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THE PRE-ITJJNOIAN PLEISTOCENE 
GEOLOGY OF IOWA 

PREFACE 

Io,va has long been lmo,n1 to be 011e of the i1nporta11t areas in 
the ,vorld for the stud·y and interpretation of glacial deposits of 
P leistocene age. 1Iore tl1an thirty )?ears ago Chamberlin, :OfcGee, 
Leverett, Calvin, and other stt1dents of glacial geolog)' found 
vYithin the state and i11 adjoini11g states tills and related materials 
\Yhich were i11terpreted to have been n1ade in five glacial stages 
and four i11terglacial stages. The rest1lts of their investig-ations 
are to be fot1nd chiefly in publications of tl1e United States 
Geological St1rve·y, the Io,,'a Geological Surve3', the Io,va Acad
e1ny of Science, a11d in geological journals and magazines. 

The five glacial stages from the oldest to the youngest are 
kno,,rn ge11erall)T as the K ebrask:an, the I(ansan, the Illinoian, 
the Io,Yan, and the ,Visconsin; the interg-lacial stages in tl1e same 
order of age are the Afto11ian, the Yarmouth, the Sangamon, an<l 
tl1e Peorian. The deposits made during a glacial stage are drift 
deposits, those made during an interglacial stag·e are interglacial 
deposits. 

The three ·yot1ngest drifts, the I llinoian, the Iowan, and the 
, \ ... isconsin, and their asso.ciated materials have been studied in 
considerable detail in Io"'a and adjacent states, and compre
hensive reports of the investigations are available. Althot1gh 
much has been published on the t,vo oldest drifts of Iowa, the 
N ebrasl{an drift and the I(ansan drift, and on the deposits of 
the Aftonian a11d Yarmouth interglacial stages, there has not 
bee11 prepar~d thus far an3' detailed report in ,:vhich this pre
Illinoian part of the Pleistocene of I o,va has been described and 
interpreted in relation to the state as a ,vhole. 

It is the purpose of this p3:per to present the results of ex
tensive field and laboratory studies made with special r eference 
to the pre-I llinoian glacial and interglacial deposits. Son1e con
clusions have been reached which differ from those of previous 

• 
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\vorl{ers, and s0111e ne,v ,criteria have l)een fo11nd ,Yhicl1 aid jn 
the interpretation of tl1e complex histor}T of the early part of 
the glacial period. The paper has been "'Titten ,vitl1 the hope 
that it ,Yill be of i11terest not only to stu<le11ts of Pleistoce11e 

• 

geolog-y b11t to the general reader as ,vell. 

I 



INTRODUCTION 

The State of Io,va * is located near the n1iddle of the North 
American continent (figure 1). It is a prairie state, lying in the 
upper 1Iississippi valle3r, bet,vee11 the approximate latitudes of 
40° 20' and 43° 30' north, and the long·itudes 90° and 96° 30' ,vest. 
The state is bot111ded by l\Iississippi river on the east, by Missouri 
and Big SiotL--c ri,rers on tl1e ,Yest, a11d by co111n1ission-determined 
bou11daries on the north and sot1th. Io~Ta adjoins l\Iinnesota on 
the north, ·\\Tisconsin and Illii1ois on the east, l\Iissouri on thn 
south, and Nebraska a11d Sot1th Dakota 011 the ,Yest. The area 
of the state is 05,586 s(1t1are n1iles or about 143,967 square kilo-
111eters. Its greatest length east and ,vest is 335 111iles, its width 
208 n1iles. 

Tl1e present sl1rface of Io"'a js the rest1lt chiefly of the uneven 
mantling· of an i11dt1rated rocl{ st1rface by g-lacial drift. During 
the long· time ,vhich follo,ved the for1nation of the latest of the 
i11durated or hard rock:s of the state there \Yas developed a to
pography characteristic of a mature erosional st1rface, with 
broad valleys, moderate slopes, and complete drainage systems. 
Then ,videspread clin1atic chang·es brought into existence a con
tine11tal ice sheet to tl1e north of Io,va. The 1nargin of this ice 
mass ,vas pushed southward until all the area ,vl1ich is now Io,va 
,vas included ,vithin th~ ice field. The 1noveme11t of this great 
111ass of ice resulted i11 planing off some of the higher lands and 
filling up tl1e lo,ver la11ds so tl1at ,vhen the ice melted the st1rface 
uncovered ,vas very different from that over ,vhicl1 tl1e ice had 
advanced. Dt1ring four later t i1nes parts of this same territory 
,vere invaded b3y the 1narg·inal extensions of continental ice fields, 
and eacl1 ti1ne a part of the surface of the state was n1odified as a 
ne,v drift ,vas deposited. After each ice sheet had bee11 melted 
off by the recurring moderate climatic conditions the agents of 
weathering set about to alter the rie,v surface of the la11d. The 
n1aterials subjected to ,,Teathering ,vere different from the mate
rials at the surface in preglacial tin1es. Instead of hard rocl{s, 
such as limestones, sandstones, and shales, the st1rface was 11n-

* A geographic map of Iowa, Plate I, is included in this report for convenient reference. 
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derlain by boulder clays or tills, sands, and gravels, all of ,vhicl1 
,Yere much more easily altered than the hard rocks. The levcl
i11g action of advancing ice, the deposition of drift in valleys and 
011 intervening· divides, the weathering, erosio11, and rec.leposjtion 
of drjft and hard roch: materials b·v ,vater and lJv ,,incl l1ave all 

• • 
co11tributed to mal{e Io,va today-in places fl.at, in places gently 

Lobrador 
; Center. 

FIG. 1.-Plei~tocene map of North America showing the location of the state of Iowa within the 
glaciated area. 
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rolli11g, and i11 so111ewl1at li1nited areas rocky, rugged, and pictur
esque. 

Ol1r la1owledge of the Pleistoce11e of Io,va is tl1e result of field 
and laborator)r studies of 111any persons exte11ding over more 
than forty 3·ears. Little by little the co111plex bl1t fascinating his
tor~y- of the glacial a11cl interglacial deposits of tl1e state has been · 
unra,·eled until no"'· tl1ere is general agree111e11t a1nong students 
of glacial geolog)T ,Yith regard to the origi11 and sig11ificance of 
the different 111aterials. 

At first tl1e l1istory \Yas thought to l1ave heen co1111)aratively 
sirnple. Tl1e n1ost prevalent vie,\· ,,as that there had bee11 but 
one advance of tl1e ice and one retreat; then can1e tl1e ad,·ocates 
of _the dualit)T of the glacial period; still later ca1nc the Sllpport
ers of tl1ree glacial epoc]1r.;, t]1en fol1r, ancl finally evidence was 
thot1gl1t to be sufficie11t to justif)T the i11terpretation tl1at there 
]1ad been five g·lacial epocl1s separatecl b3r in1portant interglacial 
epoc}u.;. Tl1e ]1istory of the investig·ations, the ,,·ork: of persons 
,,,.ho 1nade irnporta11t co11trihutio11s to our l{no,rledg·e of glacial 
deposits, and the de·veloJ)n1rnt of our l)resent claRRifirati on of the 
g·lacial and interglacial 1naterials \Yill hr discussed in consider
able detail in later chapterf-- of tl1is Teport. IIere reference will 
he n1acle onl3- to son1e gcne:ral facts. 

The oldest drift, the Nehraska11, '"hich it is thouµ:ht 111ay be 
equivalent in ag·e to drift called ,J erRe·yan in N e"v J erse)r and 
Alhertan in 11orth"rest Ca11acla, is l)eli eve<l to have con1pletely 
covered Io"1a , including the '' DriftleRs Area'' of the northeast
ern part of the state. It consiRts of houlder cla)~ or till \-vith 
associated sands and gra,,els. r ehraska11 gumhotil, \Yhicl1 is a 
ver3T sticlry, tenacious cla:y and is the result chiefl)T of the chem
ical "\\'eathering of till, separates in many places the Nebraskan 
till fro1n the till ,vhich ,vas deposited by the second ice sheet, the 
I(ansan. This g11n1hotil ,vas formed het,veen the time of the re
treat of the N ebras]{an ice sheet and the advance of the J<:ansan 
ice sheet, that is, ,vithin the Aftonian interglacial epoch. In some 
places sands and g-ravels. and in othrr places peat, inRtead of 
gumbotil, separate the Nehraskan till from the Kansan till. The 
f'xnosures of Nebraskan drift are limite<l because over "ride areas 
thi s drift is buried beneat]1 deposits of later ice inva8ions (see 
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Plate II). The N ebrasl{a11 ice sheet ,Yl1icl1 coYere<l Io,va had its 
origin in the I{ee,Yati11 fielcl \Yest of IIt1dso11 Ba)· ( ~e<' figure 1). 

The Kansan drift covers all of Io,va except a li111iie1 l area in 
the northeastern part ,vhich has been ca]lecl the '•I) rift less 
Area.'' The Kansa11 drift, too, consists chiefly of ho11lder cla)
or till with associated sa11ds and gra,Tels. Lithological}~ and in 
other respects this clrift in 111ost places rcse111hles elo:--< .. Jy the 
Nebraskan drift. The I(ansa11 ice sl1eet had its 01·jgin al:-::o in the 
ICee,vatin center. Over 11earl:r l1alf of Io,Ya tl1is J( an~an drift 
was never cove reel b)· ·younger drift ( see Platr Il ). ]~Pt ,,·rp11 the 
ti1nc of retreat of the I(a11san ice sheet a11d thP aclYall<'P or the 
third or Illinoian iefl sheet, tl1at is, during· t]1e )'ar111onth inf Pr-

. glacial epoch, J(an sa11 gu1nhotil ,, ith a11 a,·eragP t11iekn<>s~ of 
n1ore tha11 elPven ffl0t \Ya:-; forn1ecl o .. vPr '\Yicle ar0as on the J(ansan 
till. Dt1ring this, ... ar1nouth interglacial P})0<.'11 8ands an<l gra,Tel8 
,vere deposited in son1r ])laces and i11 othrr J)lacPs Jl<'al ,, a:-; dP
veloped. :tv[oreoYrr, a 1nature erosional topograph) ,, a~ for1ned 
on the I(ansan after thr g·11111hotil ,Yas <1f',·c101)ecl an<.l hpfor<• the 
invas ion hy the tliird ice f;hPet, thr Illinoian. 

The Illinoian drift covers, in Io,,·a, a ron1J)aratiYel)· sn1all area 
in the so11theastern part ancl is tl1e rest1lt of a11 ic0 i11,Tasio11 fron1 
the Labrad~r center . It l1as a fairly distinct 111arginal linr and a 
more youthful topograph)T tha11 tl1e T(ansan. 011 this till on the 
level uplands there ,vas de,reloped <luri11g the Rangan1011 inter
glacial epoch a g·11rnhotil ,,·itl1 an a\'erag·e thicknr:--f- of 1norp tl1an 
three feet_ 

• 

The Io,van <lrjft cov<?rs tl1e 11orth-ce11tral thircl of the state and 
is exposed also over an area in nortJ1,Yei::;ter11 Io,,Ta. It is a thin 
drif.t ,vith a gently rolling 111antled erosi0nal topogra11hy. In 
contrast to tJ1e N ebrask:a11, the J{ansa11, and the Illinoia11 tills, no 
p;umbotil has been dPveloped on the To,Yan, hut \Yherr not o·verlain 
by loes8 it is learh<?d to an a,.,.erage d(:}1)th of al)out fi, ... e feet. On the 
s-qrface of the Io""a11 thrre are 111an)r largfl granitic bo11lders. 
D11ring th<? Peorian int0rglaciai ,eporl1 11111cJ1 loesi:; ,vas deposited 
at the bord0rs of the Io,van on the Illinoian, tl1e ICansan, and the 
N ebraslran drifts and this loe~s is thr Rnrface deposit no,v fo11nd 
ov~r the great()r }Jart of tl1e state. 

The younge.st of the five drift:;;;, tl1e '\"\Tisconsi'n, iR li1nited in 
Iowa to the nortl1vvest central part of tl1e state. It is not loess 



AL SUBVEY t I
OWA GEOLOOI F KAY, Direc 

GEORGE • 

... 
0 

< 

0 

w 

z 

rtr---= -- :...=:-I:_~-::: ~~:;:"J!I;~~:)" 
-::--:~ If N ,I 

I s 

,. 0 
r 

. the surface !Iap showing 

s 

IIAP C 
, 

distributi 



PLAn II, ANNUAL RBPO:BT, VOL. XXXIV. 

======================================================:::;:;'I 

0 

OWAR 
••• •••• •••• 

~1'~A'k •• • •• 

A--- ------1-- =-=~:-:.=..___ ---
--11 - __ __±- --~ .:::l:~==::::::::==__,_ 

ll==--==t===-----1 

0 8 •• 

DRIFTS OF IOWA, 

Wisconsin 

Iowan 

Illinoian 

Kansan 

Nebraskan 
• I 

--·-··--·- ..... -· 

U) 

-
0 

-

.... 

_______________________________ ......,:::.._ ____________________ J 

cl =IO=W=A=====~================;;:;;;;;:;;;;=:;::;;;;~ 

~ ~.J? .., Ii' Hitt• 

ti4 of the five drift sheets in Iowa 
I 



RESULTS OF FIELD STUDIES ]5 

co·vered. Tl1e topograpl1y is constructional and all the features 
of youtl1 ,are retained. On tl1is drift tl1ere are lak:es, ponds, and 
marshes, many of which in recent years have been artificially 
drained. Plate II sl1o"·s tl1e areal distribution of the five drifts. 

For the last eighteen years the senior author, in his capacity 
of State Geologist of Io"·a, has been interested in the study of 
these g·lacial deposits of tl1e state, especially the pre-Illinoiart 
deposits ,vith ,vhich this report particularly deals. The junior 
author has assisted in the field studies since 1923 and as research 
assista11t in Pleistoce11e studies at the University of Iowa he has 
had charge of i11vestig·ations in the sedimentation laboratory. 

The field studies in rece11t years have been especially fruitful 
as a resltlt of construction ,-vorl{ ,vhich has made available cuts 
and expos11res along tl1e roads of tl1e state. At tl1e close of 1928 
there ,vere over 15,000 miles of graded roads. This road work, 
Sl1pplemented hy recent ,vorl{ in straightening and regrading 
some of the raiJroacl lines of the state, has revealed evidence not 
previo11slJ· available for Rtucly. This evidence has thrown new 
light upon the chara<'teristics and relationships of the tills, gum
l1otils, gravels, and other features of the Pleistocene of Iowa. 

, 
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CHAPTER I 

THE BEDROCK SURF ACE OF IOWA 

The indurated rocks 
The Proterozoic rocks-the Sioux quartzite 
The Cambrian system-the Croixan 
The Ordovician system 
The Silurian system 
The Devonian system 
The Mississippian system 
The Pennsylvanian system 
The Permian system 
The Cretaceous system 
The Tertiary system 

Structure of the rocks 
U nconformi ties 

The Preglacial bedr'ock su1£ace 
Buried valleys 

Summary 

The surface rock:s of Iowa are all of sedimentar)T or modified 
sedimentary origi11. The igneous and metamorphic rocks under
lying these sediinentary rock:s are l{no"rn only from cuttings of 
deep ,vells drilled through the 11pper rock:s; they have had no 
influence in the development of the erosional surfaces of Iowa. 
Sedimentary rocl{s ai·e of t,vo very different kinds, namely, con
solidated or indurated rocks and unconsolidated or mantle rocks. 
The rocks older than the glacial deposits, that is, the pre-Pleisto
cene rocl{s, are almost ,vholly indurated rocks, whereas the glacial 
and recent deposits are nearly all unconsolidated rock:s. 

If the drift-the glacial material of Pleistocene age were re
moved from the state, the bedroclt ,vo1tld tl1e11 be exposed nearly 
everywhere. The subdrift surface to be considered in this chap
ter is the surface of indurated or hard rocks and not the s11rface 
of the unconsolidated deposits. 

The Indurated Rocks 
The indurated roclts of Iowa are chiefly sapdstones, shales, 

limestones, and dolomites, as is shown in the general section of 
the rocks, given belo,v. The composition, degree of cementation, 
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ROCK SERI ES OF IOWA 

GENERAL SECTION OF IOWA STRATA 

Series Formation 

\Visconsin 
Peorian 

Iowan 
Sangamon 

Pleistocene Illinoian 
Yarmouth 

Kansan 
Aftonian . 

Nebraskan 

Upper Colorado 

Cretaceous 
Dakota 

' ' i Fort Dodge 
I ·-I vVabaunsee 

Shawnee 
l\ilissouri Douglas 

Lansing 
Kansas City 
Pleasanton 

Des 1',,loines H enrietta 
Cherokee --

00 

Ste. Genevieve (Pella) 
St. Louis 

Cl) Meramec Spergen ·-,... 
Cl) Warsaw 00 
~ Osage Keokuk 
~ Burlington 
0 

1-1 Kinder-
hook 

-Lime Creek-State Quarry 
Cedar Valley 

Upper { Davenpo,t 
Devonian Wapsipinicon Independence 

Otis 
-Cayugant Salina 9 nowhere exposed 

-Gower Niagaran Hopkinton 
Alexandrian - ,vaucoma 

- - -- -
Cincinnatian Maquoketa 

Galena 
Mohawkian Decorah 

Platteville 
-Glenwood 
St. Peter 

, Shakopee 
Canadian Prairie du Chien New 

Richmond 
Oneota 

17 

Character 
Soil, geest, a lluvium 
Bowlder clay 

Loess, forest bed, 
sand, gravel 

Bow Ider clay 
Gumbotil, soils, 

forest bed, 
sand, gravel 

Bowlder clay 
Gumbotil, peat, 

soil, sand, gravel 
Bowlder clay, gravel 

Gumbotil, peat, 
soil, gravel 

Bowlder clay, gravel 

Shale, l~mestone 

Sandstone 

Gypsum, shale 

Limestones, 
shales, coal 

Shales, coals, 
sandstones, 
limestones 

Limestones, 
marls, 

I 

sandstones 
-
Limestones 

Shale, 
limestones 

Shale, limestones 
Limestone, shale 
Limestone 
Shale 
Limestone 
Limestone, gypsum 

Dolomites 

Limestone 
-

Shale-;-dolomite 
Dolomite 
Shale, limestone 
Limestone, shale 
Shale 
Sandstone 
Dolomite 

Sandstone 
Dolomite 

• 
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Grou-e System Series Formation Character 
Jordan Sandstone 
St. LKw1·ence { Trempealeau Dolomite, marls 

Franconia Shale, glauconite, 
n1arl 

Cambrian Croixan Dresbach Sandstono 
Eau Claire Shale, sandstone 
Mt. Simon Not ex- Sandstone, shale 
Red elastic posed Sandsto11e, shale, 

beds (unnamed) in Iowa conglomerate 
' 

e< ' " OOH 

"'"' 0 ""'"" 
Algonkian Huronian Sioux Quartzite 

• 

' 
. 

0 

'"" la H Laurentian 'I Nowhere exposed Granite, schist c,O 

"'" <S 

and other physical cl1aract~rs largely detern1ine the relative 
resistances of these rocks to ,veathering and transportation by 
,vater, ,vind, and mo,,ing ice. Thr indurated rocl{S ,vere over
r idden by ice sheets anil an effort has been 1nade to evaluate the 
relative resistances of the 'iario11s for1nations to erosion. The 
judg1nent reached is indicateil in figu re 2. 

The Proterozoic Rocks-The Sio,,x Quartzite.-The oldest bed 
rock beneath and in contact ,vitl1 the drift of the state is the 
Sioux q11artzite of Algonkian age. This fine-g·rained, compact, 
strongly ce111enteil quartsite 011tcrops over a fe,v acres only in 
the north,vest corner of Io,va, but it has a fairly ,vide distribu
tion in adjacent parts of South Dakota and ll-Ii11nesota. 

The quartzite has several phases, ,vjt]1 colors ·varyi11g- from 
light pin!, to blu ish purple. The quartzite ,vas forn1ed from 
quartz sand l,y the gro,vth of the g·rains b,, the addition of oxide 
of silicon u11ti l the grains interlocl,ed to forn, a verj, hard silice-. ' 

011s roe!, . So111e of the Sio11x quartzite i11clncles felds1,ar and 
hen1atite or other iron oxide. As glacial boulders the Sioux 
quartsite is a pron1inent and characteristic feature of the drift 
in tl1e ,vester11 t,1,0-thirds of the state. SiolL'< q11artsite is 111uch 
jointed, b11t it is ver,, resista11t to abrasion and to cl1e1nical ,veath
ering. 1iVhere it outcrops o,rer Jarg·e areas it has a fair]3T rugged 
topogra1)h~{: in Io,va its area is sn1all and }1ence it has had a 
subord inate infl11ence on the topographic development of the 
state . 

• 
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FIG. 2.-Map of I owa showing by density of pattern the relative resistances of various areas of rocks to erosion. Areal boundaries are generalized as 
far as possible on the basis of the controlling rock. 
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Tlt e ( 1a1nbrian Systenz-The Croixa11.-(1a1nhrian roc-k~ arc 
exposed in Io,va onl)r in the northeast corner. Tl1e3· are clo11li-
11antly sandstones, hut there are also so111e sl1ales and d<>lou1iteR 
in thin beds. 'rhese Cambrian rocks occl1r al1n0Bt c:-ntir~ly ,Yitl1in 

• 
the so-cal](l<l '' Driftless .A.re a''; the}· Ol1trroJ) only· ,vh(•re the 
drainag·e li11es l1ave cut dee11ly l)elo,,· the 11111an<ls; a11<l the 011t
crop patter11 closely parallels tl1e 11attrr11 of the drainag-e. These 
roclcs i11 general are 11ot strongl}· cemented and l1ence Ul'P. 011ly 
n1oderateI-,· resistant to erosion. Thev· are of 111i11or significa11cc . . . 

in the study of tl1e erosio11al histor·y of tl1e state. . . 
Th e Orclouician Syste111.~Ordovicia11 rocl{s outrrop in a 11orth

,vest-so11theast belt i11 the n1uch dissected '' Drifiles~ 1\rea'' in 
the northeast corner of Io""a and also liP 1111<ler part of the 
thicker drift area farther ,Yest. Tl1e for1nations incl11<1c about 
370 feet of dolomite, 290 feet of sl1ale, 240 feet of li111estone, and 
120 feet of sandstone, a total of 1nore tl1an 1,000 f0(lt of inclurated 
rocl{s. The 111axi1111u11 \Yidtl1 of the belt of these roc·ks at the 
surface is ahout 40 n1iles. 

The to1Jograpl1y of the Ordovician area indicates in a ge11eral 
,Ya,· tl1e resistance to erosio11 of these forn1ations. Thi? dolo111ites, • 

lin1estones, and son1e of the sandstones forn1 l)]uffs and cliffs 
along the ,ralley ,,Talls; also the)r forn1 cores of hills 110,Y drift 
co,rprrd ancl thus the)' influence the drift topograJ)l1y. Long gen
tle slopes and rounded hills indicate the presence of 11nderlying 
shales and sandstones. 

Jone of the Ordovician for1natio11s are 1111if or1nl}· lithologic
all:v distincti,,e eno11gl1 to l)e identified as fragn1ents in tl1e drift 
except ,Yhere fossiliferous. Certai11 for1nations contain ]rad and 
zinc ores locall,r and thesP 111a·y aid in the ide11tification of for1na-. . 
tions ,Yhrn fossils are ,vanting. Botl1 the N el)rasl{an ancl I~an-
san ice sheets crossed Ordovician rork:s, ,vhich furnished part of 
the load ,vhicl1 ,vas deposited later as drift. 

B)T ,vay of Sl1nnnar)r, it 1nay· hr stated that ,Yithin the re?stricte<l 
helt of Ordovician rocks, the shales and i::on1e of t11e sandstones 
are ,veakl,T rl?sistant to e1·osion, ,,Thereas the dolo1nites a11cl lime
stones an<l some of the sa11dstones are 1nocl~rately resistnnt . 

• 

The l{illlrian 1..<:f,1/sfe1n.-The Silurian systRn1 co11si~ts of the 
A1exanc1rian series and th e Niagaran series. The former is so 
limited in distribution that it does not n1erit co11siclrration l1ere. 
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The Niagara11 is a bl1ff-colored resistant dolomite, ,vhich is ex
posed i11 a triangular area near tl1e middle of the east side of the 
state. An overlap of Devonia11 to the north restricts the present 
northerly· and 11orth,vesterly sl1rficial €xtensio11 of the Niagaran. 

'"\'\11ere thinl}T drift ~overed, the area of tl1e Niagaran is n1arlced 
h)· 1nany Ol1tcrOJJS, steep slopes, a11'd \'-shaped valleys. VVhere 
111ore heavil~r drift 111antled, tl1e rock: is exposed in many river 
gorges ct1t through the drift and i11to the buried ridges of the 
hard rock ,vhicl1 ,Yere l111redt1ced before being· drift covered. 

'"\'\Titl1 the exreptio11 of the Sioux quartzite, the Niag·aran dolo-• 111ite ,Yas the 1nost resistant to glacial erosion of any major roclc 
series in the state. 

The Devonian, Systeni.-The Devo11ia11 roclcs of Iowa ot1tcrop 
in a ,vedge-shaped belt across the eastern half of the state. The 
norther11 end of this area is tl1e broader, and here the rocks over
lap vvith })ron1inent unconfor1nity the Silt1rian and the Ordovi
cian. The stratig·rapl1}r of the Devo11ian is difficult to correlate 
over "·ide are~s o,ving to the presence of many small unconformi
tieR ,,·ithin the s,Tste1n . 

• 

The rocl{s of the Devonian of Io,va are chiefl:y limestones and 
dolon1ites. Locally, shale 111en1hers are present but they are lim
ited areally. Fossilifero11s limestones, lithographic limestones, 
and brrccias, of Devonian ap-0, ,vhen fol1nd i11 the drift are easily 
recog·niz0d. A thiclc drift a boYe these indl1rated roclcs reducPs 
their influence 011 the topoµ:ranh·y. The lin1esto11es are fairly 
resistant to erosion, bl1t the shales ,are ,vealcly resistant. 

Tl1e "JJI ississippian, Syste1n.-The ifississippian system in Io,v~ 
i11clndes rocks outcropping- in a nortl1,vest-southeast belt imme<l i
atel;v ,,,<'st of the Devonian roclcs. The erosional t1nconformity 
aho·ve the s>Tsten1 an<l the overlap of the Pennsylvanian depositH 
cauRe the outcrops of the l1pper members to be natchy and dis
rontinuo11s. The rocks differ lithologically in different forma
tionR and ,vithiJ1 the same formation; nor are the formations 
rontin11ous over large areas. 

The lo"1 est formation, the TZ:inderhook, is chiefly shale ,vitl1 
lenses of sanclstones and li1neston0s. It is ,veakly resistant an<l 
()Xerts its jnfluence 11pon about one-half of the 1'Iississippian sur
fac0. The Osage, 1{eran10r, and Ste. Genevie·ve are chiefly lime-

• 
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stones ,vith some interbedded sandstones a11cl shales. These rock:s 
are moderately resistant to erosio11 . • 

The l\{ississippian rocks, like the Devonian, are for the 111ost 
part buried under a thick: drift and many frag1nents of l\Ijssissip
pian roclcs are founcl in the drift. These forn1ations influence 
onl)r subordinatel)T t}1e prese11t topograph3T of tl10 state. 

The P e11,1isylvania11, Systeni.- The P e11ns:yl,ra11ia11 rocks are 
divided into t\\·o series, the Des l\Ioines or Lo,ver Coal l\I<?asures 
and tl1e l\Iissot1ri or l T pper Coal l\Ieas11res. The Des l\Ioines 
roclcs are beneath tl1e drift in tl1e south-ce11tral part of tl1e state 
and tl1e l\Iisso11ri roclcs are the cl1ief indurated roclcs in tl1e south
,vestern part of Io,va. 

The Des l\Ioines series co11sists chieflJ· of shales in the lo,ver 
• 

part and lin1estones jnterhedded ,vith coal an(l sl1ale in the llpper 
part. Althoug·l1 so1ne 111e1nhers are r esista11t, the series as a ,vhole 
is relativel,r ,veal{ly re::;istant to erosion. • • 

The l\Iisso11ri series consists of interbedded calcareous sl1ales 
and lin1estones ,vhich are fai rl3.,. uniform in character o,.,.er large 
areas. Tl1e limestones are fairl>· resistant to erosion, hut the 
shales a re ,veakl>'" resistant t o erosion. 

Tlie Perniian, Systeni.- The P ermian roclcs occ11py a s1nall 
area in ,,r ebster count)r, ,\Tl1ich is i11 the central part of the state. 
The roclcs are n1ostl)r shales and g)rpsum and are ,vealtl).,. re
sistant. 

Tlie Cretaceous Systeni .- 'l,he Cretaceo11s roclcs of Io,va be
long to the Dakota and tl1e Colorado series. They· are found in 
the north,vestern and ,vestern parts of the state, overlap1)ing 
rock:s as old as l\t[ississippian i11 age. Almost every,vhere the 
Cretaceo11s rocl{s are n1antled deeply by drift. 

The older Cretaceous roclcs, the Dalcota, are do111inantly sa11d
sto11es ,vith interbedded sean1s of clay. The ,veak: ce111ent ron
tains mucl1 iron, and the sandstone is friable. The :ro11nger 
rocks, the Colorado, consist of ,veal{ shales and calcareous beds 
,vitl1 a 1naximum thicl{ness of about 150 feet. 

Norton describes the Cretaceous from the ,vell records as oc
curring· in ''n1ore or less isolated patches ,J.rhose borders can 
seldom be <letern1ined. '' Tl1e Cretaceous is mapped as contin
uous over the area ,vhere s11ch patches occur, altho11gl1 roclrs of 
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this age may 11ot be everywhere present. The Cretaceous rocks 
are ,Yeakly ceme11ted, a11d hence are among· the least resistant 
rocks of the state. , 

Tlz e T ertiary Syste11i.- A minor deposit, unmapped areally, 
is the "\Vindro,v forn1ation, described by variol1s authors as the 
''I-Iig·h Level Gravels.'' The age of these gravels is indefinite; 
some persons i11terpret them to be Tertiary, others to be Cre
taceous in ag·e. Tl1e distribl1tion of this formation is very erratic, 
o,ving perhaps to deposition of the gravels on valle·y floors vvhich 
are no,v c't>n1parativel)' mucl1 elevated through the general re
d11ctio11 of sl1rrol111di11g areas. 

The "\Vindro,v 111aterials are ql1artz and chert pebbles in a 
matrix of sa11d, the ,vhole i11 most places cemented by either 
bro,vn or red iro11 oxide. Most of the deposits are ,veal{ly or not 
at all consolidated, and hence yield readily to abrasion. The 
contribution of tl1is n1aterial to the drift is indetern1inab]e. 

Structure of the Rocks • 

Tl1e structure of the Paleozoic rocks in Io,va is that of a broad, 
shallo,Y, vYrinl{led troug·l1 or s~v11clinoriun1 ,Yith the axis extending 
in a general northeast-south,,·est direction bet"Teen opposite 
corners of thr state and clipping to the SOl1th,vest. The higher 
C'dges of the tilted rocl{s l1ave been eroded to a Sllrface ,vith much 
less slope tha11 that of the bedding ])lanes of the rocl{ strata. The 
r<'sl1lt is that successivel}r )·ol1nger forn1atio11s are exposed from 
the northeast corner to the sol1th,Yest corner of the state, j11 belts 
,Yitl1 a north,vest-southeast direction, roughl)' parallel to the 
~trike of the rocl{s. 

On the 11pt11rned edges of these Paleozoic for111ations the 
Pern1ian and Cretaceol1s rocl{s " 'ere deposited l1nco11forn1ably. 

Tl1e 1najor structl1re of the rocks is a syncline, bl1t there are 
man~.,. 1ninor str11ctural featl1res which ,vere formed dl1ring an<l 
after the clevelop1nent of the large s~yncline. Some of these are 
s1nall s~·nc]ines and anticlines. Thf'rP are :3 lso 1nan~r s111all fault~, 
in f<'\Y of " '"hich the difff'rential n1o·ven1ent of the t"·o sides ex
rrC'<l~ a hundred fcC't. All these features contribute to corr1-
plicate the pattern of the ontrrops of the different rocl{ forma
tions. 

[Tnco11for1nities.-The l1nconfor1nities or buried erosional sur-

-
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faces also exerted an influ(lnce in the d<1vP]op111011t of tli e rork 
outcrops. These unco11forn1itje8 inYol,·e tin1r8 of erosion he
tween the d<1posiiion of the rocks hPlO\\' the u11c·onfor111itiP:-; and 
the rocks \Yhich lie abo,·e then1. The grPa{p:,;{ unron forn1ity· jn 
the Rtate is het\Y(l(ln the f-;iollX quartzi t(l of r>rotProzni<! Hg<• anc1 
the Cretaceous of J\Iesozoic aµ:r . It iR prohahlP that roc•ks youn~0.r 
than the Rioux quartzite ,rrrc depoRitc•cl OY<.'r th0 ~ionx q11artzit<> 
arra and that they ,,·ere erodecl pr(lvionR to the, <lrpositio11 of thP 
CretacC'ous. ()ther g·rrat u11ro11forn1itiPs arc; hct \YL'<'n tlH" Sil11r
ia11 and the J)evoninn rorks, thP ~I issis~ippian and thr l)<•n11:,;)1l
vania11, t]1e I>ern1ian and thr u1Hlrrl)·ing ~f ississipp ian and J>Pnn
sylvanian roek_s, and hPt\\·ern the ('r0taceo11:-; r oeks and th<' rocks 
on ,vhich they lir . :l\ fany s1na]l(lr nnc·onf'or1niti<'s oc•eur h1 't"·p0n . . 
vario11s forn1ations of cliffprc,nt systC'lllS in thl' statP. ~\l't(• l' the 
lat0st incluratf'<l r oc•ks or th(l statr ,,c•rp <1Ppo:-;it<1 <1 tliPrP ,, a~ 
<levelOJ)ed a11 er osion snrfarr oYcr ,vhieh th<' first i<·e shPPt ad
vanced and on \Yhirh glarial c[rif't \Yas d01)ositPcl. 

Thr great f->yne]ine, the s1nallPr s>·n<'li11Pi-- antl anti<'li11<>s, th~ 
faults, thr unconl'or1nitiP1--, <li ff0rl'ntial <'rosio11, nncl othrr l'a<'to rs 
all hnv<' contrihntrd to 111ak0 th<' rPlation ~hips ,vhie11 no,v P'\ist 
an1011g the J11Hll)' for111atio11s or thP stat('. 'l1lH1 g·c o ]OP'i(' lll:.ll) of 
Io,va, figurP 3, r0presPnts 1he arPal distribution of tl1<> Ynrio11s 
r oclcs ,vhich eo11stitutr th<' hPdrock snrf'aC'e of th<' ~tntP. 'rhr 
houndaries arr nc1 e()ssaril~· sonH'\vhat g-PllPral izP<1, ehi<'fl~- he<'a11se 
thP, are not drfinitrly d0tpr1 ninahlP hrlo,Y thP 1nnntlP ol' g·]arial 
drift. 

The Preglacial Bedrock Surface 

The prrglaC'ial hrdroclc surf ar0 of Io,Y<'l \Yas <l PY<>lop0d hy 
rrosion <luring· the long tin1r h0t"·ec11 th0 ,Yith(lrn,Ynl oJ' the 
C

1

retarQous seas and thr advanr() of the flrst ire shrrt into T o\\·a. 
The first irr sheet 10ft a 1nantl(l of clrift ,,·ltich in 111a11>· l)lll<'PS 
protert(lcl thr heclrock s11rfarr fron1 furth(lr <? rosion and tht' 
deposits of Sl1ccr0ding irr Rhrets still n1orr dPcpl)· roYrrP<l tl1c 
rocks. l Tncl0r suc}1 eonclitions, ho,Y is it })Ossihlr to <letrrn1ine 
the topograph3r and r elief of the heclroclc surf are? "\\ .. r1l <lat a 
must he reli<3d lllJOn larg·<'l)·, a11<l sinrr sneh rlatn a rP not aYail
able exrept in a ro1nr>arati,,rly· lin1ited nurnh(-'r of J)laccs, a d(-'
tailecl topographic n1aJJ of the hedrock Sllrfare cannot hr 1nacle. 
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However, in Iowa, fortunatel)' enough, sufficient evidence i8 
available to ,varrant some conclusions ,vith respect to the char
acter of this bedrocl{ surface. Ho,v interesting it ,,Tould be if it 
were possible to trace the evolution of the bedrock surface from 
the beginning of its development to the present tiine ! 

The character of tl1e bedroclr surface ,vill be described and it:-; 
history i11terpreted insofar as the informatio11 at }1and \YOl1ld 
seem to justify. The rocl{ surface beneath the drift in Io,Ya has 
a general gentle slope across the state, and this slope is locally 
in trenched by valleys cut in the rock before, during, and since 
the invasion b)r the ice. 

The highest roclr recorded in the state is near the nortl1west 
corner. Fron1 this area the general rock surface slopes gently 
and fairly l1niformly in easterl)r, southerly, and southeasterly 
directions to near the middle of the state, ,vhere there is a diR
tinct sag·. From the lo,vest part of tl1is sag the surf ace rises 
east,vard to the uplands in the northeastern part of the state. 

The ge11eral slope of the rocl{ surface is so slight that if the 
valleys ,vere filled to the levels of the general plain this slope 
could not be detected by the e·ye. Tl1is indicates the great plana
tion which bro11ght all the surface to the same general level. The 
f ollo,ving figures indicate approximately the slopes of the roe]{ 
surf ace. The3r represent tl1e mean of the highest elevations 
above sea level found in each part of the state considered. 

TABLE OF ROCK SURFACE SLOPES IN IOWA 

N\V. corner (1250 ft.) to the NE. corner (1200 ft.). Fa11 of 50 feet in 250 miles. 
There is a sag down to 1050 feet between these two points. 

N\V. corner (1250 ft.) to the S\V. corner (1000 ft.). Fall of 250 feet in 200 miles. 
NW. corner (1250 ft.) to the SE. corner ( 650 ft.). Fall of 600 feet in 300 miles. 
SW. corner (1000 ft.) to the SE. corner (650 ft.) . Fall of 350 feet in 250 miles. 
NE. corner (1200 ft.) to the SE. corner ( 650 ft.). Fall of 550 feet in 200 miles. 
Middle of north border (1100 ft.) to middle of south border (850 ft.). Fall of 250 

feet in 200 miles. 
NE. corner ( 1200 ft.) to near Des l\foines ( 900 ft.). Fall of 300 feet in l 50 mile<!. 
SW. corner (1000 ft.) to near Des l\Ioines (900 ft.) . Fall of 100 feet in 100 miles. 

The bedrocl{ st1rf ace then is not a level plain bt1t a broad 
trough ,,ith the nortl1,vester11 and eastern parts of tl1e state 
forming the sides and ,,rith the axis of the trougl1 extending from 
the north-central 1:>art of Io,va to near tl1e sQutheastern corner. 
There are of course man1r small areas ,vhich if their elevations 
were accurately lmo,vn ,vould show slopes in other directions and 

• 
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,vould tht1s reveal t he 111ai11 dr ainage cou r se~ on th<.' prPglacial 
surface and t he di,tideR bet,Yee11 the111 . 

The g·e11er al att itt1dC' of the rock sur face ,, it liont a11~1 of the 
minor r r lief featureR \Yhicl1 ,vere c11t i11to it 18 slio"·n on thP ac
co1np anying- n1ap, figure -1-. 

,\nen a Rtudy of t}1e 111inor relief featn r~f- i8 n1ad0 111 ('On1pa1·a
t ivcly lin1itP<l areaR, it is fol11Hl that thP <liffer<•ne,•R in p}('vat inns 
het,Ye<>n t110 Jo,vest nnd h i~hc::;t points on th0 he, lroc·k n r" V<'r~ 

m o<lerat r. The 1naxi n1111n is ahout 400 f PPt in <'011111 v nr••ns an,l 
the a,y<>r agr i~ ,, 1)ll 111Hlrr :300 fePt. 'l 'hc> follo,ving- tnl>l1• ~·iYflS tl1P
r eli efs in a nu1nher of t }H, eountie8 ol' thP ~tat<' ns 1'01111<1 hy 
vario11f:. \Yorkr rs ancl the• ro1nputP<l rc>]i('fs i11 a nu111hr,r of <'flllll

t ies \Yhere there arr <lC>Pp f-nhdrif't <·hn1111pls in thr h<1dr,1<•lc 

.Jmo111tt of rilicf 
24!5 fe£>t 
2;30 fl'f't 
285 fC'et 
324 feet 
200 f PC't 
175 fC'Pt 

50 fe<'t 
300 feet 
100 feet 
300 f('('t+ 
250 feC't 
JOO f<'et+ 
:100 feet+ 
200 fe<'t 
110 feet 
367 feC't+ 
300 f<"et 
234 feet 
220 feet 
275 feet 
220 fec>t 

96 fel"t 
115 feet 
260 feet 
240 feet 
204 feet 
300 feet+ 
120 fl"et 
400 fel"t+ 

Less than at prcsrnt 
Rock foundation CYen 

and uniforn1 
Remarkahly uniform 

rock floor 
300 fe<'t+ 

T.\.TILE OF Bbf'ROC'J( RELIEF 

/,ocation .A 111 /iorit y 
nuriell c•hannc•I in SE. ] owa ............................................. J':ordon 
])et'p riYC'r, l(eokuk rounty ...................................................... Hnin 
\\'ashing-ton C'hannel, \\'ashington 1·ou11ty· ...... Huin and f'nl"in 
\\'nshington rounty• .......................................... Bain and Cah·in 
XE. corner, Johnson rount~· ................................................ <'nlvin 
Polk rounty .............................................................................. 1~ain 
:\fason C'ity, C'<'1TO Gordo rounty· ..................... - ............. _ .. f'ah·in 
l\I aclison eount~• ...................... ·-··········· ................ Tilton aucl Bain 
Lower Rkuuk riYer "alle,· ...................................................... nl'ver 
:\I usratiul" c·ouut.Y ........... : ........................................ ·-········ l'il;len 
8r·ott roun ty ..... ....................................... ...................... '\, ll'ton 
nl"ll<' Plaine a rtesia u a 1·ea................................................ ~Io~na t 
L ouisa C'OUntr ••····••··········· .. ·····•·············•••••·····•·•··· ... •····••· •... l',1,len 
C'Pdar rount~' ................................................................ ·-····· X,nton 
.J rffl"rson C'ounty ............................................................ TT ddl"n 
Tama c·ounty ........................................................................ :--a,·af!c 
Clinton C'ount~· .................................................................... l'tltlPn 
Jowa eounty .................................................................... Stookp~• 
Bre111er rhau11el, Hreml"r couutv ....................................... Xorton 
f:l'Y. J ackson eountv ............... .' ............................................ Xnrton 
.To1H'!'! C'01111ty ......... : ····-·· ................................................ Xurton 
C'<'ntral. C'itv, Linn c•ountv ................................................ Xorton 
Lishon, Li.t;n rouuty ........ : .................................................. ~ orton 
fkott (•ounty .......... : ............................................................ X ,Hton 
.Johnson county ................................................................ L1•11•l1ton 
C'ass <'ounty ..................................................................... . Tilton 
Routhenst I owa .............................................................. fkhnewCI 
Dl"s 1foinl"s, Polk countv .......... :. ....................................... llttin 
near Dc>s l\Ioines ............. : ........................................................ L1•Ps 
1\Ia rs hall <'Oun ty .................................................................. Bt•yt'l' 

Jlumholdt county .............................................................. ~Inc•lni<le 

Kossuth, Hancock, and \Vinnl"hago <'Ounties ................ ~1n<'hr i<1<' 
Crawford count)' .................................................................... LCPs 

The follo,ving rountic~ ha·v0 the heclr och: relier~ in<licatcd. 
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Tl1ere is in eacl1 case a large b11ried cl1an11el " rhich furnishes the 
mu1in1u111 ele·vation. 

317 feet 
·363 feet 
325 feet 
380 feet 
363 feet 
365 feet 
291 feet 

Jasper county .................................................................. computed 
Tan1a county .................................................................... computed 
1-Iarshall county .................. .' ........................................... computed 
Grundy county ·················-······························-·············computed 
PowcRhie k cot~n ty ............................................................ computed 
:\\Ion roe county .................................................................. computed 
1-Iadison couu ty ·····················-·········································coropu ted 

,,~hen the lcno,Yn bedrock ele, rations of limited areas are plot
ted in relation to the ge11eralizecl co11tours of tl1e bedroclr of tl1e 
state (see fig·11re 4), it is see11 that the)· fall ,Yell ,vitl1in t)1e range 
of r elief to ,Yl1ic)1 reference l1as j11st hee11 1na<le. The 1naxi1nun1 
r elief is aho11t 400 feet, ,Yitl1 t11e aYerage son1e,vl1at lesi.:-. A11 i111-
portant conclusio11 is based 011 these f acts, na1nel)·, tl1at the relief 
of the hedrocl< of the stat e 011tside the ''Driftless Area'' differs 
fro111 the r elief of the bedrocl< i11 thi s area, l)eing 200 to 4-00 feet 
less outside the '' Driftless Area'' tha11 in it. IIo,v shall these 
differences be explained? B1· Pleistocene erosion of 200 to 400 
feet more rock in the ''Driftless .. :-\.rea'' tha11 else,Yl1ere? By the 
plani11g off of 200 to 400 feet fro1n the areas of the state 011tside 
the '' Driftless .1\..rea'' by· glacial erosion? Or, h)· a con1bination 
of these a11cl oth <?r factors? Suffice it to state here that ( a) tl1e 
ab11ncla11ce of foreign n1aterial in the clrift of I o"ra, (h) the ex
te11t of 11ndist11rbed s11r faces. of older drifts ,,·hich have l)e011 over
ridden h;y' glaciers, ( c) the ahsence of deep groo,res and strim on 
rock: surfaces, ( rl) the perBistence of abr11pt rocl{ ,,,.allecl gorges 
i11 areas ,vl1irh ,vcre glaciated, ( e) the fact that the irC' sl1eet s ad
vanced over areas ,vhich had long hee11 s11bjected to ,,~eathering, 
and hence covered ,vith rnucl1 n1aterial available for tra11sporta
tion, suggest strongl)r that the ice sheets ,vere ,vell loaded ,vhen 
they invaded Io"ra, and although their planing action in places 
rna)r have been g reat tl1e r elati,re r eduction of the r<?lief of the 
surfaces prohabl~r ,Yas inappreciahle . . Furthermore, ( a) the 
young gorg·e of 1Iississippi river, (b) b11ried; discontinl1ous, 
steep-\\'alled rocl{-hound valle)·s, and ( c) the presence of N ebras
kan drift only on the uplands in the so-called '' Driftless Arca'' 
of Io,va indicate extensive erosion s11bseq11ent to the first ice in
vasion. Stud)7 of the vario11s kinds of evidence justifies the con
cll1sion that post-N ebrasl{an, pre-I(ansan erosion ,vill account for 

• 
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the diff<-'rPneP het,rc•<'Jl the> h0<lroc·k rp}jpf' nf th<· :-:nhdril't arPas of 
Io,Ya a1Hl the rPl i0f of 1.hc• '' l)riftl08:-- ~~rrn.'' 

BuriPrl Rock 1"allrys.-I◄,ro111 a Rtud)· oJ' \\'Pll rP<·nr<l:;:; sr,11)(! in
ter()f-ting faet8 haYr h0P11 r<>Y<'alc><l ahcn1t :-:ontP st<•<•p-,,·allPd, drif't
huriec1 roek gorge>s of the> statC'. Ruell goru;Ps l1a vc~ h(•(•n <le
scrihr<l as oeeurri11g- in 111or(~ than t \\'t•llt)- lof'a1it iP~ in th<) Pastprn 
half of Io,va. "\\'"h(>rC' th0 clirP<>tion~ of tl1<·~e vallPyS l'nn 1)0 t 1·nee<.l 
thr)' ha,·<' he0n fonn<l to J)ara11Pl rouglily pl'PSPnt drai11n,!!e line:,;:; 
in fa<>t, sonl(l of th0 Jlrrsrnt 1·iyrr c·han11Pl~ oYPrli<', 011 drift hPds, 
the ol<l eha11nc>ls. 'T'hr ,,·i<ltl1:-- and <l0pths ol' thP olcl <>hnnnrls arn 
various. '11 he ,vidc>st ehannPl ,, hirl1 has h<'Pll cl<·s<·rihP<l fnll)· is 
thr f1rc•1nc•r f'ha1111Pl in l~rrn1<•r <·onnt,. Xorto11 1 hns sho\Yll tl1at . 
this <·har111p} is ahout 21-:! lllil<>~ ,,·icl<' a11cl 2f>O f<><>t d<'PJ) i11 h0d1·o<·k: 
it l1as h<1P11 tra<'Pcl l'or ahont 14 1nilPs. ()tlH'l' r•han11c,l~ a1·<· ~n,a11<•r 
ancl hnYP hrf'n trn<•P(l for gl'PcllPJ' or 1<'~8 <li:-:tn11<·<·~. 'rll(• v:il]p~r 

\Yalls as a rulP lHl\'0 Rt001> slop0s, illdi<'at in_g <·li ff~ :111,l l>lnffs · 
along thP siclP:-: ,,·h()11 th<' ,·a1l<>~ s ,,·Pr<' op<>11. ~fan)' of th1• ].1rp;0r 
,rall0)·s arc• <l0sf'rih('<l as haYing- '' nn111Pron:-: liran<'hc•:--'' snp;g-P:--t
i11g- a \\'('11 clr,•p]o1)<'d clrainng·p S)"R1<'lll. RonH• of' th<· :-:111n11Pr 
f'ha1111<>l:-; ar<1 only a f'P\\' sror<• f<'Pt iu d0pth and a f<>,v rod::- ,vicl0. 
Onc> of' th<' larg<'r of th<' ~111n ll ,·all<>ys is th<· T,ishn11 <·h:u1n<'l i11 

J ;i1111 c·ol111tY, thP ,vnlls of \\·hi<'h haY<> 1><'<'11 "<>11 c1Pfinc•d hY dri11-. . 
ing-s ,vithin th0 to\\·u or l 1isho11. X orton stnt0s that tlH' c·hn11nPl 

• ha:;; a ,,·ic1th of ahout 18 roclf-- a11<l a dc•pth i11 lH,dro<·k or ahout 
J]:) f'PPt. 

':rhr f'haraC'tPristie fPntnrf':-- of a]l th<> hnrit>d c·lu11111Pl:-:. lar,u;P 

an<l s111all, ar<' (n) ahrnpt ro<'k \\·alls. (h) 111c1xi11n1111 clc•pth in 
hc>dro<'k of lc•ss than :100 f'P<'t, ( c) ]in1itc>cl lPngth. ( d) n ,!.!'<'JH•ral 

north,,•pst-~onth<1ast <lir< C'tio11. rrh<' k110\\' )l hnric•d <·hn1111PI~ li<' 
in thr Past<1 rn 1>art of' th0 stat<'. 

rrh<' prpg·la<'iHl ancl intPrp·la<'ial c·lta1111rl:-- nf ::\li:--~i:-::-:ippi riYrr 
hav<' not h<>Pll rPf<'rrPcl to h<•rp 8111<'<' thc•ir clis<'n:--:--io11 l)(•longs 
n1orc' ni-01)<>rly in tl1c1 c1i:-:<•n..,sio11 of' tlH' <l<,tnilP<l l'<'<•nr<l ol' T>]pi::-
toc•Pnc• history i11 thP nr0a8 in \\·hiC'h thPsr c·hnn11Pls nrP found. 

'T'lir ]0ss 1>ro1101111C•<'cl rc•li,,f \Yl11<'l1 is l'<'\'c1 alc•<l in a stn<l)· of the 
f--tatr as a ,,·l1olP is intPrprPt<'<l 1 o l><' th<' r>rP-Plc•i:--toc•rnP to1)ogra
])hy, ,Yhc>r0ns the, st<'<>p ,va11P<l, <lrift-hnri<'<l y·all<') s ,,·hi<>h arc 

1 Norton, "'· TT., tTnd<'ri:;round \Yntc•r Rcsourr<'s of Iowa: Town G<•ol. S111·n•y, Ann. Rept. 
J 91 0-I'll 1, pp. 31 r; .31 0 . 
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distinctive features of the bedrock: topography of the state are 
interpreted to be interglacial in age. They are thought to have 
been Cllt chiefly i11 Aftonian tin1e. The drainag·e lines on the 
Nebraskan drift surf ace re1noved the drift in places and then by 
further excavation cut vallevs which in some cases lay across 

• • 

pre-Pleistocene bedrocl{ divides. Subsequently glacial deposits 
filled the gorges, making of them buried valleys of · interglacial 
age. 

.. 
Summary 

In sumn1ar1-, the bedrocl{ history of Iowa may be outlined as 
follo,vs: At the close of the Cretaceous period the area ,vhich is 
now Io,va ,vas a la11d surface. The soft Cretaceous deposits 
~ 1ere Sl1bjected to erosion, and older rock:s also ~rere eroded. 
Erosio11 duri11g the long Tertiary period brought all the 
land do,Yn to a surface ~rith gentle slopes and a relief o_f perhaps 
200 feet. Such a surf ace in northeastern Io~1a, determined frorr1 
its remnants, has been nan1ed the Dodgeville peneplain. Before 
the end of Tertiar~r time changes in the relative elevations of 
land and sea caused the streams to be rejuvenated and they de
veloped ne,:v valleys. At the ne,v grade, the streams widened 
their valley floors and ,veathering reduced the wall slopes to 
f orn1 a topograph~· 1nuch n1ore rl1gged than that of the Dodge
ville peneplain but still one ,vith moderate slopes and ,vith flat
topped divides at the level of the old peneplain. The ne,v level 
developed b1· the strea111s, ~1hich has been named from its rem
nants the Lancaster peneplain, is about 200 feet below the Dodge
ville st1rface. This relief, added to that on the upper plain, 
gives a: total relief of about 400 feet. Over such a surface came 

• 
the first ice sheet of the Pleistocene. The n1elting of the ice left 
a new surf ace-a drift surface-st1perimposed over the bedrocl{ 
st1rface. Ne,v drainage ,vas inaugurated and during· the first 
interglacial stage, the Aftoriian, the moderate thiclrness of the 
N ebrasl{an drift ,vas not sl1fficient to protect all the rock. vVhere 
the ne,v. drainage lines crossed the di\rides of the bedrocl{ sur
f ace, the rock as well as the drift ,vas eroded. The second ice in
vasion, the I<:ansan, buried the ne,v rocl{ valleys and more deeply 
covered the pre-N ebrasl{an surfaces. Both the preglacial and 
interglacial valleys ,vere give11 the aspect of pre-Pleistocene 

• 
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channels by the drift filling. Later ice invasions over parts of 
the state like,vise covered valleys cut through the I(ansan drift 
into the bedrock, giving to these still younger gorges pre-Pleis
tocen.e erosion features. It is not possible to assig11 to every 
feature of the s11bdrift s11rface its definite age, but at least t,vo 
major l,inds of valleys may be differentiated. 

• • 
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CHAPTER II 

TOPOGRAPHY AND DRAINAGE OF IOWA 
General statement 
Types of erosional topography 

Gcneitl-1 statement 
Areas of erosional topographies in Iowa 

Erosional topography in southern Iowa 
Erosional topography in 11ortbeastern Iowa 
Erosional topography in northweste1·n Iowa 
Resume 

Drift n1antled erosional topography 
The eastern Iowan area of drift mantled erosional topography 
The northwestern Iowan area of drift n1antled e1·osional topography 

Loess mantled erosional topography 
The Crawford area 
The Cedar and Jackson areas 

Depositional topographies in Iowa 
Drift depositional topography 
Loess depositional topography 
Lacustriue depositional topography 
Alluvial depositional topography 

General Statement 
Tl1e topograph)r of an area is its surface configl1ratio11. It in

cludes the relief of the la11d-tl1e differences in elevatjon be
t'\\Teen the higl1 and lov1· points of the surface-the shapes and 
din1ensions of valle)'S occu1)iecl b~y the strean1s, the drai11age pat
tern, and the characteristics of the slopes. All of these are the 
resttlt of the artivit}' of t,vo classes of age11cies: those tearing 
do,Til or reducing tl1e surface of the land by erosion, and those 
building· up the st1rface of tl1e land by deposition. Tl1e former 
are <lestructio11al agencies, the latter are co11structio11al. The 
relative positions of la11d and sea levels are throug·hout long 
periods of ti1ne sufficientl)r stable to provide constant conditions 
t1nder ,Yhich agents of erosion and of deposition may operate. 
Bl1t fron1 tin1e to tj111e ne\v adjustn1ents are 111ade, th~ top
ographic record of 1Yhicl1 beco1nef; a part of the g·eolog·iral his
tor3· of the region. 

Io,va is a prairie state, in general having n1odcrate relief and 
gentle slopes. 111 some places there are broad uplands, in other 

• 
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places the valle)· flat is a conspict1ous feat11rc. Tl1e higl1est point 
in Io,ya is near i11e 11ortl1,Yei---t cor11rr of tl1e state i11 Osceola coun
ty· ,Yest of Sihley·. I-Iere thr ele,·atio11 is 1675 feet al)ove sea level. 
Tl1e lo,Yest poi11t is at fCeoh:ttl{, in tl1e sontheast corner of Io,va, 
,Yhere the lo,Y \Yater 1nark of niississi11pi riy·er is 477 feet above 
tide. The 11ighe::-t arPa of tl1e state li0.s along the t1pland \Yl1ich 
co11stitt1te:.; the so11iheastcr11 conti11nation of tl1at \Yedge-sl1aped 
ridge of l\[i11n()sota a11<1 Dakota k110,Yn as the Coteat1 des Prairies. 

Io,Ya lies i11 thr 1Iississi1)pi ,~alley, l)ct,Yee11 l\Iissot1ri ri,·er 
a11d its trih11tar)r tl1c Ilig Sioux on th() \yegt a11cl the l\Iississippi 
011 thr east. Trih11tarics of tl1ese strea1n~ drai11 the s11rface of 
Io,va, carrying thr \Yatrrs <',·cntnall>· to tl1C' Gulf of 1I(_lxico. The 
diYi<1e hrt,Yren the 1fississi11pi a11tl 1\[isso11ri basins lies along a 
rougl1 arc cro:--sillp; th<' 11ortl1 and so11th bordrrs of the state so 
that the ,ve:-::t 011<.'-thir<l of the 11orth part of the i-;tatP and tl1e ,vest 
t,Yo-thir<ls of tl1c :--outh part ar<' <1rai11r<l to tl1e l\fissonri. The 
cli\·iclc does not C'Yer)·,y}iprr coin<·id0 ,vith the higl1est area of the 
statr: the di,·Prgrner hPt\Y(l<'n t11cn1 is i11c1icate<l 011 tl1e acco1n-

pn11,·i110· skPtel1 111,'l}) fio·nr'' ~ ♦ l'°' , (-.. \. • 

X <'nrly t ,,·o-thir<ls of thc s1atr c1rains to 1[ississippi river. 
Bight trihutari0s larp:e r11onpJ1 to 1)0 callrd ri,·crs enter tl1is 
strean1 fron1 Io\\·a nt 11nrqnal <1ista11r08 a1>nrt, a11<1 11111nerous 
crrrks drain thr s1uall ar0as het\Y(l<'Il thr triln1tar>· strean1s. Tl1e 
largrr rjvrrs, rron1 nort]1 to south, in th<' or<ler of th(_lir r11trance 
into l\[i:.;sissi111)i ri,·cr arr: 1r11110r Io,va ( On0ota), Turk:e:r, Yel
lo,Y, l\faq11ok<?ta, "'\\"'apsi11illicon, Io,va, Skunl(, and Des l\Ioines 
ri,,rrs. 1\ll of th0sr riYers ]1a,·e 11111n0ro11s hranehes ,vhicl1 f orn1 
a nrtwork: over tl1r <1rai11age l)asi11s. 

Tl1e drainage llasins of tl10 111ai11 trihi1taries to t]1e l\[ississippi 
are m11cl1 longrr than the)· arr ,vide, as is sho,vn in fig:11re 5. Tl1e:· 
sho,,· also fairly reg11lar 011tlin0s ,vith thr lateral honndar)· linrs 
trnding· io hr parallel. Th(l 1na in ext011sion of th0 has ins js to the 
north,v0st, ,Yitl1 a grn<lt1al s,ving fron1 a straig:l1t linr resulting 
in a ho,Ying to the south,vrst. 

Along 1fississi1)pi ri,Trr, rnorr tha11 thr0e-fourtl1s of the i111-
m0diate \Y0st ,,.alley ,va]l is drainecl direct})· to tl1e riYer thro11g:h 
creeks, so that the 1nain drainag0 hasins ar() restricted 11ear the 
mot1tl1s of th0 rivers, and flarr ahr1111tly fro1n 10 to 30 111iles above 
their 1111io11 ,,·iih tl1e l\Iississi1111i valley· proper. 
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Turk:ey, Yello,v, Maquoketa, and Slrunk rivers drain Io,va ter
ritory only, whereas the four other main strca1ns carr)1 more or 
less water from Minnesota, though they head not far north of the 
Io"\\1a boundary. No strea1ns flo~r into the state fro111 the south. 

The area of Io~1a which drains into 1IiRSOl1ri river has the 
shape of a boot, heelless and with tl1e toe facing east along the 
south n1arg·in of the state. The drainage hasi11s in this ,vestern re
gion are, as in the eastern r egion, longer than they are wide, but 
they tend to he straight and lie nearly at right angl(ls to those of 
the irississippi tributaries. There are no large trihutaries of the 
Missot1ri i11 Io"\\Ta except Big Sioux river, ,vhi ch forn1s the north
ern part of the ,vest boundary of the state. rrhe other tributaries 
are of moderate size, and those which drain the southern part of 
the state, or the toe of the boot, are the head,va ters of streams 
which flow into the state of irissouri and thence to 1Iissouri river. 

A1)out half of the Tufisso11ri river basi11 i11 Io,va is clrained 
through tribt1taries ,vhich rise in tt1e state a11cl e1npty· into the 
parent stream before it reaches the sot1ther11 1)011ndary of tl1e 
state, and about half is draii1ecl through tributari es ,vhich enter 
the state of 1'Iissouri before reaching the master stream. A 
small area in north,vestern Io,Ya is drained b)~ the Big Sioux and 
by tribt1taries vlhich rise beyond tl1e border s of Io,Ya. 

As stated hcfore, n1uch of the state of Io,va is ,,·ell drainecl b~, 
tributaries of the large rivers at its borders. Differences in 
t3·pes of strean1 valle)'S, i11 arra11gen1ent an(l develop111ent of 
tributaries, in pr rfection of drainage, a11cl 111 directio11 of flo,v, 
are the result of 111an)1 factor s. These f eatl1res ,,·ill he co11sidered 
in co11nectjo11 ,vith the stud)' of characteristic topographic areas 
r esulting fron1 particular conditions. 

So111e })arts of Io,va Rho,Y extenRive er osion, ,YhPreas other 
parts sho\Y little eros1011 a11cl have clisti11ctive constr11ctional f ea
tures. ,""\Tjth respect to Io,Ya as a "'·hole, it ,Yould 1)0 incorr0ct to 
assign either 0rosio11 or deposition as the n1orr in1porta11t factor 
in th0 drvelopn1ent of the topograph)·. IT O\YPVPr, the ca11s0s for 
the topographies in the var io11s sections of tl1e state ran he fairly 
correctl>T assign0d. The:. nresent topogranh·y of the state is re
latrd very closel,· in orig·in to the glaci al l1istor)· of I o,va and 
therefore jt ,vill l)e discussed here in son1~ detail. 011 tl1e 11asis 
of the major factor s ,vhich operated to fo r111 the topograplry, the 
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' 

accompanying map, figure 6, has been prepared. Tl1e J,inds of 
topography ,vhich can be differentiated in Io,va are as fol!o,vs: 

Types of Erosio,ial Topograpliy.-Erosional topography es
sentially 11nmodified, drift mantled erosional topography, loess 
mantled erosional topograJJhy. 

Types of Depositional Topograpl,y.-Drift depositional to
pog·raph,,, Joess depositional topograph,,, Jacustrine depositional 
topography, all11vial depositional topography. 

The areas ,vhich have been n1 apped and ,vhich will be described 
are not sharp],, distinguishable fron1 one another. The bo11ndary 
lines are some,vhat arbitrarily dra,vn ,vithin transitional zones 
a fe,v miles in ,vidth, in any part of ,vhicl1 the lines might almost 
eq11ally ,veil ha,,e been dra,vn . This is true especially where 
loess has been a controlling factor. Each type of area ,viii be 
described to sho,v the characteristic topographic and drainage 
features peculiar to it. 

Types of ErosionaJ Topography 

GENERAL STATEMENT 

The n1ost potent factor in the reduction of the land is trans
portation of earth materials by r11nning ,vater. Whenever rain 
falls on the land some mo,,ement of detritus tal,es place, even 
though the an1ount of material 1noved 111ay be little and the dis
tance it is carried n1ay be short. The ,vhole surface of the land 
is undergoing slo,v but extensive modification beca11se of the 
constant rene,val of the surface ,vaters by rains. 

The an1011nt of material ren1oved by streams is enormo11s, and 
ye,t the areas of land are so great tltat the red11ction of the total 
s11rface is 011ly of the order of abo11t one foot in 9,000 years. 
The a1no11nt of 111aterial removed is not tl1e same every,vhere; 
some regions lose 111uch soil and s11bsoil each year, whereas other 
areas are not changed appreciab],, even after man,, years. This 
uneq11al ren1oval of n1aterial from different s11rfaces is the main 
ca11se of relief and of the different for1ns of erosional surfaces in 
Io,va. 

The n1ovement of 1naterials by ,vater is cl6,v11 grade. The rill 
on the hillside, the sheet ,vash d11ring a heavy rain, the trib11tary 
stream and the river all carry materials to lo,ver and lo,ver levels. 

I 
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Son1e of the material, the load, is rolled along the stream bed ; 
so1ne is carried in suspe11sion by the eddying currents, and some 
mineral substances are dissolved by the ,vater. If running ,vater 
secl1res its load b}7 prying detritt1s loose, part of its energy is 
used, and he11ce it can11ot transport as much material as if a 
capacity load of loose material ,vere available ,vithout consump
tion of energy. The conditions for 1naximum erosion in glacial 
material i11 a mini'lnun1 tin1e include the existence of steep slopes, 
a larg·e volmue of ,Yater, and the prese11ce of ahtu1da11t fine 
detritus. Tl1e abse11ce of tl1ese co11ditio11s resl1lts in 111i11iinlu11 
eros1011. 

If withi11 a region conditio11s fayorable for erosion prevail and 
the ti1ne of erosio11 is sufficiently long a topograpl1y is developed 
,vhich may· not at all resen1ble the former topograpl1y of tl1e 
area; if tl1e co11ditions for erosion are u11favorable little cl1ange 
in topograpl1y· res11lts even in a g·reat lengtl1 of time. 

Tl1e rapidit}r " -ith ,vhicl1 strea111s cut tl1eir valleys in a g·iven 
material depends chiefly 11pon tl1e ,rol11n1e of flow, the amol1nt of 
available n1aterial of proper size for tra11sportation-tl1e poten
tial load-'a11d the velocity or rate of flo,v. "'When tl1e slope of the 
valley has been reduced to the condition " 1]1ere the stream can • 

just carry its total load o,rer its heel ,,·itho11t esse11tial addition or 
subtraction of 111aterial it is at grade or g-radecl. 

When the load in a graded strean1 is increased or t~e volun1e 
of the stream is decreased the stream may be unable to carry the 
load, and l1ence leaves part of it on its bed, thus aggrading its 
channel. "When the load is reduced or the stream volume in
creased the stream again sets to ,vork: to acql1ire its capacity load 
and begins to cut into its bed, thereby deg·rading its channel. 
Streams in the process of building llp their cl1annels are known 
as aggrading streams, and those lo,vering their channels, degrad
ing streams. 

There are three 1najor areas in Io,va in which the present sur
faces are the result chiefly of erosion b~y running· ,vater; t"ro 
areas in ,vhich erosional Sl1rf aces have been mantled b3r drift to 
produce drift mantled erosional topographjes, and three areas 
in ,vhich erosional s11rfaces have been mantled b}r loess to produce 
loess mantled erosional topographies. The main features of 
unmodified erosional topographies, of drift mantled erosional 
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topographies, and of Joess mantled erosional topographies will 
he described. 

AREAS OF EROSIONAL TOPOGRAPHIES IN IOWA 

There are three areas i11 I o,va in ,vhich the present s11rfaces 
are the res11lt chief!)' of erosion b)• running ,vater. The largest 
of these areas is in so11tl1ern Io,va; a small area is i11 the nortl1-
east corner of the state, and the third area, also small, is in the 
north,vestern corner of I o,va. All are thinl,• ma11tled ,vith Joess. 

Erosioncil .Topography i,i S011ther1i Io,va.~'l'he area in so11th
ern Io,va includes 1nost of the so11tl1er11 tl1ree tiers of co1111tics and 
the southern part of son1e of tJ1e four tl1 tier of counties north of 
the souther11 bo11ndar)• of the state. 'rl1e ,vestern edge of this 
area n1erges i11to the loess n1antled topograph,• along the J\fis
souri ,,aJle,•. The easter11 extension reaches J\1ississippi river 
and tl,e southcr11 extension is i,1 J\1Iisso11ri. Except ,vl1erc de
fin ed b,• state bo11ndaries the area under consideration merges 
into areas ,vitl, different topograpl1ic expressio11s. IIo,ve,•er, a 
son1e,vhat <listincti,,e 111argin is seen along- 111iddle Raccoo11 river 
thro11gh G11thrie, Dallas, and Polk con11ties, where the stream 
follo,,·s closely the l1ordcr of the ,,-isconsin drift. Else,vhere the 
line ,vhich has l,ee,1 dra,vn n1ight ,vitl1 equal fitness have 1,een 
dra,vn any,vhere ,Yithi11 an area fron1 one to several 111jles in 
,vidth. 11'l1ile this is trne eacl1 adjacent area possesses ,nodifica
tions ,v!1ich cannot ,veil be included in the descriptions of the 
typical features of southern Io,va. 

The erosional area in southern Io,va is an ir regular rectangle 
abo11t 210 n1iles long east and ,vest, and about 70 111il es ,vide. 
The J\fi ssissipJJi -J\IIissour i. divide and Des J\,[oines river cross the 
region diagonally fro1n nortl1,,·est to southeast and divide the 
area into th ree 11nequal parts. The least dissected topographv 
is in the eastern part of the regio11. I-Iere flat-topped di,~des are 
ren1nants of a for1ner extensive glacial drift plain ,vhicl1 had a 
gentle slope to the east,vard fron1 the Mississippi-J\1isso11ri di
vide to J\1Ii ssissi1,pi r iver. ,Vithi11 th is area a large part of 
"\Vashington count,, and parts of adjacent counties sho,v only 
slight erosional n1odiAcation of the original ,plai11. 1Vith the ex
ception of the areas close to the 111ain drainage lines, t l)e valleys 
are broad, open, and shallo,v; bet,,•een these valle,•s the 11plands 
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are flat '' tabular divides '' a11d are drained along broad shallow 
depressions ,vl1ich are the head,vard extensions of the valleys. 
The broad open valle)rs, the very gentle slopes, and the complete
ness of the drainage indicate a long tilne of erosion, during which 
there has been developed almost perfect adjustment of the 
strean1s at grade. 

\Vnen valleJ7 S are f ollov,·ed do,,,1,vard from the broad shallow 
depressions i11 the upla11ds the)· are see11 to 1nerge i11to broad 
shallo"' sags. Tl1e11ce the ·valle)·s are deeper, the ,Yalls higher, 
and the slopes steeper. Yet the tops ,Yiden Ollt to 111aintai11 the 
,videly flari11g l)rofile. Still farther do,Yn the valleys, the broad 
slopes are brolren by the developn1ent of more steeply ,valled in
ner valle}·s, ,Yhicl1 carry strea111s clearly 11ot at grade. The ,valls 
of these inner valle3·s ar e g·t1llied, the slopes are r elatively steep, 
but i11 their upper parts the gentle slopes of the earlier profiles 
are retained. In t he longer ,rallej•s the inner ,ralle)·s merge in 
tl1eir lo\ver courses "\Yith 111ore ope11 valle31 s i11 ,vhic11 the streams 
\Yi11d bacl~ a11d f ortl1 across 111eander-scarred flood-1)lains. The 
,,·alls grade fro111 sharp slopes into slopes ,Yhic11 are more g·e11tle. 
The side gullies \Yiden as do the 1nain valleys. 

The valley profiles i11dicate that all parts of the valle-_y are not 
of the sa111e age. The strean1s are ct1tti11g head,vard slo,vly but 
effectivel}1

• I11 a short distance only· along the cot1rse of the 
valle-_y is there major do,Yn-cutting. Above these portions the 
streams are essential!)· at grade; belo,v the sectio11s of do,Yn
cutting tl1e strea1ns by· lateral pla11ation have developed flood
plains, slopes have been reduced, and tl1e strean1s are 1neandering 
str eams. Although tl1e streams have accomplished much they 
have important tasks yet to do. 

I t l1as long been observed that the slopes 011 the north sjdes of 
east-,,·est valley·s are less steep than those on the south sides, 
with a tendencv for the streams to flo,v close to the south ,vall. • 

J\1an3· of the valle3rs of southern I o"\\1a exhibit this tendency. In 
• 

explanation, it has been suggeste<l that the greater heat from 
the direct rays of the sun on the south facing slopes causes al
ternate freezing and tha,ving in winter and gr eater daily changes 
in sun1mer. As a result, 111ore material is ,,1eathered and pre
pared for transportation than on the protected slopes. During 
rains and times of tha,ving the loose 1naterial is ren1oved, thus 
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rellncing 1.he a11gle on the north side of the ,rallc•y ,vnll to a great
er exte11t thnn on thP si<l<' ,,ltc•re ,,·<•atheri11g· is 1P8~ c,ffPf'tiYe. 
'rh<' 11orth l'aei11g ::-:]01)0s al~o ar<· rntl1<•r 1u1 i for1nl;v JlrntPete\l 
l)Y tr<·P ::-- ,,·11i<·l1 fin<l tht• c·o1H1itio11:,:; <·011!.?,'Pnial hP<·an::::(• of' fr••P1lon1 . . . ' 

fron1 clronu:hts :--n<'h a::,; o<·c·nr nn th<' ~nn-driP<l sonth f,1c-inµ; f:lO]H.•~. 
Tl1e 1110:-:t i1nprt•ssiY0 i,.;il1gle topop;rnphi,· f<'at11r0 of l--Onthern 

Io" a is the Des iloincs river ,·alle,·. Thi~ ,~nlle,· ]1a~ l)een 
• • 

<lr~rrihP<l in co11si<lcrnl>lc detail hy I~PP~.1 \Yho JJr<•~P11tf- <•videncc 
in support of tl1c jndgincnt that. its ]1istnry· heg-an in 1\fto11ia11 
ti1ne. Tl1P flood-plain rangP.s fro1n n fraC'tion of a 1nilc to 1nore 
than a 1nilc in ,Yidth: tl1c ,Talley ,va1Js ri~e in p;C'ntlc slopes for 
1norc tl1n11 t,vo n1il<'8 on citl10r si{1<"'. 1nnki11g the ,Yi<lth of th0 ,,,.al
le)· in pln<'Pf- ~ix n1il0~ or n1orc. ThP 8ic10 Yallr>>·~ ,vlir-rP the•>· join 
th0 n1ain ,·all<·, haY0 chara<'t<'ri!--ti<'i--- si1nilnr to th0 111ai11 valle,·, . . 
lJ11t th0s0 ·vall0>·:-- 11arro"· nhrn1)tly in thP 11plnn<l area~. 

'I'lH· D0:-: :\foi110i--- ,·allr>· has a 1natnre1 topograpl1)· a11<1 th0 riYer 
i ~ at g-rn,1e, hPncr tl1Pr<' i:-- no'\\· 110 <lo'\\·11-entting- in tl10 ,·nllP->T 
floor. rrhe flooc1-p1ain is hc•in!?,' ,,irl0I1P<1 h>· latPrnl 1)lnnation and 
the riYPr i~ r<'1noyj11g- th0 clrtritn~ fnrni8hP(1 hY trihntnrY stren1ns. • • • 

In ~outh0r11 lo,rn '\YPf-t of T)P:-- ~f oin<'~ ,·nl]p,· thrr0 i:-: thP ~an1P 
• 

. a:c•110rn1 typ<' or topogra1)h)· n~ <'n:--t of tl1P ,Tallf'>', hut ,vest of 
the~ ,·allPy tlH• 11plan<l nrc•n~. tl10 ''taln1lar <1i,·idP8'', nr<' :-:1nall0r 
than thQY arc to thr ra8t or tl10 nc~ ~f 01110:-- ,·a}lp,·. 1'hr <lrainag-0 . . ~ 

li110l-- haYc' cnrronehPcl npon th0 nplnncl ar<'ns 11111 il th0)· nr0 11O,Y 
0111>· rPn1nantR of thr orig-i11al l)lain. Ro111c ol' thci:::e r~n111a11t~ 
n1ig-hi. h0 <10serih0cl as" ~hor string diYi•l<>8 ''. Th0 n<'con1pnnying
rip:ur0 7 sho,YR thr siz0 nn<l sha110 or so1110 of thr:--r 111)lan<1 areas 
ns 1a1(<'1l fro1n topog·ra11hir n1ap~. Rti]l fnrth<'r ,vrst the n11lan<l 
arras nrc P\'Pll 111orr rr<lnr0cl, th0Y nr<' inc10Ptl 011ly r0n11u111ts of . . 
th0 1>lai11 \YhiC'11 O11r0 ,,·as tl1e distinrt i,·r f Pat nr•" of tli0 rc~ion. 
If o,YC'Y0l', th0 P\Trn sk)·linr, thr nrc•or,1nnt np]an<l 10,•pls , r0111nants 
or a g-nlnhoti] plain, nncl othrr f0at11r0s 1nal(0 it l)Ossihl0 to rrron
strnrt ,Yitl1oui clifnC'nlty the 01·ig:innl ,,icl0spr0ncl <1ri l't surr,H'<'. 

Th0 1\fississip1)i-1\Ii ~:;;onri <1iYiclf', ,Yhif'h ine1nc1P~ hip;h arrnc. in 
.1\nduhon, Outl1ri0, 1\fa1lison, l ~nio11, ClarkP, J)pratnr, ancl "\\'"aynr 
<'011nti0s, is not a clistinrt topog·rn1)hir fratnrr, hnt i~ rntlH"r a 
high l)lain ,,hirh 11ns hr0n 111at11r0}y cliss0rt<"d h,, thr hrn<1'\\·nr<l . . 

1 LrrR, ,Jnmr~ J{., Ph~·sil'nl F'N1h1r<'~ nn,1 0<'olo,:-ic ITistorY of D<'s 1\foinl.'!'l ,·nJfoy: Town Oeol. 
Survc•y, Ann. Hrpl. 191 t, Yol. XX\•, pp. •129-615. . ' 
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erosion of streams. The strea1ns to tl1e west of the divide flow to 
1\1:issouri river, those to the east flo,v to the 1\{ississippi. West 
of this divide tl1e divides of the interstream areas also are up
land remna11ts. The3r are elongated to the south,vest and paral
lel the drainage. Tl1e topography· ,vhich resl1lts is lrnown as 

F IG. 7.-Sketch showing shapes and sizes of some of the level upland divide 
areas in southern Iowa. 

''washboard topography'' and is ,vell exhibited in Decatur and 
Ringgold counties. The relief is somewhat greater here than in 
other parts of so1-1thern Io,va. "Wherever the streams are close 
together, erosion has brought nearly all the surfaces below the 
upland levels, and the divides have lrnobs and saddles with only 
the lmobs reaching the height of the former surface. In the lower 
stream areas the valleys are broad-many times the width of 
the streams-and flat-bottomed. In places the slopes of the val
leys are rather steep; in other places the slopes are gentle. Con
vex curves of the interstream areas are a distinct feature; the 
valley floors are the flat areas of the present surface. In places, 
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there is r elief of nearly 200 feet ,vithin cornparatively small 
areas. In sucl1 places the topography is rugged. 

The erosional area of southern Io,va has in general a progres
sively older topography from its eastern part to its ,vestern 
border. The plai11 ~Thich ,vas formed at the time of retreat of the 
I(ansa11 ice sheet has been cut a,va3~ 011ly along the lo,ver stream 
courses i11 the easter11 part of the area, ,Yhereas f artl1er ,vest
,vard tl1e areas of llpland are fewer a11d s1naller, and the valle)T 
slopes occt1py an i11creasing proportion of the area. Tl1ese v"alley 

FIG. 8.-Photogrnph showing the broad bottom lands and long slopes along Nodaway river near 
Hepburn, Page county, Iowa. 

slopes in tur11111e:,;ge i11to valley flats. In the eastern part of the 
area the l{:ansan drift is covered b·y the younger Illinoia11 drift, 
but the character of the Illinoian surface is so mucl1 lilce that of 
the I(ansa11 tl1at the ahove description is applicable to both. 

The maxiinun1 erosion in the soutl1ern Io~1a area is i11 and 
adjacent to southern Taylor county, ,vl1ere the fe,v uplands are 
rol111ded divides rather than '' tabular divides'' and " 'here the 
accorda11t upland le,rels are not the stril{ing· feature that they 
are in the eastern part of the area. In the eastern part the 
prominent level surfaces are the uplands, i11 tl1e ,Yestern part 
they· are the botto1nlands Sl1cl1 as are sho,,'Il in fig·ure 8. 

Onlv ,1 er,, local},, in sot1tl1er11 I o,Ya do the indurated roclrs . . . 
influence tl1e valle)T forms. Drift was deposited thiclcly over 
this 11art of I owa h~T both tl1e Nehrasl{an an'd the l(ansan ice 
sheets, and in the eastern part by· the Illinoian ice in addition. 
The drift l1as been b}T far the most i1nportant factor in the de-

, 
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velopment by erosion of the curving profiles and rolling t o
pography of southern Iowa. 

Erosional Topography in }..1ortheaster11, Joiva.- Typical ero
sional topogr apl1}T p re·vails i11 northeastern I o,va along the 
nortl1ern bou11dar}T of the state for abot1t 30 miles from the 11or th
east corner, a11d soutl1 alo11g 1'I ississippi river as far as Bellevue, 
!. dista11ce of about 90 miles. The ,yestern margin of this a rea 

Fro. 9.-Erosional topography in indurated rocks, along Cpper Iowa ( Oneota) river near mouth 
of Bear creek, Allantakee county. 

is fairly definite but the area is 11ot sl1arply separated fro111 the 
adjoiI1ing regio11. The area is in shape an elongated triangle 
,-vith the apex to the south. 

The erosional fo rms in this area differ from those of soutl1ern 
Io,,Ta, for the}T l1ave bee11 developed al111ost e11tirely i11 indurated 
rocks, as sJ10,Yn i11 figure 9. 

N ortl1east I o,Ya is related very closely to the Driftless Area, 
an unglaciated area more tha11 6,000 square n1iles in exte11t in 
1'Ii11nesota, ,"\Tisconsin, and Illi11ois. It is entirely· sur ro11nded by 
glaciated territory. I o,va is not incl11ded jn the driftless r egion 
as patcl1es of till are so distrib11ted ,,rithin northeastern I o,va 
that there is 110 dot1bt that an ice sl1eet advanced from the north
,vest into this area as far, at least in most places, as the gorg·e of 
1'Iississippi river. 

