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Foreword 
This bulletin tells how natural erosion has helped shape thelandscapes of southwestern Iowa and affected the kinds of soiland their distribution. In soil mapping the scientist looks forchanges in the soil wherever there is a change in one of the soilforming factors. The extent to which he can identify and interpret correctly changes in the age of the land surface influencesthe efficiency of his work and the accuracy of his maps.Only recently have attempts been made to study the preciseeffects of natural erosion on soil genesis. These relationships areimportant to soil classification, to the drawbg of soil boundariesin the field, and to predictions of how soils will behave under use.The understanding of them is critical to the main purposes ofour soil surveys. Studies of loess thickness in Illinois show thaton many sloping ridges there h,1;S been no significant erosion sincethe loess was deposited. On other slopes comparable in gradientmany feet of loess were removed by erosion prior to settlement.Obviously, erosion has not everywhere been active to the sameextent.
Studies of the soils in southern Iowa showed that soils on whatappeared to be comparable slope and parent material differedwidely in their properties. Some appeared to be very weakly developed and were comparable to those on the most recent glacialtills. Others were strongly developed but no predictions could bemade about the precise locations where a given kind of soil mightbe found. Apparently erosion had been active at different times,but no clues were known for distinguishing between the youngerand the older surfaces.
This bulletin shows that there have been many periods in thepast when erosion was active and that the land surfaces on different parts of the side of a single hill may have been formed atdifferent times. Evidences of repeated erosion cycles are steppr.dslopes formed by the successive cycles of erosion. On such slopesthe youngest surfaces lie below the lowest step; the surfaces increase in age upward from step to step. Therefore, the soil scientist should look for the changes in soils that are associated withtime at any of the steps on the slope. The bulletin tells how thesoils in southwestern Iowa differ on land surfaces of different age.The text will require study. The evidences are technical, andmost soil scientists will need to develop a new vocabulary tounderstand them. Yet if one is interested in how the pattern ofsoils is related to cyclic erosion, this bulletin is well worth thetime and study necessary to understand it. The evidences of cyclicerosion explained here may be seen over and over in most humidparts of the world. They are not unique to Iowa. The relationsbetween soil and erosion cycles are not everywhere the same. They

• can only be worked out area by area but the methodology can bedeveloped from the pattern given here. 

Guy D. Smith
Di'J"ect01', Soil SU?'vey Investigation,;; 
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Preface 

Landscape Evolution and Soil Formation in Southwestern Iowa 
is a report of a project of Soil Survey Investigations, Soil Con
servation Service, undertaken in 1953. The major objective of the 
research was to evaluate the influence of geomorphologic processes 
and hi.:;tory in the genesis, geography, and classification of soils 
in selected areas in southwestern Iowa. The work was done from 
1953 through 1956; the original manuscript was written in 1957. 
Since then changes have been made in the classification of the 
Wisconsin glacial stage in Iowa and adjacent Staies. The material 
presented in this bulletin should be read within the context of 
these changes published in: 
RUHE, R. V., R'OBIN, M., and SCHOLTES, W. H. 1957. LATE PLEISTOCENE 

RADIO-CARBON CHRONOLOGY IN IOWA. Amer. J. Sci. 255: 671-680. 
RUHE, R. V. and SCHOLTES, W. H. 1959. IMPORTANT ELEMENTS IN THE 

CLASSIFICATION OF THE WISCONSIN GLACIAL STAGE--A DISCUSSION. J. Geo. 
67: 585-593. 

WRIGHT, 	H. W. and RUHE, R. V. Glaciation of Minnesota and Iowa, p. 29-41, 
and RUHE, R. V. Quaternary paleopedology, p. 755-764. In WRIGHT, HERBERT 
E. JR., and D. G. FREY, eds. 1965. THE QUATERNARY OF THE UNITED 
STATES; A REVIEW VOLUME FOR 'fHE 7TH CONGRESS OF THE INTERNATIONAL 
ASSOCIATION FOR QUATERNARY RESEARCH. Princeton Univ. Press. 

RUHE, 	R. V. 1965. IDENTIFICATION OF PALEOSOLS IN LOESS DEPOSITS IN THE 
UNITED STATES. Nebr. Acad. Sci. Proc., INQUA Symposium on loess and 
related eolian deposits of the world. 

The report is presented in four parts. Chapter 1 discusses the 
relationships of Pleistocene geology, geomorphology, and soils 
along a traverse between Bentley and Adair in southwestern Iowa. 
This chapter gives the essential geologic and geomorphologic 
background for the succeeding studies reported in chapters 2, 3, 
and 4. 

Chapter 2 discusses the areal relationships of the Pleistocene 
geology and geomorphology in parts of the Greenfield quadrangle, 
Adair County, Iowa. The eastern end of the regional traverse 
described in chapter 1 is in the northwest corner of the Green
field quadrangle. Thus, it was possible to integrate the regional
traverse study with a detailed areal stUdy. The areal study is 
geologic and geomorphologic background for the detailed soils 
study. 

In chapter 3 soils of parts of the Greenfield quadrangle are de
scribed and discussed in detail and are related to the geology and 
geomorphology of the area. 

In chapter 4 the methodology of the soil-geomorphologic studies 
of the Greenfield quadrangle is applied to a small watershed in 
the thick loess area in the vicinity of cut 39 along the regional 
traverse between Bentley and Adair. 

The report is an evaluation of landscape evolution and soil 
formation in a humid temperate region. 

A. J. Cline and F. J. Carlisle, soil correlators, Soil Conservation 
Service, aided in the soils studies. The interest in the research 
of H. G. Hershey, Director, Iowa Geological Survey, and F. F. 
Riecken, professor of soils, Iowa State University, is appreciated. 
Many of the laboratory analyses reported here were made by per
sonnel of the Soil Survey Laboratory. 

ill 



Contents 
Page 

CHAPTER 1 The relation of Pleistocene geology and soils between 
Bentley u.nd Adair in Southwestern Iowa, by Robert V. Ruhe and
John G. Cady _____________________________________________ -- ---- - _ 1 

Introduction_________________________________________________ ---- -. 1 
Pleistoe~iIle stratigraphy ________________________________ - __ -- --. -- - - - 2 

Nebraskan tilL __ ... ___ ' ____ • __ - _______________ • _______ - ______ --- -- 6 
Aftonian clay __________________________________________________ ---. 11 
Kansan till. ________________________________________ - - - - - - - _ - - - - - - - 14-
Yarmouth elay. __ • ______________ .. _________ • _______ ~ __ -- --_--- ---- 20 
Loveland loess___ - _____________ • _________ . _. _____ • _-- ___ --- ____ ---- 26 
VVisconsin loess _________________________________________________ --- 32 

Gcomorphology_________ • _____________________________ .____________ -14 
Yarrnouth-Sangarnon surfacc ________ . __ .. ___________________ -- - - - _ 44-
Sllnganlon surfacc____ . _. __________ •. _____ . ___ . ________ - _--________ 47 
Late Sangamon surface______________ .-_ ... ________________________ 58 

VVisconsin Surfacc-complex___________ . ________ . ___ . _________ • - - --___ 71 
Early Wisconsin surface of dissection_- ___ .. _____ • ___ -_____________ 72 
Early Wisconsin ([owan) terracc __________________________ - - ___ --- 72 
Late Wisconsin surface ofdissection____ ___________________________ 72 
i{ecent gully cut-and-fill surface_________________ .. _______________ 76 

Relationship of Plcistocene stratigraphy and geomorphology to soils_ 77 
Yar'!'outh.-Sal!gllm?n surface, Latc Sangamon pedirnent, and 

WIsconSin dlssectron ____ - - - - ___ - __ - - - - - - - - - - ____ - __ - - ___ - - -_ -- - - 77 
Sa~,:am~n surfacc, Late S!..n~amoll pediment, and Wisconsin 
d~scct")n __ " _________________ -._________________________________ 82 


Wisconsin surfaccs ______________________________________________ -. 85 


CIIAI'TER 2 Gcomorpholo,:y of parts of thc Grcenfield quadranglc, 

Adair County, Iowa, by Robcrt V. Ruhe____________________________ 93 


Introduction _______ ._______________________________________________ 93 

Plcistocene deposits __ • ________________________________ . _____ -------- 94-


Nebraskan tilL ___ " _" _. _________________________________ .. ___ -- ___ • 8·1, 

Kansan tilL •.. ________________________ • ____ . ___ .. _._.____________ 96 

Wis(!onsin loess ______ . ________________________________________ ---- - 97 


(;eomorphic surfaccs ___ ., ________ . _____________ • _. ______________ ---- 10L 

Landscapc _______________________________________________ -------- 101 

Yarmouth-Sanganlon surface______ .. ___ • ________________________ -. 10-1 

Latc Sanl'(anlon" surfa(:e________________________________ • ____ - __ - - - - 113 

Early \l'isconsin surfaees ______________________________________ .___ L36 

I.atcWis(.o!lsin-Rcecntcomplex----- ________________ ... ____ _ I-t3 


Rclation of Pleistocenc deposits, I!eomorphk surfa(!es, and soils_____ _ 156 

Resurrection ofl'alcosolic surfaces__________ ,. __ ._. _______________ . 157 

Ta;"ewellupland and soils ____ "' __________ • ___________ . __ . ___ .-___ 158 

Latc Wiseonsin-Rceenl complex and soils____ . _ "___ " ____________ -. 160 


• 

jv 



Pa,e 
CIIAI'TIUI:l SoilM of the SOllth Turkc,' Crcck urCII, Grcenfield 

tJlllulrunglc, Adllir County, 10WII, hy Huy;nnrul B. DUlliel!l lind Johll 
G. Clldy "' • _ ., ...... _. __ _ ... _ • • • . • ... " • ... .. 16:1 

Introdllt:tioll. 16:1 

Soil!<. _ .. 161\ 

Lllhoratory luot'cdu n·..... 16:\ 


EXP"MCd plilcuMulM ... •. 165 

I'lIlt:o-!!c.. llltlrphit, MUrral't:" IIlld !lnil !!co!!raphy... 168 


Soil!l uf t hl\ TIIZt:Wl:iI uplalld!! 169 

Soil" of t hc III tc Wi"cUI,,;ill-llt:t,t:!<1 t (,tHlll'lt:x Ii.l 


Soil" un mllt:y MlopcM ill KlIll!lall till Ii.!) 

Suil" ill mllc"-",itlt: alltniulII 1119 


lliHt"I""i..II...... . 195 

Fllt'lorM iullutlllcill!! soil forlllllt.iull 201 

History of thc H.. iIH 202 


CIIAI'TEIl·l Soil lands.'lIllcs ill thc thkk loc!lll of tlclltrlll !'nUII
wlltlamic COUllty, 10WII, hy Ilaynltllul B. Hallit:IH. 205 


Introtluetioll • 205 

1'lcilltOt:cntl ar~d rCt:tllll dCpollits, 206 

Gcumorphit: IIU rfllt,tlH 209 

Soil", • 212 

Morpholo!!)'. , 212 


I'h}"it'lil ulld .-iWllli('1I1 propcrtit,s. _... 21i 

SUlnrnun' IIlItl ,'ont:lusioll"... 22.l 

Litt:rut.u~c dtctL • 225 

Al'pcrulix... 2:1:\ 


,.. 

• 

,. 




T 

77 

N 

T 
76 
tl 

!. 
T 
7' 
N 

T 
14 
N 

R33WR36W R3'WR~3W R42W R41W F.4c!W R39W R38W R31W R34W 

FIGURE I.-Location of traverse in Pottawattamie, Cass, and Adair Counties, southwestern Iowa. Cuts and sections are n'.1mbered 
1 to 50 and lette!'ed A to H. (See pI. I) . 

.. 




Chapter' 1 

The Rdation of Pleist.ocene Geology and Soils 

Between Bentley and Adair in Southwestern Iowa 


by Robert V. Ruhe, research geologist, and John G. Cady, soil scientist, 
Soil Conservation Service 

Introduction 
During 1953-54, a detailed field study of the PleistDcene geology 

and geomorphology was completed along a traverse from Bentley, 
Pottawattamie County, to near Adair, Adair County, Iowa (fig. 1). 
The traverse is composed of two segments: (1) From Bentley to 
Atlantic, Iowa, and (2) from Turkey Creek west of Adair, Iowa, 
to Middle River to the east. The two segments are separated by a 
gap of about 21 miles. 

FIGURE 2.-Undulating to roIling, loess-mantled topography along western 
end of traverse near Bentley, Iowa. Cuts 50 to 44 are located. (Airphoto 
by Pilot-Photographer Don Ultang, Des Moines Tribune, Sept. 3, 1953.) 

1 
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The location of the traverse was determined by the construction 
of the relocations of the Chicago, Rock Island, and Pacific Railroad 
in these areas. Fifty-eight major cuts, some 60 to 70 feet deep 
and % to % mile long, were made along the traverse between 
October 1951 and early summer 1954. As a result, excellent ex
posures of Pleistocene deposits, as well as soils, were available 
for study (46).1 

The tr~,verse transects the loess-mantled Kansan drift plain in 
southwestern Iowa, which Kay and Graham (26, p. 76, 160) 
called loess-mantled erosional topography. The terrain is gen
erally undulating to rol1ing and has slopes ranging from 3 to 15 
percent (fig. 2). 

Pleistocene Stratigraphy 
At the time this study began, the Pleistocene section in south

western Iowa was recognized as shown in t2.ble 1. Thus, it was 
composed mainly of two drifts overlain by two major loess sheets. 
From the base upward was Nebraskan drift, Kansan drift, Love
land loess, and Wisconsin loess. Buried soils, weathered zones, 
erosion surfaces, or interbedded sediments separated the members 
of the sequence. The uppermost loess contained interbedded 
buried soils. 

TABLE l.-General Pleistocene section in southwestern Iowa 

I , 
Glacial stage i Interglacial ; Evidence Authority

! stage ________________1_________1___________________________________ 

'~Iallkatu---II-----------Cary _________________ 1}LOeSB_ ------- ------ t) 

,. . 1 r.raC~;;.ll- -----------1 SoiL ______________ Ruhe (46) 


\\ IS(:ollsmi Tazewell._ -f--- ---Iowan-----f--------------- }L. oess _____________ _ 

Farmdale- ___________ SOiL _______________ } 


tFalr~~d~:l~ __ '--_ __ _ _ _ ___ Loess_ ___ __ ____ ___ _Mickelson (38) 

Sangamoll_ WeMhcrcd zuncs, Kay and Graham 
suils, peat" erosion. (26, 45-55). 

Kay and Graham 
(26, 63-75).

Illinoian _______________________ _ Loveland loess _ _ __ __ 	 Mickelson (38) 
Leighton and Willman 

(33, 601-602).IYarmouth_ Soils, erosion, Kay and Apfel 
sediments. (25, 257-281). 

l
DrifL ______________ 	 Kay and ApfelKllnslllL_ -- _---- _--- _1_ --- -- ----

(25,212-256). 
Aftonian___ Soill:l, peat, • KlIY and Apfel 

wCILthered zonel:l, (25, 183-1H11). 
crr,sion. 

:~:~l~kan'~~~~~l~_-_-_--_-_-_-_-_-'-o__ri_£',_-_--_-_-_-- - - -- - --- KI(~d~I~1t!l~eci). 

I Italicized numbers in parentheses refer to Literature Cited, p. 225. 
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MINERALOGY 

Mineralogical composition of selected examples of the different 
deposits exposed in the railroad cuts was studIed by optical, X-ray, 
and differentIal thermal procedures . .! Most of the samples came 
from the Sangamon soil profiles in the Loveland loess, but samples 
from Farmdale loess, basal WIsconsIn loess, Kansan till, Nebras
kan till, the Yarmouth and Aftonian clays, and modern soils in 
Wisconsin loess also were included. Table 2 lists the locations and 
stratigraphic posItions of the samples from the railroad cuts. In 
addition to these samples a Marshall and a Dow soil profile near 
the railroad cuts and several miscellaneous samples from farther 
east and west were studied. 

Samples were dispersed by standard procedures and separated 
into sand, silt, and clay fractions by sieving and decantation. 
Sand and coarse-silt fractions were examined with the petro
graphic microscope, and estimates were made of general composi
tion. Heavy minerals in the 50- to 100- and 20- to 50-micron 
fractions were separated and the composition of the heavy sepa
rates determined by counting several hundred grains. The 2- to 
20-micron silt was examined with the petrographic microscope 
and also by X-ray diffraction on nonoriented powder mounts. 

The clay fractIOn was analyzed as oriented aggregates on glass 
slides with magnesium saturation and glycerol solvation and with 
potassium saturation and heating by stages to 500 0 c. 

Selected representative samples of different materials were 
studied by ditferential thermal analysis. 

In general, all the tills, clays, and loesses contain the same min
eral suite with different proportions of minerals due to variations 
in source during deposition and in weathering either before or 
after deposition. 

Quartz, chert, and assorted feldspar are the major components. 
Feldspar content is fairly high in most of the sand fractions, 
ranging from 15 to 30 percent, but it diminishes with decreasing 
particle size to a few percent in the finer silt. Muscovite and 
biotite are always present but vary greatly according to degree 
of weathering. Volcanic glass is present in traces in most of the 
loess and clay samples but is rare or absent in the tills. 

Heavy-mineral weight percentage ranges roughly from 1.0 to 
2.0 percent. Among the heavy minerals the following minerals or 
groups of minerals make up appreciable percentages: 

H ornblellde (and other a,mphiboles and PY1·oxenes). The abun
dant member of this group is the typical variety of green, slightly 
pleochroic hornblende; basaltic hornblende is the second most 
abundant in the group, generally about one-Mth to one-third as 
common as the green variety. Also present are tremolite, actino
lite, augite, diopside, enstatite, and hypersthene. Because the 
group is dominated by hornblende and because it is believed 
that all are affected similarly by weathering, they are inCluded 
with hornblende in reporting the results of counts. 

~ William F. Holton prepared separates and thin sections and assisted in 
mineralogical analyses. 
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Epidote. Included with epidote are zoisite and clinozoisite. 
Most of the epidote group, especially in the smaller sizes, is color
less or pale green, slightly altered, and much of it more nearly 
resembles published descriptions of zoisite and clinozoisite than 
true epidote. It is a very common mineral in all the samples and 
presumably is moderately resistant to weathering. 

Garnet. Garnet is common and widely distributed. Most of it 
is colorless or very pale pink but in larger sizes some is deep pink 
and there are a few brown grains. Though generally considered 
a stable mineral, the variations in amount of garnet suggest that 
it weathers at least as readily as epidote. 

Titanimn minerals. Sphene, rutile, and anatase are the common 
members of this group. In small sizes the sphene is colorless and 
sometimes' is difficult to distinguish from broken zircon frag
ments. Several varieties of rutile and anatase are present. In the 
silt fractions brownish and yellowish granular aggregates with 
high birefringence are the abundant titanium mineral. These may 
be either rutile or anatase and are possibly authigenic. 

Zircon. Several varieties are present, including clear, sharp 
tetragonal prisms; rounded, clear ovoid grains; zoned, flattened 
brown crystals; and broken fragments of clear crystals. Zircon 
is one of the most resistant minerals. 

7'ou'l'maline. Though tourmaline is very resistant to chemical 
weathering, there are only small amounts in these deposits. The 
pale pink-to-green variety is the most common, but a few pink
dark brown and some practically colorless grains are present. 

Other minerals totaling only a few percent of the heavy fraction 
include kyanite, sillimanite, staurolite, andalusite, corundum, 
spinel, and apatite. Kyanite and staurolite are more abundant in 
tills than in loesses and clays. Apatite is variable since it is easily 
weathered but is common in unweathered loesses and tills. 

Opaque mine-rals. Generally 30 to 50 percent of each heavy 
separate is composed of opaque grains and almost opaque aggre
gates. These were not included in the percentages reported be
cause of the difficulty of identifying them and readily distinguish
ing primary grains such as magnetite and ilmenite from secondary 
aggr~gates, cemented by iron or' manganese oxides. Manganese 
oxide concretions are common in the sand and silt fractions as 
shown by tests with hydrogen peroxide. 

Nebraskan Till 

Two older glacial tills, Nebraskan and Kansan, have been recog
nized in southwestern Iowa (25, pp. 141-146). The two tills have 
been separated generally by a "gumbotil" II in the uppermost part 
of the subjacent Nebraskan till, or by leached gravels or peat 
between the two tills. 

In seven of the cuts (pI. I: 9, 28, 29, 30, 31, G, H) along the 
traverse, two tills are exposed. The lower in these sections is 
believed to be the Nebraskan and the upper the Kansan. The two 

3 Gumbotil, although considered by Kay (25, p. 182) to be something other 
than a soil, has been recognized recently (56, 60) as a buried soil and gen
erally a Planosolic or Humic-Gley soil. 

,. 
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tills generally do not differ distinctly from each other in their least 
weathered. zones, the oxidized and unleached till. They are a 
yellowish brown (10YR 5/6-5/8),'1 coarse angular blocky loam to 
clay loam. For example, the textures and mineralogical composi
tions (sand fractions) of oxidized and unleached Nebraskan and 
Kansan tills of cut 31 do not differ greatly (table 3). 

TABLE a.-1'extural and m:ineraloolcal comparison of 
Nebraskan a/td Kan.~alL tills, cut 81 

I 

Texture and minernlogy I Nebrllskun Kunsllll 

Texture: 1 Percent PercentSund und gr!lvel (>621')____ • __ • _____________________ _ 2i.l 2!)'4
Very cOllrse silt (62-311')_____________________________ _ 11.8 13.!)Course silt (31-16 1')_________________________________ _ 12.i 14.4Medium silt (l(i-8 J.I)----- ___________________________ _ 6.i 5.4 
Fine silL (8-4 J.I)------------------------ _____________ _ 5.4 6.4 
\'ery fine silt (4-2 J.I)---------------------------------- 6.3 4.1OIIlY «2 J.I)----------- _____________________________ _ 30.0 26.4 

Mineralogy: ~Quartz_____________________________________________ _ 
80.0 80.0Limestone-dolomite ____________ •_____________________ _ 8.2 6.0Granite. ___________________________________________ _ 
5.1 6.0Busal t _•• ___ •________________ • _____________________ _ 
1.1 2.0 

QUlIrtzite_. ___ -- -- ----- ------ ----- __ --- --- ------- __ --I 1.1Chert. _____________________________________________ _ 1.5 
Sandstone__________________________________________ _ 2.5 2.5 

2.0 2.0 

1 Geologic datu concerning pnrtic1e-llize distributions of sediments nre reported ill 
terms of Il modified Wentworth si7.e ciussifit'lltion. Geologists genernlly cQnsider the 
upper limit of cillY si7.e to be approximately 4 J.I. To conform to the soil scientist's 
upper limit of l'IIIY at 2 /J, tho si7.e fraction 4.-2 /J is clussed very line silt instead of cltty 
Ill:! required by t.he Wentworth size clnssificlltion. Geologist.s consider the upper 
limit, of silt size to be l{6 mm. (62 J.I). The soil scientist's upper limit is 50 J.I. To 
utili7.e pllrtil'le-si7.e distributions stalisticnlly, Il sCllle of sizcs thllt is bused on strict 
geolIletric intervals is best. The modified Wentworth scale is so bnsed. The soil 
sci{ ',tist's scale is not. Data in this report lire presented in bot.h systems. 

2 I '~ sund and gravel fractions. 

Mineralogical composition of the very fine sand, silt, and clay 
of a sample of this till from cut 31 showed that the sand contains 
about 25 percent feldspar and that mica is common. The feldspar 
and mica content decrease with decreasing particle size. High 
hornblende content of the nonopaque heavy mineral separates 
from the fine sand and coarse silt (table 4) indicates that the ma
terial is relatively fresh and unweathered. 

The clay fraction is composed mostly of montmorillonite, with 
lesser amounts of illite and kaolin. Kaolin content is slightly 
higher than in the loesses. 

In cut 9 (fig. 3) the two tills differ lithologically. The upper 
Kansan till is bouldery, whereas the lower Nebraskan till contains 
few boulders. 

The Nebraskan till is separated from the overlying Kansan
'I 

till on the bases of: (1) a buried soil in the uppermost part of the 

,1 Munsell soil colors. 
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TARLE 4.-Proportions of nonopaque heaLY minerals, sample 20, Clit 31 

Size-fraction 
Mineral 

50-100 ~ I 20-50 ~ 

Percent I Percent 
~,,.Hote 25 ; 27 

17 
12 
24~~~~::;:~;;======:~====:::=:==:======:::===:===========! 
12 

4 

l:!.orn,?lendc: ---- _- - _- -- ---- -- --- - -- - - --- - - - -- .. - - -- - - - - - j'I1t.allJUm mmenLls •• __________________________________ . _. 
Miscellaneous __________ • __________________________ - - - __ 4 

Nebraskan till, (2) an interbedded sediment that may be a lacus
trine clay though leached of carbonate, and (3) an erosion sur
face marked by a stone line at the top of the Nebraskan till. 

For example, between stations 150 and 250, cut G (fig. 3) 
yellowish brown calcareous Kansan till overlies a Humic-Gley soil 
profile in Nebraskan till. In the upper 18 inches the buried soil is 
a dark gray (10YR 4/1), fine subangular blocky, gritty, plastic, 
leached clay loam. Wood fragments" up to 9 inches in diameter 
and 24 inches long are imbedded in this zone. From a depth of 
18 to 33 inches a gray (10YR 5/1), leached, gritty, plastic, silty 
clay extends to the base of the cut. This zone also contains wood 
fragments. In a boring it graded downward into leached, yellow
ish brown till. At a depth of 95 to 100 inches below the top of 
the buried Humic-Gley profile the yellowish brown till is cal
careous. A contact marked by the top of the buried soil can be 
traced eastward through the cut, stations 300 to 950, and is dis
tinct even though the upper and lower tills are calcareous. At sta
tions 500, 650, and 800, bedding planes of sand and gravel that 
extend downward into the lower till are beveled by the base of 
the upper till. The gravel lens at station 500 is leached of car
bonate although overlain by calcareous Kansan till and underlain 
by calcareous Nebraskan till. 

At the eastern end of cut H (fig. 3) the upper part of the 
Nebraskan till is leached of carbonate and is overlain by cal
careous Kansan till. 

In both of these sections (G and H) the tills are separated by 
buried soils or by weathering zones formed during the Aftonian 
interglacial interval (25, pp. 182-211). In the eastern pal·t of cut 
G the Kansan glacier ice probably overrode and truncated a topo
graphic high on the Nebraskan till surface so that the Aftonian 
soil was stripped. Later deposition of till by the Kansan ice 
brought that younger, unweathered till in contact with the older, 
unweathered Nebraskan till. At the western end of the cut, the 
buried Humic-Gley soil occupied a depression on the Aftonian 
surface on Nebraskan till. The Kansan glacier ice overrode the ,. 

:. D. W. Bensend, Department of Forestry, Iowa State University identified 

the wood as spruce (Picea sp.). 
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depression without removing the soil. Calcareous till deposited 
by the younger glacier ice buried and preserved the Humic-Gley 
profile. 

In cuts 9, 28, 29 (fig. 3) a zone of leached gray clay from 12 
to 18 inches thick separates the two tills. The Kansan till that 
overlies this thin zone is calcareous to its base. The upper part 
of the Nebraskan till that underlies it is leached of carbonate to 
depths of 12 to 60 inches. A buried soil is not identifiable mor
phologically beneath the clay in these sections. 

In cuts 30 and 31 (fig. 3) the leached clay is from 60 to 72 
inches thick and separates the upper calcareous Kansan till from 
the lower calcareous Nebraskan till. At station 1,100 in cut 31 
the basal part of the lake clay is calcareous and contains lime
stone pebbles as well as calcareous, aquatic, gastropod shells. 
Below this horizon a gray, sandy, leached, coarse angular blocky, 
till-like sediment is 38 inches thick and grades downward into a 
leached, sandy gravel. The sand and gravel zone is 15 inches thick 
and rests upon a layer of cobbly gravel. The cobbly gravel occurs 
as a stone line throughout the cut and mantles calcareous 
Nebraskan till. 

The till-like sediment and sand and gravel are believed to be 
a sediment deposited on an erosion surface on Nebraskan till. 
The cobbiy gravel stone line is a lag gravel and is evidence of an 
erosion surface on Nebraskan till. The leached translocated sedi
ment separates the underlying calcareous Nebraskan till from 
the overlying calcareous Aftonian lake clay. A weathered zone 
separates the till from the clay. 

Thus along the traverse, buried soils, leached sands and gravels, 
and a forest bed associated with a buried Humic-Gley soil fulfill 
Kay's (25, pp. 141-146) requirements, and separate the lower till 
from the overlying sediments. On these bases the till is classified 
and correlated as Nebraskan in age. 

Aftonian Clay 

Clay interbedded between tills of Nebraskan and Kansan age 
and stratigraphically separated from the tills by buried soils, 
weathering zones, and erosion surfaces establishes the clay as 
Aftonian in age. The Aftonian clay crops out in cuts 9, 28, 29, 
30, and 31 (pI. I). Its thickness ranges from 12 to 18 inches in 
cuts 9, 28, and 29 to 60 to 72 inches in cuts 30 and 31 (fig. 3). 

The sediment is gray (10YR 5/1-6/1), heavy, plastic, coarse 
angular blocky silty clay. Slickensides are prominent on the sur
faces of the blocks and indicate intensive movement within the 
mass. Such a plastic sediment between tills affords excellent 
conditions for earth movement (46). 

In cut 30 the plastic nature of the Aftonian clay is demon
strated by the protuberances of clay that extend upward 10 to 15 
feet into the overlying Kansan till. Their formation may be the 
result of adj ustment to hydrostatic stress as the Kansan glacier 
overrode the clay, which resulted in plastic deformation and in
jection of clay upward into the capping till. 
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In cut 31 deformation by plastic flow and shear is localized to 
the clay. The bed contains 46 percent clay. In contrast, the cal
careous Nebraskan till below contains only 30 percent, and the 
calcareous Kansan till above only 26 percent. Construction of the 
railroad cut permitted a release of the stress developed by the 
35 feet of overburden composed of Kansan till and Wisconsin 
loess. As a result, plastic deformation of the clay in the north 
face caused a psuedo-mudflow that moved down the face of the cut. 

On the south face of the cut a large earthslide developed (fig. 4). 
In July 1953 primary fractures that delineated the slump block 
extended from the base of the Aftonian clay up the face of the 
cut to the top of the Wisconsin loess. The distance along the face 
of the cut between the primary fractures was 225 feet. A critical 
shear surface on the clay and lower till contact projected into the 
cut and cropped out vertically at the top of the cut. Displacement 
of the slump block along the critical surface at the top of the cut 
was 4 feet. In October 1953 the toe of the slump block had 
moved 10 to 15 feet onto the grade of the railroad. In April 1954 
extensive displacement had taken place. Several times during the 
intervening period slumped material had to be removed from the 
railroad right-of-way. Vertical displacement along the cr~tical 
surface at the top of the cut was 10 to 15 feet (fig. 4). 

The difference in mass permeability of the two sediments prob
ably localized the critical surface at the contact between the clay 
and the lower till. The Aftonian clay has a coarse angular blocky 
structure in its lower part, with individual blocks 2 to 3 inches in 
largest dimension. The upper part of the clay has a fine to medium 
angular to subangular blocky structure. The blocks are 14 to 1f2 
inch in largest dimension. Thus, adequate channels are available 
for ground water seepage through the clay although the clay 
matrix is relatively impermeable. 

The underlying Nebraskan till has a coarse angular blocky 
structure. The blocks have dimensions of 12 to 16 inches. Ground 
water seeping through the overlying clay is temporarily impeded 
in its downward movement because of the discontinuity in avail
able channels at the contact. Lateral flow was shown by a line of 
seepage along the contact on the face of the cut. Thus, the co
incidence of stratigraphy and discontinuity of lithology was 
responsible for the localization of the critical surface in the 
stability of the cut slope. 

Lithologic characteristics of the Aftonian clay and presence of 
aquatic fossil mollusks in cut 31 show that it is a water-laid de
posit, possibly of a lake environment. Similar lithologic and 
stratigraphic sections 15 miles west of this area in Pottawattamie 
County indicate a considerable geographic distribution that pr~
cludes a river environment. 

The Aftonian clay has the same mineral components (table 5) 
as the Nebraskan till but in proportions that suggest that the 
material was more weathered, probably before deposition. Feld
spar, mica, and weatherable heavy minerals (amphiboles and 
pyroxenes) in fine sand and silt are in smaller proportions than 
in Nebraskan till. The clay fraction is montmorillonite, with 
minor amounts of illite and kaolin. 
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A 


FWURE ·l.-Earthslitle in cut a1, September 1953 (A) anti April 1954 (B). 
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TABLE 5.-P,'oportions of nonflpaque heavy minerals, sample 13, cut 31 

Size-fractions 
:\Iineral 

________________________________________1 5~100~ I 2~50~ 
Percent 

30¥~~~:l;~~::::::::::::::::::::::::::::::::::::::::::::1 
12 
10Zircon ________________________________________________ , 

Garnet________________________________________________! 
1;),1 

Hornblende_________________________________. __________1 15 I
Titanium minerals ______________________ . _______________ ' 10j 
~IllicellaneouB_____________ . ____________________________ ' 

5 i 
I I 

Percent 
41 
4 

14 
5 
3 

28 
3 

Kansas Till 

Kansan WI is the most widespread glacial drift in southwestern 
Iowa (25, pp. 215-217). It is exposed in 31 of the 58 cuts along 
the traverse (pI. I). 

Though it does not differ appreciably from the Nebraskan tex
turally or mineralogically (table 2), it does have a distinctive 
weathering profile that aids in deciphering the geomorphic his
tory of the landscape. 

A soil profile at the top grades downward into a zone that is 
yellowish brown (10YR 5/6-5/8) and leached of carbonate. This 
zone is designated as oxidized and leached Kansan till. It grades 
downward into till similar in color but different in that it con
tains primary carbonate in the form of limestone and dolomite 
particles and secondary carbonate in the form of calcareous con
cretions. This zone is designated oxidized and unleached Kansan 
till. It grades downward into dark gray (10YR 4/1) and very 
dark gray (10YR 3/1) till that contains primary carbonate. A 
designation of unoxidized and unleached Kansan till is given to 
this zone. 

The Kansan till overlies Nebraskan till in cuts G and Hand 
Aftonian clay in cuts 9, 28, 29, 30, and 31. There is unconform
able relationship along the contact between the two tills in cut G. 
At the west end, the unoxidized and unleached Kansan till rests 
on the buried Humic-Gley paleosol in the uppermost part of the 
oxidized and leached Nebraskan till. Eastward in the cut it over
lies oxidized and unleached Nebraskan till. Thus, angular trun
cation of the weathering profile in Nebraskan till shows the 
stratigraphic superposition of the Kansan. 

The Kansan till (pI. I) is overlain by Yarmouth clay in cuts 3, 
6, 12, 22, 23, and 27, by Loveland loess in cuts 33, 37, 39, and 50, 
and by Late Sangamon pedi-sediment in cuts 1, 10, 28, 29, 30, 32, 
46, A, B, C, F, G, and H, or the basal Farmdale increment of the 
Wisconsin loess in cuts 2, 8, 9, 31, 40, D, and E. 

In cut 3 the Kansan till is separated from the overlying Yar
mouth clay by a buried soil in the uppermost part of the till 
(fig. 5). A distinct white to pale yellow band that shows clearly 
in the face of the cut appears in the field to be the A2 horizon of 
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FIGURE 5.-Stratigraphic relationships of Kansan till, Yarmouth clay, and 
Wisconsin loess, cut 3. A Yarmouth paleosol separates the till from the 
clay. There is a Late Sangamon paleosol in the uppermost part of the 
Yarmouth clay and a third paleosol in the upper part of the Farmdale 
loess. 

this profile. However, many of its characteristics as determined 
from a laboratory sample indicate that it is probably a part of 
the Yarmouth sediment above it. Its heavy mineral separates 
resemble those from till more than those from the clay, except 
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A 

GULLY FI Ll 

.. 

B 

FIGURE 6.-Stratigraphic relationships of Kansan till, Loveland loess, and 
Wisconsin loess, cut 39. A, A Yarmouth paleosol occurs in the upper 
part of the Kansan till and a Sangamon paleosol in the upper part of the 
Loveland loess. A third paleosol is in the upper part of the Farmdale loess. 
Note the gully fill that truncates the Wisconsin nnd Loveland loesses. 
B, Detail of gully fill. The base of the fill is dated at 6,800 ± 300 years 
by radiocarbon analysis. 



17 LANDSCAPE EVOLUTION IN SOUTHWESTERN lOWA 

for a somewhat higher tourmaline content. A high hornblende 
content in the coarse silt in relation to that of the very fine sand 
indicates that the material has been <mly slightly weathered. The 
light mineral separate had a higher feldspar content than either 
the till or clay and about 10 percent of the fine silt fraction con
sists of opaline siliceous particles. Most of these particles are 
worn and broken, but many of them could be identified as remains 
of aquatic plants and animals. 

The particle size distribution is different from the till; the 
sample contains a little grit and coarse sand but is very high in 
silt and low in medium and fine sand as compared with the till. 
This sediment overlies a B horizon in the uppermost part of the 
underlying Kansan till. Apparently the A horizon was stripped 
during the lake episode that gave rise to the silt and clay. 

