. As a r e s u l t .  t h e  surf a c e  of 
each unit was exposed for s o il develop
ment from the t i m e  of  c o n s t r u c t i o n  
unt i l  a b o u t  1 3 0  y e a r s  a g o .  Be ginning 
about A.D. 1850 . mo st of these surfaces 
were buried by s e d im ent e r o d e d  f r om 
hills lopes and uplands that were being 
c l eared for agricul tur e. 

The surf aces of the Holocene a l lu
vial un its can be dat ed more prec i s e ly 
than t h e  high t e rr a c e  surf a c e  b e c a u s e  
f i f t e en r a d i o c arbon d a t e s  on t h e s e  
un its  are av a i l a b l e  f r om Bru s h  Creek 
v a l ley.  The s e  d a t e s  w e re o b t a ined 
mainly from detrital  wood samples  t aken 
from the base 6f the un its.  Therefore. 
the age of each surf a c e  i s  not kn own 
exact ly. The maximum age of each sur
face is  the dat e from the s e d iment s 
which f o rm i t .  S ev er a l  d a t e s  f rom 
different sites were ob t ained from each 
un i t .  and the d a t e s  f r o m  a s i n g l e  unit 
span periods of 200 t o  1 200 year s .  The 
m inimum age of each s u r f a c e  i s  the 
radioc arbon d a t e  of t h e  next young e s t  
stratigraphic unit which truncates it. 
This age ran g e  c o u l d  be narr o w ed by 
knowing the l e ngth of t ime n e c e s s a ry 
f o r al luvi a t i o n  f r om the b a s e  of e a ch 
section to the f loodp lain surface which 
caps  i t .  There is no d i r e c t  ev i d e n c e  
f o r  t h e  le ngth of  t ime n e c e s sary f or 
f l oo d p l ain a l l uv i a t ion in this val l ey. 
H o w ev e r ,  de l i c a t e  s e d iment ary s t r u c 
t u r e s  a r e  p r e s e rv e d  i n  t h e  m i d d l e  and 
lower parts of many sections, and there 
is no evidence of soil  formation below 
the surface zone of each section. This 
ev idence sugge s t s  that a l l uv i at ion of 
each s e c t ion was f a i r l y  r a p i d ,  o c c u r -
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ring perhaps within a few hundred years 
at each s ite. I therefore assume that 
the age of  each f loodp l a in s u r f a c e  is 
approxim a t e l y 500 y e a r s  younger than 
the radiocarbon date on the base of the 
s t r a t i gr a p h i c  unit which f o rm s i t .  
The s e  a l l uv i a l  sur f a c e s  pre s e nt four 
m a j or s u r f a c e s  f o r s o i l  d ev e l opment ; 
the e a r l y  Ho l o c ene surface  (formed b y  
8 5 0 0  to 7 3 0 0  B.P • •  Unit E ) ;  t h e  m i d 
Ho l o c e ne surf a c e  ( 5 200 t o  4 5 0 0  B.P • •  

Unit D ) ;  and two l a t e  Holocene surfaces 
(4000 B.P • •  Unit C.  and 2 5 0 0  t o  1 50 0  
:B.P . .  U n it B ) .  I n  ad d i t i o n .  t h e r e  i s  a 
s t r a t i g r a p h i c  unit (Unit F )  consist ing 
of a l l uv i a l  f an d e p o s i t s  f o rmed b y  
s m a l l  s t e e p  t r i bu t a r i e s  ent er ing t h e  
v a l ley f l oo r  o f  B r u sh C r e e k .  T h e  a g e  
of thi s u n i t  is  not  w e l l  known. There 
are no radiocarbon dates on this uni t .  
b u t  s t r a t i g r a p h i c  r e l a t ionships indi
cat e that at l e a s t  one fan may have 
been constructed before 5700  B.P. Unit 
F probab l y  i n c l u d e s  fan depo s i t s  of 
" everal d iff erent ages. 

Unit A cons ists of overbank depos
i t s  of h i s t or i c a l  age. D e po s i t i on 
probably began shortly af ter settlement 
of the r e gion by European - d e s c e nded 
peop l e .  about A.D. 1 850. The thickne ss  
of  Unit A vari e s .  depending on the 
underlying topography. but it is 50 to 
1 0 0  em t h i c k  at many s i t e s .  The sur
f a c e  of  U n it A h a s  not  y e t  c om p l e t e l y  
s t abil ized.  In several Drif t l ess  Area 
v a l l e y s .  d i s c ont inuous b o d i e s  of  
sed iment were depo s it ed on this  surf ace 
dur ing t h e  large  f l o o d s  of J u l y  1 9 7 8 . 
However . there is weak soil development 
in t h e  upper 20 em of Unit A. and thi s 
z o n e  i s  und e r l a i n by und i s t urbed f in e  
l am inae of  overb ank depo s i t s .  ind i
c a t ing t h a t  m o s t  of the t h i c kn e s s  o f  
U n it A w a s  d e p o s it e d  t o o  q u i c k l y  f o r  
soil dev e lopment t o  destroy the struc
ture. Af ter the init ial burst of sedi
mentat ion beginning A.D. 1 85 0 .  the rate 
of s e d im en t a t ion probab ly has b e en 
s low. I aS Sume that the very weak soil 
f ormed in the top of Unit A may b e  
about 7 5  years old.  



SEDIMENTOLOGY OF THE STRATIGRAPHIC 
UNITS 

There a r e  t w o  m a j o r  s ou r c e s  of 
sediment in the Brush Creek w atershed : 
( 1 )  the L a t e  W i s c o n s inan l o e s s .  which 
is a s o urce  of s i l t .  and ( 2 )  the l o c a l  
sandstone . which provides we l l  rounded . 
medium-to-fine sand. Grave l s  d e r ived 
fr om l o c a l  sand s t one . d o l o m i t e  and 
chert are a mi nor component of the 
s t rat igraphi c  un it s d i s cus s e d  in t h i s  
paper.  The co l l uv ial d e po s i t s  are 
derived primarily from loes s .  and they 
are silt l oam in texture. The Holocene 
a l luv i a l  d e po s i t s  a r e  d e r i v e d  m a i n l y  
fr om l o e s s  and sand s t on e .  A t  a f e w  
sites.  small amounts of the local grav
els  are included in the al luvial depo s
i t s .  On ly one of t h e  unit s .  Unit F 
(alluvial fan deposit s ) .  commonly con
tains a s i gnif i cant amount of grav e l .  
The texture o f  the a l l u v i a l  d e p o s i t s  
varies  from s i l t y  c l a y  loam t o  sandy 
loam. 

Each un i t ,  and e a c h  s e c t i on or 
exposure beloniing to that uni t .  shows 
some var iat ion in t e xtur e .  The a l l u 
v i al depo s i t s  c on s i s t  of s andy po int 
bar s e d iment s at  the b a s e  and s i l t y  
overbank dep o s i t s  i n  the upper par t .  
They d o  not . howev e r .  show a progre s 
sive upward decrease in grain s iz e ,  and 
the overbank depo sits  may inc lude lay
ers of sandy sed iment. 

In addit ion,  there is s o m e  varia
t ion among the al luvial units. Unit F 
( a l l uvial  f a n  depos i t s )  c o n s i s t s  of 
a l t ernat ing l ay e r s  of s andy g r av e l s .  
sandy loam and s i lt l oam . and it is the 
coarsest of the units.  The next coars
est un it. Unit D. cont ains l i t t l e  grav
e l .  but i t  h a s  a l a r g e r  p r o p o r t  ion 
(about 50 %) of sandy p o i n t  b a r  d e p o s 
i t s  than the o t h e r  un i t s .  U n i t  E i s  
dom ina t e d  b y  s i l t y  over bank d e po s i t s .  
and i t  i s  the f in e s t  t e x t u r e d  o f  the 
al l uv i a l  un i t s .  Un it s A .  B and C are 
intermed iat e in texture, inc luding s ilt 
loam and sandy loam. 

1 4 1  

SOIL MORPHOLOGY 

D i s t in c t l y  d i f f e r e n t  s o i l s  a r e  
fo und o n  each o f  the g e o m o r p h i c  s u r 
f a c e s  s h o w n  i n  f igure 1 .  The r an g e  o f  
s o i l  chara c t e r i s t i c s  f o und o n  e a c h  
surf a c e  w a s  e s t ab l i s hed b y  systematic 
f i e l d  and l ab o r a t o ry e x a m in a t i o n  of 
thirty-four sections . inc luding s tream
b a nk e xp o s u r e s  and G i d d i n g s  p r o b e  
·: o r e s .  T h i s  samp l e  of s e c t i o n s  in
d u d ed : f o ur pro f il e s  of S o i l  G ;  t w o  
prof i l e s  o f  S o i l  F ;  f o ur pr o f i l e s  o f  
Soil E, including two w ith radiocarbon 
dat e s ;  f i f t een prof i l e s  of S o i l  D .  
including three with radiocarbon dates ; 
f iv e  pr o f i l e s  of S o i l  C.  i n c l u d ing 
three with radiocarbon dates ; and four 
prof iles of Soil B including three with 
radiocarbon dates. Unit A with Soil A 
was pre sent at twenty-one sect ions. 

The f o l l o w ing p e d o g e n i c  f e a t u r e s  
"ere regularly noted: Type and thick
n e s s  o f  h o r i z o n s ; M u n s e l l  c o l o r 
( m o i s t ) ;  s h a p e .  s i z e  a n d  g r a d e  o f  
s t r uc ture ; f i e l d  t exture ; n a t u r e  o f  
horizon boundarie s ;  presenc e or absence 
of cutans ; con s i s t e n c e ;  b i o g e n i c  fea
t ures ; color.  s iz e .  frequency and dis
t inc tne s s  of m o t t l es ; and o r g a n i c  in
c lusions. Several sections of differ
ent a g e s  w e r e  t e s t e d  f o r  the p r e s e n c e  
of calcium carbonates with HC1.  and a l l  
o f  the s o i l s  tested showed n o  reaction 
or a v e r y  weak reac t ion. In e a c h  s e c 
t ion, samples  were col lected from each 
h o r i z o n .  or at  l e a s t  every 40 c m .  The 
grain s iz e  d i s t r i b u t ion and s o i l  tex
ture of  each sample were determ ined by 
s ieving and hydrometer ana ly s i s .  

T h e  h i gh t er r a c e  s o i l .  S o i l  G .  i s  
n o t  m o t t l e d .  b u t  m o t t l ing is  c ommon 
among a l l  of t h e  H o l o c ene s o i l s Vir
t ua l l y a l l  o f  t h e  H o l o c ene s o i l pro
f i l es have orange or  red mot t l e s  in  the 
B or C horizons,  and many sect ions have 
an unmo t t l e d .  g l eyed z one b e l o w  the 
m o t t l e d  h o r i z o n s .  Frequency and s i z e  
o f  m o t t l e s  i s  con t r o l l e d  p r i m a r i l y  by 
s o i l t e x t u r e  and e l evat ion a b o v e  the 



str eam channe 1.  