Several of the large streams triht1tar)' to the :&I ississippi cross 
nor thea~ter11 l O\\'a and their valle}'S are at grade, hence the ma..°'\:
i1nlrm relief of the Sl1rface under present conditions l1as been at-

• 

-
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tained. This relief is about 400 feet locall3T and as much as 600 
feet ,vitl1in distances of a f e,v miles. Tl1e uni£ orm rise of the 
steep slopes is brok:en in 111any places by· cliffs of resistant forma
tions. Chief of tl1ese are the O11eota dolomite, the Platteville 
lii11estone, the Gale11a dolo111ite, a11d the 1Tiag·aran clolon1ite. 
,Vhere sl1ales are at tl1e surface the area has rolli11g don1e and 
saddle topography indicative of 111aturit)r in stream clissection, 
as sl10,vn in figl1re 10. 

Fro. 10.-·Mature dissection 11nd slopes in weak rock ("Maquoketa ~hale) west of Dubuque. "'View 
fro1n summit of Table ~louucl. 

As 011e travels throl1g-l1 tl1e 11ortl1east l)art of Io,va he is strong
ly i1npressed by the e·ve11 slrJr-line as seen from the s11m1nits of 
the divides. Some of tl1e 11pland areas are broad ,vitl1 a very 
gently rolling s11rface. Here and there r ising steeply above the 
even sky-line are lrnohs and secondary ridges ,vhose summits 
also reach l1nifor1n ele,Tatio11s. Tl1e two levels attained by dif-• 

fere11t parts of the divides are strilungly consiste11t, and wl1en 
studied throl1gl1out the driftless area the3r are interpreted to be 
r emnants of two old erosion surfaces. The upper level, called 
the Dodgeville -peneplain, is between 1200 and 1300 feet above 
sea level. In tl1e vicinity of W aulron, Church, Elon, and Ross
ville in Allamal{ee county it consists of rem¥ants in branching 

' divides with flat tops. The much more extensive lower plain 
slopes from an elevation of about 1100 feet at the Mii1nesota 
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li11e to an elevation of about 900 feet at Dubuque. The summits 
of many of the divides within eigl1t to ten miles of Mississippi 
river are parts of this plain, which is k:nown as the Lancaster 
peneplain. 

The record of erosion of northeastern Iowa is not the r ecord 
of tl1e ,vork: of streams after onl~v one adjustment of level be-

' t"Teen land and sea, bt1t of ,vork: f ollo,ving· adjustments at four 
differ ent levels at least. The oldest level, the level of the Dodge
ville pe11eplain, has a relief of abol1t 200 feet. Nearly 200 feet 
below the accordant plain levels of t l1is peneplain are the levels 
of tl1e Lancaster peneplai11 " rith a relief of about 100 feet. The 
present st1:eams are in valle3Ts about 400 feet below the Lancas
ter pe11eplain in the northern part of the area and some,vhat less 
in the southern part, and these streams flow on valley fills " 1hich 
carr:y the ,vaters as ml1cl1 as 200 feet above the rock floors of the • 

valleys. 
A11 old clrift in this area appears to be lin1ited in distribution2 

to surfaces " 1hicl1 are near the level of tl1e Lancaster peneplain 
or at le,1els higher tha11 this peneplai11. This drift har. been 
fou11d i11 place 110,vhere in lo\"\1a much belo,v the Lancaster pene
plain. 

The topography r eprese11ted by the three erosion levels in 
11ortheastern l0\"\7a is unique for Io,va. Now here else in the state 
is there si111ilar topog·raphy. The flat divides in some places are 
s11fficiently extensive to be called ''prairies''. On the edges of 
these prairies there ar e slopes or cliffs " 1hich form the valley 
walls, as along 11:ineral creek:, figure 11. The sharp angled 
co11rses of the streams f ollo,v closely the irregularities of the 
valley walls and into the ,valls of the valleys, gashes and gullies 
have been ct1t. Some of these have small permanent streams, 
,,Thile others have intermittent streams. 

The jl1tting prominences where side valleys enter main val
leys at lo,v ang·les and the rounded headlands ,vhere tributary 
courses enter larg·er valleys at l1igh angles are conspic11011s fea
tures of the tonogra1Jhy of northeastern Io\"\1a. Tl1e re-entrants 
rrach -nTell back to,vard the divides, leaving, in most places, only 
narro,v r amjfying· strips to represent the peneplain at the top of 
the jnterstream areas. 

2 Williams, A. J., unpublished manuscript. Library, State University of Iowa. 

• 
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The general features of the region of northeastern Io,va are 
impressive, occurring as they do in this state in the midst of 
surrounding glaciated territor)7 "rith comparatively gentle re
lief. The accordant upland levels, the presence of a drainage so 
young· as to have only sharp valleys ,vith gully and gulch crenu
lated valle)r walls, cliffs or steep slopes depending upon the rela
tive resistances of the rock:s to erosion, and the reliefs of 400 
feet to 600 feet are so different from the features of other parts 

Fro. 11.-Steep·wnlled valley of Mineral creek, Allamakee county. 

of Iowa that they create more than casual interest i11 one who 
visits this picturesque region. 

The cultural developn1ent of 11ortheastern Io,va has been pro
foundly affected by tl1e rugged topog1'aphy and the absence of 
natural accessible travel routes. This is sho,,rn clearly b)7 com
paring the road patterns of t,vo to,vnships of this area ,vith two 
townships in the southern Io,va area and ,vith t,vo townships in 
northwestern I o,Ya, as in fig11re 12. These patterns illustrate 
the effect of the necessity of abandoning the rectangular road 
s·ystem in northeastern Io,va 011 account of the irreg11larities of 
topography. 

I 

Erosion,al Topography in, N orthivestern, I owa.- The portion 
of the state included in the north,vestern Iowa erosional area 
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lies in parts of Lyon, Sioux, 0 'Brien, Plymouth, a11d Cherokee 
counties. The surrom1ding areas, although not very di:ff erent in 
topography from this area, are sufficiently distinct to merit 
separate description. 

The typical f eatl1re i11 this part of northwestern Io,va is the 
rolling topography ,vitl1 ge11tle slopes sucl1 as characterize a 
region ,Yhich has bee11 long Sl1hjected to erosional processes. 
Tl1e maximl1111 local relief of tl1e area is 200 feet. The surface 
is und11lator·y, ,vitl1 broad even slopes extending do"'TI to the 
botto1ns of the valles's. Floods overflo,v the areas adjacent to the 
nor1nal creek cl1annels, bt1t the rl1n-off is rapid. Only the larger 
streams have flat valle}T l)ottoms of appreciable size, and these, 
,vl1ile they· are locally ,vell developed, are not distinctive in re
lation to tl1e area as a ,vl1ole. The absence of precipitous slopes, 
mark:ed local relief and large flat 11plands, and the pr.ese11ce of 
complete clrai11age indicate that the agent8 of erosion have been 
ver)T effective in the proclt1ction of tl1e present surface. If tl1is 
area ,vas at one ti1ne a plain, as i11 s011tl1ern Io,va, this plain l1as 
bee11 (lestroyed lJy erosion. Ho"'ever, the broadly complex hills 
rise to an approximate plane "Thich slopes slightly to tl1e south 
anrl ,vest. In tl1is area there are fe"1 exposures of indurated 
rock:s. 

Resunie.-The tl1ree erosional arras ,Yhich l1ave been descrihed 
ha,re differing· topographies which are the result of the san1e 
processes. The cliffere11ces i11 tl1e topograpl1ies are due primar
ily to differences in types of material in which the agents of 
erosion have vYorlred, to differences in the characters of the orip:
inal s11rfaces, a11d to differences i11 the lengths of time to "Thich 
the areas have been s11l)jectecl to erosion under prese11t adj11st
n1ents. 

Tl1e oldest s11rface represented is the Do<lgf'ville 11eneplain in 
northeastern Io"'a: thi s surface is pre-Pleistocene in age. The 
Lancaster neneplai11 s11rface is thought to l)e pre-Plristocene 
also. 011 this latter s11rface h11t 11o"rhere far belo,v it there is 
drjft helieved to he of Nehrasl{an age. 

The greater part of the relief in northeastern Io,va ,vhich is 
l1rlo,v the ]e,Tel of the Lancaster peneplain is, tho11ght to ha,Te 
heen rarved sjnce the retreat of the Nebrasl{an ice sheet, the drift 
of ,vhicl1 is no,v present onl~T in isolated patches on the s11rface 
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on which it vvas deposited. This post-Nebrasl{an erosion ,vhich 
resulted in the development of a relief in indurated rocl{S of 500 
to 600 feet belo,v tl1e Lancaster plaii1 ml1st have involved a very 
long time but it was essentially completed before the con1ing of 
the I(ansan ice. 

The topographies of southern a11d of northwestern Io,va ,vere 
developed b>r the erosion of drift plai11s. Souther11 Io"ra sho,vs 
tl1e effect of strea111s ,vorl{ing at cliffere11t elevatio11s above grade 
level. The erosional area in north,Yestern Io,va 110\v has only 
gentle slopes above tl1e grade of its prese11t strean1s. 

DRIFT Mf\NTLED EROSION AL TOPOGRAPHY 

There are t,Yo areas in Io,va ,vl1ich, after a 1natl1re erosional 
topograpl1y l1ad been developed, "'ere modified by the deposition 
of a 111antle of drift over tl1e erosional sl1rfaces. The mantle is 
in places thick enol1gl1 to prodl1ce distinctly constrl1ctional f ea
tures. Although these areas· are '' not generally dissected by 
sharp cut, erodecl ·valleys, there are ·yet present nearly e·very
,vhere the 1nai11 feat11res of 1nat11rely hrancl1ing· stream erosion 
syste111s. The valle>Ts divi<le and s11bclividc in de11dritic fasl1ion, 
and tl1eir hranches reach 111ost parts of tl1e area. Even the n1ore 
nearly flat and less dissected parts sl10,v this drainag·e pattern.' ' 3 

The two areas to be descril)e<l " ' ill be clesignated tl1e eastern 
Iowan area and tl1e " restern Io,van area. 

The Eastern, lo'lDa1i Area of Drift lllan,tled Erosion,al Topogra
phy.-The easte_rn Io,van area occupies tl1e greater part of the 
northeastern ql1arter of the state. The area includes all or parts 
of twenty-five counties as is shown in figure 6. It is roug·hly 
quadrilateral in sl1ape. 

The boundaries of the eastern drift mantled area are fairly 
definite. Most of the ,vest line lies along the morainal 1nargins 
of the Wisconsin drift, the east, SOl1th and south"rest sides are 
bordered by thicl{ loess and sand deposits, and the Niinnesota
Iowa state line 111arl{s the north edge. The drift mantle of this 
area is Iowan drift; it lies on an eroded l(ansan drift surface. 

],rom a topographic standpoint tl1is area is more tYl)ically 
'' gently rolling'' tl1an any other part of tl1e state, and there is no 

3 Alden, Wm. C., nnd Leighton. l\L M., The Iowan Drift, a. review of the evidences of the 
Iowan stage of glaciation: Iowa. Geo!. Survey, Ann. Rept., 1915, Vol. XXVI, p. 61. 
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distinct topogra1)hic (latl1111 1>lanP to ,,hich the r<'1 icf can he relat
rcl as i11 so1lthPrn Io,Ya. The ri \·rr YallP)·s arc i11 111ost places fair
ly l>road in relation to the strranls in thein, and inst<:'acl of these . 
hroa<l ,·allPys 11aving ,\'icle ftoo<l-11lains 1nan>· of the1n ha,·e eon
c-aYc J)rofilPs. ~0111<' ,Yriters lHlYC' stat<>d tliat thC' strran1s flo,,· in 
'·sag:--'' ,Yhi<'h l'XtP11el for 1nilP~ along the strPa111 roursP~. the sags 
h<'illg· hrsi ()Xp]ainP<l as 11artly filled hron<l ,·all0y~. The flood
])lains in "on1c plac•0s at lPar--t arP not l)11ilt of all11,·ial 1naterials, 
hut nrP ch·i ft flats appeari11p; no" prohahly 11111<·h a~ the)· <lid ,Yhen 
the ire-~hPrt lr f't thPlll. 

r:rh(l hroa<l sap;s are l>or<l0rPd hy linr::-- or• hill::--, in so111e ])laces 
,Yiih ,·ciry gentlr ~lo1)rs, ancl in other J)laers \Yith s.tee11 sloprR. 
Xo,YhC'rP is th<' r<1li0f ]orally grrnt. ~\lthol1gh liPrc and thPrc the 
hills look: so111P,Yhat for111i<lahlc l'ron1 a ,li:--tanre, it i:-; ~<>rn n1)on 
elo:-:r npproarh thnt th0 :-;}ol)Ps ar<~ g<>nt1P. ..\s a rule, the r<•li0f 
is }pss tha11 JOO l'P<'t; hut 0,·<•n ::--ueh rc•li01'1s ~nffieirnt to giY<' ~0111c

'' hat con1n1a1Hling el<'Ynlio11:-: i11 th<' landsenpP~. 'rh<' <li,~i1lP:-- arc 
U8na11) n1Hlifl'0rPntini01l 0ithrr h: 1>ron1inPnrP or continnity J'ron1 
th0 hills ,,l1i<•l1 li<' along th<' st1•pa1n ,·all<1y:-:. 

Tn ]>arts of this drift 111antlr<l area thP rc,liPf is ,·c•ry :-:lig-ht, 
nncl thr snrfarP for 1ni]p aftrr n1ilCl n1)prnrs to thCl P:-r to hP al-
1nost }py0l. .t\11 Jlarts are <lrai11('cl, 110,Y<>Yer; 110 lakr::: Pxist, hut 
R111all ])onds a l'P f' or1nP<l in clrprc:>ssions <luring· hea,·)· or pro
long-Pel rninl'a11, tn1d for1nrrl) 0xtrnsi,·<' arra~ ,Yerfl hogµ;:- <luring 
\\'Pt R<>aso11s. Thr slight r0lie[ '"hich js c·harart0ristie of thrse 
flat arras ra11not he <'Xplainc>cl satisfa('torily as h~inp; the rc~ult 
of 0rosional agrnri0s alonr, h11i rathClr a~ ha,ring hrrn 1na<le l>y 
th0 <l0positio11 of n1at0rinl cliRtrihnt<'<l irr0gular])· o,•pr hroncl 
tahular c]jyjcJr~ rr111aininp; on an 0ro:--ional Rurfaer. The hron(lly 
<·011c•nyr ,•a])p~-s. th<' in('o11spi('no118 <liYi<lr~. nnd thP ~,, 0lls on 
<lrai11Cld lPYrl strrtehPR inclirat<' a <l01)ositional 111odifientio11 of a 
nor1nal rro~ional Rnrfac-r. In aeeord '"ith th iR intrrprPtation ii:. 
th0 pr<'R<'ll('<' of 1111n1Prons in11nr11R0 houl<l01·s nncl n1any houlcl0rs 
of lPRs si7,r ,Yhic-h arP not clistrihntr<l in rr]ntion to 1nnjor drain
a.!?;<' lin<'R, hut ,\'hieh oernr '"ith littl0 1·<'lation to thr to11og:rnphy. 
0110 of th<'8<' honl<lrr fir]ds iR sl10,Y11 in fig1lr0 l ~-

'J'hr <lri ft 111nntlClcl arPa has ,Yi thin it n1an>· out('rop:-: of inclur
atr<l roe-ks. Th0se nr0 n10Rt l)rr,-ra]Clnt nlonp; thr clrninag·r linrR ~ 
i11 ])la('<:'S thP) nr0 thr ,\'alls of g·orp;rs, nncl in othrr 11lnrrs tlH'Y 
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outcrop onl}r i11 tl1e beds of strean1s. To a ver}T li111ited extent 
onl)T have these indurated rock:s bee11 effective in deter111i11ing 
the development of the prese11t topograpl1y. The~y are spectac
ular features, but outcrops are restricted, and l1ence tl1e}T have 
no i111porta11t areal or topog·rapl1ic significa11ce.4 

The J.lorthicestern, Iozcan Area of Drift 1ll antled Erosional 
Topography.-The north,Yester11 Io,Ya11 area of drift 111antled 
erosio11al topogra1)]1>T includes nine counties; it is ahol1t t"·ice as 
long as it is ,,ide, ,Yith the long axjs extending a little east of 

FIG. 13.-Boulder field on the Io\\ an plain in Buchanan county. 

sot1th fro111 the niin11esota line, as sl10,v11 in fig·ure 6. The east 
boundary is strongl}T ho,Yed east,Yard f ollo,,·i11g the edg·e of tlie 
"\,Tisconsin drift, ,vhereas the ,Yest boundary is bo,,·ed sligl1tly to 
tl1e ,Yest. Tl1e drift in this area, as in the easter11 drift n1a11tled 
erosional area, is Io,Yan drift lying on an eroded I{ansa11 drift . 
surface. 

The nortl1,Yestern area differs fron1 the 11ortheast0rn area in 
tl1at the drift 1na11tle i11 the north,,Tester11 area ,Yas deposited on 
a Sl1rface ,vhicl1 had been reduced lJy erosion not onlv to a 111ature . . 
stage bt1t to a stage ,Yell ad·vanced to,Yard old age. Such a Sllr-

. face has less conspicuous relief tha11 a 111att1re erosional s11rface 
and ,Yhen co·verecl b·y a n1antle the ne,,T Sl1rCace is likel,T to ohscure . . 
n1ore of th@ characteristics of the underlying erosional sl1rface 
than in a regio11 ,Yhere the drift mantle is deposited on a n1atl1re 
erosional topograph}·. The more the underl)·ing erosional fea
tures are obsct1recl the n1ore a1)pare11t are the effects of the 

4 Alden, Wm. C .. and Lei1?hton. l\f. l\I., The Iowan Drift. a review of the evidences of the 
Iowan stage of glaciation: Iowa Geol. Survey, Ann. Rept., 1915, Yol. XXVI, p. 71. 

• 
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mantle. In the northvvestern Io,van area the valleys and their 
tributaries do not have the distinctive, dendritic drainage fea
tures characteristic of topographies due to erosion only. In 
places the valley walls have been sharpened or smoothed, in 
other places spurs due to deposition extend into the valleys, and 
in places there is morainal topography. 

LOESS MANTLED EROSION.AL TOPOGRAPHY 

Over much of the surface of Iovva ther e is a mantle of ·yellow, 
silty clay called loess. This loess 111a11tle differs in thickness 
locally and r egionally. Only tl1ose areas in ,vhich the loess man
tle is sufficiently thick: to 1nodify tl1e t1nderlying erosional to
pography are l1ere consiclered as areas ,vitl1 loess mantled ero
sional topographies. 

Loess may inflt1ence an er osional topograpl1~y- i11 at least tl1ree 
ways : it 1nay i11crease tl1e relief by the deposition of more loess 
on the divide areas tha11 in the valleys; it may r educe the relief 
by the deposition of more loess in tl1e valleys tl1an on the divide 
areas; and the distrib11tion of the loess may he s11ch that the 
amount of the relief is not disti11ctly cha11gcd, and }"et hy altering 
the angles of slope and by b11ilding struch1res on tl1e hillsideR, a 
modified topograpl1y may he de,reloped. All tl1ese typeR of n1odi
fication are found in the state . 

. The hot1ndaries of the loess mantled areas are necessarily 
somewl1at arbitrarily dra,,111. I t is more diffict1lt to decide 11pon 
a proper ho11ndar}T "rl1ere the loess tl1ins graduall}r than ,vl1ere 
it thi11s so1ne,vl1at abruptly. 

Three areas in the state " rill be considered as having loess 
mantled erosional topogra1Jhies. One area is in the " 1estern part 
of the state, a second area is jn tl1e northeast part of the state, 
and the thircl area extends from near the middle of the state to 
near the eastern border, as js sho,,·n in figure 6. These three 
areas ar e designated, for co11venience, the Cra,vford area, t l1e 
J ack:son area, and the Cedar area, respectively. 

The Craivford Area.-Cra,,.,.ford county gives the name to this 
broad bo,vshaped area ,vhich parallels in general J.\ifissol1ri river. 
In its middle part the area l1as a vvidth of aoout 40 1niles; from 
here it narro,vs both nortl1 and south to the borders of the state. 
Parts of 19 counties are included in the area. Ther e are grada-
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tions on the east and ,vest into topographies which have not 
been incll1ded i11 the Crawford area except where Sioux river 
is the boundary on the ,vest, and in Ida and Carroll counties 
,vl1ere the I owan and vVisconsin drifts forn1 the boundary of the 
Cra,vforcl area. 

The prevaili11g position of tl1e loess in the Cravvford area is 
011 tl1e tops of hills and 011 the up1Jer parts of the slopes. Thin
ner loess exte11ds into a11d across the valle~ys, giving the appear
ance of loess bl1ilt topograph3r, bl1t 11l11nerous road cuts and some 
exposures along· tl1e valle1Ts sho,v clearly tl1at the cores of the 
hills are drift and tl1at the loess in the valley bottoms is thin. On 
the higl1er slopes the loess is fro111 10 to 30 feet or 1nore in thick:
ness, whereas on the lo,ver slopes the loess is in most places less 
tl1a11 10 feet, locally only tl1ree or fol1r feet in tl1ic1':ness. The 
abu11dant loess in the upper slopes in 1nany places has a definite 
relation to tl1e drift core. The crest of the hill, dl1e to loess de
position, l1as rnig·rated to the east,varcl ,vith the loess asym
n1etricall:y distributed over the drift; it is thick:er on tl1e east side 
tl1an it is on the ,vest side. This is a normal relationsl1ip in this 
reg·ion; the loess, a ,vind-blo,vn 1naterial, ,vas carried fro1n the 
west, and hence the windwar d slopes have had deposited upon 
the1n less of the loess t l1a11 "\\Tas deposited 011 the leevvard slopes. 
Thus coincident ,vith i11crease in relief by loess deposition the 
slopes ,:\Tere 1nodified. The easter11 slopes particularly sho,v the 
effect of t l1e mig·ratjo11 of the crests of the l1ills withol1t equiva
lent sl1ifts of the valley bottoms. vVestern slopes may show 
slip;ht modification or if the increase of relief by loess deposition 
js relativel}r g·reat ,vhen C'01npared ,vit}1 the drift relief the ,vest
"Tard slopes 1nay be appreC'iahly steepened. F igure 14 shows 
this loess rna11tlecl type of Sl1rface in Crawford county. The hill 
and valle·v n1odifications are not everv,vhere l1niform in char-., . 
acter nor are they of the sa1ne l{ind. The ,vestern part of the 
Cra,,·ford area ]1as 111ore loess, and hence is more mo<l ified than 
the rastern part. This is as "\\7onld be expeC'ted since jt is nrarer 
to the cl1ief so11rce of loess sunpl,r, "Thich is thP :Niisso11ri valley. 

The s01ne,vhat hea~T n1antle of loess over the Crawford area 
is belj eved to have heen deposited chiefl:y dl1rjng- the Peorian 
interg·lacia] epoch. There is beneatl1 thjs yol1nger loess an older 
loess and a series of silts and sands whjch lie unconfor1nahly 
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UIJOn the eroded surface of the l(ansa11 gu111l)otil plain, and which 
contribute in a minor ,,Tay to the topographic developme11t of the 
area. These older deposits, ,vhicl1 in part, at least, are corre
Jated ,Yith those kno,vn to be younger than the Illinoian and 
older than the Io,,Ta11, constitute tl1e Lovelalld loess and asso
ciated silts and sands. Since tl1e deposition of the mantling 
locss much shifting of the material has occurred. S0111e of it 
has been transferred b·y the ,vind and some of it has been " 'asl1e<l 
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FIG. 14.-Yiew in centrnl Crawford county showing type of erosionnl topography which is Joess 
mantled. 

into strea1n ·valle~ys. Son1e of the sn1aller strea111s l1ave been 
• 

aggraded ,,Titl1 loess and )7 et aggradation l1as 11ot been ver:r great 
as the floocl-J)lains are still narro"1 and are flanl{ed b)· abrupt 
slopes at the bases of the loess covered hills. 

Djfferent parts of the Cra,vford area differ in r elief, in drain
age de·velop1ne11t, and in proxiinity· t o large strean1 cot1r ses. 
H o,vever, they are remarkably consistent in l1aYi11g the loess 
surfaces characterized hy· as,"111111etric hills a11d valleys a11d in 

• • • 

having li1nited outcr ops of drift. 

Th e Cedar and J ackson Areas.- The typical loess 111a11tled 
erosional areas of 11ortheaster11 I o,va are found i11 parts of Cedar 

I 

and J ack:son counties. These areas lie respectively at the sot1th 
and east 1nargins of tl1e Io,va11 drift, the boundaries of " 1hich 
are sinl1ous ancl along ,vhich the loess thicl{e11s abruptl3·. ""\\7liere 



l:'EATURES OF CEDAR AND JACKSON AREAS :57 

the boundaries of the loess 111antled areas are over I(ansa11 drift 
the loess thi11s graduall~y and l1e11ce tl1e li11es of separation of tl1e 
t opog·raphies are not definite. 

The reliefs of the Cedar and the J ackso11 areas differ son1e
" Th at. The n1axi111u111 relief of the J ack:son area is al)out 400 
feet, ,Yl1ereas the relief of the Cedar area is only abo11t l1alf as 
mucl1. The proxin1it~T of tl1e J ack:s011 area to :r..Iississippi river, 
and the underl:·i11g in<lurated rocl{s, acco11nt for the greater r e-

F10. 15.-Loess dunes on vnlley slopes in Scott county. 

lief in this area. The ind11rated rocks in the Cedar area l1ave 
had b11t little effect 11pon tl1e to1)ography. 

The })revailing feat11res of tl1e Cedar and J ach:son areas are 
loess-b11ilt structures on the hi]l slopes a11d thick loess deposits 
bordering· the erosion carved valleys. The 1nodificatio11s of the 
erosion slopes take the for1n of rolling hills- dunelike acc11111ula
tions of loess a11cl sa11d, as sho,,·n in figure J 5. The total relief 
of the surface is incrrased son1e,Yhat b~· thr preS(.lJ1C(.l of the 
loess, b11t the chief result has heen tl1e 1nultipl~·ing of slopes to
gether ,vith the ste(lpening of the slopes along the river ,Talle)rs. 
On the 11plands or divides the loess is in 111ost places thin, per
l1aps not 1nore than ten feet thick. These clivjde areas are gently 
rolling, conforn1ing to the n1ajor slopes of tl1e 11nderlyi11g erosion 
surface, but l1ave their o,,·n distinctive topographic expression 
as see11 in the variations i11 the con,'"exit)r of the different parts 
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of the slope and in the minor surface irregularities. A modified 
valley ,vall is sho,vn in figure 16. 

Near the main strea1n courses the loess is thicl{er than on the 
divides, in many places reaching a thiclmess of thirty or forty 
feet or even 1nore. I-Iere the underlyi11g erosional drift topogra
phy has bee11 distinctly modified. Slopes east of the valleys 
have undergone greatest n1odification, indicating· the effect of the 
prevailing westerl)7 ,vinds. Tho crests of the hills along the 

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

FIG. 16.-Thickly loess-covered valley walls in Johnson county, showing multiplied slopes formed 
on the loess. 

valleys are capped asymmetrically by loess-thich:est on the 
eastern lee,vard slopes. Tl1e hill slopes are broken into a series 
of undltlating con,rex and concave Cl1rves. The shoulders of the 
hills are rou11ded by loess with accompanying steepening· of the 
lower slopes. Def orestatio11 and cultivation have in many places 
caused g·l1llying· to proceed rapidly, sho,ving that the loess built 
slopes are not adjusted to present drainage. 

The slope 111odifications vvl1ich have been described are pro
portionall)r less pronol1nced in the J ack:son area than in the 
Cedar area, o,ving cl1iefl)r to the greater erosional relief in the 
J acl{son area. 

Depositional Topographi,es in Iowa 
DRIFT DEPOSITION AL TOPOGRAPHY 

The area of the vVisconsin drift is the only area of distinctly 
drift depositional topograpl1y in the state. The boundaries of 
this area are fairly distinct, extending from the ¾innesota line 
south,vard to Des ~£oines to form a lobe, the axis of ,vl1ich from 
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the state line is directed so1newhat east of south. The area in
clt1des all or parts of t\~enty-nine counties. 

The surface of this area is no,v nearly as it vvas ,vhen the 
, visconsin ice sheet retreated fron1 it. Around the borders of 
the drift lo be there are in places strong terminal moraines
piles of glacial debris marl{ing the farthest advance of the ice. 
Bet,veen the stretches of ,veil developed terminal moraines there 
are less promine11t 3ret conspicuous slopes above the levels of 
the drifts outside the lobe. ,i\Titl1in the moraines the surface 
alternates bet,vee11 ,vide stretches of ground n1oraine and reces
sional moraines which n1ark stages of halting during the ice 
retreat. 

Des ~loines river a11d its tributaries drain the western two
thirds of the area; the head ,vaters of Slrnnk:, Io~1a, and Cedar 
rivers drain the eastern one-third. These streams and their 
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tributaries are in youth, and hence drain only a co1nparatively 
small part of the area. Bet,veen the heads of the drainage lines 
are broad stretches of undrained lands. Numerous lakes, ponds, 
and n1arshes are strilcing features of the surface. :11Iany arti
ficial drai11age projects have been co1npleted in recent years, and 
as a result much of the for1nerly ,vet untillable land is now under 
cultivation. 

vVithin this area of v\Tisconsin drift t,vo types of surfaces may 
be recognized: the tern1inal and recessional n1oraine t}1pe and 
the grou11d moraine type. The former type of surface is char
acterized by marl{ecl relief; the latter by slight or gently un
dulatory relief. The accompa11ying sl{etch, figure 17, shows the 
major n1orai11al areas ,vhich have been mapped and the areas of 
ground n1oraine. 

The 111orainal hills as a rule rise above the level of the ground 
moraine plain and have no definite relations to drainage lines. 
The)' are constructio11al surface features d\le to deposition. The 
piles of debris ,vhich the glacial ice deposited at its marg·in have 
a ''lcnob and l{ettle'' topograph}', ,vith the lmobs differing in 
size and heig-l1t, irregularly spaced, and limited in distribution. 
The kettle shaped depressions are the lovY spots an1ong the 
knobs, as in figure 18. They· differ in size and clepth and many 
of then1 co11tai11 po11d ,vater. The l{ettles are lilce,Yise li1nited in 

Fro. 18.-Morninic knob nnd kettle in Dickinson county . 

• 



( 

GROUND MORAINE SURF ACE 

distribution since they are associated vvith the knobs of the . . 
morai11es or are depressio11s adjacent to the moraines. 

In some places the morai11al areas have rolling· hills ,vith 
slopes of lo,v angles, ,vith crests at different elevations, and ,vith 
the spaces betvveen the hills prese11ting no definite arrangement. 
Such featt1res are i11 sharp contrast to the features of a 
topograpl1J· developed b)' erosion. 

The glacial move1nent "'hich extended the vVisconsin ice sheet 
over the land vvas l jmjted to the distance it could pusl1 the ice 
margin and there n1aintain it in spite of the factors which were 
operating to cause it to retreat. v"\7here the melting of the ice 
just lrept pace ,vith the ice advance the debris carried by the 
glacier vvas deposited to forn1 n1arginal 1noraines. If the halt 
was long, great piles of detritus developed strong moraines; but 
if the halt ,vas short or the ice was loaded only lightly then the 
resulting 1noraines ,vere small. Because the morainic areas oc
cupy positions once definitely related to the ice sheet it is in the 
larger featt1res of distribution, exte11t, and size that some classi
ficatio11 of the n1orai11es can be made. For exan1ple, one large 
morai11ic area near the border of this vVisconsin drift area has 
been named the Alta1nont moraine. A smaller series of 1norainic 
ridges ,vithin the drift area is l{n0"1n as the Gary moraine. Other 
minor areas of 1norainic topography· are unnan1ed or have local 
names. 

The ground n1orai11e type of s1.1rface is a drift plain. If in
stead of the glacial margin remaining stationary to pile up 
knobs and hills the retreat of the ice sheet ,vas relatively uni
£ orm, tl1e g-lacial load ,vas laid do,Y11 in a ,veil distributed sheet 
of drift. The surface of course ,vas not smooth although it ,vas 
approxin1ately le,Tel. )J' o drainage lines ,vere established except 
those carr:ving· ,vater fron1 the 1nelting ice. In the depressio11s 
the ,,,ater g·atherecl to for1n lakes a11d ponds, some of vvhicl1 in 
the course of tin1e " 'ere destro)Ted h)1 having their shallo,v hasins 
filled ,Yith sediment and org·anic 111aterial. Areas of peat and 
blaclr n111ck are ,vi tness to the 1111m ber of tl1ese forn1er lo,v spots. 
Their distrihution i11 "\\Trig]1t county is sho,vn on the accompany
ing sketch map, figure 19, prepared fron1 the soil surve:y map of 
the countv. 

The d1·ift plain, as the level areas are called, is gently undulat-
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F10. 19.- Sketc-h mnp showing peat, muck nnd lake areas on the "'isronf-lin drift plnin in W.tight 
counll, 

ing. v"T er)T broad don1e-sl1ape(l elevatio11s, or elongated lo,v 
ridg·es rise sligl1tly above the ge11eral level of the plain. In the 
lo,ver parts of the plai11 are the lal<es, po11ds, a11d marsl1y areas. 
Over the area as a \Yl1ole the divides are discontint1ot1s and the 
vall<1)'S lack: the featt1rQs of valle)rs ,Yith an erosio11al history. 

\Vhercas the n1ajor l)art of the ,, ... isconsin drift surface is geo
logically ,,er)' neviT, it has i11 son1e parts been t1ndergoing effective 
drainage. The ,Yaters ,vhich fl o,Yed fro111 the n1elted ice started 
channels ,vhir}1 \Yere easilv f ollo,ved hy the runoff fro111 rains. . . 
Th0 lo,Y areas het,Y0c11 these channrls soo11 filled ,,itl1 " 1ater and 
overno~1ecl to thC' cha11nels. 801ne open sags carried st1rface 
~·ater s as if the3' \Yere erodrd valle)'S. Only a li1nited part of the 
surface ,,,ater could he retained l1y the irregularities of the plain, 
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and tl1e rest ,vas forced to seel{ tl1e low saddles and to open 
courses i11 ,vl1icl1 it established ne,v drainage lines. 

The present drainage is in an early stage of stream develop
n1ent a11d adjustme11t. Streams such as that sho"rn in fig11re 20 
are con1mo11. Only the lo,,Ter courses of the secondary streams 
a11d the larger rivers sho,v valleys due to erosion, and these val
leys are steep-sided and narro,v, as the Des l\Iojnes valley near 

,-

Fro. 20.-A young, unincised stream valley on the Wisconsin drift, Palo Alto county. 

Boone, figure 21. A f e,v of the large streams l1ave narro,v flood
plail1s in valleys ,Yhich 111a3T or rna)' not l1ave been developed by 
the present strea1ns. The gradient of the s1naller strean1s is so 
slig·l1t that ditcl1es have been 1nade in many places to straighten 
tl1e cl1annels and to bring then1 ,vith steeper gradients to the 
larger drainage lines. Eve11 by ditching· the fall attained is rare
ly more tl1an 011e foot per 1nile. 

Tl1e depositional topograph·y of the Wisconsin drift area is in 
sharp co11trast ,vith the old erosional surface of southern Io,va 
and ,vith the drift n1a11tled Sllrfaces of the Io,van drift areas. 

LOESS DEPOSITION AL TOPOGRAPHY 

A narro,v strip three to t,Yent)r 1niles in ,vidtl1 borderjng the 
flood-plain of ~Iissouri river has loess depositio11al topography. 
The area includes parts of ,Voodbury, i ronona, Harrison, Pot
ta,,.,atta1nie, 1Iills, and F re1nont col111ties, as shown in :figure 6. 
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To the ,vest is the 1v!issouri flood-plain; to the east is the loess 
mantled erosio11al topograph)T of the Cra,vford area already de
scribed. 

The area of loess depositio11al topograph)T l1as a greater thick
ness of loess tha11 the area " ·ith loess ma11tled erosional topogra
ph)r. Here, a considerable part of the relief is in loess, as a 
thickness of 90 feet has been measured above the level of the 

• 

-FlG. 21'.-Des Moines river valley in Boone county, showing the narrow, steep-sided valley in 
the " risconsin drift. 

Kansan gun1botil, ancl tl1ick11esses some,vhat greater have been 
r eported by ,Yell drillers. 

The characteristic f eatures of the tl1ich: loess area are tl1e ap
parent lacl{ of syste1n in tl1e divides, the sharp hills " rith stepped 
slopes, and steep valle)r ,valls in man)T places Cllt by gullies. The 
relief is 1nore than t,Yo hundred feet ,Yithin distances of a few 
n1iles. The area is ver3T ro11gh for a region v\1ith s11cl1 moderate 
relief. 

The interRtrea1n areas do not ri Re lJy s11ccessive ele,ratio11s to 
the <li,rides but present a seri es of irregular, broken, north and 
s011th ridges ,Yhicl1 face the ,Yest and are interrupted at each 

I 

strean1,va~T. The pre,Tailing ,Yesterl)T ,,rinds ,vhich car ried the 
loess chiefl3r from the 1Iissol1ri flat l1ave bee11 the contr olling 

• 
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factor in the distribution and development of the loess topogra
phy. 

The hills ,vhich separate tl1e ,vater,vays are in many places 
narro,v crested a11d steepsided and have a series of small ter
races or steps called ''cat-steps'' on the more abrupt slopes, as 
sho,vn in figure 22. These ''cat-steps'' are the result probably 
of slipping or faulting· along the characteristic vertical joint 

... ~~--IIIJIJ'. ·~--~~~ ,# ;£? . .,z,:.,. 

-

FIG. 22.-Loess hills in Monona county interrupted by a valley. The "cat·s~ps" or small ter· 
races are well shown by the snow lodged on them. 

planes of the loess. The features of loess-built hills are well 
illustrated in fig-ures 23 and 24. 

The thick: loess area is well drained. It lies across the lo,ver 
parts of the ,vestward flowing tributaries of Missouri river, 
"

1l1ose heads are beyond the thick: loess. The larger streams 
l1ave r elativel;r broad flood-plains on ,vhich the streams meander 
in short turns. The margins of the valleys are sharply marked 
by steep slopes and the cl1aracteristic hills of the area. These 
hills r eadily develop gullies witl1 vertical sides. In no other un
consolidated materials are like features developed to such an 
extent. Lateral strea1n erosio11 is fairly rapid but vertical do,vn
cutting of tl1e strean1s is slo,v. 

LACUSTRINE DEPOSITION AL TOPOGRAPHY 

,,-rith tl1e exception of a fe,v small drained lake basins ,vithin 
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FIG 23.-Loess hills in Harrison countr, showing- the "cat-steps" on the slopes. 

tl1e ,\ .. i~con. in <.lr1ft arra there is l)11t one extensi, .. e area i11 I o,Ya 
"\Yl1icl1 l1as t)·pical lake heel topogra1)l1)·. This is tl1e old L al{e 
CalY-i11 basin i11 so11tl1easter11 I o,va, exte11ding along I o,Ya and 

FIG 24 -General , iew over loess constrnctional topography Talbot Hills. near Sioux City. 
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Cedar rivers fron1 their juncture up each valle3r for some t"venty
five or tl1irt}' 111iles. The area is broadly V shaped, and includes 
parts of J oh11so11, Cedar, 1I uscatine, Louisa, and "\V ashington 
counties, as shovv11 in figure 6. 

The old lal{e beaches are in son1e places still preserved, former 
islands no,v sta11d as hills separated by saddles fro1n the lake 
shore, and break:s in the f or1ner lake shore li11e are distinctly 
traceable to strean1s 110,,T active. The materials deposited in the 
lal{e basins from incon1i11g· ,,Taters tended to level up tl1e lal{e bed 
and to sn1ootl1 its floor. "\"Vben the do,vncutting of the lak:e outlet 
:finall}T drained the lal{e there ,vas left a broad expanse of level 
land, vYith rises to old beaches around its n1argi11 and to hills, 
formerly islands, ,vithin the basin. The lake bed after the lake 
,vas drained ,,ras not covered at once by vegetation; before it 
beca111e so protected ,vinds piled up some of the surf ace materials 
into dunes, so that ,vhen vegetation ,:vas established the surface 
"\\

7as not flat ever}·where but ,vas in places hummocky and in 
places flat as it is today. 

ALLUVIAL DEPOSITIONAL TOPOGRAPHY 

Along each of the major streams at the border of the state, 
and also along the valleys of many of the tributary streams with
in the state, there are flood-plains and terraces, some of ,vhich 
are of considerable extent and some of ,vhich are small. The 
flood-plain areas during times of flood have sediments deposited 
upon then1. During nor1nal stages of the stream these areas are 
dry. If the str eam becomes graded at the level belo"\\7 that at 
which the flood-plain ,:vas built a terrace is forn1ed. 

The flat along ~Iissouri river is exceptionally "\\1ell developed. 
It is partly drained by the tributaries "\\1hich cross it. Between 
these tributaries there are ponds, marshes, or small lakes formed 
either in relation to the settling of soft sedin1e11ts or by the dam
ming off by bars of part of the old river bed. The surf ace relief 
of flood-plains is 10~1

, and their general slopes follo"\\r closel3· the 
slopes of the streams which form them. 

Because flood-plains are limited in elevation to the height to 
which the waters of the streams rise there are distinct boundar
ies to these flood-plai11s on the shore~1ard side. The slopes above 

ts 
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them may be low or steep since the flood-plain is essentially in
dependent of bordering areas. 

Flood-plain deposits are usually only temporary deposits. The 
ever-working meanders cut at the outsides of the curves and fill 
in on the insides, thus changing the channel and shifting the 
debris ever nearer and nearer to the ocean. The accompanying 
sketch, figure 25, shows the important shifts which were made 
along the border of Harrison county by Missouri river between 
the years 1804 and 1898. 

The materials which a stream carries are largely soil materials 
washed from the surfaces of its drainage basin. It is the com
posite of many soils, and when deposited on the flood-plain it is 
wonderfully fertile. The constant shifting of the flood-plain 
material often influences seriously the flood-plain areas which 
are under cultivation. 

' 
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Introduction~:• 

The histor}r of the investigations and classifications of the pre
Illinoian P leistocene deposits of Iowa is intervvoven intimately 
with the history of investigations and classifications of all the 
deposits of Pleistocene age in Iovva and adjacent states of the 
Mississippi "'\Talley. It seen1s best therefor~ not to attempt to 
treat the pre-Illinoian history independently but rather to in
cll1de it as a part of the Ju.story of investigations and classifica
tio11s of tl1e . whole Pleistocene of the lvfississippi Valley. But 
this histor)T ,vill not be presented here in great detail. Consider
ation ,vill be given chiefl}r to those pl1ases of the history vvhich 
see111 to be the 1nost esse11tial to a proper l1nderstanding of the 
de·velopn1ent of present-day vie,vs regarding the glacial and in
terg'lacial deposits of Io,va. 

111 the year 1837, Louis Ag·assiz, tl1e11 living in S,vitzerland, 
pl1t for,vard the theory that tl1ere had been co11tinental glaciation 
in Europe. Tl1is so1ne,vhat startling i11terpretatio11 stimt1lated 
investigation of n1antle rocl<s both in El1rope and in An1erica. 
Soon in both countries abt1nda11t evide11ce l1ad been found to place 
Agassiz's vie,v of contine11tal g·laciation upo11 a firm basis. From 
that tin1e glacial pheno111ena l1ave l)ee11 studied by many geolo
gists, and ·year by :rear as i11vestig·ations have continl1ed, more 
and more of the con1plex pl1ases of the history of the deposits 
,vhich were n1ade by g·laciers dl1ring· the Pleistocene or Glacial 
Period l1ave been unraveled. Nor has finer vvorl< been done any
"\Vhere than by students of the g·lacial deposits of the JVIississippi 
Valley. At first it was believed that all the phenomena could be 
explained i11 relation to the advance a11d retreat of a single ice 
sheet. But soon evidence vvas found ,vhich indicated to some 
geologists that there had bee11 t,vo ice sheets separated by a long 
interglacial epoch. This evidence consisted in many places of a 
fore st bed or buried soil separating two tills. For instance, bur
ied soils betvveen tills ,vere described in Illinois as early as 1868 

* This chapter was prepared by the senior author. It was printed and distributed in December, 1928. 
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by Worthen.1 In a r eport of the Ohio Geological Survey for 1869 
but published in 1871 Orton2 called attention to a buried peat 
near Germantown, O11io. 1\iioreover, in the r eport of the Geolog
ical St1rvey of Ohio, Volume I, ,vritten in 1872, Orton3 stated that 
the interglacial stage ,vas comi11g to be clearly recognized both in 
Europe and in America. Another interesting early reference to 
the significance of vegetable material in r elation to till was made 
by N. H. Winchell4 in 1873. I-le stated that he found leaves and 
wood in clay in the midst of tills in southeastern Minnesota, and 
expressed the vie,v that the clay '' may consist of the remains of 
a previous glacial sl1eet, upon ~1hich r ested vegetable growths of 
the surface, accumulating bet,veen the periods of glacial epochs.'' 
In the 3rd and 4th Annual Reports of the Geological and Natural 
History Survey of 1\iiinnesota, published in 1875 and 1876, r e
spectively, Winchell described occurrences of t,vo tills separated 
by peat, ancl in Geology of 1\1:innesota, ,1 olume I, 1884, he stated 
that in southeast Minnesota the peat separates an ''old'' drift or 
upper drift from an ''older'' drift or lo,ver drift. At this time 
he recognized also in otl1er par ts of 1\1innesota a '' )~ounger'' drift 
which is younger than his ''old'' drift . 

Bet,veen the year s 1875 and 1886 Chamberlin5 published sev
eral impor tant papers in which differences in topographic form 
and degree of alteration ,vere emphasized as bases for diff erent
iating tills. In fact he put greater empl1asis t1pon the significance 
of t~ese features than upon the forest beds. He recognized two 
tills in '1Visconsin separated by a long interglacial interval. He 
called the older till the F irst Glacial and the younger the Second 
Glacial. I n 1886 he stated that the st1bdivisions ,,rithin each of 
these glacial epochs remained to be ,vorked out but that some 

1 Worthen, A. G., Ill. Geol. Survey, Vol. III, pp. 75 and 87, 1868. 
2 Orton, Edward, Report for 1869, Ohi.o Geol. Survey, pp. 165-167, 1871. 
3 Orton, Edward, Geology of Ohio, Vol. I, p. 480. 
4 , vinchell, N. H., The Surface Geology: :Minn. Geo!. & Na.t. Hist. Survey, First Ann. Rep., 

pp. 61-62, 1878. 
G Chamberlin, T. C., The Extent nnd Si~nifi.cance of the ,visconsin Koltle '.Moraines: Wis. 

Aca.d. Sci., Trnns., Vol. IV, pp. 201-284, 1878. (This paper was read about 1875.) 
Le Kettle l\'foraine et Jes Mouvernents ~lacieres qui lui ont doune nnissnnce: Cong. Oeol. 

Intro.t. Sess., 1878. Cornpt. Rend. pp. 254-268, 1880. 
The Bearing of some Recent Determinations on the Correlation of the Eastern nnd Western 

Terminnl Moraines: Am. Jour. Sci., Vol. XXIV pp. 93-97, 1882. 
Geology of " 'isconsin, Vol. I, pp. 271-272, 1888. 
The Terminal :Moraines of tho later epoch: Am. Assoc. Adv. Sci., Proc., Vol. XXXII, pp. 211-

212, 1883. I 
(With Salisbury) P1-elirnine.ry paper on the Drift.Jess Area of the Upper Mississippi VaJley: 

U. S. Geo!. Surve~,. 6th Ann. Rep .. pp. 212-213, 1885. 
An Inventory of our Glacial Drift: Am. Ass'n Adv. Sci., Proc., Vol. XXXV, pp. 195-211, 1886. 
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evidence of the older drift area pointed to a dual division of the 
first epoch. 

From these splendid beginnings, investig·ations have continued 
year after year to the present time. As a result of these studies 
many chapters of the whole story of the Pleistocene of the Mis
sissippi Valley have no,v been clearly outlined. 

Early Work in Iowa by Owen, White, ,and McGee 

Before the year 1850, D. D. Owen° considered the boulders of 
northeastern Io,va to have been '' ice drifted by currents setting 
in from the north before the land emerged from the ocean.'' C. 
A. vVhite1 was apparently the first geologist to consider critic
ally the drift phenomena of Iowa. He recognized the glacial 
origin of, the material and referred some of the materials to their 
true sol1rces. But it is to McGee that credit must be given for 
having· made tl1e first important contributions to the unraveling 
of the complex history of the glacial deposits of Iowa. In 1878 
he8 announced that the forest bed of northeaster11 Io,va was 
penetrated in " 1ells, which showed that the vegetable deposjts 
lay bet-,veen tills and ,vere there£ ore interglacial. 1Y1cGee at this 
time must have been familiar ,vith the worl{ of Winchell in Min
nesota on peat beds separating tills, and probably knew that 
Chamberlin in Wisconsin had differentiated t,vo tills separated 
by an interglacial epoch, but he made no reference to their in
vestigations. In 1879 McGee9 published another paper in which 
he classified the superficial formations of northeastern Iowa. 
Included in his list of materials is sand and gravel with ,vood 
,vhich constitutes his forest bed, ,vhich ,vas ascribed to an inter
glacial epoch of long duration. T,vo years later, McGee10 in a 
paper on tl1e relations of geology to agriculture summarized the 
results of two type sections, one along the 92nd meridian in Iowa 
and the other along the 89t11 1neridian in Illinois. This paper is 
of unusl1al interest, particularly because the glacial deposits of 
northeastern Io,va ,vhich in recent years have been the subject of 

6 Owen, D. D., Report of a Geological Reconnaissance of the Chippe,va. land district of Wis• 
consin, and the northern part of Iowa: U. S. 30th Cong., 1st session, Doc. 57, p. 70, 1848. 

1 White, C. A., Report on the Geological Survey of the State of Iowa, Vol. I, pp. 82-102, 1870. 
8 Mc~e, "' J, On the Relative Positions of the Forest Bed and associated drift formations 

in Northeastern Iowa: Am. Jour. Sci., Vol. XV, pp. 839-341, 1878. 
9 :McGee, \V J, On the Complete Series of Superficial Formations in Northeastern Io,va: Am. 

Ass'n AdY. Sci., Proc., Yol. XXYII, pp. 198·213, 1879. 
10 :i\IcGee, \Y J, The Relations between Geology and Agriculture: Ia.. Hort. Soc., Trans., Vol. XVI, pp. 227-240, 188 1. 
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much controversy are described and interpreted. He recognized 
two tills in northeastern Iowa, an upper till and a lower till, each 
of which has its Ov\1n distinctive characteristics. In places his 
upper till is the surf ace till and in other places the lower till is at 
the surface. vVhere both tills are found in a section they are 
separated by a forest bed or by its stratigraphic equivalent
'' hardpan'' or ''gumbo' '- ,vhich he stated is the modified upper 
portion of his lower till. Since even to the present ti.me there 
are some differences of opinion among geologists v.rith regard to 
McGee 's interpretation of the glacial deposits of northeastern 
Iowa, especially ,vith reference to what constituted his forest bed 
horizon, it is well because of later discussions of this subject in 
this paper to emphasize here that i1cGee in his paper in 1881 
made it clear that insofar as northeastern Iowa is concerned his 
''forest bed'' and his ''hardpan'' or '' gumbo'' have the same 
stratigraphic position-that of separating his lower till from his 
upper till. It is ,vell to lreep in mind also that McGee interpreted 
the loess in northeastern Iowa and in areas farther south as 
equivalent in age to his upper till. Although he did not recognize 
that the gumbo on the till beneath the loess in southeastern Iowa 
is younger than the gumbo on his lower till in northeastern Iowa, 
nevertheless he described clearly the relationships of two tills 
with surface distribution in northeastern Iowa. 

In 1891 JvfcGee11 published his final report on northeastern 
Iowa. This r epor t was based on investigations begun in 1876. 
The field ,vork ,vas practically completed in 1881, and the greater 
part of the report ,vas written during the ensuing ,vinter. There 
was delay in publication until after the first topographic maps 
of the area were made, in 1887. During 1888 the territory ,Yas re
visited by JvicGee, '' and the entire ,vorlr of the previous decade 
was r evie,ved. '' Then his original report was r evived, brought 
up to date, and prepared for the press. This comprehensive 
worl{ is tl1e product of matl1re deliberation based upon investi
gations extending· over a period of years, within v.1hich time l1is 
major interpretations were 111ade lrnown throl1gh the publication 
of papers in scientific journals, to some of which reference has 
already· bee11 made. It is ,veil to emphasize ag~in and again that 
McGee recognized only t,vo tills in northeastern Iowa, his Upper 

11 :M:cGee, W J, The Pleistocene History of Northeastern Iowa: U. S. Geol. Survey, 11th .Ann. 
Rep., pp. 199-586, 1891. 
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Till and his Lower Till, separated by a forest bed or ''hardpan'' 
(gumbo). The topographic and lithologic character, strati
graphic relations, and geographic extent of the Upper Till and of 
the Lower Till were described in detail. It was pointed out that 
his Upper Till is younger than the gumbo-surfaced drift (present 
Kansan drift) of southern Iovva and older than the till of the 
Des Moines lobe (present Wisconsin drift). McGee believed that 
the loess was aqueous in origin and correlated the abundant loess 
deposits in northeastern, southern, and southeastern Iowa with 
his Upper Till, calling them loess-drift or drift-loess. 

It ,vill be shown later in this paper that J\,fcGee did not differ
entiate in northeastern Iowa a third drift, ,,·hich has no mappable 
surface distribi1tion ,vithin this area but \vhich has been exposed 
in a fe,v places ,vithin his area, in railroad cuts and in road cuts, 
and has been penetrated in well drillings. 

Ohamberlin's Early Classifications 
In August, 1893, Chamberlin1 2 presented at the World's Con

gress of Geolog3r a classification of the glacial deposits of the 
Mississippi Valley, in which he recognized a '' Lo,vest till'' separ
ated from a '' Second till and loess'' by the first lmown interval. 
The '' Seco11d till and loess'' is separated from a younger till with 
distinctive moraines by the ''Post-loessial interval.'' 

In the year 1893 Chamberlin and J\,fcGee visited the Afton 
Junction-Thayer region in Union county, Iowa, where they ex
amined the now famous exposures of tills and gravels. They in
terpreted the chief gravels to be kamelike deposits closely asso
ciated "\\1ith the till upon which the gravels lie.18 Only at the 
Grand River pit was till exposed beneath the g·ravels. The till 
which lies on the gravels was considered by Chamberlin and 
J\,fcGee to have been deposited in connection ,vith the second ice 
invasion. And now for the first time names were given to tills 
of different ages in Io,va. Chamberlin named the older of the 
t"\\ro tills in the Afton Junction-Thayer reg·ion the Kansan till, 
and the 3rounger till the East Iowan till. I-Ie believed that these 
two tills "\Yere of the same ag·e as 1\1:cGee's Lower Till and Upper 
Till, respectivel:y, ,vhich l1ad been mapped areally in northeastern 

12 Chamberlin, T. C., Review of the Ice Age at the World's Congress of Geology: American 
Geologist, Vol. XII, pp. 223-231, 1893. 

13 Chamberlin, T. C., in James Geikie's The Great Ice Age, pp. 753-764, 1894. 

, 
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Iowa.- H e stated in Geikie's Great I ce Age, page 760, that ''The 
designation East Io,van Formation is chosen because it has been 
most carefully ,vorked out by Mr. McGee in northeastern Iowa 
and there displays its most distinctive features.'' At this time 
no nan1e ,vas given to the gravels separating the Kansan till from 
the East Io,van till in the Afton Junction region nor to the forest 
beds, peats, and soils, ,vhich in many places in Io\\1a were lmown 
to separate two tills and were interpreted to be tl1e products of 
the first interglacial epoch. 

Chamberlin, in referring i11 Geikie's Great Ice Age to the drift 
series in the Mississippi Valley, incl11ded a grouping on a three
£ old basis. 'rhe three stages of glaciation vvere named from the 
oldest to the youngest '' l{ansan stage of glaciation,'' '' East 
Iowan stage of glaciation,'' and '' the East Wisconsin stage of 
glaciation.'' No names \\1ere given here for the intervals of de
glaciation. 

In a r eview of Geikie's Great Ice Age, Upham14 suggested that 
in Chamberlin 's classification of the glacial deposits of North 
America the names East Iowan ~nd East Wisconsin be shortened 
to Iowan and Wisconsin. 

In 1895 Chamberlin15 published a paper entitled ''The Classifi
cation of American Glacial Deposits'', in which he accepted Up
ham's suggestion and used the names Io,van and Wisconsin in
stead of East Iowan and East Wisconsin. In referring to the 
Ka11san drift he stated that the term I{ansan had been applied to 
the oldest drift becal1se of its great extent in the direction of the 
arid plains and because it appeared in the state of Kansas free 
from complications with other formations. The name Aftonian 
was here used for the first time. The author's statement is as 
follo,vs : 

'' Subsequent to the forn1ation of the Kansan sheet of till and accom
panying assorted deposits there was a notable retreat of the ice . . . . . 
During this stage of retreat there \Yere accumulations of muck and peat 
reaching a reported depth of twenty-five feet. One of the best exposures 
of this horizon is found between Afton and Thayer, Iowa, and from the 
former a euphonious name may be taken. Owing to the scar city of gravel 
in the drift territory of southern Iowa the Chicago, Burlington & Quincy 
Railroad has made extensive excavations upon these gr:,avel deposits lying 

14 The American Geologist, Vol. XV, p. 66, 1896. 
15 Chamberlin, T. C., The Classification of American Glacial Deposits: Journal of Geo!., Vol. 

III, pp. 270-277, 1895. 
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between an upper sheet of till reaching a thickness of 40 to 60 feet and a 
lower till of less depth. The gravels appear to be kamelike accumulations, 
at least they are great lenses lying upon the surface of the lowe~ till. This 
lower till is believed to belong to the Kansan stage and the upper to the 
Iowan. On the surface of the gravels there accumulated at points a deep 
mucky soil, in which occur considerable quantities of vegetable debris. 
This is believed to occupy the same horizon as the numerous peaty de
posits described by McGee in eastern Iowa.'' 

From this statement it is evident that the term Aftonian as 
first used was applied only to the horizon represented by soil 
bands, peat, and mucl{, and was correlated ,vith the forest bed of 
McGee. According to the classification of Chamberlin 's paper, 
the name Kansan ,vas used for the lower till and Iowan for the 
upper till in the Grand River pit. The Aftonian beds proper 
were considered to have been deposited in the interval separating 
the two tills. At the Grand River pit the deposits were classified 
as follows: 

Iowan drift 
Aftonian interval 

Kansan drift and associated gravels. 

Chamberlin 's classification of the glacial and interglacial de
posits at this time was as follows: 

5. Wisconsin drift 
4. Toronto interglacial deposits 
3. Iowan drift 
2. Aftonian interglacial deposits 
1. Kansan drift. 

The interval between the Io,van and Wisconsin stages of glacia
tion was provisionally named Toronto because of excellent ex
posures of interglacial fossiliferous beds along the Don valley in 
Toronto, Ontario, which it ,vas thol1ght might prove to be of this 
age althol1gh it ,vas recognized that the grounds for this correla
tion were not very strong. 

D3Awson's Albertan Drift and Its Relations to the Drifts of the 
Mississippi Valley 

In the year 1895 Da,vson16 described a general section of the 
drift deposits of southwestern Alberta, Canada, in which he cor-

, 

16 Dawson, G. M., Note on the Glacial Deposits of Southwestern Alberta: Jour. Geol., Vol. III, pp. 507·511, 1895. 
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related two boulder clays in his region ,vith the Kansan and 
, Io,van of McGee's area. Moreover, in his region he found grav

els older than the I{ansan and derived from ''western'' boulder 
clay. He stated: 

'' According to the scheme of classification suggested above it will be 
observed that the western boulder clay must represent an epoch of glacia
tion antecedent to the Kansan. There can be but little doubt that this 
corresponds with the time of maximum development of the Cordilleran 
ice sheet, but as there \Vas at least one subsequent epoch of important de
velopn1ent of this ice sheet I \vould suggest that this stage may be named 
"Albertan'. The Albertan 'formation' to comprise both the '"'estern' 
boulder clay and the derived' Saskatchewan gravels'." 

Early Mapping of Kansan and Iowan Drifts and Related 
Materials by Members of the Iowa Geological Survey 

The present Io,Ya Geological Survey ,Yas organized in 1892 
with Sa111uel Calvin as State Geologist. In December, 1894, Nor
ton11 sub111itted for p11blication by the Survey a report 011 the 
geology of Linn cou11t)r, ,vhich is within the northeastern lo\\ra 
area described b)1 1'1cGee. I-Iere Norton described t\yo tills, the 
I.Jower Till or I{ansa11 till and the Upper Till or East Io,va11 till. 
His differentiatio11 of these two tills ,vas in accordance ,vith 1Ic
Gee's description of these two tills. In referring to 1IcGee's 
,:vorlr on the drift he said : 

"It has been so thoroughly interpreted by McGee that only supple
mentary notes need be given here.'' 

In the same a11nual report of the Iowa Geological Survey, Gor
don18 described the till of Van Buren county as being Lower Till. 

During the field season of 1895 the Io,va geologists n1apped 
the Lo,ver and Upper tills, the Kansan and the Iowan, respective
ly, \Vithin 1vfcGee's northeastern Iowa area and in areas to the 
south, southwest, a11d west of this area. In a report on tl1e geol
ogy of Jones county Calvin10 stated : 

'' The superficial deposits of Pleistocene origin are somewhat complex. 
They embrace (1) t,vo sheets of till kno\vn respectively as the Kansan 
and Io-,van drift; (2) some beds of water-laid sands and gravels that are 

I 

17 Norton, W. H., Geology of Linn County: Iowa Geol. Survey, Vol. IV, pp. 168-174, 1895. 
18 Gordon, C. H., Geology of Van Buren County, Io~va: Iowa Geol. Survey, Vol. IV, p. 206, 

1894. 
10 Calvin, Samuel, Geology of Jones County: Iowa Geol. Survey, Vol. V, pp. 63-70, 1895. 
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probably interglacial or Aftonian in age; ( 3) beds of loess, clays, and 
associated sands that overlie both first and second till, and are connected 
genetically ,vith events taking place between, and in front of, the ice 
lobes developed along the attenuated margin of the Iowan glaciers; and 
( 4) alluvial beds of clay, sand and gravel of more recent origin, deposited 
on the flood plains of the strean1s. The Kansan drift is quite generally 
concealed by the newer till. It is seen, however, in a fevv natural ex
posures where rain water has cut through the thin Iowan drift or in 
places where the second drift has been bodily removed.'' 

' 

In ref erring to the Io,van till he stated that it is superficial over 
the larger part of the drift plains, and that its thickness rarely 
exceeds t,venty feet, and generally it is much less. He described 
the differences bet,vee11 the ICansan till and the Io,van till, and 
proposed the name Bucha11an gravels for the yello,vish, stratified, 
generally cross-bedded sands and gravels which in places separ
ate these hvo tills, and ,vhich Calvin at this time thought were of 
the same age as the Aftonian gravels at Afton Junction in Union 
county. 

In a report on the geology of Washington county Bain20 de
scribed the I{ansan drift and stated: 

''No well defined for est bed which can be traced from place to place has 
been found. '' 

H.e considered the loess which overlies the Kansan till to be 
Iowan in age. In his report on Appanoose county, Bain21 de
scribed the drift of that county as Kansan drift. 

Tilton, 22 in a report on the geolog·y of "\Varren county, de
scribed the ICansan drift, ,vhicl1 he stated: 

'' Extends over the southern and western part of Iowa.'' 

In 1896 Calvin23 published a paper on his Buchanan gravels. 
He stated: 

'' "\Vhile, therefore, the gravels lie bet,veen two sheets of drift and for 
that reason may be called interglacial, probably Aftonian, they yet belong 
to the time of the first ice melting, and are related to the Kansan stage of 
the glacial series as the loess of northeastern Io,va is related to the Io,van 
stage.'' 

20 Bain, H. F., Geology of Washington County: Iowa Geo!. Survey, Vol. V, pp. 152-156, 1895. 
21 Bain, H. F., Geology of Appanoose County: Iowa Geo!. Survey, Vol. V, pp. 406-408, 1895. 
22 Tilton, J. L., Geology of Warren County: Iowa Geo!. Survey, Vol. V, pp. 817-320, 1895. 
23 Calvin, Samuel, The Buchanan Gravels: an Interglacial Deposit in, Buchanan County, Iowa: 

Amer. Geo!., Vol. XVII, pp. 76·78, 1896. 
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Agai11 he stated: 

"Overlying the gravel is a thin layer of Io,van drift not more than t,vo 
qr three feet in thickness, but charged ,vith gray granite boulders of 
massive size ..... The surface of the ,vhole surrounding region is 
thickly stre,v11 ,vith Io,van boulders. It is evident that the Io,van drift 
sheet ,vas spread over northeastern Io,va afte~· the gravels ,vere in place.'' 

In the sa111e year, 1896, Shi111el,'' put for,vard the theory that 
the loess in Io,va is 11ot aq11eoglacial in origin, as had been be
lieved, but is eolian. He presented fossil, textnral, and topo
graphic evidence to support his vie,v. 

As has bee11 stated, the early classifications of the drift deposits 
of Io,va recognized 0111:y t,vo drift sheets older tha11 the IViscon
sin drift. And tl1ese t,vo drift sheets, tl1e I(ansan and the Io,van, 
!1ad bee11 n1apped ,,rith b11t little difficulty in several co1111ties in 
Io,va by 1ne1nbers of the Io,va Geological Survey, from McGee's 
descriptions of l1is Lo,ver and Upper tills in nortl1eastern Io,va. 
The Des l\1oines lobe ,vas recognized as belongi11g to the 1Viscon
sin drift. The Io,van ,vas give11110 defi11ite limits to tl1e soutl1 of 
l\1cGee's area, b11t Chan1berli11 and l\licGee had co11sidered it to 
be present south of Des l\lioines in Unio11 count}' . 

Bain's Correlation Studies 
Bain'' stated: 

" In 1895 Calvi11 began his ,vor~ in Johnson county and quickly recog
nized that the drift sheets present in the northern and southern portions 
of the county, respectively, ,vere radically different in age. If the sur
face drift of the paha region. ,vere Io,van, that of southern Johnson county 
must he something earlier, and he accordingly referred it to the Kansan. 
After spending some days in Johnson county in con1pany with Professor 
Calvin, the prese11t ,vriter extended the ,vork into '\Vashington county 
and assigned the drift there to the ICansan and the loess to the Io,van. 
These ,ve1·e known to be in all respects identical ,vith that previously 
studied in Keokuk and Mahaska counties, and present throughout much 
of the southern portion of 1he state, and accordingly the deposits of Ap
panoose and V\T arren counties ,vere placed ,vith those of '\Vasbington." 

In tl1e san1e paper he stated: 
I 

24 Shi!Ilek, B., A Theory of the Loess: Iowa Acnd. of Sci., Proc., Vol. III, pp. 82·89, 1896. 
25 Bain, H. F., Relations of the ,visconsin and Kansan Drift Sheets in Central Iowa, and 

Related Phenomena: lowa. GCol. Survey, Vol. VI, pp. 463•4;64, 1896. 
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'' Since the upper drift at Afton had been considered to be Iowan a 
nun1ber of visits to the locality were made for the purpose of studying 
the relations of the drift sheets at that point. The drift in Polk county 
,vas traced southward and fou11d to be the same as the upper drift at 
Afton Junction. At the latter point it showed the upper zone of fer
rugination, the leaching, the weathered boulders, and all the physical 
characteristics which had come to be recognized as peculiar to the Kansan 
in the surrounding region. I ts relations to the loess ,vere the same, as 
was also its topographic development. In short, the upper drift at Afton 
was found to be the same as that which was else,vhere recognized as 
Kansan, and a still lo,ver pre-Kansan drift sheet was recognized. 

'' The pre-Kansan drift is probably the equiYalent of the Albertan as 
described by Da,vson, though the connection has not yet been ,vorked out 
and quite probably never can be placed beyond dispute.'' 

Revision of Early Classifications 

Cha111berlin26 i11 an editorial in the Journal of Geology dis
cussed the g-Iacial deposits of the 1Iississippi ""\,Talley in relation 
to the ne,,,. facts ,vhich had been discovered b3r Bain. He stated: 

'' The investigations of the Io,va geologists have led to the quite firm 
conYiction that the upper till sheet of the series in southern Iowa is the 
lo,ver member in eastern Iowa . . . . . . In harn1ony ,vith these views the 
upper till in southern Io,va has been designated Kansan in the recent 
Iowa reports. 

"During the past summer I have had the pleasure of making two ex
cursions ,vith l\tlr. Bain of the Iowa Survey to localities ,vhere the above 
formations are advantageously exhibited, and I have been impressed with 
the cogency of the arguments of the Io,va geologists. vVhile, therefore, 
the case cannot be said to be demonstrative, as yet, it seems best to accept 
the application of the nomenclature adopted by the Iowa Survey. This 
places the Aftonian beds belo,v the Kansan series instead of above them.'' 

In a later part of the editorial l1e gives the Pleistocene series 
in the Mississippi Valley as modified and included the Illinoian 
till sheet which had been determined by Leverett to have invaded 
Io,va from Illinois at some time bet,veen the I{ansan and the 
Io,van. Chamberlin stated: 

. 

'' The series in the lviississippi basin, as thus modified, would be as fol
lo,vs in stratigraphic order: 

26 Ohamberlin. T. C., Editorial, Jour. Geol., Vol. IV, pp. 872·876, Oct.·Nov., 1896. 

I 
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9. Wisconsin till sheets (earlier and later). 
8. Interglacial deposit (Toronto, perhaps). 
7. I owan till sheet. 
6. I nterglacial deposit. 
5. Illinoian till sheet (Leverett). 
4. Interglacial deposits (Buchanan 0£ Calvin). 
3. Kansan till sheet. 
2. Aftonian beds. Interglacial. 
1. Albertan drift sheet.'' 

In this paper Cha1nberli11 gave also a s3~sten1 of time ratios 
based upo11 his impression of the relative an1ounts of erosion a11d 
weathering of the drifts. His ratios ,vere as follo,Ys : Time since 
close of "\\Tisconsin 1 l111it, since earliest "\\7isconsi11 moraine 2 1/ 2 
units, si11ce Io,van 5 l111its, since Illi11oia11 in Io\\ra 8 units, and 
since I{ ansan 15 units. No attempt ,-vas n1ade to estimate the age 
of the pre-I(ansa11 drift. 

In 1897 Calvin21 su1n111arized the Io,va formatio11s as follo,vs : 

" I. First stage of glaciation, Albertan. Invasion of Iowa by glaciers 
and distribution of lo,vest sheet of till. 

II. First interglacial stage, Afto11ian. Melting and retreat of glaciers 
and deposition of gravels, follo,ved by a long period of forest growth, de
velopment of soils, and modification of the original drift. 

III. Second glacial stage, J[a11san. Cold more intense and glaciation 
more general than during the first stage. Distribution of J\IcGee 's lo,ver 
ti IL 

IV. Second interglacial stage, Bucha.nmn. Introduced by deposition 
of gravels in Buchanan, Black Ha,vk, Floyd, Cerro Gordo and other coun
ties. This stage was very long and the surface of the second drift sheet 
,vas profoundly modified by erosion, oxidation and leaching before it can1~ 
to a close. 

V. Third stage of glaciation, Illinois. During this stage only a small 
part of Iovl'a, embracing portions of Louisa, Des J\Ioines, and Lee counties, 
V.'as invaded by glaciers. The ice can1e from the northeast, bringing 
boulders from the eastern shores of Lake Huron. 

VI. Third interglacial stage (unna1ned), during ,vhich the modifica
tion of the second drift sheet proceeded over the greater portion of Iowa. 
The small area occupied by the third deposit of drift also suffered more 
or less of modification. 

VII. Fourth glacial stage, J 01oa11. During this stage the nor1 hern 
half of Io,va \vas overrun by glaciers. The southern limit of this incur
sion may be traced a fe,v miles north of a line drawi1 from Io,va. City to 
Des 1\ti oines, and then deflected north,vest,vardly to Plymouth county. It 

21 Calvin, S., Iown Geol. Survey, Vol. VII, 18, 19, 1897; Amer. Geol. XIX, 270-272, 1897. 
Annals of Iowa (3), III, No. 1 , 1·22, 1897. 
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was during this stage that the enormous granite boulders so conspicuous 
in Bremer, Black H a\vk, Buchanan and other counties in northeastern 
Iowa were transported and deposited where they now lie. 

VIII. Fourth interglacial stage, Toronto ( ?) This fourth interglacial 
stage was short as compared with the second, a11d probably with the 
third. The amount of erosion, oxidation and leaching that during this 
interval took place in the surface of the fourth sheet of drift is altogether 
inconsiderable. The amount of change that has taken place since the be
ginning of the interval up to the present time is comparatively small. 

IX. Fifth glacial stage, Wisconsin. The last invasion of Io"·a by 
glacial ice occurred in times so recent, geologically speaking, that the 
youngest sheet of till exists practically in the condition in ,vhich the 
glaciers left it. The area in Io,va affected by this la~t invasion is nearly 
triangular in shape, the base of the triangle coinciding ,vith the north line 
of the state from ·\'\T orth to Osceola counties, ,vith the apex located at 
Des :i\Ioines. In the northern part of this area there are nun1erous 
stretches of ill-drained lands, the surface is only very gently undulating 
and the stream channels, where defined at all, haYe cut only a foot or t,vo 
into the prairie sod. 

X. The recent stage, since the retreat of the \Visconsin ice, brings 
Pleistocene history down to the present. The recent stage, while long as 
measured in years, has been too short to produce any appreciable effect in 
the surface of the ,,Tisconsin drift.'' 

In the lig·ht of subsequent discussion in this paper of the drift 
west of the Des 1Ioines lobe of "'\Visconsin drift in northwestern 
Io,va it is of interest to state here that during· the summer of 1896 
Professor Salisbury, vvho was connected vvith the United States 
Geolog·ical Survey and in charge of the Pleistocene work of the 
Geological Survey of New J er sey, '' accompa11ied Mr. Bain upon 
a short trip across the northern part of the state, going· as far 
,vest as Sioux City and Roel{ Rapids. The topographic charac
teristics of the I o,van and the vVisconsin were studied and the 
IJrobable equivalence of the drift sheets east and '\\7est of the Des 
J\foines lobe was tentatively decided upon.' ' 28 

First Discovery of Pre-Kans,oo Drµ't in Northeastern Iowa, 
in 1896 

It is well to emphasize again that l\{cGee described only two 
drifts in northeastern I o,va, and that for some time the Iowa 

28 Calvin, S., Administrative Report, Iowa Geo!. Survey, Vol. VII, p. 20. 1897. 
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Geological St1rve·y hacl n1apped only these two drifts in this area, 
J\1:cGee 's Lo,ver Till and Upper Tjll, the I<:ansan and the Io\\1an, 
respectively. Ft1rthern1ore, for so111e tin1e it had been tl1ought 
that the t,,To clrifts in the Afton J unctio11 region ,Yere the I(ansan 
and the Io,,Tan, l1t1t it had later l)eco1ne the consensus of opinion 
that t l1e upper drift ju thjs regio11 ,Yas the I{a11sa11 drift of :Ofc
Gee 's area and tl1at the 1\.fto11ian of tl1e Afton Jt111ction region 
la)' belo,v this l{ansan drift and above tl1e drift ,vhich had been 
named Kansa11 by· Chamberbn l)ut ,vhicl1 after the sl1ifting of 
na1nes ,vas designated tl1e pre-I(ansan or sub-Aftonian, or, on the 
basis of Da,,·son 's olde8t cl r ift, the .t\.lhertan. But in the summer 
of 1896 a ·ver3r significant section ·" "as made a,Tailable for study in 
a ne,v railroad cut on the Chicago Great Western railway· south
E:ast of Oel,Yein, in Fa;yette county, " .,hich is i11 the heart of ~Ic
Gee's area. This section ,Yas described in a series of papers20 by 
Finch, Bey·er, :Oiacbride, and Calvin. 

The section as given by Beyer is as follows: 

'' 5. Boulder clay, rather dull-yellow in color; the upper portion is 
modified into a thin soil layer. Large boulders, mainly of the 
granitic type, are present, often resting on or partially imbedded 
in the deposits lower in the series. (Iowan)-·-··-·····················-·--······ 0-10 feet 

4. Sand and gravel-not a continuous deposit; often shows water 
action expressed in parallel stratification lines and false bedding. 
The gravels are usually highly oxidized and fine textured. (Buch-
anan) ··············-·······················-··················-········ ...... -•··········-·················---· 0- 2 feet 

3. Till, usually bright·yellow above, graduating into a gray·blue when 
dry or a dull-blue when wet, below. This deposit is massive and 
exhibits a tendency to joint when exposed. Decayed granitic bou1· 
ders are common. (Kansan)·······················-·················-·······-·····-·········· 3-20 feet 

2. a) Sand, fine-white, well water•worn; often ,vith a slight ad:mb<-
ture of silt and clay. ( Af tonian) ················-····-···-·····················-·--······ 0- 6 inches 
b) Vegetal layer and soil, from two to four inches of almost pure 
carbonaceous n1atter, with one to three feet highly charged ,vith 
humus. The peaty layer often affords specimens of moss (Hyp-
num) perfectly preserved. (Aftonian) ·······················-······················· 0- 4 feet 

1. Till, greenish-blue when ,vet or gray-blue with a greenish cast when 
dry. GreC"nstones and vein quartz pebbles predominate. (Sub-
Aftonian or Albertan.) Exposed ·-············-······································· 10 feet'' 

The thrEle tills ,Yere jntcrprcted to be, fron1 the oldest to the 
yot1ngest, the pre-I{ansan, tl1e J(ansan, a11d the Io,,·an. The peat 
bed separating the 11re-I(a11sa11 and I(ansa11 tills ,Yas believed to 
be Afto11ian, and tl1e sands and gra, ... els separatii1g the Ka11san 
till fro111 the Io,van till to he B11chanan. 

I 
29 Finch, G. E., Drift Section n.t Oelwein, Iowa: Proc., Iowa Acacl. Sci., Vol. IV, pp. 54·58, 

1897; Beyer, S. W., Evidence of n. Sub·Aftoninn till sheet in Northeastern Iowa: idem, pp. 58· 
62; Calvin, Samuel, Summary of above papers: idem, pp. 66·68. 
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In a paper presented by Calvin30 at the Des lYioines meeting of 
the Iowa Acaden1y of Science in December, 1897, the views·of the 
Iowa geologists at tl1is tune were clearly expressed as ·follows: 

'' Our knowledge of Pleistocene geology has moved with tremendous 
strides during the past t,vo years. A revie,v of its progress would occupy 
more space than can be giYen in this paper. A few points, however, must 
be noted. First, Bain showed that the till overlying the Aitonian beds 
,vas Kansan, the Lower Till of i\IcGee, and not the Io,van, or Upper Till, 
as had been assumed. This observation rendered necessary a series of 
adjustments in vie,vs previously entertained. A new drift sheet was 
added to the glacial series of this region, and the Aftonian and Buchanan 
beds were sho,vn to lie at different horizons. Before the adjustment 
Chamberlin had published his classification of An1erican glacial deposits 
which recognized the Kansan, Iowan, and "\Visconsin as the only glacial 
stages that hau been ,vorked out with any satisfactory degree of definite
ness. It ,vas in these early publications that the Aftonian beds were re
ferred to the interval bet,veen the Kansan and the Iowan. The adjust
ment fallowing Bain 's demonstration of the true position of the Aftonian 
left the Buchanan gravels as the only recognized deposit so far published 
representing this interval, and the term Buchanan offered itself as a con
venient designation for the second interglacial stage.'' 

Regarding the use of this term he stated: 

'' The use of the term Buchanan as a name for an interglacial stage is 
open to criticism. It came into use tentatively before the recognition of 
the Illinoian drift as a stage distinct from either Kansan or Iowan had 
been published, and when the whole period of time between the retreat 
of the Kansan and the invasion of the Io,van ice was supposed to be a sin
gle, uninterrupted, interglacial interval. It was first used in the precise 
sense in ,vhich the term Aftonian was originally used, and as a substitute 
for that term ,vhen it was shown that the Aftonian soils and gravels pre
ceded the Kansan stage. Since the recognition of the Illinoian glacial 
stage the term has been used for the interval following the Kansan in 
publications by Chamberlin, Calvin, and Scott. No great objection to its 
continued use can be urged. In fact, it is much to be desired that names 
once introduced should remain undisturbed, but it may after all be a 
decided gain to Pleistocene geology to select a name for the interval 
between the Kansan and Illinoian from some locality where true inter
glacial deposits are clearly intercalated between the Kansan and Illinoian 
sheets of drift. ' ' 

so Calvin, S., The Interglacial Deposits of Northeastern Iowa: Iowa Acad. Sci., Vol. V, pp. 
64-70, 1898. 
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111 this san1e paper he stated also: 

"~IcGce looked upon the forest bed as the plane of division between 
his lo,ver and upper till, but later investigators follo,ving the lines ,vhich 
he pointed out have reached the conclusion that his lo,ver till embraces 
two distinct drift sheets. and that it is bet,Yeen these t,vo that the forest 
bed invariably lies. Thus there are three drift sheets in northeastern 
Io,va, and in the recent literature referring to P leistocene geology they 
are kno,vn respectively as Suh-.A.ftonian or Albertan, Kansan and Iowan. 
No forest n1aterial has been observed bet,veen the Kansan and the Iowan, 
but in this situation there occur extensiYe beds of stratified sands and 
gravels.'' 

(
1al,'i11 belie,·e<l tl1at i11 11ortl1easter11 Io,,"a the forest bed "Tas 

'' i1rvariah1,, '' bet,Yee11 tl1c sub-Aftonian and Kansan tills. It will 
• 

l)e sl10,v11 later that a "fore st be(l'' is present also in man·y places 
at tl1e sa111e stratigraphic l1orizo11 as the sands and gravels separ
ating the l(a11sa11 and tl1e Io,van. Bet,vee11 the l(ansan a11d 
Io,van i11 1nany placeg there is the '' gu111bo'' (Kansan gumbotil) 
,vl1ich nicGee correlatell ,vith his forest becl betv,·een l1is Lo,,er 
and Upper tills. 

It is ,vell to refer here to tl1e fact that after the discovery of the 
Oel,vein section, i11 "·l1icl1 tl1ere ,vere three drifts exposed with a 
disti11ct fore st bed between the lo,vest drift and the intern1ediate 
drift, there ,,·ere so111e geologists ,vho belie,red and ,vho still be
lieve that this forest bed ,vas J\IcGee 's forest bed separating l1is 
Lower Till from his Upper Till and tl1at since tl1e names Kansan 
and Iowa11 had bee11 given to these t,vo tills the lovYest till at the 
Oel,vein cut s]1ould have been g·iven the 11a1ne Kansa11 and the till 
above the forest bed tl1ere should l1ave been given the name 
Io"'an, a11d tl1at a 11e,v 11an1e sl1ol1ld have bee11 given at this tin1e 
to tl1e tl1i11 till ,,Thich had been n1apped vvidely in Iowa as Iovvan. 
On thjs lJOint there ,vas son1e doubt in tl1e minds of some of the 
geologists of the Io"·a Geological S11rvey. For i11stance, Bain31 

statecl: 

'' The Kansan has heretofore been correlated with the lower till as 
recognized by l\fcGec,32 but certain recent observations scen1 to indicate 
that the latter may find its correlative i11 the pre-I(ansan rather than the 
Kansan. At Oelwein in Fayette county, some excavations n1ade by the 

Sl Bain, H. F., Relntions of the " 'l11consin and Knnsnn Drift Sheets in Central Iowa, and 
Related Phenomena: Iowa Geol. Suryey, Vol. VI, pp. 466·467, 1896. 