The buried soil in the uppermost part of the Kansan till is:6 
Section A: 
131• ., Light gray (5Y 7/2) to light olive gray (5Y 6/2) silty clay loam; 
0-1·\ inl'be~ moderate fine subangular blocky; hard when dry, friable when moiHt; 

below b~e day skins prominent; gritty; leached. 
of ¥ar
mouthc1ay 

B••b Light gray (5 Y 7/2) to light olive gray C5Y 6/2) clay; strong coarse 
14-40 inl'iJeli angular bloeky; very hard when dry, very firm when moist; moderate 

amount medium-sized distinct light olive brown (2.5Y 5/6) mottles; clay 
skins prominent; gritty; leached. 

B3Kh Plde yellow (5Y 7/2.5) to pale olive C5Y 6/2.5) light silty clay; weak 
40-54 in('hes (~oarse ~ubangular blocky; very hurd when dry, very firm when moist; 

medium-sized light olive brown (2.5 Y 5/6) mottles common; clay 
skins moderately prominent; gritty; leached. 

C:!KCRh Light gray (5Y 7/2) to light olive gray (5Y 6/2) clay loam; massive; 
13fH98 hard when dry, firm when moist; gritty to cobbly; calcareous till. 

inches 

Such a buried soil in Kansan till is excellent evidence of a 
disconformity between the Kansan till and the overlying Yar
mouth clay. 

A buried soil in the uppermost part of the Kansan till separates 
the WI from the overlying Loveland loess (fig. 6). The buried 
soil is:7 
Sectiom B: 
All. Pale brown (IOYR 6/3.5) to brown (lOYll. 5/3) light silty clay loam; 
0-18 indIes moderate fine angular blocky; hard when dry, friable when moist; cluy 

below ba~e skins distinct; gritty; leached. (Lower 3 inches may be weakly 
of Love developed A, horizon.) 
land loess 

Pale brown (lOYR 6/3) to brown (lOYR 5/3) silty clay; moderateUn" 
18-43 inl'hell coarse angular blocky; hard when dry, very firm when moist; clay 

skins prominent; gritty; leached. 
BT!. Light yellowish brown (lOYR 6/4) to yellowish brown (IOYR 5/4) 
43-73 inches <"iay; strong coarse angular blocky; very hard when dry, very firm when 

moist; clay skins prominent; very gritty; leal'hed. 
Bah Very pille brown (lOYR 7/2.5) to pale brown (IOYR 6/3) light ciIlY; 
73-104 weak coarse angular blocky; very hard when dry, very firm when moist; 

im'hes clay skins prominent; gritty to pebljly; leached. 

U Soil description modified from notes of A. J. Cline. 

.. Soil description modified from notes of A. J. Cline. 
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Cb Variegated light olive brown (2.5Y 5/6) and white (2.5Y 8/2) to light 
104-144 olive brown (2.5'1" 5/6) and light brownish gray (2.5Y 6/2) heavy clay 

inches loam; massive; clay skins sparse; gritty to cobbly; oxidized and .leached 
till to base of cut. 

The Loveland loess that overlies this buried profile in Kansar. 
till is of Illinoian age (33, pp. 601-602). A buried soil of such 
morphology in the uppermost part of the Kansan till must be the 
result of weathering during the Yarmouth interglacial age. 

Where the Kansan till has been beveled by a younger erosion 
surface, the till is generally capped by a stone line that in turn is 
overlain by various thicknesses of a lighter textured sediment, 
pedisediment. 

In the eastern part of the traverse (pI. I: D, E) in an area. 
beyond the limits of deposition of Yarmouth clay and Loveland 
loess, the basal Farmdale increment of the Wisconsin loess over
lies a buried soil in Kansan till. 

Samples from two buried profiles in Kansan till, cuts 3 and 31, 
were examined to determine their mineralogical composition 
(table 6). Components are the same as those of the other Pleisto
cene deposits but with some variations in proportions. Feldspar 
content of the fine sand is 15 to 20 percent, decreasing to a few 
percent in the fine silt. Feldspar content of samples taken as C 
horizons of buried soils is considerably higher than that of samples 
from B horizons especially in the silt fractions. Mica is also fairly 
common in C horizons but scarce in upper horizons. 

Heavy mineral compositions are somewhat erratic. Proportions 
of hornblende show that the A and B horizons of the buried soils 
are more weathered than the C horizons. 

The clay fraction of all samples from both profiles contains the 
same components, but there are some small variations possibly 
due to weathering. In samples 21 and 5 both C horizons are the 
same; they are dominated by montmorillonite but contain mod
erate amounts of illite and about 10 percent kaolin. In the upper 
horizons of both profiles montmorillonite increases and the illite 
decreases or shows less organized crystallinity, probably due to 
formation of randomly interstratified montmorillonite layers by 
weathering. 



TABLE 6.-Proportions of nonopaq1le heavy minerals of Kansan till 

Cut 3Cut 31 

Mineral Sample 15 Sample 14 Sample 21 Sample 6 Snmple 4 I I 
50-100 I 20-50 50-100 20-50 50-IOO 20-50 50-100 20-50 50-100 I 20-50 

po po }J
}J }J po po po po }J 

Percent Percent Percent Percent Percent Percent Percent Percent Percent Percent 
Epidote___________________ 35 40 30 34 30 3440 36 40 44 
Tourmaline _______________ il 6 7 2 35 6 7 7 3
Zircon____________________ 6 10 5 1410 16 12 15 8 13 
Garnet____________ -- ----- 10 5 12 7 8 13 15 9 10 8 

28 16 20 11 35 10 30Hornblende _______________ 22 40 13 
Titanium minerals _________ 5 18 5 12 5 14 4 14 4 24 
Miscellaneous __________ - __ 3 3 7 5 5 2 10 5 4 4 

Sample 5 

50-100 20-50 
po po 

Percent, Percerlt 
25 39 
3 4 
6 7 

12 8 
45 20 
3 19 
4 4 
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Yarr;aouth Clall 

Along the traverse between the East and West Nishnabotna 
Rivers, a light gray to light olive gray, heavy, plastic, silty clay 
overlies the Kansan till and is separated from it by a buried soil 
in the uppermost part of the Kansan till (fig. 5). 

The clay is a light gray (2.5Y 7/2) to light olive gray (2.5Y 
6/2) in zones below the buried soil. The clay has a very coarse 
subangular blocky structure, is extremely hard when dry, and is 
very firm when mo:st. Slickensides, grooves, and striations occur 
on the faces of the subangular blocks. The clay in most cuts is 
leached of carbonate. However, in cut 11 the upper 10% feet is 
leached of carbonate, whereas the lower 101/2 feet is slightly cal
careous. The textures of the zones of the bed below its paleosol 
are very uniform and are a heavy silty clay to clay (fig. 7). 

o 20 40 1'0 60 80 100 
Cut I I I I 

3 

4 

5 

II 
E 

E 


FIGURE 7.-Textures of Yarmouth lake clay, cuts 3, 4, 5, and 11. 

The clay bed occurs in many cuts along the traverse (pI. I: 3, 4, 
5, 6, 11, 12, 14, 15, 21, 22, 23, 24, 27), but through a distance of 
13 miles it is restricted to an elevation of 1,266 to 1,299 feet 
(table 7). The elevations of the bottom of the clay, where the 
bottom is exposed (3, 6, 12, 22, 23, 27), are from 1,266 to 1,279 
feet. Such accordance of elevations suggests that the clay may 
have been one continuous lacustrine deposit on the Kansan till 
plain. 

A problem in classification and correlation arises when these 
clay beds are compared with those exposed between two tills in 
cuts 9, 28, 29, 30, and 31. However, at no place in the sequence 
of cuts 3 to 27 was till found above the clay. The clays in the 
sequence of cuts 9 to 31 fall within an elevation range of 1,193
1,235 feet. This range is 60 to 70 feet below that of the sequence 
of cuts 3 to 27. The upper till of cut 28 that is above a clay is 
accordant with the till of cut 27 below a clay. Similarly, the upper 
till in cut 9 that is above a clay is accordant with a till in cut 10 
and in cut 11 that is below a clay. Although the lithologies of 
the clays of both sequences are similar, the stratigraphic rela
tionships, the grouping of beds into different elevation ranges, 
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TABLE 7.-ElllvaUon and thickness of Yarmouth and Aftonia71 clay beds 

Elevation 
Cut Thickness 

Bottom \ Top 

Feet [<'eet FeetYarmouth______________________________________ _3 
1,2774______________________________________ _ 1,266 11 

(1,27D) 35______________________________________ _ I 1,282 
6______________- _______________________ _ (1,273) 1,2m) 26 

11 ______________________________________ _ 1,26D 1,281 12 
(1,270) 1,2!11 2112 ______________________________________ _ 
1,270 1,274 414______________________________________ _ 

15 ______________________________________ _ (1,282) 1,285 3 
(1,2D3) I ,2!l!l (j21 ______________________________________ _ 
(1,286) 1,2!)1 5 
1,2'11) 1 2!H 12 
1,277 1:283 624 _______________________________________ 1~~========================:===:==========t (l,2!)0) 1,2H8 826 _______________________________________ 1 

(1,282) 1,285 3 
1,268 1,275 7

Af~:~i~~------------------ ------------------I' 
D______________________________________ _ 

1,233 1,235 2 
1,2H) 1,221 2 
1,216 I 1,218 2 

1,212 71,205\I~~ ~:::~~: ~~~~ ~ ~~: ~:~ :~~~~~~~~~: :~~~ ~ ~:~ ~I 1,19D 61,ID3 

I Parentheses mean not exposed. 
and the juxtaposition of till horizons determined by direct trac
ing suggest that the sequences represent different stratigraphic 
horizons. They have been designated the upper bed-Yarmouth 
and the lower bed-Aftonian. 

The Yarmouth clay has wide geographic distribution. Sections 
have been recorded 6 miles south of the traverse in Pottawattamie 
County and 10 miles north in Shelby County. In some localities 
the clay was previously designated as "gumbotil." 

Separation of the clay from the underlying Kansan till is shown 
in figure 5. The Yarmouth clay is overlain by the Loveland loess 
(pI. I: cuts 4, 15, 21, 26) or by the basal Farmdale increment of 
the Wisconsin loess (cuts 3, 5, 6, 11, 12, 14, 23, 24). A buried 
soil in the uppermost part of the clay separates it from the over
lying Loveland loess as in cut 26:~ 

Section C: 

A,b Very pale brown (10YR 7/3) to pale brown (lOYR 6/3) silty clay loam; 

0-17 inches weak coarse granular; very hard wben dry, very firm when moist; 

below ba~e abundant clay skins; many large prominent yellowish brown (10YR 5/8) 
of Love mottles; slightly gritty; leached. 
land loess 

A,b Light brownish grny (IOYR 6/2.5) to grt,yish brown (lOYR 5/2.5) 
17-30 inches heavy silty day loam; weak fine subangular blocky; very hard when 

dry, firm when moist; clay skins prominent; slightly gritty; leached. 
Hm. Pale browlt (lOYR 6/3) to brown (IOYR 5/3) silty clay; moderate fine 
3Q-42 inches subangulur blocky; very hard when dry, very firm when moist; clay 

skins prominent on aggregutes; slightly gritty; leached. 

S Soil description modified from notes of A. J. Cline. 



22 TECHNICAL BULLETIN 1349. U.S. DEPARTMENT OF AGRICULTURE 

Bm 	 Light brownish gray (lOYR 6/2.5) to grayish brown (lOYR 5/2.5) 
42-62 inches 	 clay; strong medium angular blocky; very hard when dry, very firm 

when moist; clay skins on aggregates very prominent; yellowish brown 
(lOYR 5/8) mottles common; very slightly gritt.y; leached. 

B231-	 Light gray (lOYR 7/2) to light brownish gray (lOYR 6/2) clay; strong 
62-80 inches 	 coarse angular blocky; very hard when dry, very firm wpen moist; 

clay skins on aggregates prominent; yellowish brown (lOYR 5/8)
mottles common; slightly gritty; leached to base of cut. 

Where the Yarmouth clay is overlain by the basal Farmdale 
increment of the Wisconsin loess, the two beds are separated on 
the bases of differences in lithologies as well as by the occurrence 
of a buried soil in the uppermost part of the Yarmouth clay
(fig. 8). For example, a section in cut 11 is: 

N Depth -Inches 
CJ1 to .....", 
000 0 
Ir -'--'--'-'--'--'-'--'1--'1-'--'--'-'--'--'-'1 

mm -0 

.OO2 1111----n___ 

:gg:b: ~ rr ---- / IT 

.OI6[ 

.031 	 ~[ 

Ya.rmouth Cla.y Fa.rmd'I' 
loess 

FIGURE S.-Textures of the Farmdale paleosol and loess and the Yarmouth 
clay and its surficial Late Sangamon paleosol, cut 11. 
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Section D: 
Wisconsin loess: 

Oxidized and Yellowish brown (lOYR 5/6-5/8) silt loam; massive; friable; 
leached ),eached. 

0-110 inches 
Deoxidized and Light gray (2.5YR 7/1) silt loam; massive; friable; iron oxide 

unleached segregated in tubules ami concretions; calcareous. 
110-194 inches 
Oxidized and Yellowish brown (10YR 5/8) silt loam; massive; friable; fos

unleached siliferous, calcareous. 
194-218 inches 
Deoxidized and Gray (10YR 5/1) to light gray (lOYR 6/1) silt loam; massive; 

leached friable; iron oxide segregated in tubules and concretions; 
218-260 inches leached. 

Fnrmdale loess: 
IAb9 Dark yellowish brown (10YR 4/4) to dark brown (lOYR 4/3) 
260-266 inches silt loam; weak fine granular; friable; leached. 
lCb Yellowish brown (lOYR 5/6) silt loam; weak fine granular; 
266-289 inches friable; leached. 

Yarmouth clay: 
IIA2b Brown (10YR 5/3) to dark brown (lOYR 4/3) silt loam; strong 
282-289 inches medium granular; friable when dry, moderately plastic when 

moist; clay skins on aggregates common; leached. 
IIBlb Grayish brown (10YR 5/2) light silty clay; strong medium 
289-297 inches subangular blocky; hard when dry, firm but plastic when moist; 


clay skins on aggregates prominent; leached. 

IIB2b Grayish brown (lOYR 5/2) to brown (10YR 5/3) heavy silty 

297-321 inehes cIay; strong medium angular blocky; very hard when dry, very 

firm but plastic when moist; clay skins on aggregates very 
prominent; leached. 

HClgb Light gray (10YR 7/1-7/2) silty cIay; strong medium angular 
321-382 inches blocky; hard when dry, firm but plastic when moist; slickensides 

on faces of blocks; leached. 
IIC2gb Light gray (10YR 6/1) to light brownish gray (10YR 6/2) 
382-442 inches light silty clay; coarse angular blocky; hard when dry, firm but 

plastic when moist; slickensides on surfaces of blocks; slightly 
calcareous. 

IIC2• b Light gray (10YR 7/1) silty clay; coarse angular blocky; hard 
442-502 inches when dry, firm but plastic when moist; slickensides on surfaces of 

blocks; slightly gritty; slightly calcareous to base of cut. 

In this section there is no Loveland loess above the Yarmouth 
clay. It has been stripped (cf.: cuts 4, 13, 14, 15, 16, 17). In the 
uppermost part of the clay is a soil on the Late Sangamon erosion 
surface. 

Samples for mineralogical study (table 8) were collected from 
buried soils formed in the Yarmouth clay in cuts 3 and 26. A 
sample of gray clay under a Humic-Gley profile below Loveland 
loess was collected in cut 3. Sample 2 from cut 3 was from the 
upper B of a soil in the clay and sample 3 about 4 feet below 
sample 2 from the C horizon. In cut 26 sample 8 was from the 
upper part of the B horizon and sample 7 from the C horizon. 

The clay contains the same general assortment of minerals as 
the tills and loesses but in somewhat different proportions. All 
the samples contain 15 to 20 percent feldspar in the sand with 
percentages decreasing in the finer silt. Mica is fairly common, 

9 Roman numeral preceding letter-horizon symbol indicates difference of 
parent material. 
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amounts ranging from 3 to 5 percent in the fine sand and coarse 
silt. Feldspars appear somewhat etched and corroded as if 
weathered. 

The composition of the heavy separates indicates some local 
variation in the origin of the material. In some respects it is 
intermediate between till and Loveland loess. Sample 2 contains 
a large proportion of fresh hornblende and has tourmaline, zircon, 
and garnet ratios in the very fine sand that are similar to those 
in the Farmdale loess. This horizon is transitional and more like 
Farmdale loess than an A or B horizon in the Yarmouth clay. 
The high zircon and low garnet content of the 50- to 100-micron 
fraction in sample 3 is unique among all the samples studied; 
sample 3 also had the highest sphene, rutile, and anatase content 
of any sample. The low content and the etched and pitted appear
ance of the hornblende indicates a well-weathered material. How
ever, some of the hornblende was fresh so some of the weathering 
of hornblende must have taken place before deposition. 

Proportions of tourmaline, zircon, and garnet in samples 7 and 
8 are similar to those in the buried soil in Kansan till in cut 31. 
Hornblende content is low, indicating a strongly weathered ma
terial, but again there are indications that most of the weathering 
was predepositional. In addition to the fresh feldspar and fresh 
hornblende, the small difference between samples 7 and 8 suggests 
that little weathering occurred after deposition. Both samples 
have much lower hornblende content than soils in Loveland loess 
or Kansan till. However, only Band C horizons of till soils were 
sampled. Presumably the grea,test weathering would have oc
curred in A horizons that may have made the greatest contribution 
as source of the Yarmouth clay. 

The clay fraction of all the samples is dominantly montmoril
lonite and has small amounts of disordered illite and traces of 
kaolin. 



TABLE 8.-P:-oportiom ofrwnopaque heavy minerals of Yarmouth clay 

Cut 3 

Mineral Sample 2 Sample 3 Sample 8 

50-100 20-50 50-100 20-50 50-100 20-50 
/J /J /J I' /J /J 

Percent Percent Percent Percent Percent Percent 
~pidote____________________________________ 

33 29 43 37 45 36Tourmaline ________________________________ 4 5 9 1 5 3ZircoD _____________________________________ 
6 18 12 19 12 18Garnet____________________________________ 
7 8 4 4 10 8IIornblende________________________________ 

43 19 18 2 5 5Titanium rninerals __________________________ 6 19 9 33 15 27
MiscellaneouB ______________________________ 4 3 4 2 5 3 

Cut 26 


Sample 7 


50-100 20-50 
/J /J 

Percent Percent 
40 36 
7 4 

14 20 
12 10 
7 2 

15 28 
4 2 

Sample 22 

50-100 
/J 

Percent 
40 
6 

10 
12 
15 
5 

10 

20-50 
/J 

Percent 
39 
7 

10 
11 
5 

22 
7 
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Loveland Loess 

Loveland loess occurs in many of the sections along the trav
erse (pI. I). In cut 50 in a zone 73 to 266 inches below the top 
of the solum in the uppermost part of the Loveland, the loess is 
a brown (lOYR 5/3) silt loam to light silty clay. It is massive 
and friable, is leached of carbonate, and contains 28 to 29 per
cent clay «2JL)' However, in cut 39 at a depth of 120 to 160 
inches below the top of the solum the loess is a light yellowish 
brown (10YR 6/4) to yellowish brown (10YR 5/4) heavy silty 
clay loam to light silty clay. It is massive, hard when dry and 
friable when moist, and leached of carbonate. It contains 33 to 
35 percent clay. Small tubular channels that mark the former 
positions of plant roots have clay-flow surfaces. Thus, alteration 
and translocation of mineral matter have taken place deep within 
the loessial sediment. 

The texture of the Loveland loess becomes finer with distance 
along the traverse from west to east (fig. 9). The sample sites 

20 10 
Dlstonce- miles 

5 I 
400 I I I I 

~9 33 l 
-~--~~1 

100 


~~=~~~==~c:oa~rse~s~oIt~(_0=62_='01=6m=m)========~1
_~ 4 
c Clay «.002mml 

Cl..~QI>- ~ot- GG , " . FI ne silt (016-.002 mm) _ 

,0LL!__________~t_L!_L~__~_L__~__~______L_________~ 

FIGURE 9.-Variation of thickness and texture of Loveland loess along the 
traverse from west to east. 

(50,45,39,33,25) are restricted to primary and secondary divide 
positions. Ruhe (47, pp. 665-667) has shown that regional char
acteristics of the Wisconsin loess are restricted to such topo
graphic positions. The same relationships are true of the Love
land loess. The coarser silt fraction (62-16 JL) progressively de
creases with distance along the traverse (fig. 9). Ruhe (47, 
p. 666) found a similar relationship in the particle-size distribu
tion of Wisconsin loess at the same sample sites. Smith (63, p. 
153) previously had found similar relationships in the Peorian 
loess in Illinois. However, the finer silt fraction (16-2 JL) in the 
Loveland loess decreases with distance along the traverse. Ruhe, 



LANDSCAPE EVOLUTION IN SOUTHWESTERN IOWA 27 

in the Wisconsin loess at the same sample sites, and Smith, in thePeorian loess in Illinois, found that the finer silt fraction increasedwith distance.
The thickness of the Loveland loess decreases along the traversefrom a maximum of 311 inches in cut 50 to 155 inches in cut 4(fig. 9). Such variation in thickness is characteristic of the Wisconsin loess at the same sample sites. Similar thickness-distribution relationships were found previously in the Peorian loess inIllinois by Smith (63, pp. 156-163). When the Wisconsin loessthickness curve is superimposed on the Loveland loess-thicknesscurve, an excellent parallelism is noted (fig. 17). Such parallelismof curves suggests a possible similar source area for both loesses.Although the thickness of the loesses differ at specific sample sitesalong the traverse, the relative change of thickness of one loess 

'rABI.E 9.-Elevalio1l8 al which Loveland loess occurs or should occur along Ira verse 

Divide unit Elevation rnnge 

I

Order ; Segment of traverse Present I Absent 

--I 

II '1----
II ; Cuts 1-7: Peel Peel• East Rank (3-1) 1________________________________ 1255-1277~ Crest (4) ______________________11280-1293 1

' 
________________ _j West flank (5-7) _________________________________ 1218-1285

II I Cuts 8-12: j ;East Hank (LO-8) _______________1 _________________ 11220-1252Crest (11)_____________________ '_________________ - - -1285 
I 1 Cu~~e~~~22~k (1~n-·---------------I----------------- - - -1275---1260 (13) 2 - - -1285 (14)I EllSt flank (16-13) ______________ 1 1300-1312 ________________ _

Crest (17)--------.-- __________ \- - -1:321I West flank (18-22) ______________1 1290-1:312 
:---------------- 

- - -12!l0 (22)II 1 Cuts 23-31: \
EllSt flank (24-2:3) ______________ : _________________ 1285-1297
! Crest c:~5)_______________ . _____ ! - - -1305 ---c------------; West flank (~6-3L)--------------i 1278-12!J0 (26) 1200-1278
II I Cuts 32-:35: I 

: 

E:lSt flank (32) _________________ \_________________ • - - -1203
Crest (33) _____________________ 112LO-1235 ! - - -1210

· West flank (34-35)--------------1 1210-1225 1' ________________ _II : Cuts 36-39: IEllst flank (38-3(j). _____________ 1180-1225 ,________________ _
~;::; ~!;k(~~~~)--------------! 1237-1255 1-----------------

Cuts 40-46: l.
Ellst flank (42-40) _____________ -' L272-L2!J2 
 , - - -1222 (40)
Crest (44) - - - -- - - - -- --- --- - ---  - - -12!l3 

if------------------ - -1216 (46)
West flank (4,5-46). _____________ - - -1278


I 
 IICuts
EllSt

48-50:
flank (49-48) ______________ - - -1204
; Crest (50) _____________________ • 1210-1230 

: - - -117(j (48)

1_- _______ __ ____ _ ....

· West flank (none) I 
1 Xumbers in parentheses refer to ('ut numbers (pI. I),

2 Cut 13 is the only anomalous relatil)llship t.hroughout the traverse. Dashed lines
indi«;u.te base of loess not exposed. 
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along the traverse is similar to that of the other loess. A ratio of 
loess-thickness decrease of one third applies to both loesses. 

The source area. of the Wisconsin loess is believed to be the 
Missouri River Valley (47, p. 667). Correspondingly, the source 
area of the Loveland loess also must have been the Missouri River 
Valley. Such a conclusion is not inconsistent with recent geologic 
evidence (75) which shows that the Missouri River must have 
carried Illinoian outwash. 

Divide units are designated as primary or secondary dependent 
upon whether drainage is to a primary stream draining directly 
to the Missouri River or to a secondary stream draining to a pri
mary stream. The divide unit in the traverse area of north-south 
drainage is composed of (1) a crest (the highest part of the land
scape between drainages), (2) an east flank (the sloping landscape 
from the crest to a drainage to the east), and (3) a west flank 
(from the crest to a drainage to the west). 

The complexity of the relationship of occurrence of Loveland 
loess to elevations on divide units shown in table 9 indicates: 
(1) That the Loveland loess was a blanket deposit that mantled 
the entire landscape regardless of topographic position, and (2) 
that the absence of Loveland loess from flank positions is a result 
of post-Loveland erosion. Thus the presence or absence of Love
land loess on divide-unit flanks is an important aid in reconstruct
ing the geomorphic history of the area. 

Where Loveland loess overlies either Kansan till or Yarmouth 
clay, it is separated from these by a buried soil. The Loveland is 
overlain by the basal Farmdale increment of the Wisconsin loess, 
and these two deposits are separated by a strongly developed 
buried soil. In cut 39, 364 inches of Wisconsin loess overlie the 
Farmdale, which in turn overlies the Loveland :10 

Section E: 
Farmdale: 

1Alb Light brownish gray (lOYR 6/2) to dark grayish brown (10YR 
0-9 inches be 4/2) silt. loam; moderate coarse granular; friable; aggregates have 

low b/l.l!c of gray coatings; abundant medium yellowish brown (lOYR 5/6) 
dcoxidized and mottles; leached. 
lcached Wis
consin loess 

1eb Light brownish gray (lOYR 6/2) silt loam; weak coarse granular; 
9-43 inches friable; aggregates have brown to strong brown coatings; 

leached. 
Sangamon soil in Loveland loess: 

IIA'b Variegated white (10YR 8/1) and strong brown (7.5YR 5/6) 
43-51 inches to light gray (lOYR 7/2) and reddish brown (5YR 4/4) silt loam; 

weak coarse platy to coarse granular; hard when dry, firm when 
moist; leached. 

lIBlb Variegated white (lOYR 8/2) and yellowish red (5YR 4/6) to 
51-71 inches light gray (lOYR 7/2) to dark reddish bro\\,n (5YR 3/4) silty 

clay loam; reddish colors occur as aggregate coatings; strong fine 
angular blocky; hard when dry, firm when moist; clay skins 
prominent; leached. 

IIB'h Very pale brown (lOYR 7/3) to pale brown (10YR 6/3) silty 
71-81 inches clay; dark reddish brown (5YR 3/4) coatings on aggregates give 

horizon a red color; strong medium angular blocky; very hard 
when dry, very firm but plastic when moist; clay skins abundant; 
leached. 

10 Section description modified from notes of A. J, Cline. 
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IIB3I, 	 Light gruy (IOYR 7/2) to light brownish gray (IOYH 6/2.5) 
81-129 inches 	 silty clay loam; weak coarsc allgular blot"ky; hard whell dry, 

firm whclI moist; abundant yellowish brown (IOYH 5/6) 
mottle:;; clay skins prominent; leached. 

UC~ Light yellowish brown (IOYH 6/4) to yellowish bruwlI (IOYH 
129-2lU inches 5/4) heavy silt loam; nltLSsivc; hard whell dry, friable whell 

moist; tubules with clay skillS COlllmOIl; leue-hed. 
Intra-Illilloinll soil in Loveland loess: 

(IIA,~ Pale brown (IOYR 6/3) to browlI (IOYR 5/3) silt loam; weuk 
216-228 illcho; coarse grunulur; hurd whell dry, frillble whell moist; few clay

skillS; leuched. 

IUA3~ Pule browlI (IOYR 6/3.5) to brown (IOYH 5/3.5) silt loam; 
228-239 i!'ehel> wCILk fille subllngular blo(~ky; hurd when dry, friable when moist; 

clay skins l'ommOIl; leached. 
IIIB,~ Light yellowish brown (lOYR 6/3.5) to >'ellowish brown (IOYH. 
239-260 inches 5/3.5) heuvy silty clay IOIlIll; weak medlulll subangular blocky; 

hard when dry, firm whell Illoist; day skim; promillent; leached. 
111(\ Pale brown (IOYR 6/3) to yellowish bruwlI (IOYH 5/3.5) silt 
260-270 illches loalll; weak fille sullllllgular bloeky; hurd when dry, friable when 

moist; dllY skillS ('OlllIllOIl; leached; to bllse of l"ut. 

The IIICh horizon (260-270 inches) overlies a buried soil in the 
uppermost part of the Kansan till (fig. 6). 

A lower buried soil (216-270 inches) within the Loveland loess 
in cut 39 indicates that the Loveland is composed of more than 
one increment. In cut 33 a similar buried soil occurs in the lower 
73 inches of the Loveland loess at a depth of 152 inches below the 
top of the surficial solum in the Loveland. This section occurs 
below a buried level to slightly rounded summit of the Loveland 
landscape. On a buried slope 600 feet to the east the lower profile 
is only 100 inches below the top of the Loveland. 
Section F: 
Farmdale: 

IAl~ Dark grayish hrown (IOYR 4/2) silt loam; wcak medium
0-15 illt"hes granular; friable; leached. 

below top of 
Farmdale loess 

I(\, Grayish browlI (lOYR 5/2) to browlI (lOYR 5/3) silt loalll; 
15-32 inl'hes weuk mediulll granular; friable; leached. 

::;llngllmQIl soil in Lovellllld loess: 
IIA,,, Dllrk bruwlI (IOrR 4/3) to brllwlI (IOYR 5/3) silt IOlllll; wellk 
32-18 iUt"hell medium subllngulllr bllH"ky; hllrd whcn drv, friable wheu moist; 

day skin~ sparsc; leMhed. -

I IB~h 
 Dark hrowII (7.:jrR ·'/2) to browII (7.5rH. ;)/2) silty ('Iay;
"8-8-1 illl'hcs strollg mcdium suhallgular blol'ky; very hard whell dry, firm 

but plastil' whell moist; clay skins promillCllt; leal'hed. 
I I B310 Brown (lorn. ;j/3) to yellowish brown (IOYR 5l") heavy silty
8"-100 inl'hC8 clllY loalll; weak COllrsC angular blocky; hard when dry, firm 

when moist; day skins promillcllt; leached. 
fntra-Illilloian soil in Lovl'land I()e~s: 

IliA" Dark gray (IOYR .. /\) silty ("lay loam; moderate medium 
100-125 il1('hel> ullgular blol'ky; hard when dry, firm but plastic when moist; 

dllY skins prominelll; leaehet!. 
I I I B~" Grayish hrown (IOYH. :")12) to brown (IOrR :j/3) silt.y etay loam;
125-1·t(j in('hes $trong medium subllngular blo("ky; hard when dry, firm when 

Illoist; clay skins promincllt; lelll'hcd. 
III B,ot. Gmyish brown (IOrR ;,/2) to gray (IOYH ;j/I) silty day loam;
1..6- \(i5 ilH"hes weak ("oarse allgulllr blol'ky; hurd when dry, firm whell moist; 

('Iay skim; promilll'nt; lellC'hed. 
IIIC." 	 Gray (IOrR ii/I-Oil) light silty day loam; maS!live with vertical
16:1- inches cleavage; friable; tubules with l'IIlY skim;; leat'llCd. 
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FIGURE lO.-Textures of buried soils in Loveland loess, cut 33. 
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In the buried slope section of cut 33 there .is very little tex
tural change from the IIB3 horizon to the underlying IIIA-B hori
zons. Through a depth of 81 inches encompassing all these 
horizons, the clay content is from 33 to 36 percent (fig. 10). Down
ward translocation of clay, resulting from the more intensive 
development in the upper solum and shown by the prominent clay 
skins throughout all these horizons, masks a textural differen
tiation. However, a structural differentiation is distinct. 

A buried soil occurring within Loveland loess must have been 
formed during an intra-Illinoian cycle of weathering because the 
Loveland loess is of known Illinoian age (33, pp. 601-602). The 
buried soil in the uppermost part of the Loveland loess represents 
weathering during the Sangamon interglacial stage. 

.MINERALOGY 
Samples of horizons of paleosols in Loveland loess were col

lected from cuts 25, 26, 31, 39, 45, and 50. In all but cuts 25 and 
45 samples were taken from both the upper (Sangamon) and 
lower (inter-Illinoian) profiles. In addition to the collection from 
the railroad cuts, samples from a Loveland loess exposure in the 
Missouri River bluffs near Glenwood, Iowa, were studied. The 
samples included calcareous loess and a B horizon of a weakly 
developed soil. 

The loess in the section from the bluffs was somewhat coarser 
than that in cut 50. Composition (table 10) of very fine sand and 
coarse silt heavy mineral separates indicates that at this site the 
composition of the Loveland loess was very much like that of 
Wisconsin loess. The material is very fresh. Even the B horizon 
sample shows an abundance of easily weathered minerals, such 
as hornblende and apatite, though there is a slight decrease in 
these as compared with the calcareous loess. The mica content 
is high in all size fractions. The clay fraction consists of mont
morillonite, illite, and traces of kaolinite. 

TAIILEIO.-Proportions of nonopaq1le heavy miTieTlII.~ 
in (l LOl'elaml loess section Tlear Glenwood, Iowa 

I 
II horizon l:)anganlon I Calcareous locss 2 

paleosol' 

Mineral 
 ,[--

100-50'J.l J! 50-20 jJ. 100-50 jJ. I 50-20 /J. _________________________:________1________,________'________ 

I iPercent Percent Percent Percent,:' . I
~P'dotc----------------_----_---·'1 24 , 20 18 25
Tourmalinc______________________ _ 2i 3 4 3Zircon __________________________ _ 4' 11 1 11(luTnet. __________________________ j 101 10 5 !J 
Hornblende ________ -- -- _--- -- --- --I 45 I 20 54 23 
TitnniuIll minerals ______________ _ 10' 10. 18 

;) 4 ! !)Apatite--_-----------------------' 3 ' 291 
~l iscelluneotlll _-- -- ____ -- __________I 21 2 41 2 

! 

, :\1.i('lL i('ss than one half hornbl('nd(' contcnt. 

2 ~[j(,ll, cspe('ially lJiotitc, equul tu one !tulf hornblende cuntent. 

J t:iize-fraction. 
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These samples were collected about 25 miles almost due south 
of Bentley, Presumably the composition of tpe calcareous Love
land loess would be the same as that in the bluffs directly west of 
the traverse and can serve as a reference to estimate the degree 
of weathering which took place in the formation of the Sangamon 
soils. 

Wi8con8in Loe88 

WEATHERING ZONES 
The Wisconsin loess is the surficial Pleistocene sediment in all 

sections along the traverse (pI. I) and is composed of several 
increments. A basal zone, separated from the overlying loess by 
a buried A-C profile, is the Farmdale increment (46). Overlying 
the Farmdale is a sequence of weathering zones some of which 
are in every cut along the traverse. 

The general sequence from the modern surface downward is: 
(I) Oxidized and leached zone, (2) oxidized and unleached zone, 
(3) deoxidized and unleached zone, (4) oxidized and unleached 
zone, and (5) deoxidized and leached zone (pI. 1).11 The oxidized 
and leached loess is a light yellowish brown (10YR 6/4, dry) to 
yellowish brown (10YR 5/4, moist) massive, friable silt loam. 
The iron oxide is diffuse throughout the sediment matrix, but 
prominent light gray (10YR 7/1, dry) to gray (10YR 6/1, moist) 
mottles are abundant. The loess is leached of carbonate. This 
zone grades downward into oxidized and unleached loess that is 
a very pale brown (10YR 7/4, dry) to light yellowish brown 
(lOYR 5/4, moist) massive, friable, calcareous silt loam. 

Although iron oxide is diffuse throughout the sediment matrix, 
prominent light gray mottles are abundant. At the base of this 
zone a brownish yellow (10YR 6/8, dry) to brown (7.5YR 4/4, 
moist) iron band abruptly separates the oxidized and unleached 
loess from an underlying deoxidized and unh,\ached zone. In this 
lower zone the loess is a light gray (10YR 7/1-7/2, dry) to gray
ish brown (2.5Y 5/2, moist), massive, friable, calcareous silt loam. 
Cleavage and fracture surfaces in the sediment show iron oxide 
staining that is brownish yellow (10YR 6/8, dry) to brown 
(7.5YR 4/4, moist). Iron oxide also is segregated in tubules 
(pipestems) and concretions. Usually the zone has many fossils. 
In the western part of the traverse this zone is the upper faunal 
zone (fig. 11). 

The deoxidized zone is separated sharply from an underlying 
oxidized and unleached loess that is a pale yellow (2.5Y 7/4, dry) 
to dark yellowish brown (IOYR 4/4, moist), massive, friable, cal
careous, fossiliferous silt loam. Iron oxide is diffuse throughout 
the sediment matrix, but light gray mottles are abundant. Abun
dant gastropods occur in this zone throughout the traverse. Below 
this oxidized zone and separated sharply by an iron band is the 
basal deoxidized and leached loess. This loess is a light gray 
(lOYR 7/1-2.5Y 7/2, dry) to grayish brown (2.5Y 5/2, moist), 
platy, friable, leached silt loam. Brownish yellow (10YR 6/8, 
dry) to strong brown (7.5YR 5/6, moist) iron oxide stains are 

11 The terminology of weathered zones in Pleistocene deposits in Iowa has a 
long history (25, p. 162; 26, p. 170) and will be used in this report. 
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along cleavages and plates. Iron oxide is segregated also in pipe
stems and concretions. The basal deoxidized and leached loess 
overlies the A horizon of the buried soil in Farmdale loess. 