The soil characteristics which s e em 
m o s t  repre s e n t a t ive of d i f f e r e n c e s  
among the so i l s  of  d i f f e rent a g e s  a r e  
presence o r  absence o f  the B horizon, B 
(or C )  h o r i z on c o l o r .  g r a d e  of s t r u c 
ture, and presence or absence of argil
lans. The characteristics of  each soil  
type are summ ar i z e d  in t a b l e  2 . and  
repres ent a t iv e  prof i l e s  are described 
in the appendix. Differenc es among the 
soils are discussed below. 

Soil G s ho w s the s t ro n g e s t  s o i l  
devel opment o f  a l l  the s o i l s  s t u d i e d .  
This s o i l .  developed in si lt  l oam . has 
a pronoun c e d  a r g i l l ic h o r i z on w i t h  
v i s i b l e  ar g i l l an s .  T h e  r a t i o  o f  c l ay 
content between the Bt hor izon and the 
Al horizon rang e s  f r om 1 . 5  to 1 . 7  or 
more.  The s t r u c t u r e  of the B hor i z on 
in this soil is moderate t o  strong, and 
the co l or of the B ho r i z on is dark 
yel lowish brown ( l OYR 4/4). Exposures 
of s o i l  G in Bru sh Creek r e s e m b l e  the 
Tama s e r i e s  ( t y p i c  argiudo l l )  and the 
Fayet t e  s e r i e s ,  v a l l e y phas e ( t y p i c  
hapludalf ) • 

Only t w o  a l luv i a l  fan s e c t ions in 
Brush C r e e k  va-l l e y  w e r e  e x am ined , and 
these two sect ions may be of diff erent 
ages. Within an al luvial fan depo s i t .  
s o i l  dev e l opment i s  s t rongly affected 
by the num b e r  and p o s i t ion of grav e l  
layers. I t  i s  not pos s ib l e .  therefore,  
t o  ident ify a t y p i c a l  ex amp l e  o f  S o i l  
F .  At one s it e  (north cent e r .  SW l / 4  
s e c .  3 5 .  T .  1 5  N • •  R .  3 W . ,  M o n r o e  
Count y ) .  a s t r a t i g r a p h i c  cont a c t  b e 
tween Unit F and Unit  C show s that the 
fan in que s t i o n  is o l der t han Unit C 
(4600 t o  4400 B . P . ) .  The s o i l  f ormed 
in t h i s  fan r e s e m b l e s  S o i l s  E and D in 
c o l o r and p r e s e n c e  of  ar g i l l a n s .  
The r e f o r e ,  t h i s  fan m a y  d a t e  f ro m  the 
middle or early Holoc ene 

Soil E, dev e l oped in s i l t  loam , has 
high chroma in the B horizon, moderate 
pedogenic structure, and visible argil
l ans in the B hor izon.  In a l l  f o ur 
prof i l e s  s t u d i e d ,  t h e  B ho r i z ons hav e  
the increase in c l ay content neces sary 
t o  qua l if y  as a r g i l l i c  h o r i z o n s .  In 
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c o m p a r i s o n  to S o i l  G ,  S o i l  E h a s  
s l ight ly weaker s tructure and s light ly 
higher v a l u e  in t h e  B hor izon. S o i l  E 
re s em b l e s  t h e  E t t r i c k  s e r i e s  ( t yp i c  
ar g ia q uo l l ) ,  e xc e p t  that S o i l E in 
B r u s h  C r e e k  va l l e y i s  usu a l l y  b e t t e r  
drained and has higher chroma in the B 
horizon than the Ettr ick soi l .  

U n i t  D - h a s  r e l a t i v e l y  w e l l - d ev e l 
oped s o i l s  f or m e d  in s i l t  l o am and 
:; andy l o am.  S o il D i s  s im i l a r  t o ,  but 
not as s t r o ng l y  d e v e l oped a s ,  S o i l  E. 
S o i l  D i s  e a s i ly d i s t in g u i s h e d  f ro m  
younger s o i l s ,  S o i l s  C and B ,  o n  the 
basis of s t ronger pedogenic structure, 
�'�ower values and higher chromas in the 
sub s o i l , and the p r e s e n c e  of a B h o r i 
zon. The B horizon probably qua l if ie s  
a s  a c amb i c  h o r i z o n  i n  m o s t  s e c t i on s ,  
b a s e d  on p e d o g e n i c  s t r u c t u r e  a n d  
" light l y  higher chroma i n  the B horizon 
than in t h e  C h o r i z o n .  The chroma of 
the B horizon and argil lan devel opment 
are s l i ght l y  weaker in S o i l  D than in 
Soil  E. Soil D generally resembles  the 
C e r e s c o  s e r i e s  ( f luvaque nt i c  hap l u 
do l l ) ,  al t h o ugh s om e  exp o s u r e s  m o r e  
c l o s e l y r e s e m b l e  the C o f f e e n  s e r i e s  
( f l uvaquantic hap l udo l l ,  w i t h  s i l t i er 
t e xtnre than t h e  Cere s c o )  or t h e  B o a z  
series (mo l l ic haplaquept ) .  

S o i l s  d e v e l o p e d  i n  Brush C r e e k  
a l l uvi um a f t e r  4 50 0  B.P.  a r e  v e r y  d if 
f e rent f r o m  tho s e  w h i ch b e g an dev e l 
o p ing b ef or e  4 50 0  B.P.  The younger 
s o i l s  ( S o i l s  C and B )  do not hav e  B 
horizon s ,  and they have gleyed subsoil  
with l o w  chroma.  Add i t i o na l l y ,  the 
younger s o i l s  are t y p i c a l l y  r i c h  in 
detrital  organic mater ial . exhibited in 
t h i n .  b l ack or n e a r l y  b l ack s t r a t a  o f  
s i l t y  c l ay l o am .  and s t r a t a  of  sandy 
sediment rich in organic debris. Gley
ing and preservation of detrital organ
ic material indicate soil  genes is under 
r e l a t iv e l y  w e t  cond it ions.  In con
t r a s t ,  the e a r l y  and m i d d l e  H o l o c en e  
s o i l s  are oxidized and low in detrital 
o r g a n i c  m at e r i a l ,  ind i c a t ing a d r i e r  
s o i l  environment during at  l e a s t  part 
of the s o i l's history. 

The m a i n  f e a t u r e s  of p e d o g e n i c  
d ev e l opment i n  S o i l C and S o i l  B are 
be Al horizon and matt l ing. Generally 
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TABLE 2 .  

Summary of Pedoge n i c  Characteri s t i c s  

B o r  C ho ri zon co l o r :  G rade of 

pedog e n i c 

Hue V a � ue Chroma structure 

1 0YR 2 - 4 

l O'l R 2 -

3 . 5  

1 0Y R ,  3 . 5 -

5YR  5 

1 0YR  4 - 6 

1 -

2 . 5  

2 -

3 . 5  

very we a k  

weak 

(ma s s i ve ) a 

weak 

(modera t e )  

moderat e  

t o  wea k  

Thi ckness of 

h i s tori c a l  Other 

a l l uv i um ,  Clll c r i teri a 

hori zonta l 

l am i nae 

1 00 - 1 50 

70 - 90 p e a ty l ayer 

40 - 85 few argi l l an s  

i n  B hori zon 
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7300 to 

8500 

vari a h i fe  

d bOlJt 

1 1  , 000 

A/ 8 t/ C  

v a r i ai) l e  

A/Bt/C 

(TABLE 2 conti nued ) 

1 0YR 4 - 6 4 ( 3 )  
( 7 . 5Y R )  

v a r i a b 1 2 

l am 4 4 

moderate o - 3 0  argi l l ans i n  

( s t rong ) 8 ho ri zon 

va r i a b l e  vari abl e grav e l l y  l ayers 

s trong to none forms h i g h 

mode rate terra c e s ; 

orl Y'n ;  1 1  ;::. n c  � ,  J ' , , "' " ..... 

a paren thesas i n d i c a te a c o n d i t i o n wh i c h  was noted i n  a few profi l e s but i s  not the domi nant co nd i t i o n .  



the late Holocene soils  disp lay l it t l e 
or no d e v e l o pment of  p e d o g e n i c  s t r u c 
t u r e ,  and al l u v i a l  s t r a t i f i c a t ion i s  
preserved below the Al horizon. At two 
of the f iv e  s ec t i o n s  s tu d i e d ,  S o i l  C 
has a p e a t y  0 ho r i z o n ,  about 1 5  cm 
t h i c k ,  ov e r l y i ng the Al hor i z o n .  At 
o n e  of t h e s e  s i t e s  ( S E 1/4 S W 1 /4 and 
SW 1/4 SE 1 / 4  s e c .  3 5 ,  T .  15  N . ,  R. 3 W . ,  
Monroe County) , Unit C grades laterally 
into an extens ive body of peat which is 
up t o  2 m t h i c k. A c cum u l a t ion of t h i s  
peat apparent ly began a t  the same time 
as depo s i t ion of U n i t  C ,  about 4500 
B.P.  There is  no ev i d e n c e  of p e a t  
accumulation associated with S o il B. 

Soils C and B are both capped by 70 
cm or more of h i st orical al luvium (Unit 
A ) .  This h i s t o r i c a l  a l luv ium is con
s i dered part  of  t h e  s o l um when t h e s e  
soils  are clas s i f ied and mapped in soil 
surv e y s .  S o i l s  C and B ,  w i t h  t h e ir 
overlying historical alluvium,  are usu 
ally repre sented on soil maps as Kicka
poo or Arenzv i l l e  serie s (typic udiflu
vent s ) ,  O r i o n  s e r i e s  ( a q u i c  ud i f l u 
vent),  o r  Law son series (cumulic haplu
do 1 1 )  • 

U n i t  A i s  b y  f a r  t h e  y o u n g e s t  
stratigraphic unit in Brush Creek val
l e y ,  and it  e xh i b i t s  no ev i d e n c e  of 
pedog e n i c  d e v e l opment o t h e r  than an 
incipient Al horizon.  Unit A is eas ily 
recognized in the f ield on the b a s i s  of 
its pale color,  c learly preserved depo
s i t i onal s t r u c t u r e ,  and abrupt l o w e r  
boundary. The Al ar A p  horizon, i n  the 
upper 1 5  to 20 cm of Unit A, is charac
t e r i z e d b y  w e a k  g r a n u l a r  or p l a t y  
structure, and very dark grayish brown 
co lor ( l OYR 3 / 2 ) .  In t h i s  h o r i zon,  
deposit ional structure has been largely 
d e s t r o y ed .  B e l o w  the uppermo s t  h o r i 
z on,  U n i t  A d i s p l ays t h e  d e po s i t io n a l  
structure typical  o f  overbank depo s it s ,  
horizontal laminae 1 mm to 1 c m  thick. 
The c o l o r of t h e  s ub s o i l  is about  the 
same as  the color of the surface hori
z on. A l a r g e  p a r t  of t h e  s o i l  organic 
m a t t e r  in S o i l A p r o b a b l y  w a s d e r ived 
from the eroded h i l l s  l o pe s o i l s  w h i c h  
were t h e  so u r c e  of  s e d i m en t s  f o rming 
Un it  A.  At  the b a s e  of Unit A there is 
an abrup t ,  s t r a i g h t  b oundary w i th the 

145 

un d e r l y ing Alb ho r i zons of s o i l s  B 
through D. The Alb horizons are darker 
( l OYR 2 / 1  or d a r ke r )  than the Al h o r i 
z o n  o f  So  i l  A .  