82 Chamberlin, T. 0., Journ. Geol., III, 279, 1895. 
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Chicago Great ,,r estern Railroad have revealed the presence of a well 
developed till below the Kansan and separated from it by an important 
peat bed. Above the Kansan the Iowan is characteristically displayed 
though its thickness is sn1all. The three drift sheets with representatives 
of the Buchanan and Aftonian interglacial beds are shown in the one 
section. A revie\v of sections published by l\1'cGee makes it more than 
doubtful \Vhether the forest bed which he has so clearly sho\vn to be 
present does not mark the Aftonian rather than the Buchanan horizon.'' 

Ho"'rever, there is good argument in defense of the policy ,vhich 
has been followed by the Io,va Geological Survey, as has been 
shown in papers published by Calvin. J\tioreover, recent field 
study in J\ticGee 's area l1as revealed evidence ,vhich indicates that 
the name IovYan has been used a11d is nov,7 being used for McGee's 
Upper Till and the name I{ansan for McGee's Lower Till if 
proper emphasis is given to his descriptions of his two tills, the 
mapping of his two tills and his forest bed or gumbo rather than 
too great stress given to his for est bed alone as has been the 
tendency of some geologists to do. At the time the Oelvvein cut 
,vas described gravels and sand only had been found by Calvin 
and l1is assistants in sections separating the Iowan from the 
Kansan, ,vhereas McGee emphasized the number of well records 
in whicl1 a forest bed separated his Lower Till from his Upper 
Till. Since, as stated above, it is novv known tl1at in McGee's area 
there is in places a forest bed at the san1e stratigraphic horizon 
as the Buchanan sands and gravels and a forest bed at the strati
graphic horizon of the Aftonian, quite naturally McGee's forest 
bed in some of his sections is the forest bed between the I{ansan 
and the Iowan, as these names are no", appli~d, ·and in others the 
forest bed lies bet,veen the I{ansan and the pre-Kansan. It is 
not surprising that 1\1cGee, a pioneer in Pleistocene studies, did 
not correctly interpret all the materials of the region in whjch 
his investigations were carried f or"'1ard. He ,vas in error, as 
were others of his day, in the interpretation of loess as being 
primarily of aqueous origin rather than of eolian orig·in. He cor
related the loess "'1ith his Upper Till, calling it in places loess 
drift or drift loess. J\tioreover, as has been stated, he recognized 
only t"'10 tills in an area where it has been determined that there 
are three tills. He called his tills Upper Till and Lower Till and 
emphasized their separation by a forest bed or gumbo. His 

• 
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failure to identify the third drift is not vital to his argument as 
to his Upper Till. It is probable that in some of his well records 
the forest bed did correctly delimit this upper till. It is also un
doubtedly trl1e that i11 other records he included t\vo tills above 
his forest bed. Furthermore, one is forced to the judgment from 
our present knowledge of the area that his forest bed lay in places 
within a single till ,vhich ,vas else,vhere either his Upper or his 
Lo,ver. till. Fron1 the descriptions in the text the precise nature 
of the forest bed is not made clear. This is true especially of the 
forest bed described in ,vells iI1 his chart and in his table. He 
stated : 

" In no case in which the testimony was doubtful or conflicting or in
consistent with the character of the surface has the record been i11tro
duced.'' 

Thus, tl1ere is indicated a selection of records, the basis for 
which is gi.ven only in general. There was necessity also for the 
interpretation of statements as to tl1e cl1aracter of the material 
and other facts for 

'' several of the sections are based on information derived from other 
observers, and a number of ,vells were reached immediately after com
pletion or while walling up ,vas in progress, and while yet the materials 
thrown out were fresh and unaltered; and in such cases the statements 
of intelligent o,vners or excavators as to thickness of men1bers, etc. were 
usually accepted, unless the phenomena differed in kind or essentially in 
degree from those personally observed.'' 

These facts do not 1nalre the data of his well sections invalid. 
Tl1ey only argue caution in interpretation in relation to the facts 
kno,vn today in tl1is area. From the data given in McGee's re
port alone it seems almost as absurd to correlate a particular 
well shaft exposl1re of a for est bed ,vith a particular interglacial 
horizon as to identif}r tills from two or more drift sheets by 
means of hand specimens. 

Practically all the well sections in 1\{cGee 's report are of wells 
more than t,venty-five feet deep. A study of nearly 200 given 
,vell sections sho,vs tl1at 40 per cent of them have the forest bed 
described. In a large majority of tl1e cases this forest bed line or 
the lower till sl1rf ace ,vhere there is no forest bed is drawn ,vi th
in thirty feet of the top of the drift. The ,vell sections may be 
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divided into two classes. One group is located outside the pres
ent area mapped as Iowan till, and the Aftonian horizon may 
be represented-but in these ,vells the forest bed is usually absent 
and the distinction is made on the basis of till color and consist
ency. The other group lies ,vithin the Iowan area, and because 
of the kno,vn prese11ce of I(ansan gumbotil over wide areas, the 
thinness of the Iowan till, and the strilring difference bet,veen the 
Iowan till and the g·umbotil, the for est bed horizon here may 
properly be interpreted to represent tl1e Kansan gumbotil hor
izon. The unconvincing character of the well records renders it 
un"rise to make definite assertions as to McGee's interpretations. 
But independently of ,vell records there is no doubt that there is 
an 11pper widespread till sheet geographically, stratigraphically, 
and topographically distinct in northeastern Io"ra and resting· on 
an older till ,vhich too has its o,,TJ1 distinctive features. The upper 
of these t,vo tills l1as long been mapped as Iowan and the lo,ver 
as Kansan. 

Introduction of Terms Ya.nno,uth, Sangamon, and Peorian for 
Interglacial Stages 

In 1898 the 11ames Yarmouth, Sangamon, a11d Peorian ,vere in
troduced into the classification of Pleistocene deposits in the 
lviississippi Valley by Leverett.33 The name Yarmouth was ap
plied to the soil and ,veathered zone at the junction of the Illi
noian and the Kansan till sheets in the region of overlap between 
Davenport, Iowa, and Quincy, Illinois. Leverett stated: 

"The presence of this soil horizon \vas first brought to the \Vriter's 
notice by a well section at Yarmouth in Des Moines county, I owa. For 
this reason, and because the name of this village is less likely to be con
fusing than names which are common, it seems appropriate to apply the ' 
name Yarmouth to this \Veathered zone. There is also at Yarmouth not 
only a soil horizon but apparently a pronounced erosion between the I lli
noian and Kansan sheets. '' 

The name Sangamon ,vas applied to the soil horizon between 
the Illinoian till sheet and the Io,van loess. The first recognition 

33 Leverett, Frank, The Weathered Zone (Yarmouth) between the Illinoian and Kansan till 
sheets: Jour. Geol., Vol. VI, pp. 238·248, 1898; Iowa Acad. Sci., Proc., Vol. V, pp. 81-86, 
1898. 

The Weathered Zone (Sangamon) between the Iowan loess and Illinoian till sheet: Jour. 
Geol., Vol. VI, pp. 171-181, 1898; Iowa Acad. Sci., Proc., Vol. V, pp. 71·81, 1898. 

The Peorian Soil and Weathered Zone (Toronto formation Y): Jour. Geo!., Vol. VI, pp. 244-
249, 1898. 
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of the orrurrenrC' of this <lefinit(' ~oil horizon \Yas reported lJj' A. 
I-I. ,, .. orthr11. In his r<>Jlort 011 Sanga111on con11t~·, Illinois, 1nade 
i11 1873, he eallrd attPntion ton soil fo1.1nd at the base of thr loess 
in Rangn1non an<l n<'ighhnri11g rountirs. Th0 nnn1<> Rangan1on 
'\Ya:-; take11 frn111 this ]ocalit:v ,vhrre thf' ~oil ,,a1-- fir~t r01)ortr<l. 

The 11a111<' 1 >porinn ,vas aJlT>li0cl to th<' "\\'Palh0r0d zone at the 
C'ontn,·t hc•t\\P<•ll 1h<' To\\nn ]op:-;:-;, "·hi<'h ,,·ns <'Ol'rPlntPcl ,vith the 
Jo\\ n11 till, nud t]1P "\\'"is<'on:;;in till 111 th<• r<'gion of' P<'orin, Illinoi s. 
Tt "i11 he• rr<·all<'d tlint Chn111hc•rlin in 180fi usPd proYi:-;ionall>· the 
llHlllC' rroron{o for the i11t, 1 rYal h1•l \\ f'Pll thl' Ten, an nntl "\\'T i:--eon::--in 
sing-<•~ of' g·Jnc·iatio11 lu•c·nu~<' of <'\.c.'<'11<'111' <'\.Jlosnr<'~ of intergln<'ial 
foF-~ilirProus l><><l:-; alonµ; tl1P ))on , ... alh•y in ':Poronto, Ontario, 
,, l1i<'h }1c> thonglit 111ip;ht Jll'O\'P to hn,C' tl1i:,; a,g-0.. JI0 r0ro~ni1,Pd 
thn t thP g ro1111ds l'or th is c·orrc>lat ion ,,PrP not YPry strong- rn1d 
!--llt;g·<•:·d c•d that so111<• lP:--s \\ <'11 dP\'Plopc><1 n11<l ]p:,;s knn\\ 11 dcpof-it~ 
111ig-ht haY<' to h0 look0d to a~ n l) pP ol' thi~ int <'ri:daeial horizon 
l f thP rl'orontn l>P<ls :--honld pro\ P to hP 1111a\·nilah]0. TJ<'YPl'C'tt. in 
Yi<'\\ ol' th<' l1JH•c>rtai11t) attnc·lH'<l to tlii. ,•nrrPlntion, fpl{ (ha( it 
,,as ad,i:--nhl<' 1n c•111plo> a ::-.111>~-dit utional 11nt1H' ,,hi"h ,,as appli
<'nhlc· in the• i111<'r,·al ht•l\\c•c•n tit<> Jo\\a11 nncl l ◄~nrl> \\.i:--<•onsin. 
'Pl1e• na111P 1~Poria11 "n~ 11:--Pd :-:in,•p in P\.])Of-t1r0~ c>a~t of PPorin, 
l lli11oi:-;, tllPl'C' IS dc•('i~i, (' ('\ idP!I('(' or nn inl<1 r,nl of so1nc J011g-tlt 
li<'{\\Pc•11 1h<' clc•po:--ilinn of' th<' loPss ,,l1i<'h ,,as <·nrrPlntc•d \Yith 
iii<' Io\\an till n11cl thP ~h<'lh)~, ill<' till ~h<'<'l. ,, l1ic·h np]l<·nrc>cl to hr 
thP <'nrliPs{ ol' the• \ri sc·onsin :,;('rirs. 

Leverett's Illinois Glacial Lobe 
'Jn 18DD f;< 'Y<'J'<'lt 's 111011op;rnpl1 on th<' []li11ois Gln<'inl I,ohr np

J><'ar<1cl. 11 Tn this pnlilic♦alion tlH' <'lnsf-\ifi<'ntion or the 1~1eistoePne 
d<']H>sils i:-: giY<•n a:-; l'ollo\\ s, l'ro111 th<• oldPst 1n thP > onng-Psl: 

( 1) (>ld<'st rc•c•og·nizc•d dri ('t sliP<'t , .. \lhPl'tnn of l)a\\ ~on. nncl 
:,.; nh-.\fto11in11 of' ( 1ha111hPrlin; (~) .. \l'tonin11: (:i) 1,nn~nn drift; 
(4) , ·ar111onth intcr,·nl: (;l) llli11nia11 drift; (H) Nn11g-n111011 intc•r
,·nl: (7) Jo\\nn clril't n1Hl 1nnin lorss d0posii: (8) I)0orinn, 1)os
:-;ihl) c•qni,·al<'llt to rl'or,nilo of ( 1lin111lH'rlin: (9) l◄jarl)· "\\~iseonsin 
lllOl'ai11iC' dril't: ( 10) 11ll1Hl1lH'd iul<.'r\'nl sh0\\11 hy .._]Jifti11g or ie~ 
lohc1s; (11) [;niP "\\risc·o11si111nora inic drift; (12) (1:~) (1-1-) antl 
(1 fl) :-;tag0H or l ;nk<' ( 1hj<'ngo a s giYr11 111 nn carlj rr J)Uhliention. 

31 L1•vrrrtt , l•'rnnk, 'l'lw llllnois Gln<'i11J Lobo: l1. S. G1iol. SurY<'L :Mon. 38, 1809. 
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Comparison Between Work of Last Quarter of the Nineteenth 
Century and Work Since About the Beginning 

of Present Century 
It is of interest to point out here that, whereas at the beginning 

of the last quarter of the nineteenth century students of Pleisto
cene glacial deposits in Al11erica were beginning to discover evi
dence ,vhich caused them to believe that there had been more than 
one glacial epoch, b:r the end of the century there was general 
ag·ree1nent among tl1e g·lacial geologists ,vho had studied in Iov11a 
and adjacent states tl1at the evidence justified the interpretation 
that the Pleistocene l1istor)1 had been long and con1plex, embrac
ing five glacial stag·es a11d four interglacial stages, each of which 
had been 11an1ed a11d described. From about the beginning· of the 
present century until no,v the drift sl1eets and interglacial de
posits have been subjected to detailed study, the results of which 
have given clearer conceptions of the various epochs of the 
Glacial Period and of the Period as a whole than were possible 
earlier. Forn1er vie1'1s have been modified and refined and a 
better understanding has bee11 reached· ,vith regard to n1any in
tricate problems, some of which have been explained satisfactor
il)1, ,,1hereas others still await solution. Some of the cl1ief investi
gations with their results ,vill be presented. 

The Iowian Drift Described by Calvin 

In the year 1899 Calvin pl1blished a paper85 in which he de
scribed fully the features of the Io~1 an drift ,vhich differentiate 
it fron1 the other drift sheets of the Mississippi Valley. The 
paper refers to many aspects of the Io,van, including ( 1) the 
origin of the name Io,;van; ( 2) tl1e area occupied by the Iowan 
drift sheet; ( 3) the characteristics of the Iovvan drift-the to
pog·raphy, color and composition of the till, its boulders, etc.; 
( 4) relation of the Io~1an to the '' Forest Bed'' of northeastern 
Iowa; ( 5) comparison of the Iowan "rith the Kansan, the Tili
noian and the \Visconsin tills; and (6) the I owan margin, includ
ing a discussion of its sin11osities and digitations, the loess ridges 
along its margin, etc. 

In this paper he explained the confusion ,vhich had arisen as a 
r esult of a third drift having been found in northeastern Iowa, 

35 Calvin, Samuel, Iowan Drift: Bull. Geo!. Soc. of America, Vol. 10, pp. 107-120, 1899. 
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the region ahout \\·hich .JlcGce ha<l ,Yritten in tern1s of t,\·o tills 
Ollly. 1-Ic pointccl out that the till to ,,?l1ich tl1e name Io'\van ,vas 
l)Cling applied hnd all the characteristics of nicGee's Upp0r Till. 
I11 his clisc11s8io11 of th() rclut io11 of the Io,Yan to tl1e '' Forest 
Bc•<l'' of northr.a~tern Io,,·a. he 1nadC? tbc follo,Ying statP.1ncnt: 

"J{e111ains of a forest hrc1 "'hich ,,·as o\·er,Yhelmed and buried by ad-• 

Yancing glaciers arc conspicuous in n1a11y of the drift sections in north-
eastern Io,,•a. 'The abrudcll and splintr.rccl ,rood is 1li. tributc<l through a 
zone a nurnber of feet thic·k. hut it. is rnost ab1111dunt in connection with, 
or just a. little nbcn c, a d<'finitC'l)• 111arkcd soil hand and peat horizon. 
The principal hclt thl'ongh "hic·h forest 1naterial ig distributed lies aboYe 
the soil ancl peat. 'l'hr soil hand. p<'a t beds. and fore"t remains are all 
evidence of an interglacial age or lunger or shorter duration, :for there 
is a heayy undC1rlyi11g till sheet that is older than either soil or forest. 
Accordingly, in dividing 1he Pleistocene deposits of the region under 
consideration into a lo\,·cr and an upper till , it ,vas most natural that the 
soil, peat, and forest horizon should he adopted ns the line of separation. 
For so1ne ti1ne a ftC'J' th<' sheet of till \YC no"' call J{ansan hnd been differ
entiat('d fron1 the true Io,van by evidences of erosion and ,vcatheriug, the 
belief in a for('st bed belo" the Io\\·an nn<l aboYC the Kansan was still 
ent c11aincd. '1'hc cliffcrrntiat ion of the Io,Yan and Kansan till sheets 
was made as the result of studies rarricd on along or near the margin of 
the lO\\'H ll drift. The t,vo deposits "·err strikingly different. That they 
were separated hr nn in1n1C1nscl)' long intc1·glacial inter,al ,vas as clear as 
nooncla~·. It ,vas the unqnes1 ion<'<l helic( \\'hen the nnn1cs J{ansan nnd 
Io,van \\ere applied to tlH' t,yo c.lrifts ".'-' nrc no,v consi(1ering that one was 
the uppe1· till uncl th<' othel' the lo"cr till of l\ff'Gcc. and that th('~· " 'ere 
the formations to ,Yhic·h the• nan1('s To" an a11d J(an~an hall bcC'n applied 
by C1han1herliu. 1 r there ,Yas n forest and soil hctl, it n1ust be between 
thrsc t,vo d<>posits, for ns yet there \\us no c, idcncc that there ,vere n1ore 
than t"o cl<'posits to he taken into ron:::;idel'ation. Graduall)·, ho,vcYcr, as 
aYailahlC' serlion:-: \\'<'l'<' rnul1ipliC'cl and opportunities for stud~T \\'ere en
larg0cl, iL ,,·as fonud that the forest hr1l und soil hand ,verc inYariably 
located h<'neath the' drift ,vc hncl hcC'n calling l(ansnn. ancl that no section 
any,vh01·r revcaletl the presence o( forest inaterinl inunecliately beneath 
the 1 ypic•al Iowan. -1\ Jerrrtto zone is there, ,vith n1ost convincing evi
dence of prolonged ancl profound ,veathcring, hut no soil band, no buried 
forest -at lenst. none in any \"\UY eon1parablc ,vith the \Yealth of Yegctable 
matter buried in antl heneath 1he <lrift \\'C have' all letlrnecl to call Kansan. 
The forest zone separates the Kansan of the later literature relating to the 
Pleistocene from the oldest <lrift of the region, so far as knO\\'ll, from the 

• 
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lately added member of our Glacial series-the pre-Kansan or sub:Afton
ian till.'' 

As stated before, the author of this paper will present evidence 
in subsequent pages to show that Calvin ,vas in error in his belief 
that for est beds are present onl}7 at one horizon, namely, separat
ing the sub-Aftonian from the Kansan . . Recent investig·ations in 
McGee's type area l1ave shown that at many places there is or
ganic material-a forest bed-above the Kansan and below the 
Io,van. In fact, the number of known exposures of a for est bed 
or of j\fcGee's equivalent, ''the gumbo,'' is far greater between 
the Kansan and the Iowan than bet,veen tl1e pre-I{ansan and the 
I(ansan in northeastern Io,va. 

It is of interest to note here in the light of subsequent discus
sions in this paper that Calvin thought that the Kansan drift was 
certainly 15 and possibly 50 times as old as the Iowan; that judg
ing by the cl1anges that had been wroug·ht in the surface of the 
Illinoian before the loess was laid do,vn on it, this sheet of till is 
at least five or SL"\: times as old as the Iowan, and that the Iowan 
was '' not more, or certainly not mucl1 more than twice as old as 
the Wisconsin.'' 

Reports on Many Io,wa Counties, and Other Geological 
Publications 

During the· years 1896 to 1909 inclusive the members of the 
Iowa Geological Survey published reports on many counties in 
Io,va,36 including Johnson, Cerro Gordo, :lYiarshall, Polk, Guthrie, 
Madison, Dallas, Dela,var e, Buchanan, Decatur, Pl}rmouth, Car
roll, Humboldt, Stor}~, :i\I1.1scatine, Scott, Lyon and Sioux counties, 
Osceola and Dick:inson counties, Hardi_n, Worth, Dubuque, Lou
isa, i£arion, Pottawattamie, Cedar, Page, Clay and O'Brien 
counties, W ebster, Henry, Cherokee and Buena "\Tista counties, 

' Jefferson, Wapello, H o,Yard, I{oss1.1th, Hancock and Winnebago 
counties, Mills and Fremont counties, Tama, Chickasaw, Mitchell, 
Monroe, Benton, Emmet, Palo Alto and Pocahontas counties, 
Jasper, Clinton, Fa;yette, vVinneshiek, Clayton, Bremer, Blacl{ 
Ha"rlr, Franklin, Sac and Ida counties, Jackson, Butler, Grundy, 
Hamilton and '\iVright counties, Io"ra, Wayne, Po,veshiek, Har
rison and Monona counties, and Davis county. 

as Reports of Iowa Geological Survey, Vols. VI to XX inc. 
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I11 these reports there js 11111cl1 detailed infor111atio11 regarding 
the tills ancl i11terglarial 111aterials in these counties. In the Pollr 
county re1)ort, in ·y, olu1ne "\'II, Bain stated that the l{ansan and 
"\"\Tisco11si11 tills are J)rei--ent and possibly the pre-I{ansan. Ile l)e
lievecl that a g·111nho clay· on the l{:a11san i11 Pollr co1mty and in 
Decatur cou11ty ,ras tl1e rei--ult of ,vatcr de1)osition. The sa1ne 
a11thor j11 his reJ)ort 011 Plrn1011th co11nt3·, i11 "\7 olu111e "\'III, re
f erred to the> clifficn]ty in elassifying-, i11 north,,Testern Io,,·a, tl1c 
drift of the arc>a ,Yest of the Des ~f oi11es lohe of ,\Tisconsin drift. 
I-le tho11g·ht the e,Tid<:>11c·e fay·orcd the interpretatio11 that tl1e drift 
is lo,,Ta11 or Illinoia11 i11 age. ,\Tilder in l1is re1)ort 011 IJ3Ton a11d 
Sioux connti0s, in \T oln1ne X, fo1u1d far less leacl1ing of the drift 
i11 north,vest I o,Ya tha11 ]1acl ller11 found else,Yl1ere. IIe tl1011g}1t 
it best to correlate this drift ,Yith tl1e I{a11san altho11gh it resen1-
hled the Io,Yan topographically. iiachricle iii his re1)ort on C1her
ol{ee and Buena "\7ista rou11ties, jn ""\T olu111e XII, referred to the 
drift 011tsicle the ,"\Tisconsin 1noraine, and stated that its age '' is 
stjll a 1natter of conjecture.'' Calvin in }1is report 011 Dela,vare 
cou11t.Y, in "\" olun1e "\TIII, referrecl to the Io,van as overlying 
\Yeathered gra·vels a11d weathered l{ansa11 till and to ''isla11ds'' 
of loef-s-covered l(ansan till inside the Io,va11 areaR. I11 his re
port on Bnehanan count}', i11 "\7 olun1e "\TIII, he · desrrjhecl the 
Buchanan gravels. I-Ie referred to an upland phase in \Yhich the 
n1aterjals are relativel)r coarse and a valle3T pl1a~e con1posed 
large})' of Rand and fine gra·vels. I11 his report 011 Ho,Yard con11-
t)\ in "\T olun1e XIII, he r0frrr0tl again to the 11pland a11d valley 
phases of the Bucl1anan gravPls and expressecl the vie,,· that the 
upland gravels ,Yere <1r11osited fron1 strean1s flo,ving on the ]1igh
er areas ,,,hich l1acl becon1e bare ,vJ1ile ~yet l)oclies of ice filled the 

• 

,,a]lrYR and lo,Yla11cls. Then after the ice n1eltecl fro1n the ,ralle~ys . . 
the va]le31 gravels ,,T(;)re laid do,vn. !11 his report on I-Io,vard 
county he referred also to loer-;s on thr Io,van as being so rare as 
to excite surprise, and in hi8 report on "\Vinneshielr co11nt3\ in 
\

7olnn1e X"\7I, he referred to the ''ver)' erratic and curiously 
lohulate character of the n1nrgin of the Io,van drift sheet.'' Sav
age in his report on Tania count3r, i11 "\' olun1e XIII, referred to 
the ho11lders on tl1c Io,van and expressed the ,1iey.r that the Io,van 
outline could almost he n1apped fron1 the prPsence of ho11lders. 
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In the Muscatine and Scott county reports, in Volume IX, there 
are detailed descriptions of the Illinoian drift. 

In the year 1904, Shimek37 published several papers in which 
he presented his vie,vs reg·arding many aspects of loess. He 
pointed out that there is no tra11sitio11 bet,veen drift and loess, 
that there are loesses of different ages, and in referring· to the 
loess in r elation to the Io""an drift he stated that the thick:ening 
of the loess and its associatio11 ,vith the sand dunes along the 
Io,va11 border ,vas 110 different than along several of the main 
strean1s "'here no co11nection ,vitl1 Io\van drift could possibl)r be 
clain1ed. I11 the san1e 3·ear Savage38 described a buried peat bed 
of Aftonia11 ag·e separating· the pre-I{ansan and I{ansa11 tills in 
U11ion col111t3r, the county in vvhich the fan1ous cuts near Afton 
J unctio11 are located. This peat bed has the same relationship to 
till as the peat bed in the Cllt at Oel"rein in Fayette col111ty. 

Bet,"'ee11 the 3·ears 1900 and 1905 the Chicago, Burlingto11 and 
Quinc~y Railroad n1ade . so111e important chang·es in the road be
t,,·ee11 Thayer a11d Afto11 in ·union col111ty, in connectio11 ,vith 
,vhicl1 11l1111erol1s dee1) cl1ts i11 drift \Yere made, affording· an 11n-
11sl1al opportunit)r for the stlld)7 of tl1e glacial deposits. These 
ne,, cuts as ,,ell as the Afton J u11ction, Grand River, a11d Tha1rer 
g·ravel l)its ,,·ere st11died carefully b3, Calvin. The res11lts of his 
investig·atio11s \Yere g·i,ren i11 a paprr p11blished h )r the Davenport 
Acade11i:,· of Scie11ce.39 In this paper, 011 pag·e 21, he stated : 

" There are three possibilities: (1) the gravels may haYe been laid 
do,Yn along drainage courses by ,vaters flowing away fron1 the melting 
and retreating n1argin of the pre-ICansan ice, upon a surface ,,,.hich but a 
short time before had been left bare by the gradually ,vaning glaciers 
...... (2) The graYcls n1ay haYe been deposited by ,vaters fl.o,ving 
out in front of the adYancing I{ansan ire, in ,vhich case they ,verc laid 
do,Yn upon the eroded and ,veathered surface of the pre-I(ansan till 
. . . . . . ( 3) The graYels mar ha Ye been deposited by floods ,vhich ,vere 
in no ,vay related to glacial conditions, and these floods may have oc
curred at any time during the long interval of n1ild clj1nate ,vhieh separ
ated the pre-Kansan glacial stage fron1 the Kansan. '' 

37 Shimek, B., Papers on the Loess, Loess and the Lansing l\ian, Loess and the Iowan drift: 
Univ. of Iowa, Lab. of Nat. Hist., Vol. V, pp. 298-381, 1904. 

38 Savage, T. E., A Buried Peat B ed in Dodge Township, Union County, Iowa: Iowa Acad. 
Sci., Proc., Vol. XI, pp. 103-109, 1904. 

39 Calvin, Samuel, The Altoninn Gravels and their Relations to the Drift Sheets in the Region 
about Afton Junction and Thayer: Davenport Acad. Sci., Vol. V, pp. 18·30, 1905. 
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I11 discussing these three possibilities, Calvin pointed out that 
the drift sheets related to the gravels differ in their petrological 
content. For example, the I{ansan drift is much richer in quartz
ites and greenstones, the pre-Kansan is richer in granites. Fur
thermore, he stated, 011 page 22: 

'' The coarse feldspathic granites of the sub-Aftonian till are common 
among the cobbles and pebble~ of the Aftonian deposit, while green-
stones and basalts arc relatively scarce ...... Another fact of great 
significance is found in the highly ferruginous and profoundly ,veathered 
zone immediately belo"' their contact ,vith the overlying Kansan till." 

Thus, the author conclt1ded that the evidence st1pported the 
vie,v that the Aftonian gravels ,vere in place and profoundly 
,veatl1ered before the depositio11 of tl1e Kansan drift, and hence 
the second h)yl)othesis ,vhich ,vould relate the gravels to the 
I{ansan drift ,vas untenable. 

In discussi11g the third h)rpothesis he stated: 

" It n1ay be enough to say that , so far as relates to the interval between 
the complete melting of the pre-I<:ansan and the incursion of the Kansan 
ice, there is no ,vay at present knov;rn to account for floods of volume and · 
duration sufficient to transport and deposit the great beds which make 
up the,. Aftonian forn1ation." 

That Calvin considered the evidence conclusively in favor of 
the vie,v that the Aftonian gravels vvere deposited in connection 
with the retreat of tl1e pre-I(ansan ice sheet is indicated i11 the 
f ollo,ving quotation: 

" In the analogous case of the Buchana11 gravels so extensively dis
tributed throughout northeastern lo'\\1a, there are indications which point 
unquestionably to their transportation and deposition by great floods 
liberated by the n1elting of the l{ansan glaciers. The melting of the pre
l{ansan glaciers certainly gave rise to similar floods, and it is safe to as
sume that these were the agents ,vhereby the Aftonian gravels ,verc car
ried and <l0posited.'' 

I11 the concluding· part of l1is pa1)er, 011 page 29, Cal·fin 111ade 
the follo,,·i11g , rer)' definite staten1ent : 

' ' That the 1\ ftonian ,vas a real interglacial interval of mild climate 
and of long duration, is demonstrated by the evidenc~ of extensive peat 
beds and forests ,vhich deYeloped on the surface of the pre-Kansan drift, 
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SHIMEK 'S WORK ON \VESTERN GRA '\TELS 

and ,vere later over,vhelmed and buried by the glaciation of the ICansan 
stage.'' 

This concl11sion, it ,vill be 11oted, is based not upon the evidence 
f11rnished by the gravels, but rather upon the existence of peat 
and forest beds ,vhich had been found in other localities. 

Although in the paper to vvhich reference has just been made 
the judgment of Calvin is very positive \vith regard to the close 
relation of the gravels to the pre-ICansan drift, it will be found, 
if his subseql1ent papers are read, that he modified his view re
garding· the origi11 of the gravels. This change of view ,vas the 
result not of further field study of the gravels in the Afton Junc
tion-Thayer region, but of son1e interesting· studies by Professor 
Shilnel{ and hin1self of gravels in ,vestern Iowa and the fossils 
which they contain. Professor Shimek in the summer of 1908 
found f ossili.f ero11s sands and gravels in western Iowa, chiefly in 
Harrison and Monona counties, ,vhich he classified as Aftonian 
gravels of strictly interglacial orig·in. In a paper in which he de
scribed the sands and gravels40 he discussed their relations to 
the drifts as follows: 

"(1) They are not sub-Aftonian because in every case examined they 
lie unconformably on the older drift, the old oxidized and weathered sur
face of ,Yhich sharply marks the line of division between the t"'o de-
posits. (2) They are not Kansan, for in nearly all the exposures ICansan , 
is sho,vn clearly resting unconformably on them, with calcareous plates 
(nodular) cen1enting sands and gravels, a11d strongly oxidized material 
sharply defining the line of division. lVIoreover, evidence is furnished by 
several exposures that the Kansan passed over the Aftonian beds ,vhile 
the latter were frozen, and plo,ved and tilted them in mass or disturbed 
and folded them in intricate fashion. (3) The sand and gravel beds are 
not glacial, but interglacial. That the materials were deposited in 
strea1ns is shown by the fact that they are water-,vorn, cross-bedded ,vith 
frequent interbedding of sand and gravel, the latter deposited by stronger 
currents, and that they contain fluviatile shells, with such intermingling 
of land shells as is com1non i'n the sa1ne region in modern alluvial de-
posits. That the climate was mild during this interglacial period is 
sho,vn by the presence of the large numbers of herbivorous mammals 
which required a vigorous flora for their maintenance, and of fresh water 
and land mollusks, ,vhiGh are identical with species now living in Iowa. 

40 Shimek, B., Aftonian Sands and Gravels in Western Iowa: Bull. Geo!. Soc. of Amer.,. Vol. 
20, p. 406; 1909. 
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The aquatic shells suggest the same biotic conditions as exist in the state 
today, and the land shells required plant covered land surfaces on which 
they could find food and shelter, and these surfaces are not radically dif
ferent from those which prevail in Iowa today, if we are to judge from 
the identity of the land forms." 

Calvin studied the mam111alian remains ,vhich ,vere taken from 
the Aftonian g·ravels in ,;vestern Iowa, and in one of his papers41 

he n1ade reference to the g·ravels and tl1eir contained fauna as 
follows: 

'' The stratigraphic position is clear and ,vell established; the gravels 
are Aftonian in age, but they contain evidence that they were not de
posited until some time after the old pre-ICansan ice sheet had completely 
disappeared. The new evidence comes in the form of a fairly rich mam
malian fauna that n1ust have been contemporary with the deposition of 
the gravels, but which certainly did not live in the ,vet, chilly, verdureless 
region that co-existed with the melting of the pre-Kansan ice." 

This same vie,,1 was emphasized strongly in a paper by Calvin 
publisl1ed in 1910.42 Shimek: also presented evidence for the view 
that tl1e fossiliferous gravel and sand beds of western Iowa are 
Aftonian.4 3 In the first of these papers he introduced the name 
Loveland for a red joint clay above the I<:a11sa11 drift in western 
Io,va ,vhich he i11terpreted to be fl.uvio-glacial in orig·in and to 
have been deposited duri11g the closi11g stages of the I(ansan. 

Tl1ese concl11sio11s witl1 regard to the gravels in western Iowa, 
and the fa11na associated ,vith them, naturally caused Calvin to 
be less sure than he previot1sly had been regarding his interpreta
tion of the origin of the Aftonian g·ra·vels in the Afton J 1,1nction, 
Gra11d River and Thayer pits of U11ion county. In his Presi
dential address44 read before the Geological Society of A111erica 
he referred to the gravels of Union co11nt31 as follows: 

"The san1e gravels are exposed in a great ballast pit at Afton Junc
tion, fron1 ,vhich locality came the name 'Aftonian' given to the gravels 
as ,vell as to the entire interval of "\\'hich they form part of the record.'' 

41 Calvin, Samuel, Aftonian Mammalian Fauna: Bull. Geol. Soc. of Amer., Vol. 20, pp. 341· 
356, 1909. 

42 Calvin, Samuel, The Aftonian Age of the Aftonian :Mammalian Fauna: Proc. Iowa Acad. 
Sci., Vol. XVII, pp. 177-180, 1910. 

43 Shimek, B., Evidence that the Fossiliferous Gravels and Sand Beds of Iowa and Nebraska 
are Aftonian: Bull. Geol. Soc. of Amer., Vol. 21, pp. 119·140, 1910. 

Shimek B., The Pleistocene of Missouri Valley: Science, Vol. XXXI, pp. 75-76, 1910; Geol. 
of Harrison and Monona Counties: Iowa Geol. Survey, Vol. XX, pp. 277·483, 1910. 

4A Calvin, Samuel, Present Phase of the Pleistocene Problem in Iowa: Bull. Geol. Soc. of 
Amer., Vol. 20, pp. 133·152, 1909. 
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He called attention to Sl1in1el{ 's investigations in western Iowa, 
and stated that it migl1t become necessary to modify the vie,v ex
pressed in 1905 in the Davenport Academy paper. He stated 
furtl1er tl1at foot bones of a s111all slender limbed horse l1ad been 
fot1nd in tl1e Afton-Tl1ayer deposits, and expressed the follo,ving 
jt1dgment: 

"In the light of ne,v finds in Ilarrison and 1Ylonona counties \,Ve n1ay 
conclude that this beautiful little Equus ,vas probably contemporary with 
the deposition of the gravels.'' 

In tl1is san1e paper, in concluding l1is discussion of the Afton
i an, l1e stated : 

'' All lines of evidence now indicate that the beds in question record 
conditions which existed at son1e time during the progress of the interval, 
neither at its beginning nor at its close, but in the light of present 
know ledge the precise age of the deposits cannot be more definitely 
stated. '' 

J n thi:-: paper he referred also to the adequacy of the evidence 
showing five ice invasions, and pointed out that Io,va was ex
ceptionally favorably located with reference to the known ice 
movements. }Je described in considerable detail the pre-Kansan 
or sub-Aftonian drift, the Kansan drift, the Illinoian drift, the 
Io,van drift, and the Wisconsin drift; also the interglacial stages 
separating the glacial stages. In relation to subsequent dis
cussion, it is well to point out that Calvin stated that the Kansan 
drift could be distinguished from the pre-Kansan drift by 
physical characters; that forest beds ,vere unknown at any 
horizon in the region studied by l\ricGee except that between 
the l{ansan and pre-I(ansan drifts ; that the Yarmouth seems 
to be the longest of the interglacial intervals, more than equal 
to all post-Illinoian time; that Illinoian drift of I{ee,vatin 
origin had not been any,vhere recognized; that opportunities 
for observing the Yarmouth interglacial deposit s in natural 
exposures are fewer than in tl1e case of tl1e Aftonian; tl1at the 
I o,van is a very young drift compared "rith the Illinoia11; that 
the amount of wea,thering· of the Io,van must be expressed by a 
nt1mber that is very near to zero; that if differences in the amount 
of erosion may be tak:en as a fair n1east1re of tl1e differences in 
tl1e age ·of t,vo drift sheets tl1en tl1e l(ansan is 100 times as old as 

• 

• 
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tl1e Io,,·,an~ that the Prorian inter·val co111pared ,vith the Yar-
1nouth or tliP Sangn111on ,Yn~ ,~cr:r short, ancl that the Io,van is 
prohnlll;v not n1ore than t.,, ice as oltl as tl1r Wisconsin. 

Introduction of the Name Nebraskan in 1909 
The nan1e ~uh-~~ftonian ti]l or J)re-I{ansan till co11tinue(l in 

co1nn1011 U~<' nnt il the )"ear J 909, ,vlien Shin1el{,'' in relation to his 
studip, in \YP.StPrn lo,,·a and eastern Xeh·rasl{a, proposed tl1e 
nainf' Xrhrasknn l'or thi~ olclest l{no,,111 drift. ~i\..lthougl1 sonic of 
the <.lrift i11 \Yc•~trrn l o,Ya and Pasl<'l7J Xehraslta ,vl1icl1 ,-v~~ in
c]udCld i11 thP Xehra~knn hy Shirnel<: ,Yhe11 thP nnn1e :N"ebrasknn 
,vas sugg·<>strd for the old(l~t <lrift may J)l'OYe to 1>0 I{ansan in age, 
neYrrtl1PlPs~. r<'cent studies l1aYe :--ho,vn that pre-Kan1-an drift 
ext encl~ a cli~tanc•p of n1orc tl1nn fifty n1ilP~ into N ehrasl,a. from 
tl1e C'ast houndar,y of that r-;tatc, an(l J1cn('e the nan1e :N" ehro~kan 

• 

wou]cl :-.een1 to he nn t1J)})ropriate nan1e for this drift sl1ect. 

Reality of the Iowan Drift Questioned- Calvin's Defense 
For ~0111t> )'ears there v.·n.8 general agreen1ent among the stu

dents of the glarial deposits of Io",·n. and adjacent ~tates t11at the 
e,ridenc<' v. urrantecl tl1c interpretation that there were in tl1Cl 
Plc-istocP11e lJerio<.1 five glacial r1)ochs SC'l)arated by interglacial 
eJ)oeh:--. nut nhont 1hP :vear 1907 so1ne slcepticism of tl1is inter
prPtation heg·nn to he sho,rn. T]1c rp,a]ity· of the Io,va11 drift be
gan to hP qur~tionrcl. I JE1\'0r0tt 16 in a J)aper i 11 ,vl1ich he disct1ssP<l 
the1 n JJT)licnti on of ,Yeathrring n11cl ero~ion to thr correlatio11 of 
<lrirt s qup,{ionPd tl1P <.1,ist0nc·0 of th<' Jo\\nn <lrift. IT(_\ 0x1)r<>:--~ed 
thP Yi<'\\. tl1at thP topog·rnpl1) of tl1<> To,Yan area i.n north~n--..t<'rn 
Io" a,, ns ol' th<· Pl"O~ionnl 1) J>P su<'h n~ ehnrnctrrizr~ thr 1,nn~an 
dril'I hut that in norih<>n :;;.t<->rn lo\\a tnhnlar diYidc>~ ,Y(:)r() lnrl~ing 
and 11011C1 of th<' dril't "n~ frr~h. ]fp hPlieYf'd thnt filling· of the 
,nllc>_\'~ h) r-; lopP \\a~h in th0 Jo\\nn nr<'n ac•c•ount0cl for th0 dil'f<'t·
enc•pc.; in topog·rnphy· of tl1i :,; nrra ancl tlin:l of thr T(an~n11 of ~outh
<'fn 1 O\\ n. f JPY<'l'<'ti ' i-:. sk<'J>t iri ~1n of t]1r I o,Ynn follo,Yl'(l fipld 
stud., jn tliP l o,Yan nrPn, onp of thr ohj0c•ti;; of ,vhirh s.tncly ,Yar-; to 
dctPrn1inc> \Yh0t]1<'r or 11otth0 fo,Yn11 dril't "·n~ in rcnlit·y l llinoinn 

• 

4 1 Sh11nPk, B ,, , \ftoninn Snnd nnd Ornvi•l11 In \Y(IRh•rn lown: Dull. Gt'ol. Soc. of Am\>r., Yo!. 
20, JlJ), 31'.)9 t08, 1000 

411 Ll'vCJn1U, Jl'rnnk, \\'c-nthorlng and Erosion ns Thne ?i:fonsurps: Amor. Jour. Sci., Yol. 27, 
pp. 3'10·368, 1009. 
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drift from the Keewatin field. He concluded tl1at the surf.ace 
material ,vas not different from the weathered Kansan drift and 
that if any post-Kansan drift was present it was probably of 
Illinoian age. His vie\vs \Vere influenced possibly by his studies 
of tl1e glacial deposits of Europe. There, only four distinct drift 
sheets had been established by students of the Pleistocene, and 
in comparing the American section it was only natural that an 
earnest effort should be made to analyze •and interpret the Amer
ican deposits in terms of four rather than five glacial drifts. His 
vie,vs \Yere given in a paper46 in which the North American and 
European glacial deposits •are compared. In referring to the 
Iowan drift he used the expression '' so-called Iowan of the Kee
\vatin field (Illinoian).'' 

Chamberlin47 reviewed Leverett's paper. In his review refer
ence is made to Leverett's third glacial stage, which in Germany 
is Middle Drift1 and which is corre1ated by Leverett with the 
illinoian of the Labrador field and doubtfully the '' so-called 
Iowan of the Keewatin field (Illinoian).'' Chamberl1n stated: 

" It is in the grouping of this third stage and in the treatment of the 
Iowan that there is likely to be awakened the strongest dissent.'' 

He then presented'' a few of the salient features of the shifting 
histor)r of American opinion on the middle drift'', which includes 
the form•ations which '' lie between the Aftonian interglacial beds 
that cap the lowest till and the base of the declared glacial beds 
of vVisconsin ag·e. '' He outlined the history of usage of the terms 
I{ansan and Iowan and suggested that it might be well to apply 
tl1ese terms in tl1e w•ay he applied them orig·inally. With regard 
to I,e,1erett's sugg·estion to dismiss the Iowan altogether, as a 
distinct formation, or else to group it witl1 tl1e Illinoian, Cham
berlin stated: 

"It is appropriate here to urge restraint, patience, and equipoise, for 
the distinguishing phenomena, ,vhile pronounced and peculiar, are subtle 
in their gradations and singularly puzzling.'' · 

Cal,Tin48 came to the defense of the Iowan in a paper which did 

, a Leverett, Frank, Comparison of North .American and European Glacial Deposits: Zeit
achrift fur Gletscherkunde, B . 4, pp. 241-285, 321·342, 1910. 

47 Chamberlin, T. C., Review of Comparison of North American and European Glacial De
posits: Jour. Geol., Vol. XVIII, pp. 470-474, 1910. 

48 Calvin, Samuel, The I owan Drift: Jour. Geol., Vol. XIX, pp. 577-602, 1911. 
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not appear until after his death. He presented certain facts in 
explanation of the confusion in the use of the terms Kansan and 
Iowan. He pointed out that in the earlier discl1ssions of the 
Pleistocene deposits of northeastern Iowa it was asst1med that 
there were only t\vo drift sheets in tha,t region, named by 1\1:cGee 
the Upper Till and the I.iower Till and later by Cl1amberlin tl1e 
East Io,-van and I(ansa11 tills, respectively. Co11fusion arose ,vhen 
it was discovered that there are three drift sheets and not two 
only in McGee's area. 

" In some cases the upper and middle sheets were described as a unit; 
in others the lower and middle were treated as one; much more frequently 
the lowest was ignored, and the descriptions of the 'lo,ver' and 'upper' 
tills were drawn from the other t,vo. The presence in certain localities 
of a forest bed or of interglacial gravels, ,vhich it was assumed always 
lay bet,veen what the author described as upper and lower tills, as East
Iowan and Kansan, complicated matters still further. There are, indeed, 
many positive references in the original texts to this forest and gravel 
horizon-since called Aftonian-as the plane of separation between the 
two drift sheets at that time credited to the region; but if the texts relat
ing to the subject are carefully read and the maps published in connec
tion ,vith them are examined, it will be seen that the view that the lower 
till, the Kansan, lies belo,v the Aftonian is untenable. For example, the 
description of the materials and prevailing color of the upper till on p. 
476 of the Eleventh Annual Report is true for only the third of the drift 
sheets and is at variance with the facts if intended to include the middle 
till. The same is true of the reference to the large granite bowlders as 
'the most conspicuous element of the upper till,' on p. 481. On the other 
hand, the characteristics assigned to the lower till in the comparisons 
made between it an.d the upper on p. 479 are all features that belong to 
the middle drift sheet; in no true sense are they descriptive of the sub
Aftonian. It is true that at the end of the paragraph there is a reference 
to the 'forest bed' as a plane of separation between the upper and lower 
tills, but the characters which the author saw and so correctly and graph
ically described belong to a super-Aftonian till and to nothing else." 

Moreover, by reference to Chamberlin's cl1apters in Geikie's 
Great Ice Age, he sh01'7ed: 

" I t is t,vo super-Aftonian tills that are most frequently referred to in 
the text, and most accurately referred to in the map opposite page 727 as 
East Io,van and I{ansan.'' 

Calvin ql1oted Cl1a1nberlin's descriptions of the 11pper and mid-
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dle drifts as accurate characterizations of the East Iowan and 
Kansan tills. Furthermore, he pointed out that Chamberlin's 
mapping is of two super-Aftonian tills, the East Iowan and 
I{ansan. Calvin stated: 

"The eastern edge of the Iowan could scarcely be better drawn today. 
"\\

7ith the exception of a fe,v points which would be mere microscopic dots 
on a map of this scale, the whole area n1apped as Kansan is covered with 
super-Aftonian till. There is not a single known natural outcrop of sub
Aftonian in the Kansan area east of the Io,van margin. There are no 
kno,vn outcrops of sub-Aftonian in Illinois, lviissouri, or northeastern 
Kansas where the map shows extensive areas of Kansan. It is only very 
recently that the presence of sub-Aftonian has been demonstrated in 
Nebraska; but even here it occurs in vertical sections at the base of bluffs, 
in such position that it could not ,veil be represented on maps of moderate 
size. In Nebraska, as in practically a11 the rest of the area mapped as 
Kansan, it is a super-Aftonian drift that occupies the Kansan area on 
the map. In all the earlier texts and maps it is a super-Aftonian drift to 
which the name Kansan ,vas most persistently and most consistently ap4 

plied.'' 

Calvin then argued for the retention of present usage of the 
names Kansan and Iowan rather than to mak:e the changes sug
gested by Chamberlin in his recent paper. Calvin stated: 

' ' The imperfection of knowledge at the time the Io,van and Kansan 
drifts were named led to confusion and inconsistencies of statements, and 
these are of such character and extent as to make it now utterly impos
sible to apply the proposed names in any conceivable way that ,vill be in 
full accord ,vith all the statements of the texts. The frequent and positive 
references to the horizon of the gravels and forest beds must be admitted 
and must be given full weight in determining the particular drift sheets 
to which the names Kansan and Iowan should be applied. On the other 
hand, the original descriptions of the lower and upper till-of the Kansan 
and the Iowan-must have careful consideration, and the evidence of the 
map in The Great Ice Age, above cited, must be taken into account. The 
descriptions would have to be rewritten and the map redrawn to make 
them consistent with the vie,v that the Kansan is sub-Aftonian. If the 
term Kansan is transferred to the sub-Aftonian, and the term Iowan to 
the drift next above,• practically the whole area represented on the map 
as Kansan would have to be changed to Io,van. The Iovyan would then 
extend into southern Illinois, would cover southern and western Iowa, 

* Some such shift as this seems to be favored by what is said in the Journal of Geology, Ju.17-
August, 1910, pp. 478·74. 

ll 
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northern l\fissouri, eastern Nebraska, and northeastern Kansas. ,,Tith the 
transfer of the term to the sub-Aftonian the Kansan ,vould be represented 
on the map by a fe,v dots and thin lines that could be seen, only with the 
magnifier, the whole area comprising au aggregate of only a few sections; 
and in the present state of knowledge ,ve could not be certain that Kansas 
has a cubic foot of Kansan (sub-.. A.ftonian) drift. "\\Te are face to face 
with the fact that any application of the terms Kansan and Io,va11 inYolves 
some inconsistencies, is at variance \\1 ith son1e of the statements in the 
original publications; and so long as ,ve seem to need the terms and have 
to use them, it is only a question of ho,v to use and apply the1n so as to do 
]east violence to the original n1aps and descriptions. If the map and de
scriptive texts referred to n1ay be taken as representing the intent of the 
authors, the practice of applying the terms ,vhich has been follo,ved, and 
which seems no\v to come in for a certain a1nount of mild condemnation, 
is the only one that is reasonably consistent or possible. For it must be 
admitted that if the sub-i\ftonian is to be called Kansan, and the first 
super-Aftonian drift is to be the Iowan, more than nine-tenths of the 
original descriptions are wholly erroneous and misleading, and the map 
in The Great I ce Age sho~ving the distribution of these drifts is altogether 
meaningless and at variance with the facts. Recent usage in the appli
cation of the terms Kansan and Io,van is based on ,vhat seen1ed to be, and 
still seems to be, the only reasonable interpretation of ,vhat the authors 
had in min<l. ,vhen describing the physical characteristics of the t,vo drift 
sheets and mapping their areal distribution. l-1. departure fron1 this 
usage, ,vhich ,vould n1ake the sub-Aftonian till Kansan and ,vould apply 
the ter1n Io,van to the old, ,vca thercd till aboYe the A£tonian, \Yith its blue 
color, its strikingly conspicuous array of greenstones, and with relations 
to the locss so entirely different from the relations correct1y described in 
the text as pertaining to the Io\van, " 'ould necessitate the making of rad
ical and reYolutionary changes in the map and descriptive texts aboYe 
noted. It surely accords better ,vith ,vhat ,vas published at the time the 
names were applied to let recent usage remain unchallenged and un
changed. ' ' 

Follo,ving this disct1ssion with regard to the usage of the terms 
Kansan and Io,van, Calvin expressed surprise at the attitude 
tak:en by Leverett ,vi th reg·ard to the I ovvan and proceeded to 
;marshal evidence concerning· the I o,van drift and its geolog·ical 
r elations. Tl1e phases of tl1e Iowan presented in detail are as 
follows: (1). Tl1e Io,van drift is. (2) The Io,v~n drift is young 
as compared ,vith the Kansan. (3) The Iowan drift is not a 
phase of tl1e I(ansan. ( 4) The Iow,an drift has very; intimate re-

, 
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' lations to certain bodies of loess. ( 5) The Iowan drift is not 
related to the Illinoian. Strong evidence is given in support of 
each of these affirmations. 

In regard to the lack of relationship of the Iowan to the Illi
noian, Calvin stated: 

" It is scarcely necessary to discuss the suggestion that the Iowan may 
be correlated with the Illinoian. Parenthetically it may be said that if 
the Iowan and the Illinoian represent the same stage of glaciation., the 
name Illinoian becomes a synonym for Iowan, and we shall be reduced to 
the painful necessity of referring to one of our most beloved drift sheets 
as the 'so-called Illinoian.' But no such calamity awaits the Illinoian. 

~ 

The Io-,van is much the younger of' the two. As indicated by the structural 
and genetic relations above noted, the Iowan-a little later probably than 
its maximum stage-is practically contemporaneous with the loess; and 
as the Berlin paper, ,vith noteworthy lucidity, correctly states on p. 299: 
'the Sangamon interval separates the loess from the Illinoian stage of 
glaciation so widely that there would seem to be no relation between loess 
deposition and Illinoian outwash.' The same long interval, the same wide 
separation, exists bet,veen the Iowan and the Illinoian stages of glaciation. 
The t,vo drifts are not related in time or in any other ,vay. '' 

Again in 1913 Leverett49 suggested that the Iowan might be a 
late substage of the Illinoian with no definite interglacial interval 
bet,veen. In the same year Leighton=>0 published two papers 
which deal with the Iowan. He described •an interurban railway 
cut near Iowa City in which were disturbed weathered gravels 
between two tills. The gravels were interpreted to be weathered 
Buchanan gravels which lay on Kansan drift and which had been 
plowed up by the Iowan ice sheet. 

Report on Pleistocene Mammals of Iowa, and Other Paipers 
A comprehensive report on the Pleistocene mammals of Iowa 

was prepared by 0. P. Hay.51 The rich faunas of the Aftonian and 
other deposits of tl1e Pleistocene of Iowa were described fully and 
illustrated. The inter-relations of the various kinds of life were 
considered not alone from the standpoint of their distribution 

49 Leverett, Frank, Iowan Drift (Abstract) : Bull. Geol. Soc. of America# Vol. 24, pp. 698·699, 
1918. 

110 Leighton, 1L ?.I., An Exposure showing post-Kansan Glaciation near Iowa Oity, Iowa: Jour. 
Geol., Vol. XXI, pp. 4 81·485, 1918. 

Additional Evidences of Post-Kansan Glaciation in Johnson County, Iowa: Iowa Acad• 
Sci., Proc., Vol. XX, pp. 251-256, 1913. 

111 Hay, 0. P ., The Pleistocene Mammals of Iowa: Iowa Geo]. Survey, Vol. XXIII, pp. 1·499, 
1914. 
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and associations in Iowa, bl1t in connection with the Pleistocene 
of tl1e "Tl1ole Nortl1 ... t.\.merican continent. 

Tilton52 clescribed some new rail,vay cuts between Des Moines 
and Allerton. He r eferred to a gumbo clay on Kansan till ,vhich 
he interpreted to have been formed during the closing phase of 
the I{ansan glacial epocl1. He named the g11Inbo deposits the 
Dallas f or1uatio11 and correlated it ,vith the Loveland formation, 
which had been described ·by Shimek. Tilton earlier published a 
paper entitled '' The Pleistocene Deposits of vVarren County, 
Iowa.'' 

In 1914, Tro,vbridg·e53 stated tl1at he had come to believe as a 
result of field stl1dies that tl1e entire inner gorge of the ~iississippi 
b&tween Io,va and Wisconsin was later than the earliest drift of 
eastern Iowa. In another paper54 he stated that he found no 
evidence of a pre-Pleistocene 1\1:ississippi river valley betv1een 
Iowa and Wisconsin, and that the Upper Iowa river had cut a 
valley 600 feet deep during the Aftonian interglacial epocl1. He 
found that pre-I{ansan drift ,vas not present in this valley but 
that the I{ansan drift had entered the valley and its tributaries. 
His views55 ,vere given more fully in a paper published in 1921. 
In a paper by Lees56 there are many interesting facts regarding 
the Pleistocene deposits of the Des Moines Valley, especially those 
regarding the relative ages of Des J\£oines and Mississippi rivers. 

Review of the Evidences of the Iow,an Stage of Glaciation 
As was previously stated, about the year 1907 Leverett began 

to question tl1e existence of the Iowan drift and to express the 
view that if tl1ere is a drift in northeastern Iowa which is younger 
than tl1e I{ansan drift and older than the Wiscon~in drift then 
this drift sl1ol1ld be correlated witl1 the Illinoian drift rather 
than be interpreted as tl1e product of a distinctly later stag·e of 
glaciation than the Illinoian stage. Calvin up to the time of his 
death in 1911 contended strongly ag·ainst Leverett's interpreta
tion. H e and l1is associates on the Io\va Geological Survey be-

52 Tilton, J. L., Pleistocene Section from Des 1,foines south to Allerton: Iowa Acad. Sci., 
Proc., Vol. XX, pp. 213-220, 1913. 

53 Trowbridge, A. C., Preliminary Report on geological ,vork in Northeastern Iowa: Iowa 
Acad. Sci., Proc., Vol. XXI, pp. 205-209, 1914. 

54 Trowbridge, A. C., Physiographic Studies in the DriftJess Area (Abstract): Bull. Geol 
Soc. Amer., Vol. 26, p. 76, 1915. 

55 Trowbridge, A. C., The Erosional History of the DriftJess Area: Iowa Univ. Studies, 
Studies in Natural History, Vol. IX, Number 3, pp. 123-125, 1921. 

56 Lees, James H., Physical Features and Geologic History of Des Moines Valley: Iowa Geo!. 
Survey, Vol. XXV, 1914. 
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lieved the Iowan to be a drift distinct from both the Kansan 
drift and the Illinoian drift. They mapped the Iowan drift in 
many counties and were agreed that this drift was the drift which 
McGee described as his Upper Till. After the death of Calvin in 
1911 it seemed highly desirable to have a review of the evidence 
bearing upon the Iowan problem and hence, with the hope that a 
satisfactory solution to the question in controversy might be 
reached, George F. Kay, Calvin's successor as State Geologist of 
Iowa, asked the United States Geological Survey to undertake the 
investigation in cooperation with the Io,va Geological Surve3r. It 
was agTeed that W. C. Alden of the Federal Survey should be 
assigned to this work and that he should be assisted by M. M. 
Leig·hton of tl1e Iowa Survey. Field work: was carried forward 
during two seasons and in the office careful study was given to 
publisl1ed and unpublished material related to the Iowan prob
lem. Tl1e results of the investigations of Alden and Leig·hton 
were published in Volume XXVI of the reports of the Iowa 
Geological Survey.57 In the Introductio11 to this report, page 56, 
it is stated: 

" It is a pleasure to report that the conclusion has been reached that 
there is what seems to the writers to be good evidence of the presence of 
a post-Kansan drift sheet in northeastern Iowa a11d that this drif~ ap
pears to be older than the Wisconsin and younger than the Illinoian 
drift. The writers are, therefore. in the main in agreement with the late 
State Geologist, Dr. Samuel Calvin, in regard to the Iowan drift. There 
is, therefore, warrant for continued use of Iowan drift and Iowan stage 
of glaciation as major subdivisions of the Pleistocene classification.'' 

The chief lines of evidence which caused Alden and Leighton 
to, reach the concl11sion that the Iowan drift is a reality and is dis
tinct from other drifts were the following: (1) the topographic 
character of the Iowan area. It is pointed out that the to
pography of the Iowan area is not that of normally eroded sur
faces like the typical Kansan surface of southern Io\va, but ratl1er 
it is a drift mantled erosional topogTaphy. There are surface 
irreg·ularities whicl1 are the result of glacial deposition rather 
than differential erosion. Distinct moraines associated with 
,vhich are k:an1es of fresh g·ravels are cited. Examples are given 
of Yal1c~Ts ,vl1ich are cut deep in tl1e Kansan area and which flat-

57 Alden, W. C., and Leighton, Morris 1'1., The Iowan Drift, A R eview of the Evidences of the 
Iowan Stage of Glnciation: Iowa Geol. Survey, Vol. XXVI, pp. 49·212, 1917. 
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ten out where they head in the Iowan area where cutting is in 
drift and not in bed rocl{. The Iowan area as a whole lacks the 
accordance of upland levels of the tabular divides so character
istic of the erosional Kansan area of southern Iowa. The lack of 
accordance in the Iowan area seems to be due to unequal mant
ling· by glacial drift, ,vhicl1 is confirmed by the presence in many 
places of rela,tively fresh drift on gumbotil which can be proved 
to be Kansan gumbotil. (2) The character of the uppermost till 
of the Iowan area. It is shown that the degree and depth of 
oxidation, depth of leaching and other evidences of weatl1ering 
indicate tl1at the drift of the Iowan area is much younger than 
the drift of the Kansan area. (3) The gumbotil.58 Gumbotil is 
widespread at the top of the Kansan till in southern Iowa where 
tabular divides are preserved.59 The topographic position of the 
Kansan gumbotil is such that it has been possible to trace rem
nants of it into the Iowan area. And wherever the Kansan g·um
botil has been found in the Iowan area it is overlain by a thin 
mantle of drift wl1icl1 is the Iowan drift. ( 4) Tl1e loess. After 
having made detailed studies of the loess in the Iowan, Kansan 
and Illinoian areas, Alden and Leighton reached the following 
general conclusions-( a) that the deposition of the ~ppermost 
till of the Iowan drift area occurred but a short time prior to the 
accumulation of the main sheet of loess which borders and over
laps it; (b) that the Illinoian till was deposited at a time con
siderably before this epocl1 of loess deposition; and ( c) that the 
Kansan drift was deposited considerably earlier than tl1e Illi
noian till and mucl1 earlier than the loess was formed, or in other 
words, tl1is line of evidence also supports tl1e view that the Iowan 
stag·e of glaciation was distinct from, and later than eitl1er tl1e 
Kansan or Illinoian stages of glaciation. 

In connection ,vith tl1e discussion of the age of the Iowan drift, 
Alden and Leighton presented evidence for their belief that the 
Iowan drift is a distinct drift from the Illinoian drift. They 
stated : 

'' From these various observations i t is evident that the Illinoian drift 
has been modified much more by weathering and erosion than has the 

58 Kay, G. F., Gumbotil, a new term in Pleistocene Geology: Science/ N. S., Vol. XLIV, pp. 687-688, 1916. 

59 Kay, G. F., Some Features of the Kansan Drift in Southern Iowa.: Bull. Geol. Soc. of 
America, Vol. 27, pp. 115-117, 1916 
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Iowan. It also appears that most of the modification occurred prior to 
the formation of the main deposit of loess. It appears clear therefore 
that the Iowan drift is entirely distinct from and considerably younger 
than the Illinoian drift .. '' 

Gumbotil, Its Characteristics, Origin, and Significance 
. Between the years 1916 and 1922 several papers were published 
by Kay dealing witl1 the characteristics, orig·in, and significance 
of sticky clays or ''gumbos'' which had been described by several 
geologists as superdrift clays the origin of which had not been 
explained satisfactorily. These gumbos were studied by Kay 
first in connection ,vitl1 general studies of the Kansan drift of 
southern Iowa. He stated :60 

"(1) The surface of the Kansan drift, after the I{ansan ice withdrew, 
was, according to present evidence, a ground moraine plain, which, from 
the main divide between the l\1ississippi and Missouri rivers, sloped gent
ly to the southeast and south toward the Mississippi and to the southwest
,vard toward the l\liissouri. This drift plain was so situated topograph
ically that weathering agents were very effective, but erosion was slight. 
As a result of the weathering during an exceedingly long time, a gray
ish, tenacious, thoroughly leached, and nonlaminated joint clay, which 
has been named gumbo, was developed to a maximum thickness of more 
than 20 feet. This gumbo contains only a few pebbles, ,vhich are almost 
wholly siliceous, and grades downward into yellowish and chocolate
colored Kansan drift from 3 to 7 feet in thickness, in many places with 
numerous pebbles, few, if any, of which are calcareous. This oxidized 
but noncalcareous drift, in turn, merges into unleached drift, oxidized 
yellowish for several .feet, belo,v which is the normal unleached and un
oxidized dark grayish to bluish black Kansan drift. The gumbo is be
lieved to be essen.tially the result of the thorough chemical ,veather
ing of the Kansan drift; but, subordinately, other factors, such as 
the ,vind, freezing ~nd thawing, burrowing of animals, slope wash, 
etcetera, have undoubtedly contributed to its formation. The Kansan 
drift which has been changed to gumbo may have differed somewhat from 
the normal Kansan drift that lies below the gumbo. 

"(2) After the gumbo plain had been developed by weathering pro
cesses on the Kansan drift plain, diastrophic movements seem to have 
occurred, the plain having been elevated to such an exte11t that erosion 
became effective and valleys began to be cut into the gumbo plain. 
Erosion of the gumbo plain progressed to such an extent that some val-

60 Kay, G. F., Some F eatures of the Kansan drift of Southern Iowa, Abstract: Bull. Geol. 
Soc. of America, Vol. 27, pp. 115-117, 1916. 
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leys \Vere cut to a depth of more than 150 feet before grade was reached 
and a mature topography ,vas developed. There are now only remnants 
of the original gumbo plain, the most conspicuous of these being flat, 
poorly drained areas, known as tabular divides. In places where creep 
and slun1ping have occurred the gu1nbo may be found on slopes at an 
elevation several feet below the level of the gumbo plain. The tabular 
divides are more prevalent east of a line drawn north and south through 
south-central Iowa tha11 west of such a line. In the southwestern part 
of the State the l{ansan gumbo which is in, situ is found only ,vhere the 
divides, which are no longer distinctly tabular, retain the leYel of the 
former gu1nbo plain.'' 

Ifis later studies61 revealed a g111nbo on the Nebrask:an till in 
lo\Ya. 1\1:any years earlier Leverett had described a gumbo on 
the Illinoia.n till ,vl1ich he tl1oug·ht was of the sru11e age as tl1e 
gumbo on the I(ansan bl1t ,vl1icl1 Kay found to be distinct in ag·e 
fron1 tl1e g·t1mbo on the I(ansan. I(ay fo11nd that tl1e g·umbos on 
all tl1ree tills, tl1e N ebrask:an, the I(ansan, and tl1e Illinoian, l1ad 
f-:i111ila.r cl1aracteristics and had the same relationsl1ips to tl1e tills 
llnderlying them. He then proposed tl1e name g·umbotil for tl1(:lse 
superdrift clays. He stated :62 

'' Gumbotil is, therefore, a gray to dark colored, thoroughly leached, 
nt>'nlaminated, deoxidized clay, very sticky, and breaking ,vith a starchlike 
fracture when wet, very hard and tenacious when dry, and which is chief
ly the result of weathering of till. The name is intended to suggest the 
nature of the material and its origin, and it is thought best to use a sim
ple rather than a compound word. Field work has already establishP,d 
the fact that in Iowa there are three gumbotils, the Nebraskan gumbotil, 
the Kansan gun1botil, and the Illinoian gumbotil. '' 

In a later paper63 the characteristics, the origin, and the signifi
cance of the gumbotils were discussed fully in relation to extensive 
:fiel<l and laboratory st11dies. In tl1is paper it is stated that tl1ere 
is g111nbotil on the N ebraslcan, I{ansan, and Illinoian tills, b11t no 
g·umbotil has been de,reloped on tl1e Iowan or V\Tisconsin tills. 
The ,-ie,vs ,vhich had been l1eld by g·eologists as to tl1e orig·in of 
the g·un1bo clays are Ol1tlip.ed. Tl1ey- indicate that there had been 
great cliversity of opinion. A number of sections are described to 

61 l(ay, G. F., Pleistocene Studies between l\Ianilla, in Crawford County, and Coon Rapids, in 
Carroll County: Iowa Geol. Survey, Vol. XXVI, pp. 215-231, 1917. 1 

62 Kay, G. F., Gumbotil, a New Term in Pleistocene ~ology : Science, New Series, XLIV, 
637-688, Nov. 8, 1916. 

63 Kay, G. F., and P earce, J. N., The Origin of Gumbotil: Jour. of Geol., Vol. XXVIII, pp. 89-125, 1920. 
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sl1ow the relations of the g·umbotil to the underlying Kansan, 
N ebraslran and Illinoian tills, respecti,1elJ1 • In each case the 
gt1n1botil grades down,vard into leacl1ed till and tl1is in turn 
within a few feet into unleacl1ed till. In several cases fresh 
yot1nger till overlies gumbotil, and in one section this o,1erlying 
fresl1 till chang·es above into leacl1ed till and this ag·ain into gum
botil, tht1s repeating· the normal succession. Reference is made to 
tl1e many· interesting sections whicl1 show disintegrated and de
con1posed bo,vlder s in the zone bet\\·een gumbotil and the base of 
the underlying oxidized and leached till. 

Tl1e results of a number of pebble cot1nts are given to sl10,v that 
tl1e percentage of siliceous pebbles is considerably higl1er in the 
gumbotils than in the leached tills and mucl1 higher still than in 
the unleached tills. 1Ieasurements of these pebbles sho,ved also 
that those from the gumbotils ,vere, on the average, much smaller 
than tl1ose fron1 fresh till and somewhat more rounded. 

The discussion of tl1e chemical characters of gumbotil is pre
faced by a statement concerning the geo-physico-chemical im
portance of water and its activity belo,v the surface of the litho
sphere. Tl1e chemical nature of glacial material and the chem
ical reactions which transpire in the soil solutions formed during 
the long period of glacial history are set forth. The chemical 
products of ,veathering are classed as crystalloids and colloids, 
of which tl1e former include t.l1e soluble portions, the latter tl1e 
gluelike, gelatinous, amorphous substances. As a result of weath
ering of till one should expect to :find a gra.dual relative increase 
in the proportions of soluble diffusible material from the surface 
do,,'ll,vard, bt1t a gradual decrease in the proportion of alumina; 
and this is exactly what is found in the analyses of a complete 
series of strata of glacial till. 

Analytical data obtained from the study of samples of gum
botil are ta,bulated and discussed, and the conclusion is reached 
'' tl1at all gumbotils l1ave a common origin-the chemical modifi
cation by weathering· of g·lacial till.'' In reaching this conclusion 
cognizance is tal{en of the decrease do,vn,,rard of the percentage 
of Al20a and the pronounced increase of CaO and MgO in the 
lower horizons. The stages of the alteration processes are ot1t
lined, including solution, hydrolysjs, the formation of colloids 
and crystalloids, precipitation and leaching, the gradt1al passage 

l 
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downward of all the transportable elements of the till, including 
the iron, tl1e silica, the colloidal clays, and simpler colloidal 
silicates. Tl1e resultant residuum of the chemical leaching pro
cess is a practically insoluble stratum-the gumbotil. In addi
tion, such physical factors as wind action, freezing and thawing, 
and burro\ving of ground animals may have played some part. 

'' The gumbotils, on account of their distinctive characters, wide dis
t ribution, and topographic positions, are the most satisfactory criteria 
that have yet been found for differentiating the older drifts. Further
more, since the gumbotils are the result of ~hanges which took place in 
interglacial times, they may be considered in relation to the problem of 
t he relatiYe durations of the interglacial epochs . 

. '' The gumb<;>tils strengthen the view now generally accepted that the 
Glacial Period involved, not a fe,v thousand but probably hundreds of 
th,ousands, and possibly millions of years. '' 

The views of l{:ay and P earce on the origin of g·umbotil were 
opposed by Keyes. G-1 

The gumbotils have been l1sed in differentiating the Nebraskan 
till from the Kansan till.65 Kay's statement is as follows: 

"The' prevalen t opinion among Pleistocene geologists has been that 
Nebraskan till can be distinguished without difficulty from Kansan till 
by ·differences in physical characters of these two tills. Recent detailed 
investigations of Nebraskan and Kansan tills, where the evidence admits 
of no doubt as to their correct identification, has shown conclusively that 
this view must be modified. Many excellent exposures of these two tills, 
separated by materials which could have been formed. only during an 
interglacial epoch of long duration, have been made available for study 
in r ecent years iI1 connection with railway construction and the improve
ment of the roads of the State. The evidence gained from a study of 
these exposur~s in widely distributed areas in Iowa justifies the conclu
sion that, whereas it is true that in some parts of Iowa the Nebraskan and 
Kansan tills can be distinguished by their differences in color, texture, 
structure, lithologic co1nposition, and related features, as was pointed 
out by Carman in his report on the Pleistocene history of north\vestern 
I owa, nevertheless there are many areas in Iowa within which these two 
tills resen1ble each other so closely that it is impossible to detern1ine by 
physical characters whether a particular outcrop of till is Nebraskan till 

64 Keyes, C. R., Ceramics of gumbo soils: Pan-American Geologist, Vol. XXXVIII, pp. 403-408, 1922. 

65 Kay, G. F., Comparative Study of the Nebraskan and Kansan Tills in Iowa: Bull. Geol. 
Soc. of Amer., Abstract, Vol. 88, p. 115, 1922. 
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or Kansan till. In such places the only satisfactory basis thus far found 
in Iowa by which it is possible to decide whether the till is Nebraskan till 
or Kansan till is the relationship of the till to interglacial material the 
age of which can be determined. Among the most widespread and most 
significant of these interglacial materials is gumbotil. If a till is overlain 
by Nebraskan gu1nbotil or can be shown to be related to Nebraskan gum
botil, which in Iowa is found as remnants of a former extensive Nebras
kan gumbotil plain, the till is Nebraskan till. If, however, the till is over
lain by Kansan gun1botil or can be shown to be related to Kansan gum
botil, which also is found as remnants of a former extensive Kansan gum
botil plain, the till is Kansan till.'' 

Recent studies l1ave shown tl1at nowhere does the Kansan gum
botil have a gTeater thickness than about fifteen feet. It has been 
found tha,t in some of the sections where it was thought the 
Kansan g·umbotil had a thickness of twenty feet the upper part 
is an old leached loess and not g11mbotil. 

Pleistocene Geology of Northwestern Iowa 
Tl1e glacial deposits of northwestern Iowa have been difficult 

to interpret. Tl1is l1as been true particularly of the deposits 
wh1cl1 lie just outside the fairly distinct west boundary of the 
Des Moines lobe of Wisco~sin drift. Those who have studied this 
area have not been in agreement as to the age and relationships 
of the tills and associated sands and gravels. The surface drift 
of this questionable area; has been thought by different persons to 
be of Wisconsin age, to be extra-morainic Wisconsin, to be early 
Wisconsin, to be Io~ran, to be Illinoian, and to be Kansan. 

The most comprel1ensive report on the Pleistocene geolog"Y of 
northwestern Iovva has been prepared by Carman.66 The field 
work was begun in 1909, the cl1ief purpose at that time being· to 
retrace in detail the west boundary of the Des Moines lobe of the 
Wisconsin drift plain. Later, it seemed desirable to revise and 
correlate the earlier work which had been done outside the Wis
consin glacial bo11ndary. Field worlc ,vas continued by Carman 
during the summer of 1910 and parts of the summers of 1911, 
1913, and 1916. His studies were carried westward from the 
Wisconsin bo11ndary to the west boundary of the state and to 

66 Carman, J. E., The Pleistocene Geology of Northwestern Iowa.: Iowa Gaol. Survey, Vol. 
XXVI, pp. 239-445, 1917. 
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some extent into Soutl1 Dak:ota to the west and into Minnesota to 
the north. 

In his r eport Carman gives a summary of the earlier work in 
northwestern Iowa. Tl1en the several drifts of the region are 
discussed in order from young·est to oldest. A chapter is devoted 
to the Wisconsin drift region and a chapter to the area outside 
the ,~risconsin, which Carman interpreted to be I{ansan. Two 
cl1apter s deal with the gravels which are associated closely with 
the I{ansan drift. Another chapter deals with the Nebraskan 
drift. The two concluding chapters give respectively the geologic 
l1istory of nortl1"vestern Iowa and a summary of conclusions re
garding the "\-vhole area. 

The questionable area just outside the Wisconsin boundary 
Carman finally mapped and described as l{ansan drift. For a 
time, l1owever, l1e was of the opinion that there is in this area a 
drift younger than the distinctive Kansan drift farther west and 
older tl1an the Peorian loess. He referred to this drift as the 
drift of the Intermediate area. He even considered giving the 
name Iow·an to this drift. In fact, in his earlier manuscript, sub
mitted to the Iowa Geological Survey in 1913 for publication, 
tl1is drift was differentiated from the Kansan drift and described 
in considerable detail. This manuscript was withheld from pub
lication by the Director of the Iowa Geological Survey for the 
reason that at this time there was doubt in the minds of some 
geologists as to the existence of an Iowan drift even in the type 
area of northeastern Iowa. Alden and Leighton had not at this 
time r eviewed the evidences which later convinced them that ther e 
,vas warrant for the continued use of Iowan drift -and Iowan 
stag·e of glaciation as major st1bdivisions of the Pleistocene class
ification. Fl1rtl1ermore, at this time Le,rerett, as a result of l1is 
stt1dies in southwestern ~finnesota, whicl1 is just north of the 
area. described by Carman, was maintaining· that he had not 
found evidence in his area of a post-I{ansan, pre-Peorian 
drift. H e was convinced, however, that he had found in his area 
a drift young·er than the Peorian loess and somewhat older than 
the , Visconsin drift , that is, an early Wisconsin drift.61 He be
lieved tl1at this early Wisconsin drift ,vas present also in north-

' r.1 Leverett, Frank, and Sardeson, F . W., Surface Formations an d Agricultural Conditions of 
the South Half of Minnesota: '.Minn . Geol. Survey, Bull. 14, pp. 51-52, 1919. 

• 



UPLANDS OF SOUTHERN IOWA 115 

western Iowa. In the l1ope that the questions in controversy 
n1igl1t be settled, several conferences were held in the field in 
"\\'hich Carman, Leverett, I{ay, and Lees participated. The mem
bers of tl1e Io,va Geological Sl1r,rey were unable to agree with 
Leverett that there ,vas a drift in tl1e region younger than the 
Peorian loess and older than tl1e late Wisconsin drift. In 1916 
Carman a.ttempted to clear up tl1e matter of tl1e age of tl1e Inter
mediate area ,vhicl1 earlier he had thought had on it a post
I{ansa11, pre-Peoria11 drift probabl3r of Iowan age. In hjs final 
report he stated: 

'' A more detailed study of the loesslike clay that overlies the Inter
n1ediate area convinced the ,vriter that it is the leached loess and the 
continuation of the loess of the I(ansan region farther ,vest. This cor
relation of the loesslike clay with the loess n1akes the area preloess in age. 
This correlation, coupled with the practical identity of the drifts of the 
Kansan and the so-called Intermediate areas, and the indefinite boundary 
separati11g the t"'o areas, led the writer to reaffirm the interpretation 
made in 1911, that all of north,vestern Io,va west of the ,,risconsin 
boundary belongs to the Kansan drift-sheet. It is believed that the some
,vhat peculiar topography which exists over the northeast part of the 
area here called Kansan, and which is not like the typical topography of 
the Kansan farther southwest, must be explained in some other way than. 
by assuming that it was overridden by another ice sheet which modified 
the topography but ,vhich left no continuous drift sheet." 

In referring· to the history of the l{ansan topography of north
western Iowa Carman contrasted the conditions in northwest 
Iowa ,vith those of the I{ansan area of soutl1ern I_owa. He stated : 

"In the Kansan drift region of southern Iowa the principal divides of 
the region commonly rise to a uniform altitude and have some level sur
face at their summits. These level areas are interpreted as remnants of 
the original Kansan drift-plain ,vhich is thought to have been relatively 
level, without marked constructional features. 

'' These level uplands of southern Iowa are covered with :fifteen to 
t,venty feet of gray to dark colored, noncalcareous, sticky clay which 
Professor Kay has called gumbotil and interpreted to be the result 
chiefly of the chemical weathering of Kansan drift on the level Kansan 
drift-plain. After the development of the gumbotil zon.e, uplift is be
lieved to have occurred and erosion has carved out a mature topography 
and reduced 1nost of the surface below the level of the former gumbotil 
plain. The above interpretation is based on the evidence of the few rem
nants. 

• 
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'' Remnants of the gumbotil zone have been found north\vard to Car
roll and Cra\vford counties, just south of our region.• The most north
erly known outlier of the I{ansan. gumbotil is exposed in a railway cut 
east of !Gron, a few miles south of the south\vest corner of Sac county. 

'' Neither the level uplands nor the gun1botil have been found within 
our region although exposures of unlcached till have been seen on most 
of the high areas. Ilo\vever, it is believed that north\vestern Iowa has 
passed through essentially the san1e history as has been outlined for 
southern Iowa by Professor Kay. That is, that the Kansan ice-sheet left 
a relatively even drift-plain; that the gun1botil ,Yas developed over the 
entire region; that the gun1botil plain "\\1as uplifted; and that it has since 
been eroded. This erosion, ho\vever, has been greater in north\vestern 
Io"'a than in southern Io,va, so that, although remnants of the plain and 
the gumbotil remain in southern Iovva, in north\vestern lo\va all the sur
face has been reduced belo,v the leYel of the gumbotil plain and every 
remnant of the plain and the gumbotil has been destroyed. 

'' Concerning this matter of erosion of the gumbotil plain in Carroll 
county, just to the south of our area, Professor Kay says :t 

' The history of northern Carroll county and farther to the 
north seems to have differed from the history of the Templet9n 
region (southen1 Carroll county) in having undergone still 
greater erosion. Northward from Templeton there are fewer 
an.cl fe\ver remnants of the ,veathered zones until none are found. 
l\roreover, in the region of Templeton there appears to have been 
more erosion than farther to the south. In south-central Io,va 
the uneroded ren111ants of upland with gumbotil and leached 
till are a some,vhat distinctive feature of the topography.' 

"The above explanation inclucles several points that have not been 
conclusively proved but the interpretation explains the conditions fairly 
\vell. It has not been proved that the gumbotil plain extendecl over north
,vestern Io,va. Ilo\vcver, the ,vriter has seen son1c of the evidence, in 
southern Io,va and in Carroll ancl Cra,vford counties just south of our 
region, upon which Professor l{ay bases the gun1botil idea, and consicters 
it so strong that he cannot fail to use this interpretation for the southern 
part of the region. here under discussion. Tt is believed that the dev('lop
n1ent of the gu1nbotil to a depth of :fifteen to t,vcnty feet over southern 
Io,va requirecl a very great length of tin1e. Such thicknesses arc found 
northward to Carroll county ,vhcre a section recorded by Professor J(ay 
from a rail,vay cut three n1iles \Vest of Templeton shows t,venty and one-

' 
* Kay 0. F., Pleistocene Deposits between }.!anilla in Ornwlord County nnd Coon Rapids in 

Carroll 6ounty: Iowa Geo!. Survey, Vol. XXVI, pp. 213·28·1, 1917. 
t Iowa Gool. Surv., Vol. XXVI, p. 218, 1917. 
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half feet of Kansan gumbotil. It seems very probable therefore that 
the gumbotil was developed farther northward over northwestern Iowa 
during this same long interval of time. 

"The way in which the1 remnants of the gumbotil on the highest divides 
become fe,ver and smaller as they are traced northward in west-central 
Iowa, and especially in Carroll county, indicate~ strongly that these rem
nants have been entirely destroyed farther north, that is, that northwest
ern Iowa has been entirely reduced below the level of the gumbotil plain. 
The altitude of the remnants of the gumbotil along the divide between 
Mississippi and l\fissouri rivers increases northward from about 1250 feet 
at Tingley near the south line of the state to nearly 1500 feet west of 
Templeton in Carroll county. If these altitudes are used to project the 
plain northward, it is found that it would pass above all the high points. 

"An uplift of the region is postulated in order to cause the erosion of 
the gumbotil plain. In southern Iowa where remnants of the gumbotil 
plain exist the postulated uplift rests on firmer basis than for north
western Io,va, where the uplift is merely inferred. The question as to 
why northwestern Iowa ,vas eroded more deeply than. southern Iowa in 
spite of the fact that it is farther: up the Missouri valley, has not been 
satisfactorily answered. Possibly the uplift in northwestern Iowa was 
greater than in southern Iowa; possibly it occurred earlier. There exist 
in northwestern Iowa considerable areas of slight relief which must be 
interpreted as having been reduced below the original plain and yet they 
are not at flood plain level. The origin of these areas is not understood.'' 