CHARACTERISTICS AND DISTRIBUTION 

Some of the properties of Wisconsin loess-thickness, texture, 
and degree of alteration by weathering-are directly related to 
topography (47). Several previous investigations in Illinois (63), 
Iowa (21, 22, 73), and Missouri (59) have shown that the prop
erties, thickness, particle-size distribution, and carbonate content 
vary exponentially with distance from an assumed source of loess. 
In these previous investigations, an intenJification of the mor
phological development of soils a.s well as their physical and 
chemical characteristics were noted to be related to decreasing 
thickness of the loess with increasing distance from the assumed 
source. 

An analysis (47, pp. 665-667) of the thickness and texture 
properties of Wisconsin loess along the traverse shows that there 
are exponential relationships between thickness-texture and dis
tance from an assumed source only at the crests of primary and 
secondary divides (fig. 12). The thickness of the Wisconsin loess 
systematically decreases from 453 inches in cut 50 to 268 inches in 
cut 4. The correlation coefficient between thickness and distance 
along the traverse is r = 0.98. 

Median diameters of oxidized and unleached, the least 
weathered, Wisconsin loess also systematically decrease from 
west to east along the traverse. The correlation coefficient is 
r = 0.79 between the median-particle size and distance along the 
traverse. Other texture data-the systematic decrease of coarser 
silt and the increase in finer silt and clay with distance-are in 
accord with the regional relationship. 

However, an analysis (47, pp. 667-671) of the thickness and 
texture data of tertiary divide sites I~ shows a relationship entirely 
different from that of the regional samples of primary and second
ary divide sites (fig. 13). The relationships of thickness of loess 
to distance along the traverse (fig. 13) are given in table 11. Th<:! 
facts are that the loess is thickest on divide crests and progres
sively thins on divide flanks both toward and away from the loess 
sourc~. These facts differ from the generally accepted concept 
that loess thickness decreases exponentially with distance from 
the source. 

It seems that another factor other than a simple distance rela
tionship controls the thickness distribution of loess. The general 
parallelism of the thickness curves to the topographic profile of 
the traverse (fig. 13) suggests that configuration of the surface 
upon which the loess was deposited influences the thickness dis
tribution of loess. The surface is an older Pleistocene surface and 
in a macrosense is a rough surface. The thickness of loess relative 
to a rough surface of deposition may be evaluated by comparing 
the thickness of the loess at any point on that surface with the 

l~ Tertiary divide sites are the level to slightly rounded ridges that occur on 
the flanks of the primary and secondary divide units. 
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TABLE li..--Relalionships of loess thickness across divide units 

I 

Di~deunit l__t_~_:v_r~_~_~ +I_______________ __________________ C_h_M_a_ct_e_ri_st_i~ 
Primary_____1 Cuts 46-36 ; Maximum thickness at crest; progressive thinning on 

! flanks to west and east. 
Secondary ___ I, Cuts 35-32 I~Iaximum thickness at crest; progressive thinning on 

flanks to west and east. 
Secondary___ Cuts 31-23 ! ~Iaximum thickness at crest; progressive thinning onI flanks to west and east. 

Primary_____ Cuts 22-13 : Maximum thickness at crest; progressive thinning on


I flanks to west and east. 

Secondary___ Cuts 11-8 I ~Iaximum thickness at crest; progressive thinning on 

, flanks to west and east. 
Secondary ___ Cuts 7-1 ; ~Iaximum thickness at crest; progressive thinning onI flanks to west and east. 

elevation of the surface of deposition at that point. The data 
tested statistically (fig. 14) show correlation coefficients across 
divide units of r = 0.68, 0.77, 0.77, 0.86, 0.87, indicating that the 
thickness of loess deposited upon a surface is influenced by the 
elevation of the surface at the point of deposition. 

Thinning of loess on the flanks of divide units is generaHy 
uniform both west and east; the mantle is generally symmetrical 
to the axes of the crests of the pre-Wisconsin surface. Individual 
cuts in general show the same symmetry of Wisconsin loess mantle 
on the pre-Wisconsin surface. 

An analysis of the median-diameter and sorting-coefficient la 

data (fig. 13) shows an intercorrelation of the data as well as 
with the thickness distribution across the divide units. Median 
diameters are greater at the crests of divides and progressively 
decrease on both divide flanks which are towa'rd and away from 
the loess surface. Previous regional concepts held that mean par
ticle size decreases with distance from the source. The sorting 
curves indicate that poorer sorting (greater So values) occurs at 
the crests of divide units. Sorting is progressively better (lesser 
So values) down the flanks of divides toward and away from the 
loess source. 

When evaluated in regard to regional relationships these data-
thickness distribution and variability in texture across local 
divides--show that loess sedimentation is complex and not just a 
simple function of distance from source. 

FAUNAL ZONES 

Parts of the Wisconsin loess are fossiliferous throughout the 
segment of the traverse between Bentley and Atlantic, Iowa (fig. 
11). Generally west of the West Nishnabotna River, between cuts 
33 and 29, are two faunal zones, whereas east of the river one 
only is common. 

13 The sorting coefficient of a particle-size distribution is a geometric 
quartile deviation that measures the grouping of the particle sizes about the 
median. 
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The upper faunal zone in cuts 50, 45, and 39 contains the species
Succinea ovalis, Hendersonia occulta, Retinella electrina, and 
Columella alticola (table 12). Leonard (34, p. 18) considers thea% 
species to be diagnostic of the Tazewell zone of the loess of the 
Wisconsin glacial stage. The lower faunal zone in cuts 50 and 45 
contain Succinea grosvenori, Discus, cronkhitei, Discus shimeki, 
and Vertigo modesta, that Leonard considers representative of 
the Iowan-Tazewell transition and Tazewell zones. This latter 
group of species also characterizes the single faunal zone in cuts 
25, 17, and 11. 

TABLE 12.-Faunal assemblages in Wisconsin loess altmg traverse 

Cuts and faunal zones I 

Species 
50 50 45 45 39 

upper lower upper lower upper 25 17 11 
zone zone zone zone zone 

--f--------------
Tazewell: 

Succinea ovalis ________ X -- .. --- X ------ X 
Hendersonia occulta_. __ X X X 
RetineUa electrina _____ X 
Columella alticola _____ X------ ------ X - ------ ---------- X 

Tranoition and Tazewell: 
Succinea grosvenorL ___ X X X X X X X X 
Discus cronkhiteL _____ X X ------ X --X-- X X X
Discus shimekL_______ ------ X X X X ------ X 
Vertigo modesta _______ ------ ------ ------ X ------ ------ ------ X 

Iowan, Transition, and 
Tazewell: 

Vallonia gracilicosta ___ X X X
Pupilla blandL_______ X X X X X 
Hawaii minuscula _____ ------ ------ X X X ------ X 
Euconulus fulva _______ ------!------ ------ ------ ------ X ------ X 

Iowan and Transition: 
Succinea avara-------- X X ------ ------ X X X X
Lymnaea parva_____________ Xl 
I Stratigraphic zonation modified after Leonard (34, p. 18). 

If the faunal zonations of Leonard are applicable to the Wis
consin loess of :;outhwestern Iowa, the ages of the loess may be 
determined. In cut 50 the depth to the base of the upper faunal 
zone is 190 inches and to the base of the lower faunal zone 274 
inches. Total thickness of the post-Farmdale Wisconsin loess is 
453 inches. The upper zone represents the Tazewell and the low~r 
the Iowan-Tazewell transition. Thus, the upper 60 percent of the 
loess in cut 50 must be of Tazewell age. Similarly, other faunal 
zones along the traverse (fig. 11) indicate that in most sections 
the upper 60 to 65 percent of the total loess thickness is repre
sentative of the Tazewell substage. 

AGE 
Data from other parts of Iowa (51) have shown that the lower 

Tazewell is dated by the radiocarbon method at 16,000 to 17,000 
years. Stratigraphic and radiocarbon data also have yielded an 
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immediate post-Tazewell loess date of approximately 14,000 years. 
Thus, the upper part of the Wisconsin loess along the traverse 
from Bentley to east of Adair, Iowa, is Tazewell in age and 
younger than 16,000 to 17,000 years but older than 14,000 years. 

The only discernible stratigraphic break in the Wisconsin loess 
is the buried Regosol that occurs in the uppermost part of the 
basal Farmdale increment of the Wisconsin. Such a buried soil 
has been described in cut 11 (sec. D). In cut 33 the buried Farm
dale soil is a Humic-Gley which contains abundant wood frag
ments 14 in the A horizon. TJ-;e age of this wood has been dated at 
24,500 ± 800 years by the radiocarbon method (43, W-141). 

Radiocarbon analyses and evaluation of stratigraphy permit a 
reconstruction of the events of the Wisconsin glacial stage repre
sented by the loesses in southwestern Iowa. About 25,000 years 
ago loess of the Farmdale substage was deposited on a pre
Wisconsin surface. Soil genesis of a Regosolic type followed, 
characterized only by the leaching of carbonate from the thin 
Farmdale loess (fig. 13, B) and accumulation of organic matter 
in the A horizon. 

Loess was deposited again in Iowan time. 15 In the beginning it 
accumulated slowly and carbonates were leached contemporane
ously with deposition. This loess, the basal deoxidized and leached 
zone, may represent the pro-Iowan phase of the Wisconsin loess, 
that is, the loess accumulated while the Iowan glacier advanced 
to its maximum limit in Iowa. There is stratigraphic evidence of 
a cessation of loess deposition during the pro-Iowan phase, or 
between this phase and the overlying Iowan. 

More rapid accumulation of loess followed; carbonates were 
not leached contemporaneously and un leached zones overlying 
the basal deoxidized and leached zone resulted. Deposition con
tinued without significant interruption through Tazewell time and 
ceased 14,000 to 16,000 years ago. The uneroded upland-loess sur
face in southwestern Iowa dates from that period. 

MINERALOGY 
The mineralogy of the whole section of Wisconsin loess was not 

studied since at the time of sampling the interest was in criteria 
for distinguishing the different deposits. The Farmdale increment 
was sampled in several of the cuts, and the basal leached zone 
above the Farmdale in two cuts. Composition of the heavy mineral 
separates of some representative Farmdale samples, leached zone, 
and a Marshall silt loam soil profile are shown in tables 13 and 14. 

14 D. W. Bensend, Department of Forestry, Iowa State University, 
identified the wood as larch (Larix sp.). 

l~ At the time of conducting the field studies upon which this report is 
based, the standard Wisconsin glacial-stage section in Iowa was recognized 
as: Mankato substage, Cary substage, Tazewell substage, Iowan substage, 
Farmdale substage. After completion of these field studies, evidence based 
upon radiocarbon dating in other parts of Iowa suggested that the Iowan is 
older than the Farmdale (54). The suggested revision of the standard section, 
placement of the Iowan below the Farmdale, already has become embroiled in 
controversy. Furthel' studies are necessary to resolve the question. In view of 
the problems involved, it is believed best to retain the standard section in this 
.report pending solution of the stratigraphic classification and correlation of 
the substages concerned. 
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TABLE 14.-Proportions of nonopaque heavy minerals of 
basal leached Wisconsin loess and Marshall soil 

I, Wisconsin loess: Marshall soil: 1 soil horizon, 
sample No. and size-fraction depth, and size-fraction 

Mineral 19 34 A3 8-15 inches'C 45-60 inches 

50- '20-50 50- 20-50 50- 20-50 
1O0!, !' 1O0!, !' 1O0!, !' 100 !' !' 
50-\20-50 

Per- Per- Per- Per- Per- Per- Per- Per
cent cent cent cent cent cent cent cent 

Epidote ________________ 16 38 25 35 28 40
Tourmaline_____________ 2! I 50 

2 3 4 2 4 3 5Zircon" _________________ 
4 ! 7 10 4 10 6 12Garnet. ________________ 

12 I 5 8 8 8 8 8 7Hornblende_____________ . 
Titanium minerals _______ ; 

60 , 33 23 48 18 

Miscellaneous _____ -- ____I ~ I 12 I 5~ I II I 54 
5 15 6 17 
3 3 3 521 

1 Mica is relatively abundant throughout; apatite is common. 

The Farmdale is easily distinguished from the Sangamon 
paleosol in Loveland loess by its relative freshness. Amphiboles, 
pyroxenes, micas, and feldspars are abundant. During the time 
of development of the paleosol in the Farmdale very little weather
ing of primary minerals took place. 

More study would be needed to determine the significance of 
the variation in composition of the deoxidized-leached zone above 
the Farmdale (samples 19 and 34). The release of rather large 
amounts of free iron oxide to form the concretions and pipestems 
indicates appreciable weathering. Weathering may have been 
more intense in localized tongues and pockets and sample 34 may 
have come from such a place. This sample has a lower feldspar 
content in the silt than sample 19. 

In the Marshall soil the lower weatherable mineral content in 
the C horizon compared to the A horizon may be due to weathering 
or to local variation in the material. Ratios between the other 
minerals are nearly identical. Mica and apatite are common in 
both horizons. 

Heavy mineral composition and mica and feldspar content 
indicate that Wisconsin loess and modern soils in the region of 
the traverse are much less weathered than the Loveland loess and 
soils in it. The sand and coarse silt were not weathered appre
ciably in any of the samples except sample 34. 

Clay fractions in the Wisconsin loess and soils are dominated by 
montmorillonite; they have moderate amounts of illite and traces 
of kaolinite. No significant differences among horizons in Farm
dale or main Wisconsin loess and soils could be observed by the 
methods used in this study. 
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Geomorphology 

Related to the complex Pleistocene stratigraphy along the 
traverse are four major geomorphic surfaces: (1) Yarmouth
Sangamon, (2) Sangamon, (3) Late Sangamon, and (4) Wiscon
sin complex composed of (a) an Early Wisconsin surface of dis
section, (b) an Early Wisconsin terrace along the primary drain
ages, (c) an Early Wisconsin loess-constructional upland surface, 
(d) a Late Wisconsin surface of dissection and aBuvial fiB, and 
(e) a Recent guBy cut and fiB surface. 

Yarmouth-Sangamon Surface 

PALEOSOLS 

The Yarmouth-Sangamon surface occurs in cuts D and E at 
Adair, Iowa (pI. I). A deep, intensely weathered soil formed on 
the surface, and in Kansan till (fig. 15). The soil is buried beneath 
the Wisconsin loess of which the Farmdale is the basal increment. 
Thus, the buried surface and soil span the stratigraphic range 
from the Kansan to the basal Wisconsin and must include all or 
a part of the Yarmouth, Illinoian, and Sangamon. To the west
ward along the traverse between Atlantic and Bentley, Iowa, this 
stratigraphic range is represented by: (1) the buried soil in the 
uppermost part of the Kansan till overlain by Yarmouth clay, 
(2) the Yarmouth clay and its surficial soil overlain by Loveland 
loess, and (3) the increments of Loveland loess capped by the 
intra-Illinoian and Sangamon soils. 

The buried soil on the Yarmouth-Sangamon surface at Adair 
is a "giant" profile in comparison with soils on the modern till 
landscape in Iowa. The buried profile in cut D shows: 
Section G: 
\Visconsin loess: 

Oxidized and Yellowish brown (IOYR 5/4) silt loam; massive; friable; gray 
leached (IOYR 6/1) mottles prominent; leached. 

0-128 inches 
below modern 
surface 

Deoxidized and Light gray (lOYR 7/1) to grayish brown (2.5Y 5/2) silt loam; 
lea('iled lllassive; friable; brownish yellow (IOYR 6/5) to strong brown 

128-152 inches (7.5YR 5/6) iron oxide band at top; iron oxide segregated in 
pipestems and concretions; leached. 

Farmdale: 
I Alb Dark grayish brown (lOYR 4/2) light silty clay loam; weak 
152-159 inches platy; friable; hard yellowish red (5YR 5/6) to dark reddish 

brown (5YR 3/3) iron oxide concretions abundant; gritty; 
leached. 

Yarmouth-Sangamon soil in Kansan till: 
IIA3h Dark yellowish brown (lOYR 4/4) silty clay loam; weak mc,.l!ulIl 
159-t77 inches platy to medium granular; hard when dry, firm when 'l,oi:;t; 

gray (IOYR 6/1) mottles common; hard yellowish red (:..\ H \'0) 
to dark reddish brown (5YR 3/3) iron-oxide concrcli.,n" ver:; 
abundant; gritty; leached. 

IIB"h Grayish brown (lOYR 5/2) heavy silty clay loam; weak ;l1ed"I',l 
177-189 im'hes 	 suhllngular blocky; hard when dry, firm but plastll d:en 

moist; hard yellowish red (5 YR 5/6) to dark reddb·i. hW\'.; 
(5 YR 3/3) iron-oxide concretions very abundant; yeUO\\ I~h L' 

to dark reddish brown stain on aggregates; clay skins prvnliU( " 
gritty; leached. 
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IIB••b Gray (lOYR 5/1-6/1) heavy silty clay; strong medium sub
189-242 inches angular blocky; very hard when dry, very firm but plastic when 

moist; hard vellowish red to dark reddish brown iron-oxide 
concretions sparse; clay skins on aggregate faces very abundant; 
gritty; leached. 

IIB3• b Gray (10YR 5/1-6/1) heavy silty day loam to silty clay; 
242-272 int'hes moderate medium subangular blocky; hard when dry, firm but 

plastic when moist; hard yellowish red to dark reddish brown 
iron-oxide eoncretions very sparse; clay skins prominent; gritty; 
leached. 

lIC1• b Light gray (IOYR 6fl-7fl) silty clay loam; coarse angular 
272-30(j inches bloeky; hard when dry, firm when moist; clay skins sparse; 

welltherable mineral matter sparse; gritty; leached, deoxidized 
Kansan till. 

IIC'b Yellowish brown (lOYR 5/6-5/8) clay loam; coarse angular 
306-328 in('hes blocky; friable; weatherable mineral matter prominent; gritty 

to cobbly; lea(,hed, deoxidized Kansan till. 
lfC'c"b Yellowish brown (IOYR 5/8) loam; coarse angular blocky; 
328-600 inche:! friable; wealherable mineral. nuttter very promilient; gritty to 

cobbly; calcareous, oxidized Kansan till; to base of cut. 

The buried Yarmouth-Sangamon soil is distinctive in several 
characteristics. The thickness of the solum approximates 10 feet 
(fig. 15). The clay of the B2 horizon amounts to 52 percent, and 
the B-C horizon clay ratio is 1.5 :1.0. None of the till-derived soils 
on the modern landscape in Iowa have similar ratios although the 
modern loess-derived Edina soil does (60, pp. 707-708; 73). It is 
questionable, however, whether a comparison between soils formed 
in till of heterogeneous texture and in loess of more homogeneous 
texture is significant. 

The Yarmouth-Sangamon soil is intensely weathered. Petro
graphic study of the sand fractions of the profile (fig. 15) shows 
only the most resistant mineral particles, such as quartz, quartz
ite, chert, and sandstone, in the solum. \Veatherable material, 
such as granite and feldspar grains, constitutes less than 4 per
cent of the fraction of the C1 horizon. Weatherable mineral par
ticles, granite, diorite, basalt, gabbro, are abundant in the C2 
horizon 121;2 feet below the top of the solum, the former landscape 
surface. Readily weatherable material-limestone and dolomite 
particles-occurs in the C,>" horizon, the upper limit of which is 
14 feet below the old landscape surface. 

The buried soil contains hard yellowish red to dark reddish 
brown iron oxide concretions in the upper part of the solum: 
IA11J-Farmdale, 14 percent; IIA:II" 28 percent; lIB lI.. 32 percent; 
HB;!I" 6 percent; HBm.. 2 percent. Maximum concentration of the 
iron oxide above the impermeable IIB 21J horizon suggests that the 
iron oxide is not related geneticallY to the morphological develop
ment of the buried solum but is an addition of material in the 
upper part subsequent to horizon development. The presence of 
hydrous to hydrated iron oxide may be the result of Sangamon 
weathering that caused the yellowish red to dark reddish brown 
colors that are characteristic of the Sangamon soils in Loveland 
loess. Or the iron oxide may result from material brought down 
and precipitated from subsurface water percolating down through 
the overlying Wisconsin loess. In either case the more imperme
able IIB2h horizon has acted as a barrier above which the iron 
oxide has been precipitated. 



47 LANDSCAPE EVOLUTION IN SOUTHWESTERN IOWA 

Kay (24), who originally defined gumbotil, reported the occur
rence of gumbotil in the section at Adair (25, p. 129). The hori
zons of the buried soil, IIB lgh to IIB:lgh at depths of 177 to 272 
inches, are the gumbotil of Kay. Although the gumbotil was 
recognized as the most weathered phase of till, Kay did not con
sider gumbotil to be part of a buried soil but rather something 
distinct from soil. For example, Kay states: "The Aftonian inter
glacial stage is represented in Iowa by widespread gumbotil, peat, 
mucks, old soils, weathered sands and gravels ...." (25, p. 182), 
and "On the gumbotil in none of these exposures is there a soil 
to testify that the full original thickness is present. A well ex
posed section showing the gumbotil to be eleven feet thick with 
soil above it ...." (25, p. 260). [Italics ours.] Scholtes et al. 
(56), pointed out that the gumbotil is the B horizon of a paleo
Planosol or Wiesenboden (Humic-Gley). Simonson (60, pp. 711
716) has reaffirmed, but with more detailed evidence, the fact 
that gumbotil is the BII horizon of a Planosol or Humic-Gley 
formed from glacial drift during an interglacial age. 

Although Kay (25, p. 260) and Simonson (60, pp. 711-716) 
consider the gumbotil to represent the Yarmouth interglacial 
stage, the stratigraphic range of weathering of this buried soil 
in southwestern Iowa encompasses the Yarmouth, Illinoian, and 
Sangamon interglacial ages. 

DISTRIBUTION 

The Yarmouth-Sangamon surface at Adair occupies the divide 
topographic position between Turkey Creek to the west and 
Middle River to the east (pI. I, D). Down the west flank (C, B, A) 
and down the east flank (F, G, H), the gumbotil does not occur. 
Instead, the Kansan till is truncated by an erosion surface which 
is indicated by a stone line below variable thicknesses of trans
located till-like sediment. A shallow buried soil, that contains 
weatherable mineral matter throughout the solum, is formed in 
the translocated sediment, stone line, and uppermost part of the 
Kansan till (fig. 15). This buried soil in all flank-position cuts is 
overlain by the Wisconsin loess with its basal Farmdale incre
ment. Thus, the buried surface on the crest and on the flanks of 
the Turkey Creek-Adair-Middle River traverse is pre-Farmdale. 
The crest unit at Adair is Yarmouth-Sangamon, but the lower 
stratigraphic limit of the flanking bevels .cannot be fixed with 
certainty by the evidence available along this segment of the 
major traverse. Both the Yarmouth-Sangamon surface and the 
flanking bevels are dissected by an erosion surface that is younger 
than the flanking bevels as well as by a surface that is younger 
than the subage of the youngest Wisconsin loess. 

Sangamon Surface 

PALEOSOLS 

The Loveland loess is of known Illinoian age (33, pp. 601-602). 
A paleosol in the uppermost part of the Loveland loess is overlain 
by the Farmdale loes!:> of known earliest Wisconsin age (33, pp. 
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TABLE 15.-Proportil'lTUl of rwnopaque heavy minerals of paleosols in Loveland loess 

Cut 50 

Mineral Sample 37 Sample 38 Sample 39 Sample 40 

50- 2G-50 5G- 2G-50 50- 20-50";'1'0-50 


100 ).I ).I 100 ).I ).I 100).1 ).I 100 ).I ).I 

Per- Per- Per- Per- Per- Per- Per- Per
cent cent cent cent cent cent cent centEpidote________________ 45 33 38 40 38 38 37 35Tourmaline ____________ 7 6 5 4 5 6 8 7Zircon_________________ 4 9 14 18 7 16 4 15GarneL _______________ 9 8 10 7 8 8 6 12Hornblende ____________ 23 28 10 8 30 10 32 10 

Titanium minerals ______ 10 14 16 20 10 21 7 16
Miscellaneous__________ 3 3 5 3 2 1 6 4 

Cut 50 Cut 45 Cut 39 

Mineral Sample 41 Sample 54 Sample 55 Sample 28 

I 
5G- 20-50 5G- 20-50 50- 20-50 50- 20-50 

100 ).I ).I 100 ).I ).I 100 ).I ).I 100).1 ).I 

Per- Per- Per- Per- Per- Per- Per- Per
cent cent cent cent cent cent cent centEpidote________________ 38 35 40 36 40 34 51 40Tourmaline ____________ 4 6 5 8 4 5 5 5Zircon_________________ 8 18 8 16 7 15 7 15GarneL _______________ 10 10 6 8 6 4 9 6

Hornblende ____________ a5 8 28 2 32 16 13 8 
Titanium minerals ______ 5 20 7 22 5 20 8 20
Miscellaneous __________ 2 5 6 8 5 6 7 5 

Cut 39 

Mineral Sample 29 Sample 30 Sample 31 Sample 32 

50- 2G-50 50- 20-50 50- 20-50 50- 20-50 
100 ).I ).I 100 ).I ).I 100 ).I ).I 100 ).I ).I 

Per- Per- Per- Per- Per- PeT- Per- PeT
cent cent cent cent cent cent cent centEpidote________________ 45 38 40 35 40 32 50 40

Tourmaline____________ 5 9 5 3 3 3 5 6Zircon_________________ 7 16 8 20 4 20 4 20GameL _______________ 11 3 12 7 6 10 12 12
Hornblende ____________ 24 10 25 3 35 5 10 1 
Titanium minerllls ______ 6 24 5 ?- 8 20 12 20-0
Miscellaneous__________ 2 3 5 5 4 8 4 6 
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TABLE 15.-Proportions of nonopaque heal'1J minera18 of paleosols in Loveland loess 

Mineral 

Epidote________________ 

Tourmaline____________

Zircon_________________ 
Garnet________________ 
Hornblende ____________ 
Ti tanium minerals ______ 
Miscellaneous __________ 

Mineral 

Epidote________________ 
Tourmaline_____________ 
Zircon_________________ 
Garnet________________ 
Hornblende ____________ 
Titanium minerals ______ 
Miscellaneous __________ 

Mineral 

Epidote________________ 

Tourmaline ____________ 

Zircon_________________ 
Garnet________________ 
Hornblende ____________ 
Titanium minerals ______ 
Miscellaneous __________ 

-Continued 

Cut 39 Cut 33 

Sample 33 Sample 27 Sample 26 Sample 30 

50- 20-50 50- 20-50 50- 20-50 50- 20-50 
100 I' I' 1001' I' 100 I' I' 1001' I' 

Per- Per- Per- Per- Per- Per- Per- Per
cent cent cent cent cent cent cent cent 


40 38 41 35 44 42 37 40 
3 4 3 5 4 5 4 6 
6 17 6 12 6 18 10 20 

12 6 12 8 10 10 16 9 
30 4 27 10 28 3 17 5 
7 25 8 15 7 16 13 15 
2 6 5 5 2 6 3 5 

Cut 33 Cut 26 

Sample 31 Sample 32 Sample 33 Sample 10 

50- 20-50 50- 20-50 50- 20-5050-1 20-50
100 I' I' 100 I' I' 100 I' I' 100 I' I' 

Per- Per- Per- Per- Per- Per- Per- Per
cent cent cent cent cent cent cent cent 


40 36 37 45 40 39 27 30 
5 8 4 5 6 7 3 5 

10 12 8 15 10 10 5 20 
15 5 19 15 12 11 4 3 
25 12 16 5 15 5 48 20 
5 22 13 20 5 22 4 23 

6 3 5 10 7 1 1 

Cut 26 Cut 25 

Sample 9 Sample 56 Sample 53 

50- 20-50 50- 20-50 50- 20-50 
100 I' I' 1001' I' 100 I' I' 

Per- Per- Per- Per- Per- Per
cent cent cent cent cent cent 


50 40 45 42 47 45 

8 5 6 5 7 5 

5 16 6 15 5 15 

8 6 7 8 7 10 


24 4 25 2 23 1 

5 28 6 22 7 20 

1 1 5 4 6 5 
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602-603). Therefore, such a buried. soil must represent weather
ing during the Sangamon interglacial age. 

The buried soils on the Sangamon surface increase in intensity 
of development in an easterly direction along the traverse (fig. 
16). The regional qualifications of topographic positions pointed 
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out by Ruhe (47, pp. 665-667) for studies of Wisconsin loess have 
been applied to the soils of the Sangamon surface. The sites are 
restricted to primary and secondary divides along the traverse. 

The amount of clay accumulated in the B~ horizons increases 
progressively from west to east along the traverse: cut 50, 32 
percent; cut 45, 39 percent; cut 39, 42 percent; cut 3g, 51 percent; 
and cut 25, 55 percent. A progressive increase in clay content of 
the C horizon in the Loveland loess from 28 percent at cut 50 to 
39 percent at cut 33 (fig. 16) corresponds to the progressive in
crease in intensity of weathering of the overlying sola. Such 
variation of the textures of the C horizons may be mainly the 
result of deep weathering rather than particle-size fractionation 
during loess deposition. Clay skins occur along former root 
tubules deep within the C horizons. 

The amounts of clay accumulation in the B~ horizons of the 
Sangamon soil in Loveland loess are related exponentially to dis
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FIGURE 17.-Relationsl1ip of thickness of Loveland loess and amount of clay 
in B horizons of Sallgamon paleosols to distance along the traverse. 
Sample sites are primary and secondary divides, cuts 50 to 4. Thickness of 
Wisconsin loess at same sites plotted for comparison. 
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tance along the traverse (fig. 17). An excellent correlation co
efficient of r = 0.97 exists. The curve of maximum clay accumu
lation approximates a reciprocal of the curve of thickness of Love
land loess to distance along the traverse. Such exponential rela
tionships previously have been noted in the modern soils de
veloped in Wisconsin loess in southwestern Iowa (21, pp. 428
429). 

Composition of heavy mineral separates of samples of buried 
soils in Loveland loess are shown in table 15. In cuts 50, 39, and 
33 samples 40, 41, 31, 32, 33, 24, 23, and 22 were collected from 
the lower profile representing an intra-Illinoian cessation of loess 
deposition. The other samples were from the Sangamon soils in 
the upper part of the Loveland section. 

Throughout the traverse the Loveland loess has been rather 
intensively weathered as indicated. by the amphibole content of the 
heavy mineral separates. The low hornblende content in the 
coarse silt as compared with that in the very fine sand is probably 
a significant indicator of weathering. The absence of any hori
zons with a particularly high hornblende content, even in deep 
horizons in cut 50, suggests that the loess may have originally 
had a low amphibole content. However, comparison with the cal
careous Loveland loess from the Glenwood section shows that the 
original deposit was very high in these weatherable minerals. 
The coarse silt in the calcareous Loveland has a hornblende con
tent of about 25 percent; the highest hornblende content in this 
fraction in the traverse is 16 percent in the C horizon of the 
Sangamon soil in cut 45. The higher percentages in samples 37 
and 10 are believed to be the result of mixing of Farmdale 
material. 

The rather erratic ratios between various resistant minerals 
such as zircon-tourmaline and zircon-garnet indicate that signifi
cance of small difference is questionable. Some of the variation 
may be due to variations in the deposit itself and some may be 
due to sampling, separation, and counting procedure. Therefore 
it is possible only to indicate certain general trends. 

There is some evidence of an increase in weathering eastward 
along the traverse. The hornblende content of the coarse silt is 
higher in the samples from cut 50 than in those from cut 25. How
ever, there are high and low values in all sections; the hornblende 
contents through cut 39 are not consistently different from those 
in cut 33. The samples representing the intra-Illinoian lower 
profile appear to be weathered as much as those from the Sanga
mon profile. 

Feldspar content ranges from 15 to 20 percent in the very fine 
sand down to 1 to 2 percent in the fine silt. Proportions are lower 
than in Wisconsin loess. Variations are irregular and do not seem 
to be associated with position in the profile or in the trave".<se, 
though the samples from cut 50 have a slightly higher feldspar 
content than the others. 

The mica content of the sands and silts from the railroad cuts 
is much lower than that of the samples from the Glenwood sec
tion and of Wisconsin loess. Weathering of biotite and muscovite 
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may account for part of the increase in clay. The mica content 
of cut 50 samples is slightly higher than the others. 

The decrease in fine silt from one end of the traverse to the 
other may in part be due to weathering, as indicated by the slight 
changes in amphibole, feldspar, and mica. Though some weather
ing difference is suggested, the amount of difference would not 
account for the rather large inCrf':1se in clay. If the amphibole 
and mica were to weather out completely the resulting loss would 
be only 1 or 2 percent of the total material. 

Clay fractions of the Loveland materials consist mainly of 
montmorillonite; they have moderate amounts of illite and 10 per
cent or less of kaolinite. There were no differences among the 
samples discernible by the methods used, except a slight variation 
in kaolin content. The mineralogy of the clay fractions is essen
tially the same as that of the tills and the Wisconsin loess and 
soils. The composition of the clay is further indication that, de
spite their color, Sangamon paleosols are more closely related to 
Gray-Brown Podzolic soils than to the Red-Yellow Podzolic soils. 
The clay fractions of the latter commonly are dominated by kaolin 
minerals and in many of the well-developed Gray-Brown Podzolic 
soils in humid regions the clay fractions are dominated by vermic
ulite and illite and have smaller amounts of montmorillonite. 

Observations of thin sections show that the loess contains an 
abundance of aggregates of clay in the fine sand and silt size 
range. Some of these are balls, others are platy or prismatic. The 
Loveland loess may have contained large amounts of clay in such 
forms at the time of d.eposition. Many of these aggregates were 
probably cemented by lime and remained as ghosts when the lime 
leached out. It is possible that a part of the explanation for the 
great increase in clay with distance in the Loveland as compared 
with the Wisconsin is the presence in the source of abundant clay 
aggregates of sand and silt size. 

This in turn would promote the greater development of the soils 
shown by the large increase in clay percentage in the B within a 
relatively short distance. With more clay in the original material 
more clay would be available to move from A horizon to B horizon. 
The higher clay content would restrict water movement and de
velopment of large pore space and restrict movement of clay to a 
rather thin layer resulting in high clay content in a relatively 
shallow profile. 

PALEOSOLS AND MODERN SOILS 

Distinct differences are noted when the morphologies of the 
Sangamon soils in Loveland loess are compared with the mor
phologies of modern soils in Wisconsin loess (fig. 18). A common 
point for comparison is the juxtaposition of the Marshall soil and 
the cut 50 Sangamon soil on the thickness curves. Both soils 
formed in comparable thicknesses of loess: Marshall, 338 inches 
of Wisconsin loess; cut 50, 313 inches of Loveland loess. Both soils 
have the same amount of clay in their B~ horizons, 33 percent. 

However, the modern soils and Sangamon soils are totally dis
similar along the traverse toward end members of comparable 
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amounts of clay in the B2 horizons. In the modern soils a distance 
of 113 miles and a decrease of thickness of Wisconsin loess of 243 
inches, from 338 to 95 inches, are required for develo'pment of 
the Seymour silty clay loam with 53 percent clay in the B2 horizon. 
In the Sangamon soils a distance of only 18 miles and a decrease 
of Loveland loess thickness of only 121 inches, from 313 inches 
to 192 inches, are required for development of 55 percent clay in 
the B~ horizon of the Sangamon soil in cut 25. 

A second comparison emphasizes the distinction of one loess 
thickness-clay accumulation-distance relationship from the other 
(table 16). Along the traverse of 18 miles (cuts 50 to 25) the 
modern soils that formed in the Wisconsin loess, Monona silt 
loam and Marshall silt loam, show an increase of only 3 percent 
clay in the B2 horizons with a decrease in loess thickness of 148 
inches. The Sangamon soils formed in Loveland loess at the same 
sample sites show an increase of 23 percent clay in the B2 horizons 
with a decrease of only 121 inches in loess thickness. In each case 
the decrease in loess thickness is approximately one third, 148 
inches in Wisconsin loess and 121 inches in Loveland loess. 

TABLE lB.-Comparison of loess thickness-distance along traverse and amount of clay
( < 2 Il) in n. horizons of modern soils in Wisconsin loes.~ and Sangamon paleosols in 
Loveland loe.os 

Loess thickness Distance I Clay in Bo horizon 
Cut I along 

traverseIWisconsin Loveland I I Wisconsin Lovelandi ! 

JI 
Inches Inches Miles Percent Percent50________ 453 313 0.0 130.4 232.8

45 __________1 ________39.5418 248 3.339 __________ , _______ .42.5365 227 6.633 __________ ________ 51.0357 215 11.325 __________1 305 192 17.9 333.0 55.3 

I Monona silt loam. 

1 Sangamun buried soils. 

J yfarshall silt loam. 


There are excellent correlations between the data of loess thick
ness and distance along the traverse with clay content in the B 
horizons for the soils formed on Wisconsin and Loveland loess. 
B'~~ there is a great discrepancy when the two sets of data are 
compared. Thus, it seems apparent that variations in loess thick
ness with distance along a traverse are not solely responsible for 
the increased intensity of development of soils. 