THE INFLUENCE OF TIME AND CLIMAT IC 
CHANGE ON SOIL DEVELOPMENT 

The s e qu e n c e  of s i x  m a j o r  s o i l  
t y p e s  s t u d i e d  in Brush Creek v a l l e y  
prov i d e s  a u s e f u l  i l l u s t r a t i o n  o f  the 
effect  on soil  morphology of  the soi l 
f o rm ing f a c t o r s - - c l im a t e .  organ i s m s ,  
r e l i e f , p a r en t  m a t e r i a l ,  and t im e .  
Topographic differences among s o i l s  B, 
e ,  D and E are v e r y  s l i g h t , and the 
prehistorical vegetat ion cover on these 
s o i l s  was probably very similar. Before 
agricultural land c l earance, the vege
t a t i o n  cover of  D r i f t l e s s  Area v a l l e y  
bottoms inc luded both lowland hardwood 
fore s t s  and wet prairies (Cur t i s ,  1 9 5 9 ;  
F in l e y ,  1 9 7 6 ) ,  and F i n l e y  ind i c a t e s  
t h at Brush C r e e k  v a l l e y  was o c c u p i e d  
mainly by f or e s t ,  with an area o f  brush 
at the eastern end of the valley. Veg
etation COver p r o b a b l y  w a s  con t r o l l e d  
b y  va l l e y  w i d t h  and nearn e s s  t o  t h e  
val ley wal l s  rather than b y  the d i s tri
b u t i o n  o f  t h e  s t r at i graph i c  u n i t s .  
V e g e t a t i o n  cover o n  the v a l l e y  b o t t o m 
may have varied in response to Holocene 
c l imatic changes. S o il G probab ly had 
somewhat different vegetation cover and 
s o i l  dra inage cond i t ions due t o  i t s  
t o pograph i c  p o s i t i on o n  the h i g h  t e r 
r a c e s .  P ar e n t  m a t e r i a l  i s  a l s o  r e l a 
t iv e l y  u n i f o rm am ong t h e  s i x  s o i l  
types , except f or the s light ly sand ier 
texture of Soil D. Relief , vegetation 
cover and parent  m a t e r i a l  do no t a c 
count for the morpho logical diff erenc es 
among the s o i l s  in this sequence. 

I believe that most of the differ
e n c e s  in the s o i l s e quence  are due t o  
t h e  e f f e c t s  o f  t i m e  a n d  c l i m a t i c  
change.  The s o i l s e q uence c e r t a in l y  
shows the ef fects  of time on soil  mor
p h o l o g y .  T h e  d e gr e e  of  s o i l  prof i l e  
d ev e l o pm e nt ,  p a r t i c u l a r l y  B h o r i z o n  
d ev elopment , is s t rongest i n  the o l dest 
s o i l  ( S o i l  G) , and it  d e crea s e s  w i t h  
decreas ing age of s o i l .  Add i t i o n a l l y ,  
t h e  o l der so i l s  i n  t h e  s e qu e n c e  e xp e -



rienced a range of c l imatic cond it ions 
different from those experienced by the 
younger soil s .  as a result of Holocene 
c l imatic change in the region. 

Ruhe ( 1 974)  pointed out the impor
tance of past environmenta l  cond it ion s ,  
particularly c l imate,  i n  explaining the 
morphology and distribut ion of s o i l s  of 
Holocene age. According to Ruhe, cor
re lat ion b e t w e e n  s o i l  t y p e  and modern 
c l im a t i c  cond i t ions  m ay b e  l ar g e ly 
coincident a l .  I n  Brush C r e e k  v a l l e y .  
the same can be said for other environ
m en t a l  char a c t e r i s t ics which are com
m o n l y  thought to be r e s pon s i b l e  f o r  
difference s  among valley f l oor soils-
e l evat ion ( f i r s t  b o t t om vs.  h i gh b o t 
tom ) .  and soil drainage classes.  Many 
of the d i f f e r en c e s  among s o i l s  mapped 
on val ley f loors in the Drif t le s s  Area 
may be due more to age and past c l ima
tic conditions than to  modern environ
mental conditions. 

Brush Creek valley. and the Drift
less  Area in general.  have experienced 
moderate c l im a t i c  chan g e s  during t h e  
H o l c o c e n e .  a s  d o c ument ed by po l l en 
records from a number of lakes and bogs 
in the Upper M i d w e s t  ( B ar t l e in and 
W eb b ,  t h i s  v o l ume ) .  Rap id warm ing a t  
about 1 1 .300 B.P. marked the end o f  the 
g l a c i a l  c l i m a t e  ( W e b b  a n d  B r y s o n ,  
197 2) .  Warming at a moderate rat e and 
d e c r e a s e  of p r e c i p i t a t i o n  cont inued 
unt il about 7000 B.P.  The c l im a t e  
remained relatively warm and dry unt i l  
about 4 5 0 0  B . P .  S i n c e  4 5 0 0  B . P .  p r e 
c ip it a t ion h a s  inc r e a s e d .  T h e  p e r i o d  
b e t w een 8 0 0 0  and 4 5 0 0  B . P .  w a s  the 
maximum in warm and dry cond i t ions , as 
evidenced by the m i g r a t i o n  of p r a i r ie 
into the uplands of the Drif t l e s s  Area 
(Bartlein and Webb, this volume) .  

These c l imatic variat ions probably 
caused  ch ang e s  in a numb e r  of f a c t o r s  
inf luencing s o i l  g e ne s i s :  pr ec'p,ta
t ion. evapotran s p ir a t i o n ,  w a t e r  t a b l e  
height in the valley bottom . and vege
t a t ion. In par t i cu l a r ,  t h e  w arm /dry 
m aximum a t  8000  t o  4 5 00 B.P.  l e f t  i t s  
m ark on the o l der s o i l s  i n  t h e  B r u s h  
C r e e k  v a l l ey s e qu e n c e .  S o i l s  G ,  E and 
D e x p e r i e n c e d  a l l  or p a r t  of t h e  
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warm/dry maximum. Thes e  soi l s  a l l  show 
B horizon development. at least incip
i e n t  c l ay t r an s l o c a t i o n .  and o x i d i z e d  
s o i l  colors. S o i l s  which started f orm
ing af t e r  a b o u t  4500  B.P.  ( S o i l s  B and 
C) do not have B hor i z o n s .  

I t  i s  particularly remarkable that 
S o i l  D more c l o s e l y  r e s em b l e s  S o i l  E 
( 20 0 0  t o  3 20 0  yr o l d e r )  than it r e s em 
b l e s  S o i l  C ( o n l y  5 0 0  t o  1 200 y r  youn
ger than S o i l  D).  The d i f f e r e n c e  in 
age b e t we en S o i l  D and S o i l  C does  not 
s e em s u f f i c i e n t  to ac coun t  f or the 
cont r a s t s  b e t w een t h e s e  t w o  s o i l s .  I 
b e l i eve t h e  e v i d e n c e  ind i c a t e s  t h a t  
s o i l  environm ent a l  cond i t ions w h i c h  
al l owed c l ay trans l o c a t ion a n d  oxida
tion existed during the ear l y  and mid
d l e H o l o c e n e ,  and t h e s e  cond i t io n s  
c e a s e d  t o  e x i s t  i n  t h e  v a l l e y  b o t t om 
environment by about 4500  B.P.  C l ay 
tran s location occurs in seasona l ly dry 
s o i l s  ( S o i l  Survey S t af f . 1 9 7 5 .  p. 1 9 ) .  
During t h e  d r y  s e a s o n .  c o l l o i d a l  c l ay 
is trans located downward by movement o f  
'Water into relativ e ly dry sub s o i l .  and 
'w i t h d r aw a l  of t h i s  w a t e r  into c ap i l 
lary - s i z e d  por e s  d e po s i t s  t h e  c l ay on 
'ped surface s .  Conce ivably the increase 
in pr e c i p i t a t ion at  about 4 5 0 0  B .P .  
could  h av e  r a i s ed t h e  w a t e r  t a b l e  in 
che val ley bott om sufficient l y  to  stop 
c l ay t r an s l o c a t ion and prevent o x i d a 
t i on o f  t h e  s ub s o i l  of t h e  l a t e  Ho l o 
cene soils .  An increase in wetness in 
the val l ey bottom at about 4500 B.P. is 
a l s o  s up p o r t e d  by t h e  f a c t  t h a t  peat  
ac cumu l a t i on in B r u s h  C r e e k  va l l ey 
b e g an at  t h i s  t im e .  I f  t h i s  e xp l ana
t io n  of environment a l  change is  cor
r e c t .  then t h e  arg i l l i c  h o r i z on s  o f  
S o i l  E and arg i l l a n s  o f  S o i l  D m u s t  b e  
con s id er e d  r e l i c t  f ea t u r e s .  I n  con
trast to  Soi l s  E and D. Soil G. located 
on the high t errac e s .  was probab ly not 
a f f e c t ed by t h e  r i s e  in w a t e r  t a b l e .  
Presumably the condi t ions f avoring c lay 
t r an s l o c a t i on and o x i d a t i o n  hav e  b e e n  
present o n  t h e  high t erraces throughout 
the late Holocene. 



LENGTH OF T IME NECESSARY FOR 
Bt HORIZON FORMATION 

A num ber of ear l i er worke r s  have 
e s t imated the length of t ime neces sary 
f o r  f o r m a t i o n  o f  a B t  h o r i z o n .  
Parson s .  S c ho l t e s  and R i e cken ( 1 96 2 )  
fo und tha t .  o n  l o e s s - d e r iv e d Ind ian 
mounds in nor t h e a s t e rn I o w a ,  B t  h o r i 
zons f o rm e d i n  about  2 500 y r .  D ie t z  
and Ruhe ( 1 96 5 )  reported on Bt horizons 
in silty alluvial soils  less  than 2000 
yr old in western Iowa. Fenton, Die t z  
and Riecken ( 1 974)  found that argi l l i c  
horizons  fo rmed in l e s s  t h a n  6 0 0 0  yr 
but m o r e  than 2 0 0 0  yr in l o e s s  in cen
tral Iowa. In Pennsylvania. Bi lzi and 
C i o l ko s z  ( 1 9 7 7 )  s t u d ied a 2000  yr o l d  
soil in alluvium w ith a wel l-developed 
cam b i c  hor i z on g r a d ing to an ar g i l l i c  
horizon. 