All persons who have studied the Kansan drift of northwestern 
Iowa have been puzzled to find how free from leaching the till is 
as compared with the leaching of the Kansan till of southern 
Iov.ra. In attempting to explain these differences Carman stated: 

'' A notable character of the Kansan till of northwestern Iowa is the 
small amount of alteration and weathering which it shows. Oxidation to 
a yellow color commonly extends to a depth of twenty to thirty feet, and 
locally the till is iron-stained along the joints, but the degree of this ox
idation is only moderate. Excessive oxidation of the type represented 
by the iron-stained horizon (ferretto) present at the top of the Kansan 
till at many places farther south, is lacking in northwestern Iowa. Fur
ther, the Kansan till of northwestern Iowa is commonly calcat'eous to the 
surface. In only a few places, in the south and south,vest part of the 
t·egion, ,vas any leached till found. Even where the overlying loess is 
leached for its en.tire thickness, the till beneath is unleached. 

'' In southern Iowa leached till is much more commonly present and in 
many places has a depth of several feet. It occurs in a zone which 
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directly underlies the gumbotil of the remnants of the upland, where it 
may be seven to ten feet thick. In such position it grades upward into 
the gumbotil and represents a less altered phase of the till. 

"If a gumbotil zone was formed over the Kansan drift-plain of north
western Iowa, there was formed also beneath it a zone of leached till, but 
the erosion which removed every vestige of the gumbotil also removed the 
leached zone of Kansan till beneath, exposing unleached till everywhere 
at the surface. This complete erosion of northwestern Iowa below the 
original plain explains the absence of leached till.'' 

Since the publication of Carn1an's report on the Pleistocene 
geolog-y of nortl1western Iowa additional field work by Leverett, 
Carman, and the writer has shown that there is no post-Peorian 
loess, pre-late Wisconsin drift in the region as Leverett previous
ly had tl1ought, but tl1at tl1ere is a drift west of the boundary of 
the Wisconsin tern1inal moraine ,vhich is post-Kansan, pre-Peor
ian loess in age. This drift has been differentiated from the 
Kansan drift chiefly by differences in topog·raphy and the pres
ence of '"~eatl1ered loess, silts and gravels \vhich are much young
er than the I{ansan drift and are older than the drift which 
underlies the Peorian loess.68 Leverett, Carman, and Kay are 
agreed that this post-Kansan, pre-Wisconsin drift in northwest
ern Iowa probably is of the same age as the post-Kansan drift. 
the Iow·an, of northeastern Iowa. 

The Iowan of north,vestern Iowa will be described and its 
boundary discussed in a report no,v being prepared by Carman. 

Pleistocene Geology of Western Iowa 
In the year 1924, Kay made the following statements as a re

sult of studies in western Io,va :69 

'' More than a decade ago the Pleistocene tills and associated materials 
of western Iowa ,vere described in papers published by Udden, Calvin, 
Shimek, and others. In more recent years nothing has been written about 
these deposits, although they have been studied to some extent by several 
persons interested in. glacial geology. 

'' This paper is a result of several weeks of field study, chiefly in Pot
ta,vattamie, I-Iarrison, and l\tI011ona counties and in adjoining counties 
farther east. '£he chief purpose of the investigation has been to deter-

' 68 Kay, G. F., Loveland Loess: Post-Illinoian, Pre-Iowan in Age: Science, N. S., Vol. 
LXVIII, pp. 482-488, Nov. 16, 1928. 

69 Kay, G. F., Recent Studies of the Pleistocene in Western Iowa: (Abstract), Bull. Geol. 
Soc. of America, Vol. 85, pp. 71-78, 1924. 
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n1ine ,vhether or not a restudy of the tills, gravels, and related deposits 
of the area ,vould permit, in the light of our most recent kno"rledge of 
the Pleistocene of southern, southwestern, and north,vestern Iowa, a more 
satisfactory interpretation of the relationships and origins of these glac
ial materials than ,vas possible when preYious studies were made. Con
siderable additional field work "·ill be necessary before final conclusions 
can be reached, but thus far the evidence ,varrants the following tenta
tive statements : 

'' 1. The t,vo oldest kno,n1 tills, the Nebraskan till and the Kansan 
till, separated in many places by Nebraskan gumbotil of Aftonian age 
and in other places by peat, lignite, and soil zones of Aftonian age, have 
been traced as far ,vest as the western parts of Crawford and Shelby 
counties, a distance of less than 25 n1iles from the Missouri river, the 
western boundary of Iowa. l\iioreover, in the southeastern part of the 
town of Council Bluffs, in Pottawattamie county, there is a distinctive 
zone of leached Nebraskan till separating unleached Nebraskan till below 
this zone from unleached, oxidized Kansan till above the zone. The evi
dence in hand seems to indicate clearly that both these old tills extend to 
the Missouri river and probably, also, beyond into the State of Nebraska. 
If it were not for the thick deposits of loess overlying the tills in this 
region, no doubt many additional good sections of these two tills could 
be seen. 

'' 2. In ,vestern Iowa it has not been possible to distinguish the 
Nebraskan till from the Kansan till by differences in color, texture, litho
logical composition, or degree of weathering. Only when it is possible to 
establish the relationship of an outcrop of till and associated gravel to 
gurnpotil or other interglacial material whose age is known, can the 
definite age of the till and gravels be determined. \Vhen the till is over
lain by Nebraskan gumbotil or can be shown to lie lower topographically 
than near-by remnants of the eroded Nebraskan gumbotil plain, then the 
till may be interpreted as being Nebraskan till. If, however, an outcrop 
of till is overlain by Kansan, gumbotil, or if the till has the proper rela
tion topographically to remnants of the eroded Kansan gumbotil plain, 
the till may be interpreted as being Kansan till. 

"3. The sands and gravels of \vestern Iowa, which were described by 
Shimek and Calvin as being Aftonian interglacial gravels separating the 
Nebraskan till from the Kansan till and related in origin neither to 
deposits made during the closing stages of the Nebraskan glacial epoch 
nor to deposits made during the Kansan glacial epoch, are thought by the 
writer not to represent a distinctive stratigraphic horizon separating the 
Nebraskan till from the Kansan till. But instead they are interpreted as 
being lenses and irregularly shaped masses of gravels and sands within a 
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single till; or, if in t"·o tills, it is not possible to use the gra...-els and sands 
as CYidence for clifl'crentiating these t,,·o tills. The gravels and sands are 
ttnleached and appear to be conte1nporaneous in age ,,·ith the tills "·ith 
,vhirh they are associated. '!'his vie,v is in accord '"ith the author's inter
pretation, recently published, of the relation~hips to till of the well
kno,vn gravels near Afton Junction and Thayer, ill Union county. 

· · 4. ~Iany 1nannnalian fossils have been found in the sands and gravels 
as:-ociatecl ,,·ith the tills of ,vestern Io\\'a. Calvin and Shiinek beHeved 
that these remains " ·ere of a11in1als "·hich " ·ere living during the time of 
depo1sition of the gravels, \Yhich they interpreted as ... ~ftonian and inter
glacial. Rut if the suuds an<l gravels are lenses and irregularly shaped 
poekC'ts rclate<l in age to the till "ith ,,·hich they arc associated. then a 
son1e"hat different interpretation of the age of the n1anunals becon1es 
ne<•<'s..,ar~•- ~\1 the J>l'escnt tin1e it is in1possihlc to state "·hether the 
gra,<'ls in " ·hich 1 he 111an1n1ulian rc1nains haYe been found are associated 
,vith Kchrasknn till or ,Yith Kansan till, si11ce, as stated preYiously, it has 
not been po~sible thus far to <liffcre11tiatc Xebraskan till fro1n I{ansan till 
except ,vhere the relationships of the till to gun1botil the age of '"'hich is 
kno,Yn have been established. If the gravels in ,Yhich the n1an1n1alian re
n1a ins ha,c beon fonnd should 1n•oyc to he l<'nses and pockets in Nebras
kan till. then the eYidcnre " 'ould suggest that the a11in1als arc Nebraskan 
in age. It ,rotil<l he rcasouable to assw11e that the ani1nals \\'ere living in 
front of the atlYancing Xehrasknn ice-sheet. out fron1 \Yhieh sands and 
gra,els "ere being rorried. Rc1nnins of rnan1n1nls heca1ne in1bedded in 
the sands and graYels, \\hi<'h thcmselY<'S later " 'ere overridden by or be
can1c incorporated in the on"·a1·d 1uovi11g Kehraskan till. If. on the other 
hand, the sands and gravels c•ontaining the n1an11nalia11 rcn1ains should 
proYe to he lenses and poC"kcts in I~ansnn till, then the suggested inter
pretation \\'OU]d be that the nu11nmals ,Yere liYing on the ... \ftonian sur
face during the ac1vance of the l{ansan ice-sheet, out fron1 ,vhich sands 
and gravels ,vcre hcing c•arriccl. .A ftcr rcn1ains of man1n1als became im
hcddcd in thei--c sands ancl gra,el:- the ]{nnsan ice-sheet advnnced and in
corporated in J(nnsan 1 ill thC'sl' masses of sau<.ls and grnYels in ,Yhich the 
re111ains arc fountl. I f these eonrlusions arc justified, then this mnn1-
uadian fauna n1a)' not he u strictly interglacial fauna of ... \ ftonian age. 
It is irnpurtrtnt to note, ho" c, <'r. that the t'nuua is certainly early Pleis
toecne thnt is, it "as <1losl'ly associatctl either ,vith 1hc ndYance of the 
Nchrasknn ic<' 01· ,vith the advnnc•e of the J(nnsan ice-sheet. or it ,vas ns
socintl'd ,Yith both aH a result of hn,iug p<'rsi~tcd on the adjacent plains 
fron1 NC'bra~kun through 1\ftonian to I(ansan tilne. 

"5. '"Phc 11nn1<' ' l .JOYclnnd for1nation' ,vas giYen by Shitnt'k to a de
posit in ,vcstern Io" a ,, hich is a 'heavy, co111pact, rt'dtlish ( especially on 
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exposure to the air) or sometimes yellowish silt, which ,vhen dry is hard, 
with a tendency to break into blocks like a joint clay, and when wet be
comes very tough and sticky and hence is sometimes called a gumbo.' 
The type section of this formation is at Loveland, Harrison county. By 
early workers this formation was thought to be related to the widespread 
buff loess of tpe region, but Shimek believed that it was a fluvio-glacial 
deposit 'formed during the melting of the Kansan ice.' In many places 
it is calcareous and contains calcium carbonate concretions, many of 
which are from three to six inches in diameter; a few were seen with 
greatest diameter more than 12 inches. The Loveland does not show the 
laminations of waterlaid clay, but in places sands and silts of distinct 
aqueous origin are interstratified with the Loveland clay; and in a few 
places volcanic ash is interbedded with the formation. Moreover, it has 
the vertical cleavage of loess and stands with similar vertical faces. Al
though in places fossil shells are present in. the Loveland, they are ex
tremely rare in comparison with the nu1nbers of shells which are in the 
buff loess. The writer believes that the Loveland is not a fluvio-glacial 
deposit, but a loess distinctly older. than the widespread buff loess which 
overlies the Loveland and which is thought to be chiefly of Peorian age; 
the Loveland is younger than the Kansan glacial epoch, sin.ce it lies upon 
the maturely eroded surfaces of Kansan till. 

'' 6. Northeast of the village of Little Sioux, in Harrison county, there 
are along the east slope of the Little Sioux river tills, gravels, and re
lated materials which were described by Shimek as the county-line ex
posures. Here are fine, whitish ' silts' which were thought by Shimek to 
be part of a section of sands and gravels which he in.terpreted as being 
Aftonian in age. Recently these 'silts ' were studied by Doctor Alden, 
who proved that they are volcanic ash. The ,vriter is convinced that this 
volcanic ash is not of Aftonian age, but is of the same age as the Love
land loess, with which in some of the county-line exposures it is inter
stratified. '' 

Additional field work in western Iowa and eastern Nebrask:a 
has strengtl1ened the view that botl1 Nebraskan and Kansan 
drifts were deposited not only to Missouri river but into N ebras
lca for n1ore than fifty miles. 

The exposure in the southeastern part of Council Bluffs whicl1 
until recently was thoug·h t to show 11nleached Kansan drift over
lying leached N ebraslran drift is interpreted now to show un
leached till, probably Nebraskan in age, overlying pre-Pleistct
cene clays, sands and gravels, probably of.Tertiary age. 

The sands and gravels in western Iowa which were interpreted 
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by Shimek and Calvin to be Aftonian in age chiefly on account of 
the presence in the gravels of remains of mammals which they 
believed could have lived only in an interglacial epoch, are 
thought to be not interglacial but chiefly contemporaneous in age 
with the till with which the gravels are closely associated, the 
age of the till being probably Nebraskan but possibly Kansan. 
Some of the gravels may have been deposited in valleys in the 
Aftonian interglacial epoch, but their characteristics and their 
relationships to the till do not seem to support this view. Mam
malian remains in the gravels do not of themselves determine 
vvhether tl1e gravels are strictly interglacial in age or are of 
glacial origin, since vertebrate paleontologists are not in agree
ment regarding the climatic conditions under which mamm~,ls 
such as have bee11 found in these gravels may live. 0. P. Hay10 

is of the opinion that the mammals the remains of which have 
been found in tl1e gravels of western Iowa could not have lived 
in the i111mediate vicinity of an ice sheet, but must have lived un
der interglacial climatic conditio11s. On the other hand, W. D. 
Matthe,v11 believes that in determining the age of gravels and 
sands stratig·raphic evidence can be more safely followed than 
fossil evidence. In a letter he stated: 

" \Vhat actually seems to have happened in the Pleistocene was that 
glacial advances drove the boreal forms southvvard and compelled them 
to mingle temporarily ,vith temperate faunas . . . . . .. v\7hen the re
treat of the ice opened up northern territory again, the boreal types were 
the first to extend their range northward, and then or later retreated 
from the southern territory they had invaded.'' 

~Iattl1e,v offers no adverse criticism to the view taken in this 
paper tl1at the sands and g·ravels of western Iowa conta.ining the 
remains of mammals were probably contemporaneous in age with 
the till with which they are apparently closely related in origin. 

History of Extinct Lake Calvin, and Other Papers 
W. H. Schoewe12 established beyond a doubt the existence of 

Lalce Calvin. Reference to this lake w:as made first by J. A. Ud-

10 Hay, 0. P., The Pleistocene of the Middle Region of North America and its vertebrated -
Animals: Carnegie Institution, vVashington, Publication 822A, 1924. 

11 Personal communication. • 
72 Schoewe, W, H., The Origin and History of Extinct Lake Calvin: Iowa Geol. Survey, Voi. 

XXIX, pp. 55-222, 1923. 
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den.73 Schoewe described the lak:e in detail and presented rea
sons for the belief that Lake Calvin existed for a long time, prob
ably to the time of the Iowan ice invasion. The drrunage of the 
lake was discussed, and the author's view of the orig·in and his
tory of the lake was presented. The lak:e covered parts of Mus
catine, Cedar, Johnson, Washington, and Louisa counties. Its 
area was abol1t 325 square miles and in places it had a depth of 
probably 100 feet. 

In several county reports74 publisl1ed since 1915 there are in
teresting facts with regard to the Pleistocene, also in a paper by 
Cable published in 1921.15 

Recent Work in the Afton Junction-Thayer Region 
The views of Chamberlin, Bain, and Calvin with regard to the 

tills and gravels of the Afton Junction-Thayer region in-Union 
county, Iowa, and the names which they applied to the tills and 
gTavels have been presented in an earlier part of this chapter. 
The two tills of the region are now called tl1e Nebraskan till and 
the I{ansan till, and the gravels separating these tills have long 
been called tl1e Aftonian gravels. It may be well to restate here 
that Chamberlin interpreted the chief gravels separating· the two 
tills to be h:amelike deposits on the surface of the lower till (pres
ent Nebraskan till) and related in age to this till. The gravels be
came much weathered during the Aftonian interval. Bain re
ferred to evidence of lateral transition from gravels into boulder 
clay and sug·gested the possible contemporaneity of the gravels 
with the upper till (present Kansan till). Calvin in 1905 inter
preted these gravels to be deposits made by torrential floods dur
ing· the retreating stages of the pre-Kansan ice. Later, in 1908, 
chiefly as a result of studies by himself and Shimek: of gravels 
and tl1eir included fossil faunas in western Io,;va, he suggested 
modification of his former view of the Aftonian gravels. He ex
pressed the judgi11ent that tl1e most sa,tisfactory interpretation 
of the gravels ,vas that they are interglacial in age, l1aving been 
deposited dl1ring· the progress of the Aftonian interval, neither 
at its beginning· nor at its end. 

78 Udden, J. A., Geology of 11:uscatine County: Iowa Geol. Survey, Vol. IX, 1898. 
74 Geology of Ringgold, Taylor, Clarke, Cass and Adair Counties: Iowa Geol. Survey, Vol. 

XXVII, 1916; Geology of Lucas and. Crawford Counties: Iowa Geo!. Survey, Vol. XXXII, 1927. 
75 Cable, E. J., Some Phases of the Pleistocene of Iowa, with special reference to the Peorian 

Interglacial Epoch: privately published, 1921. 
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Recent studies of the gravels and their relationships to the tills 
in the Afton Junction-Thayer region justify the statement that 
the chief gravels of Union county, which were thought by Calvin 
to have been deposited within the Aftonian interglacial epoch 
and to constitute a distinct stratigraphic horizon separating the 
Kansan till from the Nebraskan till, ·are not of this origin or age. 
Rather, the chief sands and gravels are lenses and irregularly 
shaped masses of g·ravels in the Nebraskan till :and contempor
aneous in age with that till. They are gravels not of Aftonian 
age but of Nebrasl{an ag·e. They lie in large part below the 
level of the remnants of Nebraskan gumbotil within this area. 
However, in a few places, as for example, in the Afton Junction 
pit close to Afton Junction station, the Nebraskan gravels in 
some places and the Nebraskan till in ·other places are at the 
surface of the Nebraskan drift. During the Aftonian interglacial 
interval the upper part of the N ebra.slran till became weathered 
to Nebrasl{an g·umbotil and the Nebraskan gravels which had a 
similar topograpl1ic relation to the Nebraskan till became weath
ered to highly oxidized and leached gravels. There are grada
tions laterally from typical Nebraskan g7lmbotil to gumboized 
gravels to thoroughly leached gravels. Later, both Nebraskan 
gumbotil and the oxidized and leached Nebraskan gravels were 
overlain by Kansan drift. Some of the Nebrasl{an gumbotil and 
some of the ,veathered g·ravels were picked up by the Kansan ice 
and are no,v inclusions in the Kansan till. Since the Nebraskan 
gTavels ,vhich were weathered while at the surface and which now 
separate t]1e Nebraskan till below fron1 the Kansan till above lln
derwent tl1eir great cha.nges dt1ring· the Aftonian interg·lacial 
epocl1 it may be considered proper to continue to call sucl1 gravels 
Aftonian gravels, bt1t it is here st1g·g·ested that the name Afton
ian g·ravels be no long·er l1sed for tl1e sands and gTavels of Ne
braslran age whicl1 ,vere changed to their present condition in 
Aftonian time, hl1t tl1at they be called ,veatl1ered Nebraslran 
gra·vels, just as the ·N ebraslran gumbotil is the name g·iven to 
,veathered N ebraslcan till, tl1e ,veathering ha,ving tal{en place in 
Aftonian time. The weathered N ebraslran gravels do in places 
separate N ebraslcan till1 froµi Kansan till a,nd hence constitute the 
Aftonian stratigraphic horizon, just as peat does in some places 
in this area and in other areas. But' Nebrasl{an gumbotil rather 
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than gravels or peat is tl1e most widespread evidence of Aftonian 
interglacial tune in the Afton Jt1nction-Thayer region. This 
Nebraskan gu111botil has been mapped over wide areas in south
,vestern Io,,a and i11 other parts of the state and hence is the 
1110s t significa11t Aftonian l1orizon marker ,vhich thus far has 
been fotmd. 

The major interpretations of Cl1amberlin and McGee made 
many years ag·o in tl1e Afton Junction-Thayer region ha,e been 
streng·t}1ened by tl1e recent stt1dies, and tl1is region will contin11e 
to be tl1e classic area of Iowa for tl1e in·vestigation of tl1e two old
est drifts, tl1e Nebrasl{an and the I{ansan, and of Nebraskan 
gumbotil, ,,eathered Nebraskan gravels, and peat, ,vhicl1 are the 
most distincti·ve evidences in support of the reality of the Afton
ian interglacial epoch. 

The Relative Ages of the Iowan and Illinoian Drift Sheets 
Sardeson16 still believes that there is no Iowan drift sheet in 

northeaster11 IoVi·a, a11d hence contends that only four of the five 
generally recognized glacial stages should be included in the 
classification of the Pleistocene. 

Frank Leverett in a paper read before the American Philo
sophical Society77 stated that he was convinced that there is a 
post-I{ansan drift in northeastern Iowa, the Iowan drift, but sug
gested tl1at this drift be correlated "\-vith a late pl1ase of the Illi
noian stage of glaciation. If this "Tere done the classification of 
American Pleistocene deposits ,vo11ld include fo11r rather than 
fi·ve n1ajor glacial stages. 

In reacl1ing th(:) j11dg·1nent that tl1e Iov;ran stage is related close
ly in age to the Illinoian stag·(:), I;e·\"erett has been m11cl1 in1pressed 
by a pebble band at the s11rface of the lovvan ti]l and beneath thin 
loess of Peorian age. I:Ie believes tl1at the pebble bancl ,,as tl1e 
result chiefl)r of erosion h)'" running· ,,ater and tl1at n111cl1 time 
was in·vol,red in its forn1ation. He is of the opinion that tl1e tin1e 
between the retreat of tl1e Io,,·an ice sheet from the Io,van area 
and tl1e deposition of the overl)·ing· loess vvas con1parahle to the 
time bet,vcen tl1e retreat of tl1e Illinoian ice sl1eet from soutl1-
eastern Io,va an(l tl1e deposition of tl1e ,videspread loess o,rerly-

76 Sardeson, F. W., Four Stage Glncinl Epoch: Pan-American ~ologist, Vol. XLVI, pp. 176· 
188. 1926. 

77 Leverett, Frank, The Pleistocene Glacial Stages: Were there more than four f: Proc., 
American Philosophienl Soc ., Vol. LXV, Number 2, 1926. 
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ing the Illinoian drift, which loess is of the same age as that over
lying the Iowan drift. ~1oreover, he stated in his paper that the 
Iowan drift ''lies wholly 1'rithin the limits of ,vhat has been 
termed the I(eewatin field of gla,ciation. '' And then, after hav
ing-presented some facts with regard to the growth of ice sheets, 
particularly with reference to the Wisconsin ice sheet, he sug
g-ested the application of the same principles to the method of 
growth of the Illinoian ice sl1eet. He stated: 

"It seems but natural that ,vest,vard growth such as ,ve know affected 
the \Visconsin ice sheet should also have occurred on the Illinoian and 
given the ice movement that brought in the Iowan drift. '' 

Here we have his theoretical grounds for suggesting that the 
Iowan drift should be correlated with the Illinoian. 

The questions raJ.sed by Leverett with regard to the relations 
of the Io,van drift to the Illinoian drift called forth three papers 
by Kay.16 In the :first of tl1ese papers he stated that • the 
characteristics, distribution, origin, and age of the deposits of 
Loveland time in Iowa had been determined. 

'' The Loveland loess has now been established by stratigraphic methods 
as being much younger than the Illinoian glacial drift and older than 
the Iowan glacial drift. The significance of the determination of the 
definite age of the Loveland loess must be emphasized. It ,vould seem to 
settle conclusively the relative ages of the Illinoian. glacial stage and the 
Iowan glacial stage. The Loveland loess ,vas deposited after the develop
ment over wide areas on the Illinoian till, chiefly by chemical weather;ng, 
of a gumbotil more than three feet thick. Furthermore, there was suffi
cient time aft er the Loveland loess ,vas laid down for this loess to be 
leached to a depth of several feet before the coming of the Io,van ice
sheet. '' 

In the paper entitled ''Relative Ages of the Io,van and Illinoian 
Drift Sheets '' I(ay made brief statements regarding the develop
ment of our present lcnowledg·e of the Iowan and Illinoian drifts 
and closely associated glacial and interglacial deposits, follo~ring 
,vl1icl1 tl1e aJ-g·t1ments of Calvin, Alden and Leig-l1ton, and the 
writer ,vere presented in st1pport of tl1e vie,v that tl1e Iowan 

78 Kay, G. F., Loveland Loess: Post-IUinoinn, P re-Iowan in Age: Science, N . S., Vol. 
XLVIII, pp. 482-483, November 1 6, 1 928. 

The Relative Ages of the Iowan and Illinoian Drift Sheets : American Journal of Science, 
December, 1928. 

Significance of Post-Illinoian, Pre-Iowan Loess: Science, N. S., Yol. LXX, pp. 259, 260, 
Sept. 13, 1929. 
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g·lacial stage ,vas a distinct stage from the Illinoian glacial stag·e. 
Kay stated: 

'' The strongest of several arguments in favor of a long interval be
t,veen the Illinoian and Io\van glacial stages are the occurrence of a gum
botil on the Illinoian in contrast to no gumbotil on the Io,van, and the 
leached LoYeland loess, which is post-Illinoian gumbotil, pre-Iowan in age. 

'' The relative ages of the Iowan and Illinoia11 glacial stages would 
seem to have been established, and hence five glacial stages and four in
terglacial stages must continue to be given a place in the classification of 
the North American glacial deposits.'' 

Widespread Mapping of the Aftonia.n and Yarmouth Inter
Glacial Horizons in Iowa 

For more than ten years members of the Iowa Geological S1-1r
vey l1ave been n1apping the outcrops of Nebraskan and Kansan 
g·umbotils in Iowa. These gumbotils, because of their distinctive 
characters, topographic positions, and wide distribution, have 
proved to be tl1e n1ost satisfactory Aftonian and Yarmouth inter
glacial horizon markers in the state. They have been especially 
useful in differentiating and mapping the t,vo oldest tills. 

Peats and weathered gravels have been and will continue to be 
of value in interpreting interglacial history, but they l1ave been 
f ou11d to be less serviceable tha11 the giunbotils in areal mapping 
in Io,va. Only a few good exposures of peat of Aftonian age have 
been fou11d in the ,vhole state, and these are separated ,vide
ly fron1 one another. Nor are there man)r good exposures of 
peat of Yar111outh age. 1Ioreover, since gravels differ in origin, 
in topographic position, in degree of ,veathering, and in other 
respects, their use i11 1napping· is somewhat restricted. Much 
less reliance is no,v placed upon interpretations of gravels and 
''forest beds'' penetrated in ,vell drillings than was given to 
these materials in the earlier years of Pleistocene studies. 

Fig·ure 26 shows the locations of outcrops of Nebraskan gum
botil of Aftonian age separating N ebrask:an till from I{ansan till 
in Io,va, and figure 27 shows the locations of outcrops of I(ansan 
gumbotil of Yarmouth age. 

A study of fig·11re 26 s110,vs clearly that tl1e Nebrask:an gum
botil is widespread in south,vestern Io,va; in fact, from these 
gumbotil outcrops it is no,v possible to map areall)r the N ebras-
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kan drift of this region. This map shows also that Nebraska11 
gumbotil extends into the northwestern part of the state, and that 
comparatively few outcrops of this gumbotil have been found 
within the Iowan area of northeastern Io,va or in southeaster11 
Iowa. 

,Vithin the Io,van area of northeastern Iowa, not only are 
there f e,,T k110,vn exposl1res of N ebrask:an gumbotil, which repre
sents the Aftonian horizon, but exposures of Afto11ian peats and 
gravels are rare. On tl1e contrary, ,,7ithin this Iowan area, as is 
sl10,vn on figure 27, there are many exposures of l(ansa11 gum
botil, wl1icl1 represents the Yarmouth i11terglacial horizon. At the 
surface of several of the I(ansan gumbotil exposl1res ,vithin the 
Io,van area there is a distinct soil zone or ''for est bed'', above 
,vhich tl1ere is calcareous Io,van drift. Furthermore, at the 
same topographic position as the I{ansan gumbotil, there are in 
many places thoroughly leacl1ed gravels-the upland phase of 
the Buchanan g·ravels of Calvin-overlying which in many places 
there is a tl1i11 Io,va11 drift. From these facts it is now possible 
to state tl1at ,vithi11 the area of Io,van drift in northeaster11 Io,va 
( the area 111apped b:y iicGee), the I(ansan g·umbotil (ifcGee 's 
g·111nbo, ,vhich he stated ,vas the stratigraphic equivalent of his 
forest bed) is much better l{no,,111 from observation than the 
Nebrasl{an gumbotil or peat separating· the Nebraskan till from 
the I{ansan till. I11 other words, tl1e ''forest bed horizon'' has 
been n1apped more ,vide}37 bet,veen the l{ansan till and Io,van 
till, that is, bet,;veen the tills which McGee mapped areallJ' as his 
Lo,ver and Upper tills, than between the Nebraskan and Kan
san tills in this part of the state. It is believed that the Nebras
l{an g·un1botil is at the horizon of the forest bed on ,Vinchell's 
''older'' till of so11theastern 1Iinnesota, and that the I{ansan 
gumbotil is at the surf ace of his ''old'' till in the same area. Mc
Gee's Upper Till in Io"·a, the Io,va11, ,vas apparently not differ
entiated i11 i1innesota by Winchell although it is present there. 
Nor did McGee map in Io,va "v\Tinchell 's ''older'' till. 

Both ""\Vinchell and i r cGee had an upper till and a lo"1er till. 
It is believed that ,Vinchell 's upper till or ''old'' till is the pres-
ent Kansan till and that his lo,:ver till or ''older'' till is the pres
ent Nebrasltan till. 1£cGee's Upper Till is the present Io,van 
till and his Lo,ver Till is the prese11t I(ansan till. Together they 

• 
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recognized the three tills which are no,v known as the Nebras
kan, the Kansan, and the Iowan tills. Both of them were familiar 
also ,vith vVinchell's ''younger'' till, which is the Wisconsin till. 

The absence of I{ansan gumbotil in northwester11 Io,va was 
explained in a former part of tl1is cl1apter to be tl1e result of 
erosion of this gumbotil after it had been developed on I(ansan 
till here as well as i11 other parts of the state. 

The I{ansan gumbotil has been found in many places beneath 
the Illinoian till of southeastern Iowa, and in a few places ,vith
in the Illinoian drift area N ebrasl{an gumbotil l1as been found 
beneath the I{ansan till. 

The mapping of the outcrops of Nebraskan gumbotil and 
I{ansan gumbotil has impressed the fact that the original Ne
braskan gumbotil plain and the original Kansan gumbotil plain 
were widespread in the state. It is so1ne,vhat surprising to find 
that so ml1ch of each of these plains has escaped erosion. Rem
nants of the Kansa11 gumbotil plain are a stril{ing featl1re of the 
topography of the I(ansan drift area of south-ern Iowa, ,vhere 
they are lrnown as tabular divides. 

Concluding Statements 
It is hoped that the l1istory of tl1e investigations and classifica

tions of the Pleistocene deposits of Iowa l1as been presented in 
sllfficient detail to have enabled the reader to get a clear under
standing of the extent to which the glacial and interglacial de
posits of Iowa l1ave been studied and of the contributions whicl1 
ha,1e be~n made by eacl1 of tl1e many persons wl10 witl1in the last 
half century have been interested in unraveling tl1e intricate 
story of the Pleistocene deposits of Io,va and adjacent states. 
These investigations and the conclusions dra,vn from tl1em have 
attracted attention througho·ut America and also in foreign lands. 
In fact, it is now conceded by students of the Pleistocene that 
Iowa is the area ,vhere the records of the glacial and interglacial 
stages of tl1e Glacial Period have been best preserved and wl1ere 
the deposits, glacial and interglacial, have been best studied in 
such detail as to permit of their satisfactory interpretation and 
classification. 

Much credit must be given to the pioneers in glacial studies. 
From their splendid beginnings ne,v facts have been gathered 

1 
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year by :rear until no,v there is general agreement that the Glacial 
Period did not consist of one ice invasion and one retreat, but that 
there ,vere several major advances of the ice and several major 
retreats ,vitl1 attendant minor read,rances and retreats. All are 
agreed that the history of each of t l1e glacial and interglacial 
stages ,vas not simple but complex. 

In Io,va tl1e e·vidence jt1stifies the interpretation that the Pleis
tocene included fi,Te glacial stages and four interg·lacial stages. 
In tl1e course of tl1e de,relopn1ent of the classification of these 
glacial ancl interg·lacial deposits nan1es ,vere introduced one by 
one until finally tl1e present classification was evolved. The 
classification no,v recog·nized by the Io,va Geological Survey is 
as f ollo,vs: 

Glacial stages I nterglacial stages 

\Visconsin 

Iowan 

Illinoian 

Kansan 

Nebraskan 

P eorian 

Sangamon 

Yarmouth 

Aftonian 

The 11an1e Buchanan, ,vhich " ras first used by Calvin, is used 
still for the inter,Tal bet,veen the I{ansan glacial stage and the 
Iovvan glacial stage. This interval includes the Yarmouth inter
glacial stage, the Illinoian glacial stage, and the Sangamon in
terglacial stage. 

If all tl1e facts ,vl1icl1 are no,v lrno,vn had been available at the 
time eacl1 of tl1e na1nes was first given a place in tl1is classification 
it is very probable tl1at more satisfactory terms than are now be
ing used would l1ave been introdt1ced. Tl1is paper l1as given tl1e 
history of each of tl1e names " ' l1icl1 now appears in tl1e classifica
tion. Witl1 tl1e exception of tl1e name N ebraslran, whicl1 ,vas used 
for the first time in 1909, all the nan1es have had their present 
usage i11 the classification for 1nore than tl1irty years. Al
though adverse criticism can be made ,,ii.th regard to son1e of 
the names and to the factors ,vhich controlled ,vhen the names 
were introduced, it is dot1btft1l if the advantag·es whicl1 would be 
gained by attempting· to improve tl1e present names would at this 
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time outweigh the disadvantages which wo11ld attend the changes 
made. 

Tl1e oldest glacial stage in Iowa is the N ebrasl{an stage. Tl1e 
evidence indicates that the N ebraslcan ice sheet covered the whole 
state, including the so-called '' driftless area'' of northeastern 
Iowa. During the Aftonian interg·lacial stage N ebraslcan gum
botil ,vas developed on the N ebraslcan till to an average thiclcness 
of about eight feet. The second g·lacial stage is the Kansan. The 
Kansan ice sheet covered all of Iov:a except a small area in the 
northeast corner of the state. During the Yarmouth interglacial 
stage I{ansan gumbotil ,\Tas developed on the l{ansan till to a 
maximum thiclcness of about 15 feet and an average thiclrness of 
more than 11 feet. The third glacial stage is the Illinoian. The 
Illinoian ice sheet invaded only the southeastern part of the state. 
During the third interglacial stage, the Sangamon stage, a gum
botil was developed on the Illinoian till to a thicl{ness of more 
than three feet, and later a loess, the Loveland loess, was depos
ited over the lliinoian gu.mbotil and older Pleistocene deposits. 
This loess in places ,vas leached and a soil formed on its surface 
before the close of Sangamon time. The fourth glacial stage is 
the Iowan, now well determined in northeastern and northwest
ern Iowa. The fourth interglacial stage is the Peorian: During 
this stage the Io,van till was leached to an average depth of less 
than five feet. Apparently the ,videspread loess of Peorian age 
was laid do,vn by ,vind action very soon after the retreat of the 
Io,van ice and hence is early Peorian in age. The evidence indi
cates that the Peorian interglacial stage ,vas by far the shortest 
of the interglacial stages. The youngest glacial stage is the Wis
consin. In Iowa the \Visconsin glacial lobe terminates at Des 
Moines . 

There seems to be no reasonable doubt, ,vhen all the evidence 
is fairly balanced, that there are in Iowa remains of five distinct 
glacial stages and of four distinct interglacial stages . 

' 
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CHAPTER IV 

THE NEBRASKAN GLACIAL STAGE 

Discrimination of the Nebraskan drift 
Distribution of the Nebraskan drift in I owa 
Origin of the drift 
Changes in the drift 
Typical sections of the Nebraskan drift 

Nebraskan drift in southwestern Iowa 
Nebraskan drift in southeastern Io·wa 
Nebraskan drift in northeastern Iowa 
Nebraskan drift in northwestern Iowa 

Descriptions of the drift phases 
The Nebraskan gumbotil 
Oxidized and leached Nebraskan till 
Oxidized and unJeached Nebraskan till 
Unoxidized and unleached Nebraskan till 

Thlckness of the Nebraskan drift 

The ·Nebraskan glacial stage is the oldest of tl1e five glacial 
stages of the Pleistocene of Io,va. The drift deposited during 
this stage is kno,vn as N ebraslran drift, the name Nebraskan 
having bee11 given to it by Shimelc 1 Other names ,vhicl1 have 
been used for tl1e clrift of the Nebraslran glacial stage are Pre
Kansan, Sub-Aftonian, Albertan and J erseyan. 

Discrimination of the Nebraskan Drift 
The Nebraskan drift is exposed in many parts of the state 

,vhere younger overlyi11g Pleistocene or Recent materials have 
been eroded. In many places this drift can be identified ,vith 
certainty only if one can establish definitely its r elations to cer-

~ . . 
tain i11terglacial n1aterials the age of ,vhich is lmown.2 In north-
eastern Io,va there is an area "\\1hich a fe,v year s ago ,vas included 
in the Driftless Area, but "rithin \Yhich no,v there are kno,rn to 
be s1nall patches of drift. Tl1ese patcl1es are so related topo
graphically to I(ansan drift tl1at they have been interpreted to 
be older than the I(ansan and hence to be Nebraskan drift. In 

1 Shimek, B ., .Aftonian Sand and Gravels in Western Iowa: Bull. Geol. Soc. of .Amer., Vol. 
20, pp. 399-408, 1909. 

2 Kay, G. F., Comparative Study of the Nebraskan and Kansan Tills in Iowa: Bull. Geol. 
Soc. of Amer., Abstract, Vol. 33, p. 115, 1922. 

-



EXTENT OF NEBRASKAN DRIFT . 

parts of north,,~estern Io,va it is possible to differentiate the 
N ebraslcan drift from 3·ounger drifts by its lithologic characters 
as has been sho,rn hy Carn1an.3 

• 
The base of the Nebraskan till is exposed at only a fe\\T place8 

in the state; bt1t fro111 ,vell records it is kno"\\111 at 111any places. 
As the Nebraska11 drift ,Yas, so far as ,ve lrno,,T, the first glacial 
material to be deposited o·ver tl1e northern ~Iississippi "\Talley 
area, it lies upon tl1e be<lrocl( f:Urface clescribe(l in Cl1apter I. 
As ,,·as stated 011 page 26 the evidence at })resent a·vailable ,Yar
ra11ts the interpretation that ,Yhe11 the Nebrasl{a11 ice sheet in
·vadecl Iowa tl1e st1rface of the hedrocl{ had gentle slopeR \Yitl1 a 
relief of approxi111ately 400 feet. In a fe,v places sands and 
gra·vels are l,no,,·n to lie on the bedrock: and heneatl1 tl1e N ehras
kan till. It is difficult to detern1ine fron1 the records available 
whether such gravels are or are not a part of the N ebrasl{an 
drift. 

Tl1e upper lii11it of the N ebraska11 drift is its contact \Yitl1 ov'er
lying materials. The most prevalent contact is that bet,veen the 
N ebrasl{an drift and l{a11sa11 drift. In fact no expost1res of 
N el)raslcan drift in contact ,vith drift other than the I(ansan 
ha,·e been recognizecl in the state except i11 Dela\vare county 
where Io,van drift overlies Nehraska11 drift. (See page 154.) 
In tl1e areas ,vhere the 3·ot1nger clrifts have been ren1ovecl fro111 
the Nebraskan drift the latter is i11 n1any places ma11tled by loess; 
,vhere loess is abse11t, the N ebraslcan is overlain onl)T by a soil. 

Distribution of the Nebraskan Drift in Iowa. 
The distribution of N ebrask:an drift i11 Io\va was coextensive 

with the area of Nebraslcan glaciatio11. In some places there is 
evidence that all the Nebraskan drift has been ren1oved; in parts 
of the state there may be areas upon which little if any N ebras
kan drift was deposited. From the evidence gained fron1 field 
studies in all parts of the state, it is kno,vn that the Nebraskan 
ice sheet covered all of Iowa as sho\vn in figure 28. 

The N ebrasl{an drift is no,:v a surface featt1re iJ1 Io,va only jn 
restricted areas as it is nearly everY\\'here overlain by younger 
drift or loess. In northeastern Io,va the drift is overlain only by 
loess as no glacier later tlran the N ebraska11 crossed this area. 

3 Carman, J. E., The Pleistocene Geology of Northwestern Iowa: Iowa Geological Survey, Vol. 
XXVI, pp. 414-424, 1915. 
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Plate II and figure 32 show the locations of the patches of drift 
which constitute the representative of the first glaciation in this 

. 
region. 

In some parts of Iowa the erosion of younger drift which over
lay the Nebraskan exposed the underlying drift, though in some 
cases this was to be later covered by loess. The extent of the 
N ebrasl{an drift beneath the loess is difficult to determine unless 
the Nebraskan gumbotil plain is lmo,vn to have been nearly con
tinuous, in which case the drift below the level of that horizon is 
largely if not entirely Nebraskan. Valleys of any size cut into 
the Nebraskan gumbotil plain would have been filled with Kansan 
drift and later erosion would have caused this drift to be exposed 
below the level of the Nebrasl{an gumbotil plain. 

The N ebrasl{an gumbotil surface is lmo,vn from the outcrops 
of the gumbotil, and from its manifestations on hillsides as 
be11ches, as a spring horizon, and as an infertile soil, to have 
been extensive in southwestern Iowa at the time of the Kansan 
glaciation. The distribution of the Nebrasl{an drift over this 
area has been mapped, as in Plate II, on the basis of the gumbotil 
outcrops and the relationship of the Nebraskan gumbotil level to 
the present topography. Such valleys as ,vere filled with the 
Kansan drift carry that drift into the area mapped as Nebraskan, 
but extensive valleys formed by Aftonian erosion were appar
ently few in the area in ,vhich the Nebraskan drift is shown in 
Plate II. 

Origin of the Drift 
The Nebraskan drift is typical of material of glacial origin. 

The great accumulation of ice and snow which resulted in con
tinental glaciation was not uniform in thickness over the land 
areas, but in certain limited areas there ,vere 'centers of disper
sion' out from which the ice tended to move in all directions. 
Movement did not begin until a great thiclmess of ice had ac
cumulated and heavy pressure was put upon the land surfaces 
beneath the ice. A long period of ,veathering had preceded the 
formation of the continental glaciers, as a result of which con
siderable thiclmesses of unconsolidated residual and related ma-• 
terials ,vere acc11m1tlated on the land areas. The loose products, 
after the beginning of glaciation, became frozen into the bottom 
of tl1e ice mass and as this mass moved these materials were 
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pusl1ed along b)' the pressure of the ice. The rock: material 
,vhicl1 ,vas shoved 'along a11d that ,vhicl1 ,vas frozen in the ice 
served as tools ,vhicl1 effectivel1· carved, polished, and grooved 
the glaciated bed. Tl1e f or,vard ice movement in tl1e region of 
erosion remo,,ed 11ot only all tl1e accumulated ,veatherecl material • 
over ,vide areas bl1t cut into the un,veathered rock as "yell. The 
acclrmltlation of material fro1n the different deposits over "·hich 
the ice passrcl fur11ishecl to the glacier a heterogeneot1s 111ixture of 
,veathered and l111,veatherecl n1aterials li1nited in y·ariety only by 
the differe11t kinds of rock ,vl1icl1 the ice traversed. 

Th@ deposition of the debris ,,·hieh the ire l1ad acq11ired in its 
moveme11t ov·er the land took place under conditions ,vhich re
sulted i11 t,,~o distinct types of materials: 011e of tl1ese is an lln
assorted heterogeneous n1ass of coarse and fine n1aterial-the 
boulder cla~· or till dt1e to t]1e melting of the ice ,vith accon1pan:y
ing settling of the ,v11ole glacial loacl in situ ; t]1e other is flnvio
glacial n1aterial-th0 result of deposition fron1 glacial ,,·aters 
,vhich flo,,·ed heneath or on the ice, at tl1e borders of the ice. or 
011t beyond the front of the ice. It co11sists of assorted clay·s, 
silts, sand:, and gra,rcls. Some of the fl11vioglacial deposits are 
ver)r \Y(l 11 sorte<l and e\Te11l3T hedcled ; i11 places tl1e)· are distinctly 
cross-hedded. The texture of fl11vioglarial material is ,Yithin tl1e 
ra11ge of textures of deposits 111arle b)· ru11ning ,vater ,,·it]1 the 
0xccptio11 of a fe,,· boulders \Yhicl1 111a)· ,,·ell ha,Te hee11 raftecl 
into thrir present l)ORitions b)· ice floating on the ,,·ater ,Y11ic}1 
deposited the sands and g·ravelR. The lithology of the sa11ds 
and gravels resen1hles that of the till ,Yitl1 ,Yhicl1 the)· are 
asi;;ociated. In some places the flu, ... joglacial deJ)Osits are poorly 
sorted and grade both lat0rall~r a11d vertirall~.,. into sandy· and 
gravell3r till ancl into llnsorted till. 

The fl11,rioglacial 111aterials ,,,ere carrjed in tl1e strea111s and 
other ,vaters related to the contine11tal ice 1uass, ,Yhilc the ice 
sheet eithrr ,vas acly·ancing·, ,vas in its halting; stages, or ,Yas re
treating. Running ,Yater ,vas no dol1ht acti,re at all tin1es at tl1e 
1nargins of the glaciers; tJ1e strean1s flo"red at least seasonally 
upon the s11rf ace of the ice, and son1e ,Yaters ,vere acti,·e \Yitl1in 
or at the bottom of the glacier in ice tunnels. Fron1 all s11ch 
,vaters fluvjoglacial materials ,vere <leposited. 

The origin of tl1e sands and gravels associated ,Yith the Ne-
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braskan till and the conditions under "'rhich they were deposited 
are in many places difficult of interpre~atio11 owing to the very 
restricted and often m1satisfactory exposures of these sands and 
gravels. 

As the first continental ice sheet, ,vhose center of dispersion 
,vas the Keevvatin field, moved over Io,va, it brought a load from 
tl1e north and added to it fro1n the formations over ,vhich it 
passed in this state. Eventually the time came vvhen the ice at 
the margin of the glacier melted faster than nevv supplies ,vere 
pushed for,vard by the ice movement. Under st1ch conditions 
the glacier ,vas in retreat, not b)r a return 111ove1nent but by melt
ing. As the ice field occupied successiveljT smaller and s111aller 
areas, more and 1nore of the glaciated bed ,vas left covered ,vith 
the debris which the ice had 11ot pushed to its farthest fro11t a11d 
,vhich it held as its load until melting· caused it to be deposited 
as glacial drift. 

The plo,ving and grinding action of the glacier lo,vered the 
hills. The subglacial valle)TS ,Yere depressio11s i11to \Yhich loaded 
portions of the ice had 111oved and stranded ,vhile the upper por
tions of the ice still participated in the ice n1oven1ent. When 
the ice l1ad retreated finally from sucl1 areas, the old surface bed
rock irreg·ularities "''ere 110 longer to he seen but instead there 
was a ne-\V surface which ,vas a plai11 ,,•jth n1inor surface irreg·u
larities and gentle slopes. 

Changes in the Drift 
Follo,ving the retreat of the Nebraskan ice sheet beyond the 

northern boundary of Iowa and far to the north, Iovva's Afton
ian interglacial history began. The new Nebraskan drift surface 
which resulted from the advance and retreat of the Nebraskan 
continental ice sheet could not have remained uncovered for more 
than a very short time. :lYiarginal vegetation undertook almost 
at once to occupy the ne""T territory, and as soon as the climatic 
conditions became sufficiently congenial this vegetation no doubt 
spread rapidly over the surface. Even before the vegetation 
came wind and rain, sun and frost and other weathering agencies 
began to alter the ne"'1ly exposed glacial drift; and these agencies 
,vere effective. The air and water oxidized the iron compounds 
in the drift and changed tl1e color from a drab or gray of the 
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fresh drift to the yellow, r ed and brown colors of iron oxides. 
Thus the drift became oxidized. As the oxidation extended dovvn
ward from the surface other changes followed. Tl1e underground 
,vater began to dissolve those rock: materials which were the most 
sol11ble, and as the ,vater passed downward tl1e soluble materials 
,vere carried from tl1e soil into the subsoil. Thus limestone and 
other calcareot1s materi~ls were leached, fir~t from the surface 
zones and then from deeper and deeper horizons. Oxidation ex
tended itself down,vard much more rapidly than did leacl1ing, 
and hence in the course of time the unchanged fresh till had two 
zones developed above it-the oxidized u11leached zone, and the 
overlying oxidized and leached zone. But the maxim11m change 
l1ad not ·yet been reached. Veg·etation was gro"ring on the sur
face and the vegetal prod11ct of previous seasons " 1as 11ndergo
ing decay. Orga11ic acids \\1ere formed " 1hich together with the 
other agents of ,veathering bro11ght about additional chemical 
cl1anges. Tl1e res11lt ,vas a reversion to the darl<er colors of 
reduced iron compounds; the breal{ing do,vn of fine materials 
into still finer-,vitl1 1nan~v of them reduced to colloidal size
and the disi11tegration and decomposition of 1na113r of the min
erals of which tl1e drift is composed. This mature product of 
,veathering has been na111ed g·umbotil,4 cl1iefly a residual product 
,vl1icl1 is ver31 stick)T ,vhen ,vet, ver31 hard and tenacious "-~hen 
dry, and which is interpreted to be chiefly the result of cl1emical 
"reathering· of glacial till. 5 

Apparentl31 the formation of the gumbotil caused the rate of 
leacl1ing to be decreased below tl1at iinperviot1s material for 
,vhereas tl1e g·u1nbotil on the N ebrasl{a-n till l1as been found to 
average bet"1een eight and ni11e feet in thiclmess, the oxidized 
and leached zone below it is less than three feet thick:. Not 
e11ot1g·l1 expost1res of the oxidized Nebrasl<an drift have been 
available for st11d3r to ,varrant any definite statement ,,~ith reg·ard 
to the maxi1nun1 tl1irl{ness of this oxidized zone, b11t i11 JJlaces it 
is n1ore tl1an thirt~v feet i11 thicl{ness. The record of the weather-· 
ing of the Nebraskan till is ,vell preserved in many places be
cause tl1e g·u1nbotil and related 1uaterials of Nebrasl<an drift ,vere 
covered by the drift of the second ice sheet, the Kansan. In the 

4 Ka:v, G. F., Gumbotil, A New Term in Pleistocene Geology: Science, N. S., Vol. XLIV, pp. 
687-638, 1916. 

5 Kay, G. F., and Pearce, J. N., The Origin of Gumbotil: Journ. of Geo!., Vol. XXVIII, pp. 
89-125, 1920 . 
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slopes of valleys, in road and railroad cuts and in other excava
tions which go below the old N ebraslran surface, there are ex
posures of the Nebraslran gumbotil and l1nderlying zones. 
"Where good drainage co11ditions r esulted fro1n erosio11 within 
the g·lrmbotil areas, tl1e gu1nbotil in places ""as freed of its col
loidal conte11t and there ,vas left a11 oxidized thoroughly leached 
secondar>.,. gun1botil profile. In places the N ebrask:an drift ,vas 
all eroded hef ore tl1e co111ing of the I(ansan ice sl1eet ; else,vhere 
tl1e I(ansan glacier ren1oved a part of the Nebraskan drift. Un
der sl1ch co11ditions the upper part of the N ebraslran drift is 
absent, and " 1her e the re1naining Nebraslran till is overlai11 by 
Kansan till it is difficult in 1na11y places to distinguish one fpom 
the other. They may be alilre i11 color, texture, lithologic com-
position and otl1er features. · 

Typical Sections of the Nebiiaskan Drift 
Some sections of N ebraslran drift fr om different parts of the 

state ,vill be described. These sections show the characteristic
ally developed gu1nbotil, oxidized and leached till, oxidized and 
l1nleached till and u11oxidized and unleached N ebrask:an till. 
Some sections sho,v the relationships of sands and gravels to the 
Nebraskan tills. Rarely is an exposure s11fficiently deep to r eveal 
in a sing·le section all the phases of the tjll. In some sections the 
Kansan till or other material overlying the Nebraskan gumbotil 
\vill be described. 

NEBRASKAN DRIFT IN SOUTHWESTERN IOWA 

In southwestern Io,va there are many outcrops of N ebraslran 
till overlain by I(ansan till. 'I;he hvo tills are separated in many 
places by Nebrask:an gumbotil, in a few places they ar e separated 
by leacl1ed gravels and in two places at least they are lrnown to 
be separ ated by peat. In this part of the state there is a mature 
erosional topography and the N ebraslran till outcrops only at 
elevations considerabl}r below the summits of the main divides. 
One of the best of the lmown exposures of N ebraslran till in 
south,vestern I owa js jn a road-cut ,vest of the flood-plain of 
Platte river west of Blockton in Taylor county. The lowest part 
of the sectjon is seen j11st ,vest of ,vhere the wagon road leaves 
the flood-plain (Sec. 12, Jefferson T,vp., T. 67 N., R. 32 W.). 
Here the N ebrask:an till is unoxidized, 11nleached boulder clay. 
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The dry surface of the till is gray to drab in color; the fres11 
dan1p surface is dark: in color but not distinctly black. The moist 
till is s0111ewhat flexible and when wet it is sticky. Pebbles and 
boulders are present, those "\\1hich \\'ere seen ranging· up to four 
feet in greatest dia111eter. Concretions of calciun1 carbonate are 
abu11da11t. A pebble anal}~sis of this N ebrask:an till is as follows: 

Limestone ..................................................................... · ............... . 
Granite ································································-······················-
Basalt or greenstone ·············································-··········-······· 
Quartzi to ···············-··································-········-····-················· 
Quartz ···················-····································································· 
Che1·t ·····················································-····································· 
Feldspar ......................................................................................... . 
Dolerite ....................................................................................... . 
Others ·················································-······················-········-······· 

P ER CENT 

58 
4 

18 
7 
3 
4 
1 
3 
2 

Above tl1e lu1oxidized and unleached Nebraskan till is oxidized, 
unleached Nebraskan till. In places stringer s of this oxidized 
phase of till exte11d along joi11t planes into the unoxidized till. 
This oxidized till ranges in color from light grayish yello,v on 
a dry sl1rface to 1)ro,,111ish yellow on a 1noist surface. It breaks 
,vith an irregltlar fracture; calcareol1s concretions are much 
more abunda11t tha11 in the l1nderlying unoxidized till. A pebble 
analy·sis is as follo\YS: 

Limestone ···············································································-····· 
Granite ·················································································-······· 
Basalt or greens tone ................................................................. . 
Quartzite ···············•···································-································· 
Quartz ......................................................................................... . 
Chert ·····················································-······································· 
Feldspar ·········-········································································-··· 

PER CENT 

49 
8 

25 
5 
6 
6 
1 

This a11al3rsis sl1ows that here also limestone is the most abun
dant constituent. 

Above the oxidized, unleached Nebraskan till is oxidized, 
leached Nebraskan till. This till phase is seen best along the 
road, particularly just west of the school, in section 10, Jefferson 
township, ,vhere it is only about two feet thick. In color this till 
ranges from bro,vnish yellow on a dry surf ace to chocolate color 
on a fresh damp surface. The presence of disintegrated pebbles 
and cobbles is a common characteristic and calcareous concre
tions are abundant. A pebble analysis of the oxidized and 
leached till is as follows : 

I 

• 



PEBBLES IN NEBRASKAN GUMBOTIL 

P ER CENT 

Limestone ..................................................................................... . 
Granite ·······························-······························-························· 
Basalt or green stone ·······-····························-·····················•····· 
Quartzite ..................................................................................... . 
Quartz ···-······-············································-····························· 
Chert ·······························-····························································· 
Dolerite ·····································-······················-··························· 
Schist ........................................................................................... . 
Others ........................................................................................... . 

0 
23 
26 
13 
16 
12 

3 
5 
2 

14'3 

This analysis shows that limestone pebbles are absent and that 
the siliceous content is r elatively high. Above the oxidized, 
leached N ebrasl{an till is Nebraskan gumbotil. 

The Nebraskan gumbotil is a gray to drab colored, thoroughly 
leached clay, ,vhich contains only a few pebbles and these chiefly 
siliceous. The thiclcness of the gumbotil in this exposure is about 
six feet. It is very tenacious when wet and when dry is tough 
and hard. The presence of calcareous concretions in the gum
botil is a result of precipitation of calcium carbonate "\vhich was 
dissolved and carried do"\vnvvard from overlying t ill. A pebble 
analysis of the N ebrask:an gumbotil is as follo,vs : 

PER CENT 

Limestone ...................................................................................... 0 
Granite .......................................................................................... 6 
Basalt or greenstone ·········-············-········································· R 
Quartzite ·······························································-··············-······· 20 
Quartz ···-························•······································· · ..................... 4 7 
Chert ·································································-··························· 15 
Schist ............................................................................................ 1 
Others ·······················································································-··· 8 

The anal)rsis shovvs that this gumbotil has 83 per cent of siliceous 
pebbles. Above the gumbotil is a gentle slope along vvhich oxi
dized unleached Kansan drift is exposed. 

Southeast of New Market, near the middle of the north boun
dary of section 5, 1viason to,:vnship (T. 68 N., R. 35 , V.), Taylor 
cot111ty, is a fine exposure of Nebraslran gumbotil with l(ansan 
till above it and Nebraslran till belo,v it. The section is as fol
lows : 

F EET 

4. Ti11, Kansan, oxidized and unleacbed, many concretions .............. 15 
3. Gumbotil, Nebraskan, gray to drah•colored, leached, a few 

siliceous p1:1bbles .................................................................................... 8 
2. Till, Nebraskan, o::-..idized, leached .................................................... 3 
1. Till, Nebraskan, o,-idized, unleached, many calcareous concre-

tions; exposed ·································-··············-·································- 22 

A section in the northeast quarter of section 25, Jackson town
sl1ip (T. 71 N., R. 36 W.), 1viontgomery county, is as follows : 
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F EET 

4. Till, K ansan, oxidized, leached ·········-··············································· 3 
3. Gumbotil, Nebraskan, gray, few siliceous pebbles, leached ........ 10 
2. Till, Nebraskan, oxidized, unleached, concretions, much j ointed 40 
1. Shale at base of slope. 

In Shelby county, in western Iowa, there is a fine section to 
show Nebrask:an gumbotil and Nebrasl{an till. The road-cut is 
in the northeast quarter of section 21, Cass to\vnship (T. 79 N., 
R. 40 vV.), close to the edge of the flood-plain east of Portsmouth. 
The section is as follows : 

4. Loess, leached ···································-·····························-··················· 
3. '!i.11, . Kansan, oxidized, unleached, many concretions, irregular 

J 01n ting ................................................................................................. . 
2. Gumbotil, Nebraskan, gray, compact when dry; breaks with ir-

regular fracture, leached, siliceous pebbles, few concretions ..... . 
1. Till, Nebraskan, oxidized, irregular fracture, highly calcareous, 

many concretions ............................................................................... . 

F EET I NCHES 

2 

5 6 

5 6 

7 

The elevation of the N ebrasl{an gumbotil is about 1245 feet 
above sea level. It is of interest to note that less than one mile 
east of this section at a11 elevation of 1305 feet above sea level, 
there is a good section of I{a11san gumbotil and underlying I{an
san till. 

No outcrops of N ebrasl{an gumbotil have been found between 
Portsmouth and Missouri river. The loess is so thicl{ in this 
region that there are ro1nparatively few drift exposures. 

A good section to show tl1e field relations of the N ebrasl{an 
gumbotil to the underl3ring Nebrask:an till is a railroad cut just 
east of a viadl1ct one and one-half miles ,vest of 1.fanning, Carroll 
county ( sec. 18, T. 82 N., R. 36 W.). From the top the cut sl10\VS 
loess, I(ansan till, a soil band, Nebrask:an gumbotil and Nebras
kan till. The section is as follo,Ys : 

FEET I NCHES 
6. Loess: 

Leached, yellowish gray on dry surface; yellowish brown to 
buff-brown on damp surface; no shells or concretions ................ 7 

Unleached, lighter colored on dry surface than the leached 
loess, and when damp is buff ,vith gray streaks; contains shells 
and concretions .................................................................................... 5 

5. Till, Kansan, yellow, unleached, with calcareous concretions; 
numerous pebbles including granites and quartzitcs. Below the 
oxidized, unleachcd till is gray till with a few pebbles. It is 
gumbotil-Jikc, but effervesces freely. It was probably picked 
up from the gum botil zone be]ow .................................................... 5 

4. Soil band, Aftonian, containing carbonaceous material .............. 4 
3. Gumbotil, N cbraskan, gray to drab·colored, few pebbles. The 

upper 6 feet is fine grained, gray, and is less sticky and gum• 
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botil-like than the lower 7 feet, which is leached but has some 
calcareous concretions ···················································-····················· 13 

2. Till, Nebraskan, oxidized, leached but has calcareous concre-
tions upon which are films of manganese dioxide -···············-········· 2 

1. Till, Nebraskan, unleached, oxidized, light yellowish color on 
dry surface, mottled brownish with gray when damp; many cal• 
careous concretions, especially in upper 10 feet ··················-········· 17 

145 

This section ,vas described and chemical analyses of the N ebras
kan till phases were reported in a paper by l{ay and Pearce on 
the origin of gt1mbotil.6 

On tl1e north and the south slopes of T,velve 11ile creek:, di
rectly south of Afton, Union county, are fine exposures of Ne
braskan gumbotil and N ebrasl{an till. One of the cuts along the 
road on the sot1th slope of Twelve 11:ile creek: valley is as follows : 

FEET 

6. L oess, buff-colored, leached ··················-···································-·····-··· 6 
5. Till, Kansan, O:\.'i.dized, chocolate•colored, leached ·····-··-··-·········· 4 
4. Till, Kansan, oxidized, unleached, many concretions .................. 21 
3. Gumbotil, Nebraskan, gray to drab color, siliceous pebbles, 

leached, upper surface uneven owing to ploughing by Kansan.. 8 
2. Till, Nebraskan, oxidized, leached .................................................... 3 • 
1. Till, Nebraskan, oxidized, unleached, many concretions; ex• 

posed ...................................................................................................... 25 

The N ebraska11 and l{ansan tills resemble each other closely 
in all respects. 

A pebble analysis of this N ebraslcan gumbotil is as follows : 
PER CENT 

Limestone ...................................................................................... 0 
Granite .......................................................................................... 6 
Basalt and greenstone ··························································-····· 12 
Quartzite .......................................................... ............. ............... 25 
Quartz ·········································-·····················-··-·······-··············· 30 
Chert ······························-······························································· 24 
Feldspar ···································-··································-··············· 3 

Another cut ,vhich shows N ebraslcan gumbotil and underlying 
till is along the wagon road ,vest of Osceola, Clarlce county, near 
the school at the south,vest corner of section 13, ,Vard to,vn
ship (T. 72 N., R. 26 ,,r.) . The section is as follo"·s: 

5. Loess, gray to light yellow ···························································-···· 
4. Till, Kansan, oxidized, leached, ferrotto zone on top ................. . 

FEET 

8 
5 
8 3. Till, Kansan, oxidized, unleached, many concretions ................... . 

2. Gumbotil, Nebraskan, gray to drab-colored, sticky when wet, 
tough and hard when dry, some calcareous concretions, a few 
siliceous pebbles; leached ·····-······-········-·········-·····-··························· 10 

1. Till, Nebraskan, oxidized, unleachod except in narrow upper 
zone; many calcareous concretions; boulders and pebbles; to 
base of exposure .................................................................................. 25 

I NCHES 

6 

6 Kay, G. F., and Pearce, J. N., The Origin of Gumbotil: Jour. of G-eol., Vol. XXVIII, pp. 
115·117, 1920 . 

• 
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NEBRASKAN DRIFT 1N SOUTHEASTERN IOWA 

The exposures of N ebrasl,an drift in southeastern Io,va are 
less numerous than those in south,vestern Io,va, but the follow
ing sections sho,v that drift to be typically represented eas~vard 
as far as the llfississippi valle3•. A road cut near the middle of 
the east half of section 19, Clay to,vnship (T. 69 N., R. 23 "\¥.), 
Wayne county, sho,vs the follo,ving section : 

FEET 

4. Till, Kansan, strongly oxidized, upper part reddish, upper 8 
feet leached, many concretions in the unleached till, where 

• thickest --····························-·-················---··-·--································-----·-· 15 
3. Gumbotil, Nebraskau, gray to dark gray, few siliceous peb-

bles, leached ···············-··-·--·-·····--·-··············-······--···-····-···············-------·-- 4 
2. Till, Nebraskan, oxidized, leached ···········-····--···················-···········-• 2 

... 1. Till, Nebraskan, oxidized and unleached ........................................ 20 

In the middle of section 33, Tro3• to,vnship (T. 22 N., R.17 vV.), 
Mo11roe county, there is a road cut ,vhich shows N ebrasl,an gum
botil 11nderlain by N ebrasl,an till and overlain by I{ansan till. 
The sectio11 is as follo,vs: 

FEET 
5. Loess, leached .......... ....... ............................. .................................. ...... 8 
4. Till, Kansan, oxidized, leached ·······················-······························· 5 
3. Till, Kansan, oxidized, unleached .................................................... 2 
2. Gumbotil, Nebraskan, gray, concretions, fe,v siliceous pebbles, 

leached 
1. Till, Kebraskan, poorly exposed along the road 

This c11t is 40 feet belo,v the 11pland and the elevation of the 
Nebraskan gumbotil is about 925 feet above sea level. 

Near the 11ortl1 boundary of sectio11 24, Jacl,son to,vnship (T. 
78 N., R. 15 "\¥.), Po,veshiel, co11nt,•, on the ,vest side of primar,, 
road 59, is a11 outcrop of Nebraskan gumbotil overlain by J(ansan 
till. The section is as follo,vs: 

FEET 

4. Loess, bu ff ·colored, 1 cached ···································-························· 5 
3. Till, Kansan, oxidized and leached ................................................ 5 
2. Till, Kansan, oxidized and un.1eached .............................................. 8 
1. Gumbotil, Nebrask!).n, dark gray, leached, fe,v siliceous pebbles, 

carbonaceous zone at surface; to base of cut ................................ 4 

The elevation of the Nebrasl,an gumbotil is abo11t 1018 feet 
above sea level. The J{ansan upland in this region is about 70 
feet higher than the Nebraskan gumbotil s11rface. 

In Tama co11nty bet,veen t,vo and three miles northeast of 
Gladstone in section 22, Otter Creel, to,vnship (T. 83 N., R. 14 
W.), there is a cut on the Chicago, l\fil,vau!,ee, St. Pa11l and 

• 
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Pacj fie rail\ra)· ,Yhicl1 shov;•s N ebraslca11 till an<l X ehrask:an gum
botil. The section i8 as follo""s: 

FEET 
5. Locsl'! ...................................................................................................... 5 
4. 'J'ill, Ku1111a11, oxiclizc-d, lf'achr.d ................•....................................... 5 
:L Till, J(unsnn, oxidized, unlcnchf'J, bns concretions •....................... 41/2 
2. <hunhotil, .Nebraskan, den:-(', ~f"U)', ]<>ached, few siliceou~ pcb· 

lilt>s; upprr 8Ur fac,· Ullf'\'<'11 ns if di::1turhed hy o,·l•tritling fre .... 3 to 5 
1. 'l'ill, ..\chrn~knn, oxidizC'1l in upper po.rt, in lower purt gray to 

da1 le idntc color, unoxidiz<>cl, unlcachcd, many concretions; ex• 
1,osed ...... ................................................................................................ l O 

In southc,a:--tt>r11 Io,,·a ~Phra:--l{nn drift has l)ren found ,vith its 
relatio11shi1Js to th<' J(ansa11 and Illinoin.11 tills clearl}· sho,vn. 
'1'h0:-::P r0lntion:--lii11~ can he 1na<1c clear h}· dcscribi11g some ex
posures, (a) in section ~O, DP111nark to,Ynshi11, I.Jee county·, and 
in HPetion 4, '\\rashing-ton to,Yn!--hi11, Lee county; and (b) in a 
sn1all ,·allP)' fo]lo,,·rd h>· ihl' Chieago, Burlington & Quincy· rail~ 
r oad in F-:ret iouK 28 ancl ~t3, \\,,. ar-;hingto11 to"·11sl1ip, I.Jee county. 
ThP rxJH)KUrPs in ~rction 20. D<'111narl{ to,Ynshi11, and section 4, 
,,,,.a~hi11g-ton to,Y11~hip, arc ahont three n1ilcs apart. Their loca
tions ar0 in<lieatrd at A and B 011 the R1nall 111a1) ,Yhic11 is a part 
of fignrP 29. Topogrn11hicall:v. th0 tl})prr surface of the A ex
po:--urc is 1nor0 t11c1n 110 fret hi a;h0r tha11 the l1as0 of the exposure 
at R. l~ig-HrP 29 slio,vs g·ra11hirnll>· th<1 relationships of the tills 
anc1relate,11naterinls a~ th<'y l1aY0 l)re11 i1~trr11r~ted fron1 a study 
of the~ ('\.])O8Ur0s at .. \ ancl B. The.\ exposurrs are in gulli es and 
in ihr ~10110 or a ~111all ,all r)· in srction 20, D0nn1nrk: tov;TJ1ship (T. 
69 N ., lt. 4 "\\r.). Lee conntr. The s0ction h0r0 is as follows: 

2. Loess <'o, firing- the AlnpC's to nn ele-vntion of nhout ~O feet nhoYa 
thP g-umhutil on "lii<'h it lies. 'l'hc- \tppPr surfn<'t' of th<' ]oei:is 
iR nhout nt the l<'YP] of th" uplnnd plnin npon whiC'J1 thfl ·dllng<' 
of Dflnmnrk is lo<'ntc:d, nnd whi<'h is approxin1ntcly 700 feet 
nho, fl Ren lPYfll. 

l. Oumhnti], Tllinuin11. t)·picnl hluh,h grfi)' color. fpw Rilireous peh
blo11, irrrgulnr polyhoclnt! frnct ure, about 3 f~et thick. 

Aho11t 1 GO yards to thr so11ih,Yrst. of this gully· rxpo8nr e is an 
rxpoi--urr lo" Cll' iopog-rn1lh irnlly and sho"·j11g th0 f ollo,Ying: 

FEET 
3. 'rill, lllinoinn, oxidi1fl1l, highly l'nlcnreous. :F'ron1 thiR outcrop 

thfl Tllinoinn gumhotil nnd 10N1R lune hN•n flrodPtl ........................ 7 
2. Till, l{nnRnn, gumhotil like, morn s1rongly oxitliz<'d thnn th" till 

11 hoYI'. l\fuch <'nrhontH'<'OUR nint.~rinl h1 the> upp<>r 1 foot; 
lrn<'IJC'<l. hut having Aon,o R<'conrln1·y <'t1l<'iun1 cnrho11ntc ns con
<'rl"tions nncl in joints; ahout ,J fcflt thi"k hut grndfls horizontnl· 
ly n1ul V<'l'ii<'nlly into tmn<ls nnc1 g-rnvrls, strongly oxidized rod• 
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dish and brownish, highly ferruginous, strongly ce~ented and 
thoroughly leached ······························-·············································· 22 

1. Silts, blue• black, leached ···································-······························· 1 ½ 

Farther do,,"Il the valley the Kansan till is exposed ; also in 
road cuts belo,v tl1e Illinoian till bet,veen Denmark and the B ex
posures 11ext to be described. Tl1e B expos1.1res are in tl1e slopes 
along· Lost creek: east of the road crossing in section 4, vVashing
ton to,,111sl1ip (T. 68 N., R. 4 ,V.), Lee co1.1nty. The follo,ving 
section ,Yas tak:en in a high bluff 011 the east bank: of Lost creek:: 

6. Loess, light buff in color ·························-····-································· 
5. Pebble band, a concentration of the larger material in the drift; 

formed during erosion. A few inches. 
4. Till, Kansan, oxidized brownish and yellowish, leached ............. . 
3. Till, Kansan, oxidized and unleached. Upper part has a zone of 

concretions which marks the base of the overlying leached till; 
sand masses included in the till; oxidized till grades downward 

5 

into unoxidized and unleached till .................................................. 22 
2. Ti1l, Kansan, unoxidized and unleached, very dark when moist, 

light gray on a dry surface, hard, tough, difficult to cut. Many 
joint µlanes along which oxidation has taken place ...................... 20 

1. Till, Nebraskan, oxidized, leached, distinctly reddish on surface 
but greenish gray when freshly cut. The color is in striking 
contrast with the unoxidized and unleached till above; breaks 
into small irregular fragment!'!; compact and uniform through-
out its thickness, nonlaminated, more sandy near the base ........ 11 

The Nebraskan in this section is i11terpreted to have been 
Nebrask:an gt1mbotil fron1. whicl1 much of the colloidal n1aterial 
was carried while the N ebrasl{an g·umbotil plain ,vas b~ing eroded 
and before the advance of tl1e Ka:i:.san ice sheet; the elevation of 
the surface of the leached N ebrask:an till is about 600 feet above 
sea level. A study of fig7.1re 29 ,vill sho"1 that in this area the 
thick:ness of the I{ansan till is approximately 60 feet, of the Illi
noian till 20 feet, and of the loess less than 20 feet. 

Another section in southeastern Io"ra which sl10,vs Nebraskan 
drift is in ~ small valley follo,ved by tl1e Cl1icago, Burlington & 
Qt1incy railroad. The t1pper part of tl1e section is near the mid
dle of tl1e south,vest quarter of section 28, ,Vashington townsl1ip 
( T. 68 N., R. 4 ,V.), J..Jee co11nt)1 ; tl1e lo,Yer part of the sertion is 
in t,vo expos11res in the 11orthern part of section 33 of the same 
to,,rnship. 

The t1pper part of the section located in section 28 is as fol
lo,Ys, ,vhere the t1pland is a fe,v feet ahove the top of the ex
posure and is underlain by loess: 

II 
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FEET !NOBES 
6. Gumbotil, Illinoian. A band along the brow of the cut, which 

is a few feet below tho upland. The gumbotil is gray to ashen 
on a dry surfare. On a damp surface it is dark gray mottled 
,vith brown. It has the starchy fracture ·which results in poly
l1edral blocks of small size. It is leached and contains siliceous 
pebbles, also a few secondary calcium carbonate concretions ··-- 4 6 

5. Till, IlJinoian, oxidized and leached; the prevailing color is 
brownish hu:fl' grading upward into gray through a narrow 
zone in ·which the colors are blended; some pebbles, cobbles and 
boulders i no cone retions -···········-············-········································· 5 6 

4. Till, Illinoian, oxidizecl and unleached; buff to brown with very 
f<.'w patches of gray; jointed; hreaks into irrc>gular fragments 
a few ('entimeters on a sitle; larger fragments as w!'l1 as peb-
hl<.'s in this zone>; ahout ···············-··········---··-···-······-··-···········--···· 1 

3. Gumbotil, Kansan; dark gray to drab in the upper part, lighter 
color in the lower part; some patches of brown; starchy frac
ture; closely spaced joints in upper part, becoming more widely 
spaced in lower part, but the resulting fragments in each case 
are the irregular, many-sided blocks a few millimeters in diam
eter; leached; a few secondary concretions of calcium carbon-
ate; calca,reous zone around the <'oncretions usually very narrow 8 6 

2. TiJJ, Kansan, oxi<lized and Jc>arhed; tho gray of tho gumbotil 
found in patches through this otherwil,e brownish buff clay ........ 5 

1. Till, Kansan, oxidized and unleached; yeJlowish brown in color; 
jointed, breaks into blocks the surfaces of ,vhich are in many 
cases of somewhat darker color than the face of the cut; un
lcachcd; has concretions especia.Uy in tho upper part ···········-··- 12 

Ahot1t one-fourth 111ile do,,·n the gt1lly· fron1 the section j11st 
d<?scrihe(1 tl1ere is east of the railroad track: a11 exposure about 
60 fe0t in clPpth on the face of a truncated sp11r on the ,,.alley ,Yall. 
H ere is the follo\ving section: 

FEET 
4. Loess, buff-colored, leached, upper surface hclow the upland 

level -····································-·······························-·························-········ 3 
3. Till, Illinoian, oxidized, unleached ······························-··················· 8 
2. Gumbotil, Kansan, a distinct dark zone extending across the face 

of the exposure; thoroughly leached, few siliceous pebbles ........ 12 
1. Till, Kansan, oxidized and unlcached except in upper part, con-

cretions; to tho base of the cut -····-········································-········- 37 

About 400 yards still fart her do,vn the valley is a tributary 
gulcl1 fron1 the ,vest. H ere is exposed tl1e transition zone be
t\veen the oxidized ancl unl<?ached l(ansa11 till and the unoxidized 
and unleached I(ansan till, \vhjcl1 is here about 15 feet tl1ick. 
Near the hase of the un leached and unoxidized I(ansan till there 
is m11ch carhonaceous 1naterial, beneath ,vhich is a zone a few 
feet thick of leached sands and silts, the upper part of ,vhich is 
very carbonaceous. Included in the sands and sjlts are sticl{s 
and logs, some of ,:vhich l1ave a dian1eter of nearl}7 six inches. 
The leached sands and silts, ,vhich are interpreted to be Aftonian 
in age, are in marl{ed contrast to the overlying unleached car-
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bonaceous Kansan till. Beneath the Aftonian leached sands and 
silts there is unoxidized and unleached till which is interpreted 
to be Nebraskan till. The elevation of the Aftonian horizon is 
600 feet above sea level, ,vhich is the elevation of the upper sur
face of the Nebrask:an till described from section 4, ,Vashington 

· to"1nship. ~Ioreover, fro1n the top of the Nebraskan till in sec
tion 33, ,Vashington townsl1ip, to the surf ace of the Illinoian 
g1unbotil in section 28, W asl1ington township, there is a differ
ence in elevation of approxi1nately 80 feet; the thicknesses of 
the l{ansan and Illi11oia11 tills i11 these sections are similar to the 
thiclmesses of the Kansan a11d Illinoian tills in the sections in 
section 4, vVashington township, and section 20, Denmark town-
ship. . 

The relationsl1ips of the Nebrask:an till to the Kansan and 
Illinoian tills in sections 28 and 33, ,Vashington _tov;rnship, are 
sho,vn in figure 30. 

In Johnson county there are several exposures of Nebraskan 
till and related materials. One of these is on primary road 161, 
on the north slope of Indian Lool{out in section 33, Lucas town
ship (T. 79 N., R. 6 W.). Here is Nebrask:an gumbotil underlain 
by N ebrasl{an oxidized and leached till l)elow ,vhich is oxidized 
and unleached Nebraskan till. Above the gmnbotil is I{ansan 
till above ,vhich is thicl{ loess. The elevation of tl1e N ebrask:an 
gumbotil is approxin1ately 700 feet. To the ,Yest of the road is 
a spring ,vhere the N ebrasl{an gu111 botil again outcrops; still 
farther ,vest and at the same e_levation the Nebrasl{an gumbotil 
. 
1s seen. 

Another most interesting exposure in J ohnson county is in the 
interurban cut just vYest of Iovva river at I ov;ra City. H ere in the 
base of the cut is bluish blacl{ till containing 1nany striated lime-

• 
stone pebbles. The till is highly calcareous and above it are 
highly oxidized, distinctly reddish leached gravels about eight 
feet thick. Similar gravels have been found also in excavations 
for the basements of buildings on the east side of Iowa river at 
the same elevation, namel)' , abo11t 710 feet above sea level. The 
Nebraskan till here is thin ; it lies on Devonian limestone. Above 
the leached f erruginous gravels vvhich are exposed on the south 
side of the cut for nearl)r 200 yards there is thicl{ loess. On the 
nortl1 side of the cut tl1e Peorian loess is 22 feet t l1icl{, the upper 
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15 feet being leacl1ed and the lo"\\rer 7 feet 11nleached. Beneath the 
Peorian loess is thin, leached Loveland loess. Tl1e gravels are 
interpreted to have been deposited by the N ebrask:an ice sheet, 
a11d l1ence to be Nebraskan g·ravels. Figure 31 shows the Nebras
kan till and gravels and overlyi11g loess. To the southwest of this 
interurban cut is an exposure at approximately the same eleva
tion, in the southeast quarter of the northeast quarter of section 
8, Lucas township, Johnson cou11t}'. This is in the south part of 
the Finkbine golf field, in a ravine about 100 yards north of the 

~-
~ ;..., .J 

' '' 1 ·1 .... , 
\r .. 

FIG. Sl.-Intururban cut west of Iowa river at Iowa City. Shows loess, Nebraskan gravels, and 
Nebraskan till. 

Rock I sland railroad tracl{s. Here are highly oxidized, leached 
gravels and sands exposed for a depth of 15 feet, 6 inches. The 
upper 5 feet of the deposit is gravel and gumbotil-lil{e till, above 
which is 7 feet of leacl1ed loess. Less than one mile from this 
exposure is the University of Io,va ne,v football stadium. When 
the excavations for this stadium were being made Nebraskan 
gumbotil and related materials overlain by t,vo loesses were 
made available for stud)' · The Nebraskan gumbotil in the floor 
of the stadium is intimately associated with thoroughly leached 
Nebraskan sands and gravels. The base of these deposits wa~ 
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not reached in tl1e trenches ,vhich were dug four feet deep below 
the floor of the stadium. In the south slope of the stadium the 
f ollo,ving section was exposed: 

FEET 
5. Loess, Peorian, buff-colored, leached to top of slope .................. 10 
4. Loess, P eorian, buff color, iron tubules, calcareous, contains 

shells, grades into 3 belo,v ·········································-····················· 2 
3. Loess, Peorian, gray, many iron tubules, calcareous, many 

shells ...................................................................................................... 8 
2. Loess, Loveland, oxidized reddish, leached, compact, contains 

carbonaceous specks and :flakes, no pebbles .................................. 2 
1. Gumhotil, Nebraskan, drab to dark gray to purplish color, tough, 

leached, few siliceous pebbles, to base of slope .......................... 6 

Another exposure sho,ving Nebraskan drift is in tl1e west 
bluff of tl1e Io,va river vallc3r, one n1ile 11orth of Coralville, in 
section 33, Penn to"1nsl1ip (T. 80 N., R. 6 "\V.), Jol1nson county. 
In the lo,ver slopes is Devonian li111estone. On the limestone is 
16 feet of N ebraska11 drift, tl1e 1.1pper 5 feet of ,vhich is gumbotil 
with a carbonaceous zo11e at its surface. The elevation of the 
N ebraska11 gl1n1botj} is about the sa1ue as the elevation of the 
N ehrasl{a11 drift in the interurban c1.1t, in the ~..,inkbi11e field cut, 
in the University stadium, and in the slope at Indian Lookout. 
Above the Nebrasl{an gumbotil in the Coralville exposl1re is 
Kansan drift, oxidized a11d unleached, ,vith an exposed thiclmess 
of 25 feet and overlain by loess. 