DISTRIBUTION 

The distribution pattern of the Loveland loess with its surficial 
Sangamon soil along the traverse shows not only the geomorphic 
expression of the pre-Loveland landscape but also the geomorphic 
expressions of younger landscapes. 'J'he complex distribution pat
tern relative to positions on divide units and elevations on the 
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divide units (table 9) shows that the Loveland loess blanketed an 
erosional landscape on which ancestral streams of the present 
primary and secondary drainages were emplaced (pI. I). 

For example, Loveland loess occurs in cut 49 on the east flank of 
the primary divide (50) and on the west flank (45) of the primary 
divide unit (40-46) that slope to the present valley of Keg Creek. 
The loess occurs down the east flank (42-41) of the primary divide 
unit (44-40) and continues across Middle Silver Creek and across 
secondary divide unit (39-36) and down its east flank (37-36) 
to East Silver Creek. Middle Silver Creek may be a post-Sanga
mon drainage emplacement. The Loveland loess rises up the west 
flank of a secondary divide unit (35-32), crosses the crest (33), 
and descends part way down the east flank to the West Nish
nabotna River. Such distribution shows that ancestral Keg Creek, 
East Silver Creek, and West Nishnabotna River were emplaced 
prior to Loveland (Illinoian)-loess deposition. Further, the pri
mary divides at cuts 50 and 44 as well as the secondary divide at 
cut 33 were formed prior to Loveland loess deposition. The em
placement of Middle Silver Creek and the establishment of the 
secondary divide cut 39 may be post-Sangamon in age. 

Similar geomorphic relationships are discernible from the West 
to the East Nishnabotna Rivers (pI. I). However, the occurrence 
of Yarmouth clay as well as of Loveland loess helps to establish 
the geomorphic datum. The general accordance of elevations of 
the Yarmouth clay has been shown from cuts 3 to 27 (table 7). 
The lacustrine nature of the bed suggests that the clay lay on a 
continuous level upland and probably had greater geographic dis
tribution than shown by the remnants of the beds from cuts 3 
to 27. 

Loveland loess on flanks and crests of both primary and second
ary divide units in the area of the Yarmouth clay shows that the 
primary and secondary drainages, West Nishnabotna River, Wal
nut Creek, Indian Creek, and East Nishnabotna River, were em
placed after deposition of Yarmouth clay but before the deposition 
of Loveland loess. The primary and secondary divides (cuts 17, 
11, 4) were established at this time. The age can be established 
as Late Yarmouth, that is, subsequent to Yarmouth soil formation 
on Kansan till (fig. 6) and Yarmouth lake clay deposition, prob
ably contemporaneous with soil formation on Yarmouth clay, prior 
to deposition of Loveland (Illinoian) loess. 

The emplacement of Graybill Creek and establishment of the 
secondary divide (pI. I, cut 25) may be post-Sangamon. 

Thus, along the traverse the major geomorphic expression that 
resulted from the establishment of primary and secondary drain
ages and primary and secondary divides date from Late Yarmouth 
time. Loveland loess was deposited on such a landscape. Its 
surficial Sangamon soil remained as a stable landscape element 
on the crests and upper flanks of previously established divide 
units. 

VEGETATION 
Most of the soils of the Sangamon surface in Loveland loess 

have some morphological and textural characteristics similar to 
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those of modern Gray-Brown Podzolic soils (9, p. 973). They are 
more strongly weathered than the modem soils at the same posi
tions in the traverse but still retain fairly large proportions of 
feldspars and amphiboles. 

The Sangamon soils differ in that they have stronger chromas 
and redder hues in the BIJ horizons than their modern analogues. 
The stronger chromas and redder hues of the Sangamon subsoil 
suggest that the soils may be intergrades toward the analogous 
modern Red-Yellow Podzolic soils (71, p. 120). The color of the 
Sangamon soil has been discussed at some length in the literature 
(72, pp. 12-16; 3.'5, pp. 304-305; 17, pp. 19-25; 60, pp. 716-723). 
The general opinion regarding the reddish colors in Sangamon 
soils is that they may reflect higher temperatures or longer
periods of weathering or both. 

These colors have suggested that the soils are related to the 
Red-Yellow Podzolic soils. Free iron oxide content (table 17) is 
considerably below that common in Red-Yellow Podzolic soils. 
Samples 45 and 47, the highest shown, are Band C horizons of a 
Marshall soil. Free iron oxides in Red-Yellow Podzolic soils gen
erally are 5 percent or higher. These values are in the range found 
in the B~ horizons of some Gray 'Vooded, Gray-Brown Podzolic, 
and Podzol soils but below the values found in Red-Yellow Podzolic 
and Reddish Prairie soils. 

TAIILE17.-Pree iron oxide In Sangamon paleosols I 

::illmplc Dcscription I' 

------------------------------------------------,------
38 1 B horizon, ellt 50 _______________________________________ _ Percent 
54 i B horizon, eut 45..____________________________________ _ 1. 78 
55 ' C horizon, eut 45 ________________________________________ 1.62 
20 B horizon, <"llt 3U ________________________________________ 1.161 1.4(1!I B horizon, <'lIt 2lL ______________________________________ _ 
56 B horizon, (,llt 25. _______________________________________ j 1.35 

1.535:3 ' C horizon, ellt 25 .... ____________________________________ 1 
45 : B horizon, aIllrsh!tIl _____________________________________ ' 1 O.U!) 

I 2.0047 ' C horizon, .\IarshaIL ___________________________________ _ 
1. 7U 

--------------------------------------------____-Li 
I Determinations by R. C. \"andcn Hellvel by the method of Aguilera and Jackson,

Soil Hci. l::ioc. Amer. Proc., 17: 350-364, HJ53. 

Examination of the soils in theIr natural structural condition 
shows that the reddish coloration is often on the surfaces of the 
peds, the interIors being yellowish brown or grayish brown color. 
Hence, the total volume of red pigmentation may be small but 
stilI gives a distinct red cast to a deposit seen in an exposure. 
Materials from cuts at the western end of the traverse where the 
loess is coarser and somewhat better drained have a slightly
higher free Fe!!O;j content than those farther east. 

B horizons have slightly higher free Fe~O:l content than C hori
zons. This may indicate the podzolic character of these soils. 

The high montmorillonite and low kaolin content of the Sanga
mon soils also indicates that their resemblance to Red-Yellow 
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Podzolic soils is only ~uperficial. Red-Yellow Podzolic soils may 
contain large amounts of montmorillonite but generally only in 
special cases when the parent materials were derived from mont
morillonitic beds. Even these soils have high kaolin content com
pared with the Iowa Sangamon soils and they show a tendency 
for increase in kaolin and decrease in montmorillonite in the 
solum as compared with the subsoil. 

The Gray-Brown Podzolic characteristics of the Sangamon soils 
indicate that the dominant vegetation on the landscape was forest. 
Simonson (60, p. 723) concluded that the geographic distribution 
of buried soils indicated that the pattern of forest and prairie on 
the former land surfaces must have been much like the native 
vegetative cover of the present plain. The distribution of the 
Gray-Brown Podzolic Sangamon soils along the traverse on the 
primary and secondary divides as well as down the flanks of the 
divide units indicates that the environment of the Sangamon sur
face was dissimilar to that of the present surface. The modern 
soils in the Wisconsin loess in all of these topographic positions 
are Brunizems developed under grass. A similar relationship 
occurs between the buried soils of the Late Sangamon erosion 
surfaces and the modern soils developed in Wisconsin loess. 

Late Sangamon Surface 

CHARACTERISTICS AND DISTRIBUTION 

On the lower flanks of divide units, erosion bevels extend from 
the present valley walls of primary and secondary drainages up 
the flanks toward the crests of secondary and primary divides. 
Such erosion bevels flank both on the west and east the valley of 
Keg Creek (pI. I: 48, 46), on the west of the valley of Middle 
Silver Creek (40), on the west of the valley of the West Nishna
botna River (33,32), on the east of the valley of the West Nishna
botna River (31, 30, 29, 28, 27), on the west of the valley of 
Indian Creek (11, 10, 9, 8), on the east of the valley of Indian 
Creek (7, 6, 5), on the west of the valley of the East Nishnabotna 
River (3, 2, 1), on the east of the valley of Turkey Creek (A, B, 
C), and on the west of the valley of Middle River (F, G, H). 

Two exceptions occur along the traverse. Erosion bevels do not 
flank East Silver Creek (pI. I: 39-33). Instead, Loveland and 
Wisconsin loess mantle a pre-Loveland landscape in all cuts. The 
Loveland blankets the pre-Loveland landscape from an elevation 
of 1,180 feet in cut 36 to 1,237 feet in cut 39 on the west and 
1,210 feet in cut 33 on the east. The occurrence of Loveland in 
this segment of the traverse yields the first line of evidence for 
the presence of erosion bevels flanking adjacent drainages. On the 
east flank of the divide unit of which cut 33 is the crest, an erosion 
surface bevels Kansan till at an elevation of 1,203 feet in cut 32 
west of the West Nishnabotna River. The bevel is 20 to 25 feet 
above the lowest elevation of the surface on which the Loveland 
occurs in cut 36. But, in cut 32 the Loveland loess is absent. 
Higher up flank the Loveland occurs in cut 33. It must be con
cluded that the Loveland was stripped during the development 
of the erosion bevel in cut 32. Similarly, in cut 40 an erosion bevel 
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occurs at an elevation of 1,222 feet west of Middle Silver Creek. 
This erosion surface is 40 to 45 feet above the lowest elevation of 
the surface on which Loveland occurs (cut 36). These relation
ships occur on three adjacent primary and secondary divide units 
(pI. I). 

The second exception occurs across \Valnut Creek. Loveland 
loess occurs at an elevation below 1,260 feet in cut 13 (pI. I) that 
is bounded on the east by the valley of Walnut Creek and on the 
west by a valley of a tributary of Walnut Creek. Yet, east of 
Walnut Creek (cut 12) Loveland loess does not occur in its normal 
stratigraphic position at an elevation of 1,275 feet. West of the 
tributary of Walnut Creek (cut 14) Loveland loess does not occur 
in its normal position at an elevation of 1,285 feet. Apparently 
erosion bevels stripped Loveland loess to the east and to the west, 
but in centrally located cut 13 the Loveland was preserved. 

These evidences indicate that Loveland loess once mantled the 
pre-Loveland surface in all of the cuts. Where the Loveland is 
now absent on low flank positions of divide units but present on 
higher flank positions, the Loveland has been stripped by post
Loveland erosion. 

A second line of evidence for the post-Loveland bevel ·is the 
progressive exposure down flank on divide units of progressively 
older Pleistocene deposits. For example, in cut 26 (fig. 19) the 
Loveland loess occurs below the Farmdale increment of the Wis
consin loess. In cut 27 the Loveland is absent and the Farmdale 
overlies Yarmouth clay. In cuts 28 and 29 the Loveland and Yar
mouth clay are absent, and the Farmdale overlies translocated 
sediment above a stone line on Kansan till. The unconformity in
creases in magnitude from the highest flank position (cut 26) 
where Farmdale overlying Sangamon soil in Loveland loess repre
sents only a later part of the Sangamon. In cut 31 the discon
formity of Farmdale overlying Nebraskan includes part of the 
Nebraskan, and the whole of the Aftonian, Kansan, Yarmouth, 
IlIi!1Jian, and Sangamon. Such angular truncation of the Pie is
toctne succession is excellent evidence of an erosion bevel that 
postdates not only the Loveland but the Sangamon maximum as 
well. The Sangamon maximum is represented by the intensely 
weathered solum in the uppermost part of the Loveland loess in 
cut 26. 10 

The most distinct field evidence of an erosion bevel is the oc
currence of the stone line or lag gravel (fig. 20) on either the 
Kansan Or Nebraskan tills from cuts 27 to 31 on the east side of 
the West Nishnabotna River (fig. 19) and in cuts 32 and 33 on 
the west side of the river. The lag gravel is identifiable discon
tinuously through a distance of 1 % miles east of the east valley 
wall of the river and % mile west of the west valley wall of the 
river. It is mantled by a translocated till-like sediment of lighter 
texture (less clay) than the underlying till and is related geneti
cally to the cutting of the surface on the till. On sediment that 

III In cut 25 the B, horizon contains 55.3 percent clay and is a member of the 
sequence of Sangamon soils along the traverse. 
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FU;('RE 20,-Pedi-!iediment o\'edying- the stone line marking Late Sangamon 
pediment un Kansan till. 

hu~ no gTa\'('I-~iz(' ('omp()lwnt~. ~ll('h u;,; Yarmouth clay, the ero:;ion 
i~ (\l'til1l'd by till' ang-lIlar unconformity that truncates a succes
~ilHl of oltlpr Pleistocene horizons, 

AGE 

The ag-(' of th(' el'osiol1 be\'el flanking- the major drainages is 
dl'tprminubl(' slratigraphi('ally (fig-, Hl) ,East of the West ~ish
nab{JtnH IUvpr th(' b('\'l'l l'l':iultpd ill the stripping of Lo\'eland loess 
on thl' !lank of the didde unit \\"l':it of and below ('ut 26. The 
intl'!l::;ply \\'('athpn'd Sung-am!)n ::;oil i::; prl'::;l~nt in the uppermost 
part of the L()\"('land loc::;s in ('ut :2G and i::; ('om parable in de\"elop
l1H'nt to thl' profilt· in cut 2:) (lig. 16). The erosion be\'el may be 
('ontpmpm'anpcJ[l;-\ with or youngpr than the Sangamon soil in 
Lowland lop::;s (Sangamon maximum), 

Tht' erosion ::;l1rfut,(, west of thl'Wl'~t );'ishnabotna Hiver (cuts 
;t~-:~;3l has stripPl'd thl' Lm'eland lop~;:; in ('ut 32 and the east part 
of ('lit :~:3, One buried soil formed on the erosion be\'el in the 
tran;:;I()('att'd sl'dinwnt. ~t{)IH' lilw. :t!Hl up[)el"l11o;:;t part of the Kan
~al1 till as in cut :H (fig-, :21). Thl' buried soil b o\'erlain by the 
btl ripd [~t'g()~()1 in thl' ba~al Farl1ldall' inl'rement of the \ \"isconsi n 
loess, 
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FIGURE 21.-Textural characteristics of Late Sangamon paleosol in pedi
sediment and Kansan till, and of stratigraphic section, cut 31. 

There are two buried soils iJl the Loveland loess in cut 33 (fig. 
10). The lower intra-Illinoian soil developed within the Loveland 
loess, and the upper Sangamon soil formed in the uppermost part 
of the Loveland loess. The Sangamon soil also is overlain by the 
buried Regosol of the Farmdale. The two buried profiles in Love
land loess occur within a depth of 133 inches below the base of 
the Farmdale. In cut 31 one buried soil occurs on the erosion 
bevel at a depth of 290 inches below the base of the Farmdale. 

These relationsbips of angular truncation of Pleistocene hori
zons as well as zones of buried soils related to specific Pleistocene 
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horizons indicate that the erosion bevel is postmaximum Sanga
mon soil development but pre-Farmdale in age. Thus, the age of 
the erosion bevel is Late Sangamon. 

The emplacement of Middle Silver and Graybill Creek and the 
establishment of the secondary divides, cuts 39 and 25, may be of 
similar age. 

COMPARISON TO MODERN SURFACE 

The Late Sangamon erosion surface crops out in the present 
valley walls above the present flood plains of the major drainages. 
Along Keg Creek (pI. I) the Late Sangamon bevel is at an eleva
tion of 1,175 feet in cut 49, 52 feet above the flood plain of Keg 
Greek at an elevation of 1,123 feet. An alluvial fill of more than 
50 feet occurs in the valley of Keg Creek. 1 7 

Along Middle Silver Creek the Late Sangamon surface crops 
out at 1,248 feet (cut 40), 66 feet above the modern flood plain 
of the stream at 1,182 feet. An alluvial fill of 58 feet overlies 
glacial till in the valley. 

Along Graybill Creek the erosion bevel stands at 1,282 feet 
west of the valley (cut 23) and at 1,288 feet east of the valley 
(cut 22), 66 to 72 feet above the modern flood plain at 1,216 feet. 
An alluvial fill of 49 feet mantles glacial till in the valley. 

Along Walnut Creek the Late Sangamon surfacp. occurs at 1,283 
feet west of the valley (cut 14) and 1,270 feet east of the va1ley 
(cut 12), and stands 47 to 60 feet above the modern flood plain at 
1,223 feet. An alluvial fill of more than 50 feet occurs in t;he
valley. 

Along East Nishnabotna River, the erosion surface is at 1,225 
feet west of the valley (cut 1), 83 feet above the modern flood 
plain at 1,142 feet. In the valley an alluvial fill of 37 feet mantles 
12 feet of glacial till which in turn overlies the Dakota sandstone 
( Cretaceous) . 

These data show that in the modern valley walls of major 
drainages the Late Sangamon erosion surface stands at an aver
age of 60 to 65 feet above the levels of the modern flood plains 
along the drainages. 

The slopes of the valley walls angularly truncate the Late 
Sangamon bevel so that the valley slopes must be post-Late Sanga
mon in age. Alluvial fills in these valleys of 37, 49, 58, and un
known thicknesses greater than 50 feet show that post-Late 
Sangamon valley incision progressed to depths of 120 or more feet 
below the Late Sangamon surface. 

The Late Sangamon bevel flanking the West Nishnabotna River 
(fig. 19) stands at 1,167 feet in the east valley wall and at 1,180 
feet in the west valley wall. The modern flood plain at 1,102 feet 
is 65 feet below the Late Sangamon surface on the east side of 
the valley. On the west side of the valley the erosion surface is 
61 feet above the level of the Iowan terrace. The terrace is 17 feet 

17 Records of borings for bridge sites along the railroad relocation were ob
tained through courtesy of Rockwell Smith, Research Engineer Roadway, 
Association of American Railroads, from the Office of Bridge Engineer, Chi
cago, Rock Island, and Pacific Railroad. 
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above the modern flood plain. An alluvial fill of more than 50 feet 
occurs below the flood plain in the valley. 

CLASSIFICATION 

East of the West Nishnabotna River elevations on the Late 
Sangamon erosion surface progressively increase from 1,167 feet 
at the west end of cut 31 to 1,245 feet in cut 27 to the east (fig. 
19). On the west side of the river elevations on the Late Sanga
mon bevel progressively increase from 1,180 feet in the east end 
of cut 32 to 1,210 feet in cut 33 to the west. Throughout the major 
parts of both segments, the erosion surface is marked by the stone 
line. Maximum local relief on the erosion surface east of the river 
is 15 to 20 feet, and west of the river, 10 feet. The surface extends 
2 miles east of the river and % mile west of the river. " 

A median curve (fig. 19) through the points of maximum and 
minimum elevations on the Late Sangamon surface is curvate, 
concave upward, and conforms to the classical hydrologic profile 
of fluvial erosion. Such erosion-surface profiles have been de
scribed as characteristic of pediments (6, pp. 46-48; 7, p. 259; 
29, pp. 728-730; 15, p. 89). 

A pediment is an erosion surface that lies at the foot of a 
receded slope, is underlain by rocks or sediments of the upland, is 
barren or mantled by a layer of alluvium (pedi-sediment), and 
displays a longitudinal profile normally concave upward. (Modi
fied after Howard, 20, p. 8.) The pediment footslope is the surface 
of low gradient that extends from the foot of and away from the 
receded slope. The pediment backslope (the receded slope) is 
generally concave upward and rises from the pediment footslope 
to the upland. 

A second characteristic of the Late Sangamon surface that 
typifies it is the translocated till-like sediment that mantles the 
erosion-surface lag gravel (figs. 15, 20). Such sediment veneer 
also has been considered characteristic of pediments (6, p. 57; 
29, p. 730; 16, p. 245). Sediment veneering a pediment has been 
designated as pedi-sediment (50). 

The occurrence of the Late Sangamon bevel on the flanks of, 
but below divides not truncated and unmodified by the lower level 
erosion bevel (fig. 19), conforms to the general concept of a pedi
ment (16, p. 743). Occurrence of the Late Sangamon surface in 
geographic positions flanking major drainages suggests that the 
surface may conform to the flanking pediment of Frye (15, pp. 
88-92; 16, p. 246). . 

On the foregoing bases the Late Sangamon erosion surfaces 
flanking the West Nishnabotna River (fig. 19) are pediments. 
The pediment surface, if extended toward the river, . crosses the 
valley 50 to 60 feet above the modern flood plain. Apparently, the 
pediment was developed when the ancestral Nishnabotna River of 
Late Sangamon time stood at a higher elevation than that of the 
present stream. 

There is other evidence of such higher levels of the major drain
ages along the traverse. For example, along Indian Creek (fig. 22) 
the base of a leached sand and gravel crops out in the east valley 
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wall 35 feet above the modern flood plain along the stream. The 
yellowish brown sand and gravel is more than 12 feet thick and 
grades upward into a reddish brown sandy clay that in turn is 
overlain by at least 8 feet of a reddish brown silty clay (fig. 23). 
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FIGURE 23.-Textures of Late Sangamon alluvium, cut 7. 

The sediment is comparable in texture and bedding to terrace 
sediments or flood-plain alluvium of the present valleys. 

The sediment occurs on the lowest flank position of the Late 
Sangamon bevel that rises to the divide at cut 4 to the east (pI. I). 
In the west valley wall of Indian Creek (fig. 22, cut 8) the Late 
Sangamon bevel ou ::rops at an elevation accordant with the 
alluvium in the east valley wall in cut 7. These lines of evidence 
indicate that in Late Sangamon time an alluvial valley fill along 
the present course of Indian Creek occurred at an elevation 62 
feet above the level of the modern flood plain. The evidence fur
ther suggests that the Late Sangamon bevel west of Indian Creek 
was graded eastward to the high-standing valley fill. 

Pediments that are correlative of the Late Sangamon surfaces 
flanking West Nishnabotna River and Indian Creek occur along 
Keg Creek and Middle Silver Creek (pI. I), Graybill and Walnut 
Creeks, and East Nishnabotna River, Turkey Creek, and Middle 
River. 

The characteristics of the Late Sangamon pediments are: (1) 
geographic occurrence flanking major drainages, (2) geographic 
occurrence on the flanks of divide units, (3) concave upward pro
file up flank toward the divides, (4) angular truncation of the 
Pleistocene succession on the flanks of divide units, and (5) occur
rence of lag-gravels veneered by pedi-sediments. These character
istics show that the pedimentation process was essentially a wear
ing back of the landscape from the major drainages toward the 
divides of the prepediment landscape. 

The fact that the divides remained unmodified by the Late 
Sangamon pedimentation is demonstrated stratigraphically on the 
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West Nishnabotna bevel (fig. 19). The Loveland loess has not been 
stripped from the divides at cuts 33 and 26-25. The divides, al
though unmodified by erosion, were subjected to intensive 
weathering (figs. 16, 17). The divides have been stable landscape 
units since at least the beginning of Illinoian time. 

PALEOSOLS 

The stability of divides in the evolution of the landscapes along 
the traverse is best exemplified in the traverse across the divide 
unit at Adair (pI. I). The buried landscape on the divide is char
acterized by the deep, intensely weathered Humic-Gley paleosol 
(gumbotil) in Kansan till. On the west flank toward Turkey 
Creek, the Late Sangamon pediment is preserved in cuts A, B, C, 
and on the east flank toward Middle River in cuts F, G, H. The 

following section occurs in cut A: 

Section H: 


WiMconllin loe!:!8: 

Oxidized and Dark yellowish brown to brown (IOYR 4/4-5/4) silt loulll; 

leached mussivu; friable; leached. 
0-42 inches 


below modern 

Murfllce 


Deoxidized ILnd Gmy (lOYH. 5/1) to light gray (LOYH. Bjl) silt loal1l; Il1ILSl1ive; 
lellched frillble; iron oxide segregated in pipestelIls; leached. 

42-60 inches 
Furmdlllc: 

lAII, 	 Grayish brown tt) brown (IOYR 5/2.5, dry) lind dark grayish 
()O-70 incheH 	 brown to dark brown (IOYR 4/2.5, moist) silt loam; welLk pllLty 

to weak fine granular; hard yellowillh red (5YH. 5/6) to dark 
reddi:;h brown (5YH. 3/3) iron oxide con(;reLioll!; very abulldlLnt, 
friuble; leached. 

Latel:iangalTlon Hoil in Kansall WI: 
IIA/h 	 Light brownish gmy to plLie brown (IOrR 6/2.5, dry) allli brown 
70-7li indll's 	 to yellowish brown (lOY R 5/3.5, moil;!,) ::lilt loam; wCllk plll!.Y to 

wcak medium grallular; hllrd when dry, friahlu when JIloii\t.; 
hard yellowish rcd to dnrk reddh;h browli iron oxidc (ml(:reLionl:! 
very abundant; gritty; ICILched. 

( lI.~I\o 	 Brown (7.iiYRii/l, dry) to dark brown (7.5YR 4/4, Illoist) ::lilty 
71l-84 int'hel! 	 day IOUTlli rnodcmtu fillu to medium ljubangular hlocky; hllrd 

when dry, firm when /!loist; clay skil1!; prominent.; hurd yellowh;h 
red to dark ruddish brown iroll oxide eoneretiolls abundllnt; 
gritty to pebhly; leaehcd. 

( Ill,~ 	 Reddish brown lo yellowish red (5YH. 4/ii, dry) Ilndyellowish 
84-9!1 irH·hcs 	 red (iiYR 4/6, moh;!.) to brown (7,iiYR '1/4, moist) ('IIlYi strong 

medium suballgular blocky; very hard when dry, firm but 
pillsti(: when Ill(list; ('lilY ~kins very prominent; hurd yellowish 
red to dark reddish brown iroll. ~lxlde (:onrretions abundant; 
very gritty to ('obbly; lcached; stone line at top. 

1(13,,, 	 Brown to yellowish brown (IOYR 5j3.[>, dry) and dark brown 
\19-106 indlel! 	 to dnrk yellowish brown (lOY'll 4/:3.5, moist) day loam; 

modemte mediull\ subllngular blocky; hnrd when dry, firm when 
moist; day skillS common; llllrd yellowish red to dark reddish 
brown conrretions spnrse; gritty to llebhly; leached. 
Brownish yellow (IOYH. 1l/8, dry) to yellowillh brown (IOYIl lIClh 

10(\- I(lO irll'heH 	 ii/7, moi!lt) clay l('lillli l'Ourse angular blocky; hard when dry, 
rriable when moist.; hard yellowish red to dark reddhih hrown 
iron oxide rOlH'reliollll sparHe; ()xidi7.ed lind Icaehed Kansan till. 
Pille yellow (2.5Y 7/4, dry) to yellowish brown (lOYH. 5/8,II ('Cnlh 
moist) tlay llJulll; (!()Ilrse angular blocky; hard when dry, firm 160-238 illCl\CIJ 

http:xidi7.ed
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when. moist; gritty to cobbly; oxidized and un leached Kansan 
till. 

IICe,'b Dark gmy CLOYR 4/1, moist) clay loam; coarse angular blocky; 
238-330 inches hard and firm; gritty to cobbly; ulloxidized and unleached 

Kansan till to base of cut. 

Petrographic analysis of the sand fraction of this buried soil 
shows that the profile is not intensely weathered. Weatherable 
mineral particles such as granite, basalt, and gabbro are present 
throughout the profile: lalb, 18 percent; IIA~b' 11 percent; HBlb, 
10 percent; HB~,» 12 percent; HC lb, 7 percent. The depth below 
the top of the solum to the zone of most readily weatherable ma
terial, such as limestone and dolomite, is 90 inches. 

The buried solum contains hard yellowish red to dark reddish 
brown iron oxide concretions that are concentrated in greatest 
quantity above the HB!!b horizon: lAlI" 17 percent; lIA:lh, 13 per
cent; lIB II" 5 percent; lIB!!b, 8 percent; HClI» 1 percent. This 
buried soil, similar to the Yarmouth-Sangamon paleosol at Adair, 
apparently has had additions of iron oxide subsequent to horizon 
development. The lIB!!h horizon acted as a lower, impermeable 
barrier above whic!:l iron oxide was precipitated. Major concen
trations in the Farmdale HAlll suggests that the iron oxide may 
have been derived from weathering of the overlying post-Farm
dale Wisconsin loess. 

The thkkness of the solum of the Late Sangamon buried soil is 
only 36 inches. The clay ratio of the B-C horizons is 1.2 :1.0. The 
morphological and mineralogical characteristics on the flanking 
pediment are compared to the characteristics of the bllried soil of 

TARLg IS.-Comparison oj morphological and mineralogical characteristics oj the bllried 
soils oj lhe Late SaTlgalllon flanking pediment and lhe stable r arllloulh-Sangalllon 
divide on lhe divide unit, Turkey C'reek-Adair-Jf iddle River 

Yarmouth Late Sangamon 
Characteristics Sangamon flanking 

stable divide pediment 
(cut D) (cut A) 

JI 

Inches InchesThickness of solum ________________________ U3 36
Thickness of 13. horizon _____________________ i 53 15 
Depth to wcatherablc minerals ,. _____________ , 120 o
Depth to carbonate _________________________l 147 \)0 

Ratio Ratio 
Clay c0ntcnt B-C horizons __________________! 1.5:1.0 1. 2:1.0 

i
Weatherable minerals ' ______________________ '1 Percent fJercenl 

0.0 UUJi.\. ' horizor~~---------------------.---------.A./A hOflzons ______________ .___________ _ 0.0 [1.5a _______ • ____________________ _13, horizon .. 0.0 10.013. horizon _______________________________ " 0.0 11.80.0 _______________ _
B3 horizon._ -- - - -- - - - -- -.- - - - - - - - - -- - - ---IC, horizon ... ____________________________ I a.6 7.5
C I . , 12.0 _ _ __________ _
" IOfl7:?n_. -- ------ - ------ ------- -- - - ---IC." hOflzon _________ - - - ______ - ___________ j 22.0 I 15.5 

I Sand fractions. 



69 LANDSCAPE EVOLUTION IN SOUTHWESTERN IOWA 

the stable divide at Adair in table 18. The data indicate: (1) That 
the stable Yarmouth-Sangamon divide has remained unmodified 
by erosion but has been subjected only to intensive weathering 
with the development of a deep soil. (2) The development of the 
Late Sangamon flanking pediment has stripped the intensively 
weathered soil of the older landscape and exposed fresh mineral 
material to a new cycle of soil genesis. On the younger surface 
a shallow, less intensely weathered soil has formed. 

CONCEPT OF EVOLUTION 

The stratigr~tphic relationships of the Pleistocene deposits, the 
physiographic expression of the flanking erosion bevels to crests 
of divide units and to the stratigraphy, ancl the geographic ex
pressions of soils relative to the physiography and stratigraphy 
establish the fundamental theorems of landscape evolution. (1) 
Fluvial erosion surfaces develop from a directrix-a controlling 
stream-and encroach on and up the flanks of adjacent inter
fluves toward the divides. (2) The profile of the encroaching 
erosion surface is clll·vate, concave upward, toward the periphery 
of the wRtershed in which it develops. (3) The encroaching 
erosion strips the products of weathedng of older surfaces; a 
younger, fresh surface is formed; and a new cycle of soil forma
tion begins. (4) The divides remain as stable landscapes subjected 
to intensive weathering until they are beveled by the encroaching 
erosion surface. (5) The divides are not worn down but ulti
mately may be destroyed by the encroachment of et·osion bevels 
from opposite directions. 

Theorems such as these have been designated by King (:.W) as 
Ganon.'; of L(wciscape 8volntioH. Although a strong advocate of 
the concept of pediplanation, King, as well as most geomorpholo
gi~t~, ignore~ the characteristics and geomorphic distribution of 
soils in studies of landscape;,; (d., theorems 3 and 4). 

it is generally accepted that weathering, erosion, and sedi
mentation arc phmles of the modification of a landscape by fluvial 
processes. Most geomorphic studies have attempted to evaluate 
the stage and pl·ocess of evolution of landscapes by studying 
erosion and sedimentation but have neglected weathering except 
in a superficial way. Weathering results in the formation of soils 
that have evaluable characteristics and geographic distribution. 

The occurrence of well-developed, deep soils on an old landscape 
that slands above a younger, beveled surface substantiates the 
concept of pediplanation. The part of a landscape that permits 
deep, intemiive weathering and soilformatioll is one On which little 
or no erosion is taking place." In the concept of pediplanation 
(2lJ, p. 743) land surfaces may slll"vi\'e long after the beginning 
of a new erosion cycle. The old surfaces remain practically un
altered erosionally until destroyed by the encroachment of the 
new cyclic surJace. Weathering should proceed 011 the old surface 
(fig. 24, stages 1 to 5) with the formation of maximal-type soils 

1~ Assuming that the pIII:ent material, climute, and biotic fuctors urI! 
suituble. 
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INSTABILITY 
(E!'oslon) 

Pedlplanatlon Pe ne plana110n 

FIGURE 24.-Diagrammatic contrast of the backwearing (pediplantation) and 
downwearing (peneplanation) concepts of landscape evolution. Modified 
after Davis "(12, p. 409). 

that remain on the divides as remnants of the old landscape until 
the divide is beveled by the encroaching pediment (stage 6). Soils 
of the regenerated soil landscape of the encroaching pediment 
should show marked contrast to the soils of the old stable land
scape of the divide if sediment derived from the older weathered 
material is not deposited as a veneer on the younger surface. 

Well-developed intensely weathered soils on the surface at a 
higher elevation than a younger curvate one with less intensely 
weathered soils disputes the hypothesis of landscape evolution by 
the process of peneplanation. In peneplanation, with concurrent 
down wearing of the divides (fig. 23, A to F), erosion should 
progress with "grading" of the slopes such that weathering would 
be balanced by or subordinated to concurrent erosion (stages 
C to F). As a result, maximal soils would develop on divides only 
after base leveling (stage F). If sllch is the case, there should be 
little significant difference in soils in a catena. IU However, most 
minimal members of a catena occur on slopes and most maximal 
members on level to rounded summits. Such soil-geographic evi
dpncf' indicates that the summits are not being lowered but re
main essentially stabilized until truncated by the encroachment 
of a lower bevel-pediplanation. 

It shou lei be noted that the end results of both processes are 
comparable landscapes (cf., fig. 24, stages 6 and f) upon which 
similar catenary associates of maximal soils may develop. The 
initial stages of both processes are comparable (stages 1 and a). 
The contiict comes in the intervening stages. The geography of 
soils relative to physiographic expression substantiates the back
wearing concept but disputes the downwearing one. 

In the genesis of soil landscapes, corollaries of the fundamental 
theorems of landscape evolution are: (1) On stable uplands, soils 
will continue to develop practically unmodified by erosion. (2) Soil 
landscapes on slopes or on flanks of uplands will become trun
cated progressively upslope or up flank. (3) A new cyclic soil 
landscape will develop contemporaneously with the progressive 
upfJank truncation. (4) The old soil landscape will be beveled 
ultimately with an impression of a new cycle of soil genesis. 

I·' A soil catena is defined as a group of soils on a landscape that are 
dHivrd from similar parent material and that occur in a complex in which 
the individual members are differentiated by topographical and hydrological
conditions (87, p. 16). 

http:catena.IU
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VEGETATION 

The soils on the Late Sangamon pediments are similar to the 
soils of the Sangamon landscape in that they have morphological 
and textural characteristics that are similar to those of modern 
Gray-Brown Podzolir: soils (9, p. 973; 71, p. 120). The buried soils 
indicate that the vegetative cover on the Late Sangamon surface 
was dominantly forest. In contrast, the soils on the Wisconsin 
loess, which overlies the Late Sangamon pediments, are Brunizems 
(Prairie soils).

There are several other evidences of forest vegetation during 
Late Sangamon time. A radiocarbon sample from near Independ
ence, east-central Iowa, on the Late Sangamon surface was dated 
at greater than 38,000 years before present (.4;3, W-139). Wood 
from the radiocarbon horizon was identified as hemlock.~" Lane 
(82, pp. 256-259) has shown the dominance of spruce-pine pollen 
in an analysis of a Late Sangamon peat bog in southeastern Iowa. 

Apparently during the period preceding Wisconsin glaciation, 
possibly by 10,000 to 15,000 years, a forest cover dominated the 
landscape. The characteristics of the .soils of the Late Sangamol1 
pediments and the Sangamon uplands that remained stable dur
ing Late Sangamon time and the paleobotanical evidence indicate 
a forest environment. 

The Late Sangamon forest cover, hemlock, pine, larch, and 
fir/l is not in Iowa at the present time but is characteristic of 
the latitudes of northern Minnesota and southern Canada where 
mean annual temperatures are 5 to 10 degrees colder than in Iowa. 
A comparable climatic regime probably existed in Iowa toward 
the end of Late Sangamon time, and undoubtedly foreshadowed 
the advent of Wisconsin glaciation. 

·Wisconsin Surface-Complex 

The ·Wisconsin geomorphic sllrface is a complex continuum that 
is the present land surface along the traverse. It is composed of: 
(1) An earliest Wisconsin sut'face of dissection, (2) an Early 
Wisconsin terrace along the primary drainages, (3) a Late Wis
consin~: surface of dissection, and (4) a Recent gully cut and fill 
surface. 