The evidence from Brush Creek val
ley suppo r t s  t h e s e  r e s u l t s .  Arg i l l i c  
horizons are not forming under present 
cond i t i ons in B r u s h  Creek v a l l e y ,  but 
they did f o rm p r i o r  t o  4 5 0 0 B.P. S o i l  
D s  which experienced c lay trans locat ion 
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f o r  7 0 0  yr or l e s s .  d o e s  not  hav e  an 
arg i l l i c  horizon. S o i l  E. which expe
rienced cl ay trans location for periods 
ranging from 4000 to 2300 yr. does have 
an ar g i l l i c  ho r i z on. Ther e f o r e .  the 
length of time ne ces sary for formation 
of an argi l l i c  hori zon under mid-Holo
cene c ond i t i o n s  w a s  l e s s  than 2300 yr 
but more than 700 yr. 

SUMMARY 

Soils  formed on co lluv ial and al lu
vial depo s t s  of Late W i s c o n s inan and 
H o l o cene age w e r e  s t u d i e d .  Six m a j o r  
s o i l  t y p e s s  a s s o c i a t ed w i t h  s i x m a j o r  
s t r a t igraph i c  u n i t s ,  were i d e nt i f i e d .  
T h e  a g e  of  e a c h  s o i l  t y p e  w a s  d e t e r 
m ined bas e d  o n  rad i o c arbon d a t e s  and 
s tratigraphic relation s h i p s .  Four o r 
d e r s .  moll iso l .  alfisol.  incept isol  and 
entis o l ,  and eight subgroups are repre
s e n t e d  in t h i s  s o i l  s e q u e n c e .  Age and 
c l im a t i c  h i s t o ry a c c ount f or m o s t  of 
t h e  d i f f e r e n c e s  among t h e  s ix s o i l  
t y p e s .  S o i l s  d a t in g  f r om b e f o r e  4500  
B . P .  r e t ain r e l i c t  f ea t u r e s  of  a d i f 
f e rent s o i l - f o rm ing r e g i m e  w h i c h  w a s  
act iv e  during the m id -Holocene warm/dry 
period . 
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APPENDIX 

TYPICAL SOIL PROFILE DESCRIPTIONS 

Soil B (with Unit A ) : 
S e c t ion PWJ 1 :  N E 1 / 4  NW l / 4  s e c .  3 .  T.  1 4  N . •  R.  2 W • •  Vernon Count y ;  P o w e l l  
f arm ; b ank exposure o n  r i ght ( e a s t )  bank of B r u s h  C r e e k  l o c a t e d  about 40 m 
downstream from State H ighway 3 3  bridge. 

depth 
� 

0 - 1 0 5  

1 0 5  

descript ion 

H is t o r i c a l  ov e r b ank d e p o s i t s  ( U n i t  A ) ;  1 0YR 3 / 2  s i l t  l o am ; w e ak .  
coarse and medium . subangular b locky s tructure; includes f e w  layers 
of pale. coar s e  s i l t  ( 0 . 5 - 1 .0 e m  thick) ; friab l e ;  abrupt boundary. 

Top of Soil B and Unit B .  

1 0 5 - 140 A l b  hor i z on ;  1 0YR 2 / 1 l o am ; w e ak to  m o d e r a t e .  m e d i um .  subang u l a r  
blocky s t ructur e ;  f r iabl e ;  c lear boundary. 

1 40 - 1 6 5  C hor i z on ;  1 0YR 3 / 1  sandy l o am ; v e r y  w e a k .  coars e .  angu l a r  b l o c ky 
s t ru c t ur e ;  f r iab l e ;  f e w ,  m e d i u m ,  f a int , orange m o t t l e s ;  g r a d u a l  
boundary . 

1 6 5 - 2 1 0  2 . 5Y 3 .5 / 1  loamy s a n d  t o  s a n d ;  m a s s iv e ;  f a in t  s t r a t a  of pa l e r  sand 
and darker s i lty clay l oam , sandier layers becoming more common with 
depth; strata 0 .2-0.5  em thick; contains wood fragments near base.  

210 Water l ev e l .  

305 Approximate level of wood samp l e  dated at  206 5 :': 65 B.P. ( W IS - SO S) .  

HQI:il!Qn l2�llth • em % Sans! % Silt % !;;lay 
Unit A 20 - 25  36 .6 49 . 4  1 4 . 0  
Unit A 40 - 45 65 . 2  26 . 2  S .6 
Unit A 60 - 6 5  27 . 9  56 . S  1 5 .3 
Unit A SO - S5 24 . 5  58 . 1  1 7  . 4  
Unit A 1 00 - 1 05 3 0 . 6  53 . 3  1 6 . 1  
Alb 1 1 0  - 1 1 5  46 . 7  39 .4  1 3 . 9  
Alb 1 25 - 1 3 0  50 . 8  36 . 9  1 2 .3 

C 1 50 - 1 5 5  6 2 . 3  27 . 9  9 . 8  
1 7 0  - 1 7 5  7 5 .6 1 7 . 9  6 . 5 
I SS - 1 90 S2 . 5  1 1 . 4 6 . 1  
205 - 2 1 0  89 . 6  6 . 7 3 .7 

Soil C (with Unit A ) : 

S e c t ion KUA 2 :  N o r t h  cent e r .  S W l / 4  s e c .  3 5 .  T .  1 5  N • •  R.  3 W . .  Monroe Coun t y ;  
Kuder f a rm ;  bank expo s u r e  o n  r i ght (nor t h )  b an k  o f  Upper Brush C r e e k .  about  
100 m east of  fence along proper t y  line. 
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depth 
l:.!!L-

0 - 5 0  

5 0 - 8 2  

82-88 

88 

88- 104 

description 

H i s t o r i c a l  overbank d e p o s i t s  (Un it A ) ;  1 0YR 3 . 5 / 3  sa ndy l o am ;  w e a k .  
f in e .  p l a t y  and angu l ar b l ocky s t ru c t ure ; c l e a r .  f ine hor i z o n t a l  
strat ificat ion. with some thicker (1 e m )  layers ; c lear boundary. 

H i s t o r i c a l  ov e r b ank depo s i t s  (Unit A ) ;  1 0YR 4/2 s andy loam ; w e a k .  
f in e .  p l a t y  and angu l a r  b l o cky s t ru c t u r e ;  c l e a r .  f ine h o r i z o n t a l  
s t r a t if i c a t i o n .  w i t h  s ome s a ndy l a y e r s  1 - 3  em t h i c k ;  f e w .  f ine . 
orange (7 .5YR 4/3) mo t t l e s .  increasing with depth; abrupt boundary. 

Alb horizon ; 1 0YR 3 / 1  silty  clay loam; f ine gray and b lack s tratifi
cat ion ; common orange m o t t l e s ;  abrupt boundary. 

Top of Soil  C and Unit C .  

Olb horizon; 10YR 1 .7 / 1  (black) fibrous pea t ;  cl ear boundary . 

1 04- 1 1 6  Alb horizon; 1 0  YR 1 .7 / 1  sil ty day loam ; mas s ive; common f ibers and 
root s ;  c lear boundary. 

1 16 - 1 49 C horizon; 1 0YR 3 . 5 / 1  s ilt loam; mas s iv e ;  abrupt boundary. 

149- 178  Irregular strata ( 1 -3 cm thick) of wh ite sand and b l ack silty  c l ay 
loam ; 1 0YR 3 / 1  loamy sand mixed ; abrupt boundary. 

178  Wood dated at 4410 ± 7 5  B . P .  (WIS-I02Z ) .  

1 7 8-210+ Gravel s .  

Z10 Water l ine . 

HQIi�Qn lle12th , �.m. 
Unit A 20 - 2 5  
Unit A 3 5  - 40 
Alb 1 08 - l l 2  
C 1 20 - 1 25 
C 1 3 5  - 1 40 

159 - 1 6 5  

Soil D (with Unit A) : 

% Ssm\! % Silt % �aa!l 
7 1 . 1  22  . 0  6 . 9 
56 . Z 3 4 . 1  9 . 7 
19 . 3  5 1 .  7 29 . 0  
27 . 9  5 5 . 2  16 .9  
36 . 6  45 . 7  17 .7 
83 . 5  1 0 . 3  6 . 2  

S e c t ion L EE 1 :  S E l / 4  NW I / 4  s e c .  3 5 .  T. 1 5  N • •  R .  3 W • •  Monroe Count y ;  P e t e r  
L e i s  p a s t u re ; bank expo s ure o n  l e f t  (no r t h )  ba nk o f  U p p e r  Brush C r e e k  o n  
downs tream end of meander bend. about 1 50 m west of road. 
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depth 
� descr ipt ion 

0 - 4 0  H i s t o r i c a l  ov e r b ank d e po s i t s  ( U n i t  A)  1 0YR 3 / 2  s i l t  l o am ; m o d e r a t e .  
med ium . angular blocky structure; f a int , f ine, horizontal stratifica
t ion; very friab l e ;  f e w ,  medium , faint orange m o t t l e s ;  common inclu
s ion s of darker s il t  l o am from below;  c l e ar boundary. 

40 Top of Soil D and Unit D .  

40-77 Alb hor izon; 1 0YR 1 .7 / 1  loam ; moderate t o  weak. medium . subangular 
b l o cky s t r u c t u r e ;  v e ry f r iab l e ;  f e w ,  f in e ,  f a int orange  m o t t l e s  i n  
lower part o f  horizon; clear boundary. 

7 7 - 85 Bl horizon; 1 0YR 4/2 s il t  loam ;  moderate coarse and medium. subangu-
1 a r  b l o c ky s t ru c t ur e ;  f r i ab l e ;  c o mm o n ,  f in e , f a i n t  orange m o t t l e s ;  
inclus ions of darker l oam from abov e ;  c l ear boundary. 

8 5 - 1 1 1  B 2  h o r i z o n ;  1 0YR 4 / 3 . 5  s i l t  l o am ;  w ea k .  m e d ium s ub angu l a r  b l o c k y  
structur e ;  friable;  common, f ine,  light orang e ,  and f e w ,  f ine , dark 
orange mott le s ;  f e w ,  faint, patchy, brown cutans and void f il l ings ; 
c lear bound ary.  

1 1 1 - 1 3 0  B3 l hor i z on ;  2 . 5Y 5 / 3  s andy loam ; m o d e rat e t o  w e a k .  c o a r s e  and m e 
d ium , s ub angu lar b l o cky s t r u c t ur e ; f irm ; m o t t l e s  a s  above ; c l e ar 
boundary . 

1 3 0 - 1 6 0  B3 2 horizon; 1 0YR 4.5/6 sandy loam ; weak. coars e .  subangular blocky 
structure; f irm ; common, coar se,  medium orange mot t l es ; few in .s..it..u. 
roots and black organ i c  inclus ion s ;  gradual boundary. 