NEBRASKAN DRII'T IN NORTHEASTERN IOWA 

In northeaster11 Io,va three outcrops have been found thus far 
which have been interpreted as sho,ving N ebrasl{an gumhotil. 
T,vo of these are in Dela,vare county, the other is in ,Vinneshielr 
county. One of the exposures in Dela,vare county is about one 
mile north of Thorpe statio11, bet,veen sections 28 and 29, Honey 
creek: to,vnsl1ip (T. 90 N., R. 5 v\T.). Here is what is interpreted 
to be N ebrasl{an gumbotil lying 011 the bedrock and overlain by 
till. The other exposure in Dela ,vare county is about 2 1/2 111iles 
sol1th of Thorpe station, in the 11ortheast corner of section 17, 
Dela,vare to,vnship (T. 89 N., R. 5 W.). Here i11 a shallo,v road 
cut is exposed one foot of dark: gray Nebrask:a11 gun1botil over
lain by abo1.1t 5 feet of oxidized, leached Iowa11 till. At approx
imately the same elevation as the N ebrasl{an g·l1n1botil a11d about_ 
one-eighth mile farther south js a pit in highly· oxidized Nebras
l{an gravels, ,vhich are leached to the bottom of the 11 feet of the 
exposure. The gumbotil and g·ravels are about 40 feet lower 
than the known exposures of I(ansan gmnbotil in this area. The 
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exposure in vVinneshielc county is in the middle of the south 
line of section 10, Lincoln to,vnship (T. 98 N., R. 10 W.). 
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FIG. 82.-Northeastern Iowa, showing by· dashed line the margin of the Kansan drift and by 
dots the locations of drift patches in the region formerly included in the Driftless Area. 

Here is Nebraskan gumbotil overlain by about three feet of 
I{ansan till. I ts elevation is about 1,050 feet above sea level. 

N ebraslcan drift l1as been recognized in the extreme northeast
ern part of Iowa as the only drift there present. Its identifica
tion is based on its topographic position in relation to known 
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younger drifts, i11cluding the Il:ansan, Illinoian, and Io,van. 
Trowbridge, Williams, and others have sho,vn that the northeast 
corner of Io,va, formerly included in tl1e Driftless Area, is not 
entirely driftless. It is, ho,vever, an area in which only patches 
of drift are fo11nd. Figure 32 sho,vs some of the localities in 
,vhich the drift has been found.' The topographic position of the 
drift patches in relatio11 to the topography of the region indi
cates consideral}le erosion since tl1e deposition of the drift. The 
area ,vithin ,vhich tl1ere are patches of thin drift includes some 
1400 or 1500 sc1uare miles bordering Mississippi river from the 
northern boundary of the state to tl1e latitude of Bellevue in 
Jaclcson county. vVithin this region there are three levels of 
erosion represented on the present s11rface, and a fo11rth level is 
buried beneath silts ,vhich occupy tl1e floors of the present val
leys. The region therefore is divided into: some,vhat flat up
lands representing, according to ,Villiams, old erosion surfaces, 
,vhich occ11py abo11t J 40 square miles of the area; the flats along 
the present drainage levels, ,vhich covel' about 210 sq11are miles; 
and the slopes bet,vce11 the vario11s levels, ,vhicl1 account for the 
remaining 1090 sq11are miles of the area. The region is in ma
turity ,vith the maximum area in slopes and in the stage of 
transition bet,veen 11pland flats and large valley flats. 

As was stated in Chapter II the upland areas sho,v hvo levels 
of erosion about 200 feet apart vertically. The higher of these 
levels has been called the Dodgeville peneplain and the lo,ver the 
Lancaster perieplain. The present drainage, ,vhere red11ced by 
the larger streams to a lo,v gradient, lies some 300 to 400 feet 
belo,v the Lancaster peneplain. Beneath the beds of the larger 
streams, and also under some of the channels of the smaller 
streams, are rock gorges cut to a depth of 180 feet belo,v the 
present strea1n levels and filled to these levels with sfream debris. 
There are th11s recognized four levels of erosion three of ,vhicl1 
are significant features of the present surface. Nebraslcan drift 
is limited in its distribution to the surface of the t,vo high pene
plains, the Dodgeville and Lancaster peneplains, or to the slopes 
bet,veen these surfaces. Extensive field studies have failed to 
reveal ,vithin this so-called ''Driftless Area'' any drift at eleva
tions lower than the s11rface of the Lancaster peneplain. How-

11 ?t1n.p from unpublished manuscript by A. J. ,villiams, Library, State University of Iowa. 1928, 
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ever, at the ,vest edge of this area 
there is drift ,vhich extends down 
into the inner and deeper valleys 
belo"r the level of the Lancaster 
peneplain. This drift is of Itansan 
age. The later erosion valleys 
,vhich have been cut into and in 
places througl1 this dri,ft have in 
1nany places terraces of relatively 
fresh n1aterials, which now lie ten 
to thirty feet above the present 
streams. These terraces are re
garded b·y Alden and Leighton1 as 
probably Io,van in age. Figure 33 
is a diagrammatical illustration of 
the relationships bet,veen the 
Dodg·eville and La11caster pene
plains and the drifts of variot1s 
ages. 

NEBRASKAN DRIFT IN NORTH
WESTERN IOWA 

The N cbrask:a11 till of 11orth,vest
ern Io,va has been described by 
Carma11 in his paper entitled 
'' Pleistocene Geolog-y of North
,vestern Io"·a' '. 8 In places in this 
part of the state the N ebrasl{an till 
differs in its characteristics from 
that till in other parts of the state, 
and 1noreover, it can be distin
gl1ished from the l{ansan till by 
lithological, textural, and other 
characters. 

The exposures of Nebraskan till 
in north"1estern Iowa are chiefly 
,vithin the valley of Little Sioux 
river in Cherolree county. Here 
the river has cut through the Kan
san till into the Nebraskan till. 

7 Alden, W. C., and Leighton, M. M., The Iowan Drift: Iowa Geological Survey, Vol. XXVI, 
pp. 130-137. 

s Carman, J. E., The Pleistocene Geology of Northwestern Iowa: Iowa Geo!. Survey, Ann. 
Report, 1915, Vol. XXVI, pp. 289·445, 1917. 
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Parts of the Nebrask:an ice sheet had as the n1ost impor
tant sources of material the shales of Cretaceous age which cov
ered eastern North and South Dal<ota, ,vestern 1Iinnesota, 
and ,vestern Iowa. This source explains the very compact, some
what calcareous clay ,vhich characterizes some of the Nebraskan 
till of this part of the state. Carman° states that the Nebraskan 
till of Ch'erol<ee county 
'' is gray modified by various tints of chocolate brown, purple and blue. 
The most important colors are chocolate, gray and purplish gray, and 
generally the color is darker with greater depth beneath the face of the 
exposure. In its most weathered phase it has a yellowish cast. The till 
is almost free from pebbles or sand grains, and is so :fine-grained that in 
most cases very little grit can be detected even when a small piece is 
tested between the teeth. The matrix of the till is commonly calcareous 
but at some places it is onl}r slightly so or even is entirely free from cal
careous material, although it is the fresh unaltered till. Calcareous con
cretions ranging in size from small grains to masses eight or ten inches 
across are found in the upper part of this till in some of the exposures. 
The till is compact and tough when fresh, but in most surface exposures 
it is loose, and can be dug easily ,vith the hammer. It has a peculiar and 
characteristic method of fracture by which it breaks up into small angu
lar fragments similar to those into ,vhich starch fractures on drying.'' 

It is difficult to distinguish the Nebrask:an gumbotil of the 
Cherokee region from the Nebrasl<an till. This gun1botil in 
other parts of tl1e state is gray to drab in color, is tougl1, is non
calcareous, and has f e,v pebbles. In many places in Cherokee 
county the fresh Nebraskan till has si1nilar characteristics, and 
moreover, it cloes not oxidize to give the yello,v·-bro"1n colors as 
do the Nebrasl<an tills farther south. I-Io,vever, if a careful study 
of a sectio11 sho,,·s that the upper part has only· siliceous pebbles 
and has only secondary calcium carbonate, ,vhereas, lo,,Ter in the 
section the clay has not only secondary calcium carbonate but 
son1e pebbles of lin1estone, one is justified in reaching the judg
ment that the llpper part is ,veathered to Nebrask:an gl1mbotil, 
,,vhereas the till ,vith the lin1estone pebbles is fresh N ebrasl{an 
till. A goo<l expos11re in "\Yhich there is Nebrasl<an gurnbotil un
derlajn by Nehrasl{an till is in the lo,ver part of the east slope of 
the Little Siou.x valley along the abandoned ,vagon road leading 
east from Cherokee, in the southeast corner of section 26, Cher-

0 Op. Cit., p. 415 . 
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okee to,,11sl1ip ( T. 92 N., R. 40 ,:\r.). It has been described by 
Carman10 as follo,Ys: 
"Nebraskan till is exposed in the lower part of the east slope of the 
Little Sioux valley along the wagon road leading east from Cherokee. 
The exposure extends along the road for more than 100 feet and for most 
of this distance the cut is ten to t,velve feet deep. It covers a vertical 
distance of thirty-five feet and rises to a111 elevation of 1,250 feet above 
sea level, or approximately eighty feet above the river. The lower part 
of the exposure shows blue-gray compact gumn1y clay that is slightly 
calcareous and contains a fe,v limestone pebbles. It has the typical 
starchlike fracture of the Nebraskan and at a depth of six: to nine inches 
below the face of the exposure the clay is very compact and hard. The 
upper part of the exposure, about fifteen feet, is not the typical Nebras
kan till, although it is very similar. This part is 1nore plastic, looks like 
a massiYe silt deposit and breaks up into sn1all fragments similar to the 
starch fracture. This zone contains calcareous matter as po,vdery 1nate-
rial along the joints, and in the form of concretions ,vhose diameters . , 
range from the size of sand grains to two inches, but no li1nestone peb-
bles were found and the matrix is thought to be leached. IIo,vever, it is 
difficult to determine whether the effervescence produced is by a sn1all 
concretion, by a small grain of limestone, or by a calcareous matrix of 
clay. It is believed that this zone is the Nebraskan gumbotil, that it was 
thoroughly leached before the Kansan epoch and that the calcareous 
material is all in the form of concretions and has been, carried down from 
the Kansan till above. The upper contact of the Nebraskan till ,vas not 
exposed, but Kansan till is exposed t,venty-:five yards farther east and 
twenty-five feet higher and this continues to the top of the slope.'' 

Since Carma11 described this roacl cut east of Cherokee the 
road l1as bee11 abando11ed and a ne,v road, prin1ar)T number 5, 
made to the south of the old road. In making a satisfactory road 
grade from the Sioux river flood-plain level to the 11pland some · 
splendid cuts ,vere 1nade. These cuts were studied by Carman 
a11d Kay in the summer of 1927 and again by I(ay in 1928. The 
section is as f ollo,vs: 

At the base of the slope there is a cut in the lo"·er part of 
,vhich is gra)· unoxidized and u11leached N ebrasl{an till, and in 
the llpper part of ,vhich there is considerable secondary calcium 
carbonate in nodules or concretions. Above the unoxidized and 
unleached Nebrasl{an till there is about 8 feet of leached Nebras
kan till or g·umbotil. Farther along the road the N ebrasl{an gum-

10 Op. Oit., p, 420. 
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botil and N ebraslran till are ploughed by I(ansan till. In de
pressions on the eroded surf aces of the I(ansan till are Loveland 
silts ,vhich are overlain by Iowan till and gravelly till which in 
turn are overlain by Peorian loess. A composite section along 
this road from the east edge of the Little Sioux flood-plain to the 
upland about one-half mile farther east shows the follo,ving mate
rials : N ebraslran till, Nebraskan gumbotil, l(ansan till, Love
land silts, IovYan till and gravels, and Peorian loess. 

On primary road 18 east of the crossing of the Big Sioux, in 
section 16, Lyon to,vnsl1ip (T. 98 N., R. 48 W.), Lyon county, 
there was exposed in the summer of 1927 a most interesting ser
ies of cuts. One and one-l1alf miles east of Big Sioux river on 
the south side of the road the section is as follows: 

3. Till, Nebraskan, sandy, broWJ:1 color, leached ............................... . 
2. Till, Nebraskan; oxidized, highly calcareous, many concretions 
1. Till, Nebraskan, dark gray, unleached and uno:,.,_idized, highly 

calcareous, has concretions, cuts readily, starchlike fracture; 
exposed ·············································-··················································· 

FEET 

5½ 
3 

8 

I11 a c11t to the east on the north side of the road and at a l1igl1-
er elevation, is a sectio11 as f ollo,vs: 

FEET 
5 . . On slumped slope, many feet of grayelJy till. 
4. Silts, dark gray ,vith purplish tint, concretions, no pebbles, 

laminations not distinct ···-··········································-····················· 4 
3. Silts, pebbly, gray, with dark carbonaceous streaks, highly cal· 

careous ............................. ...................................................................... 1 
2. Ti11, Nebraskan, oxidized, unleached, dark brown, chocolate· 

colored stains along many joints, breaks into irregular frag• 
ments, many lime concretions in upper part ·········-················-··· 10½ 

1. Till, Nebraskan, unoxidized and unleached, dark gray color, 
much jointed, breaks into irregular fragments, brown stains on 
the joint faces, cuts readily, pebbles not abundant .................... 6 

A stud31 of this section i11 relation to the preceding section 
farther do,;vn the slope reveals a thickness of 25 feet of unoxi
dized and unleached and oxidized and unleached Nebraskan till 
underlying the silts. Farther east, and continl1ing llp the slope, 
there is a section as follo,vs: 

FEET 

7. Till, Kansan, oxidized, unleached, many concretions, many peb• 
bles, jointed, breaks into irregular fragments, to top of cut, 6 
feet, but extends up the grassed slope. 

6. Silts, in lower part gray to yellow in color; upper part gray to 
dark gray, calcareous,· has concretions ............................................ 6 

5. Silts, a definite dark brown band; a fairly dense clay, concre· 
tions, with concentration of concretions at the contact with over• 
lying silts; no pebbles, fairly dense and somewhat tough, lam• 
inations not evident, highly calcareous ............................................ 4 

-
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4. Silts, very loesslike; a distinct band, cuts like loess and feels 
like loess, has concretions .................................................................. 3 

3. Silts, like number 5 in every respect .............................................. 4 
2. Silts, very loesslike, exceedingly fine, light buff color, many con· 

cretions, lines of stratification seen on the surface, no shells 
seen, no pebbles ·······································································-··········· 10 

1. Silts, dark, carbonaceous ···-····························································· 3 

161 
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By combining the t,vo sections above it is possible to determine 
the thick:ness of the silts above the Nebrasllan till to be about 30 
feet. 

Still farther up the slope is another g·ood cut on tl1e north side. 
The section is as follows : 

FEET 
2. Till, Kansan, OJs.idized and unleached, yellowish to brownish in 

color, cuts readily into irregular fragments .................................. 27 
1. Silts, gray, calcareous. 

The base of the next cut up the slope is at the same elevation 
as the top of the 27 feet of I(ansan till in the cut down the slope. 
Here the section is as f ollo,vs : 

2. Loess, buff.colored, lowest 1 foot is gray and has iron tubules, 
unleached except the upper 3 feet, which is dark brown and 

FEET 

leached ......................................... ···············································-········· 14 
1. Till, Kansan, oxidized and unleached, sand pockets .................... 11 

The top of this sectio!]. is approximately at the upland of the . 
region. 

The total thickness of Kansan till rev~aled in these sections is 
38 feet. A composite section of about 110 feet in thickness repre
senting the kinds of materials to be seen in these splendid cuts is 
as f ollo,Ys : 

5. Loess, buff·colored, lowest one foot gray and has iron tubules; 
unleached except upper 3 feet, which is dark brown and 

FEET 

leached ·····························-····································································· 14 
4. Till, Kansan, oxidized, unleached, has concretions, sand pock-

ets, breaks into irregular shaped fragments, jointed .................. 38 
3. Silts, alternating bands of dark brown chocolate-colored cal

careous silts and lighter colored loesslike silts with no pebbles 
and highly calcareous and having concretions .............................. 30 

2. Till, Nebraskan, oxidized and unleached, dark brown, chocolate• 
colored stains along many joints, many lines of concretions, 
breaks into irregular fragments ........................................................ 10 ½ 

1. Till, Nebraskan, unoxidized and unleached, dark gray in color, 
highly calcareous, has concretions, starchlike fracture ·········-······· 15 

The silts in this section are interpreted to be of interg·lacial 
origin and to be Aftonian in age. 

From a study of these sections and scores of other sections of 
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Nebraskan gumbotil, Nebraskan till and related materials, it has 
been found that a normal section may be represented by a dia
gram as in figure 34. It will be shown later that similar zones 
are characteristic of the Kansan drift. 

Descriptions of the Nebraskan Drift ;E>hases 
The Nebraskan drift has several phases, each of which has 

characteristics which are fairly constant wherever the phase is 

• 

• • • • • • • • 

GUMBOTIL 

TRANSITION ZONE 

OXIDIZED AND LEACHl!O PH~&& 
ZONI! OF CONCRl!.TION& 

OXIDIZl!D AND UHLl!ACHED PHASE 

TRANSITION ZONI! 

· · • · . . UNOXIDIZED AND UNLl!ACHl!O PHASE • . ,-.. . ~ . 
• V• • ."l•. 

• • • • 

FIG. 34.-Diagram of a complete normal section of Nebraskan drift. 

• 

found. These phases include g·umbotil, oxidized and leached 
drift, oxidized and unleached drift, and unoxidized and unleached
drift. Each phase grades above and below into adjacent phases. 
Each phase vvill be described from .studies made in the field and 
in the sedimentation laboratory. 
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THE NEBRASKAN GlTMBOTIL 

The N ebraslcan g·11mbotil is the n1ost ,veathered phase of the 
oldest Pleistoce11e till. It is very different from the till below it 
and fron1 any till ,vhich lies on it. The color of the gumbotil is 
one of its most uniform characteristics. A dry surface is gray 
\vith a tendency toward shades lighter than neutral gray rather 
than the darlcer shades. Some slightly purplish or reddish tints 
are seen and ,vl1ere the gumbotil has been used for road bed 
material and has been pttlverized by traffic it has a distinct ashen 
gray color. The wet gumbotil has a somewhat greater range in 
color than the dry gumbotil. When thoroughly wet it is dark 
gray with minor sl1ades of purple and blue. A bluish tinge is 
common over the surface and streaks of dark rusty colors, due 
to infiltration of iron oxide, are seen on many of the broken sur
faces. The colors of the gumbotil are in strong contrast to the 
yello,vs and browns of other phases of the till. 

Another feature of the Nebraskan gumbotil as well as of gum
botils on the Kansan and Illinoian tills is that it is very sticky 
and plastic when wet, as it retains much capillary water. When 
water is removed by evaporation the upper part of the gumbotil 
shrinks in volume. The result is the development of a series of 
intersecting irregular angular cracks over the surface which 
,viden as the clay dries; the upper part of the gumbotil is separ
ated into polyhedral blocks. These bloclrs range from about one 
inch to more than t,vo inches in diameter, ,vith the cracks from 
one-quarter of an inch to more than half an inch deep. Prolonged 
drying of the gumbotil produces secondary divisions of the sur
face into smaller areas which give the appearance of a crumbling 
loose layer of isolated fragments, as shown in figure 35. But this 
appearance is deceiving for the small bloclcs are rather solidly 
attached to the main mass of gumbotil although a zone of weak
ness at the base of the blocks serves to permit the breaking away 
of the blocks more easily than a lt1mp of solid dried gumbotil 
can be broken. The small fragments ,vhen brolren from the 
main mass are polyhedral, hacltly faced, irregularly shaped 
forms. The larger bloclcs are separated by deeper cracl,s than 
are the smaller, but they do not appear to have developed the 
zone of wealrness at the base of the bloclc as have the smaller 
bloclcs. The angular craclcs which separate the surface blocks 

> 

• 

• 
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FlG 35.-Showing dried surface of gu.mbotil with smooth Joess surface above it Both materials 
have had the same amount of exposure. 

on the gu111hotil ha·v·e . ome of the feature of mud cracks as de
veloped in horizon tall}· stra bfiecl n1ud . The chief differ ence 

een1s t o be in the irregularity of the cracl{.. and in the control 
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of the direction of the cracks by the surface features of the 
material. In the gumbotil there are sand and pebbles and iron 
cen1ented zones, he11ce, the erack:s which cross its dried surface 
after it has been ,vet are not straight, nor do they seem to be 
directed by minor surface features as are typical mud cracks. 
The gu1nbotil cracks are sharply angular and tl1e Sl1rfaces of the 
sides of the craclrs are rough and may usually be matched. The 
cracl{ing· takes place on a11y gumbotil surface "\\1hether it be in a 
vertical, a slopu1g· or a horizontal position. 

GIDnbotil is \\1ithout stratificatio11. At no place ,vhere it was 
stt1died does tl1e material seem to have the even banding of color, 
separation of size grades, parting along flat surfaces, or differ
ential surface weathering ,vhich ,vould indicate deposition in 
layers. There are, however, exposures ,vhich sho,v a stratified 
silt or a loess on the gumbotil. But neither the silt nor the loess 
is related to the gumbotil in origin. 

The mass texture and the elastic texture of the gumbotil are 
cl1aracteristic featl1res. By texture is meant the character and 
disposition of the constituent parts (particles) of a composite 
mass. 1\iiass texture is used in this paper to mean the character 
and disposition of the joint or Sl1rface bounded units of till 
material, each of' which is composed of sa11d in a clayey matrix. 
Clastic texture is llsed here to 1nean the character and disposi
tion of the unit roclr or mineral fragments constituting the de
posit ,vhich these fragments are aggregated to form. vVithin 
the till there are units, composite in themselves, wl1ich ·are bolmd
ed by joints or sl1rfaces along ,vhich separation talres place more 
easil)7 than through the units. In some places these surfaces 
result in 'starchlilre fracture', and in other places they result in 
faces of hacltly appearance or '\\rith other characteristics pro
duced by the presence of these separation surfaces. 

The mass texture of the gumbotil is characteristic. Within 
the gumbotil are many surfaces along which separation takes 
place rather readily ,vhen the material is moist. The extreme 
division of the gumbotil along· these surfaces results in small, 
irregular, polyhedral fragments. Surfaces which include many 
of the small fragments have a ''hacl{ly'' appearance. The sizes 
of the small pieces range from about one-sixteenth of an i11ch to 
more than one-fourth of an inch. The forms are many-sided; 
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some of them approach the form of a sphere, others do not. In 
some specimens the corners or edges are projected into thin 
sheetlike plates which lie between t,vo adjacent blocks; in other 
specimens the forms are flakelike with one dimension much less 
than the others; some have square margins and some taper off 
to thin edges. The faces of tl1e polyhedral figures are usually 
slightly convex with the ridges of varying sizes and sharpnesses. 

When the gumbotil is dry it does not separate readily along 
the surfaces which are the limits of the small pieces ref erred to 
above, but yields some,vhat readily along wider spaced promi
nent joints which may be remnants of structure in the original 
till. The joints which are nearly vertical are apparently best 
developed. While these planes are prominent in the dry gum
botil they are usually not more noticeable than those along the 
smaller blocks in gumbotil which is moist enough to be moulded. 
It is suggested that probably the smaller surfaces and perhaps 
the more extensive series of joints are the result of movement 
within the gumbotil during the minor disturbances which must 
have occurred in the mass during its weathering and during the 
settling to its present compact condition. 

The elastic texture of the gumbotil is somewhat variable. The 
gumbotil is made up of fine clay, sand grains, a few pebbles, and 
in some places fragments of sufficient size to be called cobbles 
and boulders. The amount of coarse detritus in the gumbotil 
differs greatly; in some places it gives to the material a distinct
ly sandy texture and it may even include numerous pebbles. 
Indeed the sand content may be so high that the clay present is 
barely sufficient to fill the spaces between the sand grains. In 
most specimens, ho,vever, the clay forms the major part of the 
gumbotil and is the constituent which determines its physical 
character. 

The clay content of the Nebrasl{an gumbotil has a wide range. 
This is evident from field studies, but more particularly from 
laboratory studies. In the laboratory the size-grade distribution 
of the particles in the gumbotil above 1./64 millimeter in diameter 
was determi11ed. The clay and silt belo,;\7 1/ 64 millimeter were -
combined in the analyses and gave a r3:nge from 48 per cent to 
79.3 per cent in the nineteen analyses " 1hich vvere made. The 
range bet,veen these figures is shown in the f ollo"ring table: 
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Peroentage of ol,a,y and silt below 1/64 miZU11neter im, diameter: 
45-50 50-55 55-60 60-65 65-70 70-75 75-80 

Nwmber of analyses: 
1 0 3 4 . 5 4 2 

It will thus be seen that about two-thirds of the analyses show 
a content of silt and clay between 60 and 75 per cent with more 
analyses below the lower figure than above the higher figure. 

The sand content shows prevailingly a greater percentage of 
the sizes between 1/16 millimeter and 1/ 32 millimeter than of 
any other grade, although the next smaller size, 1/ 32 millimeter 
to 1/ 64 millimeter, may be very close to the same percentage; in 
three analyses the grade 1/ 32 millimeter to 1/ 64 millimeter in 
diameter exceeded in percentage that between 1/ 16 and 1/32 
millimeter. The percentages of the 1/ 32 millimeter to 1/64 milli
meter grade range from 5.3 to 12.4 of the whole sample. The 
percentages of the 1/ 16 millimeter to 1/32 millimeter grade 
rang·e between 7.3 and 23.5. The sand and pebbles which are 
coarser than 1/ 16 millimeter in diameter mal{e from less than 1 
per cent to more than 20 per cent of the sample. The maximum 
size of fragments found in the specimens analyzed was less than 
16 millimeters. 

The most conspicuous of the similar features is an approxima
tion to the same percentages of the three grades, ½ millimeter 
to ¼millimeter,¼ millimeter to¾ millimeter, and 1fs millimeter 
to 1/16 millimeter. The following table shows the striking num
ber of times the figures approach each other, although here as 
in percentages of other characters there is no value common to 
all of them. Percentages of the whole specime;n are given: 
Spee. No. 
1/2 to 1/4 mm. 
1/ 4 to 1/8 mm. 
1/8 to 1/16 mm. 

64.A. 78.A. 
1.6 3.1 
2.7 3.4 
3.6 3.7 

202A 223.A. 236.A. 237 A 239.A. 245A 269.A. 273.A. 
3.1 7.2 2.6 1.7 0.1 1.6 2.5 2.6 
3.9 5.8 2.3 2.0 0.2 1.6 2.4 2.6 
5.1 4.9 2.2 2.2 tr.* 1.4 2.8 3.4 

276A 280A 291A 292.A. 295A 296A 302A 306.A. 307 A 
3.0 3.1' 9.3 2.8 2.5 5.4 3.4 5.1 3.0 
2.4 2.9 5.9 2.5 2.4 4.8 3.2 5.6 3.3 
2.6 2.4 1.7 2.8 2.6 4.2 3.1 6.9 4.5 

The Nebraskan gumbotil has pl1ysical features dependent upon 
the amount of clay in it. Mechanical analyses of the size grades 
as well as field observations show in different localities different 
proportions of clay and sand in the gumbotils. This is due to 
the differences in the original materials from which the gum-

* Less than 0.1 per cent. 

' . 
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botils ,vere derived. In some places sa11ds and gravels ,vere at 
the top of the drift. During the time of gumbotil formation, the 
alteratio11 i11 these sands and gravels produced a thoToughly 
leacl1ed and paTtly decomposed n1ass of coarse ·detritus. 

N ebrasl,an gumbotil sho,vs a predominance of those rocks and 
minerals ,vhich resist chemical ,veathering. As ,vould be ex
pected in a n1uch ,veathered product, the limestones, dolomites, 
a11d otheT soluble Tocks l1ave been entirely re1noved by leacl1ing. 
The average pebble content of several a11alyses of Nebraskan 
gun1botils made in ,videly separated areas is as follo,vs: 

PER.CRt'\TTAGE 

Quartz ........................................................................................ 36. 75 
Chert,, _flint, etc. ·········-··-·-····················------··-········-·········-·······- 21.25 
Quartzite .................................................................................... 20.25 
Granite ........................................................ ·····················- ....... 8 .25 
Basalt and greenstone ............................................................ 11.00 
Feldspar -----·········--·· ------- ----···---····-··-·· ------- _____ ·······-·--· --------···--· 1.25 
Felsi te ----------·· ······----------- .................... ----- --------- _____________ ---·- ....... 0 .5 0 

The content of siliceous pebbles is here more than 78 per cent. 
None of the Nebrasl,an gun1botil examined sho,ved less than 72 
per cent, and the highest sho,ved 88 per cent of siliceot1s pebbles. 
The studies of leached and oxidized Nebraska11 till showed about 
38 per cent of siliceous pebbles, and the unleached and oxidized 
Nebras·kan till sho,ved about 15 per cent of sucl1 material. 

In the sands ,vashed from the gumbotil and separated into 
size grades there are some n1inerals ,vith characteristics ,vhich 
indicate that their form is immediately derived from the disin
tegration of igneous rocks. There are numerous feldspar frag
ments, ttnrounded and sho,ving under the n1icroscope that they 
have undergone partial l,aolinization. There are also hexagonal 
flakes of darl, mica ,vhich sho,v a coating of iron oxide, as ,vould 
be true if the,, had been derived from roe!, fragments. There are 
q11artz grains ,vhich sho,v the imprint of crystals ,vl1icl1 ,vere ad
jacent in the original roe!, mass. There are also quartz grains 
,vhich are irregular in shape and which still have attached to 
the1n bits of mica or feldspar fro111 the roe!, of ,vhich the,, ,vere 
a part. 

vVhen pebbles from tl1e Nebrasl,an gu1nbotil and 11nderlying 
phases of the till are studied to ascertai11 the relative sizes of 
pebbles in the different horizons and to deter1nine the shapes of 
the pebbles some interesting information is obtained. For ex-
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ample, one·hundred pebbles collected from the Nebraskan gum
botil at one locality had dimensions as follows: larg·est pebble 
24 by 14 by 10 millimeters; smallest 2 millimeters; and average 
pebble 8 by 5 millimeters. The shapes of these pebbles were 
subangular to spheroidal. The unleached and oxidized Nebras
kan drift beneath the Nebraskan gumbotil had pebbles with di
mensions as follo,vs: largest pebble 62 by 45 by 17 millimeters; 
smallest pebble 3.4 millimeters; and average pebbles 17 by 15 by 
10 millimeters. The pebbles were chiefly flat and subangular; 
so1ne Vi1ere appreciably rounded. The largest pebble in the Ne
brask:an gumbotil from another locality vvas 10 by 7 by 5 milli
meters; the smallest 1.5 by 2 millimeters; and the average 3 milli
meters; the shapes were subangular to spl1eroidal. Here the 
underlying N ebraslran till had pebbles the largest of ,vhich was 
55 b:y 35 by 30 millimeters; the smallest pebble 3 by 2 milli
meters; and the average 15 by 10 by 7 millimeters. The shapes 
of the pebbles were subang-ular to angular. 

Son1e detailed laboratory work: ,vas done ,vith reference to the 
rou11dness of the larger fragments of rock in the gumbotil. The 
round11ess was determined by the simple expedient of rolling 
the pebbles down a mathematically designed curved inclined 
chute and the11 reading by means of a chatt a roundness value 
for the distance rolled. The value .00 is the unit angularity or 
tl1e figure for a fragment the shape of a cube. The value 1.00 is 
reserved for the perfect sphere, which a natural fragment prob
ably never attains. The vall1es bet,veen these two extremes then 
represent the proportional amount of rounding which particular 
pieces have undergone. The percentages given below are based 
on several hundred determinations for each size given. 

Pebbles from the Nebrask:an gl1mbotil of the size from 8 milli
meters to 16 millimeters in diameter gave the following round
ness values: 
Rowndness: 

.00 .03 .06 .10 .15 .19 .24 .26 .29 .33 .36 .40 
Percentages: 

34 21 18 14 10 1 1 1 

Tl1e values for the pebbles bet,Yeen 4 and 8 millimeters in diam
eter ,vere determined to be as follovls: 

• 
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Bowndness: ~ 

.00 .01 .07 .13 .17 .23 .27 .31 .36 .40 .44 .48 
Percentages: 

2219181513 7 2 2 1 1 

Those pebbles bet,veen tl1e sizes of 2 and 4 millimeters gave the 
follo,ving roundness figures : 
Roundness : 

.00 .06 
Percentages: 

21 14 

.14 

21 

.20 

18 9 

.32 

9 

.37 

3 

.44 

3 

.48 

1 

.53 .59 

1 

.63 

• 

The distrib11tion of tl1e percentages shows a fairly regular 
gradation fron1 the angular pebbles do"'Il to those showing max
imum rounding. In the 16 to 8 millimeters size, the largest size 
for "'l1icl1 deter1ninations ,vere made, tl1e fragments have a 
rather ,vell defined upper limit for the rounding. This is be
~veen tl1e values of .15 and .19, for only 3 per cent of the total 
lies above the latte,- figure, while 10 per cent shows a value of 
roundness .15. Tl1e other sizes show a more gradual l:lecrease in 
percentage, though a rather marked drop in peTcentage is noted 
near roundness .20 in each case. The 11pper limit is not very 
definite for any of the sizes. 111 the smaller sizes a fe,v well 
rounded quartz pebbles gave the l1igher roundness figures, and 
in the largest size a number of cherts and a few quartz pebbles 
gave the lugher figures for these grades. There were obtained 
figures of roundness .40 and .63 for the largest and smallest 
sizes respectively, but in each case the determinations were less 
than half of one per cent of the ,vhole, so they were not separ
ated in the averages. 

The pebbles ,vhich sl10,v the moderate rotmding include in 
most cases those ,vhich are composed of igneous rocks. The 
alteration of the pebbles, ,vhich tool, place during the formation 
of the gtrmbotil, began along the edges _and corners of the frag
ments, tending to round them. The breal, found in the percent
ages of roundness values probably shows abo11t tl1e upper limit 
of rounding by the disintegration of the fragments in the gum
botil. Ma11y of the chert and q11artzite pebbles and some of the 
quartz pebbles l1ave one or more brol,en faces which have had 
the edges b11t little rounded since the fracture. It is this kind of 
fragment ,vhich predominates in the angular and less rounded 

* Highest roundness value obtained for the size, but less than one-half of one per ej?nt in the 
average . 

• 
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percentages and on which is superimposed the percentage of 
roundness values of the other rock fragments. There were not 
available sufficient pieces of rocks other than the siliceous types 
to make separate determinations to be compared with the round
ness values of the siliceous fragments. 

The Nebrask:an g·umbotil has distinctive features as a glacial 
drift material. Foremost is its gumbo character. Water ap
plied to the surface forms a clay slip which is · very sljppery. 
Soaking with ,vater causes it to become very plastic and tough, 
although the dry material is hard and tenacious. The color and 
surface weathering of gumbotil are striking features. The gray 
to drab color, lighter on the washed surface because of the ex
posed sand, and the polyhedral fracture of the surface are char
acters which tak:en together make it conspicuous in drift ex
posures and help to distinguish it from the other phases of the 
drift. 

THE OXIDIZED AND LEACHED NEBRASKAN TILL 

The oxidized and leached Nebraskan till lies immediately below 
the gumbotil. The oxidized and leached phase in most places is 
not separated sharply from the phase above, but transition from 
one kind of material to the other is through a narrow zone in 
which there is distinct inter:fingering of the two phases. 

The prominent difference betvveen the gumbotil and the oxi
dized and leached till is one of color. The color of the oxidized 
and leached till is in most places brown or brownish yellow. 
Along the joints the color is usually somewhat different from the 
color of the mass. This color in the upper part of the zone is the 
colol' of the gumbotil where the alteration has penetrated below 
the general level of gun1boization. Some of the joint surfaces in 
the mass of leached material are coated with thin layers of iron 
oxide which is darker in color than the till, marking smoothed 
surfaces into patches ,vith dark boundaries. 

The wet oxidized and leached till does not have the very sticky 
and plastic character which is possessed by the giunbotil. In 
places it will form a clay slip, but irr places there is insufficient 
of the very fine n1aterial to permit its formation. 

The exposed surface of the oxidized and leached till is not of 
the same character as the surface of the gumbotil although there 
are similarities. The cracl{s ,vhich form in the surface after 

• 
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wetti11g are 11ot as large as those \Yhich marl< the g·umbotil sur
face and the tops of the blocks are crossed b3r f e,ver smaller 
craclcs, ,Yhich gives to the sl1rf ace a less crumbly appearance 
tha11 tl1at of tl1e more altered gtm1botil. 

The 1nass texture of tl1e oxidized, leached Nebraskan till and 
tl1e elastic textt1re differ fro1n these features in the gt11nbotil. 
The fi11g·erlil<e extensio11s of the gumbotil into the zone below 
follo,Y joi11ts ,,·hicl1 are conti11uations of the larger joints in the 
gm11botil. These extend throt1g·h the oxidized a11d leached zone 
and ,vithi11 this zone tl1e·v are i11creased in nt1mber b-v a series of . ~ 

smaller, closely· spaced joints \Yl1ich permit the material to be 
separated into angular blocl<s. These bloclcs are of different 
sizes but are generally larger tha11 tl1e small blocks ,vhich are 
f ouncl in the gmnbotil. The san1e type of fracture appears to 
develop ,vhether the material be ,vet or dr}7, "''hereas i11 the gum
botil only the 1noist 111ass sho,vs distinctly the smallest joints. 
There is a t e11denc~y for the oxidized and leached till to show • 

wider spacing of tl1e jojnts, both large and small, toward the 
botton1 of the zone, ,vl1ile at the top the gradation of the joint 
system into g11mbotil is gradual, and is 11ot sharpl3r set off by 
any abrupt change in the nature of the fracture. 

The elastic texture of the oxidized and leached phase is some
what coarser than is that of the g·umbotil. The clay matri."'{ is 
not as fine as in the gumbotil a11d it includes more sa11d. Peb
bles are n1ore numerot1s in the ·011tcrops than in the zone above. 

111 the laborator3r, 1nechanical analyses of the oxidized and 
leached N ebrasl{an till sho,v n1ajor feat11res similar to the major 
features of the g·1unbotil. The percentage of the 1/ 16 1nilli1neter 
to 1/ 32 n1illi1neter grade is higl1er than the percentage of tl1e 
next smaller grade, perhaps so111ewhat more per sistentl3r hig·her 
than in the gmnbotil. The three sand grades, ½ to ¼ millimeter, 
¼ to ¼ n1illin1eter, and ¼ to 1/ 16 1nillin1eter, sho,v the same 
paralleljsm in percentages although the percentag·es i11 the oxi
dized and leached till are nearly· t,vice the average percentage 
in the gumbotil, being i11 most cases abot1t six per ce11t for each 
of the three grades. The silt and clay content is the greatest of 
any of the grades, but it is not as high as in the gumbotil. ~Iost -
of the anal3rses show between fifty and fift3r-five per cent of the 
material to be less than 1/ 64 n1illimeter in diameter, whereas in 
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the gumbotil three-fourths of the specime11s sho,ved over sixty 
per cent of the sa111e size grades. In tl1e specime11s analyzed the 
samples ,Yere too sn1all, al)ol1t fifty g·ra111s, to include large peb
bles, althol1gh so111e of 4 to 8 n1illin1eters a11d eve11 8 to 16 n1illi
meters in size occurred in the rando111 san1ples used. Fragme11ts 
over 1/16 1nilli111eter dia111eter in the gt1n1botil f orn1 from one to 
t,Ye11t)T per cent of tl1e ,vhole sa111ple; i11 the oxidized and leached 
Nebrask:a11 till the percentage of 111aterial o,rer 1/16 n1jllimeter 
grade ra11ged i11 tl1e specin1ens stl1died betv.Teen 24 a11d 30 per 
cent. 

It is see11 fro1n these comparisons tl1at the N ebrask:a11 gtm1botil 
is son1e,\·hat finer i11 texture than the oxidizecl and leached Ne
brasl{a11 till. The t,vo l1ave in general the san1e textural qualities 
which are depende11t 11po11 the elastic co11te11t ,vith tl1e exception 
that the oxidized and leached till does not have the very fine clay 
,vhich gives to the gumbotil its distinctive ph)rsical characteris
tics. The developme11t of the finer clay a11d the reduction of the 
textural ra11ge v.·ould res11lt from long co11tinued chen1ical ,veath
ering of such material as oxidized and leacl1ed till. 

The siliceous content of the oxidized and leached N ebrasl{an 
till is sho,vn from pebble analyses to be lower than is that of the 
gumbotil. The a·verage of three typical anal3rses gave the fol
lowing: 

PER CENT 

Chert .............................................................................................. 15 
Quartz ............................................................................................ 14 
Quartzite ·····································································-··············· 13 
Schist ............................................................................................ 2 
Felsite ···································-··················································-··· 3 
Granite ·······································-················································· 19 
Basalt and greenstone .............................................................. 29 
Dolerite .......................................................................................... 1 
Unidentified .................................................................................. 4 

The percentage of siliceous pebbles is only 42; in gumbotil it 
is rarely less than 75. Tl1e granites, basalts, and greenstones are 
more abundant than in the gumbotil and most of these pebbles 
show considerable surf ace alteration. There are many rotten 
pebbles v.rhich go to pieces very readily; son1e may be crumbled 
bet"Teen the fingers. Several kinds of igneous rocl{s are repre
sented by the pebbles, the most common being those containing 
ahundant ferromagnesi.an minerals. 

The oxidized and leached Nebraskan till has distinctive char-
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acteristics by vthich it may be readily distinguished from the 
gumbotil. Prominent among these are the color differences, the 
aspect of the ,veathered surface, and the plasticity when wet. 
The jointing· of the mass, the lithologic content, and the texture 
are similar but sufficiently different so that any one of these may 
be used as an indicative criterion for the determination of the 
phase of till represented. No sharp line can be drawn between 
the zone of oxidized and leached till and that of the gun1botil, as 
there is a transition zone through ,vhich one merges into the 
other. 

The thiclmess of the oxidized and leached till beneath the 
N ebraska11 gun1botil differs from section to section, but the most 
prevalent thicln1ess is about t,vo feet. In the Kansan and Illj
noia11 tills the corresponding zones are tl1icker. 

THE OXIDIZED AND UNLEACHED NEBRASKAN TILL 

Below the oxidized and leached till is oxidized and unleached 
till. In the Nebrask:an drift this phase is in places more than 
fort~T feet thick, as measured in cuts 1nade in steep slopes. It 
grades above into the oxidized and leached phase and belo,v into 
the unoxidized a11d u11leached Nebraskan till. Tl1e contact be
t,veen the oxidized and unleached phase and the oxidized and 
leached Nebraskan till above is in many places sharp, the two 
phases being· recog·nizable ,vithin an inch of each other. How
ever, in most places leaching has extended do,;vn along joint sur
faces into the oxidized and unleached till, the result being that 
the surfaces of joint-bounded blocl{s are leached ,;vhile the inter
iors of the bloclrs are still highly calcareous. 

In many sections of N ebraslran drift the oxidized and un
. leached zone is not well exposed. It is a typical bottlder clay 
but ma3r include some sands and gravels. The color is yello"\\rish 
to brownish and is distjnctly lig·hter than that of the oxidized and 
leached zone. The "ret surf ace is appreciably darlrer than the 
dry st1rface. 

The surface ,veathering of the oxidized and unleached till re
sults in the formation of nu1nerous craclrs wl1ich separate the 
till into blocl{s. The cracl{s are not as large nor arc they as _ 
numerot1s as in the Nebrask:an gumbotil and jn t l1e oxidized, 
leached N ebrask:an till. Smaller cracks are associated in places 
with the larger crack:s which divide the surface into angular 
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patches several inches across. The large cracks are the first to 
develop, and on a surface only partly dry they are the only 
cracks present. "\Vith continued drying there are developed 
smaller fissures separating sl1rface blocks an inch or two across 
,vhich give a check:ered appearance to this dried till. 

The sn1aller surface blocks are about the size of the larger 
ones. 011 the surfaces of the gumbotil and of the oxidized and 
leached till. The larger block:s of the oxidized and unleached 
phase are not distinctly represented in the phases above. The 
differences il1 surf ace character are due no dol1bt to the differ
ences i11 clay content. The greater proportion and fineness of 
the clay in the gumbotil and in the oxidized and leached phase 
enables these tills to retain more ,vater when wet and hence to 
shrinlr more when dried, thl1s developing more craclrs than does 
the oxidized and unleached till. 

The body texture of the oxidized and unleached Nebraskan till 
is the result of a series of vertical and horizontal joints which 
are spaced from one-half inch to three inches apart. The till 
breal{S readily along the joint planes into angular bloclrs, usually 
,vith rectangular outlines. The sizes of these bloclrs differ with 
the spacing of the joints; the l1sual sizes are from less than one 
inch to several inches in the different dimensions, and ,vhile there 
is no sharp upper or lower limit of size there is a very distinct 
range into which most of the pieces fall. 

The joints in the till are the planes along ,vhich the water pene
trates the most readily, and hence are the planes along which 
weathering first talres place. This is particularly noticeable in 
the contact zone ,vith the oxidized and leached till where, finger
lilre, the leached till follo"1s the joint planes for several inches 
belo,v the upper limit at which the till effervesces with acid. Be
low the leached phase tl1e waters which were charged with lime 
from the upper phases entered a different environment, where 
they precipitated some or most of the lime they carried. In 
some places this secondary calcium carbonate accumulated about 
distinct centers and became concretionary masses with more or 
less regular surfaces. In most places, however, lime was de
posited along the joint surfaces which the solutions followed, 
filling them with ,vhite calcareous material which is easily re
duced to powder ,vhen dry. The secondary calcium carbonate 

i 
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is a distinctive feature of the 11pper part of the oxidized and un
leached phase, a11d even ,vhen the gun1botil and the oxidized and 
leached phases have been removed by erosio11 the secondar),. car
bonate along the joints is evidence of the former existence of 
overl3ring· phases ~rhich once contained calciu1n carbonate. 

The elastic content in exposures of the oxidized and unleached 
t ill is so111evvhat striking; a yello,,,ish colored clay matrix en
closes sands, pebbles, a11d larger frag111ents. The joints ,vhich 
separate the till i11to the characteristic blorl{R have forn1ecl \vith
out appare11t regard to tl1e larger fragmental content of tl1e 
clay; the}· ha,re surfaces in ,vhich are partl3r embedded sand 
grains and pebbles ,Yith the 111ould of the protruding part i11 the 
opposed surface. The pebbles and finer particles are distributed 
pron1iscuo11sl)· through the cla)·, ,Yhich i11 norn1al till has no lines 
of stratification. 

The 11pper lii11it of size of rock u1 the N ebrasl{an till iR that of 
tbe larg·e l)oulders ,,·hich occ11r in })laces. The larger are several 

~ 

f ee t- in dian1eter and are of the same kinds of rock as the cobbles 
and pebbles. Boulders are not abundant in the N ebraslra11 drift; 
in 111ost expos11res the up1)er lin1it is ,,,.i thin the size of cobbles. 

In the laborator}·, n1echa11ical anal3"ses of the oxidized and un
leached till reveal about the t i:t111e characters as the oxidized and 
leached till sho,Ys. 11ost of the ratios of percentages are about 
the same in both t3~pes. There is, ho,,ever, a noticeable increase 
of the coarser material and corresponding decrease of the clay 
and silt grades. I11 some anal}-ses tl1ere is less than 45 per cent 
0£ grade sizes belo,,,. 1/ 64 111illimeter, shovvi11g clearly that in the 
oxidized and unleached till t l1ere is less cla3,. and silt than in the 
oxidized and leached till a11d in the g·un1botil. There is in gen
eral a decrease in percentag·es of the sizes from 1/2 n1illimeter 
up to the coarsest of material present. 

The oxidized and 11nleached till, except i11 degree of color and 
,veatheri11g of n1aterials, is 111uch lil{e the oxidized and leac]1ed 
till above a11d i11 so1ne respects it is similar to the gu111hotil. A 
comparative study of the g11n1hotil, the oxidized and leached till, 
and the oxidized and unleached till sl10,Ys that the oxidized a11cl 
11nleached till contains the coarsest materials. The san1e general -
ratios of size grades seen1 to indicate a genetic relationship be
tween all three kinds of till. Theoretically, weathering should 
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reduce the sizes of frag1ne11ts in a till and the studies in the field 
and in the laboratory sl1ow that the most weathered material, 
the gu111botil, has the fragn1ents most reduced, and the oxidized 
and unleached till the least reduced of these three phases ; the 
oxidized a11d leached till is intermediate. 

The pebble anal~yses of the oxidized and 11nleached N ebrask:an 
drift sho,v pebbles of l{inds of rock ,vhich are rare or absent in 
the 1nore ,veathered zo11es. Limestone, ,Yhich is 11ot found in the 
gumbotil or in the oxidized a11d leacl1ed phase, is in most places 
an in1porta11t co11stitue11t of the oxidized and 11nleacl1ed till. An 
average of fourteen analyses shovYS 44.6 per cent of limestone 
and dolo1nite pebbles. Granites, gree11stone, and basalt pebbles 
also are ntrmerous. Chert and quartz, ,vhich are so abundant in 
tl1e gumbotil and ,,·l1ich are ,vell represe11ted i11 the oxidized and 
leached zo11e, 1nak:e up together only 7.6 per cent of all the peb
bles. The average of the fourteen pebble analyses is as follo,;vs: 

Limestone and dolomite ........................................................... . 
Sl1ale ·····························-····························································· 
Sandstone ·················-································································· 
Quartz ......................................................................................... . 
Chert ........................................................................................... . 
Quartzite ..................................................................................... . 
Sc hist ·········································-················································· 
Granite ·························································-····························· 
Basalt and greenstone ............................................................. . 
U nidenti:fied ·························································-····················· 

PER. CENT 

44.6 
1.0 
1.9 
3.3 
4.3 
5.7 

.2 
13.3 
25.1 

.6 

Some of the rocl{S are much ,veathered and some of the lime
stone has a coating of leached clay. But, as a ,vhole, the rock:s 
,vhich are in the oxidized and unleached Nebraskan till show 
less ,veathering than do those in the overlying related till. In 
some parts of the oxidized and 11nleached phase there has been 
apparentl}r almost no modificatio11 of the rocks since they ,vere 
deposited by the ice, for the edges of son1e of the frag1nents are 
sharp, striffi are found on limestone s11rfaces, indicating freedom 
from solution, and the colors of the 111inerals on freshly brol{en 
surfaces sho"\\r very little cl1ange d11e to -vveathering. The vveath
ering of the rock:s represented by the pebbles of the u11leached 
till ,vould result in materials with the characteristics no,v sl1own 
by the oxidized and leached till and the gumbotil. 

The roundness of the pebbles in the oxidized and unleached 
Nebraskan till has a some,vhat different distribution fro1n the 

• 
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roundness of the gumbotil pebbles. About 40 per cent or slightly 
more of the pebbles between 4 and 16 millimeters diameter in the 
oxidized and unleached till show angttlarity. The first percent
ages of distinctly rounded groups are 11 and 12 per cent with a 
roundness value of .07 and .03 r espectivel3r. The next grot1ps 
sl1ow percentages of 18 and 16, from ·\rhich the percentages 
diminish to the limit value of r·oundness of the pebbles. If the 
ro11nding of the pel)bles by ice action and the fracturing of 
ro11nded pebbles to increase tl1e n1unber of angular pebbles be 
assu1ned to balance approxi1nately, then the ro1mdness of the 
pebbles in the oxidjzed and unleached till ma3, be ·used to indicate 
the proportion of till derived by the ice from loose residual ma
terial and from the bedrock:. If the angular pebbles represent 
those derived b3r ice action from bedrock, then about 40 to 45 per 
cent of the pebbles between 4 millimeter s and 16 millimeters in 
diameter are so derived. Weathering \Vould increase the round
ed pebbles with a corresponding decrease in the number of 
angular pebbles, tendi11g to make an even distribution through
out the roundness values. 

The oxidized and unleached Nebraskan till grades 11pward into 
the oxidized and leached till phase and downward into the un
oxidized till phase. It represents therefore a stage in the altera
tion of the drift. The oxidized and unleached till has several 
times the thiclrness of the combined gumbotil and oxidized and 
leached phases. Oxidation is there£ ore shown to be the most 
rapid chang·e which tak:es place in the till. The three phases of 
the till which have been described constitute three distinct hori
zons, each differing somewhat in thiclrness and each distinct in 
characteristics, \vhich are the product of ,veathering changes in 
the till. These changes ta.l{e place in regular order to successive
ly greater depths, first along joint surfaces and then toward the 
interior of joint-bounded blocl{s. 

THE UNOXIDIZED AND UNLEACHED NEBRASKAN TILL 

Beneath the oxidized and unleached till is unoxidized and t1n
leached till. Bt1t onl1r in a few places in the state have good sec
tions of the unaltered Nebraskan till been found. In most places 
where observed in the state this till is dark gray \vhen moist with 
a distinctly bluish cast on a freshly exposed surface. The dry 
surface has a brownish gray color, the brown tint being due to a 

-
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thin film of oxidized n1ater ial ,vhich forms very readily when the 
till is exposed to the air. The yello,v color of the oxidized till is 
in many places developed along joint surfaces in the unoxidized, 
unleached till. I n some places the blocl{s of till which are separ
ated by joints are unoxidized only in the center of the blocks. 

The color of the unoxidized and unleached Nebraskan till is its 
1nost distinctive feature. The mass and elastic textur es are al
most identical ,vith those of the oxidized and unleached till. The 
lithology of the unoxidized and 1mleacl1ed till and the roundness
es of the pebbles are ver1· similar to those features in the oxidized 
and unleached till a11d hence ,vill 11ot be separatel)· described. 
As \Yas stated in a previous part of this report, tl1e 11noxidized 
and unleached Nebrasl{an till of parts of northwestern I owa has 
cl1aracters quite different from those of tl1e 11noxid_ized and un
leached Nebraska11 till in other parts of the state. This different 
cl1aracter is due probably to the inclusion of much shale from 
rocl{s 1111<lerlyjng tl1e drift. The unleached till resembles the 
gum hotil n10.re tl1a11 the usual un,veathered phase of the material. 

The lo"·est phase of the Nebrasl{an drift is so deeply buried in 
most places that it js seldom exposed. This drift has been buried 
under the l(:ansan i11 all places in the state except in the extreme 
northeastern part. The erosion of this 11pper 1naterial and of 
most of the Nebraskan is :ttecessary to uncover the unaltered 

• 

oldest drift. Such erosion has taken place only in the so11thwest-
ern part of Io,va and there only along the main drainage lines. 
1Iost of the valleys are cut only slightly belov,., the level of the 
Nebrask:an gumlJotil and therefore expose only the upper phases, 
including· a portion of the oxidized and unleached till. In many· 
places where the bottom of the drift has been reached either by 

• 

erosion or by excavation, the drift is so tl1in that at least oxida. 
tion has penetrated to its base. 

Thickness. of the Nebraskan Drift 
The depth to ,vhicl1 the surf ace of Io,va ,vas covered by Ne

braslcan drift may be estimated by (a) the amount of bedrocl{ 
relief ,vhich was smoothed over to form the Nebrasl{an ground 
moraine plain on ,vhich the Nebraskan gumbotil was developed; 
(b) the amo11nt of Aftonian erosion in N ehrasl{an drift; and ( c) 
the elevation of the Nebraskan gumbotil plain above the bedrock 
surface. 

• 
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The relief of tl1e bedrock surface is discl1ssed in Chapter I, 
\Yhere it is stated that tl1e local relief of the slu·face at the time 
of the ~ ebrask:a11 ice invasion ,vas as great as 300 to 400 feet, 
althougl1 there ,Yere areas ,Yhere the bedrock relief ,vas slight. 
The Nebraskan drift so covered this l1neve11 surface that the ne,v 
surface ,Yas a co111parativel3' level ground n1orai11e plain. Tl1is 
surface conti1111ed l1ntil after several feet of gmnhotil had bee11 
de-veloped fro111 the till a11d this gl11nhotil is the present testin1ony 
of the existe11ce of a11 exte11si,re drift !)lain. A drift n1a11tle ,,-hich 
,Yould cover the pre-Nebraskan bedrock Sl1rface to s11fficie11t depth 
to 1nake the s11rface a plai11 ,Yo11ld of necessit>T be a n1assive drift. 

The ag·ents of erosio11 ,vl1ich dissected tl1e K ebrasl{a11 gun1botil 
plain "Tithin Aftonia11 ti1ne persisted long· enough to cut ,alle-_rs 
in bedrock to depths of more tl1an 400 feet i11 the vicinit}T of 
l\{ississippi river i11 the 11ortheastern part of the state. B11t o,er 
much of the state Aftonia11 erosio11 occurred onl, or chiefl\' 

• • 

in Nebrasl{an drift as is indicated b3r the relativel-_y fe"' areas of 
sharp bedrock relief beneath the drift (see Chapter I) and the 
occurrence of N ebrasl{a11 drift in 11lrmerous localities. If the 
drift had been thin it prohabl}T ,vould have been largely removed 
b}r erosion duri11g the long Aftonian inter,ral. 

The depth to which the bedrock surface ,vas buried b~T N ebras
kan drift ma3r be detern1ined b·y the elevation of the Nebrasl{a11 
g·w11botil above tl1e indurated roclts. The co11str11ction of a set 
of profiles across the state showing the a,erage elevation of the 
bedroclt, above ,vhich tlte ltno,vn elevations of the Nebraskan 
gumbotil plain are plotted sho"1s that there are differences i11 
depth of rocl{ coveri11g· by the gun1hotil-topped Nebrask:an drift. 
In the "·estern part of the state, in the vicinit~· of the Height of 
Land, the N ebraslta11 gumbotil lies 100 to 300 feet above the 
averag·e elevatio11 of the bedrock as determined from available 
data. The greatest tl1iclmess is i11 tl1e ,vest-central part of the 
state, ,vith thinner Nehrasl{an drift to the north a11d so11th. In 
so11th,Yestern Io,Ya the N el)raslcan drift " rhen deposited ,vas 
probably 75 feet to 100 feet thick, thinning graduall)r to the east. 
The fe,v N ebrasl<an gumbotil outcrops in the eastern, central, 
and northeastern parts of the state sho\\1 the Nebraskan drift in 
those areas to have been more than 100 feet in average thiclmess, 
although just ho"7 much of the bedrock relief on ,vhich this fig·ure 

• 
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is based ,vas developed in Aftonian time is not definitely lrno,vn. 
Sl1cl1 drift tl1icla1esses, \Yhicl1 are a,rerage figures, sho,v that a 
considerable bod·y of tra11s1)orted debris ,vas deposited b}r the 
N ebraslra11 ice. 

The position of tl1e N ebraslra11 gm11hotil plain indicates that 
probahl}T the tl1ick:est Nehraska11 drift ,vas deposited in the ,vest
c~11tral part of the state, ,-ritl1 tl1e 11ortl1er11 a11cl eastern exten
sions having 011l)T sligl1tly lesser thicla1esses. Tl1e tl1i11ner drift 
,vas deposited to tl1e south and southeast of the thiclt drift region, 
b11t still ,Yith s11fficient deptl1 to sn1ootl1 the surface to an ex
tensi,re plain. 

Tl1e relativel)· large areas i11 ,,Tl1icl1 tl1ere is no,v fou11d Ne
braska11 drift ,,·hicl1 survived the 1011g .Afto11ia11 erosion, together 
,,'i.th the evidence of tl1e lti11d of sl1rface "·hich the drift 111a·ntled, 
indicate that tl1e average thickness of the drift ,vas greater tl1an 
it l1as generall}r hee11 believed to he. It " ·as probably· n1ore tl1an 
100 feet thick as a11 average for the state, and ma)T perhaps have 
been as thick as 150 feet. 

I 
I 



CHAPTER V 

THE AFTONIAN INTERGLACIAL STAGE 
The A.f tonian record 
Sections representing the Aftonian m western Iowa 

Gravels of the Afton Junction-Thayer region 
Other gravels in western I owa 
Aftonian peat deposits m western Iowa 

Sections representing the Aftonian in eastern Iowa 
Peat deposits and soils in eastern Iowa 
Weathered gravels in eastern Iowa 

The Nebraskan gumbotil 
Aftonian erosion 
Aftonian loess 
Life of the Aftonian 

The Aftonian interglacial stage is the oldest of the four inter
glacial stages recognized in the present classification of the 
P leistocene deposits of Iowa. The name Aftonian was used first 
by Chamberlin1 in 1895, in connection with interglacial deposits 
separating the two oldest tills in the Afton Junctiqn-Thayer re
gion, Union county, Iowa. As was stated on pag·e 76 of this 
report, the name ,vas applied to the horizon represented by soil 
bands, peat, and muck, and was correlated with the forest bed 
horizon of McGee in northeastern Iowa. Below the Aftonian in 
the Grand River pit of the Afton Junction region there is Ne
braskan till with associated g·ravels. Overlying the till and 
gravels is Iransan till. These gravels separating the two oldest 
tills have been for many years known as Aftonian gravels, not 
because of the time of the deposition of these gravels, which was 
during the closing stages of the Nebraskan glacial epoch, but be
cause the ,veathering of the gravels occurred during the Aftonian 
interg·lacial epoch. 

The Aftonian Record 
The Aftonian interglacial stag·e is represented in Iowa by 

widespread Nebraskan gumbotil, peat, mucks, old soils, weath- -
ered sands and gravels, and other evidences of a long interval 

1 Chamberlin, T. C., The Classification of American Glncial Deposits: Jour. of Geol., Vol. III, pp. 270-277; 1895. 
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bet,veen the retreat of the Nebraskan ice sheet and the coming 
of the I{ansa11 ice sheet. The Aftonian deposits are exposed by 
erosion i11 man}T places in the state and l1ave been n1ade available 
for study also in railroad and road cuts and have been pene
trated i11 1nany· ,Yell drilli11gs. 

Tl1e e,,ide11ce indicates that ,vl1en the Nebraskan ice sheet 
,vithdre,v fro1n Io,Ya tl1e bedrocl{ relief had been largely effaced 
b3r the Nebrasl{an glacial and fluvioglacial materials and a 
g·rot1nd moraine plaii1 ,vitl1 but sligl1t relief ,vas the prevailing 
surface feature of tl1e ,vl1ole state. The chief basis for trus judg-
111ent is tl1e ,videspread distrib·ution a11d topographic position of 
K ebrask:an gmnbotil. Tl1e historyT of Aftonian time is recorded 
in co11siderable part b}' the changes ,vhich the N ebrasl{an mate
rials of the ground n1oraine plain under,vent by weatherjng and 
by tl1e modifications of the plain itself by erosion during the 
time bet"reen the Nebraskan glacial stage and the Kansan glacial 
stage. 

In several places in the state Aftonian peats, soils and weath
ered sands and gravels of Aftonian age have been found. Sec
tions will be given in this chapter to show the characteristics of 
these interglacial deposits. 

The Aftonian record is the record of an interglacial stage of 
long duration. It is impossible to state with any degree of 
definiteness, however, the number of years involved in this stage, 
but the time is to be measured in hundreds of thousands of years 
rather than tens of thousands of years. 

Sections Representing the Aftonian in Western Iowa 
The Nebraskan drift has been sho"rn to be separated, in many 

places in Iowa, from the overlying I{ansan drift by Nebraslran 
gumbotil. This Nebraslran gumbotil has significance as an Af
tonian horizon mark:er because it ,vas developed over wide areas 
under distinct topographic conditions. The weathering of Ne
brasl{an till to gumbotil tool{ place within the Aftonian inter
glacial interval, and hence might quite properly be given de
tailed consideration here. However, the g1llllbotil is so intimate
ly related to the Nebraskan till that it was described as a phase 
of that till. It will be discussed in this chapter only as a part of 
the evidence of the Aftonian interglacial stage. 

I 
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GRAVELS OF THE AFTON .JUNCTION-THAYER REGION 

Until the importance of Nebraskan gumbotil as an Aftonian 
horizon marker separating the Nebraskan till from the Kansan 
till was recogr1ized a few years ago other materials were empha
sized as bases for separating the Nebraskan till from Kansan 
till. Chief among these criteria were weathered sands and grav
els and peats lying between the t,vo oldest tills. Type sections 
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F10. 36.- Map of Iowa showing the location of Union county. 

of the two oldest tills separated by gravels are in the region of 
Afton Junction and Tha)7er in Union cotmty in southwestern 
Iowa, the location of ,vhich is shown in figure 36. In fact, the 
Aftonian gravels in this part of the state are so well known by 
students of Pleistocene g·eology that one hesitates to state that a 
restudy of these famous exposures and other exposures in the 
same reg·ion has revealed evid~nce ,vhich seems to justify further 
discussio11 of the origin and relationships of these gravels, and 
to ,varrant question being raised ,vith reg·ard to some of the 
former interpretations. 

From the time the gravel pits of this area were opened more 
than thirty-five years ag·o and their interesting characteristics 
revealed, they have been visited by many glacial geologists of 
America and of Europe. Some persons have come merely to see 
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the type sections of the two oldest tills, now known as the Ne
braskan till and the Kansan till, separated by the gravels which 
for many years have been called the Aftonian interglacial grav
els ; others have come to study carefully the characteristics of the 
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tills and gravels and their· inter-relationships. The most im
portant contributions dealing ,vith these gravels and associated 
deposits have been made by Dr. T. C. Chamberlin, Dr. H. F. 
Bain, and Dr. Samuel Calvin.2 

Tl1e chief gravels are exposed in three gravel pits in Jones 
to,vnship and a gravel pit in Union township, Union county, 
figure 37·, The locations of the pits are shown on the accompany
ing map, figure 38. One pit, known as the Afton Junction pit, is 
about 200 yards vvest and somewhat south of Afton Junction 
station on the Chicago Great vVester11 rail,vay, and of Great 
V..7 estern Crossing on the Chicago, Burlington and Quincy rail
way; a ·second pit, called the Grand River pit, is on the south 
bank of Grand river more than a mile southeast of .Afton 
Junction station; tl1e third pit in Jones township is the Thayer 
pit and js abot1t three-fourths mile southwest of Thayer station. 
All of these pits have been abandoned for more than thirty years. 
Northeast of Afton, Union to,vnship, a pit was opened only re
centl)T and fron1 it gravels are still being taken. This will be 
called the Afton pit. 

"When the now abandoned gravel pits were studied by Cham
berlin and b3r Bain, the crossing of the Chicago Great Western 
railway ,vith the Chicago, Burlington and Quincy railway was 
abot1t one-half mile south of the presellt junction of these two 
railwa3Ts. This fact must be k:ept in 1nind ,vhen the earlier geo
logical reports of this region are being read. 

The till belo,v the g·ravels was named n1any· )'ears ago the Pre
Kansan or Sub-Aftonian till, but more recently it has been called 
the N ebrasl{an till. T11e till above the gravels has long been 
knov;rn as the Kansan till and the gravels separating the tills are 
the Aftonian gravels. In CJ1apter III of this report there is a 
discussion of these most interesting gravels, including the 
evidence upon ,vhich the3, were differentl3r interpreted by 
different authors. Suffice it to sa·y l1ere that Chamberlin in-

• 
terpreted the gravels to he kamelil{e deposits on the surface of 
the N ebrasl{an drift and related in ag·e to this drift. Bain re
ferred to evidence of lateral transition from gravels into boulder 
clay and suggested the possible conte1uporaneity· of the gravels 
with the Kansan till. Calvin in 1905 interpreted these gravels to 

2 Specific reference to the works of the authors cited in this chapter will be f ound in Chapter 
III on the History of Investigations and Classifications, in this report. 

, 

• 

-



SECTIONS IN AFTON JUNCTION REGION 187 

be deposits made by torrential floods during the retreating stages 
of the pre-Kansan ice. Later, in 1908, as a result of studies by 
himself and Doctor Shimek · of gravels and their included fossil 
faunas in vvestern Iowa, Calvin suggested a modification of 
his former view regarding the origin of the Aftonian gravels 
in the Afton Junction-Thayer region. He expressed the judg
ment that the most satisfactory interpretation of the gravels is 
that they are strictly interglacial in age, having been deposited 
during tl1e progress of the Aftonian interval, neither at its b_e
ginning nor at its end. 

Recent extensive studies of these type sections of gravels and 
tills in Union county and studies also of the relations of gravels 
to tills and gumbotils in several other counties in southwestern 
Iowa l1ave shown clearly that these gravels vvere not de
posited within the Aftonian interglacial epoch to constitute a 
distinct stratigraphic horizon separating the Nebraskan till from 
the Kansan till. Although some of the gravels do lie on the 
surface of the Nebraskan till and are related in age to this till 
the gravels as a whole are not limited to the surface of the Ne
braskan till. There are lenses and irregularly shaped masses of 
gravels in the Nebraskan till and these gravels are contempor
aneous in age with the Nebraskan till. Moreover, there are 
many inclusions of the Nebraskan gravels in the overlying Kan
san till, and it is thought that some gravels in the Kansan till are 
contemporaneous in age with that deposit. 

Three sections in the Afton Junction region show clearly the 
relationships of the Aftonian gravels to the N ebrask:an till. The 
sections are located as follows: 

1. In the Afton Junction pit in the northwest quarter of the 
southwest quarter of section 19, Jones township (T. 72 N., R. 28 
vV.), Union county. This pit is about 200 yards vvest and some
what south of Afton Junction station on the Chicago Great 
Western railvvay, and of Great Western Crossin'g on the Chi
cago, Burlington and Quincy railway. 

2. A road cut in the southvvest quarter of section 7, Union 
to,vnship (T. 72 N., R. 29 W.), Union county. 

3. In the Afton gravel pit in the northeast quarter of section 
16, Union to"-111ship (T. 72 N., R. 29 "'\V.), Union county, northeast 
of Afton. 

I 
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A section in the southwest corner of the old Afton Junction 
pit shows till and related 1naterials. The section is about 200 
yards south of a railroad cut in the base of v.rhich many years 
ago Aftonian gravels ,vere exposed a11d were described by 
Calvin.

8 
vVith refere11ce to the Afto11ian gravels in this railroad 

cut it is ,vorth3r of note that Frank Leverett reports that more 
than twenty-five years ago he a11d Douglas Johnson found 11ear 
the west end of the cut some carbonaceous material overlying the 
gravels and underly·ing thirt)r feet or more of Kansan till. The 
elevation of the s11rface of these g·ravels, it is ,vell to emphasize 
here, is less than ten feet lo,;vcr than the top of the section ii1 the 
Afton Junction pit. The elevation at the top of the section to be 
described is abol1t 1120 feet above sea level. The section in the 
southwest corner of the Afto11 Junctio11 pit is as follo,vs : 

FEET 
4. Loess, leached -·----··---····---.... _ .... _ .... _ .... __ ....... __ ...... __ ...... _ .. _ .......... _ ... __ .. _... 11 
3. Gumbotil, Nebraskan, compact, dark drab to chocolate color, red-

dish on dry surface, few siliceous pebbles, leached ·---.. ·--.... --.. ·---·-..... 6 
2. Till, Nebraskan, gray to drab, leached, compact, grading below 

into less compact, more yellowish colored till and gravelly till -...... _ 5 
1. Gravelly till, oxidized, leached ...... _.-.... -•-.. -·-·-·---·-.. -----........ _ ....... -·--.. ·-·- 3 

Belo,v the lowest part of tl1e sectio11 there is considerable slump, 
but the chief gravels ,vhich were tak:en from this pit years ago 
were belovv the base of the above section. 

Only about fifty 3-·ards to the east of this section there is a 
steep slope in the south part of the pit. Here the following sec
tion ,vas tak:en. The top of the section is at the same elevation 
as the top of the section ,vhich has just been described: 

FEET 
4. Loess, leached -···-·-.. ··----··········--···· .. ··--·-·····--······-···--·-------·--···-····---····-·--·· 10 
3. Till and gravelly till, Nebraskan, the gravels highly oxidized, up-

per three feet very gravelly and chocolate-colored, leached ··-----.. ·-- 13 
2. Till and gravelly till, Nebraskan, u1tleached, the till in part ox-

idized and in part unoxidized, many concretions -·-·--·---... -.......... ___ ·-· 6 
1. Gravels, Nebraskan, highly oxidized, many concretions, unleached, 

in places cemented; exposed ......... _. ____ .... ·---·----·---------·--·------... -__ ... __ ._ 5 

A pebble analysis of the u11leached till in 2 of the section is as 
follows : 

Limestone ----· .. ---··· .. ···--····· ... ········-·-·····-· ......... -......... _. ___ ....... ·---·· 
Granite ·-·-.. -· _ ............ ·-. ·-. ·-... _ ... ---· -......... -· •--..... •. ------•---.. • • •--• -----• ·--
Basalt or greenstone --.. ·-······----·-·-·· ......... -.......... _ .. -... ··-.. ·-·-··· ... -
Quartzite .. ·-·---................... ·---·-···-···-·--.. -···-··· ........... _ .. _·-·--...... _ .... . 

P ER CENT 

49 
16 
21 
5 

3 Calvin, S., The Aftonian gravels and their r elation to the drift sheets in the r egion about 
Afton Junction and Thayer. Proc. Davenport Acad. Sci., Vol. X, pp. 18·31, 1907. 
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Quartz ·················································-······································· 
Chert ............................................................................................. . 
Undetermined ................................................................... ." ........ . 

2 
5 
2 
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The leached and gravelly till in tl1e upper part of tl1is section 
is related closel)T to the g111nbotil of the adjacent section a11d to 
the Aftonia11 gra·vel horizon in the railroad c11t a short clistance 
to the 11ortl1. All are at the s11r£ace of N ebrasl{a11 drift a11d are 
:Xebrasl{an in age. Tl1e cl1a11ges of tl1e origi11al Nebraska11 till to 
gumbotil a11cl of tl1e sands and gra,,.els to their present higl1ly 
oxidized a11d ]eached conditio11 took: place d11ring the Aftonian 
ii1terglacial epoch a11d l)efore tl1e I(ansan drift ,vas deposited 
11po11 them. The cl1ief gravels are at the surface of tl1e N ebras
l{a11 drift and in lenses and irreg1.tlarly shaped n1asses in the 
Nebrasl{an t ill. In q11a11tity the lenses a11d irregularly shaped 
enclosed masses of sands and gravels are far more extensive than 
the sands and gravels at the surface of the Nebrasl{an till. Only 
those ,veathered sa11ds and gravels ~rhich separate the Nebras
l{an till fro111 the I(ansan till can be used stratigraphically in dif
ferentiating the N ebrasl{an till from the I(ansan till. It is i11ter
esting that the gumbotil a11d the leached gravels at the same 
elevation as the gun1botil are at approximately the same eleva, 
tion also as a11 expos11re of N ebrasl{an gun1botil underlain by 
Nebraskan till and overlain by I(ansa11 till in a road c11t bet,veen 

• 

sectio11s 17 and 20, Jones to,v-ns]1ip ( T. 72 N., R. 28 ·\"'l.), 011 tl1e 
east slope of Gra11d river valle:r, about one and one-l1alf 111iles 
nortl1east of 1\..fton Junction. It is interesting also to 11ote that 
the gravels in the Grand river and Tha)·er -pits ha,re approx
imately tl1e sa111e elevation as do gravels i11 the Afto11 ,J11nctio11 
pit. 

The second section sho,ving clearly the relationships of the 
Aftonia11 gra,rels to the N el)rask:an till is in a road cut about three 
and 011e-half 1niles ,vest of Afton and about one-half mile south
east of Union county Poor ]'arm. It is in the south,vest quarter 
of sectio11 7, Union to,vnship (T. 72 N., R. 29 "\V.), Union county. 
The elevation of the base of this cut is abo11t 1145 feet or fifty 
feet belo,v the l(ansan drift uplands. The cut is n1ore tha11 100 
yards long a11d is ahout eighteen feet deep in its deepest part. 
The lower part is in Nebraskan gumhotil and the upper part is 
in loess. To the south of the road-cut and at a lower level is a 
stream cut bluff exposing oxidized drift and gravell)r drift. From 
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the top of tl1e road cut do,Yn to tl1e le,·el of tl1e stream tl1e section 
is as f ollo,vs: 

FEET 

4. Loess, yellowish to brownii:,h in color, leached ···········--···················· 8 
3. Gurubotil, Nebraskan, gray color, few siliceous pebbles, leached.... 7 
2. GraYels and sauds, oxidized and leached ········-·······························-·· 10 
1. Till, and gravelJy till, Nebraskan, oxidized and unleached ·······-····· 5 

A short distanre to the eaRt iR a similar section, bt1t here some of 
the w1leached till i11 the lo,ver })art is unoxidized and the gum
botil zo11e has i11 it g·ra ,Tcll)r leached till. 

111 these sections the sancls and gravels are l)Och:ets in the 
Nebraskan till and are of the san1e age as the till. During the 
time tl1at tJ1e st1rface till ,vas becoming gu1nbotil the sands and 
gravels inti1nately associated ,,~ith it u11der,,"ent extensive oxi
dation a11d leachi11g· and beca1ne the '' Aftonian gravels''. 

The third section ,vhicl1 is to be described and ,,hich shows the 
relations of Aftonia11 gravels to Nebrask:an till is in the Afton 
gravel pit in the northeast qt1arter of section 16, Union to,vnship 
(T. 72 N., R. 29 '\V.), Union cot1nty·, northeast of Afton. This 
pit ,vas opened recently to secure road 1nalring material and is 
still heing used. The pit is at the end of a spur wl1ich extends 
into the flood-plain of Three ~[ile creek. This spur has a gentle 
slope and the gravels are close to the surface. Above the gravels 
is about three feet of oxidized and leached till. The gravels in 
the deepest part of the pit are bet\Yeen 20 and 2:5 feet thick:. Tl1ey 
arc highl~· oxidized, their color being darlt 3·ello,v to chocolate; 
the)' sho,,., lens and pocl{C't structt1re; and the3r are highly cal
careous. The gra,rels arc interbedded ,vith so111e sandy and silty 
la~·ers; in places tbe gravels and sands are cemented, and co11-
glon1eratic till halls are present. Col)bles al)o,·e t,Yo incl1es in 
dian1eter are rare, thongl1 a fe,v bo11lders about t,vo feet in great
est <lian1('.)t0r \Yerr s0e11. The elevatio11 at the top of the gravels 
is ahout 1130 feet abovr sea level. Abo11t 011e n1ile north of the 
gra·vrl pit in the north"·est quarter of sE>ctio1110, l Tnion to,,711s}1ip 
(T. 72 T., R. 29 ,V.), is a11 expos11re of Jehraskan gu1nhotil un
derlain hy Nrhraskan till and overlain h,· T(ansan till. The ele-. . 
,,ation of this Nchrasl{an gun1botil is ahout 1170 feet above sea 
levrJ. .1\ si1nilar N rhrasltan gtunbotil ot1tcro11s abo11t 011e mile 
south of Afton, also at an ele,1ation of about 1170 feet. This 
eviclcnc() indicates that before erosion of the r ebraska11 g11111botil 

• 
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plain began i11 this area in ,vhich the gravel pit is included the 
elevation of the gumbotil plain was about 1170 feet above sea 
level. This is 40 feet higher than the elevation of the gravels and 
on this evidence the gravels are interpreted to be part of the 
Nebraskan drift. They are not in any sense Aftonian gravels 
as previous to this time they have been interpreted to be. 

By ,vay of summary, it may be stated that a study of the rela~ 
tionships of the gravels to tills in the Afton Junction region in
dicates that the chief gravels of Union county ,vhich have been 
thought by some geolog·ists to have been deposited within the Af
tonian interglacial stage and to constitute a distinct strati
graphic horizon separating the Nebrasl<an till from the Kansan 
till are not of this origin or age. Rather, the chief sands and 
gravels are lenses and irregularly shaped masses of gravels in 
the Nebraskan till and contemporaneous in age ,vith the N ebras
kan till. They are gravels not of Aftonia11 age but of Nebraskan 
age. The}1 lie largely beneath the level of the Nebraskan gum
botil. Ho"1ever, in a few places, as for example in the Afton 
Junction pit, the Nebrasl{an gravels, as ,vell as the Nebrasl{an 
till, were at the surface of the N ebrask:an drift plain during the 
Aftonian interglacial interval. The surface Nebraskan till be
came ,veathered to N ebrasl{an gumbotil and the surface N ebras
l<an gravels became ,veathered to highly oxidized and leached 
gravels. Later both the oxidized and leached gravels and the 
Nebraskan gun1botil ,,vere overlain by Kansan drift. Some of 
the Nebraskan gl11nbotil and some of the vveathered gravels ,vere 
picl{ed llp by the I{ansan ice and became inclusions in the I(an
san till. Since the Nebrasl<an gravels which were weathered at 
the surface and ,vhich now separate the Nebraskan till below 
from the Kansan till above underwent their great changes in the 
Aftonian interglacial epoch, it may be thought proper to con
tinue to call such gravels Aftonian gravels, but it is here sug
g·ested that the nan1e Aftonian gravels be no longer used for the 
sands and gravels which are of N ehrasl{an age but which ,vere 
changed in Afto11ian tin1e, but that they be called weathered 
Nebraskan gravels jl1st as Nebrasl<an gumbotil is the name given 
to ,veathered Nebrasl{a11 t~ll, the weathering having tal{en place 
in Aftonian time. The ,veathered Nebrask:an gravels do in places 
separate the Nebraskan till from Kansan till and hence consti-
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tute a11 Afto11ia11 stratigraphic horizon. But gt1n1hotil and peat 
and related materials, rather than gravels, are the most wide
spread evidence of Aftonian interglacial time. 

OTHER GRAVELS IN WESTERN IOWA 

Not only in tl1e Afton Jt111ction-Thayer region hut farther 
north i11 ,vestern Io,va gravels and sands have been interpreted 
to l1ave been dep0sited in Aftonia11 interglacial time, and thus 
to constit11te a stratigra1,hic horizo11 separati11g tl1e Nebras
kan till fron1 the T(ansan till. In recent years the senior author 
has restudied this area, 1,articularly Potta,,,attan1ie, Harri
son, and JVIonona counties and adjoi11ing counties on the east. 
Tl1e chief purpose of the investigatio11 ,vas to determine 
,vhether or not a restud)' of the tills, gravels and related de
posits of the area ,vould per1nit, in the light of our 111ost recent 
kno,vledge of the Pleistocene of southern, southwestern, and 
north,vestern Io,va, a more satisfactory interpretation of the re
lationships and origins of these glacial n1aterials than ,vas pos
sible ,vhen previous studies ,vere n1ade. Considerable additional 
field ,vork ,vill he necessar,, before final conclusions can he 
reached, hut thus far the evidence ,varra11ts the follo,ving tenta
tive state1nents: 

1. The oldest kno,vn tills, the Nebraskan till and the l(ansan 
till, separated in 1nany places by Nebraskan gu1nhotil of Afton
ian age, have hee11 traced as far ,vest as the ,vestern parts of 
Cra,vford and Shelby counties, less than t,venty-five n1iles from 
i1issouri river, the ,vestern boundary of Io,va. The evidence 
in hand indicates clear],, that both these old tills formerly ex
tended to l\'[issouri river and beyond into the state of Kebrasl<a. 
If it ,vere not for the thicl, deposits of loess overlying the tills in 
this region no doubt n1any additional good sections of tl1Pse t,vo 
tills could he seen. 

2. In ,vestern Io,va it has not been possible to disting·t1ish tl1e 
Nel,raskan till fro1n the l(ansan till by differences in color, 
texture, litho1ogic con1position, or degree of ,,·eathering. Only 
,vhen it is JJOssihle to establish the relationship of an outcrop of 
till and associated gra,,el to gtn11hotil or other interglacial 111ate
rial ,vhose age is k:110,vn can the definite age of the ti1I a11cl gra,rels 
be detern1inecl. 11TJ1en the till is overlain h,, Nebraskan g-un1botil 
or can be sho,vn to lie lo,ver topographically than nearb)' rem-



FOSSILS IN AFTONI AN GR.A. , TELS 193 

na11ts of tl1e eroded N ebrasl<a11 g·11111l)otil plain, the11 the till gen
erally 111a:· be interpreted as hei11g· Nebraskan t ill. If, ho,vever, 
an 011tcrop of till is overlai11 by I{a11sa11 gumbotil, or if tl1e till 
l1as the l)roper relatio11 to1)og·raphicall:T to ren111ants of the erod
ed l{a11sa11 g1u11botil plain, tl1e till 1na)T be i11terpreted as being 
ICa11sa11 till. 