The Late Sangamon surface has been shown to be one of low 
relief (figs. 19,22). For example, along Indian Creek the maxi
mum relief between the top of the Late Sangamon valley fill in 
cut 7, at an elevation of 1,202 feet, is only 95 feet below the crest 
of the divide of the pre-Wisconsin surface in cut 5 at 1,297 feet. 
The distance is 11..) miles. The modern surface has a relief of 
175 feet between the modern flood plain along Indian Creek at 
1,142 feet and the crest of the divide in cut 5 at 1,317 feet. Maxi
mum relief is 210 feet including the alluvial fill in the valley of 
Indian Creek. An increase of relief of the order of 2 to 2~~ fold 

~"Identification of wood by D. W. Bensend, Dept. Forestry, Iowa State 
CoJle~~e. 

"I Radio('arbOl1 sample W~·13!J, and sec Lane (.'1;2, p. 257). 
~.; r~arly WiS('onsin refers to Farmdale, Iowan, and Tazewell, and Late Wis

consin to Cary and Mankato. Sec Huhe (45). 
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has occurred since Late Sangamon time. The modification of the 
landscape has been the result of dissection, alluviation in the 
valleys, and loess sedimentation on the ridges. The Wisconsin age 
of the dissection is shown by the angular beveling of the Late 
Sangamon valleyfiU along Indian Creek. 

Early Wisconsin Surface of Dissection 

The major part of the dissection of the Late Sangamon land
scape occurred in earliest Wisconsin time. Wisconsin loess on 
slopes that angularly bevel the Late Sangamon pediments indi
cates that the slopes are post~Late Sangamoll (fig. 25). The loess 
has been shown to be dominantly of Iowan and Tazewell age. 
Therefore the slopes must be older than the loess. In cuts Band 
H slopes angularly truncate the Late Sangamon pediment. The 
Early Wisconsin loess on the slopes below the pediment indicates 
that the slopes are post-Late Sangamon pediment but pre-Ioessial. 
The cause of dissection probably is related to increased precipi
tation in the transition from the Sangamon interglacial age to 
the Wisconsin glacial age. The dissection may be designated as 
earliest Wisconsin. 

Early Wisconsin (Iowan) Terrace 

Further evidence of the dissection of the Late Sangamon sur
face during earliest vVisconsin time is a terrace along the valleys 
of the primary drainages, West and East Nishnabotna Rivers (10, 
pp. 3<15-349). 

The surface of the terrace along the West Nishnabotna River 
stands 17 feet above the modern flood plain of the stream and that 
of the terrace along the East Nishnabotna River stands 22 feet 
above. The terrace along the West Nishnabotna River has been 
traced northward through Pottawattamie and Shelby Counties 
into Carroll County where the alluvial-terrace fill debouches from 
the Iowan drift lobe. The terrace along the East Nishnabotna 
River has been traced northward through Cass and Audubon 
Counties into Carroll County where the alluvial-terrace fill also 
debouches from the Iowan drift lobe. The margin of the Iowan 
drift lobe .in Carroll County, originally mapped by Smith and 
Riecken (64) extends southward into the southern tier of town
ships in Carroll County, (10, pp. 345-347) as far as Manning and 
Templeton. Tracing of the terrace fills in the Nishnabotna valleys 
to the Iowan sublobe shows that the fills were probably outwash
alluvium valley trains related to the sublobe. 

Thus, the valleys of the rivers were formed prior to Iowan 
glaciation. The occurrence of Iowan-Tazewell loess on the terraces 
further substantiates this conclusion. 

Late Wisco".~i" Surface of Dissection 

An angular bevel on the slopes of the landscapes along the 
traverse shows dissection of Late Wisconsin age. In the eastern 
segment of the traverse (fig. 25, A, C) not only has the Late 
Sangamon surface been beveled, but the Iowan-Tazewell loess has 
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FIGURE 26.--Late Wisconsin-Recent beveling of the Iowan-Tazewell loess and 

Late Sangamon surface: A, cut 7; H, eastern segment of traverse. 
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been stripped as well (fig. 25, B, H). Iowan-Tazewell loess does 
not occur on the slopes below the Late Sangamon pediment (fig. 
25) indicating that the Early Wisconsin loess has been stripped. 
In cut 7 (fig. 26) on the east valley slope of Indian Creek the 
Iowan-Tazewell loess has been stripped from the Late Sangamon 
alluvial-valley fill. 

The upper limit of the age of the slopes that bevel the Late 
Sangamon surface and the Early Wisconsin loess cannot be fixed 
with certainty. Some may be of very recent age. 

The Iowan terrace in the valleys of the Nishnabotna Rivers 
above the flood plains of the streams is also indicative of Late Wis
consin dissection. In the West Nishmtbotna Valley more than 50 
feet of alluvium fills the valley below the level of the modern flood 
plain. In the East Nishnabotna Valley is an alluvial fill of 37 feet 
in the east side of the valley. Although the evidence at hand does 
not permit assignment of the entire deep cutting and thick filling 
below the level of the Iowan telTace only to Late Wisconsin time, 
the relationships indicate considerable dissection and filling in 
the valleys subsequent to Iowan alluviation and Iowan-Tazewell 
loess deposition. 

More evidence of Late 'Wisconsin dissection is the relationship 
of slope bevels to the weathering and faunal zones in the Iowan
Tazewell loess (fig. 11). In cut 50 the upper gleyed deoxidized and 
unleached zone (zone 3) coincides with the lower faunal zone, 
Iowan-Tazewell transition. In cut 45 the upper deoxidized and 
unleached zone (zone 3) coincides with the upper faunal zone, 
Tazewell. The relationships of weathering and faunal zones in 
cut 39 are similar to those in cut 45. In cuts 25 and 17 the upper 
deoxidized and unleached zone (zone 3) is coincident wholly or in 
part with the lower faunal zone, Iowan-Tazewell transition. In 
cut 11 the upper deoxidized and unleached zone (zone 3) occurs 
above the lower faunal zone, Iowan-Tazewell transition. These 
detailed relationships show that the weathering zone, the gleyed 
deoxidization and unleached zone, is independent of stratigraphic 
zonation of the loess and must represent change after loess dis
position. The age of the weathering zone therefore must be post
Tazewell or Late Wisconsin. 

In the western part of the traverse, slopes of the present land
scape angularly bevel the weathering zones in the loess. In cut 42 
(fig. 11) the gleyed loess (zone 3) is angularly beveled by the west 
slope. The slope is younger than the age of the weathering zone 
and therefore must be not older than the Late Wisconsin. '!.'he 
upper limit of the age of the slopes that bevel the weathering zone 
cart be fixed by determination of the age of the gully fill at the 
west end of cut 42. Some of the slopes may be of Recent age. 

The cause of the Late Wisconsin dissection that resulted in the 
beveling of the Late Sangamon surface and Early Wisconsin 
loess, the trenching of the Early Wisconsin (Iowan) alluvial fill 
in the valleys with :.;ubsequent valley filling, and the beveling of 
the weathering zone:.; in the Early 'Visconsin loess is probably the 
elimatic change toward a more humid regime that must have been 
related to the glaciations of the Cary and Mankato which followed 
the Early Wisconsin events (45). 
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The origin of the upper deoxidized and unleached weathering 
zone in the Iowan and Tazewell loess is believed to be the result 
of a more humid climatic regime. The zone conforms to the ac
cepted concept of a G horizon (67, p. 180) in that the zone has 
neutral gray colors that commonly change to grayish brown upon 
exposure to air. The deoxidized loess is apparently a zone of in
tense reduction that was caused by saturation of the zone with 
water in the presence of organic matter. Reoxidation of the zop~ 
while buried is shown by yellowish brown to reddish brown P~J!i:" 
stems along tubules of aeration. Reoxidation upon exposure is 
shown by the change of color from gray to brown. Abunda;nt, 
prominent gray mottles in the oxidized zone above the deoxidizi;,d 
zone further suggests impeded drainage during formation of tJi,e 
massive gleyed horizon. 

The geomorphic evidence along the traverse shows that low;:,,} 
and Tazewell loess was deposited upon a landscape that had been 
subjected to earliest Wisconsin dissection. The faunal evidence in 
the loess shows that the upper gleyed zone was impressed on the 
loess subsequent to loess deposition. Although the degree of dis
section in Late Wisconsin time cannot be evaluated specifically, 
drainage of the loessial landscape at the beginning of Late Wis
consin time may not have been greatly different from that of the 
present landscape. The present landscape under the cul."rent cli
matic regime does not permit permanent saturation of the loess 
in the upper gleyed deoxidized and leached zone. Thus, it must be 
concluded that the gleyed zone was a result of a past climatic 
regime of greater humidity. Such a climatic regime during the 
Late Wisconsin undoubtedly was responsible for the Cary and 
Mankato glaciations. 

The regional occurrence of the deoxidized zones above the more 
in l,nrmeable Bb horizons of the Sangamon and Late Sangamon 
soils suggests that a perched zone of saturation above the older 
soils was not impossible. On the present landscape after the 
spring thaw and rains perched zones of saturation are in the basal 
part of the Wisconsin loess above the Sangamon and Late Sanga
mon soils. These perched zones coincide with and in part may be 
responsible for the lower deoxidized and leached loess. 

Recent Gully Cut-and-Pill Surface 

Regional distribution of a gully cut and fill surface from the 
west end to the east end of the traverse (figs. 6; 2<1, B, C, H; 30) 
suggests that the cuts and fills are of one cycle. 

In cut 39 (fig. 6) the gully truncates progressively downward 
the Wisconsin loess with its two faunal zones and the Late Wis
consin gleyed zone, as well as the Farmdale and upper part of the 
Loveland loess. In cut 42 (fig. 30) the gully cycle also bevels the 
fauna! and weathering zones: Thus, the gully cycle post-dates the 
Late Wisconsin. 

The gully fills along the traverse are on the uplands well above 
the adjacent modern valleys. For example, in cut 39 the base of 
the gully fill is 65 feet above the valley bottom of Middle Silver 
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Creek to the west. The base of the gully fill in cut C is 50 feet 
above the bottom of the present valley just west. 

A radiocarbon sample extracted 1 foot above the base of the 
gully fill in cut 39 has been dated at 6,800 :±: 300 years (..H, 
W-235). The radiocarbon date indicates that the gully cut and 
fill surface is Recent in age. The slopes that extend from the gully 
fill to the ridge summits to the west and to the east must be as 
young or younger than the gully fill. Soils on the slopes also must 
be of Recent age (chap. 4). 

Relation of Pleistocene Stratigraphy and Geomorphology 
to Soils 

Soil is defined and explained (67) as the collection of natural 
bodies occupying portions of the earth's surface that support 
plants and have properties due to the integrated effect of climate 
and living matter, acting upon parent material, as conditioned by 
relief over periods of time. Soil, then, is the natural medium for 
the growth of land plants, whether or not the soil has horizons. In 
this sense soil covers land as a continuum. As an individual in 
the continuum, a soil is a dynamic three-dimensional piece of land
scape that supports plants. Thus, soils are landscapes as well as 
profiles. 

To better understand the genetic, geographic, and classification 
characteristics of soils, a fundamental knowledge of the nature 
and history of the landscape is essential. The study of such nature 
and history of a landscape is the science of geomorphology. Land
scapes are three-dimensional in that they have a geographic dis
tribution and that they form in and on material. An evaluation of 
the soil landscape along the traverse in southwestern Iowa must 
take into account not only the nature and history of the present 
land surface but an evaluation of the Pleistocene deposits and 
past geomorphic surfaces to which the present land surface is 
related. The complexities oi the sequence of Pleistocene deposits 
and the nature and history of past and present land surfaces have 
been detailed. The soils of the present land surface are no more 
than the current expressions of the history. Thus, the relation
ships of the soils can best be explained by a historical approach, 
interrelating the geomorphic surfaces and events. 

Yarmouth-Sangamon Surface, Late Sangamon 

Pediment, and WiRconsin Dissection 


YARMOUTH-SANGAMON AND WISCONSIN DISSECTION 

SOIL LANDSCAPE 


The buried soil of the Yarmouth-Sangamon surface (fig. 15) 
has a deep, intensely weathered profile. This buried soil has been 
exposed by Wisconsin dissection that probably began in Early 
Wisconsin time. On the east and west slopes of cuts D and E it 
has become a part of the continuum of soils on the modern surface. 
This is a geologic accident, in that the morphological and genetic 
characteristics of the soil are in no way related to the present 
but are relict of paleo-environment. 
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The cropping out of the old soil on the modern surface is com
mon in the southern half of Iowa. There the paleosol is generally 
called gumbotil. The paleosol at Adair is a Humic-Gley soil, one 
kind of paleosol that is characteristic of the Yarmouth-Sangamon 
surface (60, pp. 711-716). Where Humic-Gley soils of the old 
landscape crop out, they are classified as the Clarinda silt loam 
(57, pp. 38-41).~3 

The Yarmouth-Sangamon paleosols are on the highest positions 
of divide units and are related to the geomorphic evolution of 
the landscape (fig. 27, A). In areas outside the influence of Love
land loess deposition the Clarinda silt loam or its planosolic ana
logue are high on the flank or on the crests of divide units. How
ever, comparable buried soils on the Nebraskan till, which formed 
during the Aftonian interglacial interval, may complicate the soil
geography pattern. Progressive downflank truncation of the 
Pleistocene succession may result in exposure of the Aftonian 
buried soil (gumbotil) lower on the flanks of divide units. In 
some cases the two paleosols may crop out on the same hill slope. 

On local soil-landscape units the Clarinda silt loam or planosolic 
analogue occur in a sequence relationship (fig. 27, B) with the 
Brunizem, Sharpsburg silt loam, derived from the Wisconsin loess 
overlying the Yarmouth-Sangamon paleosol. Late Wisconsin slope 
beveling has stripped the Early Wisconsin loess from the slopes 
below the level of the paleosol so that the leached and unleached 
zones of Kansan or Nebraskan till have been subjected to a new 
cycle of weathering. A Brunizem, Shelby loam, has developed in 
the leached till or in till that may have been calcareous. A Regosol, 
Steinauer loam, occurs in the calcareous till. Thus, the lower 
members of the sequence, Shelby and Steinauer, although occur
ring in the oldest glacial till region in Iowa are geomorphologically 
comparable in age to or younger than the Clarion loam developed 
in the youngest glacial till in Iowa, the Cary. The Shelby and 
Steinauer have been presumed to be of Wisconsin age (61, p. 81). 

On the east slope of cut G (fig. 3) the Regosol, Steinauer loam, 
occLirs in both calcareous Kansan and calcareous Nebraskan tills. 

The age relationships of the landscape unit (fig. 27, B) are com
plex. On level summits of the ridges the Sharpsburg silt loam 
developed in the upper part of the Iowan-Tazewell loess, and there
fore is Tazewell in age. On the shoulders of th,e slope the Clarinda 
silt loam or planosolic analogue are Yarmouth.::&tngamon. Lower 
on the slopes the Shelby and Steinauer loams are Cary or Recent. 
Thus, the ages of the soils on the landscape range from young 
on the crest, to very old on the shoulders of the slopes, to very 
young low on the slopes. 

Resurrection of the Yarmouth-Sangamon surface by the Late 
Wisconsin slope bevels has resulted in the incorporation in th~ 
modern-landscape continuum of soils that are completely dis~ 
simiiar in characteristics to those of the other members of the 
sequence. Of most significance are the decided contrasts in state 

~:I Descriptions of all soils discussed within an interrelated geomorphic
landscape unit are listed at end of each section discussion. 
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of weathering, textural development, and permeability proper
ties of the Yarmouth-Sangamon paleosols (fig. 15) in comparison 
with other members of the sequence. 

Thus, the geographic, genetic, and classification characteristics 
of the Yarmouth-Sangamon and Wisconsin dissection soil-land
scape unit are dependent upon complex interrelationships of 
lithokgy, topography, and time as well as current and past cli
matic and vegetationa1 environments of the Pleistocene. 

LATE SANGAMON PEDIMENT AND WISCONSIN DISSECTION 

SOIL LANDSCAPE 


Late Sangamon pedimentation and subsequent Wisconsin dis
section have resulted in the formation of a second type of soil
landscape unit (fig. 27, A, C). The pedimentation resulted in the 
stripping of the Yarmouth-Sangamon soil and the genesis of a 
soil-landscape containing an abundance of weatherable material. 
The soils on the Late Sangamon pediment are believed to be com
parable in morphology to Gray-Brown Podzolic soils and differ 
distinctly from the Humic Gleys and Planosols of the older land
scape (fig. 15, table 18). 

Characteristic of the Late Sangamon soils are the reddish brown 
colors, translocated sediment in the upper part of the profile, the 
stone line, and the glacial till in the lower part of the profile. Wis
consin dissection of the Late Sangamon surface has isolated indi
vidua1 soil-landscape units. The Late Sangamon pediment and soil 
occur across ridges as a level to slightly rounded summit buried 
beneath Farmdale-Iowan-Tazewell loess. On the shoulders of the 
slopes the Late Sangamon soil has been exhumed by Wisconsin 
slope beveling that stripped the Early Wisconsin loess from the 
slopes. 

Where the Late Sangamon soil crops out on present slopes, the 
exhumed paleosol is classified as Adair silt loam or clay loam. The 
morphological characteristics of the profile of the Adair soils are 
relict features inherited from the Late Sangamon environment. 
The stronger chromas and redder hues are not in harmony with 
the modern environment in which weaker chromas and brown and 
yellowish brown colors are dominant. The occurrence of the Adair 
soils in the modern continuum of soils also must be considered a 
geologic accident. Resurrection of the paleosol has brought it in 
geographic juxtaposition to soils that are compatible with the 
modern environment. 

On local soil-landscape units the Adair silt loam or clay loam 
occurs in a sequence with the Brunizem, Sharpsburg silt loam, 
formed in the upper part of the Farmdale-Iowan-Tazewell loess 
overlying the Late Sangamon paleosol. Late Wisconsin slope 
beveling has stripped the Early Wisconsin loess from the slopes 
below the level of the pa1eosol so that leached and calcareous 
Kansan and Nebraskan till have been subjected to a new cycle of 
weathering. The Brunizem, Shelby loam, formed in the leached 
till and the Regosol, Steinauer loam, in the calcareous till. 

The age relationships of these soil associates also are complex. 
On the level summit of the local soil-landscape unit the Sharps
burg silt loam of Tazewell age is developed in Early Wisconsin 
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loess. On the shoulder of the slope the Adair silt loam of Late 
Sangamon age formed in pedi-sediment, stone line, and leached 
Kansan or Nebraskan till. Progressively downslope the Shelby 
loam of Late Wisconsin or Recent age formed in leached till and 
the Steinauer loam of comparable age in calcareous till. 

SOILS OF THE SOIL-LANDSCAPE UNITS 

Adair silt loam or clay loam is a dark colored, slowly permeable 
soil formed in pedi-sediment overlying pre-Wisconsin till and now 
exposed on shoulders of slopes below the Wisconsin loess. The sur
face soil is a dark brown gritty silt loam. The subsoil is a strong 
brown or reddish brown gritty clay loam or gritty clay. A thin 
layer of gravel (stone line) occurs in the upper part of the B 
horizon. Carbonates occur at depths of more than 5 feet. Often 
the profile is truncated so that the reddish-colored B horizon is 
exposed on the modern surface. The Adair soil is the outcropping 
of the paleosol of the Late Sangamon pediment. 

Clarinda silt loam has a surface layer up to 7 inches thick, 
which is a friable silt loam. It appears black when wet and dark 
brown when dry. The subsurface layer, from 7 to 13 inches, is a 
very dark gray silty clay loam. Below 13 inches the subsoil is an 
olive gray silty clay or clay (gumbotil). It is very plastic and 
sticky when wet and extremely hard when dry. Water moves very 
slowly through the subsoil. Weatherable minerals are sparse 
throughout the solum. The Clarinda is the cropping out of the 
Yarmouth-Sangamon paleosols on the modern surface. 

Sharpsburg silt loam is a dark, medium textured, moderately to 
moderately slowly permeable soil formed from loess under grass. 
The Sharpsburg is intermediate between Marshall and Grundy 
soils in physical and chemical properties. Clay content of the B 
horizon ranges from 36 to 42 percent, in contrast to 27 to 35 
percent for Marshall and 42. to 50 percent for Grundy. The 
Sharpsburg is moderately well drained and has slopes ranging 
from 2 to 12 percent. It occurs in association with the Shelby, 
Clarinda, Lagonda, and Adair soils. The Sharpsburg silt loam 
formed in loess of Tazewell age, and where it is un eroded on up
lands is of Tazewell age. 

Shelby loam is a dark, medium-textured, moderately permeable 
soil formed under grass from fine textured loam to clay loam till 
of pre-Wisconsin age. These soils have brown to yellowish brown 
B horizons. Carbonates usually occur at depths of 25 to 45 inches. 
The slope range of the Shelby is 12 to 30 percent, and it occurs 
in association with the Clarinda, Adair, and Steinauer soils. The 
Shelby loam occurs on slopes that are of Late Wisconsin-Recent 
age. 

Steinauer loam is a moderately dark colored, medium textured, 
moderately slowly permeable soil formed under grass from pre
Wisconsin till. It occurs on slopes of 17 to 30 percent and is a 
Regosol with carbonate present at or near the surface. The 
Steinauer occurs in association with the Clarinda, Shelby, and 
Adair soils. The Steinaut!r soiIs occur on slopes that are the re
sult of Late Wisconsin-Recent dissection. 
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Sangamon Surface, Late Sangamon Pediment, 
and Wisconsin Dissection 

SANGAMON SURFACE AND WISCONSIN DISSECTION 

SOIL LANDSCAPE 


Along the western part of the traverse in the area of occurrence 
of Loveland loess, the old stable landscape on the upper flanks and 
crests of divide units is Sangamon in age. As has been shown, the 
soils of the Sangamon surface developed in Loveland loess in
crease in degree of morphological development from west to east 
along the traverse (figs. 16, 17). The Sangamon paleosols have 
been exposed by dissection of Early Wisconsin time and Late Wis
consin to Recent (fig. 28A, B). 

Where the Sangamon paleosols or I,oveland loess crop out on 
the modern surface, the surficial soil is classified as the Malvern 
silt loam. The Malvern soil series is not well defined. It has been 
described as developed in Loveland loess (42, pp. 21, 23), or as 
the outcropping of the paleosols developed in Loveland loess (2, 
p. 7). The differences in the properties of the Sangamon paleosols 
along the traverse ~figs. 16, 17) as well as the differences in the 
Loveland loessial parent material (fig. 9) show that the regional 
characteristics of the Malvern silt loam may have a wide range. 
as the series is presently defined. If the outcrops of the Sangamon 
paleosols are classified as the Malvern, the textures of the B hori
zons may range from 32 to 55 percent clay (fig. 17). The classifi
cation problem may warrant further study as more refined soil 
surveys are undertaken in southwestern Iowa. 

In the local soil-landscape unit where the Sangamon surface 
has been dissected by a Wisconsin surface, a sequence of the 
Monona or Marshall silt loams and their associated soils occurs 
in Wisconsin loess on the summits and shoulders of a ridge. The 
Malvern silt loam near the middle of the slope is where the Sanga
mon paleosols crop out. As presently defined, the Malvern silt 
loam also occurs lower on the slope where the parent Loveland 
loess is exposed. A paleosol of the Yarmouth interglacial age 
developed in Kansan till (fig. 6) may occur on the slope below 
the Loveland loess. Such a soil may be Lagonda loam or Clarinda 
silt loam depending on the morphology of the profile. Deep dis
section may permit occurrence of the Shelby and Steinauer low 
on the slope. 

The age relationships may be very complex: from young soil 
on the summit of Tazewell age, to old soil on the slope of Sanga
mon age, to older soil lower on the slope of Yarmouth age, to 
YOUTll:;(ist soils lowest on the slope of Late Wisconsin age. In most 
places, however, colluvial sediment has covered the lower mem
bers of the association so that the complete sequence is not ex
posed (fig. 29). 

LATE SANGAMON PEDIMENT AND WISCONSIN DISSECTION 

SOIL LANDSCAPE 


The Late Sangamon pediment below the Sangamon upland has 
been dissected also by slope bevels of Wisconsin age (fig. 28A, C). 
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Where the Loveland loess has been stripped and the pediment de
veloped on till (fig. 19), local soil-landscapes occur that are com
parable to those of the eastern part of the traverse. The units 
differ in that the soils on the summits of the Wisconsin loess are 
the Monona and Marshall silt loams and their loessial associates 
rather than the Sharpsburg silt loam. 

The Yarmouth clay and its surficial paleosols may crop out on 
slopes of local soil-landscape units. Because the clay has not been 
recognized previously, soils derived from it have not been estab
lished at present but may need to be in the future. 

SOILS OF THE SOIL-LANDSCAPE UNITS 

Lagonda loam is a soil with a dark colored surface 10 to 12 
inches thick. The B horizon is a mottled dark gray to dark grayish 
brown, plastic, heavy clay loam that is very slowly permeable. 
The C horizon is a mottled, yellowish brown, medium plastic, light 
clay loam. The Lagonda soils formed in Kansan or Nebraskan 
till. They usually occur on slopes of 7 to 10 percent and are the 
outcropping of paleosols that are pre-Late Sangamon. 

Malvern silt loam is a dark colored, medium textured, slowly 
permeable soil developed in Loveland loess that crops out on 
slopes in the Monona and Marshall soil association areas. The 
Malvern generally occurs in the middle of slopes that range from 
7 to 15 percent. Where the Sangamon paleosols crop out, the 
reddish brown B horizon may range from a light silty clay to 
heavy silty clay. The textures of the Loveland loess parent ma
terial increase in clay content in an easterly direction. 

Marshall silt loam is a dark colored, medium textured, mod
erately permeable, well-drained soil formed in thick loess of Taze
well age. It is characterized by a dark brown surface and well
developed granular structure. The Marshall occurs on rolling 
topography on slopes that range from 2 to 12 percent. It has 
greater B horizon development (30 to 35 percent clay) than the 
Monona silt loam and less B horizon development than the Sharps
burg silt loam. 

Monona silt loam is a moderately dark colored, medium tex
tured soil of moderately rapid permeability. It is a weak brown 



85 LANDSCAPE EVOLUTION IN SOUTHWESTERN IOWA 

silt loam and shows no clay accumulation in the B horizon. Clay 
content of the subsoil ranges from 20 to 27 percent. The Monona 
silt loam differs from the Marshall by its somewhat lighter colored 
surface and lack of a distinct textural B horizon. The Monona 
soils occur on slopes from 5 to 15 percent and are derived from 
Wisconsin loess of Tazewell age. 

Wisconsin Surfaces 

TAZEWELL UPLANDS 

Landscapes of the soils derived from Wisconsin loess along the 
traverse can be assigned to two major categories: (1) a surface 
of deposition but slightly modified by subsequent erosion, and (2) 
a surface of erosion. The upper part of the loess has been shown 
to be of Tazewell age (fig. 11) although the whole of loess deposi
tion encompassed the Farmdale, Iowan, and Tazewell. Soils 
formed on the uneroded summits of ridges capped by Wisconsin 
loess must be of Tazewell age. Slopes that bevel the loess must 
be younger than the loess or Late Wisconsin to Recent in age. 
The Late Wisconsin dissection and the gully cut and fill surface 
conform to the post-Tazewell erosion cycles, 

Characteristics of the soils, Monona, Marshall, and Sharpsburg 
silt loams, that formed on the uneroded summits of the Wisconsin 
loess have been described (21, 22). The increase in intensity of 
morphological development from the Monona to the Sharpsburg 
has been illustrated (fig. 18). The question has been raised 
whether the age fartor in itself is the cause of the differences in 
morphologies of soils as concluded by Hutton (22, pp. 321-323). 
In the previous study the soils were considered to be in temporary 
equilibrium with the environment. All the soils are Brunizems 
developed under grass. 

Recently data have been accumulated during the course of 
radiocarbon studies that indicate changes in the climatic and 
vegetational environments of Iowa. Such environmental changes 
undoubtedly affected the soil-landscapes of the Monona, Marshall, 
and Sharpsburg silt loams. 

Wood samples (hemlock and spruce) from the earliest Wiscon
sin glacial drift in northeastern Iowa have been dated >29,000 to 
>35,000 years old. A wood sample (larch) from the A horizon of 
the Regosol in the Farmdale .loess in cut 33 (pI. I) was dated at 
24,500 ± 800 years' (table 19). This value is in excellent agree
ment with the type Farmdale in Illinois that has been dated at 
22,900 ± 900 to 25,100 -+- 800 years (68, p. 470). 

Near Des Moines (Mitchellville) and Ames (C.lear Creek), Iowa, 
wood (hemlock, spruce, and yew) taken from within the Tazewell 
loess has been dated at'" 7')0 -+- 400 to 16,720 -+- 500 years. Wood 
samples (fir, hemlock, larch, and spruce) collected just below the 
base of Cary till near Jefferson (Scranton No. I, No.2) and Ames 
(Cook Quarry) were dated at 13,820 -+- 400 to 14,470 ± 400 years. 
Wood (hemlock) samples collected from Cary till and outwash 
near Ames (Cook Quarry) and Fort Dodge (Lizard Creek) are 
11,952 ± 500 to 13,300 ::: 900 years old. 
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TABLE 19.-Radiocarbon dates in iowa 

Substage and Date ~ Location YegetationI 
sample No. I 

Postglacial: 

W-70L______ <250 I Thompson Creek, i Box elder. 


I Harrison County. (W-70!L _____ _ l----_do _______________ J Walnut.1,IOO±1701-295________ 1,740±llO 	 i Elllgy -'founds, IChnrcoal.1 I Allamakee County.W-60!L ____ _ 1,SOO±200 	 I Thompson Creek, Willow. 
: Harrison County. I\\'-702______ _ :. ____do________________ Red elm.2,020±200W-55L _____ _ 6,570±200 	 I .\[cCulloch peat bog, ' Grllss. 3 

, Hancock County. t
W-564______ .I ' _____do________________ Do.6, 580±200W-235 ______ J 6,SOO±300 	 i .\liddle Silver Creek, Grass (?)

! I Pottawuttamie County.

W-54fL ___ •.l S,170±200 , .\IcCulloch peat bog, ' Oak. 3 


\',1-553 __ • __ .J 8,llO±200 L__~d~c_~~~:_o_~~~~._____ , Do. 
W-700 ___ ----I 11,120±440 I Thompson Creek, I Spruce. 


" Harrison County. I

W-882 ______ .I 11,600±200 I Willow Drainage Ditch, !Spruce.


I Harrison County.
W-548 _______ ,\ 11, 660±250 .\[cCulloch peat bog, Hemlock. 
Hancock County._____ do _______________1- •• ') I 	 _ 

\ ,,'-;);)-- --- --- 11, j'OO±250 Do. 
Cary: I'C-596... ____ _ 11,!i52±500 Cook Quarry, I Hemlock.

I Story County. ,
C-563. _" ____ !' 12,200±500
0-912 ... __ _._ 12,120±530 -Li~;~~oc;e"ek~---- - - ----, Hem~~ic 


Webster County.

0-1)13 ·_. __ ._1 13,300±900 I! ____ .do________________ Do. 
W-626 _______ , 12,070±250 	 __I Britt, Hllncock County Larch.
W-625 ______ .I 13,030±25U '-- ___do________________ Do. 

Taz~\\:l'l~-Cnry: I 
W-;)1 (.------1 13,91O±400 1St ,,- '> Spruce.cran on -'0.•, 

Greene County.
C-6(H.... ____ : 14,()42±1,000 Cook Quarry, . Hemlock. 


Story County. 
 I
W-513 ___ .. ..I13,820±400 Scranton No.1, Fir, hemlock, larch, 

1 Greene County. spruce. _____do ... ______________ , Do.W-.512 ___ ----I 14,'!70±400 

I 
W-SSL .. ____ ; H,300±250 Willow Drainage Ditch, Spruce. 

Harrison Connty. 
Tazewell: 

W-153 _______1H,700±400 Clear Creek, Hemlock. 

Story County. 
_____do _______________ _C-52lL·-____ llu,367±l,OOO 	 Do.

\\'-126_______! lu,720±.50l) Mitchellville, Yew, spruce, 

l)olk Cuunty.
I _____do _______________ _ hemloek. 

C--4SL ____ --1 > 17,000 Do.
W-Sj'U ______I 19,050±300 Logan, Harrison County_ Spruce.

Farmdale: i 
W-141. ______ I 2.J.,,500±800 Hancock, Pottawattamie Larch. 

! County.
Iowan; I 

\V-503.. _____ , >29, (JOG Fayette, Fayette County_ Hemlock. ,_____do ________________ ,W-534. _. _ __1 >34 , 000 Do. 

W-51''-. _____ ' >35,000 ! Scranton Xo. I, II Spruce.


I I Greene County_ 
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TABLE lO.-Radiocarbon daie.(lin Iowa-Continued 

::;ubstage ami Date • Location I' Vegetation
sample: No, 1 f 

------i------1---------l--------
W,-51,G._ ••• __\1 .>_35.,(](J() c :\laynard, Spru(·c. 

. Fayette County. 

\\-HSO •••.• _. 3/,GO()±:i,dOO Logun, Harrison County. Spruce. 

W-·50L. _____ \' >37 ,000 (~uimby, Larch. 


Cherokee County. 
W-5!.lO ____ ... >37,000 Central City, Spruce. 

Linn County. 
Pre-Iowan: 

W-GOO.. _. __ • >37,000 I independence, Hemlock. 

1 13Ul·hanil.!i County. 


W-18!L ______ . >38,000 l-----do----------------i Do. 

.•»_'""'~, _____~~~_____~~_.._...c _-'-_______. 

I \\' = U.H. Ueologic'al !:iurvey Laboratory, Washington, D.C.: C = University of 
Chic'ugo LubortLli)ry; 1 =ls()(opes, Int'. 


1 Rudiocnrbon yeurs, presurnnbly years before present. 

'Pollen sequence after .Lllne (1!J31). 


Lane (31) has reported a pollen sequence in a peat bog in north
central Iowa that indicates a systematic vegetational change in 
later glacial and Recent time. The sequence shows from the base 
upward: (1) A spruce forest, (2) mixed fir, birch, and spruce, 
(3) birch with fir and oak, (4) oak with birch and grasses, and 
(5) grassland vegetation with two intercalated zones of strong 
semiarid elements. The peat bog on the Des Moines drift-lobe 
surface at the inner margin of the Altamont moraine must repre
sent late glacial and postglacial conditions. 

Lane's pollen zones have been dated by radiocarbon (54). The 
basal spruce zone is 11,660 ± 250 to 11,790 ± 250 years old. The 
zone indicating a transition from coniferous to deciduous forest 
was 8,110 :::': 200 to 8,170 ± 200 years ago. The zone indicating 
the beginning of dominance of grass was 6,570 -+ 200 to 6,580 -+ 
200 years ago. 

These evidences (radiocarbon dates and paleofloras) show that 
during deposition of the Wisconsin loess from which the Monona, 
Marshall, and Sharpsburg silt loams are derived, there was a 
coniferous forest cover in parts of Iowa at latitudes as southerly 
as parts of the Monona, Marshall, and Sharpsburg soil-landscapes. 
During Gary and a part of postglacial time while the Monona, 
Marshall, hnd Sharpsburg were forming, coniferous vegetation 
existed in Iowa slightly farther north. 

Lane (31, p. 171) stated "It would seem ... that the status of 
the Iowa prairie as a climax formation would be strengthened 
since it appears to have developed in place of a former forest as 
a response to present climatic conditions." 

Deevey (14, pp. 271-274) stated that the high-pine pollen Zone 
B is the best marked and most nearly universal of all features of 
North American pollen distributions. Zone B normally overlies 
a spruce-fir zone and underlies the maxima of oak and other 
deciduous types. Deevey concluded that the pine time of North 
America according to locality was attained between 9,000 and 
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6,000 years ago and that it lasted for about 1,000 years. Zones (4) 
and (5) of Lane's sequence would be younger than the time of 
pine maxima. 

Thus, it would seem that the Monona, Marshall, and Sharps
burg soil landscapes may have had an environment conducive to 
forli!st vegetation from the end of loess deposition (14,000 to 
15,000 years ago) to 6,000 to 7,000 years ago and one conducive 
to prairie vegetation since that time. 

Climatic changes have also affected the soil landscapes. The 
Cary drift sheets in central Iowa attain southerly latitudes com
parable to the Monona, Marshall, and Sharpsburg soil landscapes 
along the traverse. Cary glacier ice occupied the area now marked 
by their drift sheets. Intensely cold climatic conditions must have 
been impressed on the adjacent landscapes while the Cary ice was 
present, that is, from approximately 14,000 to 12,000 years ago. 
The Monona, Marshall, and Sharpsburg soil landscapes were 
subjected to these climatic conditions. 

Lane (31, p. 169) concluded that his pollen sequence showed a 
climatic change in post-Mankato time: (1) warming trend that 
accompanied the change from coniferous to deciduous forest, (2) 
gradual desiccation of the climate culminating just prior to the 
dominance of grass, and (3) continuous grassland climate with 
a second episode of desiccation and return to normal grassland 
climate. One of these episodes of desiccation may conform to the 
generally accepted postglacial thermal maximum which probably 
occurred 4,000 to 5,000 yeai's before present (14, pp. 274-275). 
However, this episode of desiccation probably is represented in 
Iowa by Lane's" ... climate culminating just prior to the domi
nance of grass" which is dated at 6,570 radiocarbon years ago. 

It seems apparent that the Monona, Marshall, and Sharpsburg 
soil landscapes have been subjected to temperature regimes that 
were cold during the later substages of "Wisconsin glaciation in 
Iowa. A cool regime occurred during the postglacial coniferous 
episode, followed by a warming trend during the deciduous forest 
regime, and culminated just prior to the dominance of grassland. 
Transition to the present cooler enVironment followed. 