1 6 0 - 2 5 0  C h o r i z o n ;  1 0YR 3 / 1  s an d y  l oam ; ma s s iv e ; f irm ; f e w .  c o ar s e .  o r a n g e  
mot t l e s ;  f e w  roo t s  and organic inc lus ions ; abrupt boundary. 

1 8 8  Water l ev e l . 

230 Wood sample dated at 5145 :t 6 5  

2 50 +  

Horizon 
Unit A 
Alb 
B2 
B3 1 
B32 
C 

Soil E :  

Gravel s ;  top 

Ilelltll. �ml 
20 - 2 5  
45 - 50 
87 - 92  

1 1 5  - 1 20 
145 - 1 50 
1 7 5  - 1 80 

of gravel s varies 

% Slim! % Silt 
l 3  . 6  70 . 4  
44 . 7  41 . 1  
34 . 4  49 . 6  
64 . 2  24 . 9  
56 .9  2 8 . 3  
56 .0  3 2 . 0  

B . P .  (WIS - 1 07 1 )  • 

between 230 and 27 0 cm . 

% C lll:)!: 
1 6 . 0  
14 . 2  
16 . 0  
1 0 . 9  
1 4 . 8  
1 2 . 0  

S e c t ion HEA l :  NE l / 4  SW l / 4  s e c .  3 6 .  T .  1 5  N • •  R. 3 W • •  Monroe  C ount y ;  H e lm u t h  
f arm ; bank exposure o n  right bank o f  Upper Brush Creek. about 200 m downstream 
from barn. 
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depth 
� 

0 - 3 4  

34-46 

46 - 7 9  

7 9 - 1 1 5  

Al  hor i z o n ;  1 0YR 1 .7 / 1  s i l t  l oam . b e com ing p a l e r  w i t h  d e p t h ; m o d 
era t e .  m e d ium and f in e .  subangu l ar b l ocky and granu l ar ;  f r ia b l e ;  
clear , irregular boundary. 

AB horizon; 1 0YR 4/3 and 1 .7 / 1  s i l t  loam ; moderate .  medium and f ine. 
subangular blocky s tructure; friab l e ;  c lear. irregular boundary. 

BI hor i z o n ;  1 0YR 4 / 3  to 5 / 4  s i l t  loam ; s t rong.  c o ar s e  and m e d i um .  
suban g u l ar b l oc ky ; f irm ; p a l e .  d u s t y  ped f a c e s ; f e w .  f a i n t .  p a t ch y  
argil lan s ;  gradual boundary. 

B2l horizon; 1 0YR 4/4 s i l t  loam ; strong. coarse and medium. subangu
l ar b l o c k y ;  f irm ; f e w .  f a int orange m o t t l e s ;  p e d  f a c e s  n o t  as p a l e  
and dust y  a s  above ; some distinct argil lans ; gradual boundary. 

1 1 5- 1 40 B 2 2  h o r i z on ; 7 .5YR 6 / 4  s i l t  l o a m ;  m od e r a t e .  c o a r s e .  s ub angular  
b l o c ky ; f irm ; f ew .  c o a r s e .  orange ( 5YR 4 / 6 )  and f in e .  dark r e d  mot
t Ies ; f ew arg il lans ; abrupt. smooth boundary. 

140- 146 C l  hor izon ;  stratified 1 0YR 5/3 and 7 .5YR 4/6 s i l t  loam; f in e .  hori
zontal strata ( 0 .5-0.3 mm thi ck) . cont inuous for l ength of exposur e ;  
abrupt boundary. 

1 46 - 1 6 3  C 2  hor i z on ; 7 .5YR 6 / 3  and 5 / 4  s i l t  l o am ; w ea k .  coar s e .  s ub an gu l a r  
b l oc ky s t ru c t ure ; h e av i ly m o t t l e d ;  i r r e g u l ar inc l u s ions of p a l e  
strata from abov e ;  c lear boundary. 

16 3 - 1 9 9  C 3  h o r izon ; 2 . 5Y 6 / 2  s i l t  l o am ;  w e a k ,  c o ar s e ,  s ub an gu l ar b l o cky ; 
common.  m e d ium and c o ar s e .  o r an g e  ( 5YR 4 / 6 )  and r e d  ( 2.5YR 3 / 5 ) 
mot t l e s ;  abrupt boundary. 

1 9 9-270 I OYR 4.5/1 s i l t  loam ; massiv e ;  some irregular lenses of sand ; common. 
coa r s e .  orange ( 7 . 5YR 5 / 4 )  m o t t l e s ;  cont ains  w o o d y  d e b r i s ; abrupt 
boundary . 

2 50 Sample dated at  9060 + 95  B . P .  ( WIS - l Ol B ) . 

2 5 5  Water l evel .  

270  Approximate level of  top of  grave l s .  
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HQri�Qn D�llth , �m! 
Al  9 - 1 5  
Al 21 - 26 
AB 3 8  - 42 
B1 50 - 55 
B 1  6 5  - 70 
B21 85 - 90 
B21  1 0 5  - 1 1 0  
B22 1 20 - 1 2 5  
Cl  140 - 146 
C 2  1 53 - 1 5 8  
C 3  170  - 1 7 5  
C3 185 - 190 

205 - 2 1 0  

S o  il G :  

% Sand 
33 . 1  
3 4 . 0  
37 . 8  
36 . 5  
2 2 . 9  
o n  0 � ;J  . �  
1 8 . 0  
1 2 . 2 

8 . 1  
17  .4  

7 . 0 
5 . 5  

2 1 . 5  

% S i lt 
53 . 9  
52 . 7  
5 1 . 5  
51 . 2  
60 .6 
51 . 9  
63 . 0  
6 6 . 4  
6 9 . 9  
6 4 . 3  
66 . 4  
6 9 . 9  
6 1 . 1  

% Clay 
13 . 0  
1 3 . 3  
1 0 . 7  
1 2 . 3  
16 . 5  
1 8 . 9  
1 9 . 0  
2 1 . 4  
2 2 . 0  
1 8 .3 
26 . 6  
24 .6 
17 . 4  

S e c t ion VRL L :  NW l / 4  S E l / 4  s e c  3 5 .  T .  1 5  N • •  R .  3 W • •  Monroe  Coun t y ;  e xp o s u r e  
a t  t o p  of b l u f f  (about 1 0  m h i g h )  unde r c u t  b y  U p p e r  B r u sh C r e e k .  B l u f f  i s  
located on right (south) s ide of Upper Brush Creek. downstream from Von Ruden 
farmhouse . 

depth 
� d e s c r ipt ion 

0-40 Al horizon ; 1 0YR 2 / 2  silt  loam ; clear boundary . 

40 - 1 1 5  B2t hor izon ; 1 0YR 4/4 s ilt  loam t o  s i lt y  c l ay loam ;  strong. med ium . 
subangular b l ocky structur e ;  w e l l-developed brown argil lans on ped 
face s .  

1 1 5 - 1 90+ B3 t horizon ; 1 0YR 5/4 t o  4/4 s ) l t  loam t o  silty clay loam ; moder a t e .  
medium . p laty structure; arg i l l ans l e s s  prominent than above. 

HQliZiQn !l�lltb, em! % S",nd % Silt % C lllY 
Al 20 - 30 24 . 0  60 . 6  1 5 . 4  
B2t 60 - 70 1 2 . 9  6 2 . 9  24 . 2  
B2t 100 - 1 1 0 6 . 9 64 . 8  28 . 3  
B3t 140 - 150 6 . 8 6 4 . 4  2 8 . 8  
B3t 1 80 - 1 90 9 . 6 6 4 . 4  26 . 0  
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GLACIATION OF THE DRIFTLESS AREA:  
AN EVALUATION OF THE EVIDENCE 

D. M. �1ickelson ,  J .  C .  Knox , 
Lee Clayton 

Univers ity of Wisconsin,  Madison 53706 

INTRODUCTION 

For more than 150  years people have 
recognized that the characteristic 
topography and lack of erratic  clas ts  
in  southwest  Wi sconsin demonstrate a 
significantly different Quaternary 
history from surrounding areas . Mos t  
writers have concluded that this area 
was never glacia ted , and the term 
"Dr iftless Area" has been used for more 
than 100 year s .  Two wri ters (Sardeson, 
1 8 9 7 ;  Squier, 189 7 ,  1 8 9 8 )  que st ioned 
the validity of the Driftless Area con
cept during the last century but mo st  
other authors have accepted the concept 
that evidence of glaciation of the 
Driftless Area is lacking . Not unti l  
1960,  when Bl ack ( 1 960 , p .  1 8 2 7 )  
published an abstract s tating that evi
dence "confirm ( s )  glac iation of much,  
if  not all ,  the Driftless Area during 
the early Wisconsinan s tage or all of 
it during a pre-Hi sconsinan stage " ,  was 
the concept of an unglaciated area in 
southwest Wi sconsin seriously ques
tioned . Since that time evidence has 
been discussed by Akers ( 1 9 64 ) , Frye , 
Willman, and Black ( 1965 ) ,  Palmquist 
( 1 965 ) , Black and Rubin ( 1 9 68 ) ,  and 
Black ( 1 970a , b ) . 

The concept of a glaciated 
Driftless Area appears to have been 
accepted by many peop l e ,  and Hack' s 
interpretations have never been cri ti
cally evaluated in print . Although we 
cannot prove that the Driftless Area 
has never been glaciated , we do feel 
that evidence of glaciat ion is  weak . 

In this paper we will examine 
published evidence and arguments for 
glaciation of the Driftless Area . In 
particular, we will try to answer three 
que s t ions : 
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1 .  Is  there evidence demonstrat ing 
that the Driftless Area was glaci
ated? 

2 .  If i t  was glaciated , when did the 
glaciation take place? 

:3 . \fuat are the boundaries of the 
driftless  area? 

EVIDENCE FOR GLACIATION 

Early evidence of Squier and Sardeson 

Sardeson ( 1 897 ) examined railroad 
couts in the vicinity of Dodgeville and 
the Pecatonica River valley south of 
the Ili sconsin River ( f i g .  1 ,  location 
1 ) .  He found unstratified depo s i ts of 
c:hert , limestone , and sandstone blocks 
in a matrix of silt and clay that he 
interpreted to be deposits  of a local 
valley glacier . Apparently the depo
sits contain no erra tic material or 
o ther features typically associated 
with glacial depo sits ( for examp l e ,  
s triated clasts ) .  Smith ( 1 94 9 )  reexam
ined the depo s i t s  and concluded that 
they appear to be products of mass 
wasting from the valley sid e .  
Squier ' s  papers provide little infor
mation on location, so it is impos
s ible to relocate his  exposure s .  The 
depo s i t s  he describes also appear to be 
mass-wa s ting depo s i t s  and poss ibly fans 
s imilar to those described by Knox 
( 1980 , 1 98 1 ) .  He attributed the round
ed,  bOl"I-shaped appearance of valley 
heads to a poss ibly glacial origin but 
admits that evidence of glaciation is  
weak . In the summary of his 1897 pa
per , he states "while these deposits 
mu st be regarded as essentially non
glaci a l ,  there does not appear to be 
anything inconsi s tent with the assump
tion that occas ionally during periods 
of exceptional activity,  glaciers may 
have advanced on to them for short pe
riods "  ( Squier,  1 8 9 7 , p . 1 9 2 ) . 
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locations mentioned in text . Scale 1 : 1 , 000 , 000 . 
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The evidence provided previous to 
1960 cannot be taken to document gla
ciation in the Driftless Area . Both 
Sardeson and Squier suggested the pres
ence of local glaciers t and it is in
deed possible that perennial snowf ields 
did occur in some places in the Drift
less Area but better evidence is needed . 