3. The sands a11d gravels of ,Yester11 I o,, ... a l1ave been de
scribed l)y Sl1ii11ek: a11d Calvi11 as heing Aftonian interglacial 
g ravels. separati11g the N" ebraslta11 till fro111 tl1e I{a11sa11 till and 
related in origin 11either to de1)osits n1ade d11ri11g tl1e closing 
stages of tl1e Nebrasl<an glacial epocl1 11or to those made during 
tl1e Ka11san glacial epoch. Tl1ese sa11ds and gravels are thought 
by the ,vriters, ho,Yever, 11ot to represen t a distinctive strati
graphic horizon separati11g tl1e Nebraslran till from the Kansan 
till, but i11stead as bei11g le11ses a11d irreg11larl"y shaped 1nasses of 
gravels a11d sa11ds ,vithi11 a single till, or if in two tills or between 
t,vo tills as being of no value as evidence for differentiating these 
t,vo tills. The gravels and sa11ds are unleached a11d appear to be 
conte111poraneous i11 age ,vith the tills ,Yith ,,Thich they are asso
ciated. 

4. ~fan~r 111an1malian fossils have bee11 found in the sands and 
gravels associated with the tills of ,vestern I o,va. Calvi11 and 
Shi111ek believed that these r e111ains ,vere of a11imals ,vhich ,vere 
living duri11g the time of deposition of tl1e g ravels, ,Yhich they 
interpreted. as Aftonian and interglacial. But if the sands and 
gravels are lenses a11cl irregularly shapecl poclrets related in age 
to the till ,vitl1 ,vhich the~y are associated, tl1en a somewl1at dif
fere11t interpretation of tl1e age of the ma111mals becon1es neces
sary. At the present tin1e it is in1possible to state whether the 
gravels i11 ,vhich the n1a1n111alian remains have been fo11nd are 
a ssociated ,vith Nebraskan till or ,,ith I{ansan till since, as 
stated above, it has not bee11 possible thus far to differ
entiate N ebrask:an till from I(ansan till except ,Yhere tl1e r ela
tio11ships of the till t o g11mbotil the age of \\1l1ich i s kno,vn have 
been established. I f the g ravels i11 ,vhich the man1malian re
mains have been f 011nd should prove to be lenses and pockets in 
N ebrasl{an till then the evidence ,,Tould s11ggest that the animals 
are Nebraskan in age. It would l)e reasonable to a ssume that 
the anin1als were living· jn fro11t of the Nebraskan ice sheet, ,vhich 
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was sometimes advancing and sometimes retreating and out 
from which sands and gravels were being carried. Remains of 
mammals became imbedded in the sands and gravels, which them
selves later were overriden by or became incorporated in the 
onward moving Nebraskan till. If, on the other hand, the sands 
and gravels containing the mammalian remains should prove to 
be lenses and pockets in Kansan till then the suggested inter
pretation would be that the mammals were living on the Aftonian 
surface during the advance of the Kansan ice sl1eet, o~t from 
which sands and gravels were being carried. After remains of 
mammals became im bedded in these sands and gravels, the 
Kansan ice sheet, which was sometimes advancing and sometimes 
retreating, incorporated in the Kansan till these masses of sands 
and gravels in which the remains are found. If these conclusions 
are justified, the11 this mammalian fauna 1na3r not be a strictly 
interglacial fauna of Aftonian age. It is important to note, ho,v
ever, that the fauna is certainl3r early Pleistocene that is, it was 
closely associated either with the advance of the Nebraskan ice 
or with the advance of the Kansan ice or "rith both as a result of 
having persisted on the adjacent plains from Nebraskan thro11gh 
Aftonian to I(ansan time. 

Man1malian remains in the gravels do not of themselves de
termine ,vhether the gravels are strictly interglacial in age or 
are of g·lacial origin, as vertebrate paleontologists are not in 
agreement regarding the climatic conditions under which mam
mals st1cl1 as have been fo11nd in these gravels may live. Dr. 0. 
P .. Hay4 is of the opinion that the 1namn1als the remains of ,vhich 
have been found in the gravels of western Iowa could not have 
lived in the immediate vicinity of an ice sl1eet, but must have 
lived under interglacial climatic conditions. On the other hand, 
W. D. Matthew5 believes that in determining the age of g-ravels 
and sands stratig·raphic evidence can be more safely followed 
than fossil evidence. In a letter he stated: 

"What actually seems to have happened in the Pleistocene was that 
glacial advances drove the boreal forms southward and compelled them 
to mingle temporarily with temperate faunas. . . . When the retreat of 
the ice opened up northern territory again, the boreal types were the -

4 Hay, 0. P ., The Pleistocene of the Middle Region of North America and its Vertebrated 
Animals: Carnegie Institution of Washington, Public;ation 822A, 1924. 

5 Personal communication. 
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first to extend their range north"'ard, and then or later retreated from 
the southern territory they had invaded.'' 

iratthe,Y offers no adverse criticism to the vie,v taken in this 
paper tl1at the sands and g·ravels of western I o,va containing tl1e 
ren1ains of mailllnals probably· "\'\7ere contemporaneous in age 
,\rith till "Titl1 ,vl1icl1 the;' are ap1)arently closely related in origin. 

AI'TONIAN PEAT DEPOSITS IN WESTERN IOWA 

At 01lly a fe,v places i11 Io"\'\Ta are there lmo"\'\rn peat exposures 
in ,Yl1ich the relations of the N ebrasl{an till to the Kansan till can 

FIG. 39.-The Dodge township, Union county, peat bed. 

no,v be clearly established. Only tl1ree good peat exposures are 
kno,vn in western Io,Ya, two of them in Union county and the 
third in Cra,vf ord county. 

One of the peat exposures in Union county is in the so1-1theast 
part of section 36, Dodge to,vnship (T. 73 N., R. 29 ,Xf.), and the 
other is in a road cut one-half mile west of Thayer station in 
J ones to,vnship. The Dodge to,vnship peat bed, figure 39, ,vas 
described in 1904 by T. E. Savage.6 Beneath the peat is Nebras
kan till, and above the peat is l(ansan till. The Nebraskan till is 

6 Savage, T. E., A Buried peat bed in Dodge township, Union county: Proc. Iowa .A.cad. Sci., 
Vol. XI, pp. 103·109, 1904. 
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unleached and is dral) to darlc gra}T in color ,vhere unoxidized and 
yello,vish to browi1isl1 ,vhere oxidized. When dry it breaks into 
irregt1larly· sl1aped frag111ents, ,:vhen moist it is slightly flexible. 
The chief lci11ds of rock in the N ebrask:an till are granites and 
gree11sto11es, so111e boulders of ,vhich are a foot in dian1eter; lin1e
stones, ql1artzites, schists, and cherts also are present. In the 
Nebrasl{an till are some irregularly shaped sand poclcets. The 
Kansan till above the peat has cl1aracteristics similar to tl1ose of 
the N ebraslcan till. The elevation of tl1e peat is about 1130 feet 
above sea level, or 1nore than thirty feet lo"\"\1er than the nearest 
known outcrop of N" ebraslran gu1nbotil, whicl1 is about one-half 
mile to the sol1th of the peat deposit. Tl1e evidence indicates that 
where tl1e peat ,,·as developed tl1ere was a depression on the 
N ebraslra11 g·l1n1 l1otil plain. 

Tl1e peat i11 the road-cut one-fo11rth n1ile ,,Test of Thayer sta
tion, Union count)·, ,vas made available for st11d}1 in 1927 in con
nectio11 with exte11sive road g·rading. The peat where best ex
posed is i11 the base of tl1e cut and on the north side of the road. 
Whe11 the c11t "·as exa111ined tl1e peat could be see11 extending 
about three y·ards along· the base of the ct1t and rising a foot and 
a l1alf above tl1e g·11tter. The peaty· zone g·rades horizontall31 into 
brovvJ1 carbonaceo11s silts and sand)· silts. Above the peat are 
gra)· silts ,vith a 111axi1111un tl1icl{ness of seven feet. Above tl1e 
silts is till and sa11d:v a11rl g·ravelly till, the Io,ver part of ,,·hic11 is 
oxidized a11cl hig·hl)r calcareo11s ,,·hile the 11pper part is oxidized 
and leachecl. This is J{a11sa11 till, ,,·hich is ,videly· distributed a11d 
well exposed in tl1is vicinit)·. The peat exposure has an elevation 
of abo11t 1100 feet, ,Yhicl1 is the approxi111ate elevation of the 
upper s11rf ace of the exte11sive g·ravels i11 the f arno11s Thay·er pit, 
which is less tha11 011e n1ile so11tJ1 of this peat bed. The evidence 
indicates that tl1e g·ravels l)e11eath I{a11sa11 till in the Tha)·er pit 
are lo,Yer topog·ra1)l1icall)T t]1an tl1e J)eat, "\"\1hicl1 is in t11r11 lo"\"\1er 
tha11 011tcrops of :N'ebrasl{an g11mbotil in road c11ts east of Thayer. 
The peat heel is Aftonian i11 ap;e and the g·ravels in the Tha)·er 
pit are i11terpreted to he Nehrasl{an in age as they lie helo,v tl1e 
exte11sio11 of tl1e N ebras]{an g'l1111hoti l l)lain, on tl1e s11rf ace of _ 
1vhich the J)eat ,,·as c1e,Te1oJ)ec1. The N ebrask:a11 g11n1hotil and the 
peat are at the Afto11ia11 stratig·raphic ]1orizon. 

The peat de1)osit i11 Cra,Yford co11nty is in the slope of a small 
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valley about t,Yo hundred yards sol1th"1est of the intersection of 
sections 13, 14, 23 and 24, Soldier township (T. 85 N., R . 41 W.) . 
Here tl1e section is as follows : 

5. Loess, buff colored ························-···························-·······················-·· 
4. Till, Kansan, in part oxidized, and in part unoxidized and gray 

colored, unleached, pebbly ·······················································-············· 
3. Peat or lignite, Aftonian, consolidated into distinct laye1·s ........... . 
2. Silts, Aftonian, dark gray to drab, highly calcareous except in 

upper one £pot where leached, many shells in the unleached part 
1. Till, Nebraskan, unoxidized and unleached except locally slightly 

oxidized; gray to bluish color where unoxidized, many concretions. 
To bed of stream ................................................................................... . 

Fro. 40.-Aftonian peat in Soldier township, Crawfo1·d county. 

FEET 

4 

16 
1½ 

7 

3 

Tl1e peat, figure 40, is exposed along the slope for 1nore than 
~renty ·yards at an elevation of about 1355 feet above sea level. 
In tl1e north,Yest quarter of section 20, ~Iorga11 to,vnship ( T . 85 
N., R . 40 "\V.), abot1t t,Yo 1niles east of tl1e J)eat, there is a section ' 
of Nebraskan till overlain b~v N ehrash:an gtm1botil at an elevation 
only about te11 feet higher than tl1at of the peat. Tl1is il1dicates 
tl1at the peat ,vas developed in a slig·ht depression on the Jebras
ka11 glu11botil plain. The section sho,Ying· the N ebrask:an gum
botil is as f ollo,vs: 

• 
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PEAT BED NEAR OELWEI N 

4. Loess ·········································································-··············-······-······· 
3. Till, Kansan, upper part oxidized, pebbly, lower part gray and 

unoxidized and unleached ·································-··································· 
2. Gumbotil, Nebraskan, gray on dry surface, dark to drab on moist 

surface, concretions, few pebbles,· leached, dark organic material 
in upper two feet ................................................................................... . 

1. Till, Nebraskan, oxidized, brownish gray where least oxidized, un• 
leached -········· .. ·······································-····························-················· 

FEET 

3+ 
5 

8 

5 

Sections representing the Aftonian in eastern Iowa 
PEAT DEPOSITS AND SOILS IN EASTERN IOWA 

199 

The occurrence of peaty material and soil beneath the Kansan 
drift in eastern Iowa has been noted at several places. An ex-

Fxo. 42.-0elwein cut showing Aftonian peat below Kansan till. 

posure sho,ving peat, as illustrated in :figures 41 and 42, with 
Nebraskan till below and Kansan till above was available for 
study many years ago but is now sltrmped. This rail,vay cut, 
long kno"rn as the Oelwein cut, created much interest among 
students of glacial deposits. It was jt1st soutl1east of Oelwein in 
Fayette county on the Chicago Great vVestern rail,vay in sections 
27 and 28, Jefferson township ( T. 91 N., R. 9 W.). The section 
as given by Beyer1 is as follows: 

7 Beyer, S. W., Evidence of a sub•A!tonian till sheet in northeastern Iowa: Proc. Iowa 
Acad. Sci., Vol. IV, pp. 58·62, 1897. 
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FEET 

5. Boulder clay, rather dull yellow in color; the upper portion is 
modified into a thin soil layer. Large boulders, mainly of the 
granitic type, are present, often resting on or partly imbedded in 
the deposits lower in the series. (Iowan) -···················-····················· 0-10 

4. Sand and gravel-not a continuous deposit; often shows water ac
tion expressed in parallel stratification lines and false heddiug. 
The gravels are usually highly oxidized and fine textured. (Bu-
chanan) ··············-···················-·············-·················-·································-· 0· 2 

3. Till, usually bright yellow abo,e, graduating below into a gray-
blue " 'hen dry or a dull blue when wet. This deposit is mas-
sive and exhibits a tendency to joint when exposed. Decayed 
granitic boulders are common. (Kansan) -····································· 3-20 

2. a) Sand, fine, white, well water-worn; often with a slight ad-
mixture of silt and clay. ( Aftonian) ···················--··················-······ 0- ½ 
b) Vegetal layer and soil, from two to four inches of almost pure 
carbonaceous matter, with one to three feet highly charged with 
humus. The peaty layer often affords specimens of moss (Hyp-
num) perfectly preserved. ( Aftonian) --······-····-····························-··· 0- 4 

1. Till, greenish blue when wet or gray-blue with a greenish cast 
when dry. Greenstones and vein quartz pebbles predominate. 
( Su b-Aftonian or Albertan). Exposed ············-·-·························-····· 10 

The sub-Aftonian or Albertan till is the Nebrasl{an till of the 
prese11t. i1acbri~e8 described the vegetal material as follows: 

"It is a little surprising to find the lo"rest, that is, the oldest part of 
the bed, exhibiting organJc objects in most perfect condition. The bottom 
of the seam is a compact n1ass of moss, compacted and pressed together 
no doubt, but' absolutely untouched by putrefaction or decay, perfect in 
every leaf and fibre as any herbarium specimen in the world. Specimens 
you may examine show this perfectly. You may see the stem, the at
tachment of the leaves, the innovations, the form of each leaf, n~y, the 
very areolation of leaf apex and base, quite a~ absolutely defined as in 
the case of any freshest specimen one may bring in now from any living 
turf or forest bed. For this reason· we are able ,vith much confidence to 
identify the species concerned although, so far, we have seen no smallest 
sign of capsule or fruit. So far, also, all the material seems to represent 
but a single species, a H ypnu1n, probably H yp1ium fl11,itaris Linn., a 
common n1oss which creeps out from shore or clings to floating objects, 
itself immersed 01· semi-floating in ponds, n1arshes or peat-bogs around 
the whole northern world. 

Above the compacted moss which altogether makes up an inch or two 
of solid matter, lies a still more solid mass of vegetable detritus several 
inches thick. In this case the Yegetation, ,vhatever it was, appears to 
have undergone pretty thorough decomposition and disintegration before 
it was compacted. The microscope re-veals simply cells and fragments of _ 
cells with considerable admixture of sharp, white sand. but nothing 
identifiable. This pulpy layer blends rather abruptly with a crude ad-

8 Macbride, T. H., A pre•Kansan peat bed: Proc. Iowa Acad. Sci. , Vol. IV, pp. 63·66, 1897. 
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mixture of sand, mud and fragmentary vegetal;>le detritus which, as said, 
becomes at length indistinguishable from the overlying drift. 

In the lowest portion of the (upper) drift, and often resting directly 
on the peat seam proper, are quantities of half-decomposed wood, not 
rotten wood at all, rather wood which has lost its lignin and of which 
only the cellulose basis remains, but showing all the original structure 
elements and features with perfection absolute. The wood seems identical 
with that of Lwrix arnericana, Mx. '' 

Alden and Leighton9 redescribed this cut in their r eport on the 
Iowan drift. _The interpretation of the materials was not altered 
after their st t1dy of the sections available in 1915. Leighton1 0 in 
1916 described a very complete section showing a thick soil zone 
between the Nebraskan and Kansan drifts. The location of this 
section is at the second viaduct one-half mile east of Delmar 
Junction in Clinton county. The section given by Leighton is 
as follows: 

Loess 
FEET 

7. Loess, 1 foot of soil at top, grading below into brownish yellow 
to buff loess, wholly leached of calcareous material, mantles the 
eroded surface of the Kansan drift; thickness at the summit ........ 8·10 

Kansan Drift 
6. Ferretto zone at the top of the till, absent from the slopes, reddish 

brown, leached, pebbles show considerable decomposition; thick-
ness ···················································-······················································· O· 1 ½ 
Grades downward into : 

5. Till, brownish yellow to yellow, summit rounded, leached of cal· 
eareous matrix and limestone pebbles in uppermost 7 to 8 ft., 
calcareous below with lime concretions and limestone pebbles, in· 
soluble drift pebbles present t hroughout, lime concretions most 
abundant just below the base of the leached portion; ma.ximum 
thickness ···-···-·······················-································································ 25 
Grades downward into: 

4. Till, blue•gray or slate•colored, containing two large sand pockets, 
a and b, which have the appearance of included bodies, sand 
pocket a lies in the transition zone of (4) and (5), matrix of till 
calcareous and limestone and other drift pebbles present, frag• 
men ts of wood in the basal portion, fills an old depression; thick• 
ness ···········-·····················-········································································· 0·28 Aftonian Soil 

3. Old black soil, with many small fragments of wood mineralized 
with iron pyrite, pebbles rare, some imperfectly laminated clay, 
soil-zone delineates an old depression with slopes as high as 12°. 
At an old track level is a stump with roots and rootlets running 
through the old soil and underlying clay; the wood is mineralized 
like the fragments of wood throughout the soil zone. Thickness 
of soil zone ···-·····-················································································•2½· 3 
Grades downward into: 

Sub·Aftonian Till 
2. Till, dark bluish green on damp surface, light grayish green 

9 Alden, W. O., and Leighton, :M:. M., The Iowan Drift: Iowa Geological Survey, Vol. XXVI, 
pp. 202·208, 1917. 

10 Leighton, M. ?iI., Superposition of Kansan drift on sub·Aftonian drift in eastern Iowa: 
Proc. Iowa Acad. Sci., Vol. XXIII, pp. 133·139, 1916. 

.. 
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where dry, leached of calcareous matrix and limestone pebbles, 
but other drift pebbles are present; thickness ................................ 6+ 
Grades downward into: 

1. Till, yellowish to brownish green, with some maroon-colored mate
rial in the lower part, leached 2 to 4 feet, calcareous below; thick-
ness exposed ............................................................................................ 0-14 

Another exposure -of Aftonian vegetal material was found by 
Kay in 1916, in the western part of section 28, Washington town
ship (T. 68 N., R. 4 W.), Lee county. The section has been 
described in detail in the discussion of the Nebraskan drift in 
soutl1eastern Io,va, page 150. Leached sancls and silts ,vhich in
cluded carbonaceot1s matter, sticks, and small logs constitute the 
Aftonian horizon, vvhich is found between unleached and unoxi
dized Kansan till and Nebraskan till. Figure 43 is a photograph 
of this section. 

WEATHERED GRAVELS IN EASTERN IOWA 

When the N ebrasl{an ice sheet was retreating sands and grav-

Fro. 4S.-Leached sands and silts with carbonaceous material and wood of Aftonian age. Lee 
county. 
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els were deposited in places on the ground moraine till plain. 
During Aftonian interglacial time these sands and gravels under
went weathering comparable in degree to the ,veathering· changes 
which in the till produced gumbotil. At the same topographic 
position as the remnants of the Nebraskan gumbotil there are 
found sands and gravels which are thoroughly oxidized and 
leached to depths of more than 20 feet. Because of the greater 
porosity and permeability of sands and gravels in comparison 
with till the depth of weathering in the sands and gravels is 
greater than the depth of formation of Nebraskan gumbotil 
from till. 

An exposure of much weathered sands and gravels showing 
alteration ,vhich took place in Aftonian time is in the extreme 
southeast corner of section 36, Iowa to,vnship (T. 77 N., R. 6 
W.), vVashington county. Schoewe11 described the section as 
follows: 

FEET 
3. Light ash•colored drift ·····················-····-············································· 10 
2. Leached and oxidized sands and gravels ............................................ 20 
1. Dark bluish calcareous drift; compact, unoxidized and containing 

small pebbles ............................................................................................ 4 

'' Towards the base of the sand and gravel deposit, the gravels pre
dominate. The textural range of the gravels is rather high, the pebbles 
ranging from small fragments the size of a pea to pieces several inches in 
diameter, the finer material, however, being in excess. The gravels are 
cross-bedded. 

'' The sands, which are highly oxidized and have a brownish color are 
fairly fine and have a low textural range. In structure they are highly 
contorted, dip at high an,gles, are crossbedded and at places, especially in 
the middle of the deposit, are more or less horizontal. A lens and pocket 
structure is conspicuous throughout the exposure in which occasionally 
leached mud or clay balls are found. 

'' Although but ten feet of the ash-colored drift is exposed, the slope 
of the hill is covered by drift to a height from forty to fifty feet above 
the section. The exposed portion of the till contains limestone pebbles 
and is filled with concretions. Higher up the slope of the hill, the drift 
is leached. The entire outcrop is from 150 to 250 feet long.'' 

A second exposure sho,ving the same sequence of materials 
was found a few miles southeast of the one just described, near 

11 Schoewe, W. H., The Interpretation of Certain Leached Gravel Deposits in Louisa and 
Washington Counties, Iowa: Proc. Iowa .A.cad. Sci., Vol. XXVI, pp. 898·898; 1919. 
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the middle of the ,vest side of sectio11 8, Union township (T. 76 
N., R. 5 \V.), Lo11isa co1u1t)'· · 

Schoe,ve's disc11ssion brings 011t the follo,ving points, from 
,vhich his co11clusio11s as stated belo,v are derived: 

1. The stratified sands ancl gravels are oxidized and leacl1ed. 
2. These deposits lie bet,veen two fresl1 drifts of which the 

upper part of the overl,•ing till is leacl1ed, he11ce presenting a 
section as follo,vs: 

Drift 
Drift 
Sn.nd and gro,·ol deposit 
Drift 

leached 
unleachcd 
leached 
unlenched 

3. Tl1ere are t,vo sucl1 exposures, se1,arated by several miles 
and having the san1e elevation as ,veil as tl1e same stratigraphic 
and topographic position. 

4. The elevations of the Sa11d and gravel deposits and the 
Nebrasl,a11 gt11ubotil in this area are approximately tl1e same. 

''The ,vriter (Schoc,ve) is of the opinion that the lower drift is Nebras
kan, that the sand and gravel deposits are Nebraskan out,vash materials, 
that these out,vash sands and gravels were oxidized and leached con
temporaneously ,vith the formation of the Nebraskan, gumbotil and that 
the upper till is the Kansan." 

T,vo expost1res of Nebrasl,an gravels of the same t)']Je as those 
just described are fo1u1d close enough to Nebraskan g11mbotil so 
that their topographic position, and therefore their relationship 
to tl1e Nebraska,, g111nbotil plain, may be determined. One of 
these sections J1as been described in the disc11ssion of the N ebras
l,a11 drift in sot1tl1eastern Io,va. It is located in an inter11rban 
railroad c11t in the ,vest side of Io,va river valley at Iowa City. 

The second expos11re is i11 a gravel pit iii tl1e nortl1east corner 
of section 17, Delaware to,vnship (T. 89 N., R. 5 W.), Dela,,,are 
cou11ty. Tl1e gravels are highly oxidized a11d leached a11d asso
ciatecl ,v:ith the111 is a st icky leacl1ed till. The level of the pit is 
helo,v the tops of 011tcrops of rock near by. Abo11t one-eighth 
mile nortli of the gravels is Nebrasl,a11 g11n1botil. 

The Nebraskan Gumbotil 
Aftonian time began ,vith the 11ncovering of tl1e ground mor

·aine plain. "T eatl1ering agents at once began to change the till 
• 

-
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a11cl r elated n1aterials. The development of an oxidized phase of 
the till l)robabl)T ,vas rapid. The dissolved g·ases in n1eteoric 
,Yaters tog·ether ,Yitl1 the active co111pou11ds resulting fron1 plant 
deca)T ca11secl the 111ore sol1-1hle constitue11ts to be leacbecl fro111 the 
11pper part of the oxidized till. This leacl1i11g ,,,as a slo,v process, 
tl1e resulting leachecl zo11e bei11g ,rer}T li1nited in tl1ick:i1ess in com
pariso11 ,vitl1 tl1e deptl1 of oxiclatio11. Contin11ed ,Yeatl1ering pro
d11cecl disintegration a11d deco111position of 1na11y of the more 
co111plex 111aterials in tl1e till. Feldspars and ferron1agnesian 
n1i11erals especially 11nder,Yent profolu1cl changes a11cl t]1e end 
prodl1ct of tl1e alteration of the n1jnerals ,Yas i11 n1a11y places a 
very fine-grai11ecl or colloidal cla)T ,vhicl1 beca111e a matrix enclos
ing tl1e u11altered and less altered fragn1ents left fro1n the dis
integration and cleco111positjo11. The final product of the ,veather
ing of the till ,\Tas the gumhotil. Its development was slo,v but 
in depth k:ept fairly close pace ,,~tl1 the leacl1i11g. The first few 
inches of gumbotil probably ,vere formed relatively rapidly; the 
next fe,v inches less rapidly herause of the impervious overlying 
fi11e-grai11ed material. The lo,ver portion of tl1e gumbotil un
doubtedly was developed very slo,vly. As the gumbotil continued 
to develop, the descent of surfare water ,,ras more and more re
tarded and thus leaching became less and less effective. The 
thick:er the g111nbotil, the slovver ,Yas the rate of descent of the 
leached zone. The averag·e thick:ness of nearly ni11e feet of gum
botil on the N ebrasl{an till represents an extremely 1011g inter
glacial time. 

The formation of the gun1botil from the l1nleacl1ed and unoxi
dized till took place under conditions of poor drainage. There
fore tl1e ground 1noraine plain on ,vhicl1 the gl1n1botil ,Yas formed 
must have persisted cll1ring the tirne the gl1mbotil ,vas being de
veloped. "'\\7bere the relief of the s11rface ,vas sl1ch tl1at there ,vas 
good drainage gun1hotil did not develop, but the till b(,)ca1ne oxi
dized and leached llnless erosio11 l{ept pace "yith the ,veathering. 
Theoreticall)r jt should be possihle to find all gradations of mate
rial bet,Yeen l1nleached a11d unoxidized till, "'IYhere erosion carried 
awa~, the weather(,)d material as rapidly as it ,vas formed, and 
g11mbotil, ,v]1ere the vveathering· \Yas not accompanied by erosion. 
Before the close of Aftonian time the till plain upon ,vl1ich the 
gumbotil had l)een developed was extensively modified by erosion . 

• 
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111 some places not 011ly the gumbotil but all of the Nebraskan 
till ,vas carried a,vay·; in other places in the state a considerable • 
part of tl1e gumbotil plain ,vas not eroded; in still other places 
only ren1nants of the gumbotil plain ,vere left intact at the close 
of Aftonian time. The amount of dissection differed greatly in 
different parts of tl1e state. 

The N ebrasl{a11 gurnbotil, \Yhere it is no,v found, marks the 
position of the Sl1rface of tl1e plain on Vi7hich the material was 
for1ned ( see figure 26). It is possihle to reconstruct tl1e plain 
over areas ,vhere the outcrops of the gu1nbotil are nun1erous and 
to co11struct for larger areas a 111ap to sho,Y tl1e attitude of the 
til1 surface during Afto11ian tin1e. Figure 44 is a contour map of 
a part of the state dra,vn ,vitl1 an interval of 100 feet to show 
the present altitl1de of the Nebraskan till plain on vvhich tl1e gum
botil ,,as formed, and therefore the present altitude of the Afton
ian st1rface. 

Aftonian Erosion 
The sheet of drift left over the bed rock by the first ice sheet 

had, at least over large areas, a nearly level plain surface. On 
this plain gumbotil developed under conditions of poor drain
age. The f orn1ation of the gumbotil was interrupted by the 
drainage of the plain on which the material was developing, but 
the interruption was sufficiently long delayed so that more than 
eight feet, on the average, of gumbotil vvas formed. The erosion 
which began with the development of the drainage systems which 
interrupted the formation of the gumbotil continued for a long 
period of time. Valleys '\Vere cut in the Nebraskan drift and into 
the bedrock beneath the drift. The bedrocl{ in the northeastern 
corner of the state ,vas dissected by valleys deepened 400 feet or 
more during interglacial time. The ,videning of the valleys in 
the drift cut avvay much of the gumhotil plain, especially in the 
eastern part of Io,Ya, where the influence of Mississippi river 
w.as felt throl1gl1 the steep gradients of the tribl1taries. But with 
increase in distance from Mississippi river the remnants of the 
Nebraskan gumbotil plain are more and more widely represent
ed, until in Adams and Taylor counties in southwestern Iowa 
the gumbotil plain seems to have been dissected but little before 
the coming of the Kansan ice sheet. Some parts of the gumbotil 
plain were left almost intact and between such areas and those of 

• 
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extreme dissection there ,vas represented almost every stage of 
land r eduction by erosion . 

• 

The relief over most of the state at the end of the interglacial 
stage probably averaged less in amount than that at the begin
ning· of the Pleistocene, thoug·h locally it " 1as as great or greater. 
The surf ace was roug·h and rt1gged when the I{ansan ice ad
vanced over it. The difficulties in distinguishing bet\veen the 
less ,veathered N ebrasl{an drift belo,v the gumbotil and the Kan
san drift ,vhich may rest upo11 it on the pre-I(ansan valley 
slopes have made it impossible to determine even approximately 
through the stud)r of the amount of valle3r filling b:v the l{ansan 
drift the depth of the valley·s ct1t 'i11 the N ebrasl{a11 drift by the 
strean1s of Afto11ian time. It is possible, however, by using the 
bottoms of the s~eep sided sharp valleys described in Chapter I 
as of Aftonian ag·e, to detern1ine the approximate level of str eam 
erosion in certain areas. ,\7here these rock-bound buried valle3's 
are f ot1nd there are but fe,v outcrops of the gumbotil, but from 
the few ,vhich are k:nowi1, the depth of Aftonian erosio11 below 
the gumbotil st1rface is i11dicated as having been locally as great 
as 400 feet or perhaps son1e\vhat 1nore, thot1gh fig·ures of 200 
feet or less are the most com111on. 

Aftonian Loess 
The presence of loess on the s11rf ace of the Nebraskan drift 

and beneath the I{ansan drift is to be expected. Ther e are, how
ever, but fe,v places in ,,-hich evidence of this reolian deposit of 
Aftonian age has been found. The most extensive exposure of 
possible Aftonian loess is that along the road east of Inwood, 
Lyon county, i11 section 16, Lyon to"rnship (T. 98 N., R. 48 W. ), 
the complete section of ,,Thich has been described in the discus
sion of tl1e Nebraskan drift in nortl1,vestern Iow,a (page 160). 
Here beneath Kansan till are found thirty feet of silts, some of 
them light buff in color, very fine in texture, with concretions 
like those in the loess, and ,,ith a loesslike feel. It is probable 
that several feet of the silts represents Aftonian loess. 

A second expos11re of silts ,vl1ich 1nay be in part Aftonian loess 
is found a short dista11ce ,vest of the villag·e of Thayer, Union 
county, i11 section 22, Jones to,n1ship (T. 72 N., R. 28 W.) . The 
horizon represents tl1e Aftonian as the silts are leached, are as-

--
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sociated ,vith peat, a11d are overlain by highly calcareous gravels 
a11d till. There is considerable carbonaceous matter mi..xed with 
the fine material, especially in the upper part. A maximum 
thiclmess of seven feet of the silts ,vas exposed at the time of 
malring the section ,vhich is described in detail in the discussion 
of the Afto11ian peat deposits of ,Yester11 Io,va, page 196. 

Aftonian material of loesslilre character lies between N ebras
ka11 gumbotil and Kansan till in a road-ct1t bet,veen sections 18 
and 19, J aclrson to,t'nship ( T. 79 N., R. 37 W.), Shelby county. 
A road cut througl1 the crest of a ridge sho,,{ed the Nebraskan 
gumbotil extend111g as a band for a distance of 70 ·yards across 
the face of the cut 011 each side of the road. The upper surface 
of tl1e gumbotil "·as u11eve11 because of plot1gl1ing by the overrid
ing I{ansan ice and because of pre-Kansan erosion which had 
ren1oved part of the gumbotil. J\tlantling the pre-Kansan erosion 
surface 011 the g1,1mbotil is a gr ay silty cla)' , loesslil{e, ranging 
fron1 a fe"' inches to over a foot in thickness, ,vith la:yers set 
apart by accumulations of blacl<ish carbonaceot1s matter. The 
fine texture of this silt, the fact that it n1antles an une·ven sur 
face of the gumhotil, its inclt1sion of carbonaceous matter be
t,veen layers, and the absence of distinct stratification st1g·gest 
that it is of the san1e origin as the younger loesses, and is there
£ ore an Aftonian loess. 

The Record of Life in the Aftonian 
The record of Aftonian life in Iowa is not extensive. The 

sands and gravels from which animal remains have been secured 
are not, in most cases, identifiable as to age. J\tiany of the gravel 
deposits appear to be Nebraskan in age and therefore fossils 
from them ,vould represent early Nebraskan life. The outwash 
materials from the ice overloaded the streams, causing them to 
aggrade their beds with the sands and gravels carried by the 
glacial waters. I nto the same beds vtere s"rept invertebrate re
mains from the valley sides and from the scoured parts of the 
stream channel. Thero wer e also carried in such remains of 
vertebrate animals as were left within reach of the flood waters 
from the ice. The accumulation of glacial debris and vertebr ate 
and invertebrate animal remains constitutes tl1e deposits form
erly called Aftonian but now thought to be mor e specifically 

• 
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glacial in origin. Whether these gravel and sand deposits were 
picked up by the ice and incorporated as masses \vithin the till 
or were overriden by the ice and covered with till makes little 
difference as to their age. 

Because the Kansan glacier formed deposits of the same char
acter as those described above, and because these deposits cannot 
at present be differentiated from the Nebraskan sand and gravel 
deposits in western Iowa where only the Nebraskan and Kansan 
drifts are present, the age of any particular deposit is indeter
minate. None of the deposits associated with the till, however, 
can be younger than Kansan, and any remains of animals must . . 
be those of early Kansan age or older. 

The age of the faunas represented by the fossils in the gravels 
which have'been called Aftonian is as follo,vs: The gravels and 
sands associated with the N ebrasl{an drift will carry a fauna 
which is pre-Nebrasl{an in age, and therefore of very early 
Pleistocene age. These forms should be more closely related to 
the Pliocene forms than to later forms as the next record in this . 
state would be of those animals which had emigrated dt1ring a 
great glacial invasion and then returned, perhaps 1'rith different 
associates, after the retreat of the ice. 

The fossils found in the sands and gravels associated with the 
Kansan till represent a fauna of Aftonian age. They would be 
the remains of forms "\\1hose ancestors lived during the Aftonian, 
bt1t of individuals which lived in early Kansan time. 

Aftonian life should, ideally, be recorded in fossils in strictly 
interglacial deposits. Such deposits have rarely been found. 
Some of the peat deposits of Aftonian age contain identifiable 
plants, and some silts underlying the peats have molluscan 
faunas. Also \Vood in the base of the ICansan drift represents 
late Aftonian gro~rth. Vertebrates ,vhich are definitely of Af
tonian age have been found but rarely in this state. As ,vas 
stated above, it is believed, from stratig·raphic evidence, that 
most of the vertebrate forms described as Aftonian in ag·e are in 
reality from gravels and sands of early :.t\Tebraskan age and 
there£ ore represent forms more closely related to the Pliocene 
than to the Aftonian. 

The specific forms of life represented by fossils from this early 
part of the Pleistocene will not be discussed. Two very excellent 
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sun1111aries of the Pleistocene life of Io,va have appeared in late 
)~ears. One, b)7 • 0. P. Hay12 on the Pleistocene of the Middle 
Region of North America, catalogs the vertebrate forms which 
l1ave been collected from Pleistocene deposits of all ages in Io,va, 
a11d reviews the available data regarding tl1e ages of the re
mains. The authors, as Doctor Hay states, are not in agreement 
,,-ith his interpretation of the age of the deposits in which the so
called Aftonian remains have been found. The interpretation 
offered above only makes the possible age of the oldest fossilifer
ot1s Pleistocene gravels still earlier than Aftonian, and the age 
of 11one very much later than the close of that interglacial in
terval. 

Tl1e second comprehensive revie,v of the forms of life repre
sented from the early Pleistocene of Iowa is by F. C. Bak:er.lls 
Fan11al Jists are given, ,vith a brief discussion of some of the 
deposits fro111 \Yhich the remains have been secured, but refer
ences to the sot1rces from ,vhich the lists have been compiled are 
quite co1nplete. The lists include both vertebrate and inverte
brate forn1s. No ne,v data are added on the life of the inter
glacial epochs in Io,va in addition to what have appeared in the 
publications cited. 

1'2 Hay, 0. P., The Pleistocene of the Middle Region of North America and its Vertebrated 
Animals: Carnegie Institution of Washington, Pub. 322A, 1924. 

13 Baker, F. C., The Life of the Pleistocene or Glacial Period: University of Illinois. 1920 . 
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Changes in the drift 
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· Kansan drift in the Kansan drift area 

Kansan drift under thick locss 
Kansan drift under Illinoian dTift 
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The Kansan gumbotil 
Oxidized and leached Kansan till 
Oxidized and unleached Kansan till 
Unoxidized aod unleached Kansan till 

Thickness of the Kansan drift 

• 

The l(a11san glacial stage follo,ved the Aftonia11 interglacial 
stage and is the second of the five glacial stages no,v recognized 
in the Pleistocene of Io,va. The name I(ansan ,vas given by 
Chainberli11 in 1894 to the older of t,vo drifts in the Afton Junc
tio11-Tha,•er region in Union co1mty, Io,va. At that time the 
you11ger of the t,vo drifts there ,vas nained East Io,van. 'Cham
berlin believed that the t,vo tills nained Kansan and East Iowan 
,vere of tl1e sa111e ages as llfcGee's Lo,ver Till and Upper Till 
respecti,•ely, ,vhicl, bad been 111appecl areally in northeastern 
Io,va. Later, for reasons given i11 Chapter III of tl1is report, 
,vhicl1 deals ,,~tl1 the history of investigations and classifications 
of tl1e Pleistocene deposits of Io,va, the na111e l(ansa11 ,,-as shifted 
to tl1e upper till of the Afton J11nction region and the lo,ver till 
tl,ere ,vas then nan1ed Sllb-Aftonian or Pre-I(ansa11 till, a 11a1ne 
,vl1icl1 ,vas co11tinued lu1til 1909 ,vhen it '\Vas given the na1ne 
Nebrasl,a11 till. The 11ame J(ansa11 has l1ad its present 11sage 
since 1896. 

Discrimination of the K=an Drift 
The JCansa11 drift is a stratigrapl1ic n11it in the unconsolidated 

Pleistocene deposits of Nortl1 America. Stratigrapllic metl1ods 
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determine it to be a drift widespread in distribution, of definite 
age, and bearing certain consistent relationships to deposits 
botl1 older and ·yolmger. It is composed of characteristic glacial 
till, with associated sands and gravels, which occur either as in
cluded masses or as cl1annel or ,vash deposits on the surface of 
or ,vithin the till. 

Stratigraphically, the I{a11san drift is limited belo,v by N ebras
kan drift or by Aftonian deposits or by indurated rock:s, and 
above b~r ·younger Pleistocene deposits or the present soil sur
face. Any phase of tl1e I{a11san drift except the gumbotil phase 
ma)7 be found in co11tact at its base ,vith any one of the follo,ving 
deposits: 

Aftonian deposits 
sand 
gravel 
soil 
peat 
loess 

Nebraskan drift 
gumbotil 
oxidized and leached till 
oxidized and unleached till 
unoxidized and unleacl1ed till 
,veathered or unweathered sands and gravels 

Indurated rock:s 
Residual products of rocl{ decay 

Above the I(ansan drift and in contact wiih it may be found any 
one of the several deposits which constitute the depositional 
record of the Yarmouth, Sangamon, or Peorian interg·lacial 
stages, or of the Illinoian, Iowan, or Wisconsin glacial stages, or 
of Post-vVisconsin time. 

The discrimination of the Kansan drift is rendered simple 
when that drift is found between Pleistocene materials kno,vn to 
represent the N ebrasl{an or the Aftonian below and the Yar
mouth or the Illinoian above. These relationships are found in 
the sections ii1 Washington and Denn1arlr townships, Lee county, • • 

,vhich have been described 011 pages 148 to 151. Sl1ch relation-
ships are observed rarely and it is necessary therefore to apply 
other criteria for the recognition of I<:ansan deposits. 

In the sections described in vVashington and Denmarlr town-

• 
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ships on page 148 there are three drifts. The lowest drift with 
a secondary profile developed from a former gumbotil, has above 
it a drift topped with gumbotil and related materials on top of 
which is a third drift, also gumbotil-covered in the vicinity. Only 
three drifts have been found on which gumbotil has been de
veloped, and these three are the Nebraskan, the Kansan, and 
the lliinoian, all three of which are present in southeastern Iowa. 

In tracing the t,vo upper gumbotil-covered drifts westward 
from Mississippi river the upper gumbotil is found to be limited 
to the area defined bv Leverett1 as within the boundaries of the ., 

lliinoian drift. Beyond the limits of the Illinoian, the Kansan 
gumbotil becomes the top feature of the drift. Here, where the 
top of the I{ansan drift has not been disturbed by erosion, it 
forms a plain. Where erosion has dissected the plain in south
eastern Io,va there are remnants as extensive as the major por
tions of the interstream areas. The finding of isolated gumbotil 
exposures with elevations closely in accord ,vith the general level 
of the projected surface of this gumbotil plain is recognized as 
a basis for the identification of the gumbotil and the till immedi
ately beneath it as Kansan. The extremely satisfactory use of 
this criterion in southern Iowa has led to its being used beyond 
that portion of the state and thereby has permitted the working 
out of Pleistocene history more definitely than had been pos
sible previously. 

The Kansan gumbotil plain may be traced from exposures in 
southeastern Iowa ,vestward to exposures only a few miles from 

• 
Missouri river ( see figure 27). Over a major part of this 
distance the dissection of the plain has been so great that 
the N ebraslran drift vvith its gumbotil has been exposed in 
many sections ( see figure 26). As only the tv.ro oldest drifts 
of the Pleistocene are present in this area, where a gum
botil is found with a till above it the gumbotil is pronounced 
Nebraskan and the till above it Kansan. Where a gumbotil is 
found with no till above it, and it occupies a place high on ex
tensive divides, the probability is that it is Kansan. This in 
most places can be checked by its agreement in elevation with 
neighboring gumbotil exposures of Kansan age which are de- -
termined from their relations to the N ebraslran gumbotil. 

1 Leverett, Frank, The Illinois Glacial Lobe: U. S. G. S. Monograph 88, 1899. 
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In the extreme northeastern part of the state stream erosion 
during Aftonian time cut deep valleys through the Nebrask:an 
drift and into the bedrock: beneath. The Kansan drift fills to the 
bottom the upper parts of many of these valleys and in this 
later filling the streams have only partly intrenched themselves. 
The Nebraskan drift, fron1 its topographic position high on the 
sides of the stream valleys only, is recognized as older than that 
drift which fills the valleys to their bottoms. The Io,van drift 
surf ace is found a f e,v miles " rest of the edge of the Kansan drift. 
The Kansan drift is lmo"rn to be older than the Iowan because it 
has suffered dissection which is very 111arkedly greater than 
tl1at which even the n1argins of the Io,va11 have experienced. 
The Kansan drift itself sho,vs leaching to a greater depth and a 
much more advanced degree of oxidation-it lool{s older-than 
the Io,van. A secondary f eatl1re useful in the field for distin
guishing bet"1een the Io,van and I{ansan drifts is the presence 
of relatively thick: loess over the dissected Kansan at the margin 
of the Iowan while the Io,van drift itself is but lightly mantled by 
the vvindblovvn material. That the thicl{ loess-covered drift at 
the margin of the Iowa11 is not the lliinoian seems certain. The 
known Illinoian drift is from the Labrador center of ice disper
sion, and this drift is from the l{eewatin center. This drift is 
more dissected than -the Illinoian though it has been in about an 
equivalent position with respect to the drainage lines crossing it. 
Also, the Kansan drift has been traced by means of the gl1mbotil 
l1nder the Iowan drift into nearly all parts of the Iowan area, 
and this is the only drift ,vhich is extensively l{no,vn under the 
Iowan. It seems therefore that present interpretation should 
f ollo"v custon1 and designate this older drift to the east of the 
Iowan area as the Kansan. 

\ Distribution of the Kansan Drift in Iowa 
The presence of the Kansan gumbotil has made it possible to 

identify the Kansan drift over th~ southern third of the state. 
This formation may be traced from the Missouri line northward 

• 
into Iowa for a distance of more than 70 miles and within this 
area it may be traced eastward ,vithin five miles of Mississippi 
river and westward within about the same distance from Mis
souri river. Within this area the Kansan gumbotil plain shows 
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a remark:ably persistent uniformity of surface, spreading from 
divide to divide throt1gh a series of slight but regular changes 
in elevation. The presence of the Kansan in this area is certain 
and definite. 

The Kansan drift may be traced northward along Mississippi . 
river to the vicinity of Bellevue, Jackson county. The margin 
here leaves the river and extends in an irregular sweeping line 
to a point on the Minnesota boundary about 50 miles west from 
Mississippi river. To the east of this border the only deposits 
of Pleistocene ag·e that have been found are loess, valley gravels 
and upland patches of Nebraskan drift. West of the Kansan 
drift boundary Kansan drift fills rock: gorg·es, cro,,'lls the up
lands and l1as been carved into a rugged mature topography. 
No gumbotil has been f otmd here, bt1t the drift surface is over
lain by a relatively thick loess ,vhich may obsct1re g'llillbotil on 
this part of the Kansan if it is present. 

The border zo11e of the I(ansan drift north of Bellevue, just 
described, is onl~y a few miles in ,vidth, this surf ace being re
placed to the ,vest by a much younger topography. The reason 
for this topography is found in numerous places where a gum
botil is overlain by a young drift, the Iowan. The gumbotil ex
posures beneath the Iowan are limited in number, but the char
acter of the gumbotil, its thiclmess, and its elevation from place 
to place permit its being traced as an horizon westward to the 
Wisconsin moraine and south beneath the Io,van drift to the 
Kansan drift of the tabular divide area in the southern part of 
the state. · 

In central Iowa, where the thick Wisco11sin drift forms the 
surface, fe,v expos11res of gumbotil or of drift older than the 
"\Visconsin have been found. Some of these are definitely Kansan . 
1n age. 

The I(ansan till may be traced into north,vestern Io1'1a by 
means of the gumbotil at its st1rf ace as far north as northern 
Cra"rford county. The absence of Kansan gumbotil farther to 
the north in northwestern Iowa was explained in a former part 
of this paper as being the result of erosion of the Kansan gum
botil after it had been developed here as well as in other parts -
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of the state.2 In northwestern Iowa the I{ansan drift overlies 
Nebraskan gumbotil and Nebraskan till and, in Lyon county, 
silts, ,vhich separate it from the N ebrask:an till below. As has 
been stated previously, tl1ere are local areas in nortl1,vestern 
Iowa where the Kansan and N ebrasl{an tills ma·y be distinguished 
by their litl1ologic differences, even where only one of tl1e tills is 
present. 

The second glaciation of the Pleistocene, as judged f ro1n the 
clistrib11tion of ice deposited 1naterials, covered all of Io,Ya except 
a small area in the for1n of a narro"T strip along 1Iississippi 
river i11 the nortl1eastern part of the state. 

Origin of the Drift 
The Kansan drift is typical of glaciall)7 borne materials, with 

boulder cla·y, or till, malring up the greater part of the forma
tion and with sands and gravels associated with the till. The 
ice sheet ,vhich carried tl1is drift into and over Iowa did not l1ave 
the same foundation over ,vhich to move as did the Nebraskan 
glacier. The first glacier advanced over a deeply \\7 eathered 
surface with much loose material and ,,,.ith rock cored l1ills and 
rock ,valled vallevs. The I{ansan ice sheet moved over a surf ace 

~ 

which ,vas largely the product of the erosion of a glacial drift 
plain. Tl1e s11rface slopes could not have been steep nor the val
leys cliff-bound except ,vhere the streams had ct1t tl1rougl1 the 
N ebrasl{an drift and into the rocl{ beneath. The surface " 1as 
covered vYith m11ch loose material, but this ,1i7as of glacial origin 
rather tha11 from the secular decay of the i11dt1rated rocks. There 
vvas probably n1uch more load to be easily acquired by the Kan
san ice than by the first ice sheet, which tended to reduqe the 
amount of freshly eroded material added b·y the Kansan ice to 
the glacial debris which was to form the surface of the land 
when the ice melted. 

The evidence of the acquisition of material by the Kansan ice 
from the underlying Nebrasl{an drift is direct. The top of tl1e 
N ebrasl{an gumbotil sho,vs an irregular surface i11 111any sections 
because of the ploughing by the overriding ice. Among the 

2 Kay, G. F., Pleistocene Deposits between ?.:fnnilla in Crawford County and Coon Rapids in 
Carroll County: Iowa Geological Survey, Vol. xx,rr, pp. 213·231: 1917. 

Carman, J. E., The Pleistocene geology of Northwestern Iowa: Iowa Geo!. Survey, Vol. 
XXVI, pp. 332·334, 1917. 

.. 

• 
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many sections where the irregular, ploughed surface appeared 
conspicuously are those located as follows : 

West side of section 32, East Boyer township (T. 83 N., R. 38 W.), Crawford 
county. 

East part of the line between sections 17 and 20, Jones township (T. 72 N., 
R. 28 W.), Union county. 

Between sections 19 and 20, Liberty township (T. 69 N., R. 29 W.), Ring
gold county. 

In a road cut in section 20, .Jackson township (T. 72 N., R. 23 W.), Lucas 
county. 

At the location last named the Nebraskan gumbotil extends along 
the face of the cut for a hundred feet, but at the west end of the 
exposure the gumbotil has been entirely removed, evidently by 
the ploughing of the ice. 

Another evidence of the acqt1isition of material from the un
derlying· surface by the Kansan ice is to be found in the charac
ter of some of the inclusions in the Kansan drift. 

A road cut along the north side of the northwest quarter of 
section 34, Douglas township (T. 72 N., R. 35 W.), Adams coun
ty, shows a number of inclusions in the Kansan drift. The ele
vation is only slightly above the N ebrask:an gumbotil in this 
area, and the inclusions consist of irregularly shaped masses of 
sand and of Nebrask:an gumbotil. To the east of this cut are 
others which sho,v what appears to be a mixture of sand and 
gumbotil with the norn1al till materials. 

The r etreat from the land of the ice mass of Kansan time took 
place as did that of the former glaciation, by melting of the ice 
at the edge faster tl1an it was being extended. As the area oc
ct1pied by the ice ,vas r educed it left more and more of the glacial 
bed covered with the unsorted and sorted materials which had 
been a part of the glacial mass. The streams flowing out from 
the melting ice worked over some of the till and left a portion of 
the sorted debris along the drainage channe,Is. The glacial till 
and the sorted materials washed out of the till by streams flow -

• 

ing ,vhile the Kansan ice was still in existence constitute the 
drift of Kansan age, or the Kansan drift. 

Changes in the Drift 
The Kansan drift sur face, vYhen it was uncovered, was im

mediately subjected to the operation of the modifying agencies 
of weathering. Rain, air, and ground ,vater began the work of 

--
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altering the drift, first by oxidation and then by leaching, so that 
three zones were soon developed ,vith the oxidized and leached 
till at the top, below ,vhich was an oxidized and unleached zone, 
beneath which was the fresl1 till as yet unchanged. The time dur
ing which the Kansan till was at the surface vvas long enough 
for the alteration of the till beyond the leached stage; in fact 
gumbotil ,vas formed to an average depth of over eleven feet. 
Leacl1ing advanced at such a rate that there is an average of 
about five and a half feet of leached till below the gumbotil, mak
ing a zone of about seventeen feet within "rhich the alteration of 
the I(ansan till has been very marked. 

A complete, single section of the Nebrasl{an and I(ansan drifts 
in contact is no,vhere lrno,vn. By piecing out from the observed 
seqt1ences of the t,vo drifts, the f ollo,ving section is known to 
obtain where all phases of the Nebrask:an and Kansan are pres
ent : 

Kansan gumbotil 
Kansan oxidized and leached till 

oxidized and unleached till 
unoxidized and unleached till 

N ebrask:an gumbotil 
Ne brasl{an oxidized and leached till 

oxidized and unleached till 
unoxidized and unleached till 

This sequence is shown diagrammatically in fig-ure 45. 

Typical Sections of the Kansan Drift 
KANSAN DRIFT IN THE KANSAN DRIFT AREA 

The most complete section of Kansan till thus far seen in the 
state is on the south side of Cedar creel{ valley, south of Fair
field, along the middle of the line bet,veen section 24, Liberty 
township (T. 71 N., R. 10 1,lv.), and section 19, Cedar town
ship (T. 71 N., R. 9 W.), Jefferson county.* Bet\>veen the 
town of Fairfield and this cut the Kansan gumbotil is seen along 
the road in several places ,vhere the loess has been cut through. 
The contact between the loess and the gumbotil is sharp in most 
places. The base of the gumbotil is seldom exposed in the shal
low excavations which have been made, but at the location g·iven 

* The locations of these sections may be found on Plate I in the back of this report. 
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Gumbotil 

Oxidized and 
leached till 

Yarn1ot1th Interg·lacial 

Oxidized and 
unleached till 

I{an~an 

Unoxidized and 
unleachcd till 

Gumbotil 
Oxidized and 

leached till 

,A.ftonian Interg·lacial 

Oxidizeu and 
unleached till Nehrasl{an 

. "r:,_1:· ·•:" 
·;_ 

FIG. 

Unoxidized and 
unleached till 

Indurated rock } p 1 · 1 reg ac1a 
45.-Complete section of Nebraskan and Kansan tills. 

above tl1e· road out of tl1e valley l1as been graded and the follow
ing sectio11 is exposed: 

F EET 
7. Loess, Peorian, heavy silty clay, color not uniform but basic color 

olive•gra)'; many angular granules, about J I inch in diameter and 
ilT<'gular in shape; much rusty bro"·n dull n1aterial, which is 
chiefly in the interiors of the granules as inclusions; some black, 
sofi to semihard ferruginous pellets; plastic and compact when 
'"et, l ca ch etl . . . . . . . . .. ............. ...... ....... ..... ..... ............ ............. ...... ........... ..... 9 ½ 

6. Loe~s, Lo,·eland, friable silt, sho"·s worm casts, medium compact, 
few sn1all pehhles, in Io,vcr part concentration of black iron 
oxide n1asses, mottled grayish yellow color, decidedly darker than 
has<' of upper loess ·····················-····-····-······················-················-····· 1 ½ 

5. Gumbotil, T{ansan, light gray to drab·colored when dry, darker 
when wet; upper part n1ottled with some brown material as 
though son1e of the loess had worked into jt through root holes or 
the burrows of animals. Lower part interfingcrs with the zone 
helow, making a gradational change between the two materials ...... 12 

4. Till, l(ansan, oxidized and leached; tho upper part mostly gray, 
rese1nhling the gun1hotil; the mass is reddish buff, or brownish 
with small patches of lighter buff color and with more or less gray 
entirely through the zone. Fracture irregular, not controlled by 
joints "'hen dry ........................................................................................ 5½ 

3. Till, Kansan, oxidized and unleached, sanely; considerably lighter 
in color than the oxidized and leached zone above; mostly buff 
with sonic streaks of brownis.h color; largest rock fragment seen 
in this zone was 18 inches in diameter; very little change in color 
in whole depth of this zone ·······························································-··· 22½ 

2. Till , Kansan, unoxidized and unlcached; near a neutral gray ,vhcn 
dry, but with a bluish tinge ·when wet and much darker than when 

-
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dry; upper part occuTs in masses surrounded by the oxidized till, 
then the oxidized till is restricted to stringers through the un-
oxidiz~d till .............................................................................................. 12 

1. Sandstone, interbedded with conglomerate, exposed about ···---····-· 6 
I 
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Just 11ortl1 of Fairfield alo11g prin1ary road 1, at the Roel{ I s-
lancl overl1ead bridge, on the "\'\1est line of section 24, Center 
to,Ynship ( T. 72 N., R. 10 ,V.), J effer son cou11t y, a road cl1t sl10"1s 
tl1e relation of tl1e gumbotil to tl1e lmderl}ri.I1g I(ansa11 t ill, as 
sl1own in figure 4G. 

FIG. 46.-Kansan gumbotil grading downward into Kansan till, in road cut just north of Fair· 
field, Jefferson county. 

On the Sante F e railroad east of N e,v B oston (Bricl{er station 
on this railroad), i11 the east half of section 36, Charleston to,vn
sl1ip (T. 67 N., R. 6 -\\T.), L ee cou11ty, is a Cllt ,vl1ic]1 exposed the 
f ollo,ving section: 

FEET 

4. Lorss, leached, grayish huff to gray; this rises at the top of the cut 
to the level of a fine Kansan upland; in the cut .............................. 11 

3. Gumbotil, Kansan, drab-gray; few pebbles; no e,'idence of lam· 
ination or humus, and appears to be a unit in origin and to have 
been derived from the till below ··············-····························-············· 12 

2. Till, I(ansan, oxidized a.od leached, grades into the gumhotil........ 51/2 
1. Till, Kansan, oxidir.ed and unlcached; has son1e concretions of 

secondary calcareous material .............................................................. 27 

A pl1otog·rapl1 of this cut is sho,yn in figt1re 47. 

I 
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Tl1e c11t described above is one of a series made along the 
Sante Fe railroad. Another cut just \Yest of Bricker station 
sho,Yed tl1e f ollo,nng seql1e11ce of 1naterials : 

FEET 

3. Loess, leached ·······················-··························-······················-········--· 51/2 
2. Gumbotil, Kansan ·······································-··-······························-······· 7 
1. Till, Kansan, oxidized and leached, upper part with some gray 

color; exposed ·········-·-········································· ·················-·············· 5 

Fro. 47.-'rhe New Boston section of Kansan drift in which Kansan gumbotil is present. 

The till below tl1e oxidized and leached zone was slumped and 
the lo,Yer limit of the leached till could not be determined ac
curately. 

A quarter mile ,vest of Bricl{er station still another cut Rhowed 
two feet of I(ansan g'llIDbotil at the surface, ,vith five and a half 
feet of oxidized and leached till and ten feet of oxidized and 
unleached till beneath. The 1naterials all gave evidence of grad
ing one into the other. 

Not all of the cuts sho,v the Kansan gurnbotil for in places it 
was entire!)? ren1oved b:v erosion before the deposition of the 
loess. Jl1st east of tl1e station the follo,nng section was exposed: 

FEET 
3. Loess, leached, resting on the basal part of the gumbotil .............. 11 -
2. '!'ill, Kansan, oxidized and leached ····················-································ 5½ 
1. Till, Kansan, o:>..-idized and unleached, ·with some concretions from 

the material above .................................................................................. 27 

The follo,ving section ,vas observed in section 29, Harrison 
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to,vnship (T. 68 N., R . 7 W.), Lee county, on the east slope of 
Lick creek : 

FEET 

4. Loess, leached; grayish to grayish yellow on a dry surface ; more 
yellowish to brownish when damp; mass traversed by irregular 
cracks; gummy when wet; no pebbles found; not sharply set off 
from the gumbotil below ........................................................................ 7 

3. Gumbotil, Kansan, dark gray on dry surface, drab when wet; 
starchlike fracture, sticky when wet; breaks along irregularly di· 
rected and spaced joints when dry; a few siliceous pebbles; no 
concretions ; g1·ades in to 2 below .......................................................... 4 

2. Till, Kansan, strongly oxidized and thoroughly leached; brown· 
ish yellow, with patches of gray in the upper part .......................... 5½ 

1. Till, Kansan, oxidized and unleached; lighter in color than 2, be• 
ing more a buff than brown; has concretions, exposed for several 
feet. 

In the south part of the line between sections 4 and 5, Center 
township (T. 69 N., R. 25 W.), Decatur county, there is an ex
posure of the base of the Kansan gumbotil and the zones below. 
The gradations between successive phases of the till are stril{
ingly evident. A pl1otograph, figure 48, shows the zones in this 
ct1t. The sectjon is as follovvs: 

FEET 

4. Loess, leached, buff ···································································-··········· 3 
3. Gumbotil, Kansan ···············-····························-····································· 2 
2. Till, Kansan, oxidized and leached; upper part grading distinctly 

into the gumbotil ···-··············································································· 5½ 
1. Till, Kansan, o:i.-idized and unleached; many concretions, exposed 4 

The section described belo,v ,~.ras seen in the northeast part of 
section 25, Franklin to,vnship (T. 75 N., R . 8 W.), Washington 
county. In this county the I{ansan is typically developed and 
shows the constant, characteristic relationships between the 
various phases of the till ,vhich mark it all over the state. The 
section here showed : 

FEET 

4. Loess, Peorian, buff, leached to the upland ...................................... 11 
3. Loesslike sandy clay, Loveland, light colored .................................... 1½ 
2. Gumbotil, Kansan, drab below but becoming more red near the 

top; siliceous pebbles from top to bottom; surface shows char
acteristic polyhedral fractur~; some concretions present in the 
gumbotil .................................................................................................... 9 

1. Till, Kansan, leached; exposed about ·····················-··························· 2 

A short distance away the section was extended to show the fol
lo,ving n1aterjals below the gumbotil: 

• 

• 
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FIG. 48.-A Kansan drift section in Decatur county showing loess, gumbotil, oxidized and 
leached till, and oxidized and unleached till with concretions. 

la. Till, Kansan, oxidized and leached, grades abo~e into the gum· 
botil ·······························································································-··········· 5 ½ 

lb. Till, Kansan, oxidized and unleached; yellowish buff in color; 
numerous joints ·with concretions along them in the upper part; 
exposed for oYer ...................................................................................... 20 

-
About 011e n1ile east of Foster, in section 19, Urbana township 

(T. 71 T ., R. 16 ·y1
{. ), ~Ionroe county, along the Chicago, iiilwau-
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kee, St. Paul & Pacific rail,va)T, is a cut ,vhich sho,ved the follo,v
ing sequence of 111aterials i11 descending order: loess, I(ansan 
g·un1botil, I(ansan drift. The zones belo,v tl1e gumbotil are strong·
ly oxidized to a bro,v11isl1, in part al111ost a chocolate color. This 
cut ,,·as described i11 detail, and chen1ical a11alyses of the gu1n
hotil a11d oxidized and leached till ,vere reported in a paper by 
l(a)1 and P earce3 011 the origin of g·un1botil. 

11an3r exposures of the basal part of the I{ansa11 drift have 
beerr described in the chapter 011 the N ebrasl{an, in connection 
,vi.th the occurrence of N ebrasl{an gun1botil. The sections ,vhich 
l1ave bee11 give11 are typical of n1any others ,vhich might be added 
fron1 areas adjacent to those fro111 ,vhich the exposur es have 
bee11 described. 

KANSAN DRIFT UNDER TillCK LOESS 

1Iany of the best sections sho,ving I{a11san gumbotil are found 
u11der a greater or less thickness of other Pleistocene 1naterials. 
The sections alread·y g·iven sho,v loess in nearly every case, and 
a f e,v ,vill be given i11 ,vhich loess is still thicl{er over the gum
botil. Besides the loess as a coveri11g of the gumbotil of I{ ansan 
age there are sectio11s kno,vn in ,vhich the Illinoian till, the Io,van 
till, and the vVisconsin till each overlies a part of the T(ansan 
gumbotil plain in the areas of those respective drifts. Sections 
typical of each r elationship ,vill be given. 

Of the sectio11s sho,ving thicl{ loess, the follo,ving are repre
sentative. 111 Clarl{e count)·, on the Chicago, Burlington & Quincy 
rail\\1 ay, one mile ,,·est of ~Iurray, in section 9, Troy to,,'llship 
(T. 72 N., R. 27 ,V.) , the follo,ving· section was found: 

4. Loess, gray to pale yel1owish color on dry surface with irregular 
lines of brown; when damp it is grayish with mottling of yellow 

F EET 

to brown colors; stands vertica11y, upper few feet mealy .............. 15 
3. Gumbotil, Kansan, gray to drab in color, sticky when wet, hard 

and tenacious when dry; contains a few siliceous pebbles; leached 11 
2. Till, Kansan, oxidized and leached ...................................................... 4 
1. Till, Kansan, oxidized and unleached; has many concretions .......... 11 

This section ,vas described and chemical analyses of the till • 
phases were reported i11 the paper hy I{ay and P ~arce. * 

T,vo miles south of Crawfordsville, in section 22, Cra\\·ford 

3 Kay, G. F., and Pearce, J. N., The Origin of Gumbotil: Jour. of Geology, Vol. XXVIII, 
pp. 89-125, 1920. 

* Op. cit., pp. 95, 96. 
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to,vnship (T. 74 N., R. 6 W. ), Washington county, the loess is 
still thicker as the section shows : 

3. Loess, to the upland ··························--···················································· 18 
2. Gumbotil, Kansan .................................................................................... 8 
1. Till, Kansan, oxidized and leached above, grading down into ox-

idized and unleached ·······························································-············· 12 

A cut on the Chicago, Mil,vaukee, St. Paul & Pacific railway 
throug·h the high upland between the 1Iississippi river drainage 
and the :l\1issouri river drai11ag·e, in section 13, "\Varren to"7Ilship 
(T. 82 N., R. 36 W.), about three miles ,vest of Templeton, Car
roll count)1

, sho,vs ICansan drift on ,vhich ICansan gumbotil has 
been developed to a thiclmess of 15 feet. This is the maximum 
thick:ness of Kansan g·t1n1botil ,vhich has been found in the state. 
The section is as f ollo,vs : 

FEET 
5. Loess, Peorian, buff colored, upper 15 feet leached ·····-··-·····-······ 25 
4. Loess, L oveland, reddish to chocolate colored, leached -·····-··········· 51/2 
3. Gumbotil, Kansan, gray to dark drab to chocolate colored, upper 

few feet reddish, a few small siliceous pebbles ................................ 15 
2. Drift, Kansan, oxidized yello,-v to buff, leached, closely related 

to number 3 ·······························································-····-····················-· 7 
1. Drift, Kansan, oxidized, unleached; many calcareous concretions 8 

A cut along an old railroad grade in section 8, I(eg Creclr 
to,vnship (T. 74 N., R. 42 v\T.), Potta,vattamie county, sho,vs more 
than six feet of I{ansa11 gmnbotil overlain by· loess, ,vhich in this 
area is about 90 feet thick:. 

KANSAN DRIFT UNDER ILLINOIAN DRIFT 

In the area covered bv the Illinoian drift tl1ere are numerous 
~ 

sectio11s \Yl1ich sho,,r the ICa11san drift helo,v the Illj11oian drift 
(see figt1re 27) . A fe,Y of thPse ,Yill sho,v the typical relation
ships het,veen these t,,To drifts ,rhere the I(an8an gtunhotil is 
present. 

The following sectio11 vvas observed along ~l1e railroad in the 
north,vestern part of section 28, vVashington to,vnship (T. 68 N., 
R. 4 "\V. ), Lee county : 

FEET 
6. Gumbotil, Illinoian, gray to ashen•colored on a dry surface; on a 

fresh surface, gray mottled with brown; leached; small siliceous 
pebbles ...................................................................................................... 4½ 

5. Till, Illinoian, oxidized and leached; brownish buff with some 
patches of gray in the upper part, fewer patches in the lower part 51/2 

4. Till, I llinoian, oxidized and unleached, brownish color, breaks into 
irregular angular fragments --···············-··············································· 1 

3. Gumbotil, Kansan, typical dark gray or drab·colored with some 
patches of brown; leached; numerous siliceous pebbles .................. 8½ 
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2. Till, Kansan, oxidized and leached; buff·colored with numerous 
patches of gray, especially in the upper part .................................... 5 

1. Till, Kansan, oxidized and unleached; many concretions; breaks 
into polyhedral blocks along the joint lines; exposed for ................ 12 

About a quarter of a mile south of the above described ex
posure, also along the railroad, there is the following sectjon: 

FEET 

4. Loess .......................................................................................................... 3 
3. Till, Illinoian, oxidized, leached .......................................................... 5 
2. Gum botil, Kansan, gray ···············································-······················· 11 
1. Till, Kansan; exposed ............................................................................ 37 

The I{ansan gumbotil occurs in a level band extending through 
the cut as is sho"\\rn in figure 49. This remnant of the gumbotil 
plain is characteristic of the surf ace wherever it is found. It is 
uniformly level, and the gun1botil is never found in place man
tling slopes. 

1!'10. 49.-Uut in Lee county showing band of Kansan guml,otil extending through n hill. Illi· 
noinn till above the gumbotil; Kansan till below. 

About one and a half 1niles north"·est of vVest Point, on the 
north line of section 3, "\Vest Point tovvnship (T. 68 N., R. 5 W.), 
Lee county, a good section was found shovving both tl1e I<:ansan 

-
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and lliinoia11 gmnbotils in normal relationsl1ips. Tl1e section 
sho,ved: 

F EET 

4. Locss, buff, about -----·-·-··-··-·----··----------····--·-·-··--···-·········-·····----·-·-·-···--··-· 8 
3. Gumbotil, Illiuoian, typical, gray -·-····--·-·----··-··--····-·-····-·-····-·········-·--- 3 
2. Ti ll, l !linoian, oxidized but with only the upper part leached ...... 11 
1. Gun1botil, Kansan, exposed ·----·---··-·····-·--·-·----···--·-·----······-·-····-·--·-···-··-·- 11 

The ICansan till belo,v tho g11111botil ,vas not exposed i11 tl1is sec
tion. 

A section sho,vin1; the ICansan g11n1botil ,vith the full thiclmess 
of the Illinoian drift abo,,o it ,vas seen in a road cut 011 the so11th 
side or a cr eel, in section 34, Ne,v London to,vnship (T. 71 N., R. 
5 ~\-. ), ]ienr,' co11nty. The sequence of 111aterials is as fol!o,vs : 

FEET 

6. Locss, buff, leached; to the upland -·-····-······-···-·-···-·--···-·-··---············· 8 
5. Gu1nbotil, Ill inoian, leached, with upper part gu,nbotil-likc but 

with 1nuch of the colloida l nui.terial carried out. Chocolate-
colored in upper four feet, less redd ish belov.' ---·-··--··---··-··--············· 7 

4. Till, llli.uoian, oxidizC'd but unleached, looks ,,cry niuch li ke the 
J(unsan till; n1c!lsured along sloJJe ---···-·-····-···········---·--·-·-·-·-··-·-·--···-··· 40 

3. Gumbotil, Kansan, drab-colored, tough, lc!lched but s01ne lime 
<'011crctions, few pebbles ----·--·-·-·--·-··-·-····-·-·-··-···--·-······---·····---·-·-·-·-··---·· 11 

2. Till, l{ansan, oxidizcd and leached --·-·-··-·-········--·-·-·--·····-······-·--···--·--·· 5½ 
1. 'l'ill, J(ansau, oxidized and unleached, seen down to creek bed ........ 12 

In places i11 Illinois' loess has been fo11nd separating tl1e I(ansan, 
till fron1 the Illin oian till but in Io,va thus far no loess has been 
foun cl by the ,vriters at this !1orizon. 

KANSAN DRIFT UNDER IOWAN DRIFT 

v,7ithin the area of the Io,va11 drift there arc a n11111lJer of ex
posures of tl1e lCansan gun1botil, all overlain b,, Io,van till, figure 
50. Fo111· sections typical of 111any otl1ers ,vill be described here. 

About a hundred yards ,vest of the n1iddle of the line bet,vee11 
sections 30 and 31, l\1assillon to,vnship (T. 82 N., R. 1 vV.), Cedar 
county, a shallo,v road cut exposed abo,1t t,vo feet of loess over 
a foot and a half of Io,van till. Under tl1e till is lCa11san _e;u111botil 
,vith a thickness of over t,vo feet in the exposure. The elevation 
of the gw11botil ,vas detern1ined to be 795 feet. ~ 1ithi11 section 
31, to the south, the Io,van drift ri ses in hill s to an cle,,ation 
fort3•-fi,,e feet above the J(ansan 1;un1botil, this fig11re tl1erefore 
representing the thickness of tl1e Io,van drift and Peorian loess 
in thi s place. 

4 L,:werelt. Frnnk, Tlrn Illinois G•l11ci11! Lobe: U.S. Geo!. Survey, l'llon. 38, pp. 114-115, 1899. 
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Near the ,vest end of the line bet~veen sections 30 and 31, 
~Iassillo11 to,vnship, tl1e I(a11san gun1botil occurs also in tl1e road 
ditches. It is here a typical drab sticlcy material, differing n1uch 
fro111 the yellow and bro,vn Io,va11 till ,vhich lies over it. The 
Sl1rface of tl1e gun1botil sho,vs son1e disturbance, for it is undula
tory, with the crests of the ridges a few inches apart, and the 
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FIG. 50.-:Mnp showing locations of Kansan gumbotil (X) underlying Iowan till in the Iowan 
drift area of no1·theastern Iowa. 

depths of the troughs about as great. To the southeast the 
Io,va11 drift rises in hills forty feet or 1nore above the gu1nbotil. 
The accon1panyi11g illustratio11, figure 51, shows the gl1mbotil 
mark:ed by the field bag and hoe in the ditch, and the Io,van to
pography beyond. 

About four miles north of Anamosa, in section 30, vVayne 
township (T. 85 N., R. 3 W.), Jones county, is a cut sho,ving 
Kansan gumbotil ,vith Io\van till and Peorian loess above it. The 
materials are exposed on both sides of the road and a composite 
section is as follows: 

FEET 
3. Loess, buff, sandy .................................................................................... 2 to 4 
2. Till, Iowan, sandy with numerous pebbles, oxidized to a brown-

ish buff color ·················-········································································· 1 to 4 
1. Gumbotil, Kansan, dark gray, leached, upper 1 foot shows some 

evidence of lamination and is filled with carbonaceous matter-
an old soil ................................................................................................ 7 

-

.. 
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The gumbotjl was exposed along the road for a distance of about 
50 yards. Near the south end of the exposure the accompanying 
photograp]1, figure 52, ,vas taken . The ,vhite line marks the posi
tion of the top of the gumbotil. 

Near the middle of the north line of the northeast quarter of 
section 16, "\Vindsor to,vnship (T. 94 N., R . 9 "\V.), Fayette 
county, the Io,van till is shown over gumbotil of Kansan age. 
The elevation of the gun1botil is 1200 feet, and the material is 
seen at about the san1e elevation in several cuts along the road to 

Fro. 51.-Kansan gumbotil in Cedar county (marked by bag and hoe) w'ith Iowan topography 
in the background. 

the east, ,vithi11 tl1e fe,v miles to "\\Test Unio11. The section made 
in the main cut is a$ follo,vs : 

FEET 
5. Loess, Peorian, buff, mealy; unleached i some concretions; no 

fossils found ............................................................................................ 2 
4. Till, I owan, dark buff on a dry surface, yellowish bTown to brown 

,vhen damp i cuts readily with the hoe; sandy; few concretions i 
unleached to the surface ........................................................................ 7 

:l. Loess, Loveland, gray with considerable chocolate-coloTed stain ; 
leached; laminated; putty-like when wet i no pebbles found .......... 2½ 

i. Gumbotil, Kani;an, dark gray on a dTy surface; leached; no con
<'l'<'tions seen; very few pebbles of any kind, and those present are 
si liccous; upper foot and a half has much carbonaceous mat ter 
which shows as a distinct soil band through the cut ...................... 5½ 

l. 'fill, Kansan, oxidized and leached, grades into the gumbotil; 
pebbles abundant, exposed .................................................................... 4½ 
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The accompanying figure 53 sho,vs the east end of this cut and 
in the bacl{ground the I o,van surf ace, which rises 37 feet above 
the gumbotil. Tl1e upper part of the hills is loess. The thicl{
ness of the I owan till abo,re the gumbotil ,vas 1neasured as being 
eighteen feet and probably exceeds tvventy feet here. 

In the 11orthern tier of counties there are several localities in 

r . -
- . -

.. 
' :,. . .. 

Fxo. 52.-Kansnn gumbotil. with Iowan till above, in Jones county. The white line marks the 
top of the gumbotil. 

wl1ich the I(ansa11 gt1mbotil is l{no,vn ,, ... ithin the area of the 
Iowan drift of northeastern Io,va. One of the best exposures, 
and also the one farthest nortl1, is in the middle of the ,vest side 
of the northwest quarter of section 14, Otra11to to,Ynship (T. 100 
N., R. 18 "\V.), :i\Iitcl1ell county. In a road cut about four feet of 
typical I, ansan gumbotil is exposed ,v-l1ile in a s1nall grav·el pjt 
just east of tt1e road tl1ere is three feet of the same material. 
The gravel])" material ,,·hicl1 l1as heen ,vorked in the pit is about 
SL"'{ feet thicl{ a11d contains a y·ariahle quantit)" of clay·, in some 

-
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places very n1uch rese111blir1g till. The upper five feet of the 
gravell~v till, ,,,hich is i11terpreted as being Io,Ya11 in age, is 
leached, but the 011e foot jt1st above the gt1111botil contai11s 111ucl1 
lin1esto11e as pebbles and cobbles, and liI11e in the clayey matrix 
effervesces strongl)' ,vith acid. All of the Io,Yan is n1uch oxidized 
and in places ba11ds several inches thicl{ are ce111ente<l into a con
g·lon1erate ,,·itl1 a ferrt1gi11ous ce111ent. Tl1e elevatio11 of tl1e g·um
botil under the Io,Ya11 till here is ahout 1175 feet. 

KANSAN DRIFT UNDER WISCONSIN DRIFT 

The ,,.,.isco11sin drift covered the l{ansan drift after the lapse 
of t,Yo glacial a11d three interglacial stages. The tiI11e ,Yas there
fore long, and the contact of tl1e ,S'"isconsin and Ka11san tills 
,Yithot1t i11terveni11g 111aterials ,Youl<l not be expected to be com-
111011. There is one series of c11ts ,Yhich sho,vs the ·youngest till 
over loess ,Yhicl1 lies 011 I-Cansan g11n1botil. These cuts are along 
tl1e Chicag·o, iiil,Yaukee, St. Paul and Pacific rail,va:y ,vest of 
Rhodes, on hotl1 sides of the irarshall-Story cou11t)' line. A 
typical section is fot1nd ahout t,vo 111iles ,vest of Rhodes a11d is as 
follo,vs: 

5. D1·ift, \\'isconsin, sandy; partly leached for sLx feet and here more 
reddish than below; general color yellowish, ,vith the lower part 

FEET 

n101·e sandy and tending toward gray .................................................. 30 
4. Loess, huff, highly fossiliferous ·········································-··············· 11 
3. Gumhotil, I(ansan .................................................................................. 8 
2. Till, Kansan, oxidized and leached, grading up into the gumbotil; 

thickness indctern1inable because of slumping. 
1. Till, Kansan, oxidized and unleached, slumped. 

East of tl1e abo·ve ct1t, i11 tl1e nortl1 part of section 19, Eden 
to,v11ship (T. 82 N., R. 20 ,,r.), iiarshall cou11t)T, a long cut ,vas 
111a<le to accon1111odate the tracl{ i11 a ct1rve. A general section 
here is the sa111e as above, but the relationships of the materials 
,Yere better shovY11 ,Yl1en the cut ,vas ne,Yl)r 111ade. A photograph 
of tl1is c11t hy ,, ..... C. Alden is sho,Yn ill figure 54. 

A second localit)T ~ho,Ying tl1e san1e relationsl1ips, except that 
the loess is absent and t11e ,\7isconsii1 till rests upon the I{ansan 
gt1111hotil, i~ in the nortl1,vest qt1arter of sectio11 4, Colfax to-n1n
sl1ip (T. 79 N., R. 28 ,,r.), Dallas cot111tr . 

T;ees has recentl)' fou11d t,Yo expos11rrs of g11n1botil beneath 
the ,"\.,.isco11si11 drift i11 the central part of the ,"\risconsi11 drift 
area. One of these is north of the Illinois Ce11tral railroad at 
the east end of t]1e bridge across Des iroines river i11 section 19, 

--



.--

FIG. 54.--Cut southwest of Rhodes, :Marshall county, showing \Visconsin till, loess, I(ansan gumbolil and Kansan till. (\V. C . .Alden.) 
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FEATURES OF KANSAN GUMBOTIL 2as 

Wahkonsa township (T. 89 N., R. 28 "\V.), vVebster county. 'l'hP 
other is at the north,vest corner of section 17, A very township 
(T. 92 N., R. 30 W.), Humboldt county. The precise age of these 
gumbotils is not lrno,vn, though Lees is inclined toward the 
opinion that the latter one is N ebrask:an in age. 5 

Descri ption.s of the Drift Phases 
THE KANSAN GUMBOTIL 

The field differences bet,veen the various phases of the Kansan 
drift are as constant as are those in the Nebraslran drift. As ir1 
the older drift, the giunbotil of tl1e Kansan is the most distinctive 
phase of tl1e glacial materials. The color of the Kansan gumbotil 
is ordinarily a ligl1t to ne·utral gray on the dry surface, with the 
color ligl1ter where si1rface ,vasl1 has m1covered parts of the 
light colored included sand grains. There are occasional darlr 
bro,,'ll and reddish brown masses ,vl1ich marlr the concentration 
of iron oxide along joints or around roots as tl1bules. The dom
inant color, however, is gray, ,vhich disti11guishes the gumbotil 
in most cases from the other till phases and from the loess. When 
,vet the gumbotil js darker i11 color tl1an when dry and it shows a 
series of blues and purples i11 delicate tones over the gray. The 
colors are not conspicl1ous, and the dark to neutral gray of the 
,vet gumbotil is in itself enough contrast ,vith the colors of the 
other till phases to malre it a distinctive property. 

Tl1e surface featl1re of color in the gumbotil is augmented as a 
distinction by tl1e surface craclcing which is characteristic of the 
gumbotils of all ages. The development of the craclrs separating 
the sl1rface of the gumbotil into polyhedral bloclrs regularly fol
lo,vs tl1e ,vetting and drying of the gumbotil, and there£ ore any 
gumbotil which has been exposed for some time has this char
acteristic feature developed. The first craclring· on drying of the 
gumbotil is along a series of intersecting, irregular, angular lines 
wl1ich separate tl1e surface into bloclrs ranging from aboi1t an 
inch to t,vo inches in diameter, ,,rith tl1e corners sharp and the 
sides l1sually broadly curved. 