Paleo floras indicate that the moisture regimes fluctuated. The 
occurrence of coniferous forest, particularly spruce, fir, hemlock, 
and larch, are indicative of a more moist regime during the times 
of Tazewell loess deposition, and during Cary and postglacial 
times. The occurrence of certain faunal species in the Tazewell 
loess also indicate a more moist regime (35). The occurrence of 
the gleyed deoxidized and unleached zone and the intensely mottled 
zone above the gleyed zone and beneath the sola in the Wisconsin 
loess, their relationship to faunal zones (fig. 11), and their rela
tionship to Late Wisconsin to Recent slope bevels (fig. 30) are 
indicative of more humid climatic regimes. 

These temperature and moisture fluctuations relative to time 
have affected the Monona, Marshall, and Sharpsburg landscapes, 
and undoubtedly have influenced the genetic characteristics of 
the soils. Factoral changes such as these have not been considered 
in previous studies of the genesis of these soils (21, 22). 
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LATE WISCONSIN-RECENT SLOPES 

Slope beveling of Late Wisconsin to Recent has resulted in a 
new cycle of soil genesis that is younger than the age of the crests 
of the ridges (fig. 30). For example, in cut 42 (52) the Monona 
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.FIGURE 30.-Relationships of soils and Pleistocene stratigraphy, cut 42. 

silt loam and a soil transitional between the Monona and Marshall 
silt loams occur on the rounded summits of the ridges. The 
Monona and Marshall silt loams are members of the sequence of 
soils of increasing morphological development related to decreas
ing thickness of loess (11) and occur on the unmodified or slightly 
modified depositional surface of the Wisconsin loess. Postloessial 
erosion should be at a minimum on the ridge crests. Thus, the 
Monona silt loam and the Monona-Marshall transition should be 
related gene~ically to the weathering sequence of the Wisconsin 
loess. 

Below the sola of these soils the oxidized and leached Wisconsin 
loess has prominent gray mottles. The leached loess grades down
ward into mottled oxidized and unleached loess. Below an abrupt 
boundary, the gleyed deoxidized and unleached loess underlies 
the mottled, oxidized, calcareous loess. The mottled and gleyed 
zones are indicative of impeded drainage that developed with the 
impression of a paleo-climatic higher zone of saturation and water 
table (fig. 11). 

Below the Monona-Marshall transition on the west slope of the 
ridge (fig. 30) the Monona silt loam, Dow silt loam, Napier silt 
loam, and Ida silt loam occur progressively downslope. Mor
phologic characteristics of these soils are given in table 20. The 
Monona is less well developed than the transitional soil on the 
crest and is mottled both in and below the solum. The Dow silt 
loam developed in an outcropping of the gleyed deoxidized zone 
of the loess. Below the Dow is a Monona silt loam in an outcrop
ping of the lower oxidized weathering zone of the loess, but the 
Monona also is mottled in and below the solum even in this topo
graphic position. 
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TABU) 20.-il/orp/wlogtcal characteristics oj soils in cllt .~:e (1)1. I) 2 
.- Q 

Ida I 	 Dow );'lIpier ~ ~I(ln :J1Ja-:\1 flrslmll :\!ononH I 
til 
d 
t"' 
t"AI 0-1:2 in 	 A, 0-5 inl'hes A, O-Ii inehps A, 0-7 inches 0-10 inrhes 

Yery dllrk grayish 	 Dark brown (IOYH. Dllrk grayish brown Blark (IOYH. 2/1),"cry'
(IOY1 bro\\'Il (lOYH. 8/2), 4/3), v(>ry friable, (IOYH. 4/1.5), very friubl(>, silllolllll; ~ 
dark g friable', slightly tlt'id, strut'! ureless, neut rul fri!tble, neutral, silt mode'rntely wellk ...... ...(H)YIl 	 silt loam; Illoderate to ea\rllreous, silt IOllm; medium gnU1- mediulll gnlnulnr :> 
slight 	 fine granular lomn. ular slru(·lure. structure. 

d 
mode 	 st.rurlure. !n 
struet l 	 t::I 

t'l 
"IlA3-B,12-	 Aa-B, G-H inl'hes I A3 5-\) inches A3 7-1:~ inehe$ 10-22 ir}('hes :.

1)llrk Dark brown (10YH. Yellowish brown Grnyish brown {2.5Y Yerr dllrk grny (lOYR ~ 

4/a), 4/3), friable, slightly (IOYH. 5/4), vl~ry 5/2), very friable, 3/1 , frill ble, silt tJ 
add, s add, silt loam; weak friable, stru(,Lureless, I ('lIlcarcous, silt loam; IOllm; It few frtint 
fine Sl finc subangular silt loam; ('rt!rarcous weak ('Ollrse sub- dark r(>ddish brown ~ 
struet blol'ky strueture. with some small lime angulllr bllleky slruc- (5"1'113/2) mottles; o 

('onerelions. 	 ture; mllny largc modernte medium "l 

prominent muttles of gr!lnular slrll(oture. > 
reddish yellow Cl 

(7.IiYH. G/8). 
~ 

C, 13+ irH'hes 22+ in!'hes ~ 
Yello\' Y cllowish brown Yclio wish brown Light olive gray (5Y Very dark gru)' (lOYR d 

B 2 lG-30 Bo 14-24 inl'hes C, 9+inehcs 	 >'J 

~ (IOYIl (IOYl{ 5/4), frinble, (lOYR 5/4), very G/2), friuble, mllSsive, 3/1), frinble, silt loum; 	 t'l 
slight 	 slightly add, silt friable, structureless, cal(,llrcC)us, silt loam; ('ommon faint dnrk 
loam; 	 loam: weak fine slIb- silt loam; calcareous many large prom- rcddish brown (5YI1 
suban 	 angular blocky with huge numbers inent mottles of 3/:2) mollles; moderate 
strud structure. 	 ; of lim(' ('onl'retions. rcddish yellow (7.,5YR medium granular 


t G/S). slructure. 




B, 3045 inches 
Yellowish brown 
(lOYR 5/4), friable, 
slightly acid, heavy silt 
loam; weak fine sub
angular blocky struc
ture. 

0,45+ inches 
Yellowish brown 
(IDYR 5/4), friable, 
massive, neutral, silt 
loam. 

B3 24-40 inches 
Yellowish brown 
(lOYR 5/4), friable, 
massive, neutral silt 
loam. 

0,4D+inches 
Yellowish brown 
(lOYR 5/4), friable, 
massive, calcareous, 
silt loam; many fine 
mottles of light olive 
gray (5Y 6/2). 

1 The Monona and Ida soils frequently have many fine mottles of light olive gray (5Y 6/2) in and below the B horizon. 
light olive gray colors are large prominent mottles and root channel fillings of reddish yellow (7.5YR 6/8). 
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On the east slope of the west ridge (fig. 30) a similar sequence 
of soils occurs. Mottling is common in the Monona and Ida silt 
loams, and the Dow is developed in an outcropping of the gleyed 
deoxidized zone of the Wisconsin loess. 

Thus, on present well-drained topographic positions the soils, 
Monona, Ida, and Dow, possess mottling and gleying which are 
characteristic of impeded drainage. These characteristics are not 
genetically related to the profile development but are relict fea
tures of a preexisting environment. Late Wisconsin slope bevel
ing has exhumed parent material on the slope that has character
istics developed under different paleoclimatic conditions. The 
Monona and Ida have inherited the mottles from the previous 
weathering of the loess during the environment of higher zone of 
saturation. Similarly, the Dow in its development has inherited 
the gleyed horizon from the preexisting soil landscape. Such fea
tures in soils may well be considered as geo-pedologic accidents. 
Mottled zones and gleyed horizons require geomorphic and his
torical evaluation and in themselves are not infallible criteria 
indicative of impeded drainage (52).

Post-Late Wisconsin gully cutting and filling has given rise to 
the development of the Napier silt loam (fig. 30). 



Chapter 2 

Geomorphology of Parts of the Greenfield 

Quadrangle, Adair County, Iowa 


hy HoherL V. Huhe, re~earch geologi.~l, Soil COfl,~ervalion Service 

Introduction 

'l'he Greenfield quadrangle is located in Adair County, Iowa, 
and encompasses the area of T. 75 N. to T. 77 N. and R. 30 W. 
to the eastern part of R. 32 W. (fig. 31). On the east the quad
rangle is bounded by the meridian 94 c 15' W. and on the west by 
94°30' W.; on the south by the parallel 4115' N. and on the north 
by 41 °30' N. 

Two areas that typify the landscape were selected for detailed 
study to determine the influence of the geomorphology on the 
genesis, Clllssification, and geography of .Lhe soils of the area: (1) 
'l'he South Turkey Creek area which ilK '.Ides parts of sections 7, 
17, and 18, T. 76 N., R. 31 W., and parts of sections 12 and 13, 
T. 76 N., R. 32 W.; and (2) the North Turkey Creek area which 
includes parts of sections 19, 20, 29, and 30, T. 77 N., R. 31 W., 
and parts of sections 24 and 25, T. 77 N., R. 32 W. 

The entire quadrangle includes parts of three drainage basi liS 

(fig. 31). Middle River drains the northern part, Grand River 
the south-central part, and Nodaway River the southwestern part 
of the area. 'fhe Missouri-Mississippi divide crosses Adair County 
southeasterly from the town of Adair to the north, northeast, 
and east of the town of Greenfield. In the Greenfield quadrangle 
it is composed of the divides between the drainage basins of 
Middle and Nodaway Rivers and Middle and Grand Rivers. Middle 
River is tributary to the Des Moines River, which drains to the 
Mississippi River. Nodaway and Grand Rivers are tributaries 
of the Missouri River. South Turkey and North 'fUl'key Creeks 
are tributaries of Middle Rivet'. The study areas are east of the 
Missouri-Mississippi divide (fig. 31). 

Areal studies were undertaken in the Greenfleld quadrangle 
during 1955-1956 to determine the geographic distributions of 
the geomorphic surfaces identified in the traverse study from 
Bentley to Adair, Iowa (fig. 32). The Pleistocene deposits and 
geomorphic surfaces delineated in the traverse through the town 
of Adair were easily traced into the Greenfield quadrangle. Then 
too, a new topographic base map was being completed in the 
Greenfield quadrangle by the U.S. Geological Survey at the time 

93 
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FIGURE 31.-Location of Greenfield quadrangle (bordered by broken line) 

and North and South Turkey Creek areas (shaded) in Adair County, Iowa. 

that the traverse work was being completed. Thus, an excellent 
base map was available for areal studies. 

Pleistocene Deposits 
Nebraskan Till 

The sequence of two tills identified in the traverse through the 
town of Adair (pI. II: G, H) also occurs in the Greenfield quad
rangle. Along State highway 25 in the South Turkey Creek area, 
the two tills crop out. In a stream and road cut at the bridge 
where highway 25 crosses South Turkey Creek (SW1JJ, sec. 8, T. 
76 N., R. 31 W., Adair County) the following section is exposed 
in the stream cut: 
Section A: 
Kansan till: 

Oxidized and Brown (lOYR 5/3) to yellowish brown ClOYR 5/4) leached 
leached clay loam; subangular and angular blocky; friable; modern 

50 inches soil in upper part. 
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FIGURE 33.-Relationships of Nebraskan till, Nebraskan gumbotil (Aftonian 
paleosol), KanMan till, and Kansan gumbotil (Yarmouth-Sangamon paleo
sol) along State highway 25, SO:lt.h Turkey Creek area. 

Oxidized and Yellowish browlI (IOYR 5/8) calcareous clay loami coarse 

unleached angular blockYi firm. 


34 inGhes 

Aft(,nian paleosol: 

AI, Dnrk gmy (IOYR 4/1) leached helLVY c1aYi medium subangular
I·' inches blockYi plasti('i day skins abU!lc!tlllii slightly gritt.y, but only 

resilltallL minemls vil;iblei secQndnry carbonlltc cQncretions 
Gonlmon. 


1310 Gmy (IOYR 5/1) lenehcd henvy daYi strong medium sublln~ulnr 

56 hlt'he:> bl()l~kYi firl11 but. plmlti"i clllY Ilkinl'l abundnnti Hslickensllles" 


fill aggregate fal;csi gritt,~· but t)!~ly resiatllnt minertLis vi$iblei 
sC~'olldary <:arbQllate l'Qncr{!tions III upper pllrLi grndes down
ward to undnrlying horizon. 

Ch Yellowi>lh browJl (IOYR 5/8) lenched clay 10al11i lllottled with 
28 inches gray (IOYR tI/l)i <:Ollr~e Ilngular bloc:kYi firmi gdtt.y with 

wcatiHlmble minerulsi oxidized lind lel\\!hed Nc:l)rllskall t111. 
Nebrn.'lkIlTi till: 

Oxidized lind Brownillh yc.ll()W (IOYR (l/S) <.'lIkllreous clay IOlll11i mottled wit.h 
unlelll'lled light gray (5Y 7 /l)i I~()llrse IIngular hloGkYi firm; gritt,y with 

Ian inches wClltherahle minerals, bll$C not. exposed. 

In the section the horizons A .. to B .. are the Nebraskan gumbotil 
of Pleistocene-geology terminology (25, pp. 163-171). Kay and 
Apfel (25, p. 128) recorded the occurrence of many sections of 
Nebraski\n gumbotil in Adair County. 

The Nebraskan gumbotil in the stream cut can be traced to the 
adjacent road cut on the south (fig. 33) where the gumbotil sur
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face is level and is at the base of the cut at the south end. At the 
center of the road cut a sequence of oxidized and leached Kansan 
till that is 5 feet 8 inches thick and oxidized and unleached Kansan 
till that is 27 feet thick overlies the Nebraskan gumbotil. 

Kansan Till 

The upper till 1< identified as Kansan in the traverse through the 
town of Adair (pI. II) was traced into the Greenfield quadrangle. 
In the South Turkey Creek area along State highwiiY 25, the 
Kansan till, which overlies the Nebraskan gumbotH in the stream 
and road cut, is traceable southward across the Recent alluvium 
of a tributary of South Turkey Creek. In this area the Kansan 
till is the surficial drift. The landscapes formed in Kansan till 
overlain by a thin mantle of Wisconsin loess. The surficial drift 
of the North Turkey Creek area (pI. III) is the same till. 

Weathering zones are prominent in the Kansan till (25, p. 219). 
A surficial soil grades downward into oxidized and leached till, 
which in turn grades downward into oxidized and unleached till. 
The latter grades downward into unoxidized and unleached till. 
The surficial soil may be a paleosol of Yarmouth-Sangamon or 
Late Sangamon age, or a soil of Wiscons.in or Recent age. For 
example, in the first road cut south of the Recent alluvium along 
highway 25 in the South Turkey Creek area, the following section 
is exposed: 

Section B: 
Ta7,cwell lues:;; 

Uxidized and Yellowish brown (lOYR 5/G) leached sill loam; massive; friable; 
leached lllodern soil in upper purt. 

48 inches 
Furmdale loess; 

fAb Dnrk brown (IOYR 4/3) leached silt loalll; weak fine platy; 
12 ill(~hes dis~eminllted charc()ul. 

Lalc SlIngamO[l paleoSQI; 
I [A,,·Blh Yellowiilh brown (IOYR ,i/G) to ~trong brown (7.(iYR 5/6) 
I·l inches leaehce! Hilly day loam lo loam; weak fille subangular blocky; 

friablt. to firm; :stone line at bllse; upper part of Late Sanglllllon 
pllicosol ill pedisediment. 

UfBb Dark browll (7.5YR 4;'0 and reddi:;h brown (fiYR 4/4) to 
17 inc'hes :;trung brown (7.5YR 3/G) leached <:lay loam; strong medium 

subangular bloeky; firm but plasti('; grill,y; lower part of Late 
Sangalllon paleosol in Kanslln till. 

K:Ulsan till: 
Yellowish brown (IOYR 5/tilleIH.dled day loam; medium angularrIle" 

Oxidized lind hloe,:ky; friabl(·; pehbles and cobbles of gmnit.e. h:Ulalt., sandstone, 
lenehed quartzite. 

62 in~he" 
Oxidized /lnd Y()lIowi:;h brown (IDYll 5/G) ('ld('lIreouH clay I(JIlIll; (,oarst' angular 

Ullle!H'hed hlu('ky; firlll; pebbles and (·obbl(·;; of granite, hlu:<alt, !;nnd:;lolle, 
154 int'll('H qunrlzi((', limestolll', doloI11it(·; ('arh{)lllltc l'oncretions ill upper 

part. 
l'noxidized Ilnd Vc)ry dllrk gray (luYH. :3/1) ('Ilic-areolls elay loam; coarse angular 

unlenchl'd blocky; firm; pehhle,.; nnd ('obhlcs similar to those of ovedying 
·18 in('he,~ horizon; base not exp()sed. 

The unoxidized and unleached till proba.bly most nearly repre
sents the Kansan till deposited by the Kansan glacier. The zones, 

http:Wiscons.in
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oxidized and un leached, oxidized and leached, and surficial soils 
represent alteration of the original drift by weathering processes. 
Contacts between weathering zones generally are parallel to the 
geomorphic surface on the till beneath which the zones have 
formed. In most cases these ~urfaces are of pre-Wisconsin age. 
Angular relationships of younger geomorphic surfaces to the 
weathering zones in the till may be used to reconstruct the evolu
tion of the younger surfaces. 

Wllicoll8in Loess 

The Wisconsin loess in the eastern part of the regional traverse 
in the vicinity of Adair can be traced directly into the Greenfield 
quadrangle. The basal increment of the loess is the Farmdale 
(46, p. 640), which is distinguished from the overlying younger 
Wisconsin loess by a weak Regosolic buried soil (A-C profile). 
In most places the Farmdale loess consists entirely of a buried A 
horizon, 9 to 12 inches thick, that rests upon older buried soils. 
The Farmdale loess in the South and North Turkey Creek areas 
occurs only on the upland divides and on the higher summits of 
the interfluves. 

The bulk of the Wisconsin loess is post-Farmdale., The younger 
loess overlies the buried A horizon of the Farmdale iJ..aleo-RegosoL 

CHARACTERISTICS 

Wisconsin loess blankets completely the upland divides east 
and west of South Turkey Creek (pI. III). However, along the 
interfluves between the tributary and side streams of South 
Turkey Creek, it does not completely cover the landscape. For 
example, on the summit of the interfluve adjacent to and south of 
West Branch, is an isolated outlier of loess (pl. III: E.2, 3.8 2 .1 ) 

separated completely from the mass of loess to the westward 
(pI. III: DA, 3.9). It occurs on an intermediate level of a stepped 
sequence of suriaces common on all of the interfluves in the area. 

An outlier of loess on the low level of the landscape (pI. III: 
D.4, 3.5) also is completely separated from the main mass to the 
south and west on the upland summit (pI. III: D.4, 3.9). 

Areas of loess separated from the main mass also occur on 
slopes below the interfluve summits regardless of level of the 
stepped sequence of surfaces, for example, on a slope below the 
intermediate level and above the alluvium of the modern flood 
plain (pI. III: E.6, 5.0). There are other similar distributions of 
loess throughout both South Turkey Creek and North Turkey
Creek areas. 

Patchy distribution of the loess on the present landscape regard
less of topographic position indicates that in the geologic past the 
loess completely mantled the landscape. Where the loess does not 
occur on slopes (pI. III: F.7, 4.4), it has been stripped during post
loessial slope erosion. Where the loess does not occur on interfluve 

~. Grid <;oordiF\ates on maps: E.!! is 2/10 of the distance between grid lines 
E anti F; S.8 is 8/10 of the distance between grid lines 3 and 4. 
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summits (pI. III: D.7, 3.8 and E.7, 3.8), it has been stripped dur
ing the lowering of the interfluve divide. Such divide lowering 
is evident particularly (pI. III: D.7, 3.8) whe:re north and south 
flowing streams have contested a headwater source. 

,Previous work (i.7, pp. 665-667) has shown that the thickness 
and other characteristics of loes:; vary systematically with dis
tance from an assumed source if the thickness is measured on pri
mary and secondary divide topographic sites. The upland divide 
west of South Turkey Creek is a primary divide and is part of the 
Missouri-Mississippi divide in Iowa. On the divide (pI. III: C.2, 
4.5) the total thickness of Wisconsin loess is 181 inches, of which 
the basal 9 inches is Fc.rmdale loess. The post-Farmdale Wisconsin 
loess is 172 inches thick. 

Along the interfluve summits nearly at right angles to the 
upland divide in the South Turkey Creek area, the loess thickness 
varies considerably from the maximum value of the divide (table 
21). Measurement sites are located on level to slightly rounded 
upland summits where post-Ioessial erosion should be at a mini
mum. The sequence of sites extends from the divide position on 
the west eastward down the flank of an individual topographic 
unit. The loess thickness decreases down the flank of the divide 
unit. Such loess thickness-topographic site relationships have been 
reported previously (4.7, pp. 667-671). 

'fABLE 21.-Loess thickness on inlerfluve summit south of West Branch 

Site Location Elevation 1 Farmdall" I Post- Total
I 

I 
(PI. III) ! FarmdaleI 

, Feet j Inches 1 Illches Inches 
Divide••.. ___ 1 C. 20,4.50 1,340 ; 9 : 172 181 
Inlerfiuve.. __ : C. 70, 3.85 1,333 ' 6\ 150 156 
Interfluve ____ ' D. 35, 3.05 1,330 12 I 114: 126 

1')1)Int.erfluve._._' E. 15,3.85 1,3:26 ; 6 I -- 128 
I 

1 Elevation of basal surface on which loess was deposited. 

The textural characteristics of the loess in the South Turkey 
Creek area conform to the regional variation with relation to a 
distant source. The loess is finer textured than that along the 
regional tr,averse in Pottawattamie and Cass Counties, Iowa. In 
the loess in cut 50 of the traverse, 61 miles west, there is 62 per
cent coarse silt/" 22 percent fine silt, and 16 percent clay. In cut 
11, 36 miles west, these size fractions are 44, 30, and 26 percent. 
On the west divide of the South Turkey Creek area they are 37, 
34, and 29 percent. Thus, from west to east the coarse silt frac
tion progressively decreases in abundance and the fine silt and 
clayprogressively increases. 

The Monona silt loam is the soil in the loess in cut 50; the 
Marshall silt loam is the soil in the loess in cut 11 ; the Sharpsburg 

~5 Coarse silt is 0.62-0.016 m.m., fine silt 0.016-0.002 m.m., and clay <0.002 
m.m. 
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!ji1ty clay loam occurs in the uppermost part of the loess at the 
South Turkey Creek site. Hutton (21, p. 426) previoHsly described 
the textural variations of the loessiai parent materials of the three 
soils. The data in this report are in accord with the data of 
Hutton. 

WEATHERING ZONAUON 

Along the traverse between Bentley and Atlantic weathering 
zones in the post-Farmdale Wisconsin loess occur in n~gional dis
tribution (47, p. tHO). The general zonation, from the modern 
surface downward, is: 

o & L zone: oxidized and leached ye!lowish brown silt lonm loess 
with iron oxide diffuse throughout the matrix. 

Do & U zone: deoxidized and unleached gray silt loam loess with 
iron oxide segregated in reddish brown pipestems 
(tubules) and concretions in a gray matrix. 

0& U zone: 	 oxidized and unleached yellowish brown silt loam 
loess with iron oxide diffuse throughout the matrix. 

Do & L zone: deoxidized and leached gray silt loam loess with iron 
oxide segregated in reddish brown pipestems 
(tubules) and coneretions in a gray matrix. 

The lower deoxidized and leached zone overlies the buried A hori
zon of the paleo-Regosol in Farmdale loess. 

Two faunal zones, independent of the stratigraphic zonation of 
the weathered zones (58, pp. 271-272), also occur in the loess. 

To the eastward along the traverse the two deoxidized zones 
coalesce so that the genel'al sequence in the loess is an oxidized 
zone grading downward into a deoxidized zone, which in tum 
overlies the Farmdale loess (58, p. 271,fig. 36). Such zones occur 
from a few miles west of Atlantic and eastward through the part 
of the traverse in the vicinity of Adair (fig. 32) where the general 
weathering zonation, from the sudace downward, is: 

o & L zone: modern solum at the surface gt'ading downward 
into oxidized and leached yellowish brown silty clay 
loam loess commonly mottled with gray; gray 
mottles increase with depth; and grades into a gray 
silty clay loam loess with yellowish brown and brown 
mottles. 

Do & L zone: deoxidized ancl leached gray silty clay loam loess 
with iron oxide segregated in reddish brown pipe
stems (tubules) ancl concretions; a reddish brown 
iron oxide band commonly occurs at the top of this 
zone. 

The deoxidized ancl le~lChed zone overlies the buried A horizon of 
the paleo-Regosol in Farmdale loess. 

This kind of weathering zonation in post-Farmdale Wisconsin 
loess occut's in regional distribution throughout the Greenfield 
quadrangle but is generally restrICted to the upland divide and 
the intermediate level of the stepped sequence ·of surfaces along 
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interfiuves. .For example, on the upland divide west of South 
Turkey Creek, the following section occurs: 
Section C: 

Solum-Sharpsburg ::;i1ty clay loam: 
A,p Black (lOYR 2/1) light silty clay loam; massive; friable; leached; 
0-6 inches abrupt to A'2' 
Au Black (lOYR 2/1) light silty clay loam; weak to moderate granular; 

6-15 friable; leached; gradual to A3B,. 

inches 

A3B, Black (lOYR 2/1.5) and very dark grayish brown ailty clay IOL\m; weak 

15-18 to moderate subangular blocky; friable; leached; gradual to 13 21 • 


inches 

B 2, Dark grayish brown (101':7\ 4/2) and "ery dark gray (lOYR 3/1.5) 

18-21 medium to heavy silty clay loam; moderate fine subangular blocky; 

itH'hes friable; leached; thin discontinuous clay skins; gradual to B22 • 


13 22 Dark grayish brown (lOYR 4/2) heavy silty clay loam; weak medium 

21-28 subangular blocky; friable; leached; thin discontinuous clay skins; 

inches gradual to B 3• 


13 3 Dark grayish brown (10YR 4/2.5) silty clay loam; sparsely mottled 

28-43 with yellowish brown (lOYR 5/4); weak medium blocky; friable; 

inches leaehed; thin discontinuous clay skins; gradual to (;,. 


Tazewell loess: 
(', Dark grayish brown (101'R 4/2.5) light ailty clay loam loess; commonly 
43-66 mottled with grayi~h brown (2.51' 5/2); moderate coarse prismatic; 
inches friable; leached; gradual to underlying zone. 
0& L Yellowish brown (lOYR 5/4) loess; abundantly mottled with gray 
!i0-l04 (lOYR 5.5/1); massive; friable; leached; gradual to underlying zone. 
inc:hes 
O&L Gmy (lOYR 5/1) loess; abundantly mottled with yellowish brown 
104-144 (lOYR 5/4); massive; friable; leached; distinel boundary at base. 
inches 
Do & L Gray (lOYR 5/1) loess with yellowish red (5iR 5/0) pipestems and 
144-172 concretions; massive; friable; leached; overlies A horizon of buried 
inches pllleo-Regosol in Farmdale loess. 

The weathering zones in the loess are distinct and readily dis
cernible (fig. 34). The contacts between zones parallel in general 
the basal surface on which the loess was deposited. In places 
modern slopes angularly bevel the weathering zones in the loess. 

FAUNA 

In most places the Wisconsin loess in the South and North 
Turkey Creek areas is leached of carbonates. Therefore the cal
careous shells of the gastropod fauna, which are characteristic of 
the loess, have been destroyed during weathering. An exposure of 
calcareous loess occurs in a road cut, however, a quarter of a mile 
north of the northwest corner of the Greenfield quadrangle in 
the SEV.~ sec. 36, T. 78 N., R. 32 W., Guthrie County, Iowa. The 
calcareous loess is fossiliferous and contains a fauna that is char
acteristic of the Wisconsin loess along the regional traverse from 
Bentley to Adair (tables 22 and 12). 

According to the faunal zones of Leonard (34, p. 10-18) the 
species of the loess an~ indicative of the Tazewell. Therefore, the 
loess should be of Taz·ewell age. This dating of the post-Farmdale 
loess in the Greenfield quadrangle is in good agreement with the 
determination of the age of the loess along the regional traverse. 
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FIGURE 34.-Weathering zones in post-Farmdale Wisconsin loess. 

GeomorphifJ Surfaces 

Landscnpe 

The modern surface in the South and North Turkey Creek areas 
does not slope continuously from the divides to the major drain
ages. Slopes along the axes of interfluves are broken at two or 
three places by distinct changes in gradient. For example, in the 
South Turkey Creek area (fig. 35) each interfluve has a sequence 
of stepped levels. that rises from the valley shoulders to the up
land divide. Along the profile from A to B (fig. 36) a low level 
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TABLE 22.-Fauna oj the Wisc01l8in loess oj Greenfield fJlIuclrangle I 

Species I Iowan ITransition Tazewell 

Columella. alticola __ .---------- _---- -- __ 1_____ -_ --- - - - -- - ---- ---- x 
Retinella electrina_ -____________________ -- - ------------ -- ( _________________ ------ - --- --; -____ ---. XSucc!nea ova!is ___ -: --1------ - _ X
Succmea grosvenorJ____________________ ____________ X X
'-ertigo modesta_________________ ______ ____________ X X 
Deroceras hllJvc_______________________ X X X
Hawaiia minuscula _____________ ._______ X X X 
Pupilla blandL._______________________ X X XI 
~upi!la muscor,um. -------------------- 1<S X X 
SuccHiea ayurn________________________ X X I 

J After Leonard (34). 

is separable from an intermediate level which, in turn, is separable 
from the high level of the upland. Along the profile from A to P 
an intermediate level occurs between the modern floodplain and 
the upland divide. This sequence of levels is the l'esult of multi
cyclic erosion of a glacial till landscape. It is further complicated 
by the mantling of the glacial-till landscape by loess. In the field 
the multileveled landscape is easily discernible (fig. 37). 

The high level, mantled by Farmdale-Tazewell loess, is con
trolled by the Yarmouth-Sangamon surface (pI. II), This surface 
is essentially a weathered relict of the Kansan-drift plain that has 
notht:!en modified profoundly by erosion since Kansan till. The 
surface is characterized by deep, intensively weathered paleosols 
that in most places remain buried. 

The intermediate level, in most places mantled by Farmdale
Tazewell loess, is the Late Sangamon erosion surface that was cut 
into Kansan till below the level of the Yarmouth-Sangamon sur
face. The Late Sangamon surface, in directions toward the upland 
divide, rises gradually and then more sharply up a concave back
slope to the level of the Yarmouth.,Sangamon surface (fig. 36). 
The younger erosion surface is characterized by a lag-gravel 
erosion pavement (stone line) on Kansan till, which is overlain by 
finer textured transported sediment derived from the tm. A paleo
sol, somewhat lesser developed than that of the 'Y'armouth-Sanga
mon surface, occurs in the sediment, stone line, an.d uppermost 
part of the Kansan till. 

The low level of the landscape is the Early Wisconsin erosion 
surface that is cut into Kansan till below the Late Sangamon sur
face (fig. 36). At some places the Early Wisconsin surface is 
mantled by Tazewell loess, but no paleosol separates the till from 
the loess. 

The complex of surfaces has been subjected to erosion and sedi
mentation in Late Wisconsin-Recent time. All of the surfaces, 
Yarmouth-Sangamon, Late Sangamon, and Early Wisconsin, are 
dissected and now occur on upland divides or on interfluves. 

Loess was deposited on the level upland divides and interfluve 
summits. The constructional surface of the loess dates from the 
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Branch, a tributary of South Turkey Creek (pI. II). For locations of 
sections, see fig. 36. 

end of loess deposition and is of Tazewell age. Late Wisconsin
Recent slopes have also beveled the Tazewell loess. 

The slopes descend to alluvial fills that occupy topographic 
positions lower on the slopes or at the bases of the slopes. 
The alluvial fills are believed to be contemporary of the post
Tazewell gully-fill cycle in southwestern Iowa. The basal fill of 
this alluvial cycle has been dated at 6,800 ± 300 radiocarbon 
years. Hence the maj ority of the slopes in the areas must be of 
Recent age. 

Yarmouth-Sangamon Surface 

The Yarmouth-Sangamon surface underlies the Farmdale-Taze
well loess on the upland divides east and west of South Turkey 
Creek, and is the upland peripheral to West Branch in the South 
Turkey Creek area (pI. II). In the North Turkey Creek area (pI. 
IV) the Yarmouth-Sangamon surface mantled by Farmdale
Tazewell loess is the upland divide north of North Turkey Creek 
and the upland surface peripheral to North Branch of North 
Turkey Creek. In both of these areas the high level of the land
scape is controlled by the relict Yarmouth-Sangamon surface. 
The old surface conforrns to the topographic position comparable 
to the position of the surface along the regional traverse at 
Adair. 

In the South Turkey Creek area the Yarmouth-Sangamon up
land west of South Turkey Creek is a part of the Missouri
Mississippi divide, which is the major watershed in Iowa. 

PALEOSOLS 

The Yarmouth-Sangamon surface is an undulating, swell and 
swale surface that has a local relief of 5 to 10 feet and that is 
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characterized by distinctive, deep, intensively weathered paleo
sols. On the surface distances between crests of swells across 
intervening swales are about an eighth of a mile. Thus, on the 
surface variable soil-moisture conditions existed (48, p. 445-450). 
Aeration and soil drainage were better on the swells than in the 
swales of the landscape. 

A buried Yarmouth-Sangamon paleosol on the crest of a swell 
in the North Turkey Creek area has the following morphology: 
Section D (pI. IV: H.6, 4.0): 

0-153 inches Tazewell loess with modern soil in upper part. 

IAlb Dark grayish brown (lOYR 4/2) silt loam with yellowish red (5YR 

153-167 4/6-5/6) iron oxide concretions and pipestems; weak fine to medium 

inches platy; friable; leached Farmdale loess. 

IIA'bK Gray (10YR 5/1) silty clay loam with yellowish red (5YR 5/6) iron 

167-177 	 oxide stain on aggregate faces; fine subangular blocky; clay skins lack


inches 	 ing; friable; gritty but no weatherable mineral fragments visible; 
leached upper horizon of Yarmouth-Sangamon paleosolum in Kansan 
till. 

IIBIKb Gray (lOYR 5/1) heavier silty clay loam; yellowish red (5YR 4/6) and 
177-182 red (2.5YR 4/6) iron oxide stain on aggregate faces; moderate medium 
inches subangular blocky; clay skins moderately abundant; moderately plastic; 

gritty but only resistant minerals visible; leached. 
IIB.I• b Gray (lOYR 4/1) clay; yellowish red and red iron oxide stain on aggre
182-192 gate faces; strong medium subangular blocky; clay skins cover aggre
inches gate faces; plastic; gritty with only resistant minerals visible; leached. 
IIB.2• h Dark gray (10YR 4/1) clay; brown (7.5YR 4/4) and reddish brown 
192-203 (5YR 4/4) iron oxide stain on aggregate faces; strong medium sub
inches angular blocky; clay skins cover aggregate faces; plastic; gritty with 

resistant minerals visible; leached. 
IIBa• b Gray (5Y 6/1) heavy clay loam; mottled with strong brown (7.5YR 
203-221 5/8); moderate medium subangular blocky; clay skins on aggregate 
inches faces in upper part of horizon, channelized vertically in tubules in lower 

part; increasingly gritty in lower part with weatherable minerals visible; 
leached lower horizon of Yarmouth-Sangamon paleosol urn in Kansan 
till. 

He lb 	 Strong brown (7.5YR 5/8) clay loam; mottled with gray (5Y 6/1); 
221 + inches 	 coarse angular blocky; prominent clay skins channelized along vertical 

tubules; very gritty with weatherable minerals visible; oxidized and 
leached Kansan till. 

This paleosQI is comparable morphologically to modern Planosols 
(48, p. 446). A leached light-textured A~h horizon with a clay 
content of 32 percent overlies a thin Blb (5 inches thick) that is 
sharply delineated from an underlying B2b horizon with a clay 
content of 58 percent (fig. 38, D). The part of the solum Blgb-

B3gb is the "gumbotil" of Pleistocene-geology terminology. The 
paleosol is easily identifiable in road cuts and in outcrops on Re
cent sl~pes (fig. 39). 

A second kind of paleosol also occurs on the better aerated parts 
of the Yarmouth-Sangamon surface. A buried soil on the crest 
of a swell in ·che South Turkey Creek area has the following 
morphology : 
Section E (pI. II: D.5, 1.5): 

0-51 inches Tazewell loess with modern soil in upper part. 

[Alb Dark graYish brown (10YR 4/2) silt loam; weak medium platy; friable; 

51-62 inches leached Farmdale loess. 
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FIGURE 39.-Yarmouth-Sangamon paleosols (gumbotil) in road cut (A) and 
outcropping (In Recent slope {B), Note poor stand of alfalfa in outcrop on 
slope, 
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IIA'lb Dark yellowish brown (lOYR 4/4) light silty clay loam; weak fine 
62-71 inches subangular blocky; firm; gritty with only resistant minerals visible; 

leached upper horizon of Yarmouth-Sangamon paleosolum in Kansan 
till. 

IIA'2b 	 Light brownish gray (lOYR 6/2) light silty clay loam; mottled with 
71-79 inches 	 yellowish brown (lOYR 5/4); moderate fine subangular blocky; firm; 

sparse clay skins in lower purt of horizon; gritty with only reSistant 
minerals visible; leached. 