Evidence published s ince 1960 

Black ( 1 9 60 ) ,  in a short abstrac t ,  
stated that the Driftless Area was gla
ciated , much of it during "Rockian" 
(late Al tonian) time . Unfortunat ely , 
the evidence provided i s  very general 
and has been only briefly expanded upon 
since (Frye , Willman, and Black , 1 9 6 5 ;  
Black and Rubin,  1 9 68 ; Black ,  19 70a , 
b)  • Several of Black I S S tudent s ,  how
ever,  pursued this theme , and some de
tails of the evidence are provided by 
theses of Akers ( 1 961 , 1 9 6 4 )  and Palm
quist ( 1 9 65) . 

We wi ll now evaluate each of the 
arguments in as much detail as possi
ble . 

Erratics near Muscoda 

The Quaternary history of the Wis
consin River Valley is discussed in 
another section of the guidebook , and 
we wil l  not repeat this discuss ion 
here � It is important to note , how
ever, that one evidence of  glac iation 
used by Black (Frye , Willman and Black , 
1 9 6 5 ;  Black 1 9 70a) is the presence of 
erratic boulders and cobbles near /1us
coda in the center of the Driftless 
Area (fig.  1 ,  location 2 ) .  These were 
described by HacClintock ( 1 9 2 2 ) , and we 
have examined fresh exposures and 
drilled in the depo s i ts . All of the 
Precambrian erratic materials are as
sociated with fluvial-glacial outwash , 
includ ing the oldest sediments in  the 
Bridgeport terrace (Knox , Attig , and 
Johnson, this volume ) .  �"e see no evi
dence that these deposits ind icate gla
ciation of the Driftless Are a .  

Distribution of erratics 

Black ( 1 9 65 , p.  5 4 )  stated that 
"positive evidence of glaciat ion in the 

"Driftl ess Area" of Wi sconsin comes 
from abundant fragments of Precambrian 
igneous rocks and Paleozoic chert and 
sands tone that rest on younger forma
t ions" . Unfortunately , wi th the excep
tion of one Precambrian pebble found 
below loess on Wes t  Blue Hound (Black, 
1. 970a ) ,  no other sites (away from the 
boundary of the Driftless Area) where 
Precambrian errat ics exist have been 
given except in  si.tes  described by Ak
ers ( 1 9 6 4 ) . We (especially Knox) have 
spent a large amount of time doing de
tailed field work in the Driftless Area 
and have never seen an erratic that was 
clearly of ice-contact glacial origin. 
All of the counties in the central part 
of the Driftless Area have been mapped 
recently by field parties of the Soil 
Conservation Servi c e ;  although scat
tered upland erratics associated with 
early glaciat ions are present along the 
edges of the Driftless Area, there have 
been no repo r t s  of erratics beneath 
loess found in the Drif t l e s s  Area 
(A.  J .  Klingehoets , F .  Anderson, R .  
Cheetham , Soil Conserva tion Service , 
Ma di son , personal communication) . 

We feel that the use of the distri
bution of supposed erratics to document 
glaciation of the Driftless Area i s  un
sound . There i s  no documentation of 
errat ics  being present beneath loess 
except in outwash derived from outside 
the Driftless Area and in areas along 
its northeast and southern boundaries . 
Knox has observed crystalline erratics 
of cobble size at an upland archeologi
cal site in north-central Grant Count y .  
Sears and markings on these errat ics  
indicate they were being used as  tools 
b�r the Indians . Black ( 1 9 6 5 )  reports 
upland gravel with erra t i c  material 
near Hazel Green ( fi g .  1 ,  location 6 )  
i n  southern Grant Coun t y .  Although we 
have no t examined this s i t e ,  it  is  in 
an area of upland outwash near the 
sou thern boundary of the Driftless 
Area . Similar occurrences are reported 
in I l l inois (J. C .  Frye and H. B .  Will
man, 1 9 8 1 ,  personal communication to 
Knox) . 
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The development o f  Eas t  Blue Mound 

Along the drainage divide south of 
the Wisconsin River , East and We st Blue 
Mound stand over 100 ill above the sur
rounding landscape ( fi g .  1 ,  location 
3 ) . The geomorphic development of the 
area has been di scussed by numerous 
authors , and a brief his tory of ideas 
is given by Black ( 1 9 70a) . Our d iscus
sion here is confined to the supposedly 
glacial origin of the flat top of Ea st  
Blue Mound . 

lve st  Blue Mound , the higher of the 
two , is capped by s i l icified Si lurian 
dolomi te.  East Blue Mound is capped by 
the Maquoketa Format ion, a unit c.on
taining shale and limestone ( fig . 2 ) . 
Black ( 1 970)  has pointed out the broad , 
nearly flat top of East Blue Mound 
( f i g .  3 )  and concluded "thus , only one 
agency--that of glacial j ce--seems ca
pable of beveling the top of East Blue 
}lound to so flat a surface" (Black, 
1970a, p .  H-IO) . 

As noted by Black ( 1 9 70)  and Smi th 
( 19 4 9 )  the sil iceous Silurian dolomi te 
is very resis tant to erosion, weather
ing to large blocks that are now scat
tered around the sl opes of We st R1ue 
Mound . Howeve r ,  the degree o f  s i l ici
fication over east Blue Mound or the 
8urrounding area is unknown . It is 
possible that a cons iderable d i f ference 
in the amount of s i l ic i f ication led to 
t.he pres ervation of the cap on lve st 
Blue Mound , but other factors such as 
joint density and the location o f  head
water s treams could have been equally 
responsib l e .  

I t  seems more likely that t h e  pre
sent landscape was produced by slope 
processes and fluvial erosion which 
were perhaps more severe during glacial 
time . The peculiar flat top on Eas t  
Blue Hound i s  probably caused by remov
al of shale down to dolomi te uni t s  in 
the Maquoketa Formation. 
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From Black ( 1 970a) . 
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F I GURE 4 . --Contour Map sho,dng boulder 
d i s tribution circles around low sand
s tone pinnacle ( c ross hatched) near 
Bo s stown . From Akers ( 1 9 6 5 ) . 

Boulder train near B o s stown 

Black (Frye , Willman and Black , 
1965)  has inferred the direction of ice 
flow in the Driftless Area from a 
"boulder train" described in detail by 
Ake rs ( f ig . I ,  location 4 ) .  Black con
cluded that the distr ibution of blocks 
around a low sandstone pinnacle " i s so 
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striking that it  sugges ts glaciation" 
(Frye , Wi l lman and Black , 1 96 5 ,  p .  54 ) .  
A map of the "boulder train" is  shown 
In figure 4 .  Note that the blocks are 
distributed nearly perpendicular to the 
contour s ,  not "obliquely across the 
slope" as described by Akers ( 1 9 64 , p .  
4 0 ) . I t  seems likely tha t the arrange
ment of boulders simply ind icates the 



toppling o f  a high sand st one pinnacle 
toward the southeas t ,  followed by 
downslope movement that carried the 
blocks further downslope . Ve see no 
reason to invoke glaci ation to explain 
the d i s tribution of boulder s .  

Erratics and other evidence o f  Akers 
( 1964 ) 

In his Ph . D .  thesis , Akers de
scribed not only the "boulder train" 
near Bo sstown but several o ther fea
tures that he considers indicative of 
glaciation. Be tween Boaz and Tomah 
(fig.  1 )  he described 1 7  s ites wi th 
cobbles and boulders above bedrock . At 
some locations the boulders are below 
or mixed with loes s ,  but evident ly at 
many the cobbles and boulders were on 
the surfac e .  

At twelve o f  these locations he 
concluded that the 11 thologies present 
were what would �e expected from the 
und erlying or overlying l i thologies . 
At four locations (DD, I ,  H,  and G, Ak
ers , 1964)  he found what he interpreted 
to be chert of the Oneota Forma tion 
(Prairie du Chien) on St . Peter Sand
stone or younger stratigraphic uni ts . 
If his interpretation of the age of the 
chert at these locations is correct,  a 
process such as glac iation i s  necessary 
to explain the fragments of chert atop 
younger stratigraphic units . 

Because thes e  are localized occur
rences they are diff icult to explain. 
It may be that the younger Ordovician 
dolomite units do contain ool itic chert 
at these localities and that the chert 
is not out of plac e .  The scattered 
blocks,  up to 30 em in diameter , could 
have been brought to ridge tops by In
dians . Concentrations of artifacts of 
chert and often quar t z i t e  have been 
found on ridge-tops at some places in 
the Driftless Area ( S toltman , 1982 , 
personal communication) . 

Akers ( 1 964) found several sites 
near Tomah ( f ig. 1 ,  location 5) where 
gravel and a presumed t i l l  indicated 
glacia tion. At one location Akers re
ported a deposit of red , pebbly , stoney 
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,olay that he  interprets as till . All 
of  the included clas ts have a local or
Igin (Ake r s ,  p. 1 1 4 ) , and the interpre
tation of the material as till is based 
on its topographic position atop a 
ridge . Because of the possibility o f  
ehanges i n  valley-wall positions , we do 
Ilot feel that this is  a strong argu
ment . In fac t ,  the site is close to 
the base of a long , high hills lope and 
is only separa ted from it by a 1m, 
saddle .  lole interpret this to be an 
ancient mass-movement deposit . 

At another 
1964)  a supposed 
material at this 
Andrews ( 1 9 5 8 )  

location (EE , Akers , 
kame is reported . The 
site was considered by 

to be reworked Hindrow 
Format ion . The site  contains several 
meters of sand and gravel , which re
portedly contains a small proportion o f  
igneous pebb les . Al though the cut i s  
c overed with a scatter of igneous peb
bles from the adjacent roadbed, we 
searched with about 10 graduate s tu
dents for over 1 hour and were unable 
to find any igneous pebbles wi thin the 
unit itsel f .  Thi s  does not prove that 
igneous rocks are not present , but the 
depo s i t  is clearly not typical of ice
contact stratified deposits in other 
parts of the s ta t e .  The Windrow Forma
tion,  which has been considered to be  
Cretaceous ,  contains igneous pebbles in 
places , carried by streams flowing from 
areas of Precambrian outcrop to the 
nort h .  