Additional drying of the surface develops a series of smaller, 
shallo,v cracks which st1bdivide the larger bloclcs into smaller 

5 Lees, James H., Geology of Crawford County: Iowa Geologica,J Survey, Vol. XXXII, p. 317, 
1927. 

-
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block:s a fraction of an inch across, and these give to the surface 
a crt11nl)ling appearance. Actuall)r, the surface is rather firm 
and the s111all blocl{s, ,vhile the-_y may be separated, are not loose 
011 tl1e surf ace. The crack:s bet,veen the larger l)lock:s range be
t,,Tee11 a qt1arter and tl1ree-quarters of a11 inch deep, ,vhile the 
smaller cracl{s are usually less than half an i11ch deep, thus giv
ing to the s1naller blocks something near eqt1idin1ensions i11 
,vidth a11d deptl1. 

The n1ass texture of the l(ansa11 gun1botil differs from that of 
the Nebraskan in that it is usually son1e,Yhat n1ore evident, both 
"Then ,vet a11d when dr)r. This is perhaps due to tl1e difference 
in coinpression ,vl1icl1 the t,,·o g111nbotils have 11ndergone for the 
N ebraslran gu111botil ,,·as overriden 1))7 l1eaV)r l(ansa11 ice, ,vhile 
the Kansan gumbotil exposures are most con1mon i11 areas \Yhere 
no later ice has transgressed. 111 the I{ansan gu111botil, the 
'starchy' fracture and crt1n1bli11g· character are ver)r evident in 
the n1aterial ,vhich is "ret enoug·l1 to mo11ld in the hand. Also 
,vhe11 the gt1n1botil is dry there is enough parting thro11gh the 
mass to cause tl1e typical hackly surface to appear when it is 
brolren, thot1gh the crumhl)' character is not ver)7 evide11t in the 
dr)7 specimens. The small frag·n1ents ,vhich break apart to give 
the crumbling· appearance are usuall:y less than a quarter of a11 
inch in dian1eter, and the)r rang·e throt1g·l1 all sizes up to this 
limit. The shapes of the fragments have a wide range. Some 
of them are almost round, others are markedly pol)rhedral, and 
still others are of flalrelilre for1n ,vith either square or tapered 
edges. The faces of the pieces are usuall)r striated, or ridged in 
one direction, ,vitl1 at least son1e of the ridg·es determined b)r the 
presence of sand grains in the matrix along ,vhich tl1e face ,vas 
developed. There may he tapering cones of cla3r on opposite 
sides of the grains, making a ridge ,,·hich is aliJ1ed ,,"ith the other 
ridges on the same face. The presenC'e of these double cone 
ridges and the parallelisn1 of all the ridg·es s11µ:gest that the)r 
are the prodt1ct of move111ent ,vithin the g1rmbotil ,vhich has re
st1ltecl in slippage along cJosel-_r spaced surfaces. From the 
parall<?lisn1 "rith the mass texture of slu1nped loess, it is sug
gested that the flaky mass text11re of the gu1nbotil n1ay· be the 
product of slumping or of n1oven1ent ,vl1ich has a considerable 
lateral co1nponent. · 
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'rhe elastic text11re of tl1e l{ansan g11mbotil f ollo,vs ver)T closely 
that of the N ebrasl{a11 in distribution of the different size grades. 
The clay a11d silt are the higl1est in percentage, ,vitl1 al)out tl1ree
q11arters of the specin1e11s having bet,vee11 sixty a11d sevent")r-five 
per ce11t of the grades l)elo,v 1/64 1nilli111eter in diameter. One 
of the thirt:r-three specil11ens analyzed \\ras very sandy and 
sho,ved only 35.9 per cent of the clay and silt grades. Tl1e others 
,vere distrib11ted as follows : 

Percentage 
No. specimens 

Below 1/64 millinieter in diameter 
55-60 60-65 65-70 70-75 

4 7 7 11 
75-80 

1 
80-85 

2 

As in the N ebraslra11 gumbotil there are 1nore specin1ens ,vith the 
silt a11d clay co11tent belovv sixty per cent than there are \\"'ith the 
conte11t above seve11ty-five per ce11t. 

Slightly more than l1alf of the speci111ens of Kansan g·1unbotil 
analyzed sl10,v the percentage of sand of the grade 1/ 16 to 1/32 
milli1neter hig·her than the next smaller grade, 1/ 32 to 1/ 64 milli
meter. The val11es of the larger grade rang·e bet\\reen 6 per cent 
and 24.2 per cent, and those of the smaller grade, between 7 per 
cent and 19.0 per ce11t. The sand and pebbles ,vhich are coarser 
than 1/16 1nillin1eter mal{e up from less than 1 per ce11t to 25 
per cent of different specin1ens, except the especially sandy gum
botil, ,vhich sho"Ts 45.3 per ce11t above 1/ 16 milli111eter. 

The parallelism of the three sand grade~, 1/ 2 to 1/ 4, 1/ 4 to 
1/8, and 1/ 8 to 1/ 16 1nillimeter, js as stril{ing in tl1e I{ansan gum
botil as in the Nebraskan g1unbotil. The follo,ving table shows 
the percentages determined in the different specin1ens : 

Spec. No. 60A 74A 
1/2 to 1/4 mm. 0.9 0.6 
1/4 to 1/ 8 mm. 1.1 0.8 
1/8 to 1/16 mm. 1.1 0.8 
138A 140A 148A 149A 
3.9 5.2 8.0 3.5 
4.4 5.8 7.3 2.6 
4.3 6.2 6.2 3.3 

188A 192A 193A 204A 
1.0 2.2 2.3 5.7 
1.2 2.3 2.0 5.7 
1.6 2.9 2.0 7.3 

229A 230A 244A 246A 
0.1 0.2 2.6 0.2 
0.1 0.2 2.3 0.3 
0.2 0.6 2.3 0.4 

• Less than 0.1 per cent 

75A 86A 
0.1 1.1 
0.1 1.6 
0.1 1.8 

150A 174A 
2.1 1.5 
1.8 1.1 
1.7 1.0 

208A 217A 
3.3 0.9 
3.2 1.4 
3.4 1.9 

265A 268A 
tr 0.2 
1.0 0.6 
0.3 1.4 

87A 
1.1 
1.4 
1.5 

179A 
3.4 
5.0 
6.2 

218A 
0.1 
0.2 
0.2 

289A 
0.1 
0.1 
0.2 

133A 
2.5 
6.6 
9.9 

182A 
1.4 
1.4 
1.6 

219A 
0.3 
0.3 
0.4 

304A 
0.4 
0.4-
0.6 

134A 
3.0 
4.9 
5.5 

224A 
tr* 
tr* 
2.0 

. -

.. 
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The size grade distribution within the gumbotil is variable. 
The g·reater sand content is always at the expense of the silt and 
clay so that these two vary inversely. Proportions behveen other 
grades are so different in different cases that no general state
ment seems justified. Tl1e correlation of the Kansan gumbotil, 
or the certain i<le11tification of this material on the basis of 
mechanical analysis alone is as uncertain as it is in the case of 
the Nehraslcan gu1nbotil. The analyses and the numerical re
sults arc of 111ore ·value in suggesting orjgin and the present con
dition of the material than in correlati11g or identifying t)1e gu.m
botil. 

Tl1e 1)el)hl0 content of the I(ansan gumbotil is of tl1e same 
cl1aracter as is tl1at of tl1e N0braska11 gumhotil. Tl1e average of 
se,ye11 a11al)rses fron1 cliff erent places s110,vs the f ollo,,-ing per4 

centages of the various roclcs : 

Quartz ......................................................................................... . 
Chort ·············-········································-··································· 
Quartzite ..................................................................................... . 
Granite ....................................................................................... . 
G rccn s ton c ................................................................................. . 
Feldspar ..................................................................................... . 
San<l.stonc ................................................................................... . 

(Analyses by Kay, Alden, and Dewey. ) 

P ER C ENT 

48.5 
31.8 
6.8 
7.8 
2.9 
1.0 

.5 

99.3 

Tl1ese a11alyses approxi1nate those sec11red from otl1er places and 
the abo,1c average r e1)resents ,vell tl1e l1igl1 siliceous pebl)le con
ter1t of the gm11l)otil. Over eighty per cent of the pebbles in tl1e 
gumbotil are siliceous, ,Yhilc about eigl1t per cent are composed 
of g·ranite, ,vl1icl1 has a l1igl1 silica content. 

The pebble content of the gumbotil of Kansan age agrees well 
with the interpretation tl1at it is a residual ,veathcr ed product 
of the till. Tl1e l1igh coµtent of roclrs resistant to tl1e ordinary 
weatl1cring processes, tl1e low co11tent of those composite rock:s 
which are composed of mi11erals which ,veather easily, and the 
almost complete absence of pebbles of ordinary countr}T rocks, 
vvhich in this r egion are sedimentary, lead to tl1e inevitable con
clusion that some efficient selective process has reduced the 
normal pebble content of tl1e till. There is no source from ,vhich 
the 1naierials forming the g·uml1otil could have bee11 derived, 
transported, and deposited without having incorporated with 
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them fresher till detritus which would noticeably alter the re
sults of the analy·ses of the pebble content of the gumbotil. 
Weathering is the only selective process lmown to have been at 
work ,vhere the gumbotil is found, and the present pebble con
tent of the gumbotil is such that an appeal to this process is fully 
adequate to account for all of the peculiarities of the gumbotil 
pebble content. 

The roundness of some of the pebbles from the Kansan gum
botil was determined by means of the rolling device used on the 
Nebrask:an till pebbles. With .00 as the value of an unabraded 
cube and 1.00 for a perfect sphere, the following figures repre
sent the average roundness values obtained for pebbles from 
the Kansan gumbotil. The pebbles bet,veen 8 and 16 millimeters 
in diameter showed the f ollo,ving roundnesses: 
Roundness: .00 .03 .06 .10 .15 .19 .24 .26 .29 .33 .36 .40 
Percentages 48 16 19 9 5 3 

The pebbles bet,veen 4 and 8 millimeters in diameter gave the 
f ollo,ving average ro1mdness values: 

Roundness: .00 .01 .07 .13 .17 .23 .27 .31 .36 .40 .44 .48 
Percentages 17 21 23 19 9 6 3 1 1 

The pebbles with a diameter bet\veen 2 and 4 mm. showed the 
following average roundnesses: 
Roundness: .00 .06 .11 .20 .26 .32 .37 .44 .48 .53 .59 .63 
Percentages 17 15 23 23 11 6 3 2 * 

There were not available sufficient composite rock pebbles to 
make determinations for comparison with the siliceous pebbles, 
so tl1ey were not determined separately. 

A large number of broken chert fragments in the Kansan gum
botil give to the rou11dness figures a high percentage in the more 
angular values for the largest pebbles. In this size grade there 
are few composite rock pebbles, and they therefore modify the 
roundness figures but little. Where chert pebbles remain un
brok:en they give roundness values comparable to those of the 
N ebrask:an gumbotil. In the four to eight millimeter grade the 
very angular pebbles are distinctly in the minority, and those 
showing some rounding make up the greater number. The slight
ly rounded pebbles in this grade show the maximum percentage, 

* Highest roundness value obtained for the size, but less than one-half per cent in the average. 
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on both sides of ,Yhich p<?re<?ntage there is a 1nore or less rrgular 
dc>crease to the li1nits of roundness and angularity ,Yith the 
great0r pro1)ortionate <lPcreas0 on the ronndnc>ss f-"-ide. The peb
hles of t,Yo to four 111illin1Pters clia1neter have the sa111e type of 
distrib11tio11 or rou1Hlnrsses as do thoRe of the nr.xt larger g·rade, 
\Yith thr exc·C>1>tio11 that the pebbles sho,Ying slight ro11ncl11ess are 
fr" er than thosp ,,·hi<'h are ang·ular. The ])E'l'rPntage cur,e is 
apparP11tl~· not quite a:-. long and is a little steeper tha11 i11 tl1e 
<'asc• of thP larger J>Phhles, hut the ,·al11es are high0r a11d the 
interYals greater, ,,·hiC'l1 serv<1s to aeeou11t for 11111cl1 of the dif
f Pr0nce. 

In 11011P or t11e eases is there a \YPll <lefinrd UJ)11er lin1it to tl1e 
ronnclillp;, for the pc1 r<·rntag·e of tliP di ff erPnt values p;ra<l(ls <lo,vn
,,·arcl to a J>oint ,Yrll ahovp thr hulk of thP ronn<111ess(ls. The 
111ost roun<lP<l J)('hl>le:-- are nsnall)· thosP of thert, ,Yhil0 thos(l 
sl10\\·ing· n1odPrate ron11di11g ineln<lP 111ost of thP ro111posite rorl{ 
t)' J)<"8 fon11d in th<' µ;1unhotil. ,,TPathPrinp; to,,Tar<l tl1e 1norr roun<l
<>d f'or111s is li1nitPcl a1>parP11tly i1t the PXtPnt to ,Yhich thr 1nodifi
c-atio11 or sl1apP c•a11 I><· <'arri(l<l. for thr i1npress of the original 
i-;hapP is rPtail1Pcl to the 1>oi11t of' disintPp;ration in 1nost rasps. 

'I1hc,. 1(a11sa11 gun1hotil is a distinetive dril't 111aterial. It cle
ri,·rs its <listi11c-tion n1ostly front its g·111nho chara<'tPr. Its identi
fi<'atio11 is possihlr hr 1nPans ol' its g·ray C'olor and the l)nlyhedral 
blo<'l<s ,vhiC'h for,n o\·rr thr surl'aer after ii has hern \Yet. , ... erifi
ration or thP kind ol' 1natPrial lips in tlir det(lr111ination of its 
lPaeh(•<l <'haraC'tc•r and in tl1r presence of pPhhlPs, hut of only 
those 1><>bh]Ps 111ost l'<'sistant to \Yeathrrinµ;, ,,·ith a J)l'Ppondt~r
aucP or thosr ,vlrieh arr silieeo11s. 

'11hr lahorator)· stu<liPs of thP I(ansan p;nn1hotil sho,Y it to he 
a 1natPrial of' ,Yiclr <liff PrPncPs, 11articularly in elastic text11re an<l 
1·01u1<h1rs:-- of thCl frag·n1rnts. The a\'C'l'ag•() \ 'alnps sre11r(ld for 
tltP diJirrP11t l'Paturps of' thP g·11111hotil 111a>· he onlr ronglil>T ap
proxi111atP<l hy th0 una]>·.sis of an)' sing·le SJ)C'<'in1P11, and t,Yo 
spP<'illH•11s 111a)· <li ffrr ' ' C'l')' ,Yi<lPl)' in thP 11un1erical r(lsnlts de
ri,·ecl fro1n thrir ]ahorator,· R1n<lY. '1'l1err arr, ho"'r,·er, f()atnrcs . . 
of })ro1Jortio11 het,Y0en <li ffc>rent })arts of the ,·arious anal~·ses 
,vhieh indieatr a 1)a1·al10lisn1 in natnr<' het"·prn sprrin1pns of the 
gn1nhotil fro1n di ff Pl'('llt })laC'rs. Tn thr JllC<'hanieal analyRes this 
<·onsistH in. thr 11sua] a1111roxi1nation -of the san1e percentag·e hy 
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three sa11d grades, and in the order of occl1rre11ce of the per
centages of the s111aller elastic grades. In the roundness figures 
the parallelis1n bet,Yee11 specin1ens sho,,·s in the sa111e p:eneral 
proportion of the variot1s values for the rol1ndnesses of the dif
ferent sizes. The litholog·y· of the gt1111botil is perl1aps the most 
constant of its laborator}· cl1aracters, hl1t in tl1is also tl1ere is 
,,,ide variation so that a11)' single speci111en ma}· fall far fron1 the 
average analysis e,.,.e11 ,,·l1e11 it js l{no,Yn to co111e fron1 llndoubted 
gumhotil. In the l(ansa11 g·nn1botil, as \Yell as i11 the Nebraskan, 
the feature of variet3r ,,·ithi11 ,Yide li111its is the one co11stant c11ar
acter, but ,Yith eno1,1gl1 consistency· })resent to n1ak:e possible the 
certai11 iclentificatio11 of the n1aterial i11 tl1e field and tl1e procll1c
tion of corrohorati,re testi11101i-y fro111 the lahoratorv·. . . 

The I{ansa11 g·11n1botil develoJJed to g·reater deptl1 than the 
N ebrask:a11 g·u1nbotil. The n1axin1l1n1 thick.ness of this extre111ely 
,veatliered 111aterial 011 the T(ansan drift is ahot1t 15 feet, b11t the 
averag·e of 40 sections ,Yl1ere the g11n1botil ap1)ears to be co111-
plete is 11.2 feet. The sections chosen to r epresent tl1e thickness 
of tl1e gun1hotil ,vere those ,Yhere the soil at tl1e surface is still 
preserv·ecl beneath the co·vering 111atcrial, or those ,-rhere the g111n
botil is exceptionall)· thick:. 111 the forn1er case it is not certain 
of course that the soil on the s11rface of the g11111botil ,-ras not de
veloped after some erosio11 l1ad take11 place, and i11 the latter case 
it n1aJ' be that s0111e of the greater g·un1botil thickness is dl1e to 
secondar}" acc11111ulation ·of the 111aterial 011 top of that originally 
for1ned, bt1t i11 no case 11secl ,y·as there an)~ detern1inahle evidence 
that there l1ad been such erosio11 or addition. 

OXIDIZED AND LEACHED KANSAN TILL 

The co111plete average sectio11 of I<:a11sa11 drift l1as about :five 
and a half feet of oxidized an<l leacl1ed till belo,Y the gun1l)otil. 
Local variatio11s cause this tl1ick11ess to be slightl}r less or a little 
greater, but 1nost of the exposl1res, a11d the average of all, are 
very close to this figure. The co11tact of the oxidized and leached 
till ,vitl1 the gu1nbotil is gradational, and the transition zo11e 
through ·\vhieh the change talres place 111ay be fro111 a fe"' inches 
to more than a foot in thickness. The contact is of the san1e 
type as that bet,veen the san1e t,vo zones of the Nebraslran till. 
There is an interfi11gering of the t,vo materials, ,,ith the greatest 
development of the gumbotil along the joi11t planes ,vhich pass 
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from the gumbotil into the till below. The till between the joint 
planes usually is oxidized and has the characteristic brownish 
buff color, while next to the joint planes and extending deeper 
into the subjacent till in the upper part of the transition zone are 
the grays of the deoxidized gumbotil phase. The feathering out 
of the oxidized and leached till into the gumbotil along the sides 
of the joints, and tl1e i11terfingering of the gumbotil and oxidized 
and leached till masses are the typical features of the transition 
zone at the top of the oxidized and leached till, figure 55. 

Fro. 55.-JJisintegrating granite boulder in transition zone between Kansan gumbotil and Kansan 
oxidized and leached till; middle of northwest quarter of section 23, English town
ship, Lucas county. 

At the bottom of the oxidized and leached till phase the same 
type of interfingering extends into the oxidized and unleached 
till, with the exception that there are onl3r very minor color dif
ferences. The parts of the mass along the joints are leached 
first, ,vhile the interiors of the joint-bounded bloclrs still retain 
their calcareous nature. The use of the acid bottle is the only 
certain "'\\ray of differentiating the two phases of till on the basis 
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of leacl1ing. ,Vitl1in the zone ,vl1ich is n1ostly leacl1ed the mass of 
clay may· l1ave all tl1e s1nall calcareol1s material removed lTnt still 
retain s111all pieces of cl1all{)· limestone whicl1 are ren111antal fro1n 
1nuch larger limesto11e frag·ments. Tl1c surrounding n1atcrial 
"rill s110,v 110 effervescence ,vith acid, but a zone of a quarter of 
an incl1 or so aroun(l the lin1esto11e, and perhaps for an inch or 
two belo\v the pieces, ,vill sho,v a slig11t rcactio11 to acid ,vhile t11e 
fragn1ents tl1en1selves ,Yill effer·vesc<' strongl>'· .._i\.ronnd tl1e cal
careollS center tl1erc is ordinaril)r a tl1in cla·ycy filn1~ po,vdery 
,vhen dr)· a11cl slippery ,Yl1cn wet, ,Yl1icl1 is the residl1al n1nterial 
left fro111 the leacl1ing of the Ol1ter part of the lin1estone piece. 
Such f rag1.11ents occl1r onl~r near the base of t11e oxicliz0cl an(l 
leached zone, tho11gl1 tl1e·y arc occaRio11all~T i11 110RitionR ,yhjcl1 re
quire tl1e111 to he included ,Yithi11 tl1e oxidized a11cl leached zone, 
for the,· 111a·y be the onl,· n1aterial ,,ithin R0veral incl1eR of the . . . 
t}1)ical 11nleacl1ecl till that ,Yill effc>r,·0scr.. 

v\Titl1in the masR of oxidized and leached I(ani:-an till the color 
is a reddiRl1 h11ff or hro,YniRl1 ·y0llo,Y, lighter on the dr>- ~11rf ace 
than 011 the n1oist. and ,Yitl1 a clii:::tinct g ra~· cast oy·0r a R11rface 
,,·hicl1 l1as hcen ,Ya~l1ccl RO as to 0xp0Re a portion of the sand con
tent. The color is i11 strik.ing contra~t to the C'olor of the g111nhotil 
tl1ough it differs h11t ~ligl1tly fro111 the oxicliz0cl nnd 11nlc>arhed 
zone helo,v it. Tl1e Sl1rf ace cracking of the oxidized and learl1ecl 
Kansa11 till is vrr·r n111rh like that of the sa111e pl1asr of tl1e 
N el)raskan till. Afte>r hei11g ,vet and drie>d the s11rfare is crosRed 
l)y nun1erous angular crnC'k:s ,Yl1ir]1 srparate it into l)locl{s ,vl1ich 
are comparable to those f or1ned h)· ,vetting ancl clr}·ing of the 
gumbotil surfare. Thes0 l)lorl{s are not as ,vi<lely separatClcl as 
those in the g111nhotil. ancl they are rroi:-sed ll)T other C'rarl{R ,vhich 
are smaller and ,Yhicl1 gi.,·e to the s11rface a coarsely granular 
ap1)earance. 

The mass text11re of the oxidizrd nnd leached J{ansan till is 
clistinct from that of the guml1otil. The till is separated into 
hlorks l)y the presence of sf'vernl series of jointR, ,vhich extend 
thro11gh tl1e mass at irregular intervals and in roughly parallel 
directions. The shaprs of the blocl{s arr th11s crudely prismatic 
and they range from less than an inch to several inrhrs in each 
<limension. The hacl{ly fracture of the ·gl1mhotil i s <luplicat(ld 
only in the transition zone ancl in the immediately s11l1jarent till. 

-
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The sn,all striated hlocl, structure of' the gun1hotil is al,se11t in 
the oxidise,! and leached till. The joints ,1·l1i<·l1 n1arl, the houn
daries o[ the till hlocks arc definite 11la11es along ,vhicl1 the till 
breaks, hut they arc not conspicuous exc€-pt in th,· transition zone 
,vhPre the g111nhotil 1ihase is develo1ied along their borders a11d 
not in the adjaeent till. 'l' he oxidized and leaehcd till as a ,vhole 
is eon1pael, very l1ard ,,·hen drY. and only slight])· per,•ions to 
,vater, except along the joint planes. lt is in physical character 
see111ingJ,, 01tlv a ste11 ren10,·ed fro,n the gnn1hotil ])hase ,vhirh 
in the natural exposure is so <·losel,- related to it. 

The elast ie texture of the oxidized and leaehed l(ansan till of
fers the sa,ne ,,arie(v as docs the elastic texture of the till eYery
,,-herc. 'rile cla,· and sill content, the sizes belo,v 1 '64 1uiUi
n1etcr in dian1Pter, ,,·as l'ound to range bct,vcen 29.9 and 59.3 per 
cent. These perecntagcs ui ffer inYerscl,· as the l)ercentages of 
sizes larger than 1/ (i4 n1illin1eter ,vith the differc11ce tending to 
be 11roportionall,- di stributed through all size grades represented. 

The specin1ens anal,·zecl sho,v a greater percentage of the 
size grade het,veen 1/ 16 an,l 1/ 32 111illin1eter tha11 l,ct,Yeen 1/ 32 
an,l 1/ 64 111illin1eter, and the!· ha,·e the three sand grades ap
proxin1ati11R tlir Ra111e J)erC'entag-r aR in the gun1llotil. These 
rharart(lristics indi <·ate a llaral1fli sn1 h(li\veen thr g-n1nhotil and 
the oxidized and leachc<l till, ,vhich is in harn1ony ,,-ith the inter
pretation of a till genesis for the gnn1liotil. 

"rhe lithology of (he oxidized and leacl,ed I(ansan (ill is ,vell 
sho"'ll 11)' the analYses of collections of 1,el,bles fron1 \Yidely 
RC'J)aratrd 11lar0R. rrhe averageR of t,vo serif's of a11alyses arc 
l1ere given. Those in the first tal,le '"ere n1ade liy G. F. l(ay, A. 
TT. De,ve,• and 1\T. 1·. T(noll, and those in the second tahle ,verc 
madr hy R. 1'. C'han1hcrlin, 1V. C. Alden and l\[. l\L T,eighton. 
All tl,c prhl,lrs ,vere fron1 the oxirlized and leached I(ansan till 
fron1 To,va localities. 

• 
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I 

Quartz ....................................... . 
C'hcrt, flint, etc. . ...................... . 
Quartzite ................................... . 
Granite ..................................... . 
Basalt and greenstone ........... . 
Feldspar ···-········-·············· .. ····· 
Felsi te ....................................... . 
Sandstone ................................. . 
Quartz porphyry ..................... . 
Slate ........................................... . 
Schist ......................................... . 
Gneiss ......................................... . 

PER CENT 

16.8 
16.5 

8.0 
20.3 
25.5 

1.0 
7.0 
1.0 

. 6 

.5 
2.3 

. 3 

II* 

Limestone and dolomite ....... . 
Shale ........................................... . 
Sandstone ................................. . 
Quartz ....................................... . 
Chert ···························-··············· 
Hematite and jasper ............... . 
Quartzite ................................... . 
Quartzose ···············-··················· 
Schist ......................................... . 
Porphyry ................................... . 
Granite ....................................... . 
Sycnite ....................................... . 
Grcenstone ................................. . 
D1onte ·····-····················-··········· 
Other crystallines ..................... . 
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PER CENT 
3. 
2. 
3. ,., 
I • 

16. 
1. 

)5. 
2. 
1. 
1. 

17. 
2 . 

19. 
5. 
4. 

The abu11da11ce of l)asalts, gree11sto11es and granites i11clicates 
that the ,Yeathering processes have not yet red11ced this till to 
th.e stage of co111plete disintegratio11 for even some of the ,veaker 
con1posite rocks. J\.Iost of the ferro1nagnesian rocks, hovYever, 
sl10,Y alteratio11 at the surface, and n1an)' are co111pletel}r pene
trated by the color changes ,:vhich take place ,vitl1 the decom
positio11 processes. The g·ra11ites are 11sually fresh, hard, and as 
yet show little sigi1 of alteratio11, though son1e of the feldspars 
sho,v under tl1e n1icroscope alteratio11 alo11g the cleavage planes. 
Schists, ,vl1ile 110,vhere ver·y abundant in tl1e till, probably shov;r 
more alteration i11 the oxidized and leached phase than a1Ty of 
tl1e other conm1011 roclcs. The lines of schistosity are planes of 
"'~eakness along ,vhich the rocl< splits readily and ,,Teathering 
alteratio11s star t with mec]1anical disintegration, ,vhicl1 is fol
io,ved b1T the chemical red11ction of the unstable 1ninerals in the 
1·ock. The siliceol1s rocks, ,vl1ich 111ak:e 11p abo1,1t 40 per cent of 
this phase of the till, are not noticeably changed l1y t]1e processes 
,vhich have brougl1t about the oxidation and leachi11g of the 
matrix in ,vhich the rock:s occt1r. 

Determinatio11s ,vere not made of the ro11ndnesses of the peb
bles of tl1e oxidized and leached Kansan till as the available col
lections ,vere inadequate to represent tl1at phase of the till for 
co1nparison ,vitl1 the other phases. 

The oxidized and leacJ1ed Kansan till iR diRtinctlv a transi-• 

tional phase bet,Yeen the oxidized ancl unleache<l till below and 
the gun1botil above. The gradations linlc it inseparably ,vith the 
other t,vo phases and indicate that it iR the intermediate step i11 

* Iowa Geological Survey, Vol. XXVI, p. 187. 

--
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the formation of the final till product, the gumbotil, under the 
influence of ,veathering. 

Erosion l1as removed the I{ansan gumbotil in n1any places, 
leaving so1ne other l)l1ase of the l{ansan drift as the top mate
rial. Tl1e oxidize(l a11d leached till pl1ase is prese11t where only 
the gmnbotil l1as been re1noved or ,vhere erosion uncovered the 
unleacl1ed clrift suffi.cie11tl}r long ago and l1nder Sl1cl1 conditions 
that leaching has since tak:cn place. 111 either case, the oxidized 
and leac}1cd tjll phase at the sl1rface of the till com1no11ly has an 

F10. 56.-Ferretto 1.one on Kansan till nnd below loess. 

acc111nulation of oxidized iro11 ,vl1icl1 giv·es to it a 1norc reddish 
color tna11 js l)rcsent in tl1e till phases belo,"V. 'l'l1is disti11ctly 
reddisl1 co111pact leacl1cd till at tl1P to11 of the drift is called the 
ferretto zone, fig11re 56. In the areas ,vherr tl1c ferrctto zones are 
seen, il10}T are d0,rrlop0d hc~t hclo,v the 1c,rel of the g·11111hotil plai11 
i11 approxi111atel)T the to11ograJ)hic positio11 of the contact zone be
tween the p;un1hotil and tl1e oxidized and leacl1cd till. On the 
sl1rfacc of tl1c rcddisl1 oxidized leached till tl1ere jg in many 
places a concrntratio11 of pehhles l{no,V11 as a prhhle hand. Tl1is 
is present on th0 I(ansan clrift he11eath tl10 loess i11 n1a11)r places. 

OXIDIZED AND UNLEAOHED KANSAN TILL 

The oxidized a11d unleacl1cd I(ansan till f orn1s tl1e greater 
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part of the thiclmess of the Kansan till i11 most places. It is the 
common )Tello,v boulder clay " 1hich is the typical expression of 
the drift belovv the loess over large areas of the southern and 
western parts of the state. The oxidized and unleached till is 
limited above by the transition zone througl1 wl1ich it grades into 
the oxidized and leached till. This zone is forn1ed by the leach
ing· of the till along the joint planes while the interiors of the 
joint-bounded bloclrs still retain their unleached character. The 
transition zone between the leached and the unleached till is 
thicker than the transition zone between the unleached zone and 
the glm1botil, and tl1ougl1 the line marlring the upper limit of the 
calcareous material ma·y usuall~f be determined within an inch or . . 
t,vo the leachecl sides of the joints extend several inches and in 
some places more tha11 a foot belo,v this line. 

Tl1e base of the oxidized and t1nleachecl till is an indefinite line, 
for the gradation from this till into the ·unoxidized till is a broad 
zone marked by alternating masses of each kind of till. The 
more widely spaced joints botmd masses that are several feet 
across, whose centers are unoxidized, but ,vhose outsides are oxi
dized to a considerable degree. Con1plete oxidation of smaller 
masses between the larger and the oxidation along horizontal 
joints give the in1pression of the incorporation of unoxidized till 
in oxidized till. The oxidation, ho,vever, has surrounded masses 
of the unoxidized till, leaving· it to testify to the former condition 
of tl1e "\Vhole mass. This transition zone may be many feet in 
thiclmess, the oxidation being more restricted to the vicinity of 
the joints and the joints being less numerous as the bottom of 
the transition zone is approached. To,vard the upper part of 
the zone the masses of unoxidized till are smaller and less num
erous, and the joints are increased in nlrmber so that the oxi
dized part of the till is well brolren b31 planes along "\Vhich addi
tional cl1anges are talring place. 

,i\Tithin the llpper part of the oxidized and unleached phase of 
the till, just below the transition zone, there is ordinarily an ac
cumulation of the material leached out from the till above. This 
is concentrated along the joint planes in nodular masses or in 
a white or graJr powdery filling of the joints bet,veen the bloclrs 
of till. The secondary calcareot1s material, added to that which 
was originally in the till, mal{eS the zone immediately below the 
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transition zone one of very high calcareous content. The thick
ness of the seco11dary calcareo11s zone 1na)T be 011ly a foot or 
less, though usuall31 the seconclar}r lime is found throug·hout sev
eral feet of till thick:i1ess and n1ay· fill the joints for distances of 
a dozen feet or 111ore belo\v the oxidizecl and leached till. The 
conce11tration is 11sually greatest 11ear the top of tl1e enriched 
zone, just belo,,· tl1e base of the transition zone fron1 tl1e leacl1ed 
till. 

The color of the oxidized and u11leacl1ecl I(ansan till is ordinar
il~T a h11ff or hro,,71ish )·ello,v, tho11gh h(lre and there a brighter 
red or ~rello,v color 111a)· he JJresent. The ,,·et a11d dr:y colors 
differ onl)1 slightl)·, the \Yet eolors being the darker hut of aho11t 
the sa111e tones as the dr,·. Tl1e zone of seconclar,· calcareous 

• • 

e11ricl11n ent is in 111any cases 11111ch lighter i11 color tha11 the lJody 
of the till heca11se of the ,vhite 1)0,,·dery li111e ,,·hieh fills the joints 
a11cl cr11n1hles 1111011 ,Yeathering· so that it n1ixes ,Yitl1 the till to 
alter the color of the 1nass. Near and \Yi thin the transition zo11e 
into the unoxjdizecl till the color is slig·l1tly 1nore gray ancl some
\Yhat dark:er tl1an in the full:v oxidized 111aterial throug·ho11t tl1e 
bull< of the phase. The color differe11ce het,V'een the oxidizecl 
ancl unleached phase of the till and the t,Yo }Jhases ahove is in 
the case of the g·un1 hotil ·ver:v 111arlted, but in tl1e case of the oxi
di1,ed a11d leached till it is onl:v a sn1all relative difference. The 
oxjdizecl and leached ti]l i111n1ediatelv· al)ove the l1nleached till 

• 
is slightl)1 darker, a11d has n1ore of the deep reds and b1 O\\'DS 

represe11ted in the color shades. The gu111hotil, \Yitl1 its neutral 
gra:r color a11cl n1ottling of darl< hro,,71 ancl delicate blues and 
purples is so u11like the hl1ff oxidized a11cl l1nleacl1ed till that color 
is hardly a l)asis for con1parison het,Yeen the1n, h11t rather a 
poi11t of rontrast. 

The Sl1rface of the oxidized and unleacl1ed Kansan till is i:;ub
ject to the san1e general t)·pe of ,veatl1ering n1odification as is the 
oxidized and leached till. The first de·velopn10nt 11nder alter
nating ,,·et and clr:·v ronditions is a series of intersecting· eraclts, 
dividing the i:;11rf are into pol:vg·onal figures se·veral inches across. 
Further drying· clevelops ne,v and s1naller cracl{R ,vithin the 
larg·er fig·l1res, clivi<li11g the s11rf ace into irreg·l1lar blocks of sn1all 
size, s01ne of \Yhich llpo11 cxtre111~ drying c11rl slight!~?. g·iving 
to thr surface a rough appearance. The differences het,Yee11 
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the ,veathered surfaces of the oxidized and leached and the oxi
dized and l1nleacl1ed till are slig·ht. rrhe chief diff ere11ce bet,veen 
the surfaces of tl1e dried till and the dried gun1botil surface 
see1ns to be i11 the unit)T and cohesion ,vithin the blocl{ unit and 
tl1e size of the l111it. The first sl1rface cracl{s on the till separate 
blocl{s ,vhich are larger tha11 those over the gun1botil Sl1rf ace. 
The s111aller divisions of the till surface produce blocks ,Yhich 
are of greater diameter, bl1t thinner, and 1nore easily crl1n1bled 
than are those of the gl1mbotil after it has bee11 vvell ,vet and 

' 
then dried. 

The n1ass texture of tl1e oxidized and u11leached till is 111ore 
variable than the textl1re of the till phases ,,1hich have been de
scribed. Near the top the continuations of the joints ,vhich 
separate the leached till into prismatic blocl{s mal{e a like separ
atio11 ,,,ithin the l1nleached till. It is along these joint planes 
that the conce11tration of the secondary calcareous 111atter is 

• 

greatest. A large number of tl1e ,vell developed joints do not 
exte11d to a great depth but are replaced by a series of 1najor and 
minor joints which separate the till into about the same sized 
blocl{s, but ,vhich apparently do not fur11ish the same facility for 
the seepage of \Yater as do the upper joints. This is noted in 
localities ,vhere the zone of secondary calcium carbonate is 
thick. In the upper part of the zone nearly every joint plane 
carries its quota of lime, but as the deeper parts of the zone are 
attained the planes along which the carbo11ate is deposited are 
fe,ver, thol1gh the deposit is present in only slightl.v less abun
dance, appare11tly, than higher up. The smaller joint pla11es are 
found upon digging into the till and cracl{ing it apart. 

In the lo"\\·er part of the oxidized and l1nleached till there are 
evident only ,videly spaced joints ~1ith a very imperfect set of 
secondary joints separating the masses several feet in diameter 
into smaller blocks a few inches across. Under the strain of 
blows or pressure the material breal{s ~rith a slightly conchoidal 
fracture. Separate blocl{s are with difficnlty ql1arried out of the 
lo,ver part of the unleached and oxidized till, though they may be 
easil)7 obtained vvith joint boundaries near the upper part of 
this phase. The perfection of the larger s>1sten1 of joints is ,vell 
shown by the pattern of oxidation ~1ithin the transitio11 zone into 
the unoxidized till. Masses several feet in diameter are bounded 

-

• 
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by joints which are favorable courses for the agents which per
form the oxidation. For distances of several inches on either 
side of the joint plane the till may be oxidized, but the interiors 
of most of the masses are so compact that there is no sign of till 
alteration beyond the vicinity of the widely spaced joints. 

The elastic texture of the oxidized and unleached Kansan till 
is typical of that of unsorted glacial debris derived from sur
faces long subjected to vveathering. A clay and silt matrix 
mak:es about half the mass and more than half the bull{ of the till. 
In this matrix are embedded the rock fragments of the sizes up to 
the maximum fom1d in the till. Bet,veen one-third and two-thirds 
of the mass of the pieces larger than silt is in the size grades of 
sand, and the rest of the mass is distributed tl1rough the larg
er sizes. E ach of the three sand grades, 1/2 to 1/ 4, 1/ 4 to 
1/8, and 1/ 8 to 1/ 16 1n illimeter , has approximately the same 
percentage, and the grade bet,veen 1/ 16 and 1/32 millimeter is 
uni£ ormly greater than the next smaller grade. The proportio11 
of t l1e different size particles in the till and the arrangement of 
those particles i11 promiscuous fashion mak:e of the oxidized and 
unleached t ill tl1e ideal material for the development of the oxi
dized and leached phase, and then of the gumbotil, through con
tinued weathering. 

P ebble counts fro1n the oxidized and unleached Kansan till to 
determine the lithology of the till sl10\\1 very " rell the tmweath
ered nature of the material. The average of 21 analyses made 
by R. T. Chamberlin, 'lv. C. Alden a11d 11. i r. Leighton is here 
given as ty1)ical of the till content. 

Limestone and dolomite ···-······················································· 
Sandstone ..................................... -· .... ·-........ -· ............... -··· ....... . 
Quartz ·····-··············································-··································· 
Chert ............................................................................................. . 
Clay ironstone ···············································-······-····················· 
Quartzite ·············································-··············-··· ................... . 
Quartzose ..................................................................................... . 
Schist .............................................................. ·-. ·····-···· .............. . 
Porphyry ·····················-································-····························· 
Granite ·······················································-····················-··········· 
Greenstone ................................................................................... . 
Gab bro•di ori te ·················································-························· 
Other crystallines ..................................................................... . 

P ER CENT 

34 
2 
2 
9 
2 
5 
1 
1 
1 

14 
27 

2 
2 

The abundance of limestone, dolomite, and greenstone in the 
till shows that the chemical changes which have tak:en place have 
been slight. Ma11y of tl1e limestone and fine-grained composite 
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rocks retain the strire made upon them when they were a part of 
the ice load. The gree11stones are found in all stages of weath
ering, and there are some ,vhose freshly broken surf aces as found 
in the till sho,v the colors of the un,veathered rocl{. The conclu
sion is that ,vithin the oxidized and unleached zone weathering 
is a slo,v process and that the till as found in this zone is only 
slightly modified from its original condition. Because of the 
scarcity of exposures of tl1e unoxidized till and the apparently 
little altered character of the unleached till, the latter till is here 
described as characteristic of the glacial material from which the 
weathered phases " rere derived. 

The roundness of the pebbles in tl1e oxidized and unleached 
Kansan till lmdoubtedly is very nearly the same now as when the 
till was deposited. The presence of stri re on the pebbles and the 
freshness of many of the more easily ,veathered rocl{s indicate 
that ther e has been little modification of the fragment surfaces 
since tl1ey were deposit ed in the till. The average of the round
ness determinations of several groups of pebbles from the un
leached Kansan till is as f ollo,vs for the 16 to 8 n1illimeter s size 
grade: 

Roundness 
P ercentage 

.00 .03 .06 .10 .15 .19 .24 .26 .29 .33 .36 .40 .43 .46 
50 11 11 10 7 5 3 1 1 1 r 

The roundnesses of the pebbles bet,veen 8 and 4 millimeters was 
averaged to obtain tl1e follo,ving figur es : 

Roundness 
P ercentage 

.00 .01 .07 .13 .17 .23 .27 .31 .36 .40 .44 .48 
23 20 18 15 8 5 7 3 1 * 

Tl1e pebbles of the l1nleached till sho,v a rather high degree of 
rom1cling con1pared ,vith that show11 in the till zones above. This 
is dt1e in part to the presence of limestone fragments ,vhich are 
comparatively soft and ,vhicl1 were therefore abraded rather 
readil)~ in the s1nall amol1nt of ,vorl{ing over that the drift mate
rial r eceived hy tl1e ice. Anotl1er sot1rce of tl1e more rounded 
material is the ,veathered and transported mater ial ,vl1ich the 
ice found already rounded before it ,vas incorporated in the 
glacier. This 1naterial is often ,veathered so tl1at by tl1e time the 
more altered phases of the t ill are developed the r ot1nded peb
bles are nearly all gone. The percentage of angular pebbles in 

* Highest roundness values obtained for the size, but less than one-half of one per cent in the 
average. 

-
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the 16 to 8 1nilli1neter size is not very different i11 the nnleached 
material than it is in tl1e g11111botil, but the source of the angular 
material is differe11t. Besides the ang·ular cherts whicl1 go to 
form the angular 1,ieces i11 the gun1 botil, tl1ere are ang11lar lime
stone a11d igneous roe], pebbles, ,vhicl1 are absent fro111 the gum
botil_ The co111parative figures on tl1e roundnesses of the peb
bles i11 tl1e gun1botil and in the unleached till suggest that tl1e 
ro1111di11g of tl1e pebbles b:y ,veathering does not equal the round
ness attained b,, abrasion, for the roundness of the pebbles from 
the 11nleached till is largely if not almost entire],, attained by 
abrasio11 before the material ,,as acq11ired by tl1e ice. The peb
bles fron1 tl1is till ha,,e greater rou11ding· though the percentage 
of the ro1111ded pebbles is slig·htly less than in those fo11nd in the 
g11111botil. 

UNOXIDIZED AND UNLEACHED KANSAN TILL 

The oxidized and unleachecl till differs cl1iefly in oxidation 
fro1n the unoxidized and 11nleached till, except in its 11pper part 

· ,vhere tl1e concentratio11 of the calcareous n1atter fron1 above has 
changed the lin1e content. Tl1e descriptions therefore of tl,e 
text11res, lithologic content, and roundness of the frag111ents ,,,jl] 
serve g·enerally for both the oxidized and the 11noxidized n11-
leached tills. 

The difference in oxidatio11 results chiefl,, in color differences 
,vhicl1 are fairly constant. The oxidized till is b11ff-colorecl 
throngl,out. The 11noxidized till is a bluisl1 or greenisl1 gra,·, 
so111etimes ,vith a light bro,v11 to11e, ,vith the sa111e colors e,,ide11t 
on both tl1e ,vet and dry surfaces, tho11gh the dr,· colors are uni
formly the lighter in shade. The darker colors of the unoxidized 
till are in s0111e cases d11e to the conte11t of local shale in the till, 
,vhile in other cases the color see111s to be the direct product of 
the aggregation of a great ,,ariety of rocks. 1,'hether the darker 
gray color of the unoxidized till is due to the deoxidatio11 of the 
till materials thro11gl1 changes ,vhile in the ice e11vironment, or 
,vhether the aggregation of the give11 varieties of roclcs and 
minerals i11 con1111inuted forin ,vill produce the colors found, is 
not kno,vn. The mineral content of the till differs from place to 
place, but the color of the unoxidized material is too nearly con
stant, seen,ingly, to pern1it the color to be referred to the specific 
mineral content of the till. 

• 
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Tl1e oxidized a11d the unoxidized tills grade ii1to eacl1 other as 
l1as bee11 stated, sho,Yi11g co11clu-sivel)T tl1at the 011e is a derivative 
of tl1e otl1er, a11d tl1at color difference alone is 11ot a11 adcql1ate 
basis for separation of t,vo tills. Figure 57 s110,Ys tl1e penetra
tio11 of oxidation into 11110:xidized till along joi11t s11rfaces, ,vith 
the de,Telop1nent of a secondar)' set of joi11ts ro11g·hl)T parallel ,vitl1 
those alo11g 1Yhicl1 alteration l1as occurred. A 111inor acc1111111la-

FJG. 57 .-Penetration of oxidation along joint planes into unoxidized Kansan till . 

tion of seco11dar)' calciun1 carbonate in tl1e 1moxidized till is 
present in this place, 1Yhich is along Lost creek, in Lee county. 

The rate of oxidatjon of t11e till is apparently rather rapid. 
\\1.1ere erosion has re111oved the g·un1botil s11r face, tl1e till is com
monly fou11d to be oxidized throughout its thickness, for the 
usual till over tl1e rehrasl~a11 gu1nbotil is the oxidized l(ansan 
till. The ·unoxidized till is found chiefly· in those localities ,vhere 
the section is exposed by rapid lateral erosion, or ,vhere a high 
steep face is other,Yise exposed under a considerable thiclrness of 
till. 

' 

• 

• 
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Thickness of the Kansan Drift 
Had the surface of the N ebraslcan gumbotil plain been unbrok

en at the time of the I{ansan glaciation it would be easy to de
termine the thickness of the I{ansan drift sheet, for a level sur
face of dense material like the N ebrasl{an gumbotil probably 
would have been, when frozen, but little eroded. As it was, a re
lief on the Nebraskan surface was developed, necessitating the 
filli11g of valle)7S as well as toppi11g the divides in order to bring 
the ne\v drift surf ace to the plain level 011 ,vhich the Kansan gum
botil could be formed. 

The amount of relief cut in the N ebraslran drift plain during 
Aftonian time is not lcno,vn. I-Iowever, it was in some areas a 
marl{ed relief as attested by the dissection ,vhich left bt1t little of 
the N ebraslcan gl1mbotil and ,vhich cut into the bed roclc to con
siderable depths in th e northeastern part of the state. Certainly 
the ,vhole surface of lo\va did not have the same amol1nt of 
strea1n cl1tting in all parts at the beginning· of I(ansan glaciation, 
and the r ef ore any atte1npt to give an average figl1re ,vould be 
misleading·. Some post-Nebrask:an r elief in areas no,v covered 
by I(ansan drift probably ,vas as g reat at least as 400 fePt. The 
relief in a co11sjderable }Jart of tl1e area of the t,,To tiers of coun
ties borderi11g 1Iississippi river ,vas n1l1ch less. Farther ,vest 
the dissection "'as still lf\SS as is indicated b)r the relativl~ly large 
areas of Nebr asl{an gumbotj} still persistii1g in tl1e "-estern part 
of the state, fig11re 26. 

Tl1e I{ansan ice overrode tl1e erosion-111odified Nel>rask:an drift 
surface and left, ,vhen it melted, a drift 1na11tle filling thf\ valleys 
and smoothing· the Sl1rface to form a11 ext ensive plain almost as 
broad as tl1r state itself. On thi s plain the I(ansan gumbotil de
veloped, and this today r epresent s th e top of the K ansan drift 
plain ver·r 111l1ch as it ,vas at the ti1ne of the r etreat of the Kansan • 

ice sheet. 
The n1aterial forn1ing the Kansan drift ,vas derive<l from the 

surface over ,vhicl1 the ice advanre<l, and as that Sl1rfare ,vas in 
largr part co·verf\d \\7ith Nf\hrasl<an drift, so111e of that drift ,vas 
nicked 11p an<l inrornorate<l ,vith the n1aterials of earlier and 
later acql1isitjon hJ' the jce mass. I11 the field there are to be 
11oted son1e evi<lences of tl1e erosion of the unconRolidated sur
face materials h3r the I{ansan ice. In section 5, Cherolcee to,vn-
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ship (T. 92 N., R. 40 W.), Cherolree county, there were seen 
masses of the N ebraslran drift, somewhat altered and therefore 
lighter in color, in a matrix of unoxidized Kansan drift. It is in 
this area that the Kansan drift and Nebraskan drift differ litho
logically because of the inclusion of a relatively large amount of 
the underlying shale in the Nebraskan drift and a much lesser 
amount in the Kansan. 

The follo,,1ing relationships were observed near the middle of 
the north boundary of section 5, 1\fason to,vnship (T. 68 N., R. 
35 vV.), Taylor county: 

FEET 

4. Drift, Kansan, oxidized and unleached, with many concretions. 
The lower part of this drift has many inclusions of Nebraskan 
gumbotil. To top of slope .................................................................. 15 

3. Gumbotil, Nebraskan, characteristic of this material, and ob· 
viously the source of the material in the inclusions above .............. 8 

2. Drift, Nebraskan, oxidized and leached ·························-··················· 3 
1. Drift, Nebraskan, oxidized and unleached, with many concretions 22 

Inclusions of sorted materials, especially in tl1e basal part of 
the drift, and identifiable older drift in the Kansan indicate that 
the collecting of debris werit on from the drift surface. The 
levelling action ,vhich toolt place-£ or the erosion was ,vi th out 
n1t1cl1 doubt greatest on the t1plands-left less relief for the 
I{ansan ice to smooth over with drift deposits, and gave to the 
ice some n1aterial with which to :fill the valleys. "Where the g11Ill
botil surface ,vas left on the N ebrasl{an drift, and where the 
I(ansan gumbotil has been fot1nd ,vithin the same area the dif
ference i11 elevation: bet,veen tl1e guml)otils is a mark of the 
a1not1nt of material deposited above that necessary to fill the val
leys level ,vith the hilltops. 

Tl1ere are more than a score of places in Iowa where the two 
gt1mbotils, the Nebrasl{an and I{ansan, are st1fficiently ,vell 
lrnov\rn a11d close enougl1 together to vvarrant estimates being 
made of the thiclrness of the I{ansan drift bet,veen them. The 
tl1iclrness of I{ansan drift so detern1ined in different parts of the 
state is as follows: 

, 



256 PRE-ILLINOIAN PLEISTOCENE OF ro,vA 

THICKNESS OF 
DRIFT 

FEET 

20 
23 
30 
35 
40 

50 

55 

60 
65 

70 

80 
100 
110 

120-160 

N UMBER OF 
LOCALITIES 

1 
1 
1 
1 
2 

4 

2 

1 
3 

2 

1 
1 
1 
1 

PLACE 

(CoUNTY) 

Johnson 
\Vayno 
,:\'ayne 
Crawford 
Crawford 
Delaware 
Audubon 
Cass 
Adams 
1-fonroe 
Lucas 
Shelby 
Tama 
Crawford 
Ringgold 
Lucas 
Madison 
Union 
?-.fontgon1ery 
Taylor 
Lee 
Crawford 

It is th11s seen that i11 son1e places the thicl,ness of the I,ansa11 
,vas as great as and perhaps greater than the thicl,ness of the· 
Nebraskan drift. The average of the thicl,ness :figures given 
above is slightly over si_,t)' feet, b11t this does not represent the 
actual average of the drift thickness because of the relatively 
sn1all 1111111ber of observations and the fact that tl1e)' are dis
tributed so that the s1naller thickness :figures represent much 
larger areas than do the larger :figures. The average thicl,ness 
of the J(ansan drift above the elevation of the Nebraska11 gu1n
botil is probably less than :fifty feet, and perhaps less than forty 
feet. ,Vhen to this :figure is added the arno11nt of drift necessary 
to :fill the valleys cut in the N ebrasl,an drift s11rface, the Kansan 
drift is see11 to l,e a 111assive drift, to be ranl,ed ,vitl1 the Nebras
kan as one of tl1e great drifts of the Pleistocene. 
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THE YARMOUTH INTERGLACIAL STAGE 

The Yarn1outh record 
The Buchanan interval 
Descriptions of Yarmouth features 

Weathered till: the Kansan gumbotil 
Kansan gumbotil beneath the Illinoian drift 
Kansan gumbotil outside the Illinoian area 

Weathered sand and gravels 
Weathered gravels beneath the I llinoian drift 
Weathered gravels outside the Il1inoian area 

Soil and vegetal material 
Soil under the Illinoian drift 
Buried soil on the Kansan gumbotil outside the Illinoian area 

Yarmouth erosion 
Comparative dissection of the Kansan and Illinoian drifts 
The Lake Calvin basin 

Silts and sands 
The Loveland formation 
Record of life in the Yarmouth 

The Yarmouth interglacial stage is i11termediate bet,veen the 
I{ansa11 and Illinoian glacial stages. Tl1e name Yarmouth was 
i11trodt1ced b·y Leverett i11 18981 and ,vas applied first to the 
soil and weathered zone at the junction of the Illinoian and the 
I{ansa11 till sheets in the region of overlap between Davenport, 
I o,va, and Quincy, Illinois. Leverett stated: 

'' The presence of this soil horizon was :first brought to the writer's 
notice by a well section at Yarmouth in Des 1\1:oines county, I owa. For 
this reason, and because the name of this village is less likely to be con-

• fusing than names which are common, it seems appropriate to apply the 
name Yarmouth to this weathered zone. There is also at Yarmouth not 
only a soil horizon but apparently a pronounced erosion between the 
Illinoian and Kansan sheets.'' 

The Yarmouth Record 
The Yarn1outh record then is to be found in deposits which lie 

between the I{ansan and lliinoian drifts and in the features which 
were impressed on the Kansan drift during Yarmouth in
terglacial time. Where the Kansan and Illinoian drifts are 

1 Leverett, Frank, The Weathered Zone (Yarmouth), between the IlJinoian and Kansan Till 
Sheets: Jour. Geol., Vol. VI, pp. 238·243, 1898; Iowa .Acad. Sci. Proc., Vol. V, pp. 81·86, 1898. 

-
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present the representative features of the Yarmouth may be 
dated ,vith certainty. But only a limited area in Io,va is covered 
with Illinoian drift and no certain equivalent of that drift is 
recognized else,vhere in the state. It is necessary therefore to 
determine by i11ference the age of so1ne Yarmouth representa
tives where the ICansan is the youngest drift present, and to 
leave less specifically referred certain other features ,vhich may 
be at least in part of Yar111outl1 age. The discussion of each 
type of interglacial feat11re ,viii be in t,vo parts, first, ,vhere the 
feature is related to the Illinoia11 drift and therefore of known 
Yarmouth age, and second, ,vhere the Yarmouth age of the 
feature may be inferred or s11ggested tl1011gh perhaps not demon
strated. 

The Yarmo11th record is preserved i11 the alteration of glacial 
materials, in the erosion of the Kansan surface, and in the de
posits laid do,vn and altered during Yar1nouth interglacial time. 
The alteration of glacial 111aterials d11ring Yarmouth time is 
sho,V11 in tl,e formation of the g11mbotil on the ICansan till, and 
in the oxidation and leaching of the till below the gumbotil. It 
is sho,vn also by the extre1ne leacl1i11g and alteration of gravels 
which ,vere at the surface of the ICansan drift during Yarmouth 
time. vVhere the Yarmo11tl1 loess and silts are leached, this 
change tool, place d11ring this interglacial epoch also if those 
materials are 110,v covered h)' the Illinoian till. The amount of 
interglacial erosion is indicated ,vith reference to the l(ansan 
gumbotil surface. During Yar1no11tl1 time there ,vere deposited. 
by the ,vind and by strea1ns, loess, sands, and silts. Also soils 
were developed. and vegetal 111aterial accumulated. "\Vithin the 
area of the Illinoian drift these features are all definitelv de
terminable as of pre-Illinoia11 age, b11t 011tsid.e the 1nargin of this 
drift, si1nilar deposits may have been formed earlier, d11ring the 
sa1ne tin1e or at a later time. 

The Buchanan Interval 
The ICansan drift is the 11ppern1ost glacial n1aterial over ap

proxi1nately half of the state. Else,vhere this drift is covered 
,vith Illinoian, Io,van or Wisconsi11 drift. In the area of the 
Io,van drift Calvin' found bet,,·een the Io,van drift and the 11nder-

, 2 Calvin, Samuel, The Buchanan Gravels: An interg-Jacinl deposit in Buchanan conn~·. Jowl\: 
.fl:mer. Geo!., Vol. XVII, pp. 7tl•78, 1 896. Also, Proc. Iowa Acad. Sci., Vol. III, pp. 58-60, 1806. 
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l)ring Kansan drift 1naterials to \Yhich he g·ave the na111e Buchan
an. As a tii11e ter111 B11cl1ana11 l1as come to be used for the 
inter,·al between the I{a11sa11 a11d I o,van g·lacial stages, incl11ding 
the Yarmot1th interg-lacial stage, the Illinoian glacial stage, and 
the Sanga111on i11terg·lacial stage. The follo,ving table sho,vs 
tl1e span of Pleistocene ti111e represe11ted b}• the B11chanan in
terval: 

GLACIAL STAGES 

Wisconsin 

Iowan 

Illinoian 

Kansan 

Nebraskan 

lN"TERGLACIAL STAGES 

Peorian 

Sangamon 

Yarmouth 

Aftonian 

Buchauan 
interval 

It is necessary, if all the Yarn1011th features are to be dis
cussed, to include the discussion of some materials which are 
bet,veen Kansan drif t and Io,van drift-that is, materials of 
Bucha11a11 age-,vl1ose more precise r elationships have not yet 
bee11 determined. 

Descriptions of Yarmouth Features 
WEATHERED TILL: THE KANSAN GUMBOTIL 

The method of formation of the 1nost weathered phase of the 
till, the gumbotil, has already been stated and the ,veathered 
product has been described. The surface of the I{ansan drift 
had dl1ring a great length of ti1ne a topographic position and 
s11ch other co11ditions as ,vere favorable to the development of a 
g·111nl)otil more than eleve11 feet in thickness. Not only ,vas the 
gu1nbotil forn1ed but a 1nuch greater thickness of oxidation and a 
some,vl1at g·reater thick:11ess of leaching ,vas acco1nplished in the 
same time and by the same agents ,vhich produced the g11mbotil. 

J(an,sa11, gumbot-il be11,eath the I llirioian, drift.-The "'Yeather
ing alterations in the Kansan till where it was covered by the 
Illi11oia11 drift are very nearly as great as in the areas where the 
Kansan has not been so covered. In three cuts from Lee and 
I-Ienry counties described 011 pages 226 to 228 the J{ansa11 gl11n
botil belo,v Illinoian drift ,vas shovvn to be at least eleven feet 

-
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thick: in each place. These ct1ts are in section 28, 1\T ashington 
to,vnship (T. 68 N., R . 41\r.), in section 3, ,Vest Point to~-rnship 
(T. 68 N., R. 5 , V.), Lee county, and in section 34, Ne,v London 
township (T. 71 N., R . 5 W.), Henry county. On the gumbotil 
in none of these exposures is there a soil to testify that the full 
original thiclmess is present. A well exposed section showing 
the gumbotil to be eleve11 feet thick ,vith soil above it is found 
in section 36, Fttlton to,v11ship (T. 78 N., R. 1 E.), Muscatine 
county. This exposure ,vill be described in detail later. 

K(JIYl,San gu1nbotil oi(.tside the Illinoian area.-The gumbotil 
representing the Yarmouth stag·e shows about the same thick
ness under the Illinoian drift as elsewhere. There£ ore most if 
not all of the I(ansan gumbotil ,vas formed during the Yarmouth 
interglacial interval, and wherever I(ansan gumbotil is found it 
may be considered to represe11t the Yarmouth interglacial stage. 

The conditions under whicl1 gu1nbotil could form ,vere limited, 
requiring principally that tl1ere be a relatively level surface and 
poor drainage. Such a s11rf ace would be a plain, the surface 
and extension of which would be no,v marked by the outcrops of 
gumbotil found in the state. B1r using these to reconstruct the 
topography of the surface during the Yarmouth it is found that 
the local reliefs were slight and that in general the plain coin
cides with the t1pland levels in southern Iowa. In the area of 
the Iowan and Illinoian drifts it approximates the average ele
vation of the present surface, while beneath the Wisconsin drift 
it lies below the present surface. In northwestern Iowa the 
Kansan gumbotil is thought to have been eroded away before 
the Iowan glaciation, and the ref ore the Y armo11th plain would 
have been as hig·h as or higher than tl1e present upland levels in 
this region. Figure 58 is a generalized topographic map of tl1e 
Kansan gum botil plai11. 

WEATHERED SANDS AND GRAVELS 

Theoretically, if sorted 111aterials sucl1 as sand and gravel oc
cupied the position of the gumbotil-that is, ,vere at the surface 
of the Kansan drift-duri11g Yarmo11th time, they sl1ould show 
alterations con1parable to the alteratio11s which ,,?ere made in 
till to n1alce g11mbotil. E.xpos11res of gravels and sands which 
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record weathering chang·es equivalent to those in the glm1botil 
have been found in a number of places . 

Weathered gravels beneath the Illinoi(ljn, drift.-Only one ex
posure of I{ansan gravels showing extreme alteration during 
Yarmouth time and now covered by Illinoian drift is known. 
This is along the side of a gully in section 20, Denmark township 
(T. 69 N., R. 4 W.), Lee county. The section has been described 
in detail on page 148 in this report. It shovvs tvvent}r-two feet 
of thorol1ghly leached material consisting mostly of sands and 
gravels which are strongly cemented by iron oxide. The horizon 
is the equivalent of the Kansan gumbotil elsewhere and occurs 
at the elevation of the l{ansan gumbotil plain in the area. 

Weathered gravels outside the Illinoian area.-W eathered 
gravels at the Kansan drift surface are known in many places in 
the state, but particularly within the Iowan drift area of north
eastern Iowa, where they ,;vere named Buchanan gravels by 
Calvin. 3 He recognized an upland phase and a valley phase of 
Buchana11 gravels and interpreted both phases to be fluvioglacial 
deposits related in age to the Kansan glacial stage. He stated 
that the gravels of the upland phase are relatively coarse and 
that the materials of the valley phase consist chiefly of sand and 
fine gravels. He expressed the view that the upland Bt1chanan 
g·ravels were deposited from streams flo"ring on the higher areas 
which had become bare while yet bodies of ice filled the valleys 
and lowlands. Then after the ice melted from the valleys the 
valley Buchanan gravels were laid do-wn. Extensive field studies 
in recent years have shown clearly that the upland Bt1chanan 
gravels are in k:nolls closely related to the Kansan till as was 
stated on page 138 by Alden and Lejghto11 in ,r ol. XX,,.I of the 
reports of the Io",a Geological Sl1rvey. Their statement is as 
follovvs: 

'' At many places in the Iowan area, and especially in Buchanan 
county near Independence, there are low rounded knolls on the upland 
which apparently belong to an older deposit. These knolls contain 
highly oxidized and decayed ferruginous gra,els, with an abundance 
of ironstone concretions and disintegrated granites, greenstones, and 

3 Calvin, Samuel The Buchanan Gravels: an Interglacial Deposit in Buchanan County, 
Iowa: American Geologist, Vol. XVII, pp. 76·78, 1896; also Proc. Iowa Acad. Sci., Vol. III, 
pp. 58-60, 1896; also Geology of Buchanan County: Iowa Geol. SurYey, Vol. VIII, pp. 241-
244, 1898; also Geology ot Howard County: Iowa Geol. Survey, Vol. XIII, pp. 67-68, 1902. 
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other igneous rocks. The surfaces of some of the quartzites even show 
etching. Calcareous material is generally lacking, having been re
moved by solution. EverY'vhere the gravels have a distinct brown 
color, and in all respects show great age. The materials range in size 
from sand to small bowlders a foot in diameter. The smaller pebbles, 
and many of the larger ones, can readily be cut in two by a chisel-edged 
hammer. These gravels are better for road-metal than those of the 
Iowan or Wisconsin terraces, as their more advanced state of decay 
permits them to paclc "vell. Professor Calvin called these deposits 
Buchanan gravels and considered them as having been deposited as the 
Kansan ice sheet was melting away. Since they occur as knolls on 
the upland, it appears that they are of the nature of kames. Some of 
the knolls are thinly mantled ,vith younger drift (Iowan)." 

These upland deeply leached gravels are not difficult to dis
tinguish from knolls of relatively fresh gravels of Iowan age on 
the uplands of the san1e area. Calvin's valley Buchanan gravels 
are no,v interpreted to be of Io,van age. They occupy valleys 
which ,Yere eroded in the Kansan drift and have close relation
ships to the Io,van till. 

The deeply weathered upland gravels of Kansan age have the 
san1e topographic position as the I{ansan gumbotil. During the 
time that the Kansan gumbotil was being· developed by chemical 
,veathering from Kansan till the I{ansan gravels were being 
changed from fresh gravels to their present profoundly altered 
condition. Weathered N ebrask:an gravels with similar relations 
to N ebrasl{an till ,vere described on pages 186 to 191. 

Tl1e weathered I{ansan gravels are ,vell exposed in several 
pits ,,vl1ich have been opened in recent years in connection with 
the graveli11g of roads. One of the largest of these pits is in 
the southeast qt1arter of section 21, Burr Oak: to,vnship (T. 98 N., 
R. 16 W.), l\i!itchell county, about three miles east of Osage. 
Here at the summit of a lmoll, at an elevation of about 1170 feet 
above sea level, in a region of gently rolling Iowan drift to
pog·raph3r, is a pit about 75 ·yards square ,vith a maximtun depth 
of 31 feet (figure 59). The sands are abundant and the gravels 
are pre<lo111inantl>- of pel1l)les of s111all sizes, sl1hangular in 
sl1ape. Only a few boulders exceed one foot in diameter. l\iiuch 
of the 1naterial in the pit "'01tld pass throl1gh an 8 millimeter 
screen. The sands and gravels are distinctly cross-bedded and 
a striki11g feature is the color of the gra·vels and their depth of 

-
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leaching. They are oxidized to a deep brown color, are leached 
throughout the exposed thickness of 31 feet, and in places they 
are cemented firmly by iron oxide. Overlying the gravels is thin 
Iowan till. 

Another interesting g·ravel pit in Mitchell county in which 
Kansan upland gravels are exposed is along the county road 
north of Stacyville, in the northeast quarter of section 18, 
Stacyville to,vnship (T. 100 N., R. 16 W.). The elevation of 

Fro. 59.-Kansan upland gravels in pit about three miles east of Osage. 

the pit is about 1230 feet above sea level. The sands and gravels 
are exposed to a depth of 15 feet and are all leached. The 
materials co11sist of subangular gravels and sands in " 1hich are 
some boulders more than one foot in diameter. The materials 
are dark: brown in color and are well stratified. The gravels and 
sands here are associated closely ,vith I{ansan gumbotil and 
underlying Kansan till. The gravels are at the level of the 
I{a11san gumbotil plain, vvhich is mantled by thin Io,van till. 

In Minnesota a short distance north of the Iowa boundary is 
a large pit with Kansan upland gravels. It is in Mower town
ship, six miles west and 1 ½ miles south of the to,vn of Ada1ns. 
The pit is cut into the level surface of the upland plain which 
extends southward into Iowa, ,vhere it constitutes one phase of 

l 
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the Iowan drift topography. Near the southeast corner of this 
pit there was in 1927 about six feet of calcareous sands, gravels 
and till interlayered with leached materials of like kind, the 
,vhole constituting the representative in this area of the Iowan 
till which overlay a portion of the gravels excavated. Under 
the calcareous material there were measured twenty-two feet of 
leached sands and gravels to the bottom of the pit. The material 
is bedded, with the dip of the beds toward the south. Slight 
cementation and compaction permit the walls of the pit to stand 
nearly vertically where they have been cut by g1.lllying. The 
largest material observed in the pit did not exceed cobble size, 
the maximmn being about five inches in diameter. The lime
stones are entirely absent and many of the co1nposite rock peb
bles sho,v advanced stag·es of disintegration. The whole thick
ness of material in this pit shows oxidation, lJut some sand zones 
sho,v less than others while some zones are very much changed 
in appearance by the brown iron oxides. Granite and chert are 
common in the gravels, as are greenstones and felsites. A count 
of 161 pebbles gave the following percentag·e distribution among 
the several kinds of rocks named : 

KIND PE& CENT 
Granite ............................................................................................ 32 
Chert ···-··························································································· 26 
Felsite ·················-······-····-····························································· 13 
Basalt and greenstone ·······························································-· 13 
Clay ironstone ···························-········--······································· 6 
Quartz ···············································································-··········· 3 
Dolerite ···-····················································································· 2 
Feldspar ·····················································································-··· 1.3 
Gneiss ·····························-······························································· 1.3 
Sandstone ........................................................................................ .6 
Qua1tzi te ........................................................................................ . 6 

98.8 

Many of the granites and most of the greenstones were much 
altered, ma11y to such an extent that they could be broken with 
the fingers. The clay ironstone percentage may be too high as 
the pieces ,vere fragments of larger concretionary masses, but in 
collecting and col1nting it could not be determined that any of 
the fragments can1e from the same larger original piece. Most 
of the pebbles are well rounded, with even the harder roclc show
ing much abrasion. No strire were found, though search was 
made for them. 

-
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SOIL AND VEGETAL MATERIAL 

The formation of the gumbotil, and the extensive leaching of 
the Kansan till ,vere in part due to the presence in the descend
ing ,vaters of organic con1pounds produced by the decay of vege
tal material. The soil in ,vhich the vegetation gre,v and even 
some of the vegetation itself or carbonaceous matter from its 
partial deca)· is i11 places preserved at the surface of the g1rm
botil. 

Soil i111ider tlie Illvnoia,, drift.-One of the best exposures of 
the soil b11ried 11nder the Illinoian drift ,vas seen at a road corner 
in a c11t 11ear the middle of the east half of section 36, Fulton 
to,vnship (T. 78 N., R. 1 E.), Muscatine county. The follo,ving 
section is from this place : 

FEET INCHES 

5. Loess, most]y "'ith carbonO.ceous matter lncluded to make 
the common buff color somewhat more gray than the 
usual shade ·······························-··········----····------······--···-······-·· 1 6 

4. Till, Illinoian, oxidized and leached; grades down into 
the unleached tiU, ·which has a thickness of about two 
feet. The total thickness of the Illinoian till here is 
about --------------------···-···--------· ........ ..... ...................... ............ ...... 7 

3. Soil zone on Kansan gumbotil. Dark gray to black mate
rial, upper part filled with humus and very friable. The 
soil zone is not everywhere present in th.is cut for there is 
evidence of plowing by the Illinoian ice, which has re
moved the soil in places and also a portion of the upper 
part of the gumbotil which is immediately below. Thick-
ness of the humus filled soil, about -------------------------··········· 4 to 6 

2. Gumbotil, Kansan, gray to drab-colored dense clay. It is 
leached, but the lower part contains some concretions. 
There are siliceous pebbles in the gumbotil, but few of 
other kinds ---------------------------··-···-····-··-···········-----····---·············· 11 

1. Till, Kansan, oxidized and leached. The exposure is not 
sufficiently deep to bring the unleaehed till into view. 

In the days before the churn drill, ,vhen wells ,vere bored or 
dug, diggers often noted during ,veil excavating a horizon which 
contained vegetal material and soil. This zone ,vas interpreted 
by Leverett• to be the interglacial horizon. Of this evidence of 
interglacial time he says: 

11 The accumulatio11 of beds of peat at the surface of the Kansan 
drift prior to the Illinoian ice invasion constitutes as impressive an 
ev:idcnce of a prolonged interval as the leached and reddened surface. 
In the Yarnio11th section the peat has a depth of 15 feet while under
lying beds of sandy clay, and sand carrying bits of wood, probably 
also to be classified as interglacial, extend the depth of the Yarmouth 

4 Lovorett, Frnnk, The Illinois Glncinl Lobe: Mono. 88, U. S. G. S., p. 120, 1899. 
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deposits to 43 feet. Buried soil of black color and beds of peat have 
attracted the attention of ,vell diggers in nearly every township of the 
region of overlap in southeastern Iowa, and specimens of the peat 
obtained from wells are preserved at many of the £arm houses.'' 

Buried soil on, the I( ansan gumbotil outside the Illinoian area. 
-The presence of a soil on the Kansan gumbotil, buried under 
later deposits of sand, loess, or Iowan drift, is not unusual. Such 
occurrences have been found in most parts of the state. Wheth
er the soil ,vhich is now found on the Kansan gumbotil is entirely 
Yarmouth or not is impossible to say if it is not overlain by 
Illinoian drift. The probability is that in part at least it is of 
that age, and that practically all of such soils were formed dur
ing the Buchanan interval. 

The Io,van till overlies at numerous places an old soil or a 
carbonaceous zone at the top of the gumbotil. Alden and Leigh-

• 

ton5 describe it as of fairly common occurrence. The carbonace-
ous matter is ordinarily mixed with the upper part of the gum
botil so as to alter it somewhat in physical character and color. 
The plant m~terial mal{es the commonly heavy gumbotil more 
open or porous, and therefore less dense, and is sometimes 
present in sufficient quantity to form a loamy soil. The admix- · 

• 
ture of carbon darkens the color to such an extent that where the 
humus material is abundant a blacl{ band marks the top of the 
gumbotil. 

"' it • ' 

In some places the Peorian loess immediately overlies a soil . ' 

on t;t-ie Kansan gumbotil. Such a place was found between sec7 

tions 6 and 7, Bear Grove township (T. 79 N., R. 33 W.), Guthrie 
county. The section showed: 

FEET 
3. Loess, Peorian, buff color, with lower few inches gray and con

taining a few dark carbonaceous streaks, to the upland.................. 15 
2. Soil band, v.ery dark gray., almost black. Distinct in color from 

the gumbotil ·····-··········································-········································· 1 ¼ 
1. Gumbotil, -Kansan, gray, very characteristic of this material, sili-

ceoµs p,ebbles up to ½ i.ncli. in,. diameter present; e:icposed for .. ~···· 4 

A shallow road cut 011 the upland between sections 15 and 16, ' 
Prairie township (T. 68 N., R. 12 W.), Davis county, showed · a 
foot of dense darl{ gray soil on gumbotil. The admixture of 
plant matter was apparently not ·sufficient to change the physical 

ll Alden, W. C., and Leighton, M. M., ·T,he I owan Drift: ' Iowa Geo). Survey, Vol. XXVI, 
1917. See pages 94·101. · · 

• 
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character of the gumbotil very much, but the color was markedly 
altered. Over the soil was three feet of loess, the lower part 
gray mottled with brown, the upper part buff. 

Other buried soils will be described in connection with the 
discussion of the Yarmouth loess and its age. Some of these 
may belong· to the record of this interglacial time or perhaps 
1nay be the marlt of some other part of the Buchanan interval. 

Yarmouth Erosion 
The Kansan drift is dissected by erosion. The dissection is 

shown by the dendritic character of the river systems, by the 
regular systems of major and minor valleys occupied by the 
streams and their tributaries, and by the complete drainage of 
the Kansan drift area. The features mentioned are not inherent 
in a newly glaciated surface. The apparent former extension 
of the Kansan gumbotil plain has been reduced by erosion. The 
gumbotil is found extending to the faces of the till slopes and 
there is ct1t off abruptly. On the surfaces of the till which are 
exposed below the gumbotil horizon there is commonly a con
centrate of pebbles-a pebble band-from the thickness of a 
single layer of pebbles to several inches of gravel. The source 
of this material obviously is till from which the finer constituents 
have been removed either by water or wind erosion. In places a 
ferretto zone is found below the pebble band. 

The erosion surface which the Kansan drift plain shows is not 
all of very recent creation. Much of the erosion occurred during 
the glacial and interglacial epochs since the Kansan glaciation. 
Some of this erosion occurred during Yarmouth time. 

There is some evidence bearing on the amount of post-Kansan, 
pre-Illinoian erosion in Iowa, though most of it is indirect. No
w here under the Illinoian drift in thjs state has the pre-Illinoian 
relief on the surface of the Kansan drift been extensively recog
nized. The amount of relief cut into the Kansan gumbotil plain 

• 
at the beginning of the Illinoian glacial stage may be indicated 
by the comparative dissection of the Illinoian and the Kansan 
drifts, and by the magnitude and shape of the drainage lines on 
the Kansan drift surface which were modified by phenomena 
connected with the Illinoian ice invasion. 

Comparative dissection of the Kansan and Illinoian gumbotil 
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plains.-The comparati,1e dissectio11 of the l(a11san and Illinoian 
gumbotil plains is not a tr11e 111eas11re of pre-Illinoian erosion 
beca11se of the diff ere11ce in distance fro1n ~fississippi river of 
the areas for comparison, the difference in elevation of the gum
botil plains above the level of strea111 erosion, the difference in 
sizes of the strea1ns per£ or111i11g the erosion, and the possible in
fluence of rocl< l)arriers across the strean1 courses. Ho\vever, 
the amo11nt of erosion sl10,,rn on the l{ansan drift is distinctly 
different fro111 that on the Illinoian, and as in general the Kansan 
drift is farther from the ri!fississippi tha11 is the Illinoian, and its 
surface is lo,ver, the greater erosion "'hich the I{ansan surface 
sho,vs is truly an i11dication that it has been subjected longer to 
erosion tha11 the Illinoian has been. But just how much longer, 
and therefore ho,v much erosion ,vas represented on the Kansan 
surface at the time of the Illinoian ice invasion, cannot be de
termined. 

In adjacent areas of Illinoian and Kansan drift in southeast
ern Iowa, the Illinoia11 uplands are nearly twice as extensive as 
are the Kansa11 uplands. The character of the drainage also 
shows the surf ace of the lliinoian to have been for a shorter 
time under the developing influence of the stream waters. 

Leverett6 discusses the pre-Illinoian erosion of some of the 
streams in southeastern Io"1a as follows: 

'' Definite means for determining the amount of pre-Illinoian erosion 
of the Kansan is afforded by a study of the valleys in Kansan drift 
which connect with the abandoned valley of the Mississippi, which was 
occupied at the Illinoian invasion. These embrace the valleys of West 
Crool{ed creek, Skunl{ river, and Big Cedar creek. Valleys farther 
north have generally been greatly modified by the Iowan invasion, and 
hence do not furnish good illustrations. It is found that the three 
valleys just noted have been cut at their points o:f connection with the 
abandoned valley to a depth of about 50 feet below neighboring up
lands and to widths of about three-fourths of a mile, 1½ mile and 1 
mile, respectively, at the time the Mississippi was occupying this 
abandoned channel, i.e., at the Illinoian stage of glaciation. This 
width is two or three times that of the inner valleys, which are now 
cut far below the level of the pre-Illinoian valleys, but represents near
ly as much removal of material, and the removal was probably effected 

6 Leverett, Frank, The Illinois Glacial Lobe: U. S. G. S. Monograph XXXVIII, pp. 121-122, 
1899. 
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at a lower gradient, i.e., 11nder less favorab1e conditions than are no,v 
afforded." 

Tlie Lake Calv-i,, basi-n.-The Illinoian ice invaded Io,va from 
the east, crossing· the present site of llfississippi river ancl 
forcing that strea111 to take a cha1n1el marginal to the ice and 
fro1n ten to t,vent,•-five or thirt)· 111iles ,vest of its present 
course. Such clisplace111ent of tl1e n1aster streai11 resulted i11 
clisrupting the 11ormal drainag·e throug·l1 the tributaries as the 
blocki11g of the lo,ver parts of the valle,•s necessitate<l the 
<ilevatio11 of the ,vater surface sufficie11t],, for it to top the inter
·strean1 divides, ,vith the consequertt ponding of some of the ,vater 
in front of the ice dan1. Probabl,· several lakes ,vere for111ed at 
this tin1e, b11t all save one apparent!,• '\\•ere short lived. That one 
J1as been called Lal,e Calvin, of whose origin and history Scl1oe,ve 

' ]1as ,vritten.7 

Lake Calvi11 ,vas forn1ed i11 the valleys of the Io,va and Cedar 
ri,,ers. These two streams flo,,· fron1 tl1e area of the Io'\\•an drift 
soutl1 and east,vard across the l(ansa11 drift to unite at the edge 
of the Illinoia.n drift plain, flo,ving· fron1 there across the Illi11oia11 
clrift plai11 southeast,vard to 11'1:ississippi river. It ,viii be neces
sary to sl,etch briefly the history of these valleys that their bear
ing on the prese11t problem n1ay be developed. 

Leighton summarized the history of Io,va river, i11 part, as 
follo,vs :' 

.··· "At the time Of the encroachn1ent of the Kansan ice-sheet, the to
pography and dra,inage ,,,ere entirely different from the topography 
3.nd drainage of the present. A ,vide valley crossed the southern part 
Qf Johnson county, from west to east, and a notable rock divide lay to 
the northeast. This ,vas covered by the Kansan ice, which, on melting, 
left drift ,vhich filled the low places and leveled off the high ones, pro
ducing a flat-lying plain. Upon this the surplus waters of the un
drained depressions and surrounding areas sought the lo,vest outlet 
aµd ultin1ately established Io,va river. The course that the river no,v 
has _is iI1 general the course that marked the lo,vest outlet in the begin-_ 

' 1_11ng. 
11 As Io,va river c;hanneled its course deeper through the drift, it 

~uperimposed itself upon the rock-divides in the area of high bedrock. 

7 Schoewe, Walter H., The Origin und Histor)· of Extinct Lake Calvin: Iowa. Geol. Survey, 
Yo!. XXIX, p_p. 49-222, 1925. 

8 Leighton. M. J\L, Tho Pleistocene Histot1• of Iowa River V111\ey, Nortl1 and West of Iowa. 
City in Johnson County: Iowa Geo!. Sun·ey, Yol. XXV, pp. 103-181, 1916. 
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Having established its cotu·se it could not a1"'oid them. The drift in 
the segment ·upstream and ii1 the segment do"·nstream from high bed
rock, being much softer than the rock, offered extraordinary condi
tions for variable development of the valley. The resistance of the 
limestone permitted the river, in the 11pper segment of drift, to reach 
grade and to widen the valley by lateral planation while the gorge was 
being cut. In the segment do,vnstream from bedrock, conditions 
worked differently, but the result '"as quite similar. The river cut so 
much more rapidly in the drift than it did in the rock that it reached 
grade sooner and had time to \:riden that segment to an old-aged stage 
of development. 

'' Contemporaneously " 'ith the carvi11g of the valley, tributaries de
veloped. Some of these tributary to the gorge cut considerably into 
rock ,vhereas those tributary to the ,vide portions of the valley are cut 
mainly, if not altogether in drift. The result of the development of 
all these has been to dissect the original Kansan plain into many val
leys and divides, and so completely to change its glacial aspect to an 
erosional one.'' 