UB11b 	 Grayish brown (2.51' 5/2) heavy silty clay loam; mottled with dark 
79-99 inches 	 yellowish brown (lOYR 4/4); moderate medium subangular blocky; 

firm but plastic; clay skins on aggregate faces; gritty with only resistant 
minerals visible; leached. 

IIB,.b Gray (lOYR 5/1) heavy silty clay; mottled with yellowish brown 
99-129 (10YR 5/8); strong medium subangular blocky; very plastic; clay skins 

on aggregate faces; gritty with only resistant minerals visible; leached. 
lIB3.b Light gray (5Y 6/1) heavy silty clay loam; mottled with yellowish 
129-146 brown (lOYR 5/8);. moderate medium subangular blocky; moderately 
inches plastic; clay skins along vertical faces in lower part of hOrizon; weather

able minerals visible in lower part; leached; lower part of Yarmouth
Sangamon paleosol urn in Kansan till. 

IlCII.b Gray (5Y 5/1) clay loam; mottled with dark yellowish brown (lOYR 
146-176 4/4); coarse angular blocky; firm; gritty with weatherable minerals; 
inches deoxidized and leached Kansan till. 
IlC12b Yellowish brown (lOYR 5/8) clay loam; mottled with light gray (5Y 
176+ inches 7/1); coarse angular blocky; firm; gritty and pebbly with weatherable 

minerals; oxidized and leached Kansan till. 

In the B~gb and B agb horizons of this paleosol vertical root tubules 
more than an inch in diameter are common. The root tubules are 
filled with clay that is laminarly oriented with their walls. In 
cross section the clay is concentrically banded. The tubules and 
cores are indicative of a forest environment on the paleosolic 
surface. 

This paleosol (fig. 38, E) is comparable morphologically to 
modern Gray-Brown Podzolic soils but the development is more 
intensive than modern analogues in Iowa. A thick (17 inches) 
A:lb horizon with a clay content of 38 percent overlies a thick 
(20 inches) Bib horizon with a clay content of 37 percent. In the 
B~b horizon the maximum accumulation of clay is 49 percent. The 
paleosol may be classified as a paleo-Gray Brown Podzolic soil. 

In the paleo-Planosol the clay content increases from 32 percent 
in the thin A~b horizon to 58 percent in the B~b horizon in a vertical 
distance of 5 inches. In the paleo-Gray Brown Podzolic soil the 
clay content increases from 38 percent in the A2b horizon to a 
maximum of 49 percent in the B:!b horizon in a vertical distance 
of 20 inches (cf. fig. 38, D and E). 

The part of the solum BIgb-Bagb is the "gumbotil" of Pleistocene
geology terminology. 

In the swales, or more poorly aerated positions, on the Yar
mouth-Sangamon surface, a different kind of paleosol occurs and 
in the South Turkey Creek area has the following morphology: 
Section F (pI. II: 1.35,6.30): 

0-48 in('hes Tazewell loess with modern soil in upper part. 
IAII. Very dark gray (03) heavy silty clay; coarse angular blocky; plastic; 
48-;17 inches clay skins on aggregate faces; iron oxide concretions abundant; very 

little grit; leached "wash" on Kansan till; upper part of Yarmouth
Sangamon paleosolulll. 

http:1.35,6.30
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IA3.b Gray (lOYR 5/1) silty Glay; coarse angular blocky; plastic; Clay skins 
57-71 inches on aggregate faces; iron oxide concretions common; very little grit 

but only resistant minerals visible; leached "wash" on Kansan till. 
IB'.b Gray (lOYR 3/1) silty clay; strong coarse angular blocky; very plastic 
71-79 inches and compact; clay skins on aggregate facea; very little grit but only 

resistant minerals visible; leac:hed "wash" on Kansan till. 
IB 21• b Dark gray (10YR 4/1) silty clay; strong coarse angular blocky; very 
79-88 incheil plastic and compact; Clay skins on aggregate faces; moderately gritty 

but only resistant minerals visible; leached "wash" on Kansan till. 
IIB•••b Light gray (lOYR 6/1) silty clay; coarse angular blocky; plastic; clay 
88-113 skins on aggregate faces; gritty but with wcatherablc mincrals visible 
inches in lower part; leached Kansan till. 
IIB3• b Gray (lOYR 6/1) silty clay; coarse angular blocky; day skins on 
113-133 aggregate faces in upper parL, channelized vertically in lower part; 
inches gritty with weatherable minerals; leached; lower part of Yarmouth

Sangamon paleosol in Kansan till. 
nC'h Yellowish brown (lOYR 5/8) clay loam; mottled with gray (lOYR 
133+ inches 6/1); coarse angular blocky; firm; gritty with weatherable minerals; 

oxidized and leached Kansan till. 

This paleosol is comparable morphologically to modern Humic 
Gley soils (48, p. 449). Its profile of clay distribution (fig. 38, F) 
indicates abundant clay formation but little translocation. The 
horizons IA II) to lIB:!lIb are the "gumbotil" of Pldstocene-geology 
terminology. 

Total sand content in horizons, IAlb to lIB:!ll!> is less than 6 per
cent, which is abnormal for Kansan till. Sand content gradually 
increases to 15 percent in the IIB:lgb horizon and increases slightly 
with greater depth. The material in the upper part of the solum 
is probably finer textured sediment washed from the adjacent 
shallow slopes around and above the swale in the Yarmouth
Sangamon surface. By weathering contemporaneous with accre
tion Qr subsequent to sedimentation, the sediment has become in
corporated into a "giant" solum 85 inches thick. 

The finer textured upper solum may also represent Loveland 
loess, thin increments of which should occupy a stratigraphic 
position between recognizable weathered Kansan till and the basal 
Wisconsin loess. However, Loveland loess, per se, cannot be 
recognized because of the intensive weathering the zone has under
gone. 

Another kind of paleosol occurs on the Yarmouth-Sangamon 
surface (section G).~o Its curve of clay distribution (fig. 38, G) 
suggests that it may be an intergrade between a paleo-Humic 
Gley and a paleo-Gray Brown Podzolic soil or paleo-Planosol. The 
site of the intergrade occurs on a slope between the better aerated 
crest of a swell and the poorer aerated swale. The clay distribu
tion in the upper part of the paleosolum is similar to that of the 
paleo~Gray Brown Podzolic soil and paleo-Planosol. In the lower 
part of the paleosQlum the clay distribution is similar to that of 
the paleo-Humic Gley. ,.

A problem involved in studies of paleosols, whether buried or 

exposed, is the application of proper laboratory analytical methods 

so that characteristics of the soils may be compared. Standard 


211 Section G is not described in detail in this report. Textural I\nd minera

logical data of the paleosol are included for comparison. 
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soil-chemistry methods cannot be applied. When the soils orig
inally developed in Kansan till, leaching removed bases to great 
depths below the solum of the Yarmouth-Sangamon paleosol. The 
soil was buried subsequently by calcareous Wisconsin loess, which 
later was leached. Solutions percolating downward undoubtedly 
enriched the buried paleosolum. Field and laboratory studies show 
such secondary enrichment. 

Carbonate concretions commonly occur in the upper part of the 
paleosol, even though the matrix of the soil is leached. Pipestems 
(vertically elongate, cylindrical iron-oxide concretions) in the 
paleosol can be traced upward into the lower part of the overlying 
Wisconsin loess. These are field evidences that the paleosol has 
been enriched in calcium and iron. 

Hydrogen-ion concentrations are misleading. In the paleo
Planosol (section D) the A2b horizon has a pH of 6.4 and the B2b 
horizon of 6.6. Yet Ulrich (74, p. 326) reported that less intensely 
weathered modern Planosols in Iowa have pH values in the A!! 
horizon of 5.0 and in the B.. horizon of 5.6. 

A detailed mineralogical study of the very fine sand fractions 
(0.62-0.125 m.m.) of the horizons can be applied to paleosols 
(48, p. 447-450). 

Among the heavy minerals Dryden and Dryden (13) showed 
the following stability indices: zircon, 100; tourmaline, 80; the 
amphibole, hornblende, 5; and the pyroxene, hypersthene, 1. Thus, 
a weathering ratio for heavy minerals (Wrh, fig. 38) may be 
established from the percentage by count of the resistant minerals 
zircon and tourmaline to the percentage by count of the less re
sistant mineral groups, amphiboles and pyroxenes. 

Analysis of the mineralogy of the heavy-mineral fractions of 
the A!!IH B21H and Clb, horizons of the paleo-Planosol (fig. 38, D) 
shows an orderly decrease of the weathering ratios, Wrh. The 
A!!b horizon is more intensely weathered than the B2b horizon, 
which in turn is more intensely weathered than the Clb horizon 
(table 23). 

Goldich (18) showed the increasing resistance to weathering 
among the light minerals of the series, plagioclase, microcline
orthoclase, and quartz. Thus, a weathering ratio for light min
erals (fig. 38, Wrl) may be established from the percentage by 
count of the resistant quartz to the percentage by count of more 
weatherable felJspars. 

Analysis of the mineralogy of the light-mineral fraction of 
the A2b, B2b, and Clb horizons of the paleo-Planosol (D) shows 
an orderly decrease of the weathering ratios (fig. 38, Wrl). 

The paleo-Humic Gley and paleo-intergrade apparently are more 
intensely weathered in the upper parts of the sola than are the 
better aerated or drained paleo-Planosol (D) and paleo-Gray 
Brown Podzolic soil (E). Weathering ratios are greater. The 
greater weathering in the paleo-Humic Uley and paleo-intergrade 
may be explained by pedogenetic processes operative in a more 
moist environment,27 partial weathering of primary minerals on 

27 Bray (,~, 5) pointed out the more advanced chemical weathering in the 
wetter modern soils developed in loess in Illinois. 
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TABLE 23.-Abundance of major resistant and weatherable minerals in very fine 
sand fraction: Yarmollth-SaTigamo1L paleosols 

Heavy minerals Light minerals 

Soil and 
 I 
hor),zollB i 

Re- Weather- \ Wrh 3 Re- Weather- \ Wrl 6 

sistant 1 able % sistant 4 able 5 

I 

Paleosol D Percent Percent Percent PercentA.________ 756 36 1.55 80 20 4.00B.________ 54 39 1.38 76 24 3.16C ________ 
1 49 40 1.24 73 27 2.70 

Paleosol E A.________ 51 31 1.90 80 19 4.01B.________ 948 33 1.46 75 3.00,C ________ _" 
1 45 44 1.01 69 31 2.22 

P,clleosol FA ________ 9 9
3 63 28 85 15 5.66'-B.________ -.-"56 32 1.73 75 25 3.00C ________ 
1 55 34 1.34 72 28 2.57 

Paleosol GA ________ 
3 53 21 2.52 83 17 4.88B.________ 50 29 1.75 74 26 2.85C_________ 49 39 1.27 71 29 2.45 

1 ZirGon and tourmaline. 
• Amphiboles and pyroxenes: dominantly hornblende, hypersthene, enstatite. 


3 '" h zirGon +tourmaline t' t b L
nr =~'-.,. . ra lOB 0 ase .
amphIboles +pyroxenes' 

4 Quartz. 
5 Feldspars (orthoclase, micro cline, plagioGlase). 

quartz . 
6 Wrl=r-lds; ratlOB to base 1. e par 

7 Percentages by count. 


the slopes above the swales on the Yarmouth-Sangamon surface 
prior to wash into the swales and slow accretion with final break
down, or a combination of both factors. 

In all of the paleosols only resistant chert; quartz, quartzite, 
and sandstone occur in the coarser sand fractions (2.0-0.5 m.m.) 
of the horizons of the sola. In the C horizons fragments of 
weatherable granite, diorite, and basalt, as well as the more re
sistant mineral types, are common. 

The Yarmouth-Sangamon paleosols, indicative of thegeo
morphic surface, are readily identifiable on the landscape. They 
occur near the highest level of the landscape. They may be iden
tified by their gray colors, excessive thicknesses of sola, heavy
textured B horizons (clay or heavy silty clay), strong subangular 
blocky structure in the B horizons, and by the absence of weather
able mineral material in the coarser particle-size fractions 
throughout the sola. 

Where these paleosols crop out on the modern surface, they are 
considered in the scheme of classification of soils as the Clarinda 
series. 
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Late Sangamon Surface 

PEDIMENT 

The Late Sangamon erosion surface occurs as the intermediate 
level of the landscape on most of t!:le interfluves in the South 
Turkey Creek area lPI. II). Where the low level of the landscape 
is not present, the Late Sangamon surface extends from the valley 
shoulder along a level or slightly rising slope and then up a steeper 
slope to the level of the Yarmouth-Sangamon surface. For ex
ample, along a traverse (pI. II: F.12, 3.85-0.55, 3.85) the surface 
rises gradually from an elevation of 1,305 feet at the valley shoul
der to an elevation of 1,314 feet at the east edge of the Wisconsin 
loess outlier (pI. 11: E.42, 3.85) in a distance of 725 feet, a slope 
of 1.2 percent (fig. 40). The surface then rises more steeply west
ward to an elevation of 1,327 feet at the center of the loess outlier 
(pI. II: E.15, 3.85) in a distance of 300 feet on a slope of 4.3 per
cent. The ~ame slope of the surface is maintained to the west
ward of the loess outlier where the Late Sangamon pediment is 
exposed on the modern surface (pI. III). The longitudinal profile 
of the Late Sangamon surface is concave upward (fig. 40). The 
part of the surface with a low gradient is a pediment footslope 
and that with steeper gradient, which rises to the Yarmouth
Sangamon surface, is the pediment backslope. 

The Late Sangamon pediment is paired across the main drain
age, South Turkey Creek (pI. II: G.80, 2.45 and 1.2, 3.2; .E.80, 
3.85 and G.gO, 4.85; E.2, 5.0 and F.7, 5.3). The pediment occurs 
above and around the major tributaries, West Branch and East 
Branch, of South Turkey. Across East Branch the relict p~diment 
surfaces are paired (pI. II: H.5, 4.6 and G.6, 5.4; G.85, 5.60 and 
H.85, 5.4). Such pairing of surfaces across valleys is considered 
to be evidence of cyclic erosion (70, pp. 157-158). The longitudinal 
profiles of the relict pediment surfaces around West Branch char
acteristically are concave upward (fig. 36). 

In the South Turkey Creek area the occurrence of the Late 
Sangamon pediment on interfluve flanks below the Yarmouth
Sangamon surface on the upland divide is the same relationship 
of surfaces that was determined along the regional traverse in the 
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FIGURE 40.-Geomorphic-profile traverse (pI. III: C.25, 4.10-F.65, 3.85) 
showing relationship of Late Sangamon pediment to Yarmouth-Sangamon 
surface. 
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vicinity of Adair. The relationships of surfaces can be determined 
by direct tracing from the Adair area throughout the Greenfield 
quadrangle. 

The geographic and elevation distributions of the Late Sanga
mon pediment relative to the Yarmouth-Sangamon surface indi
cate that the Late Sangamon surface was cut into Kansan till 
below the Yarmouth-Sangamon level. 

Surficial cove?'. The pediment surface on Kansan till is marked 
by a stone line at the till surface (fig. 41). The stone line is com
posed of pebbles, cobbles, and boulders, generally crystalline 
rocks, that are common in the underlying till. The stone line is a 
concentrate of lag-gravel which developed ~s a result of the re
mov\.'ll of finer textured materials during evolution of the pedi
ment. surface. 

Thf stone line can be traced continuously both longitudinally 
and transversely on the relict pediment surfaces of the intertluves. 
Longitudinally the stone line rises with the pediment backs I ope 
and disappears from the landscape at the Yarmouth-Sangamon 
level (fig. 40). '1'he disappearance of the stone line marks the 
headward limit of pediment development. Transversely on the 
relict pediment surface, the stone line is beveled by more recent 
dissection slopes, on which the stone li.ne outcrops. 

The stone line is overlain by fine textured sediment that is simi
lar in composition to the constituents of the underlying till. This 
sediment has been termed pedi-sediment (50, p. 403), that is, 
sediment that has been translocated on a pedimented erosion sur
face. '1'he pedi-sediment can be traced longitudinally along the 
intertluve axes up the pediment backslope where the pedisediment 
thins out at the Yarmouth-Sangamon level. The line or zone of 
thinning out marks the headward limit of source of pedi-sediment 

FIGURE 41.-Stone line marking Late SlIng-amon pediment surface on Kansan 
till. Finer textured pedi-sedintent overlies stone line. 
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on the pediment surface. Transverse to the axes of the inter
fiuves, the pedi-sediment is beveled by more recent dissection 
slopes, on which the pedi-sediment outcrops. 

It is not possible to assess accurately the nature of the original 
pedi-sediment, because subsequent to stabilization of the pediment 
surface, weathering in the pedi-sediment, stone line, and upper 
part of the Kansan till resulted in the formation of a well
developed soil (fig. 42), An A,! horizon developed in the upper 
part of the pedi-sediment, and clay has been translocated from 
this horizon to underlying horizons. As a result, the clay content 
is only 17 percent. A Bl horizon developed in the lower part of 
the pedi-sediment, so that clay probably has accumulated in this 
horizon, but even so, the clay content is less than that of relatively 
unaltered till (fIg. L12, III C). It should be noted, however, that 
the total sand content is about the same throughout the 21 inches 
of pedi-sediment. This sand content does not differ appreciably 
from that of unaltered till. It seems apparent that one result of 
sedimentation on the pediment was the removal of finer material. 

A second result of sedimentation on the pediment was the con
centration of coarse particle-sized material as a lag gravel (stone 
line). Coarse pebbles, cobbles, and boulders that are common in 
the underlying Kansan till do not occur in the pedi-sediment. Ap
parently the running water that cut the pediment surface was 
not capable of transporting coarse particles but could transport 
finer ones. 
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During sedimentation the pedi-sediment was"~electively sorted. 
Evidence of this is found in the shapes of grain~ in the source 
material, Kansan till, relative to the stone line and overlying 
pedi-sediment. The Kansan till contains medium and coarse sand 
particles that range from .rounded to subrOUIlded to subangular 
to angular. For analyses of gl'ains in two sections on the Late 
Sangamon pediment two classes were established: rounded, which 
includes both rounded and subrounded grains; and angular, which 
includes both subangular and angular grains. In one section the 
Kansan till contained 71 percent (percentages by grain counts) 
angular and 29 percent rounded grains. The overlying stone line 
contained 75 percent angular and 26 percent rounded grains. But 
the pedi-sediment contained only 62 percent angular and 38 per
cent rounded grains. In the second section the Kansan till con
tained 70 percent angular and 30 percent l'Ounded grains. The 
overlying stone line 72 percent angular and 28 percent rounded 
grains. But the pedi-sediment contained only 56 percent angular 
and 44 percent rounded grains. 

In both sections there is an increase of angular grains lodged 
in the stone line relative to the amount of the underlying till. In 
both sections there is a decided increase of rounded grains in the 
pedi-sediment relative to the amounts in the underlying lag gravel 
and till. The data suggest that there was a selective preference 
for transport of rounded grains by the water that cut the pedi
ment surface and developed the lag gravel. Because of the short 
distances on the pediment surface (pI. II), it is doubtful that the 
abundance of rounded grains in the pedi-sediment could be the 
result of rounding while in transport on the pediment surface. 

Thus, the Late Sangamon pediment is characterized by a com
plex association of materials. The surface is underlain by Kansan 
till, is marked by lag gravel stone line, and is overlain by variable 
thicknesses of pedi-sediment. In most places the stone line is 
only a few inches thick so that practically the superimposed soil 
formed in two materials. 

Paleosols. In the South Turkey Creek area the paleosols on the 
Late Sangamon pediment are rather uniform morphologically. In 
general a light colored, light textured A2 horizon grades downward 
into a heavier textured Bl horizon, which in turn grades to a 
heavier textured B" horizon. A stone line occurs either in the 
lower part of the B~ or the upper part of theB!! horizons. Thus, 
the upper part of the solum is developed in pedi-sediment and the 
lower part in .Kansan till. Ba and C1 horizons an:, in Kansas till 
(fig. 43). 

Late Sangamon paleosols are burried beneath Wisconsin loess 
on the intermediate level of the landscape or they may be exhumed 
by stripping of loess from the same level. 

The Late Sangamon pediment on which the paleosols occur was 
a. surface of low relief with transverse level and slightly rounded 
intertluves that stood 5 to 10 feet above adjacent drainages. On 
the surface there were positions of good, intermediate, and poor 
aeration and drainage. A profile on a well-draiMd position is: 

• 
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FIGURE 43.-Lare Sangamon-pediment paleosol developed in pedi-sediment, 
stone line, and Kansan till. 

Section H: (pI. II: 1.35, 3.35) 
0-40 inches 

JAlb 
40-52 inche:'l 
IlA 2b 

52-62 inches 

IIBu. 
62-67 indlell 

rlIB:h 
(j7-80 inches 

Tllzewell loess with modern soil in upper part. 
Dllrk brown (lOYR 4/3) silt 1011111; weak medium gmnular; frillble; 

Ica<:hed Farmdille loess. 

Yellowish brown (lOYR 5/4) silt 1011111; weak COllrse pillty; friable; 

gritty with wenthcmble minemli; vi;;ible; leached Late Sanganloll 
pedi-sedimcnt. 
Yellowish brown (lOYR 5/4) silty cluy loam; weuk mcdium subungular 
bloeky; spllrse cillY skins on IIggregatc faces; friahlc; gritty with 
weathemble minemls visible; leached Lulc Silngamlln pedi-sediment. 
At bllse of this horizon is dark bruwn (7.5YR 4/4) gmvelly IOllm with 
IIbundllnt cobbles of gmnite, blLslllt, qUlLrtzite, qUlLrtz; Lllte SlIlIgllmoll 
stolle line. 
Dark browlI {7.5 YR 'II"} clay; mottled with reddish brown (5YR 4/4) 
lind red (2.5YR 3/4); at,rong medium suhangulllr blo(lky; l~bundlLllt 
ehLY llkim! on aggreglLte flLces; plastil'; very gritty; pebbly with weather
able minerals; lelL<:hed .I(IUlSlln till. 
Strong hr\lWII (7.5 YR 5/8) dllY loum; modemte medium subllngulur 
blocky; moderately pillsti<-; clllY skins Illoderately abundllnt on ILggre
gate fllces; very gritty lind pebbly with wellthemblc minerilis visible; 
leached l(ansan till. 
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llICIlb Strong brown (7.5YR 5/6) light clay loam; coarse angular b1.ocky; 
87-107 firm; clay skins channelized along vertical tubules; gritty and pebbly 
inches with weatherable minerals visible; leached l(ansan till. 
lIIC12b Yellowish brown (10YR 5/6) clay loam; mottled with light gray (51' 
107-122 7/1); coarse angular blocky; firm; sparse clay skins channelized along 
inches vertical tubules; gritty with weatherable minerals; leached .Kansan till. 
IUC""b Yellowish brown (1OYR 5/6) clay loam; coarse angular blocky; firm; 
122+ inches carbonate concretions up to 3 inches in diameter; gritty and pebbly with 

weatherable minerals; calcareous l(ansan till. 

This paleosol is similar morphologically to modern Gray-Brown 
Podzolic soils. The colors differ in that stronger chromas and 
redder hues pre,,-ail. The clay distribution curve (fig. 44, H) is 
not dissimilar to the modern Gray-Brown Podzolic Lindley silt 
loam (48, p. 451). The horizons B'b and B'b are the "ferretto" till 
of Pleistocene-geology terminology. 

Two other Late Sangamon pediment paleosols (fig. 44, I and 
J) ~8 have similar morphologies and clay distribution profiles. The 
two other paleosols differ from each other and from profile H in 
thickness of and depth to horizons (fig. 44). These characteristics 
are related directly to the thickness of pedi-sediment above the 
stone line. For example, in profile I the pedi-sediment is 23 inches 
thick and the depth to the zone of maximum clay accumulation is 
32 inches. The values of this relationship in profile Hare 29 and 
37 inches and in profile J are 36 and 50 inches. The upper part 
of the heaviel' textured till has acted as a catclunent zone for the 
clay translocated from the lighter textured pedi-sediment above. 

The paleo-Gray Brown Podzolic soils of the Late Sangamon 
pediment are or were buried beneath Farmdale-Tazewell loess 
that was originally calcareou.s. This loess is leached, and the 
underlying paleosol has been enriched by material carried down
ward in solutions. Some buried Gray-Brown Podzolic soils have 
pH values that range only from 6.4 to 6.8 and base saturations 
of about 90 percent throughout the paleosol. But in modern Gray
Brown Podzolic soils on Recent slopes, the soils have pH values of 
4.8 to 5.8 and base saturations of 60 to 70 percent (48, p. 451). 

Weathering ratios of the heavy mineral fractions in profile H 
show an orderly, progressive decrease fl'om the A2 horizon to the 
B2 and to the C horizons (fig. 44, table 24). Profiles I and J show 
somewhat similar relationships of the ratio Wrh. 

Weathering ratios of the light material fractions in profile H 
also show an orderly, progressive decrease from the A2 horizon 
to the B2 and to the C] horizons (fig. 44, table 24). Profiles I and 
J show similar relationships of the ratio Wrl. 

The morphological continuity of the paleo-Gray Brown Podzolic 
soil profiles, even though interrupted by a stone line, and the rela
tionships of weathering ratios both show that the soil horizons 
are genetically related. 

!!S Section I (pI. IV: C.65, 4.15) is described in another part of this report. 
Section J (pI. IV: A.6, 2.8), because of its similarity to the other two, is not 
described. 
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FIGURE 44.-Clay content and weathering ratios of heavy mineral fraction 
(Wrh) and light mineral fraction (Wrl) of the paleosols on the Late 
Sangamon pediment . 

In the coarser sand fractions (2.0-0.5 m.m.) weatherable rock 
material such as granite, diorite, .and basalt is abundant in all 
horizons of the sola. Resistant materials are present also. 

• 
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TABLE 24.-Abundance of-major resistant and weatherable minerals in very fine 
sand fraction: Late Sangamon paleosols 

Heavy minerals Light minerals 

Soil and 
 -horizons 

Re- Weather- Wrh 3 Re- Weather- Wrl 6 

sistant 1 able 2 sistant 4 able 5 

Paleosol H Percl1nt Percent Percent PercentA _____ - __ 
2 756 37 1.49 77 23 3.34B.________ 49 48 1.03 71 29 2.45C ________
1 38 55 0.69 65 35 1.86 

Paleosol I A ____ , ___ 
2 53 43 1.22 75 25 3.00B.________ 52 42 1.01 72 28 2.57C ________ 
1 38 58 0.66 67 33 2.03 

Paleosol J 
A2____ -- -- 51 46 1.11 74 26 2.85B ________ 

2 51 46 1.11 71 29 2.45C ________ 
1 43 44 0.97 69 31 2.22 

Paleosol K A ________ 
2 53 37 1.43B ________ 
2 43 42 1.04C ________ 
1 39 53 0.74 

Paleosol L A.__ • _____ 49 29 L70B ________ 
2 47 32 1.45 


C1- __ ----- 39 47 0.82 

-

1 Zircon and tourmaline. 
2 Amphiboles and pyroxenes: dominantly hornblende, hypersthene, enstatite. 
3 W h zircon +tourmaline t' b 1r. . fa lOS to ase .

amphiboles +pyroxenes' 
• Quartz. 

6 Feldspars (orthoclase, microcline, plagioclase). 

6 W 1- quartz. t' t b 1 r - f" ld ' ra lOS 0 ase .e spar 

7 Percentages by count. 


The Late Sangamon-pediment paleosols are not as intensely de
veloped as the paleosois of the Yarmouth-Sangamon surface. The 
average thickness of the sola of the Late Sangamon paleosols is 
52 inches, average thickness of B horizons is 39 inches, and the 
average clay content of B2 horizons is 49.7 percent. The Yar
mouth-Sangamon paleosols have greater development with an 
average thickness of the sola of 81 inches, average thickness of 
B horizons of 61 inches, vnd average clay content of B2 horizons 
of 52.2 percent. 

The Late Sangamon-pediment paleosols are less intensively 
weathered than the Yarmouth-Sanagmon paleosols (table 25). 
They have smaller weathering ratios in both the heavy and light 
mineral fractions in all horizons. 

Thus, where the Late Sangamon pediment rises to the level of 
the Yarmouth-Sangamon surface, there are geographically juxta
posed two soU landscapes that differ distinctly. Not only are the 
surfaces separated by a geomorphic unconformity but also by a 
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TABLE 25.-CompariStm of -weathering ratios of ltoriZtmS of Dale Sangamtm 
pediment paleosols and YamlOullt-Sanga7l1on paleosols 

Wrh WrlSoil 

A2 or A3 B2 Ct A2 or A3 B% Ct 

Late Sangamon
fl- -". _____ ._. _.. ________ . ___
1_______ •__________ .. _______ 11.49 1.03 0.69 3.34 2.45 1.86
J ___________ • _______________ 1.22 1.21 0.66 3.00 2.57 2.03 
Average _____________________ 1.12 1.11 0.97 2.85 2.45 2.22

1.28 1.11 0.78 2.493.06 2.03Yarmouth-Sangamon1) ______ • ___________________ 

E_______ . ___________________ 1.55 1.38 1.24 4.00 3.16 2.70


1.90 1.46 1.01 4.01 3.00
}'--.------------------------______ •• ___________ 2 ..25 1.73 1.34 5.66 3.00 

2.22 
G 2.57 
Average _____________________ 2.52 1.75 1.27 4.88 2.85 2.45

2.06 1.58 1.22 4.64 3.00 2.48 

1All values are for resistants r~lative to unity of weatherables. 

pedological unconformity. The morphologies and degrees of de
velopment of the soils differ. The surfaces are separated also by 
a mineralogic unconformity. The soils of the two surfaces are 
characterized by different degrees of mineral weathering (fig. 40). 

Late Sangamon pediment pa,leosols that crop out on the modern 
surface are classed as Adair series. Where the paleosolic surface 
between the Late Sangamon pediment and Yarmouth-Sangamon 
surface crops out on the modern surface, the paleosols are classi
fied as Adair~Clal'inda intergrade. 

VALLEY FILL 

The geographic and geomorphic distributions of the Late 
Sangamon pediments relative to the Yarmouth-Sangamon surface 
in the South Turkey Creek area (pI. II) indicate that considerable 
volumes of sediment must have been moved during the evolution 
of the lower surface. With the exception of the thin pedi-sediment 
that overlies the stone line of the pediment, no other Late Sanga
mon sediment was found in the area. The thin pedi-sediment 
veneer hardly accounts for the amount of sediment that must have 
been produced. 

Howevel', Late Sangamon sediment including pedi-sediment 
were found in the North Turkey Creek area, which has the same 
general configuration as in the South Turkey Creek area. Along 
the intertluves a sequence of stepped levels rises from the valley 
shoulders to the upland divide. Such stepped levels along inter
tluves are identifiable on a topographic map (fig. 45, A to B, C to 
B, D to E). 

The North Turkey Creek area differs from the South Turkey 
Creek area in that the right valley walls of the major streams, 
North Turkey Creek (south wall) and North Branch (west wall) , 
are more steep and sheer than the left valley walls. During Recent 
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FIGURE 45.-Topographic map of North Turkey Creek area. A-B F-G 
locate geomQrphic profile sections (figs. 47, 48, 49). 

dissection the streams have impinged on their right walls and have 
steepened them. It is on the left sides of the valleys that the 
geomorphic record is best preserved (pI. IV). 

The pediment, valley-slope fan, and flood plain with associated 
valley fill, which now occur as relict surfaces along the axes of 
present interfluves, form conspicuous parts of the present land
space (fig. 46). 

Flood plain, jan, and pediment. Along the interfluve A to B 
(fig. 45; pI. IV: B.50, 5.75-B.2, 2.1) from the present valley 
shoulder northward for a distance of 390 feet the summit has 
o percent slope (fig. 47). A thin loess mantle (41 inches thick) 
caps this surface. Beneath the loess a light-textured, light-colored 
A,,, horizon of a paleosol grades downward into a heavier textured, 
reddish brown BII horizon. Underlying the BII horizon to depths of 
15 feet (in borings) are bedded sands and gravels (loam and 
sand loam textures) but no stone line. 

At station 1,000 N the surficial loess is 75 inches thick and over
lies a similar paleosol formed in similar kinds of stratified allu
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FIGURE 46.-Topographic expresslons of Yarmouth-Sangamon surface and Late Sangamon pediment, valley-slope fan, and flood 
plain with associated valley fill in present landscape along North Turkey Creek. 
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vium. The paleosolic surface rises northward up a slope of 3.3 
percent. At station 1,320 N there was a stone line overlying till 
at a depth of 7112 feet below the paleosol surface. A station 1,580 
N at the distal edge of the footslope of the pediment, the stone 
line was beneath 25 inches of pedi-sediment, under 104 inches of 
loess. Between stations 1,320 and 1,580 N in a distance of 260 
feet, the stone line rises from an elevation of 1,304 to 1,315 feet, 
and has a 4.2 percent slope. 

From station 1,580 N the pediment marked by the stone line 
rises with a 3.3 percent slope to the level of the Yarmouth
Sangamon surface at station 3,000 N. The stone line is veneered 
with pedi-sediment that ranges from 18 to 25 inches in thickness. 
The loess thickness increases to 171 inches on the upland surface. 

Thus, along the interfluve (fig. 45, B-A) , a Late Sangamon pedi
ment cut below the Yarmouth-Sangamon surface slopes downward 
tv ~he south at 3.3 percent to an alluvial fill, whose surface main
tains the 3.3 percent slope but its base slopes southward at 4.2 
percent. Farther to the south the surface of the alluvial fill is 
level. Thus, the Late Sangamon pediment descends longitudinally 
along the axes of the present interfluve to a Late Sangamon 
valley-slope alluvial fan which in turn merges with a discontinuity 
of surface slope to Late Sangamon flood-plain alluvium. The Late 
Sangamon flood plain now stands 17 feet above the modern flood 
plain of North Turkey Creek. 

It should be noted that there is a constancy of slope (3.3 per
cent) of the pediment and surface of the valley-slope alluvial fan. 
This suggests that pedimentation progressed with a concurrent 
rising base level to which the pediment was graded. Howard (20, 
p. 8) has noted that pediments occur in regions of rising, sta
tionary, or lowering base levels. 

Along the interfluve C to B (fig. 45; pI. IV: C.95, 5.85-B.2, 2.1) 
from the present valley-slope shoulder a paleosolic surface extends 
northward from station 880 N to station 1,280 N (fig. 48), a dis
tance of 400 feet and rises from 1,303 to 1,307 feet or on a 1 
percent slope. The paleosol, overlain by thin Wisconsin loess, is 
formed in bedded silts, sands, and gravels. Deep borings, pene
trated the alluvium so that a stone line on till is known to occur 
at a depth of 9 feet below the paleosol surface at station 1,280 N. 
Thus, the base of the alluvium rises northward on a slope of 3.8 
percent in contrast to the 1 percent slope of the surface of the fill. 
This is the Late Sangamon flood plain and subjacent valley-fill
alluvium. 

From station 1,280 N to station 1,770 N the paleosolic surface 
rises northward on a 3.2 percent slope. The paleosol is formed in 
bedded sands and gravels that overlie a stone line on till. The 
stone line between the same stations rises northward on a 6.8 
percent slope and at station 1,770 N merges with the stone line 
on the Late Sangamon pediment overlain by thin pedi-sediment 
and thin Wisconsin loess. Between these two stations the paleo
solic surface and subjacent alluvium are the Late Sangamon
valley-slope alluvial fan. 
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From station 1,770 N to 2,270 N the pediment rises northward 
on a 3.2 percent slope that is continuous with the 3.2 percent slope 
of the valley-slope alluvial fan. This constancy of slope also indi
cates that pedimentation progressed with a concurrent rising base 
level in the main valley to which the pediment was graded. 

From station 2,270 N the pediment slope flattens to 1.1 percent 
and then increases to 1.9 percent and rises to the level of the 
Yarmouth-Sangamon surface. The changes in slope of the pedi
ment surface probably were caused by grading of the pediment 
to a secondary directrix, North Branch (pI. IV). It will be noted 
that relict pediment surfaces occur along the interfluves periph
eral to North Branch and below the Yarmouth-Sangamon surface. 
The relict pediment surfaces slope toward North Branch (pI. IV, 
fig. 45). 

The Late Sangamon flood plain stands 18 feet above the modern 
flood plain along North Turkey Creek (fig. 48). The base of the 
Late Sangamon valley-fill alluvium stands 17 feet above the base 
of the Recent valley fill in the valley of North Turkey Creek. 

Side-valley fill CL'nd pediment. Transverse to the axes of the 
present interfluves the Late Sangamon pediment generally is 
slightly convex upward (fig. 49). For example, along State high
way 25 (fig. '15, F-G; pI. IV: R.60, 4.35-H.60, 2.35; fig. 49) not 
only is the convexity of the pediment displayed, but the convex 
summit drops off in concave slopes to an alluvial fill in the adja
cent side valley. 

At station 528.4 (fig. 49) the stone line is at its maximum ele
vation of 1,291 feet, and is overlain by thin pedi-sediment and 
thin Wisconsin loess. At station 526.5, which is 190 feet south, 
the stone line has sloped convexly to an elevation of 1,285 feet, a 
slope of 3.1 percent. At station 526.5 the stone line passes under 
a gray, gleyed, massively bedded alluvial sediment that is alter
nately silty clay and clay loam texture. The stone line continues 
to slope southward at 3.1 percent under the gray alluvium. At sta
tion 524.5 approximately 8Y2 feet of gray alluvium overlie the 
stone line. However, from station 526.5 to station 524.5 the top 
of the alluvium is level. The convex summit of the pediment sur
face, including the pedisediment veneer, stands only 5 feet above 
the surface of the side-valley alluvium. Thus, in a linear distance 
of 390 feet there is only 5 feet of relief. The pedi-sediment merges 
laterally on the pediment surface with side-valley alluvium. 