Thus , the evidence o f  Akers raises 
some questions concerning the po si tion 
of the northeast boundary of the Drift
less Area , but it does not prove that 
the Driftless Area was glac iated . He 
believe that Black ' s  statement tha t 
"i solated deposits  explainable only by 
g laciat ion are on the crests of ridges 
in all but La Crosse County in the 
class ical "Dr iftless Area" of southwe s t  
Wisconsin" (Black , 1 960 , p. 1 82 7 )  over
states the cas e .  In fac t ,  there are no 
depos its described by Black or o thers 
that suggest more than a slight change 
in the posit ion of the boundary, and 
even this evidence is not convincing . 



Re siduum and Paleosols on Uplands 

Upland interfluves in the Driftless 
Area often contain relatively shallow 
thicknesses of red clay residuum in 
relation to an amount that might be ex
pected from a long period of \.;reather
ing . Black ( 1 970b) concluded that the 
small thicknes ses  of res iduum resul ted 
from stripping of uplands by glacial 
i c e .  We find this conclusion unaccept
able because there are no striated 
rocks or erratics to indicate glacia
tion. l,e conclude that mo st of the 
upland residuum has been removed by ac
celerated mass wa sting and slope wash 
during episodes of periglacial climate 
(Knox and Johnson , 1 9 7 4 ;  Knox, 1980 , 
198 1 ) .  Evidence of severe mass  "asting 
during Ivoodfordian time i s  indicated by 
colluvial terraces , often up to 10 
meters thick at the bases of hill
slopes . These colluvial depo s i t s  in
clude large very angular blocks of 
dolomite embedded in reworked Woodford
ian loess . 

lfuittecar ( 1 9 7 9 )  has shown that 
mass wa sting was also rathe r intense 
during Altonian time in the south
eastern Drift1ess Area . He ident ified 
solifluction deposits under peat that 
has a bottom radiocarbon date of 40, 500 
+ 1700 B . P .  ( I SGS-56 2 ) . Our interpre
tation of severe upland stripping dur
ing the Ivi sconsinan is cons istent with 
the conclusion of Frye and others 
( 1 9 6 9 ,  p. 6) who in describing paleoen

vi ronments for adjacent northwestern 
Illinois , concluded : 

·' . . .  o f  even greater significance 
are the unusua lly intense episodes 
of erosion to which the region has 
been subjec ted . This region was 
virtually surrounded by glacial 
ice during early Woodfordian time 
when the Green River Lobe was at 
its maximum extent . This  glacial 
configurat ion contributed to a cli
mate that accentuated solifluction, 
sheet wash , and eolian scour and 
deposition . Simi lar , but probably 
less intense condit ions existed 
during late Altonian time . . . .. 
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Black ( 1 9 70b) suggested that pre
Woodfordian paleosols are very rare and 
that rareness migh t be att ributed to 
past glaciations in the Driftless Area . 
We agree that Pleistocene paleosols of 
pre-�'loodfordian age are not abundant , 
but we believe that fluvial erosion and 
mass was ting account for their absence 
1..n mo st places . However, because of 
the limited number of exposures on up
land sites it is poss ible that pre
Ho odfordian paleosols may be more 
!:ommon than believed . For exampl e ,  a 
new roadcut through a narrow upland 1n
terfluve in southeas t ern Mo nroe County 
exposes  a well-developed buried soil 
that separates Woodfordian loess from 
an older loess (Knox , Road Log , Stop 5 ,  
this volume ) .  The Monroe county paleo
sol is located in a landscape po sit ion 
that would have been very vulnerable to 
erosion by glacial ice as postulated by 
Black . Its preservation argues against 
glac iation. 

Frolking ( 1 9 7 8 ,  and this volume) 
found that the distribution of upland 
red clay residuum is nonrandom . He 
observed that the quant ity of upland 
red clay varies clo sely with the 
dist ribution of chert-rich bedrock 
formations . Frolking indicated that 
red clays are characteristically absent 
on ridge tops underlain by the non
cherty upper Gal ena Dolomite as in 
northern parts of Grant and Iowa 

Counties , but where the cherty lower 
Galena Dolomite forms upland surfaces 
as in Green County, red clays are rela
tively thick. He also found abundant 
red clays overlying the chert-rich 
lower Prairie du Chien Formation along 
the north-central part of the Driftless 
Area in Monroe and Juneau Count i e s .  
The association o f  red clay with 
underlying chert-rich bedrock suggests 
that stone lines of chert lag deposits 
are important for the preservation of 
upland red clay . Where chert lag is 
not available most of  the red clay has 
been removed by fluvial erosion. 



Chert Rub ble in the Valleys 

Black ( 1 970a ; 1 9 70b) and his s tu
dents (Palmquis t ,  1 9 6 5 ; Aker s ,  1 9 0 4 )  
have argued that val l ey f i l l s  in the 
Drif t l ess Area are too sma l l  i n  volume 
and contain too l i t t l e  chert rubble 
relative to that which might be expect
ed from the solution of many me ters or 
tens of meters o f  roc k .  They sugge s t e d  
that the small quan t i t i e s  of f i l l  and 
chert rubble could be b e s t  explained by 
removal through P l e i s tocene glaciation. 
We disagree with the glac i a t i on hypoth
e s i s  because ( 1 )  ma j o r  valley i nc i s i on 
by fluvial proc e s s e s  has occurred in 
the D r i f t l ess Area during the Ple i s to
cene, ( 2 )  valley f i l l s  typically con
tain pre-Late Wi sconsin alluvium o f  
local orig i n ,  and (3)  many valleys o f  
the D r i f t l e s s  Area contain relatively 
large quan t i t ies of chert rubbl e .  

I t  s e ems likely that mo s t  o f  the 
older valley f i l l s  have been removed by 
fluvial erasion during the Pleis tocene . 
Frye ( 1 9 7 4 , p .  2 7 9 )  suggested that ma
jor valleys throughout much o f  the mid
continent region experienced maximum 
entrenchment during the early Kansan. 
Trowbridge ( 1 96 6 )  concluded that major 
valley incision in adjacent northeast
ern Iowa occurred since the Nebraskan 
because glacial depo s i t s  of that age 
were restricted to upland s i t e s  but 
Kansan glacial depos i t s  occurred at 
lower elevations on h i l l s lopes and ter
races . Glacial t i l l  that appears t o  be 

correlative wi th the northeas t e rn Iowa 
Kansan till mapped by Trowbridge occurs 
on the Bridgeport s t rath ( fi g . 1, lo
cation 7 )  at the mouth o f  the Wisconsin 
River Valley ( Knox , At t i g ,  and Johnson , 
this volume ) .  The s t rath surface un
derlying the t i l l  i s  approximately 8 5  m 
higher than the elevation o f  the adja
cent bedrock valley floor ( Trowbridge , 
1 9 5 4 ,  p .  803 ) ,  indicating ma jor inci
sion since the s t rath surface repre
sented the valley f l oo r .  If the 
surface of the Bridgeport s t rath was 
the valley bottom e l evation during the 
Kansan as sugg e s t e d  by Trowb ridge 
( 1 9 5 4 ,  p. 803 ) , major entrenchment of 
valleys has occurred s incR then . 
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Other depo s i t s  in the region indi
cate that episodic aggradation and deg
radation o f  valley bot toms has occ.urred 
in po s t-Kansan time . The b e s t  evidence 
o f  po s t-Kansan erosion and deposi.tion 
is represented by valley fill s e d iments 
in the Citron Va lley ( f i g .  1 ,  locat ion 
8 )  area o f  the lower Kickapoo River 
( Knox , Road Log , Stop 1 ,  this volume ) .  
.'lere the buried bedrock valley floor in 
the cu t o f f  bedrock val l ey meander o f  
Citron Valley i s  approximately 6 m 
higher than the buried bedrock valley 
floor underlying the alluvium o f  the 
present course of the Kickapoo River 
adjacent to Ci tron Valley . Te s t s  of 
remnant magne tism preserved in s i l t s  of 
the Citron Valley cu t o f f  sugges t  that 
the fill is po s t-Kansan. This inter
pretation is supported by the observa
tion that the bedrock floor of Ci tron 
Valley is incised approximately 30 m 
below the elevation of the bedrock sur
face on the Bridgeport strath of sup
posed Kansan age .  

D r i l ling by Knox in many Dr i f t l e s s  
Area valleys has s hown that pre-Late 
Wisconsinan valley f i l l  depo s i t s  typi
cally are r e s t r i c t e d  t o  protected s i t e s  
such as t h e  i n s i d e s  o f  valley meanders 
and to where bedrock s traths have pre
vented e r o s i on by lateral channel mi
gration. The occurrence o f  the pre
Late Wi sconsinan fluvial s ediments at 
these protected s i t e s  is t e s t imony to 
the impo r t ant role that fluvial eros i on 
has played in removing pre-Late Wi s con
s inan al luvium from e l s ewhere in the 
valleys o f  the D r i f t l es s  Ar ea . 

Black ( 1 9 7 0 a )  empha s i zed the pauci
t y  of pre-Woodfordian alluvium and col
luvium in valley fills t o  support h i s  
argument f o r  coverage o f  much i f  not 
all o f  the Driftless Area by i c e  as re
cently as about 3 0 , 000 years ago . Ac
t ua l l y ,  p re-\,oodford ian d e po s i t s  are 
relatively common in mo s t  valleys o f  
the D r i f t l e s s  Area a s  noted above . The 
pre-Woodfordian sediments appear to b e  
a s  old a s  Kansan, a s  in the fluvial
glacial outwash on the Bridgeport 
s trath and as young as Al tonian and 
Farmdalian in mo s t  other valley s .  None 



of these depo sits , wi th the exception 
of the Bridgeport sediments at the 
mouth of the h/lsc.onsin River Valley, 
suggests ice-contact depo sition.  

Naturally occurring glacially-
derived erratics are restricted to out
wash depo s i t s  in the major valleys that 
originate out side of and pass across 
the Driftless Ar ea . Many of the st ream 
valleys that originate within the 
Driftless Area contain a highly weath
ered sandy gravel underlying the \-lood
fordian sandy gravels (Knox , 1980 ) .  
There are no radiocarbon dates to docu
ment whether the basal sandy gravel is  
older than 3 0 , 000 year s ,  but i ts highly 
weathered condit ion suggests that it 
probably is at least as old as early 
Hisconsinan. 