The histor)T of Cedar river col1ld he described in approximate
ly the sa111e tern1s ,vith 0111)- a slight change in the location of the 
pre-Kansan bedroclt divides and recognition of the fact that the 
post-I{ansan Cedar river f ollo,ved over a considerable part of 
its course a cha1111el ,vhich had been cl1t i11 the bedrock prior to 
the invasion of the Kansan ice. N orton9 suggests the dating of 
the Cedar valley in the f ollo~ring paragraph: 

'' The breadth and sloping sides of the wide reaches of the Cedar 
are evidences of great age, but in themselves alone these characteris
tics do not imply a preglacial or pre-Kansan origin. Valleys as broad 
in south\vestern Iowa have bee11 found to be post-Kansan by the 
geologists ,vho have studied that field. But, while the latter are cut in 
drift, the former are cut in solid rock: in large measure. Taking into 
consideration both the quantity and the hardness of the material ex
cavated, and, in especial, the fact that the drift lies unconformable on 
the slopes of roclc ,vhich form the sides of the valley, the conclusion is 
inevitable that the wide (bedroclc) valleys of the Cedar are at least 
pre-Kansan in age, and may, perhaps, be even prcglacial." 

Three stages in the history of the Iowa and Cedar river val
leys are of significance in the present discussion. The first stage 
is that following the formation of the Kansan gumbotil, when 

9 Norton, W. H., Geology of Cedar County: Iowa Geol. Survey, Vol. XI, p. 291, 1901. 
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the dissection of the I(ansa11 g·uu1botil plain occurred. The 
second stage ,vas n1arked 1))' the po11ding of the waters in front 
of the Illi11oian ice to form Lal,e Calvin. The third stage r ecords 
the I o,va11 glaciation and its i11fluence 011 tl1e lake basin and the . 
rivers. 

Tl1e first stag·e 111entioned above l1as been smrunarized already. 
A mature dissectio11 of tl1e I(a11san s11rface developed ,vhile the 
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FIG. 60.-Sketch map of the Lake Calvin area showing probable drainage Jines across the 
Kansan dissected gumbotil plnin in pre-Illinoian timo. 

drainage of tl1e Kansa11 g·11n1botil plain followed somewl1at the 
lines indicated in figure 60. 

'l'l1e second stage of tl1e l1istory of this region is sho,vn in figure 
61. Tl1e con1ing of the Illinoian ice blocl,ed the lower courses of 
the east,vard flo\\,ing tributaries to t l1e l\{ississippi, and caused 
the master stream itself to flo,v aro1md tl1e western edge of the 
ice front. Lake Calvin ,vas for1ned at tl1is time, and in this Jal,e 
were deposited the characteristic Jake n1aterials from the various 
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sot1rces available to the streams flowing into the lake, including 
those coming· fro111 the g·lacial ice itself. Bluffs ,vere formed by 
the sapping of the shore by the waves; deltas were built of the 
detritus brought i11 by strea1ns; and the finer material from all 
sources settled i11 tl1e 1nore quiet lak:e waters to build up the bed. 
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FIG. 61.-Sketch map of the Lnke Calvin area showing the accommodation of the drainage to 
the blocking by the Illinoian ice. 

vVhen the lake ,vas drained, these features persisted as marks of 
the former occupation of this area by lake waters. 

The draining of Lalre Calvin occurred very sl1ortly before the 
third stage in the history of the lake area. New conditions were 
created by the advent of the Io,van ice sheet, which inaugurated 
the last stage of the l1istory with ,vhich ,ve are here concerned. 
Fig·ure 62 shows the drainage relationships 1vhich existed during 
the third stage. 

The drainage lines which crossed the lalre floor after it ,vas 
drained cut valleys into the filling ,vhich had been deposited 

-
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,vhile the lake ,vas in existence, leaving the ter races along the 
sides of the streams. Melt ,vaters from the I o,van glacial ice, 
loaded ,vith debris as they ,vere, became depositing streams in 
the area ,vhere tbe lal,e floor l1ad been dissected, building up tl1e 
stream beds to ne,v levels. v1TJ1en the supply of material and 
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F10. 62.-Sketch map of the Lnke Calvin area showing tl1e drainage during the time of the 
Iowan glaciation. 

amom1t of ,vater decreased ,vith tbe melting a,vay of tbe Io,van 
ice, tl1e streams ag·ain became eroding streams, cutting into the 
ne,vly deposited sand and gravel, leaving remnants of tl1is ma
terial to form a ne,v terrace at a level lo,ver than that of the ter
race formed by the remaining parts of the bottom of tbe old lake. 

Io,va and Cedar river valleys bear, in their several parts, the 
marks of the three stages of history described above. The mid
part of the valley is post-Kansan in age and is partly filled with 
detritus brought into the lal,e during I llinoian time. The lower 
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parts of the valle·ys ,vere covered by the Illinoian drift, and their 
prese11t form is the ref ore of post-Illinoian development. The 
upper parts of the valleys were covered and modified by Iowan 
ice and its deposits. 

The Iowa and Cedar river valleys, where they ,vere occupied 
by Lake Calvin, represent depressions in existence prior to the 
blocking of the channel of the pre-Illi11oian Mississippi river by 
the Illinoian ice. That these valle}1 S ,vere to a great extent ero
sional valleys is attested by the llnif ormity of the upland levels 
arol1nd the lake basin, 011 ,vhich levels the Kansan gumbotil was 
developed. I11 the ilnmediate vicinity of the valley walls the 
dissectio11 ,vas so great that very little of the gumbotil is left. 
Enol1gh g·umhotil outcrops l1ave bee11 found to sho,v that the 
plain had an elevation of about 750 feet in the ,vestern part of the 
lak:e area . and 670 feet in the eastern part, beneath the Illinoian 
drift.10 

The Lal{e Cal:vm basin, because it ,vas 111ade by post-I{ansan
g·un1botil erosio11, even thoug~h it ,vas partly filled by lal{e deposits 
during Illinoian g·lacial time, is a measure of the dissection of 
the I(ansan drift in Yar1not1th time. The depression is a marked 
011e. The amount of dissection which this depression has under
gone since it has been subjected to erosion in post-lake time is 
11ot great, certai11ly not quantitatively as great as the amount of 
filling which occurred dl1ring the occupation by the lake water. 

The western, or Io,va river ar1n of the lalre basin is about 
t,venty-eight miles long· and over this distance has an average 
,vidth of four and four-tenths miles. The eastern, or Cedar 
river arm of the lal{e is about twenty-fot1r miles long and has an 
averag·e ,vidtl1 of five and eight-tenths miles. Tributary valleys 
,vhich show that they ,vere in existence and became a part of 
Lake Calvin during Illinoian time are: English river valley, 
which sho,vs lake inflt1ence for a distance of fifteen miles llp its 
valley, which is half a mile wide; Old Mans creel{, "'1hich has lake 
deposits for ten miles along a valley some,vhat over a mile wide; 
vVilton valley, ,vhich shows lal{e i11fluence for eight and one-half 
miles al'.>ove Mosco,v over a floor which js a mile to two miles 
,vide.11 The depth of the depressions averages between eighty 

10 Schoewe, Walter H., The Origin and History of Extinct Lake Calvin: 
Vol. XXIX, p. 98, 1925. 

Iowa Geol. Survey, 

11 Schoewe, Ibid., p. 109. 
1 
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and one hundred feet, but ra11ges bet,veen fort)T or less and about 
one hundred and forty feet bet"Teen the terraces and the level of 
the I{ansan plain. 

The amount of erosion represented by these valleys cut in 
Yarmouth time is a measure of a long interval, even though the 
cutting took place almost ,vholly in glacial materials. The dis
section is in some areas almost comparable in amount, though the 
relief is not as great, with the dissection of the Nebraskan drift 
before the coming of the Kansan ice. ifore of the divide areas 
sho,v the Kansan g·umbotil, perhaps because of the lesser relief 
with its conseque11tly slov'·er r eduction of the upland level to 
form valley slopes. 

Silts a.nd Sands 
The deposition of beds of silt and sand may and commonly 

does tal{e place under temporary conditions. Conditions under 
which these deposits could be made would occur with the coming 
of the Illinoian ice into Iowa, blocking the drainage of the Mis
sissippi and its tributaries. Silts and sands deposited in such 
ponded waters would be early Illinoian in age, rather than Yar
mouth, but they would underlie the Illinoian till. In and near 
Muscatine several deposits of silts and sand have been found, 
some of which may be of the origin just stated. Udden12 de
scribed a series of silts, leached and unleached, which he desig
nated'' ante-glacial''. Of the origin of this material he say~ : 

"It will be noted that in each of the above described localities the 
bedrock appears close by, usually not more than two or three rods 
away. In all but two places the formation lies in preglacial valleys 
now partially filled vvith drift. In four cases it is seen to be overlain 
by the lowermost drift known in the region p resently to be described. 
For the most part it is calcareous and frequently it is plainly water 
bedded. Sometimes it graduates into drift. At other times it is dis
turbed by glacial action and partly worked into the boulder-bearing 
drift. In four places it contains a layer that resembles a marshy soil, 
with plants, snail shells and some peaty material. 

'' It seems most likely that this silt and loess accumulated in front 
of t he margin of the first ice field. The prevailing calcareous nature 
of the thin-bedded silts indicates such a source. The plainly marked 
lamination of these shows that their deposition was comparatively 

12 Udden, J. A., Geology of Muscatine County: Iowa Geo!. Survey, Vol. IX, pp. 328·332, 1899. 



CHAR.A.CTER OF LOVELAND MATERIALS 277 

rapid. . . . Occasionally loess-like ,vind drift might also accumulate in 
such situations. The advancing ice may later have overrun and dis
turbed such deposits, plovving them up and mixing them vvith drift in 
places, and at other places leaving them undisturbed in the position in 
" rhich they are no,v found .... Possibly a part of them may be pre
glacial loess.'' 

These materials n1a:· be in part Yarmouth or early lliinoian in 
age. The pondi11g of drai11age ,,·aters by the Illinoian ice would 
have made al1nost ideal co11ditions for the accumulation of the 
types of 1naterials ,Yhich are described. 

Thiele and extensive silts and sands in ,vestern Io,va are r e
lated in age to tl1e loess ,vhich ]1as been called Loveland. These 
deposits "rill be described in a section devoted to the Loveland 
formation. 

The Loveland Formation 
In 1909 Shimek13 named a formation '' consisting of heavy 

clay resembling somewhat the drift joint-clays,'' the Loveland. 
He described this material and stated that it was of aqueous 
origin. He found it '' as widely distributed as the Kansan 
drift.''14 

Study of the type section of the Loveland and of many other 
sections in the field and of the clay in the laboratory has led to 
the conclusion that this material is an old loess.1 5 There are as
sociated with this loess sands and silts of similar age, differing 
only in origin from the loess. These silts and sands, together 
with the loess, constitute the Loveland f 01·mation, and the time 
,vithin which their deposition took place is the Loveland interval. 

The Loveland formation rests upon the eroded surface of the 
Kansan gumbotil plain. The Loveland interval therefore began 
not earlier than late Yarmouth time, as the gumbotil had been 
formed and the mature dissection of the drift plain had occurred 
before the Loveland ,vas laid down. This formation is in many 
places leached, and some of the materials show alteration be
yond the mere removal of the more soluble constituents. A 

13 Shimek, B., Aftonian Sands and Gravels in Western Iowa: Bull. Geol. Soc. Am .. Vol. 20, 
Footnote, p. 405, 1909. 

14 Shimek, B ., Geology of Harrison and Monona Counties: Iowa Geol. Survey, Vol. XX, pp. 
371-375, 1910. 

111 Kay, G. F., Loveland Loess: Post-Illinoian, Pre-I owan in Age: Science, N. S ., Vol. 
LXVIII, pp. 4 82-483, Nov. 16, 1928. Also, Significance of Post-Illinoian, Pre-Iowan Loess· 
Science, N. S., Vol. LXX, pp. 259, 260, Sept. 1S, 1929. 
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~roui1g loess, con1n1onl)T ru1leacl1ed, o,~erlies t)1e Loveland in most 
places, i11dicating that the alteration of the Loveland loess and 
silts occurred before tl1e deposition of tl1e overlying material. 
As the loess resti11g upon t]1e Loveland is in part at least Peorian 
in age, the close of the Loveland interval preceded that inter
glacial stage. The Loveland interval is a part of the Buchanan 
intenral. The depo~ition of a part of t]1e Loveland 1nay l1a,,.e 
tal~en place dl1ring Yarn1ol1tl1 tin1e, bl1t the exact extent to 
,y}1ich the Lovela11d for111ation represents that interg-lacial stage 
has not yet been deter111ined. 

The loess of the I .. oveland formation is ,videl)T distribl1ted, hav
ing bee11 f ot1nd in 1nost parts of tl1e state. Tl1e t}Tpe section ,vas 
described fron1 J_..ovela11d, in northwestern Pottawattamie coun
ty, ,vhere tl1e loess rests upon eleven feet of oxidized and un
leached till over l)luisl1 gray l1nweatl1ered till. H ere the Love
land loess is covered ,vith tl1ick buff loess, most of which is 
Peoria11 in age. Both loesses are fossiliferol1s, fossils being 
more abt1ndant i11 the Peorian loess than in the Loveland. 

There is a11 excellent exposure of old loess in a railroad cut 
jl1Rt east of :i\IcPherson station on the Chicago, Burlington & 
Ql1inc)r railroad in :i\Iontg·on1ery county·. l\1ore than t,ve11ty feet 
of leached Loveland loess is exposed under t,venty-five feet of 
calcareous bl1ff loess. The base of the old loess ,vas not seen in 
this cut, but ,vest of the station the Loveland loess lies upon oxi
dized and leached Ka11san till. 

Another excellent section sl10,ving Loveland loess ,vas found 
in north,vestern Io,va in a road ct1t along the northwest quarter 
of section 32, H enry to,vnship (T. 91 N., R. 43 W.), Plymouth 
countJr. FJight feet of higl1ly calcareot1s buff loess, the lower 
part of ,vhich is sand)T, overlies three feet of leached, brownish 
gray loess, in vvhich is carbonaceous matter. The buff loess is 
:filled with concretions, a11d there are a few concretions of second
ary calciun1 carbonate in the upper part of the leacl1ed loess. 
The base of the Loveland loess is not exposed in this cut, but in 
another cut about fortJ· rods to the sol1th the same sequence of 
materials was observed overl3ring· unoxidized and unleached till. 

Tl1e Loveland loess in nortl1western Io,va is pre-Io,van in age 
as is sho,vn by tl1e follo,ving section along· tl1e road between sec-
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tions 4 and 9, Carroll to,vnship ( T. 96 N ., R. 42 vV.), 0 'Brien 
COllnty: 

FEET 

3. Loess, buff ··········································--···············-····························· 1 to 3 
2. Ti11, Iowan, highly calcareous, pebbly and sandy, o:iridized to 

yellowish brown color ...................................................................... 2 to 3 
1. Loess, Loveland, highly calcareous, plowed into base of till 

gray to buff in color ...................................................................... ~. 3 to 5 

The fi11ding of the Loveland loess beneath Iowa11 till dates it as 
certainly older than tl1e formation of that till. 

The Loveland loess lies on I{ansan glunbotil in a cut between 
sections 15 and 22, Cass to,vnship (T. 79 N., R. 40 W.), Shelby 
county. A photograph of this cl1t is sho,vn in figure 63. A seo
tion in the cut is as f ollo,vs: 

FEET 

3. Loess, Peorian, upper part buff in color, grading down into gray 
loess which has some iron stains, and in which are iron tubules, 
leached .......................................... ....................................................... 12 

2. Loess, Loveland, leached, brownish gray in upper part, lower part 
much lighter in color with numerous bro,vnish yellow stains. 
Distinctly different from the material above and below .................. 4 

1. Gumbotil, Kansan, dark gray to brown, upper part shows con
siderable secondary calcium carbonate in places, mass is leached; 
exposed ···-································································································· 3 

The same relationships ,vere seen in a section a few miles east 
in a road cut bet,veen sections 16 and 21, Lincoln township (T. 
79 N., R. 39 W.), Shelby county. In this place the Peorian loess 
was seven feet thicl{, the Loveland loess was three feet thick, and 
the I{ansan gun1botil was exposed for a thickness of two feet. 

The Iowan till of northeastern Iowa overlies Loveland loess at 
several places, some of which are : bet,veen sections 28 and 29, 
Hazel Green township (T. 87 N., R. 5 W.), Delaware county; 
along the north line of section 16, Windsor township (T. 94 N., 
R. 9 vV.), Fayette county; and between sections 10 and 11, Lin
coln township (T. 87 N., R. 14 ,V.), Black Rawl{ county. In each 
of these places the Loveland lies over Kansan gumbotil, and in 
the last t,vo places it rests upon a soil band on the gumbotil. 
The Fayette county section has been described in detail on 
page 230, in the chapter on the I{ansan drift. The section in 
Blacl{ Hawk county is as f ollo,vs: 

4. Loess and sandy loess, Peorian ....................................... . 
FEET 

2 
1 3. Till Iowan, sandy and pebbly, leached ......................... . 

2. Loe~s, Loveland, gray, irregularly laminated, with 
the laminre showing some distortion ·······-··············· 

-

INCHES 

6 to 8 
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Fro. 63.-Kansan gumbotil (at the base), Loveland loess, and Peorian Ioess in Shelby county. 
The marks show the limits of each kind of material. 

1. b) ,r ery dark gray carbonaceous soil zone which is 
related to the material below ·······················-········· 

a) Gumbotil, Kansan, typical in color, texture and 
structure; exposed ..................................................... . 

6 

5 
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East of the area of the Iowan till in northeastern Iowa there 
is Loveland loess beneath the thicker loess over the Kansan drift 
border. It ,vas observed in a cut in the north,vest quarter of 
section 23, Monmouth to"rnship (T. 84 N., R. 1 E.), Jackson 
count-Jr. In this cut there is very higl1ly ferruginous, leached 
drift l3ring upon bedrock and overlain with about t-~venty-five 
feet of gray and buff unleacl1ed loess. At the east end of the cut 
the drift was absent, but resting upon the rock: ,vas one and one
half feet of red leached Loveland loess under the unleached loess. 

The loess of the Lo,reland consists of fine sand and silt in 
ia clayey matrix which in mechanical analysis is very much 
like the buff loess ,vhich overlies it. The one difference is the 
slightly higher percentage of very fine 1naterial in the I..1oveland 
loess than in the buff loess. Ho,vever, ,Yeathering ,Yould tend to 
mak:e this n1odificatio11 of the loess, a11cl the older loess is uni
formly more "'~eathered tha11 the bt1ff loess of Peorian age. 

Record of Life in the Yannourt;h 
The record of Yar1nouth life in Io,Ya is ver·y poorl)T repre

sentative of the fauna and flora which mt1st have inhabited this 
area during the second interglacial stage. Nmnerous in,rerte
brates and some vertebrates have l)een identified from Io,va as 
belonging to this interglacial stage, but tl1e accuracy of the inter
pretation of the age of many of the fossil-bearing deposits is 
ope11 to question. Fron1 other areas an extensive fauna is lmown, 
and fro111 Io,va as ,vell as from other areas a flora of some 
variety has been recognized as of Yarmouth age. The available 
f aunal and floral lists, and a catalog of the vertebrate animals 
are fou11d in the \York:s of Hay16 and of Bal{er1 1 to ,vhich previous 
ref ere11ce has been n1ade. 

16 Hay, 0. P., The Pleistocene of the Middle Region and its Yertebrated Animals: Carnegie 
Institution of Washington, Pub. No. 822A, 1924-. 

11 Baker, F. C., The Life of the Pleistocene or Glacial Period: Univ. of Illinois, 1920. 



CONCLUDING STATEMENTS 

The results of field and lahorator)· studies extending over 
man3T 3·ears l1a, .. e hc>cn prese11ted. The senior autl1or has ex
amined during the sun1111er n1onths of the past eig}1teen years 
hu11dreds of road cuts \Yl1icl1 ,Yere made in grading more than 
15,000 111iles of prin1ar)T and secondar)T roads of the state. The 
junior author assisted in tl1e field in collecting several l1undred 
specin1e11s represe11ting the different kinds of glacial and inter
glacial 111a terials of Pleistorene age. These specimens were sub
jected hy the jl111ior author to detailed analytical st11dy in a 
laboratory equip1)ecl for the investigation of sedi1nents by mod
ern n1ethods. 

As an adequate l)aclrgro11nd for tl1e most satisfactor}· pre
sentation of tJ1e pre-Tllinoian PJeistorene geolog-y tl1ere l1ave 
been incll1cled rhapters on the Bedrock St1rface of Io,va, the 
Topograph}T and Drainage of I o,Ya, and the Histor}T of Investi
gatio11s and Classificatio11s of the Pleistocene Deposits of Iowa. 
It is hoped that tl1e vie,Ys of the 111any persons \Yl10 havr made 
distinct contrihl1tions to 011r present kno,,·ledge of the Pleisto
cene geology of tl1e state l1ay·e heen gi,ren ,,ith sllfficient fullness 
to properly represent the111. 

In ( 1hapter I, ,v]1ich deals " ·itl1 the hedrork surf ace of Iowa, 
it has been stated that the availahle evidence seen1s to vYarrant 
th(l jnterpretation that the pre-Pleistocenr st1rface over ,Yhich 
the first irCl sheet a<lvanced had a topog·raplry· characteristic of a 
mature erosio11al st1rface, ,Yith broad valle)Ts, moderate slopes, 
a co1npletr <lrainag·Cl s:rste1n, and a relief of approxi1natel:r 
400 feet. Tl1e steep-,,Talled drift-h11ried valle}·s ,vhicl1 are dis
tinctive feat11res of the hrdrock: topography· are interpreted to 
havCl heen c11t not in pre-Pleistocene ti1ne as has been l1eld gen
eral])· ht1t chiefl), in Afto11ian interglacial tii11e. 

The Nehraska11 glacial stage and tl1e Sl1cceeding interglacial 
stage, the Aftonian, have hee11 trrated in separate cl1apters. 
This J1as rest1ltrd of nc>crssit~T in R0111e o,·erlapping in the con
sidrration of certain f ea tu res of the deposits and of the histories 
of tl1ese t,vo stag·es. ThCl san1e staten1ent should be 111ade " 1ith 
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regard to the separate chapters on the I{ansan g-lacial stage and 
the Yarmouth interglacial stage. Only when the discussion of a 
glacial stage and the interglacial stage which follows it are con
sidered together is it possible to get a proper understanding of 
each of the stages. 

With reg·ard to the names now being used for the two oldest 
drifts, namely, Nebraskan and Kansan, it is a fact that if prior
ity of usage of terms were adhered to strictly in the classifica
tion of the Pleistocene the names Kansan drift and Iowan drift 
would be the proper names for the t,vo oldest drifts since these 
names were given by Chamberlin in 1894 to the present Nebras
kan drift and Kansan drift, respectively, in the well known 
Afton Junction region in Union county. But later, for reasons 
set forth in Chapter III of this report, the name I{ansan was 
transferred to the upper of the t,vo tills at Afton Junction and 
the name Pre-Kansan or Sub-Aftonian was given to the older of 
the two drifts at that place. From then on the name Iowan has 
been restricted to the Upper Till of McGee in northeastern Iowa, 
and in recent years to a till of the same age in northwestern 
Io,va. Then in 1909 the name Nebraskan was given to the Pre
Kansan or Sub-Aftonian drift. Since that time the name Ne
brasl{an has become ,vell established by llsage in publications 
not only of the Iowa Geological Survey but of tl1e United States 
Geological Survey and in many papers in magazines and jour
nals in America and in foreign countries. During the brief 
interval between the time of publication of Geikie's Great Ice 
Age, in ,Yhich the names Kansan and Io,van ,vere first used by 
Chamberlin for the two oldest tills in the Afton Junction region, 
and the renaming· of these two tills by Iowa geologists only a few 
papers dealing with :rv[ississippi Valley Pleistocene geology ap
peared. 011 the other hand, duri11g the more than thirty years 
since the shift in names ,vas made, I{ansan and Iowa11 have been 
used hundreds, perhaps thousands, of times by many writers 
and in many kinds of publications in the United States and else
where. The many textbooks which have discussed the classifi
cation of American Pleistocene deposits have used the names 
Kansan and Iowan in accordance witl1 present practice. Re
gardless of the ,veight of evidence ,vith respect to priority of 
the terms I{ansan and Iowan for the two oldest drifts it would 

• 
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seem to be best from the standpoint of long usage to continue to 
use the names as they have now been used for so long a time. 
This point of view may be urged with seeming propriety since a 
study of the record sho,vs that all persons who were familiar 
with the basis of change acquiesced in the change at the time 
that it was made. To revert now to the original usage would 
result in endless confusion and most serious inconvenience. 

The first ice sheet, the Nebraslran, covered all of Iowa and 
deposited a drift which has been estimated to have had probab
ly an average thickness of more than 100 feet, possibly as much 
as 150 feet. In northeastern Iowa there is an area which only a 
few years ago was included in the Driftless Area but within 
which there are noVir lmown to be patches of drift which are inter
preted to be Nebraslran in age. The Nebraskan drift is now at the 
surface only within restricted areas, as it is overlain in many 
places by younger drift or by loess. A map on which the areal 
distribution of the Nebraskan drift is sho,vn for the first time is 
included in this report (Plate II). In many parts of the state the 
N ebrasl{an drift closely resembles the Kansan drift. Only locally 

· can the Nebraskan drift be differentiated lithologically from the 
Kansan drift. In fact, the only satisfactory basis found thus 
far in Iowa upon which to decide definitely ,vhether a pre-Illi
noian till is N ebrasl<an till or Kansan till is the relationship of 
the till to interglacial materials the ag·e of which can be de
termined. Among the most widespread of interglacial materials 
is gumbotil, the characteristics, topographic position, and origin 
of which have been presented fully in this report. If a till is 
overlain by Nebraslran gumbotil or can be shown to be related to 
Nebraskan gumbotil, ,vhich in Iowa is found as remnants of a 
former extensive Nebraskan g·umbotil plain, the till is N ebras
kan till. If, however, the till is overlain by Kansan gumbotil or 
can be sho,vn to be related to Kansan gumbotil, which also is 
found as remnants of a former extensive Kansan gumbotil plain, 
the till is Kansan till. As shown in this paper, the gumbotils on 
account of their distinctive characters, wide distribution, and 
topographic positions, are the most satisfactory criteria that 
have been found for differentiating the older drifts in Io,va. 
Furthermore, since the gt1mbotils are the result of changes which 
toolr place in interglacial times they may be considered in rela-
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tion to the problem of the relative durations of the interglacial 
epochs. The thicl{er the gtunbotils the greater the time involved 
in their development. During the Aftonian interglacial epoch 
the N ebrasl{an drift under~rent many changes. The unoxidized 
and unleached N ebrasl{an till where so situated that weathering 
was effective and erosio11 ,vas negligible was chang·ed stage by 
stage until Nebrasl{an gumbotil was formed to an average thick:
ness of more than eight feet. 

Gravels of Nebraskan age are associated with the Nebraskan 
till. Where these gravels were st1bjected to weathering through
out Aftonian time the}T underwent great chemical changes, com
parable to the changes which till under,vent to produce gumbotil. 
Lenses and irregularly shaped masses of gravels incorporated in 
the Nebraskan till are ''i'eathered but little. They are unleached 
of their lime but are in most cases somewhat oxidized. 

The second ice sheet, the Kansan, covered all of Iowa except 
a comparatively small area in the northeastern corner of the 
state. (See Plate II.) The drift deposited by this ice sheet has 
been estimated from :field evidence to have had an average thick
ness above the elevation of the Nebraskan gumbotil plain of 
probably less than fifty feet. When to this :figure is added the 
drift necessary to fill the valleys cut in the Nebraskan drift 
surface the Kansan drift is seen to be also a massive drift to be 
ra11ked ,vith the Nebraskan as one of the great drifts of the 
Pleistocene of the state. Dt1ring the Yarmouth interglacial epoch 
the Kansan drift under,vent changes similar to the changes 
,vhich the Nebraskan drift under~,ent in Aftonian time. On the 
Kansan there was de,reloped a gumbotil with maximum thick:
ness of :fifteen feet and average thiclmess of more than eleven 
feet. Gravels of I(ansan ag·e where they were subjected to 
weathering under conditions similar to the conditions ,vhich re
sulted in l(ansan till being· changed to glunbotil became strong
ly oxidized and deeply leached. ,,rithin the Kansan till also ther e 
are lenses and irregularly shaped masses of gravels resembling 
closely the fresh gravels in the Nebrasl{an drift. 

The laboratory stt1dies of the N ebrasl{an and I{ansan gum
botils, the oxidized and leached N ebrasl{an and I{ansan tills, the 
oxidized and unleached N ehrasl{a11 and I(ansan tills, and the un
oxidized and unleached N elJraskan and I(ansan tills strengthen 
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. 
the interpretation that all of the phases of each of these tills 
are related in origin. 

The mapping of the outcrops of Nebraskan and Kansan gum
botils has demonstrated that these gumbotils are the most satis
factory horizon markers in the state. They have been useful 
not only in differentiating the Nebraskan drift from the Kansan 
drift but in mapping these two drifts. Inspection of Figures 26 
and 27 will reveal the significance of this stateme11t. 

Peats and vveathered gravels have been and ,vill continue to 
be of value in interpreting Aftonian and Yarmouth interglacial 
history but they have been found to be less serviceable than the 
gumbotils in areal mapping in Iowa. Only a few good peat ex
posures of Aftonian age have been found in the whole state and 
these are separated widely from one another. Nor are there 
many good exposures of peat of Yarmouth age. Moreover, since 
gravels differ in origin, in composition, in topographic position, 
in degree of weathering, and in other respects, their use in map
ping is somewhat restricted. Much less reliance is now placed 
upo·n interpretations of gravels and ''forest beds'' penetrated in 
well drillings than was given to these materials in the earlier 
years of Pleistocene studies. 

The Nebrasl{an gumbotil is ,videspread in southwestern Iowa; 
in fact, from these gumbotil outcrops it has been possible to 
map areally the Nebrasl{an drift of this region. Figure 26 shows 
that Nebraskan gumbotil extends into the northwestern part of 
the state and that comparatively fe,v outcrops of this gumbotil 
have been found ,vithin the Iowan area of northeastern Iowa or· 
in southeastern Io,va. The mapping of the outcrops of Nebras
lca11 gu.mbotil and Kansan gun1botil has impressed the fact that 
the original Nebrask:an gu1nbotil plain and the original Kansan 
gumbotil plain " 'ere widespread in the state. It is some,vhat 
surprising to find that so ml1ch of each of these plains has es
caped erosion. Re1nnants of the I{ansan gumbotil plain are a 
striking feature of the topograph~y of the I{ansan drift area of 
sot1ther11 Io,va, ,vhere the>T are lo10,v11 as tabular divides. 

This report deals chiefly ,vith the geology of the pre-Illinoian 
part of the Pleistocene of Io,va. Ho,vever, there has been no 
hesitation in ,veaving· into the discussions any facts about Illi
noian and post-Illinoian Pleistocene geology ,vhenever it was 



RELATIONS OF PEORIAN AND LOVELAND LOESSES 287 

thought that by so doing the reader "Tould be able to get a better 
understanding than other,vise would be possible of the early 
glacial and interglacial epochs of Pleistocene time. 

The relations of the pre-Illinoian Pleistocene to the Illinoian 
and post-Illinoian Pleistocene in different parts of the state are 
represented diagramn1atically in Plate III. In this diagram tl1e 
different phases of N ebrask:an and Kansan drifts are indicated, 
including the unoxidized and unleached tills, the oxidized and 
unleached tills, the oxidized and leached tills, and the gumbotils. 
Within each of these two tills inclusions of gravels are shown, 
also N ebrasl{an and I{ansan gravels at the elevations of the Ne
brasl{an and Kansan gl1mbotils, respectively; also Aftonian and 
Yarmouth interglacial deposits. The diagram represents the fact 
that the gumbotils on the N ebrasl{an and Kansan tills are much 
thicker than the gumbotil on the Illinoian till and that no gum
botil has developed on either the Io,van or Wisconsin tills. No 
loess separating the Nebraskan drift from the Kansan drift is 
indicated. Silts have been found in a few places at this horizon, 
but no deposit vvhich has been interpreted to be definitely of eolian 
origin. Nor does the diagram show a loess between the Kansan 
and Illinoian tills becal1se no good sections of loess overlying 
Kansan drift and underlying Illinoian drift have been found thus 
far in Io"'a although on the Illinois side of ~Iississippi river a 
pre-Illi11oia11 loess is 1{110-vvn in several places. Two loesses are 
shown, the Loveland loess and the Peorian loess. In the north
,vestern part of the state ,vithi11 the area where Io,van drift has 
been mapped the Loveland loess and related materials are lying 
on tl1e post-Kansan-g'l1mbotil erosion st1rface and beneatl1 tl1e 
IovYan till. The Peorian loess here 111antles the Io,,,.an drift. In 
the northce11tral part of the state the relations of the two loesses 
to the Kansa11 and Io,van tills are the same as in north,vestern 
Iowa. ,Vithin the v'lisconsil1 drift area the Peorian loess lies 
t1nder the ,,risconsi11 drift. ,,There the Io"1an drift is absent in 
the north,vestern, ,,1estern, a11d sot1thern parts of the state, the 
Peorian loess lies directl)r l1po11 the Loveland loess and related 
deposits ,vherever the Lo,reland is present. 

Within the Illinoia11 drift area of southeastern Io,va there are 
t,vo loesses on the Illinoian drift, the older of " 1hich has been cor-

-
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related ,vith the Loveland.1 Tuir. Frank Leverett, ho,vever, cor
relates the Loveland loess of ,vestern Iowa with pre-Illinoian 
loess and questions the existence of a post-Illinoian, pre-Peorian 
loess.2 But recently this loess has been mapped ,videly by mem
bers of tl1e lliinois and Io,,,,a Geolog·ical Surve3Ts. Although the 
Lovela11d loess of wester11, central and southern Iowa appears 
to be a single f orn1atio11, in reality its lower part may be pre
Illinoian i11 age, a11d 01113· its upper part post-lliinoian in age; 
and it may be tl1at a part of the Loveland loess of western, cen
tral, and southern Io"ra ""'as deposited during the lliinoian 
g·lacial epoch. If this interpretation should prove to be a correct 
one then tl1e post-Illinoian, pre-Peorian loess ,vould be equiva
lent to only a part of the Loveland of ,vestern Iowa and should 
be given a nan1e different fron1 Loveland. The significance of 
the post-lliinoia11, pre-Peorian loess in relatio11 to the r elative 
ages of the Io"ra11 and Illi11oian drifts has been emphasized re
centl3T. 3 

The evidence ,varrants the interpretation that the Aftonian 
an(l Yarn1outl1 interglacial epochs were of long duration. The 
Sang·a1non interglacial epoch, although long·, was 111ucl1 sl1orter 
than the Aftonian or the Yar1nouth. B3T far the shortest inter
glacial epoch was tl1e Peorian. Tl1e chief n1aterial deposited in 
Iowa during the Peorian interg·lacial epocl1 ,vas loess, ,vl1ich has 
been determined to have been deposited -very soon after the re
treat of the Io"Tan ice sl1eet. The evidence indicates that tl1is 
loess l1nder,vent no 1nark:ed change before it ,,·as overridden by· 
the vVisconsin ice sheet. 

If one dare n1al{e a prediction it 1vol1ld be to the effect that 
future investigations of the Pleistocene deposits of Iowa are 
likely· 11ot to ,veake11 but to str engthen the 110"· g·e11erally arcepted 
vie", that tl1e Nebrasl{an, l{ansan, and Illinoian glacial epocl1s 
,,rere separated widely in tin1e, that tl1e Io,van g·lacial epocl1 ,v-as 
much yol1nger than tl1e Illinoian glacial epocl1, and tl1a.t tl1e 
Iowan and Wisconsin g·lacial epocl1s ,vere 1nl1cl1 111ore closely re
lated in ti1ne t]1-an ,vere any other two of tl1e epocl1s. Tl1e Wis-

1 Kn)\ G. F .. Lovel11nd Loess: Post-Illinoian. Pre-Iowan in Age: Science, N. S., Vol. 
LXVIII, pp. 482-488, Nov. 16, 1928. 

2 Leverett, Frank, Loveland Loess: Pre·Illinoian, Pre-Iowan in .Age: Science, N. S., Vol. 
LXIX, pp. 551-552, :May 24, 1929. 

3 Kay, G. F., Significance of Post-IJlinoinn, Pre-Iowan Loess: Science, N. S., Vol. LXX, 
pp. 259, 260, Sept. 18, 1929. 
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consin and Iowan drifts have characters as distinctive as are the 
characters of other glacial stages, and hence each of them will 
continue to have separate recognition in Pleistocene classifica
tion. Five glacial and four interglacial stages will continue to 
be recognized in the classification of the Pleistocene deposits of 
Io,Ya. 

Although mucl1 has been accomplishecl by tl1e many persons 
who have contributed to our present knowledge of the Pleistocene 
geology of Iowa there are yet many unsolved problems pertain
ing to the tills, gumbotils, gravels, peats, loesses, life, and other 
features of the glacial and interglacial deposits. In the future 
new facts and new interpretations of deposits of Pleistocene age 
will be presented, and as in the past the new facts and inter
pretations ,vill develop renewed interest and stimulate increased 
effort in unraveling the fascinating hiRtor)~ of the Pleistocene 
deposits of our state and of other states . 
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A'.!ids, organic, work of, 140 
Adams, Minn., Kansan gravels near, 264 
Adams county, glacial plowing in, 218 
Afton, exposures near, 76, 81, 95, see 

also Afton Junction; gravels named 
for, 76 ; Nebraskan gumbotil near, 
189; Nebraskan till near, 145; peat 
near, 76 

Afton Junction, gravels near, 75, 95, 
184; Nebraskan gumbotil at, 188; 
study of deposits at, 123, 182; two 
drifts at, 84 

Afton Junction pit, exposure in, 186, 
188 

Afton pit, exposure in, 186, 190 
Aftonian, use of name, 182 
Aftonian deposits, age, -Origin, 84, 119; 

elevation in Lee county, 151; ex
posures by erosion, 183; in eastern 
Iowa, 199; in Lee county, 150; in 
northwestern I owa, 119 

Aftonian epoch, climate, 96; deposits, 
13; history, 139, 183; life in, 193, 209 

Aftonian erosion, 207, 215; forest bed, 
87 

Aftonian gravels, age, origin, 75, 95, 97, 
98; Kay's theory, 187, 191; at Afton 
Junction, 182, 188, see also other ref. 
to Aftonian gravels, Afton Junction; 
fossils in, 97; history, 123, 124; rela
tion to Nebraskan till, 75, 187-192; 
studies, 187, 193; theories of origin, 
75, 186; value in interglacial history, 
286 ; see Gravels 

Aftonian h orizon marker, gumbotil as, 
125, 127 

Aftonian interglacial stage, 182; gum
botil in, 133; in Iowa, 82; named, 76; 
studies of, 9 

Aftonian life, record, 193, 209 
Aftonian loess, in Lyon county, 208; in 

Shelby county, 209; near Inwood, 
208; near Thayer, 208 

-

Aftonian peat at Oelwein, 84, 200; in 
Crawford county, 196; in Union coun
ty, 95; in western Iowa, 195 

Aftonian r ecord in I owa, 182; sections 
in western Iowa, 183; silts in Lyon 
county, 160; soil near Delmar, 201; 
near Oelwein, 84, 200; surface, r elief, 
208; vegetation in Lee county, 202; 
see also Aftonian peat. 

Agassiz, Louis, work on glaciers, 71 
Alden, Wm. C., cited, 51, 53, 114, 126, 

157, 201, 233, 262, 267; pebble counts 
by, 238, 244, 250; work on Iowan 
Drift, 107 

Alberta, Canada, drift at, 77 
Albertan drift, 13; age, 84; at Afton 

Junction, 81 ; at Oelwein, 84; in Iowa, 
86; named, 77; see also Nebraskan, 
P re-Kansan, Su b-Aftonian 

Alexandrian rocks, 20 
Allerton, sections near, 106 
Alluvial depositional topography, 67 
Altamont m-0raine, 61 
Anamosa, Kansan drift near, 229 
Apfel, Earl T., work on Pleistocene, 15, 

282; see Kay and Apfel 
Appanoose county, age of drift in, 80 
Area of Kansan drift, 215; of N ebras

kan drift, 135 
Ash, volcanic, near Little Sioux, 121 

B 
Bain, H. F., cited, 79, 80, 86, 94; studies 

on Aftonian beds, 123, 186; work, 80, 
81, 83, 85 

Baker, F. C., cited, 211, 281 
Bedrock history, summary, 31 
B edrock surface of Iowa, 16; preglacial, 

24; relief, 135, 180 
Beyer, S. W., cited, 84, 199 
Black Hawk county, Loveland loess in, 

279 
Blockton, Nebraskan till near, 141 
Boulder clay, character, 138 
Boulder fields, 52 

j 
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Boulders, Iowan, 80, 83; in Nebraskan 
till, 176; see also Pebble Analyses 

Bradgate, gumbotil near, 235 
Bremer channel, Bremer county, 30 
Bricker, Kansan drift near, 221 
Buchanan, use of term, 85, 132; gravels, 

84; age, named, 79, 105; phases, 94; 
in Iowan area, 262; lowland, origin, 
94, 263; upland, origin, 94, 262; in· 
terval, in Iowa, 82; Loveland part of, 
278; time included, 258; sands and 
forest bed, 87 

Buchanan county, Buchanan gravels in, 
94 

Buchanan interval, time included, 259 

C 

Cable, E . .J., cited, 123 
Calcareous material, secondary, in till, 

247 
Calvin, Samuel, cited, 78 ff, 94, 98, 106, 

107, 119, 126, 130; defends Iowan 
drift, 101; described Iowan drift, 91; 
named and described Buchanan grav
els, 79, 85, 282; studies on Aftonian 
beds, 95, 123, 186-188, 193; on glacial 
deposits, 9, 78-80, 82, 85, 91-105; on 
mammals, 98; theory of origin of Af
tonian gravels, 95, 186; time ratios 
of glacial drifts, 93, 99 

Cambrian rocks, area, character, 20 
Canada, Albertan drift in, 77; Toronto 

beds in, 77, 83 
Carman, .J. E., cited, 112, 135, 157, 158, 

159, 217; work in northwestern Iowa, 
113, 115, 118, 159 

Carroll county, gumbotil in, 116; Kan• 
san drift in, 226; Nebraskan drift in, 
144 

Cat-steps, origin, 65 
Cedar area, topography, 56 
Cedar county, I{ansan drift in, 228 
Cedar river, arm of Lake Calvin, 275; 

history, 271, 274; valley, date, 271, 
274 

Chamberlin, R. T., pebble counts by, 
244, 250 

Chamberlin, T. C., cited, 72, 75, 76, 81, 
85, 86, 90, 102, 125; classifications by, 

75, 81; named Aftonian, 76, 182; 
named Kansan drift, 75, 212; named 
oldest tills, 75, 283; on Iowan drift, 
101; study of Aftonian beds, 75, 123, 
186; theory of origin of Af tonian 
gravels, 76, 186; time ratios of glacial 
drifts, 82; work of, 9 

Changes in Kansan drift, 218; in Ne
braskan drift, 139 

Cherokee, Loveland silts near, 160; 
Nebraskan drift near, 158 

Cherokee county, erosion of Nebraskan 
gumbotil in, 254; Nebraskan drift in, 
157, 158 

Chicago, Burlin.gton & Quincy R. R., ex
cavations on, 76, 95, 148, 186, 225, 
278 

Chicago Great Western R. R., cut on, 
84, 87, 186, 199 

Chicago, Milwaukee, St. Paul & Pacific 
R. R., cuts on, 146, 224-226, 233 

Clarke county, Kansan drift in, 225; 
Nebraskan drift in, 145 

Classifications of Pleistocene deposits, 
71, 75 ff 

Clastic texture of Kansan gumbotil, 
237; of Kansan till, oxidized and 
leached, 244; oxidized and unleached, 
250; of Nebraskan gumbotil, 165; of 
Nebraskan till, oxidized and leached, 
172; unoxidized and unleached, 179 

Clay content of Kansan gumbotil, 237; 
of Kansan till, oxidized and leached, 
244; oxidized and unleached, 250; of 
Nebraskan gumbotil, 166; of Nebras
kan till, oxidized and leached, 172; 
oxidized and unleached, 176 

Climate of Aftonian, 96 
Climate suited for mammals, 122, 194 
Clinton county, Aftonian, Kansan and 

Nebraskan in, 201 
Colorado rocks, area, character, 22 
Coral ville, Nebraskan drift near, 154 
Cordilleran ice sheet, age, 78 
Council Bluffs, glacial bods in, 119; 

Tertiary i deposits in, 121 
County reports, glacial geology in, 93 
Crawford area of topography, 54 
Crawford county, glacial plowing in, 
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218; Kansan gumbotil in, 116, 216; 
Nebraskan gumbotil in, 119, 197; 
peat in, 196 

Crawfordsville, Kansan drift near, 225 
Cretaceous rocks, area, character, 22; 

Nebraskan drift from, 158 
Croixan rocks, area, character, 20 

D 

Dakota rocks, area, character, 22 
Dallas county, Kansan drift in, 233 
Dallas formation, 106 
Davis county, buried soil in, 267 
Dawson, G. M., cited, 77 
Decatur county, Kansan drift in, 223 
Delaware county, gravels in, 94, 154, 

204; Kansan till in, 94; Loveland 
loess in, 279; Nebraskan gumbotil in, 
154 

Delmar, section near, 201 
Denmark, Nebraskan drift near, 148 
Deposition, topography from, 58 
Deposits of Af tonian age, 183; of Kan-

san age, 212; of Nebraskan age, 137; 
of Yarmouth age, 257 

Des Moines, termination of Wisconsin 
drift, 133 

Des Moines county, Yarmouth deposits 
in, 257 

Des Moines lobe of Wisconsin drift, 80 
Des Moines rocks, area, character, 22 
Des Moines valley, history, 106; in 

Wisconsin drift area, 59; topography, 
42 

Devonian rocks, area, character, 21 
Dewey, A. H., pebble counts by, 238, 

244 
Diastrophism, post-Kansan, 109 
Dissection of Lake Calvin basin, 275 
Distribution of Kansan drift, 215; of 

Nebraskan drift, 135; map, 136 
Divides, character, 42 
Dodgeville peneplain, 31, 46, 50, 156 
Don valley, Toronto, deposits in, 90 
Drainage basins of Iowa, 34, map 35 
Drainage of Illinoian and Kansan 

plains, 269; of Iowa, 33; of Wiscon
sin plain, 63 

Drift, Illinoian, sections, 226, 206; Kan
san, sections, 219; Nebraskan, sec-

-

tions, 141; of northwestern Iowa, age, 
113; of western I-0wa, age, 94 

Drift depositional topography, 58; 
mantled erosional topography, 51 

Drift-loess of McGee, 75 
Drift phases, descriptions, 162, 235; 

plain, origin, 61; sheets, time ratios, 
82, 93 

Drifts, thickness of .gumbotils on, 287 
"Driftless Area", Nebraskan drift in, 

134, 284; relief in, 29; thin drift in, 
156; t-0pography, 45 

Dunes, loess, along Iowan bol'der, 95; 
in Scott county, 57 

E 

East Iowan till, named, 75; same as 
Iowan till, 76; same as Upper till, 75, 
78, 102 

East Wisconsin till, named, 76 
Eastern Iowan drift area, topography, 

51; see Iowan 
Elevation, of Aftonian beds in Lee 

county, 151; in Union county, 188-
190; of gumbotil at Afton Junction, 
188; in Cedar county, 228; near Af
ton, 189, 191; of Kansan gravels near 
Osage, 263; near Stacyville, 264; of 
Kansan gumbotil in Fayette county, 
230; in Mitchell county, 233; of Kan
san gumbotil plain, 261; of Nebras
kan gumbotil, 144, 146, 151, 155; of 
Nebraskan gumbotil plain, map, 206; 
of peat in Crawford county, 197; of 
peat in Union county, 196 

Erosion, Aftonian, 207, 215; bedrock, 
age, 31; character, 38; levels of, 156; 
post-Kansan, 115-118, 214; post-Ne
braskan, 29; pre-Illinoian, 269; re
sistance of rocks to, map, 19; results 
of, 12; Yarmouth, 276 

Erosion by Kansan ice sheet, 254; in 
Kansan and Iowan areas, 99; of Lake 
Calvin beds, 273, 274; of Nebraskan 
plain, 180, 207; of valleys, different
ial, 41 

Erosional topographies in Iowa, 40 

l' 

Fairfield, Kansan drift near, 21!) 

J 
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Faunas, Pleistocene, studies of, 105, 
211; of Kansan gravels, age, 210; of 
Nebraskan gravels, age, 210 

Fayette county, Aftonian peat in, 84, 
199; Kansan drift in, 23 0; Loveland 
loess in, 279; Nebraskan drift in, 84, 
200 

Ferretto zone on K ansan till, 92, 246 
Finch, G. E., cited, 84 
First glacial till of Chamberlin, 72 
Flood-plain deposits, 67-69 
Fluvioglacial material, character, 138 
Forest bed, 130; above Kansan, 92, 93; 

age, 87; between drifts, 71, 74, 94; 
depth, 88; in wells, 88; of McGee., 
73, 182 

'' Forest bed horizon,'' mapping, 130 
Fort Dodge, gumbotil at, 233 
Fossils in Aftonian gravels, 97; in 

western gravels, age, 193; of western 
Iowa, age, 120, 122 

Foster, Kansan drift n ear, 224 
G 

Gary moraine, 61 
Geikie, James, cited, 75, 76, 102 
Glacial deposits, areas, 133, 135, 215; 

history, 13 
Glacial geology in county reports, 93 
Glacial stages, duration, 288; names, 

usage, 75 ff, 132; number, 132, 288; 
separation, 288; succession, 133; in 
Iowa, 9 

Gladstone, Nel>raskan drift near, 146 
Gordon, C. H., cited, 78 
Grand river, gravels on, age, 98; pits 

on, 95 
Grand r iver pit, Nebraskan till at, 

75, 77, 182, 186 
Gravel, value in glacial history, 127 
Gravels, Buch anan, see Buchanan grav

els 
Gravels, Nebraskan, at Iowa City, 151; 

fossils in, 193; near Thorpe, 154; re
lation to Nebraskan gumbotil, 203; 
see a lso Aftonian gravels 

Gravels, weathered, of Yarmouth, 260, 
262; value in interglacial history, 
286 

Gravels, -0f Afton J'unction, 75-77, 95-
99, 123-1-25, 184 ff; of eastern Iowa, 

78 ff, 154, 202; of western Iowa, 77; 
age, 95, 122, 125; study of, 123, 193; 
of Washington county, 203; see also 
Afton, Afton .Junction, Aftonian, 
Buchanan 

Ground moraine surface, 61 
Gumbo, 109, 130; between tills, 74; 

Kansan, in Polk county, 94; in north
eastern Iowa, 86; see also Gumbotil 

Gumbotil as horizon marker, 124, 127, 
284; character, origin, significance, 
109; chemistry, 111; conditions for 
formation, 109, 260; distribution, 108; 
exposures in Iowan area, 130; limits 
in Crawford county, 116; origin, 109, 
140; pebbles in, 111; relations to drift 
sheets in L ee county, 214; texture, 
109, 165; thickness on different drifts, 
133, 287; under Wisconsin drift, 233; 
see Illinoian, Kansan, Nebraskan 
gumbotils 

Gumbotil plains, character, extent, 131, 
137, 206, 215 

Gumbotil profile, secondary, 141 
Guthrie county, buried soil in, 267 

H 
Hardpan between t ills, 74 
H arrison county, drifts in, 118; vol

canic ash in, 121 
H ay, 0. P., cited, 105, 122, 194, 211, 281 
H enry county, Illinoian drift in, 228; 

Kansan drift in, 228 
H igh Level .gravels, age, character, 23 
History of Aftonian time, 183 
Horizon markers, gumbotils as, 286 
H o·ward county, Buchanan gravels 1n, 

94 
Humboldt county, gumbotil in, 235 
Hypnum fl.uitans, 200 

I 
I ce sheet, Illinoian, growth, 126 
I ce sheets, areas, 133; load, 137; move

ment, 137; two, evidence of, 71; 
work of, 11 

Illinoian and I owan drifts, relative 
ages, 93, 99, 125; and Kansan gum
botils, comparative erosion, 278 

Illinoian channel of Mississippi, 270, 
272 
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Illinoian drift, age, 81, 82, 93, 99; area, 
14; differences from Iowan, 93, 108; 
in Henry county, 228; in Lee county, 
148, 226; thickness in Lee county, 
149; in Muscatine county, 266; Kan
san drift under, 226; near West 
Point, 227; over Kansan gumbotil, 
259; over Yarmouth soil, 266 

Illinoian gumbotil in Henry county, 228; 
in Lee county, 148, 150, 226; near 
West Point, 227; origin, 110; thick
ness, 14, 133 

Illinoian ice sheet, area, 133; blocked 
streams, 272; growth, 126; Pleisto
cene, relations to pre-Illinoian, 287; 
stage, 82; older than Iowan, 288; up
lands, drainage, 269 

Illinois, pre-Illinoian loess in, 287 
Illinois glacial lobe, 90 
Indian Lookout, Nebraskan gumbotil 

at, 151 
Interglacial deposits, 133 
Interglacial stages, duration, 288; in 

Iowa, 9; names, usage, 132; succes
sion, 133; see Aftonian, Yarmouth 

Inwood, Aftonian loess near, 208; Ne-
braskan drift n ear, 160, 208 

Iowa, bedrock surface, 16; depositional 
topographies in, 58; drainage, 33; 
drainage basins, 34; erosional to
pographies in, 40; highest point, 34; 
location, 11; lowest point, 34; pre
Illinoian geology, 9; surface of, 
causes, 11; topography, 33; types, 38; 
eastern, Aftonian deposits in, 199; 
gravels in, 202; northeastern, age of 
relief, 50; cultural development, 48; 
drifts in, 215; erosional area in, 45; 
forest bed in, 86; Kansan gumbotil 
in, 130, 228; Loveland loess in, 279; 
Nebraskan drift and gumbotil in, 84, 
154; Pre-Kansan in, 83; northwest
ern, erosional area in, 48; glacial de
posits in, 113, 119; history, 116; 
I owan drift in, 83, 118; loesses in, 287; 
Loveland loess in, 278; Nebraskan 
drift in, 157; topography, 53; $outh
eastern, loess in, 288; Nebraskan 
drift in, 146; southern, divides in, 43; 
erosional area in, 40; southwestern, 

Nebraskan drift in, 141; western, 
Aftonian peat in, 195; Aftonian sec
tions in, 183; .gravels in, 95, 99, 119, 
192; Pleistocene geology of, 118 

Iowa City, gravels at, 204; Neb1·askan 
drift at, 151 

Iowa river, history, 270, 274 
Iowa river arm of Lake Calvin, 275 
Iowan, usage of term, 103, 283 
Iowan and Illinoian, relative ages, 82, 

93, 99, 125, 288; and Kansan tills, 
differentiation, 89, 92; relative ages, 
82, 93, 99; and Wisconsin stages, re
lations, 288; relative ages, 82, 93, 99 

Iowan drift, ago, 82, 83, 93, 99; area, 
character, 14, 79, 89, 108; described 
by Calvin, 91; distinct from Illinoian, 
99, 127, 288; evidence concerning, 104; 
from Keewatin field, 126; in Fay
ette county, 230; in northeastern 
Iowa, 215; in northwestern Iowa, 83, 
94, 118; in O'Brien county, 279; 
Kansan drift under, 228; leaching, 
133; Leverett 's views on age, 100, 
105,114,125; mapped, 80, 84, 114-118; 
named, 76; near Anamosa, 229; on 
old soil, 267; over Kansan till, 229; 
over Loveland loess, 279; questioned, 
100, 114; relations to Illinoian, 105; 
relations to loesses, 287; same as Mc
Gee's Upper Till, 76, 78, 84, 92 

Iowan drift area, boulders on, 94; 
Buchanan gravels in, 262; gumbotil 
exposures in, 130; lobate margin, 94; 
topography, 51, 89, 107, 229 

Iowan ice sheet, area, 133; effect on 
Lake Calvin, 273, 274 

Iowan stage in I owa, 82; study of evi
dence, 106; see Iowan drift 

Iowan terraces in northeastern Iowa, 
157 

Islands of Kansan in Io·wan area, 94 

J 

Jackson area, topography, 56 
Jackson county, Loveland loess in, 281 
Jefferson county, Kansan drift in, 219 
Jerseyan drift, 134 
Johnson, Douglas, work at Afton Junc

tion, 188 

J 
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.Johnson county, Nebraskan <lrift in, 
151 

Jones county, Kansan drift in, 229 

K 

Kansan, name given, 75, 212; usage of 
term, 101, 103, 283 

Kansan and Illinoian gumbotils, com
parative erosion, 268; and I owan 
drifts, relative ages, 82, 93, 99; and 
Nebraskan drifts, distinction, 284; 
section of, 220 

Kansan drift, age, 82, 93, 99; area, 14, 
215; changes in, 218; character, 217; 
discrimination, 212; distribution in 
Iowa, 215; erosion, 268; ferretto 
,::,;one on, 92, 246; in Fayette county, 
230; in Henry county, 228; in John
son county 80, 151; in Kansan drift 
area, 219; in Lee county, 148, 
223, 226; in Muscatine county, 266; 
in northeastern Iowa, 78, 86, 157, 215, 
216; in northwestern I owa, 94, 117, 
119, 216; in Washington county, 80, 
223; in western Iowa, 192; limits, 
213; mapped, 80, 84; named, 75; 
near Crawfordsville, 225; near Del
mar, 201; near Fairfield, 220; near 
Foster, 224; near Murray, 225; near 
New Boston (Bricker), 221; near 
Rhodes, 233 ; near Templeton, 226; 
older than Illinoian, 215; older than 
I owan, 215; origin, 14, 217; relation
ships, 213; same as Lower till, 75, 78, 
82, 85, 102; sections, 219 ff; source, 
217; studies of, 9, 73 ff; thickness, 
254, 285; thickness in Lyon coun
ty, 161; under Illinoian drift, 226; 
under Iowan drift, 228; under thick 
loess, 225; under Wisconsin drift, 
233; weathering, 218, 285; sec also 
Kansan till 

K ansan drift area, sections in, 219 ff; 
map, 261 

Kansan glacial stage, 212; in I owa, 82 
Kansan gravels, altered in Yarmouth, 

262; elevation near Osage, 263; ele
vation near Stacyville, 264; near 
Adams, }.ifinn., 264; relation to gum
botil, 263 

Kansan .gumbotil, absent in northwest
ern I owa, 131; as horizon marker, 
127, 286; character, 109, 235; distri
bution, 286; elevation in Cedar coun
ty, 228; elevation in Fayette county, 
230; elevation in Mitchell county, 
233; elevation near Portsmouth, 144; 
formation, 109, 259; in Black Hawk 
county, 280; in Cedar county, 228; in 
Dallas county, 233; in Davis county, 
267; in Fayette county, 230; in 
Guthrie county, 267; in Henry coun
ty, 228; in Iowan areas, 130; in Lee 
county, 150, 223, 226, 259; in Mit
chell county, 231; in 1\fuscatine coun
ty, 266; in northeastern Iowa, 86; in 
Washington county, 223; Loveland 
loess on, 279; near Anamosa, 229; 
near Crawfordsville, 225; near Fair
field, 220; near Foster, 224; near 
Murray, 225; near New Boston 
(Bricker), 221; near Rhodes, 233; 
near Templeton, 226; near W est 
Point, 227; origin, 14, 109; outcrops, 
map, 129; outside Illinoian area, 260; 
pebble analyses, 238; relation to tills, 
109, 284; sand content, 237; texture, 
236; thickness, 113, 133, 241, 260, 285; 
thickness in Lee county, 149; thick
ness in 1\!uscatine county, 260; thick
ness in Pottawattamie county, 226; 
thickness near Templeton, 226; under 
Illinoian till, 259; under Iowan till, 
229; Yarmouth soil on, 267 

K ansan gumbotil plain, character, 215; 
drainage, 272; elevations, 261; ex
tent, 131, 214; map, 261 

Kansan ice sheet, area, 133, 285; ero
sion by, 254; ploughing b-y, 217; re• 
treat, 218 

Kansan till, differences from Nebras
kan, 112, 192; oxidized ancl leached, 
character, 241; pebble analyses, 244; 
texture, 243; thickness, 241; oxidized 
and unleached, character, 246; pebble 
content, 250; texture, 249; unoxidized 
and unleached, character, 252; see 
also Kansan drift 

Kansan topography, history, 115; up• 
lands, drainage, 269 



, 

INDEX · 299 

Kansas, drift in, 76 
Kay, George F., cited, 107, 108, 110, 

112, 116, 118, 126, 134, 140, 145, 217, 
225, 277, 288; pebble counts by, 238, 
244; work in northwestern Iowa, 115, 
118; on Aftonian gravels, 123, 187; 
on gumbotil, 109, 115; on Pleistocene, 
15, 159, 282 

Kay and Apfel, Pre-Illinoian Geolo,gy 
of Iowa, 9 

Keewatin :field, ice from, 14, 126, 139, 
215 

K eokuk, lo,Yest land near, 34 
Keokuk county, age of drift in, 80 
Keyes, C. R., cited, 112 
Kinderhook rocks, area, character, 21 
Knob and kettle topography, 60 
Knoll, W. V., pebble counts by, 244 

L 

L abrador center, drift from, 215; ice 
from, 14 

Lacustrine depositional topography, 65 
Lake Calvin basin, 66; deposits in, 272, 

274; draining of, 273; effect of I owan 
ice sheet on, 273, 274; erosion of de
posits, 273, 274; extent, 270; history, 
122; in Yarmouth time, 270; measure 
of dissection, 275 

Lakes on Wisconsin plain, 62 
Lancaster peneplain, 31, 47, 50, 156 
L arbc ame.ricana, 201 
Leaching of drift, 140, rate, 140 
Lee county, Aftonian vegetation in, 

202; Dlinoian drift in, 148, 226; Kan
san drift in, 148, 221, 223, 226; Kan
san gravels in, 262; K ansan gumbotil 
in, 259; lowest land in, 34; N ebras
kan drift in, 148; peat in, 150; rela
tions of drifts in, 213 

Lees, .James H., cited, 42, 106, 233; 
work in northwestern Iowa, 115 

Leighton, M. M., cited, 51, 53, 105, 114, 
126, 157, 201, 262, 267, 270; pebble 
counts by, 244, 250; work on I owan 
drift, 107 

Leverett, Frank, cited, 9, 81, 89, 90, 105, 
106, 214, 266, 269, 288; classification 
of Pleistocene, 90; named Peorian, 
Sangamon, Yarmouth stages, 89, 257; 

-

questions Iowan drift, 100; views on 
age of Iowan, 105, 125; work at Af
ton Junction, 188; wor k in Minne
sota, 114; work in northwestern Iowa, 
115, 118 

L ife in the Aftonian, 209; in t h e Yar-
mouth, 281 

L isbon channel, Linn county, 30 
Little Sioux, volcanic ash near, 121 
Little SiO\L"'< river, Nebraskan drift on, 

157, 158 
Load of ice sheet, types, 138 
Loess, age, 79, 95; along I owan border, 

95; in Crawford area, 55; in Lee 
county, thickness, 149; influence on 
topography, 54; Kansan drift ex
posures under, 225; of northwestern 
I owa, 115; origin, 75, 80, 87; Shim
ek 's work on, 95; thick, over Kansan 
drift, 215; thickness, 64; see Loess, 
Loveland, P eorian 

Loess, Loveland, age, 126; at Iowa City, 
154; character, 281; deposition, 133; 
distribution, 278; fossils in, 278; in 
Black H awk county, 279; in Dela
ware county, 279; in Fayette county, 
230, 279; in Jackson county, 281; in 
Montgomery county, 278; iJn O'Brien 
county, 278; in P lymouth county, 278 ; 
in Pottawattamie county, 278; in 
Shelby county, 279; in southeastern 
Iowa, 287; in W ashington county, 
223; near Faidleld, 220; near Temple• 
ton, 226; on K ansan gum botil, 279; 
pre-I owan age, 27 8; relations, 287; 
under Iowan till, 279; see also Loess, 
and Loess, Peorian 

Loess, Peorian, age, 90, 108, 288; area, 
14; at Iowa City, 154; deposition, 
133; fossils in, 278; in F ayette coun
ty, 230; in southeastern I o,va, 288; 
in Washington county, 223; near 
Fairfield, 220; near Templeton, 226; 
on Loveland loess, 279; on old soil in 
Davis county, 2G7; in Guthrie county, 
267; origin, 75, 80, 133; relations, 
287; thickness 1n Pottawattamie 
county, 226; see also Loess and Peor
ian 

Loess, pre-Dlinoian, in Illinois, 287 
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L ocss a r ea, drainage, 65 
Loess depositional topography, 63 
Loess-drift of McGee, 75 
Loess dunes a long Iowan border, 95; of 

Scott county, 57 
Loess mantled erosional topography, 54 
Loveland, type section of Loveland 

formation near, 121, 278 
Loveland formation, 106; age, charac

ter, 98, 120, 277; named by Shimek, 
98, 120; see Loess, Loveland 

Loveland interval, length, 277; part of 
Buchanan interval, 278 

Loveland loess, see Loess, Loveland 
Loveland silts near Cherokee, 160; near 

Loveland, 121, 278 
Lower Coal Measures, area, character, 

22 
Lower till of McGee, 74, 78, 102, 13.0, 

212; age, 82, 87; mapped, 80, 84 
Lowest till of Chamberlin, 75 
Lucas county, glacial plowing in, 218 
Lyon county, Aftonian silts, Kansan 

drift, Nebraskan drift in, 160, 208 

M 

McGee, W J, cited, 73, 75, 83, 86-88, 
102, 125, 130; forest bed, 182; Upper 
and Lower Tills, 74 ff; work of, 9, 
73-75 

McPherson, Loveland loess at, 278 
Macbride, T. H., cited, 84, 94; study of 

peat, 200 
Mahaska county, age of drift in, 80 
Mammal remains, in western gravels, 

age, 98, 120, 122, 193 
Mammals of Pleistocene, 98, 105, 120; 

climatic conditions for, 122, 194 
Manning, Nebraskan drift near, 144 
Maquoketa shale, topography, 46 
Marshall county, Kansan drift in, 233 
Mass texture of Kansan gumbotil, 236; 

of Kansan till, oxidized and leached, 
243; oxidized and unleached, 249; of 
Nebraskan gumbotil, 165; of Nebras
kan till, oxidized and leached, 172; 
unoxidized and unlcached, 179 

Matthew, W. D., cited, on fossil mam
mals, 122, 194 

Minerals in Nebraskan gumbotil, 168 

Minnesota, Kansan gravels in, 264 
Mississippi basin, character, 34; river, 

age, 106; Illinoian channel, 270, 272 
Mississippian rocks, area, character, 21 
Missouri river basin, character, 36 ; 

:flood-plain, 67 
1'Gssouri rocks, area, character, 22 
1'Iitchell county, Kansan gravels in, 

263, 264; gumbotil in, 231 
Mollusks, P leistocene, age, 97 
1Ionona county, drifts in, 118 
Monroe county, Kansan drift in, 224; 

Nebraskan drift in, 146 
Montgomery county, Loveland loess in, 

278; Nebraskan drift in, 143 
Moraine, recessional, topo.graphy, 60; 

terminal, on Wisconsin drift, 59 
Moss in A.ftonian peat, 200 
Murray, Kansan drift near, 225 
1Iuscatine, Yarmouth sands near, 276 
1\Iuscatine county, Kansan gumbotil in, 

thickness, 260; Yarmouth sand in, 
276; soil in, 266 

N 

Nebraska, glacial drifts 1n, 121; Ne
braskan drift in, 100 

Nebraskan, usago of name, 100, 132, 283 
Nebraskan drift and Kansan drift, dis

tinction, 192, 284; section of, 220 
Nebraskan drift, area, character, 13; at 

Afton ;Junction, 81, 125, 186, 188; at 
Iowa City, 151; at Oelwein, 84; base, 
135; bedrock surface undc~ 135; 
changes in, 139; character in north
western Iowa, 112, 157, 158; distinc
tion from I{ansan drift, 112, 119, 192; 
distribution, 135, n1ap, 136; elevation 
at Iowa City, 151; eleYation in Lee 
county, 149; erosion, 137, 207; ident
ifying, 134, 192; in Cherokee county, 
157, 158; in "Driftlcss Arca", 134, 
284; in .Johnson county, 151; in Kan
san drift in Cherokee county, 254; in 
Kansan drift in Taylor county, 255; 
in Lee county, 148; in Lyon county, 
160, 208; in Montgomery county, 143; 
in 1\iionroe county, 146; in ncrtheast
crn Iowa, 50, 154, 215; ma p1 155; in 
northwestern Iowa, 119, 157, 160; in 



• southeastern I owa, 146; in Wayne 
county, 146; in western Iowa, 192; 
named, 100, 212, 283 ; near Afton, 145; 
near Blockton, 141 ; near Cherokee, 
158; near Coralville, 154; near Del
mar, 201 ; near Gladstone, 146; near 
lvfanning, 144; near New Market, 143; 
near Oelwein, 84, 200; near Osceola, 
145; near Portsmouth, 144; origin, 
137; overlying deposits, 135 ; phases, 
162; sections, 141 ff; sources, 158; 
studies of, 9, 93, 100; thickness, 179, 
284; weathering to gumbotil, 183, 
285; see also, Albertan, Pre-Kansan, 
Sub-Aftonian, Nebraskan till 

Nebraskan drift plain, relief on, 254, 
map, 206 

Nebraskan glacial stage, 134 
Nebraskan gravels, at Iowa City, 204; 

history, 124; in Delaware county, 
204; in Washington county, 203; 
name proposed, 191; weathering, 285; 
see also Aftonian gravels 

Nebraskan gumbotil as horizon marker, 
124, 127, 183, 286; character, 163, 205; 
clay and sand content, 166; distribu
tion, 286; map, 206; elevation at Af
ton Junction, 188; elevation in .John
son county, 151, 154; in Monroe coun
ty, 146; in Poweshiek county, 146; 
in Winneshiek county, 155; near Af
ton, 189; near Portsmouth, 144; ero
sion, 180, 207; in Crawford county, 
197; in Delaware county, 154; in 
Humboldt county, 235; in Johnson 
county, 151; in Lee county, 148; in 
Monroe county, 146; in Montgomery 
county, 143; in P oweshiek county, 
146; in Shelby county, 209; in Taylor 
county, 255; in Wayne county, 146; 
in Winneshiek county, 155; minerals 
in, 168; near Afton, 145; near Block
ton, 143; near Cherokee, 158; near 
Coralville, 154; near Gladstone, 146; 
near Manning, 144; near New Mar
ket, 143; near Osceola, 145; near 
Portsn1outh, 144; origin, character, 
13, 110, 204; outcrops, map, 127, 128, 
141 ff; pebble analyses, 143, 145, 168; 
relation to tills, 284; sections, 141 ff; 
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soil b and on, 144; surface, 137; t h ick
ness, 133, 140, 285 

Nebraskan .gumbotil· plain, altitude, 
map, 206; erosion, 205, 217; extent, 
131, 207 

Nebraskan ice sheet, area, 133, 284; 
relief effaced by, 183 

Nebraskan till, and Kansan till, dis
tinctions, 192, 284; oxidized and 
leached, character, 171; pebble 
analyses, 142, 173; sand and clay con
tent, 172; texture, 172; thickness, 
17 4; oxidized and unleached, charac
ter, 174; clay and sand content, 176; 
pebble analyses, 142, 177; texture, 
175; thickness, 17 4; unoxidized and 
unleached, character, 178; pebble 
analysis, 142; see also Nebraskan 
drift 

New Boston, Kansan drift near, 221 
New Market, Nebraskan drift near, 143 
Niagaran rocks, area, character, 21 
Nor th western Iowan drift area, 83, 118; 

topography, 53 
Norton, W. H., cited, 30, 78, 271 

0 

0 'Brien county, Loveland loess in, 279 
Oelwein, cut near, 84, 199; Nebraskan 

(Pre-Kansan) drift at, 86 
Old drift of Winchell, 72, 130 
Older drift of Winchell, 72, 130 
Ontario, Toronto beds at, 77 
Ordovician rocks, area, character, 20 
Orton, Edward, cited, 72 
Osage, Kansan gravels near, 263 
Osceola, Nebraskan drift near, 145 
Osceola county, highest land in, 34 
Owen, D. D., cited, 73 
Oxidation of drift, 140; rate, 253 
Oxidized and leached Kansan till, char -

acter, 109, 241; Nebraskan t ill, 142; 
character, 171 

Oxidized and leached zone, thickness, 
109, 140 

Oxidized and unleached Kansan till, 
109, character, 246; Nebraskan till, 
142, character, 174, 246 

p 

Paha region, age of drift in, 80 
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Paleozoic rocks of Iowa, structure, 23 
Pearce, J. N., cited, 110, 145, 225 
Peat, Aftonian, in Crawford county, 

196; in Union county, 76, 95, 195; in 
western Iowa, 195; between two tills, 
141; in Lee County, 150; nestr Afton, 
76; near Oelwein, 200; near Thayer, 
196 

Peat, on Wisconsin plain, 61; map, 62; 
value in glacial history, 127; value in 
interglacial history, 286 

Peat and soils in eastern Iowa, 199 
Pebble analyses of Kansan gravel nenr 

Adams, 265; of Kansan gumbotil, 
238; of Kansan till, oxidized and 
leached, 244; oxidized and unleached, 
250; of Nebraskan gumbotil, 143, 145, 
168; of Nebraskan till, oxidized and 
leached, 142, 173; oxidized and un
leached, 142, 177, 188 

Pebble band on Iowan till, 125 
Pebbles, roundness, from Kansan gum

botil, 239; Kansan till, oxidized and 
unleached, 251; from Nebraskan gum
botil, 169; from Nebraskan till, oxi
dized and unleached, 177 

Pebbles, sizes, from Nebraskan gum
botil, 168; from Nebraskan till, 176 

Peneplains in Iowa, 31, 46, 50, 156; see 
Dodgeville, Lancaster 

P 'ennsylvanian rocks, area, character, 22 
Peorian epoch, deposits, 14; length, 100; 

loess, see Looss, Peorian; stage, locss 
of, 133; origin, 95; zone, named, 89 

Permian rocks, area, character, 22 
Pleistocene deposits, pre-Illinoian, rela

tions to Illinoian, 287; studies on, 9, 
71; work of Apfel on, 282; work of 
Kay on, 282; epoch, stages, 132, 283; 
faunas, studies, 105, 193, 211, 281 

Plymouth county, Loveland loess in, 278 
Portsmouth, Nebraskan gumbotil near, 

144 
Post-loessial interval of Chamberlin, 75 
Pottawattamie county, Kansan drift in, 

118, 226; Loveland loess in, 278; Ter
tiary beds ( f) in, 121 

Poweshiek county, Nebraskan gumbotil 
in, 146 

Preglacial bedrock surface, 24 

Pre-Illinoian erosion, 269; goology of 
Iowa, 9 

Pre-Kansan drift at Afton Junction, 
81, 186; at Oelwein, 84; distinct 
from Kansan, 99; in Iowa, 81; in 
northeastern Iowa, 83; .same as Ne
braskan, 134, 212, 283; see also Ne
braskan 

Pre-Pleistocene surface, topography, 
282 

Proterozoic rocks, area, character, 18 

R 

Recent stage in Iowa, 83 
Relief of Aftonian surf nee, 208; of 

bedrock, 28, 183; of Nebraskan drift 
plain, 254; of surface during Yar· 
mouth, 260 

Rhodes, Kansan drift near, 233 
Ringgold county, glacial plowing 1n, 

2].8 
Road patterns and topography, 49 
Rock, highest, in state, 26 
Rock surface slopes, 26 
Rock valleys, buried, 30 
Rocks, general section, 17; inftuence on 

topography, 44; resistance to erosion, 
19; unconf ormities in, 23; indurated, 
character, 16; Paleozoic, structure, 23 

Roundness of pebbles, sec Pebbles, 
roundness 

s 
Salisbury, R. D., cited, 72; work in 

Iowa, 83 
Sand content of Kansan gumbotil, 237; 

of Kansan till, oxidized and leached, 
244; oxidized and unleaclled, 250; 
of Nebraskan gum botil, 167; of Ne
braskan till, oxidized and leached, 
172; oxidized and unloached, 176 

Sands, see Gravels 
Sangamon soil zone, named, 89; stage, 

deposits, 14; gumbotil in, 133; length, 
288 

Sardeson, F. W. cited, 114, 125 
Sante Fe R. R., cuts on, 221 
Savage, T. E., cited, 94, 95, 195 
Schoewe, W. H., cited, 122, 203, 270, 

275 
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Scott, W. B., cited 85 
Second till of Chamberlin, 72, 75 
Sections of Kansan drift, 219 ff; of 

Nebraskan drift, 141 ff 
Shales, Cretaceous, Nebraskan drift 

from, 158 
Shelby county, Aftonian loess in, 209; 

glacial beds in, 119; Loveland loess 
in, 279; Nebraskan drift in, 144 

Shelbyville till sheet, age, 90 
Shells, Pleistocene, age, 97 
Shimek, B., cited, 80, 98, 119, 120; 

named Loveland beds, 106, 120, 277; 
named Nebraskan drift, 100, 134; 
studies of loess, 95; work on Afton· 
ian gravels, 97, 187, 193 

Sibley, highest land near, 34 
.Silt content of tills, see Clay content 
Silts, Aftonian, in Crawford county, 

197; in Lyon county, 160; Loveland, 
near Cherokee, 160 

Silts and sands, Loveland, in weste1·n 
Iowa, 120, 277; Yarmouth, near Mus
catine, 276 

Silurian rocks, a rea, ch aracter, 20 
Sioux quartzite, area, character, 18 
Soil, buried, between drifts, 71, 266, 

279; see also Aftonian, Soil zone, 
Soils, Yarmouth 

Soil zone on Kansan gumbotil, 266, 267; 
in Black Hawk county, 280; in Davis 
county, 267; in Guthrie county, 267; 
in Muscatine county, 260, 266; on 
Nebraskan gumbotil, near Delmar, 
201; near Manning, 144; near Oel
wein, 84, 200; under Illinoian drift, 
266; under I owan drift, 267; see also 
Aftonian, Yarmouth 

Soils and peat, Aftonian, in eastern 
I owa, 199; and vegetal material, 
Yarmouth, 266 

Stacyville, Kansan gravels near, 264 
,Story county, Kansan drift in, 233 
Strata of Iowa, general section, 17 
Streams, erosional work, 39; of Iowa, 

basins, map, 35 
Structure of Paleozoic rocks, 23 
Studies of Pleistocene deposits, 71 
Sub-Aftonian drift, 86, 134, 212, 283; 

-

age, 84; at Afton Junction, 186; at 
Oelwein, 84; usage of term, 104 

Synclinorium in Iowa rocks, 23 

T 

Tabular divides, character, 42 
Tama county, Iowan boulders 1n, 94; 

Nebraskan drift in, 146 
Taylor county, Nebraskan drift in, 141, 

143, 255 
Templeton, Kansan drift near, 226 
Terraces in northeastern Iowa, 157 
Tertiary i deposits in Council Bluffs, 

121; rocks, character, 23 
Texture of Kansan gumbotil, 236; of 

K ansan till, oxidized and leached, 
243; oxidized and unleached, 249; of 
Nebraskan gumbotil, 165; of Nebras· 
kan till, oxidized and leached, 172; 
oxidized and unleached, 175; unoxi
dized and unleached, 179 

Thayer, Aftonian loess near, 208; Af. 
tonian peat near, 76, 196; cuts near, 
95; gravels at, 75, 76, 184; age, 98, 
196; recent work at, 123; study of 
deposits at, 75 ff, 95 ff, 123, 182; see 
also Afton, Afton Junction 

Thayer pit, exposure in, 95, 186, 188 
Thickness of Kansan drift, 254, 285; of 

l(ansan .gumbotil, 241, 285; of Ne
braskan drift, 179, 285; of Nebraskan 
gumbotil, 285 

Thorpe, Nebraskan gumbotil at, 154 
Till, character, 138; oxidation, rate, 

253; secondary calcareous material 
in, 24 7; see also Nebraskan, Kansan, 
Illinoian, Iowan, Wisconsin drift 

Tills, relations to gumbotils, 109, 214, 
285 

Tilton, J. L., cited, 79, 106 
Time ratios of drifts, 82, 93, 99 
Topographies, erosional, 40 
Topography, alluvial depositional, 67; 

definition, 33; depositional, types, 
38; drift depositional, 58; drift• 
mantled erosional, 51; erosional, 
types, 38; lacustrine depositional, 65; 
loess depositional, 63; loess mantled 
erosional, 54 
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Topography and roads, 49 
'l'opography of Iowa, 33; origin, types, 

36; o.f Io,van area, 107; of northeast
ern Iowa, 45; of northwestern Iowa, 
48; of pre-Pleistocene surface, 282; 
of rock areas, 18, 20; of southern 
Iowa, 40 

Toronto formation in Iowa, 83; named, 
77 

Transportation, impo,rtance, 38 
Tro"•bridge, A. C., studies in northeast

ern Iowa, 156; studies on Mississippi 
river, 106 

u 
Udden, .T. A., cited, 122, 276 
U nconformitics in Iowa rocks, 23 
Union county, Aftonian Ioess in, 208; 

glacial plo·wing in, 218; gravels i,n, 
75-77, 123-125, 184-192; maps, 185; 
Nebraskan drift in, 145, 189; peat in, 
76, 95, 195 

University of Iowa stadium, Nebras
kan gumhotil at, 153 

Unoxidized and unleached Kansan till, 
character, 252; Nebraskan till, char
acter, 178 

Upham, Warren, cited, 76 

Upper Coal Measures, area, character, 
22 

Upper till of McGee, 74, 78, 102, 130, 
212, 283; age, 75, 87 i mapped, 80, 84 

V 

Valleys, age, 4.1; buried, 30; age, 282 
Vegetation on drift plains, 139 
\' olcanic ash in northwestern Iowa, 121 

w 
Warren county, age of drift in, 80 
Washboard topography, 43 
'\Vashington county, gravels in, 203; 

Kansan drift in, 223
1 

225 

Wayne county, Nebraskan drift in, 146 
Weathered Kansan till, formation, 259 
Weathering, results of, 11 · of drift, 

139; of Kansan drift, 218 
Webster county, gun1botil in, 233 
West Point, Illinoian drift near, 227; 

Kansan drift near, 227 
West Union, Kansan drift near, 230 
'\Vhite, C. A., cited, 73 
Wilder, F. A., cited, 94 
Williams, A . .J., cited, 47, 156 
Winchell, N. H., cited, 72, 130 
Windro,v formation, age, character, 23 
Winneshiek county, Io,van margin 1n, 

94; Nebraskan gumbotil in, 155 
Wisconsin drift, aron, topography, 14, 

58; Early, of Leverett, in Iowa, 114; 
in Iowa, 83; over Kansan drift, 233 

Wisconsin and Iowan stages, relations, 
114, 288; relative ages, 82, 93, 99 

Wisconsin ice sheet, area, 133 
World's Congress of Geology, Chamber

lin 's report at, 75 
Worthen, A. H., cited, 72, 90 

y 

Yarmouth, deposits at, 89, 257, 266 
Yarmouth epoch, deposits, 14, 258; al

teration of materials in, 258, 262; 
erosion 1n, amount, 268-276; evi
dences, 268; Kansan gumbotil formed 
in, 259; Lake Calvin in, 270-276; 
length, 99; life in, 281; Loveland a 
part of, 277; named by Leverett, 89, 
257; surface relief in, 260 

Yarmouth features, description, 259; 
record, 257; studies of, 9 

Yarn1outh inter.glacial stage, 257-281; 
gumbotil in, 133 

Yarmouth loess in Illinois, 287; sands 
and gravels in Iowa, 260; silts and 
sands, 276; soil and vogetnl mnterinl, 
266; soil zone, named, 89 
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