A radiocarbon date of 2 0 , 270 + 650 
B . P .  ( I SGS-5 5 8 ;  Knox, 1 980) was

-
ob

tained for basal Wo odfordian sediments 
0 . 1  to 0 . 5  m above the surface of the 
weathered basal gravels in the Platte 
Ri ver valley o f  Grant Coun t y .  In the 
bedrock gorge of the lower Kickapoo 
Ri ver adjacent to Ci tron Valley , the 
basal gravels are separated from over
lying Wo odford ian and Holocene sedi
ments by an oxidized and leached silt 
and paleosol (Knox, Road Log ,  S t op 1 ,  
this volume) . The widespread occur
rence of pre-Woodfordian sediments in 
va lley f i ll s ,  especially those o f  ap
parent early Wisconsinan age ,  contra
dict Black ' s  claim that glac iat ion has 
scoured the valleys relatively free of 
sediments older than about 30 , 000 
year s .  

Black ( 1 9 70a, p .  H-IO) argued that 
only one stream valley in the Dri ft less 
Area -- the headward reaches of the 
Baraboo River at Hillsboro ( f i g .  1 ,  
location 9 )  -- contained the quantity 
of  cnert rubble that might be antici
pated from the weathering and eros ion 
of upland bedrock . Black ( 1 970a) used 
the valley fill s trat igraphy of the 
East  Branch Pecatonic River to il lus
trate his claim for limi ted chert rub
ble in stream va lleys . However,  Knox 
and Johnson ( 1 9 74)  showed that the 
anomalously small quant ity of chert 

1 64 

rubble in the Pecatonica sys tem was a 
result of dominance by sandstone bed
rock in the valley walls such that ac
c.es sibility to chert  rich limestones 
and dolomi tes by eroding st reams has 
been very restricted in the late 
Pl eis tocene . 

Whi tt ecar ( 1 9 7 9 )  conducted a de
tailed drilling program in the East 
Branch Pecatonic River valley and found 
that considerable quantities  of silty 
soli fluc t ion lobes flowed from the 
hills lopes onto the floodplains during 
periglacial cond itions of the Al tonian. 
A peat bed overlying soliflucted sedi
ments had top and bottom dates o f  
2 6 , 820 + 200 B . P .  ( I SGS-56l) and 
40, 500 + 1700 B . P .  ( I SGS-56 2 ) . The 
solifluc ted sediments with the over
lying dated peat are presently exposed 
as a terrace along the Pecatonica val
ley on the southeastern margin of the 
Driftless Area . Because Woodfordian 
sediments are inset below the Al tonian 
sediments (Whi ttecar , 197 9 ) ,  it is ap
parent that mid-Wi scons inan valley in
cis ion occurred and may have removed 
some of the cherty rubble from the 
system. 

We therefore conclude that where 
chert rubble is scarce the paucity usu
ally i s  a result of either noncher t y  
bedrock o r  Pleistocene fluvial erosion. 
Where chert-rich bedrock is more com
mon , as in the Platte River system of  
Grant County, considerable quantities 
of pre-Wood fordian cherty-rich sandy 
gravels are present (Knox, 1 980; Knox 
and Johnson , 1 97 4 ) . 

Boundaries of the Driftless Area 

The term "Driftless Area" has been 
used primarily in reference to the 
physiographic area in southwestern His
cousin and northwes t ern Illinois � It 
is obviously a mi snomer because gla
cially derived sand and gravel (out
wash) and loess are present . In some 
cases the term has been used to indi
cate the unglac iated area , but in this 
case defini t i on i s  a problem because 
the glacial boundary is poorly defined 
in places . 



In this paper we do not attempt to 
define the Driftless Area, nor are we 
arguing for minor reV1S1onS in its 
boundaries . 'We di scuss the boundaries 
here only to provide further insigh t on 
the problem of the glaciat ion of the 
Driftless Area as a whole a 

I t  appears that south of Trempea
leau County the we st boundary of the 
Driftless Area is the Mi ssissippi River 
(Trowbridge , 1 96 6 )  except for a small 
area near Bridgeport ( fig . 1 ,  location 
7) at the mouth of the Wisconsin River . 
Here till i s  evidently present on a 
high terrace (Knox , At t i g ,  and Johnson , 
this volume) .  The distribution of  the 
t il l  and associa ted deposits in the 
Wisconsin River valley suggest that ice 
advanced toward the east but that only 
a small tongue of ice entered the 1011 5-
cousin River Valley a dis tance of about 
3 to 4 km . To our knowledge there i s  
no evidence that this ice advance came 
onto the uplands of  southwest Wiscons i n a  

The southern boundary o f  the Drift
less Area in I l l inois is not discussed 
here . Black ( Frye , Willman, and Black , 
1 96 5 )  reports gravel with erratics un
der loess just. north of the state line 
at Haz el Green ( f i g .  1 ,  location 6) . 
The Hazel Green gravels appear to  be 
correlative with the high-level outwash 
gravels described in Illino is by Will
man and Frye ( 1 9 69 ) .  The southeast 
border of the Driftless Area was mapped 
in detail by Alden ( 1 9 18 ) . Till in 
this area was subsequently examined by 
Bleuer ( 1 970) . Illinoian and supposed 
Kansan till is present to the boundary 
and the boundary is fai rly abrupt . No 
erratics are reported ou tside the gla
ciated area shown in figure 1 .  To the 
north, in Dane and Sauk Counties , late 
Wisconsin till , sand and gravel , and 
lake sediment form an abrupt boundary 
marked by an end moraine in most places 
(Alden, 1 9 1 8 ;  Mickelson and McCartney, 
1979) • Along a small por t ion of the 
boundary in northern Dane County the 
moraine is absen t ,  and late Hisconsinan 
age till thins to a scatter of errat
ies . Even in this area , however , the 
boundary cannot be more than 1 or 2 km 
from the pos ition mapped by Hickelson 
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and McCartney ( 1 979 ) .  

In northern Sauk County and nor thward 
( fi g .  1 )  sand and gravel and fine
grained lake sediment l i e  adjacent to 
Dri f tless Area upland s .  The south
westernmost extent of till beneath lake 
sediment has not been mapped . Black 
( 1 9 7 4 )  reports drilling into till  at 
two nearby locations ( fi g .  1 ,  location 
10) . Ice-rafted material is present 
throughout the area covered by these 
lakes ( Martin,  1 9 3 2 ) .  The deposits 
discussed by Akers lie near the western 
edge of deposits  of glacial Lake 
Wisconsin ( f i g .  1 ,  location 5 ) .  On the 
bas is of the t i l l  under glacial Lake 
Wi sconsin,  Knox , McDowe l l ,  and Johnson 
( 1 9 8 1 )  mapped the northeastern boundary 
of the Drift less Area at the base of 
the escarpment along the western edge 
of the former lake . 

The glacial deposits of  north
central Wisconsin were map�ed by 
Weidman ( 1 907 ) ,  Hole ( 1 9 43 ) , and more 
recently by Stewart ( 1 97 3 )  and Mode 
( 1 9 7 6 ) . The area adjoining the 

\�i sconsin River north of  Stevens Point , 
included as part of the Driftless Area 
by l<eidman ( 1 907)  has clearly been gla
ciated (Thwaites , 1956 ; St ewar t ,  1 9 7 3 ) . 

The pre-Wisconsinan Wausau till  
and the early Wi sconsinan 11errill till 
in  the northeast po rtion of figure 1 
are distinguished by texture and c lay 
mineralogy ( St ewart and Mi ckelson, 
1 9 7 5 ) . Dates of greater than 3 6 , 000 
B . P .  ( I GS-2 6 2 )  and 41J, ROO + 2000 B . P .  
( IGS-2 5 6 )  provide a rninimU; date for 
deglaciation of the area covered by 
Me rrill till . The Wausau till is con
sid erably more weathered than the 
Me rrill,  suggesting that it is 
pre-Wisconsinan age .  Both of the se units 
were traced westward to Clark County by 
Mode ( 1 9 76 ) , and there is no indication 
of glaciation after these uni t s  were 
deposited . If the Drift l ess  Area was 
glaciated during very late early 
Wisconsin time ( "Rockian" ) ,  as proposed 
by Black , it seems unlikely that the 
ice source could have been to the 
northeast .  



The margin of the Drift less Area in 
the north is poorly defined . Robert 
Bake r ,  ( per sonal communication, 1 98 1 )  
i s  mapping glacial deposits to the 
north and we st but has not at tempted to 
redefine the southernmo st extent of 
till.  There is no evidence ,  however , 
that �\Tisconsinan age ice came from the 
northwe s t  into the Driftless  Area . 
Surficial uni t s  directly north of the 
Driftless Area are almost  certainly 
pre-IVisconsin . Chamber lin and Salis
bury ( 1 885 ) ,  Leverett ( 1 8 9 9 ,  1 9 2 9 ) , 
Weidman ( 1 907 , 1 9 1 3 ) , and Thwaites 
( 1 955) all show sl ightly di fferent 
northern boundaries of the Driftless 
Area ) and we have no way of choosing 
between them. 

The " c lean-ice"  concept 

Black suggests  that few erra t i c s  or 
other signs of glac iation appear in the 
Driftless Area because "clean , slow
moving ice did little work and left 
little obvious evidence of its  former 
presence" (Black , 1 964 , p .  1 7 6 ) . It is  
hard to imagine how the Laurentide Ice  
Sheet , which obviously carried abundant 
Precambrian erra t i c s  into other parts 
of the stat e ,  could have carried none 
into the Driftless Area i f , in fac t ,  
the ice sheet covered southwe st  His
consin. We know of no other large area 
being covered by an ice sheet that left 
no trace . If Black and others are cor
rec t ,  then a local ice cap seems to be 
required . Mo st models of the Lauren
tide Ice shee t (for examp l e ,  Prest , 
1970;  Sugden , 1 9 7 7 ,  Ho oke ,  1 9 7 7 ;  Denton 
and Hughes , 1 98 1 )  as sume that the ter
minal zone was a wastage area and that 
accumulation occurred far back from the 
ice margin ,  with no local ice caps in 
the Midwe s t . However , Hooke and others 
( 1 976) have suggested that signi ficant 
near-margin ac cumulation occurred on 
the late Hisconsin Des Mo ines Lob e ,  and 
perhaps accumulat ion during earlier 
glaciations was great enough to sustain 
an ice cap in the Dri f tless Area.  

In  order to  cover the areas d i s
cussed by Black and to "plane off" the 
top of Ea st Blue Mound , i t  would have 
to be a large ice cap,  covering all of 

1 66 

the Driftless Area and areas beyond . 
It seems unreasonable to hypothesize 
such an ice cap without some substan
t ial evidence such as till , moralnlC 
topography, boulder trains , striations , 
ice-marginal channel s , or proglacial 
lakes . 

CONCLUSIONS 

To our knowledg e ,  we have examined 
all of the documented "evidenc.e" of 
glaciation in the Driftless Area. We 
see nothing in this so-called evidence 
that convinces us that the Driftless 
Area was glaciated . In fac t ,  the lack 
of evidence for glaciat ion is very 
impressive ! Lack of evidence does not 
prove that i t  was not glaciated but we 
cannot accept the concept of Black that 
it  was glaciated during Wisconsin time . 
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