Thus, not only was sediment, derived during pedimentation, 
carried downward across the pediment and deposited in control
ling main stream valleys (traverses A-B, C-B) but also was car
ded laterally across the pediment and deposited in small side
valley waterways that were emplaced on the pediment surface. 
The question is now anRwered as to what happened to the volumes 
of sediment derived during the course of pedimentation. Then 
too, here is evidence that erosion and sedimentation took place in 
at least two directions on the pediment surface. 

Paleosols. The paleosols of the Late Sangamon pediment differ 
somewhat from those of the Late Sangamon valley-slope fan, 
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which .in turn differ from the paleosols of the Late Sangamon flood 
plain. A paleosol of the pediment has the following morphology: 
Section.1 (pl. IV: C. 65, 4.15): 

()-.56 inches Tazewell loess with modern soil in upper part. 

IA II, Dark brown (lOYR 4/3) silt loam; weak tine to medium platy; friable; 

56-71 inches 	 leaChed .Farmdale loess. 

llA'bYellowish brown (IOrR 5/4) gr.itty silt 10l1m; weak fine subangular 
71-80 inchc:; blo<:ky; friable; weatherable minerals visible; leached Late Sangamon

pedi-sediment. 
UB:b 	 Yellowish brown (IOYR 5/4) gritty silty clay loam; moderate mediu\n 
8()-.88 inches 	 subangular blocky; firm; clay skins sparse; weatherable minerals visible; 

leached Late Sangamon pedi-sediment; baIld of gravelly loam at lower 
boundary; leached Latel:iallgamon stone line. 

IllB'b Dark brown (lOYR 4/3) gritty (:lny; mottled with yellowish brown 
88-102 (IOYR 5/4) nnd red (2.5YR 4/6); lltrong medium subangular blocky; 
inche:; compact, plastic; clny skins abundant; weatherable mincrals vh:lible; 

leached Kansan till. 
lUll", 8tr()ng brown (7.5YR 5/8) gritty <:lay loam; mottled with brown 
102-112 (7.5rR 5/2); moderate medium subangular blocky; firm; clny l:Ikins 
iIH:hes common, concentratcd in vertical tubules ill lower part of horizon; 

weatherablc mincrals vi>!ible; leached l\ansau till. 
UCII, 1ellowillh brown (IOYR ;)/6) gritty Glay loam; mottled with light
112-133+ brownish gray (LO'I'R 6/2) and light gray (lOYR 7/2); coar&c angular
ilH;hes blocky; firm; weat.herablc mincrals visible; Ilxidized aud leached 

l\ausan till. 

This paleosol is similar morphologically to mo~ern Gray-Brown 
Podzolic soils and is similar also to profile H. Proftle H is on the 
well-aerated and well-drained Late Sangamon pediment above the 
valley-slope fan. 

On the Late Sangamon valley-slope fan a paleosol has thefol
lowing morphology: 
Section K (pI. IV: D.6, 4.9): 
AI' VQry dark gmyish brown (lOYR 3/2) gritty loam; weak fine granular; 
0-6 ilH:hes friable; weatherable minerals visible; leached Late Sangamon fan-al

luvium, bollndl1ry to lower horizon sharp. 
PA2'J Dark yellowish brown (lOYR 4/4) gritty loami moderate fine platy; 
6-9 irwhes friable; weatherable minerals visiblc; leat:hed Late Sangamon fan-al

luviurn. 
Pll, Dark yellowish brown (IOYR 3.5/4) gritty loam; weak medium sub
O-Ui inches angular blocky; firm; 1:lay skins moderate; weatherablc minerals visible; 

leached Late 8anganwn fall-alluvium. 
Pll 2, Reddish brown (2.5YR 4/4) gritty heavy clay loam; mottled with 
15-25 inches dark yellowish brown (lOYR 4/4) and dlLrk grayish brown (lOYR 

4/2); strong medium sullllngular blocky; firm bllt plastic; clay Ilkins 
abundant on aggregate faces and in vertil:al root tubules Yri to 1 inch in 
diamcter; weatherable minerals visible; leached Late SangamOH fan-al
luvium. 

PBn Reddish brown (2.5YR 4/4) gritty clay loam; mottled with yellowish 
2f.-32 inches brown (IOYR 5/6), dark yellowish brown (lOYR 4/4), and durk 

grayish brown (lOYR 'l/2); strllng medium subangular blocky; firm 
but plastic; rlay skins abundant Oil aggregate faces ancl in large root 
tubules; weatherable minerals visible; leached Late Sungamon fan-al
luvium. 

20 The upper case P preceding a major horizon designation indicates that a 
paleosol is exposed on the modern surface. Exhumed paleosols, in most cases, 
ate foreign to the modern environment, so that the standard nomcnclature 
(A-B-C) with its inherent genetic bias would imply incorrectly that the 
paleosol had developed on the modern surface. In this profile a modern Ap

has developed in a paleosol A, horizon (55). 
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PBs Yellowish red (5YR 5/6) gritty light clay loam; mottled with yellowish 
32-44 iuche:; brown (lOYR 5/6) and dark yellowish brown (IO)' R 4./4); moderate 

mediulll suballgular blocky; firm; ('lay skins common on aggregate 
faces and dominantly in large vertical tubules in lower part of horizon; 
weatherable mineru.ls visible; leached Late Sangamon fan-alluvium. 

PC Yellowish brown (lOYR 5/8) gritty loam; mottled with yellowish red 
44-56 inches (5YR 5/81 and gray {10YR 5/1)i massive; friable; weatheru.ble mineru.l~ 

visible; leached Late Sangamon flln-alluvium. 
PD I Yellowish brown (lOrR 5/8) gravelly sandy loam; massive but bedded; 
56-92 inches friable; weatherable minerals visible; leached Late Sallgamoll fal\

alluvium; basal layer is stone line. 
PD, Yellowish brown {lOYR 5/S) gritty clay loam; c()arse (mgular blocky; 
92 + inches firm; oxidized and leached hansan till. 

This paleosol also is similar morpho1ogically to modern Gray
Brown Podzolic soils. The large clay-lined tubules attest to de
velopment under forest vegetation. The paleosol in general is 
similar to profile I, but it differs in several ways. There is a lesser 
degTee of clay differentiation between the zone of maximum ac
cumulation relative to superjacent and subjacent transitional 
horizons than in profile I (fig. 50). The solum in profile K is 
entirely in alluvial material so that a heavier textured till, as in 
profile 1, has not acted as a barrier to downward translocation of 
clay. As a result in profile K there has been greater distribution 
of clay through a greater vertical depth range than in profile 1. 

In profile K the stone line occurs at a depth of 92 inches, 48 
inches below the solum; in profile I it occurs in the lower part of 
the BIb horizon. 

Profile K is more intensely weathered than profile 1. Clay ratio 
of the BIC horizons in K is 1.53 :1, whereas in I the ratio is 1.39 :1. 
Weathering ratios of the heavy mineral fractions (fig. 50) further 
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indicate more intensive weathering in profile K. The weathering 
ratio (table 24, Wrh in the A2 horizon of K is 1.43 :1, but in I 
it is 1.01:1. In the B horizons the ratios al'e 1.04:1 and 1.01:1. 
On the Late Sangamon landscape profile K in the valley-slope 
alluvium should have occun'ed in a less well aerated or .drained 
position than profile 1 on the pediment. 

On the Late Sangamon flood plain is a paleosol that has the 
following morphology : 
Section L (pI. IV: C.65, 5.(5): 
0-42 inches Tazewell loess with modern soil in upper part. 
rAil. Dark brown (10YR 4/3) slit loam; weak fine platy; friable; leached 
42-48 inches Farmdale loess. 
[[A2t. Dark yellowish brown (lOYR 4.5/4) gritty light silty clay loam; weak 
48-56 inches (!()arse platy; firm; weatheruble minerals visible; leached Late Sangamon 

alluvium. 
!TH II• Yellowish brown (.10YR 5/4) ~dtty silty clay loam; sparsely mottled 
;>6-59 irwhe.-; with reddi&h brown (5YR 4/4); moderate fine subangular blocky; 

firm; clay skins sparse; weatheruble minerals visible; leached Late 
l:iangamon alluvium. 

flBm Yellowish brown (lOYR 5/4) gritty light Hilty clay; abundantly mottled 
59-72 ilH!hell with reddish brown (5YR 4/4); strong medium subangular blocky; 

firm but plllstic; clay likins abundant; welltherable minemls visible; 
leached Late Sangllmon Illluvium. 

IlB22b Yellowish brown (lOYR 5/6) gritty hellvy silty clay loam; mottled 
72-86 inehes with light browniah gray (lOYR 6/2) and. light gray (lOYR 6/1); 

moderate medium subangular blocky; firm and plastic; clay skins 
abundant; weatheruble minemls vil'ible; leached Late Sllngamon 
alluvium. 

lIBa!> Yellowish brown (lOYR 5/6) gritty luam; mottled with light brownish 
86-124 gray (lOYR 6/2) and light gray (10YR 6/1); coarse subangular blocky;
ilH'heR firm; cluy skins common but oriented in vertical tubules in lower part 

of horizon; weatherable minerals visible; leached Lute Sangamon
alluvium. 

IIClb Strong brown (7.5YR 5/6) sandy loum; stmtified; friable; leached Late 
124-165+ Sangllmon alluvium. 
inches 

A stone line at the base of the alluvium occurs at a depth of 200 
inches and overlies a clay loam deoxidized and leached till. 

The clay distribution in profile L is similar to that in profile 
K but differs in the same degree as profile K from profile 1 on 
the pediment (fig. 50). Profile L differs from the other two in 
that grayish brown and light gray mottles are common in the 
lower part of the B,h horizon and continue to depth. Such mottling 
probably is indicative of the poor aeration and drainage that must 
have prevailed when the soil occupied a position on the Late 
Sangamon flood plain. The reddish brown colors in the upper part 
of the solum are anomalous when contrasted to the gray mottling 
in the lower part of the solum. The reddish colors probably result 
from alteration of iron oxides within the solum under conditions 
of better aeration after the Late Sangamon flood plain had become 
dissected during Wisconsin time. As a result of such dissection 
the old bottomland became an upland interfluve. 

The flood-plain paleosol is weathered more intensively than both 
the valley-slope fan and pediment paleosols (fig. 50). Mineral 
weathering is progressively more intensive from the better 
aerated paleosol of the pediment (1) to the less well aerated paleo
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sol of the valley slope fan (K) to the poorly aerated paleosol of 
the flood plain (L). Thus, there is more intensive weathering 
toward the wetter members of the catena.3° 

In this regard, mineral weathering in Late SangamoJ,l paleosols 
.is similar to the weathering in Yarmouth-Sangamon paleosols 
where more intensive mineral decomposition was noted in the 
wetter soils. 

Late Sangamon valley-slope fan and flood-plain paleosols that 
crop out on the modern surface may be classed as variants of the 
Adair series. 

EVOLUTION 

The Late Sangamon surface occurs below the Yarmouth-Sanga
mon surface and is paired across and peripheral to main, tribu
tary, and side drainages (pIs. II, IV). In many places the Late 
Sangarnon surface rises curvately cOll(~ave-upward to the older 
Yarmouth-Sangamon surface (fig. 40). The Late Sangamon sur
face, marked by a stone line, is cut in Kansan till, which is the 
same material that overlies the Yarmouth-Sangamon upland (fig. 
40). The Late Sangamon sur~face is mantled by a thin veneer of 
alluvial sediment (pedi-sediment). These characteristics fulfill 
Howard's descriptive requirements of a pediment.31 

The Late Sangamon surface cannot be considered a bench i! 
Tator's 32 definition is accepted. Thus, the Late Sangamon erosion 
surface is considered to be a pediment. 

The Late Sangamon pediment is graded downslope, in direc
tions away from the Yarmouth-Sangamon upland, to valley-slope 

30 Catena is used in the sense of Milne's (37, pp. 16-17) definition: 
". . . the distribution of soil types is a function of local difference of 
level and slope, which govern drainage.... 
A sequence of this kind is termed a catena, or catenary complex.... 
Two variants of the catena can be distinguished. . . . In one, the 
topography was modelled, by denudation or other process, from a for
mation originally similar in lithological character at all levels at which 
it is exposed. Soil differences were then brought about by drainage con
ditions, differential transport of eroded material, and leaching, trans
location, and redeposition of mobile chemical constituents. . . . In the 
other variant, th2 topography was .carved out of two or more superposed 
formations which differ lithologically, of which the uppermost now 
forms a capping on hill tops and ridges, while the lower ones are exposed 
successively down the slopes. In such circumstances we may have a soil 
succession catenary in form but with a geological factor added to the 
other conditions making for soil differences ...." 
The Late Sangamon paleosol catena confol1ns to Milne's catena, first 

variant. 
31 Howard (20, p. 8) has placed certain limitations in his definition of pedi

ment that can be measured only with extreme difficulty. The limitations are 
italicized in the following definition: ". . . that portion of the surface of 
degradation at the foot of a receding slope which is underlain by rocks of 
the upland and which is either bare or mantled by a layer of alluvium not 
exceeding in thickness the depth of stream scour during flood, is essentially 
a surface of transportation expe7-ienc-ing neither marked vertical downcutting 
no'r excess'ive deposition, and displays a longitudinal profile normally concave, 
but which may be convex at its head in later stages of development." 

32 Tator (69, p. 52) states: "Thus, narrow planate surfaces restricted by 
recognizable valley walls are benches." 

http:pediment.31
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fans and valley-fill alluvium. The pediment grades laterally to 
alluvial fills of side valleys emplaced on the pediment surface. 

P1·ocess. With the characteristics of the Late Sangamon pedi
ment and its relationship to valley fills and the Yarmouth-Sanga
mon surface defined, it is possible to reconstruct a process of 
evolution that best fits the field and laboratory evidences. 

A surface (fig. 51, A: A-B-D-Q-C), such as the weathered 
Yarmouth-Sangamon relict till plain, is incised by a stream sys
tem. The system may be: (1) main stream (A-B) and tributaries 
(G-C and K-D), (2) tributary (A-B) and side streams (G-C 
and K-D), or (3) combinations of lower order streams of a sys
tem. In South and North Turkey Creek areas (pIs. II, IV) the 
combinations are both main and tributaries and tributary and 
side streams. 

With incision of the streams three elements of the landscape 
are evolved-the valley bottom, the valley slope, and the level to 
undulating upland. Geomorphic profiles of the landscape at this 
stage are simple. Valleys are cut below the weathered rind of 
the upland (fig. 51; A: E-Q, O-P). Weathering and pedogenesis 
progress on the upland; the surface, being level or undulating, 
cannot be eroded because of a minimum of runoff to the drainage
ways. Wash processes on the upland may result in local trans
port of fine sediment to adjacent upland swales, but in no way 
is such local wash related to the incision cycle. Ultimately the 
swales fill to the level where adj acent slopes and swell crests 
stabilize. The weathered rind of the upland forms.:I:1 It is not 
possible to conjecture that the upland is eroded and lowered such 
as is postulated by Davis (11, pp. 254, 255) and more recently by 
Holmes (19, p. 387). 

Of the three elements of the landscape the valley slope has 
greatest declivity and is most susceptible to erosion. In the inter
fiuve of homogeneous composition (till) and defined on three sides 
by streams, erosive processes may attack normal to the valley 
walls. Thus, at any place along the main valley A-B (fig. 51, A) 
erosion may progress as from E to F. At any place along side 
stream G-C, erosion may progress as from I to J; along side 
stream K-D, as from M to N. 'rhus, at any place between vectors 
E-F and I-J erosion may progress as along a resultant G-H j and 
between vectors E-F and M-N erosion as along a resultant K-L. 
Erosion by minor streams is attacking an interfiuve on the present 
landscape in such a manner (pI. III: C-8, 4.7-EA, 5.3). 

As the longitudinal profile of any stream in homogeneous ma
terial is concave upward with progressively decreasing slope 

3:1 The proof of these statements may be found in an examination of the 
,Boone quadrangle topographic sheet (36) and the Boone County, Iowa, soil 
map (W). In this area the Des Moines River has incised the Cary till plain 
to depths of more than 300 feet. In southern Dodge Township, Poor l<'arm 
Branch, a main tributary of Des Moines River, is extending headward into 
the Cary till plain. But on the Cary till plain are many closed, undrained 
depressions, peat and muck bogs, and swamps. Clarion, Nicollet, and Web
ster soils are developing on the upland surface. The main problem in these 
soils is not erosion but drainage. 
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FIGURE 51.-Evolution (diagrammatically) of Lat.e Sangamon pediment, 
valley-slope fan, and floodplain. 
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downstream, the datum surface bounding each side of the inter
fluve will have such configuration. A subsequently evolvl~d ero
sional landform must conform to the datum configuratiolil. The 
many minor streams attacking the valley slopes also have concave 
profiles (cf. pI. III). Bryan (8, pp. 91-92) termed such erosion 
"gully-gravure." Undoubtedly, mass wasting and wash processes 
also are effective in the interstream areas. 

The multidirectional attack on the valley slopes will cause the 
upland shoulder to recede progressively (fig. 51, A: 1-2-3-4) 
both toward the axis of the interfluve (E-Q) and toward the 
upland divide (Q). As long as the upland remains broad enough 
so that infiltration of rainfall exceeds runoff, the upland will re
main uneroded but will be subjected to weathering. 

The many stream systems encroach headward and ultimately 
breach the interfluve summit (E-Q). The weathered rind of the 
summit is eroded. The relict upland surface, however, is pre
served on the upland divide (fig. 51, B). Below the oldland a new 
cyclic surface, the fourth element of the landscape (pediment), 
has evolved, and a new landscape surface is available for a new 
cycle of pedogenesis. During the formation of the younger sur
face, erosion of the till results in a concentration of lag gravel 
(stone line) on the till surface. Sediment from upslope is trans
ported across the pediment and deposited in the main valley and 
valley-slope fan and as pedi-sediment on the pediment itself (fig. 
51, B: C-D). Such geomorphic relationships were shown in the 
North Turkey Creek area (figs. 47, 48). Sediment from upslope 
also is transported laterally across the pediment and deposited 
in side valleys and as pedi-sediment on the pediment itself (fig. 
51, B: A-B). 31 Such geomorphic relationships also were shown 
in the North Turkey Creek area (fig. 49). 

Thus, the end result of the process of pediment erosion is an 
upland surface, characterized by deep, intensively weathered soils, 
that is geographically juxtaposed to but separated from a younger, 
lower cyclic surface by geomorphic, pedologic, and mineralogic 
unconformities (fig. 40). If the upland had been subject to down
wearing concurrent with but at a slower rate than stream incision 
as advocated by Davis (11, p. 254-255) and Holmes (19, p. 387), 
the geomorphic, pedologic, and mineralogic unconformities that 
are delineated sharply on the landscape would not exist. If the 
downwearing concept were valid, erosion should progress with 
grading of the slopes from the divides to the streams such that 
erosion would be the equivalent of or subordinate to concurrent 
weathering. Otherwise, deep, intensely weathered soils would de
velop on divides only after base leveling. If such is the case, there 
should be little significant difference of soils in catenary associa
tion. The occurrence of the unconformities on the landscape in
validate the latter concept and support the process of pedimenta
tion. 

31 The transverse profile across the pediment (fig. 51, B: A-B) is convexo
concave. A convexo-concave surface is the geometric resultant of the angu
lar coalescence of two or more concave surfaces. 
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The kind of landscape and the process involved in its evolution 
in subhumid Iowa do not differ greatly from the kind of landscape 
or the process involved in its evolution in humid, tropical Africa 
(49, pp. 64-74). Apparently pediment~tion is the "normal" process 
of landscape evolution in humid areas. 

From the standpoint of soil landscapes, the field evidence indi
cates that an upland surface remains little modified by erosion, 
but is subjected to intensive weathering. A lower, younger, cyclic 
surface encroaches on the upland and, in doing so, strips the 
weathered products of the upland surface and exposes a fresh 
landscape to a new cycle of pedogenesis. Thus, depending upon 
the environment, the different kinds of soils of the lower, younger 
surface with their different morphological and mineralogical 
properties may be adjacent to the soils of the old weathered rind 
of the upland. 

Early Wisctbll8in Surfaces 

Two surfaces of Early Wisconsin age occur in the Greenfield 
quadrangle. One surface is high on the landscape on the upland 
divide and along the summits of interfluves. This surface is the 
top of the Tazewell loess that has not been subjected to post
loessial erosion. 

The other surface is low in the landscape, on the interfluves, 
and is the low level of the stepped surfaces. This surface is the 
Early Wisconsin pediment. 

LOESS UPLAND 

Distribution and cha'racteristics. The upland surface of Taze
well age is on the loess of the divides in the South Turkey Creek 
area (pI. II: C.20, 5.l0-C.30, 3.95; B.55, 3.S0-B.65, 1.45; B.65, 
1.45-E.40, 1.20; 1.40, 7.00-1.75, 3.90) and on the summits of inter
fluve ridges (pI. II: C.55, 4.65-D.80, 5.00; G.25, 5.50-1.35, 6.55). 
It is dominantly level (fig. 52) but in some places has slopes of 1 
to 2 percent. It overlies the complete weathering zonation in the 
Wisconsin loess (fig. 34) that is a part of a regional distribution 
in southwestern Iowa. 

Four lines of evidence show that the upland surface of Tazewell 
age is stable: (1) The complete weathering zonation, part of the 
regional developmental sequence, underlies it on the upland divides 
and level to slightly rounded interfluve summits. At other places 
in the area (pI. II: E.15, 3.S0; H.7, 4.3) the sequence of the 
weathering zones is not complete; the upper part is missing, which 
indicates that truncation has occurred. 

(2) It is parallel to and does not truncate the weathering zona
tion of the loess. Thus, it must have been emplaced during the 
development of the weathering zonation. If the surface angularly 
beveled the weathering zonation, it would be subsequent to zona
tion development. 

(3) It is generally parallel to and does not truncate the Pleisto~ 
cene succession of deposits or geomorphic surfaces and is of dep
ositional configuration. If it angularly beveled the Pleistocene 
succession of deposits and geomorphic surfaces, it would be 

http:5.50-1.35
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FIGURE 52.-Level loess upland of Tazewell age. 

younger than the youngest beveled deposit or surface. Thus, the 
upland surface is the one produced after deposition of the young
est deposit, Tazewell loess, ceased. 

(4) Its slopes (0 to 2 percent) are of such slight gradient as 
to preclude significant erosion. Infiltration of rainfalluudoubtedly 
is dominant over runoff. 

From this evidence it can be concluded that the level upland 
surface on loess has been stable since cessation of loess deposition 
during Tazewell time. Alteration of materials on the surface by 
weathering and pedogenic processes date from that time. 

Age of loess-upland sw"/ace. The level Tazewell upland surface 
can be traced northward throughout the Greenfield quadrangle 
and farther northward to the margin of the Cary drift border 
(fig. 53), which is located less than 10 miles north of the north
east corner of the quadrangle. 

At the margin of the Des Moines lobe the Tazewell loess passes 
under the Cary drift. At two sections, Mitchellville (fig. 53, A) 
and Clear Creek (B), and deep within the buried Tazewell loess, 
logs of hemlock and spruce were buried. At Mitchellville the wood 
was 17 feet below the top of the buried loess (51, p. 83-84). The 
wood has been dated by radiocarbon analysis at 16,720 -I- 500 
years and> 17,000 years (53, p. 265). At Clear Creek the hem
lock logs were 121/~ feet below the top of the buried Tazewell loess 
(51, p. 84-88). The wood has been dated at 14,700 -I- 400 years 
and 16,367 ± 1,000 years (53, p. 265). This stratigraphic evidence 
indicates that Tazewell loess was being deposited in central Iowa 
It!,700 to more than 17,000 years ago. Undoubtedly Tazewell loess 
was accumUlating on the uplands in the Greenfield quardangle 
at the same time. 

At two sections, Scranton 1 (fig. 53, I) and Scranton 2 (H), 
paleo-Regosols developed in the uppermost parts of the Tazewell 
loess (54, p. 680-685). The Scranton 2 section has an AI horizon 
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l2 inches thick in the uppermost part of the buried loess. The 
loess is leached of carbonate to a depth of 19 inches. The buried 
soils are overlain by Cary till. Spruce trees rooted in place in 
the buried soils have been dated at 13,910 -I- 400 years and 
14,470 -I- 400 years, respectively. This shows that Tazewell loess 
deposition had ceased and soil formation had begun some 14,000 
years ago. Undoubtedly the same loessial soil history was occur
ring to the southward in the Greenfield quadrangle. 

Uneroded Tazewell-loess uplands should date from that time and 
in the Greenfield quadrangle are considered to be 14,000 years old. 

Soils of the Sharpsburg series developed on the loess of the 
Tazewell upland. 

PEDIMENT 

Distribution and chamcteristics. The low level of the stepped 
sequence of surfaces along the interfluves is the Early Wisconsin 
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pediment that is cut into Kansan till below the Late Sangamon 
and Yarmouth-Sangamon surfaces (pIs. II, IV). Along an inter
fluve axis in the South Turkey Creek area (pI. II: F.85, 4.50
F.40, 1.65) the stepped sequence has three levels above the modern 
flood plain (fig. 54). The level summit of the low surface stands 
40 feet above the modern flood plain. Along the axis of the inter
fluve the summit rises 4 feet in a distance of 430 feet to the north
ward, a slope of less than 1 percent. The surface then rises 10 
feet up a concave slope in a distance of 230 feet to the northward, 
or on a slope of 4.4 percent, to the level of the Late Sangamon 
surface (fig. 54). The surface of less than 1 percent slope is the 
foots lope of the Early Wisconsin pediment, and the part of the 
surface with a steeper slope is the backs lope of the Early Wiscon
sin pediment. The geomorphic relationship of the Early Wisconsin 
pediment to the Late Sangamon pediment (fig. 54) is similar to 
the relationship of the Late Sangamon pediment to the Yarmouth
Sangamon surface (fig. 40). Along the interfluve (fig. 54) the 
Late Sangamon pediment rises northward to the level of the Yar
mouth-Sangamon upland divide. 

The three surfaces are separated by geomorphic, pedologic, and 
mineralogic unconformities (fig. 54). On the lowest Early \Vis
consin surface the modern Brunizem, Shelby loam, formed in 
Kansan till. The Brunizem is weakly developed and not inten
sively weathered mineralogically (48, p. 452-454), whereas the 
Late Sangamon paleo-Gray Brown Podzolic soils and the Yar
mouth-Sangamon paleo-Planosols and paleo-Humic Gleys are 
progressively better developed and more intensively weathered 
mineralogically. 

The footslope-backslope relationship of the Early Wisconsin 
pediment to the Late Sangamon pediment is well displayed along 
an interfluve of West Branch (pI. II: E.25, 3.15-E.25, 3.65). The 
footsJope of the Early Wisconsin pediment now stands 30 feet 
above the modern flood plain of West Branch (fig. 55, A). The 
foots I ope rises 5 feet in a distance of 325 feet to the southward, 
a slope of 1.5 percent. The surface then rises up a concave back
slope 20 feet in a distance of 160 ft>et (a 12.5 percent slope) to 
the level of the Late Sangamon pediment. 

The footslope of the Early Wisconsin surface is mantled by a 
stone line that locally is covered by a few inches of pedi-sediment 
(fig. 55, A). The modern Brunizem, Shelby loam, is on this sur
face, whereas the higher intermediate level Late Sangamon sur
face is characterized by paleo-Gray Brown Podzolic soils that are 
more intensively developed morphologically and more intensively 
weathet'ed mineralogically. 

In places the Early Wisconsin pediment is juxtaposed geo
morphically to the Yarmouth-Sangamon surface without an inter
vening Late Sangamon surface. Along the axis of an interfluve 
adjacent to West Branch (pI. II: D.10, 3.25-C.75, 3.55) the Early 
Wisconsin pediment stands 35 feet above the modern flood plain 
of \Vest Branch (fig. 55, B). The footslope of the pediment rises 
4 feet in a distance of 225 feet to the southward, a slope of 1.8 
percent. The pediment then rises 17 feet in elevation up a con
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cave backslope (a slope of 17.2 percent) to the level of the Yar
mouth-Sangamon surface. 

The Early Wisconsin pediment lies on both sides of the main 
stream and on both sides of the maj or tributaries in the South 
Turkey Greek area (pI. II) and on mterfluves around the main 
drainage of a watershed (pI. II: West Branch; pI. IV: .North 
Branch). The geographic distribution of the Early Wisconsin 
pediment relative to the Late Sangamon and Yarmouth-Sanga
mon surfaces is similar to the distribution pattern of the Late 
Sangamon pediment relative to the Yarmouth-Sangamon surface. 

The Early Wisconsin surface now occurs on the interfluves in 
a dissected terrain above the modern flood plain but below the 
Late Sangamon and Yarmouth-Sangamon surfaces. It is cut in 
Kansan till, the same material that underlies the upland. Along 
the present intertluves it has a concave-upward longitudinal pro
file (figs. 54, 55). In some places it is mantled by a lag gravel and 
an alluvial veneer. It .has a footslope of low gradient and then 
rises more sharply up a backs lope (the receded slope). It not only 
fulfills the physiographic requirements of a pediment (20, p. 8) 
but also has the same physical characteristics as the Late Sanga
mon pediment. Thus, this Early Wisconsin surface is considered 
to be a pediment. 

Age. The pediment is cut into Kansan till below the level of 
the Late Sangamon surface and therefore must be post-Late
Sangamon. 

At some places (pIs. II, III: D.10, 3.25-G.75, 3.55) the Early 
Wisconsin pediment, mantled by stone line and thin pedi-sediment, 
is capped by Tazewell loess (fig. 55, B), but there is no paleosol 
in the uppermost part of the tIll. Along one interfluve (fig. 37), 
Tazewell loess, mantling the pediment, is leached of carbonates 
to depths of 82 inches. However, the basal 8 inches and the Kan
san till, on which the pediment is cut, are calcareous. 

The lack of a paleosol or even a weathered zone at the contact 
of the till and the overlying Tazewell loess indicates there was not 
enough time for soil formation in the till between the cutting of 
the pediment surface and the mantling by the loess. These litho
logic and stratigraphic relationships identify the age of the pedi
ment surface as Early Wisconsin. The Early Wisconsin pediment 
in the Greenfield quadrangle probably is correlative of the Early 
Wisconsin surface of erosion identified along the regional traverse. 

Evolution. The similarity of characteristics of the Early Wis
consin and Late Sangamon pediments indicate that the processes 
responsible for the evolution of the Late Sangamon surface also 
must have been active in the development of the Early Wisconsin 
surface. 

It seems probable that while pedimentation was active during 
Early Wisconsin time, the landscape was under a coniferous forest 
cover. All of the radiocarbon samples (wood) that have been 
recovered in southwestern and central Iowa and that date from 
the Farmdale to post-Gary have been coniferous species. For 
example, a larch s,tmple of Farmdale age, dated at 24,500 +- 800 
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years (58, p. 265) was found near Hancock, Pottawattamie 
County, Iowa, 45 miles west of the Greenfield. quadrangle. 

At Mitchellville and Clear Creek in Polk and Story Counties, 
Iowa, hemlock and spruce samples of Tazewell age have been 
dated at 14,700 -I- 400 years to > 17,000 years. These radiocarbon 
localities are 50 miles northeast of the Greenfield quadrangle. 

1n the Scranton sections, Greene County, Iowa, located· 37 miles 
north of the Greenfield quadrangle, fir, hemlock, larch, and spruce 
dated at 13,910 -I- 400 years and 14,470 -I- 400 years (54, p. 674) 
marks the close of Early Wisconsin time. 

Thus, when the Early Wisconsin pediment evolved, the land
scape probably was under coniferous forest cover. 

Where loess remains on the Early Wisconsin pediment, Sharps
burg soils occur; where the loess has been stripped, Shelby, 
Steinauer, or Shelby-Steinauer intergrades developed in Kansan 
till. 

Late Wisconsin-Recent Complex 

The landscape of the Greenfield quadrangle has been subjected 
to dissection and alluviation in Late Wisconsin-Recent time. Dis
section has resulted in the suspension of the older geomorphic 
surfaces above the modern flood plains and in stepped sequence 
along the summits of interfluves and on the upland divides. Valley 
slopes truncate not only Pleistocene deposits as young as Tazewell 
loess but also older geomorphic surfaces. Thus, the dissection must 
be younger than Tazewell or Late \Visconsin. 

Where the summits are narrow, not only has loess been stripped 
from the Early Wisconsin pediment but from the Late Sangamon 
pediment and from the Yarmouth-Sangamon surface as well. 

Alluviation has filled the main, tributary, and side-stream bot
toms and the side-valley waterways that rest on the valley slopes. 

Postcultural erosion and sedimentation are in progress at pres
ent on the landscape. 

CPLA:\I> DIVIDI':S AS!) I:\TERl<~LU\'E HlJ.\L\II'l'8 

Exhumed paleosolic surfaces. In the South Turkey Creek area, 
West Branch and its side streams have incised the landscape so 
that the streams and intervening valley slopes have encroached 
on the upland divide. As a result the Yarmouth-Sangamon paleo
sol is exposed at many places near the shoulder of the valley slope 
(pI. III: D.50, 3.75-B.75, 3.70; B.90, lo65-G.1, 2.1; H.55, 6.10-
L5, 6.2-1.15, 5.55). 

Here, not only do the slopes bevel the paleosolic surface but 
they bevel the Tazewell loess above and also the regional weather
ing zonation in the loess. As has been shown, the weathering 
zonation is probably Late Wisconsin. Thus, the slopes must be not 
only post-Tazewell but they must also be post-Late Wisconsin. 

Along the interfluve south of vYest Branch (pI. III: E.45, 3.85-
F .15, 3.85), a system of side streams has eroded the north slope 
of the interfluve, and another system of side streams has eroded 
the south slope. The interfluve summit has been narrowed to an 

http:6.2-1.15
http:3.75-B.75
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average width of 140 feet, which apparently .is within the critical 
limits where runoff .is dominant over infiltration. As a result the 
Tazewell loess has been stripped from the interfluve summit and 
the Late Sangamonpaleosol has been resurrected in toto. 

This is the downwearing aspect of landscape evolution. But it 
should be noted that downwearing occurs only where the upland 
surface has been narrowed by the encroachment of the lower, 
cyclic,recediIlg valley slopes. Here.is evidence of the process of 
pedimentation actively in progress on the present landscape. 

Along the same interfluve to the westward (pI. III: D.60, 3.85
D.85, 3.85) a system of side streams of West .Branch has en .. 
croached on the north valley slope of the interfluve and a system 
of side streams has encroached on the south valley slope. The 
interfluve summit has been narrowed to a width of 110 feet, and 
the surficial Tazewell loess has been stripped from the interfluve 
summit so that the Late Sangamon paleosol is exhumed in a 
saddle along the crest of the interfluve. 

Between the two described areas (pI.lII: D.85, 3.85-E.45, 3.85) 
recession of the north and south valley slopes of interfluve has 
not been as active. The interfluve summit is 480 feet wide, which 
apparently .is beyond the critical limits for dominance of runoff 
over infiltration. As a result the Tazewell loess has not been 
stripped and remains as a mantle on the J.Jate Sangamon paleosolic 
surface. 

Similar relationships of exposed paleosolic surfaces occur 
throughout the South Turkey Creek area (pI. III). 
Exh~Lmed Ea/rly Wisconsin pediment. Late Wisconsin-Recent 

dissection has resulted in the suspension of the Early Wisconsin 
pediment above the modem flood plains and along the interfluves 
as the low level of the stepped sequence of geomorphic surfaces. 

In places Late Wisconsin-Recent slopes have encroached on the 
Early Wisconsin pediment so that the interfluve summit has been 
narrowed and the surficial Tazewell loess stripped from the sur
face (pI. III: H.60, 3.55-H.75, 4.20; E.25, 3.15-E.25, 3.65). Her.e 
the level to slightly rounded pediment surface on Kansan till was 
exposed for soil development in Late Wisconsin-Recent time. A 
soil profile (fig. 56) of this kind is (pI. III: H.6, 3.6) : 
Section M (pI. III: 11.6, 3.6): 
AI' Very dark gray (lOYR 3/2) heavy loam; weak medium granular 
0-7 inches friable; gritty and pebbly with weatherable minerals visible; leached 

Kansan till. 
AJBI Dark brown (lOYR 4/3) light clay loam; weak medium subungular 
7-15 inches blocky; friable; sparse clay skins on aggregate faces; gritty and pebbly 

with weatherable minerals; leached Kansan till. 
£2 Dark brown (IOYR 4/3) clay loam; moderate medium subangular 
15-25 inches blocky; clay skins common on aggregate faces; weak plastic; gritty and 

pebbly with weatherable minerals; leached Kansan till. 
E. Dark yellowish brown (lOYR 4/4) light clt~y loam; CO!lrse angular 
25-29 inches blocky; firm; sparse clay skins; gritty and pebbly with weatherable 

minerals; leached Kansan till. 
('I Yellowish brown (lOYR 5/8) light clay loam; coarse angular blocky; 
29-34 inchc.'l firm; gritty aud pebbly with weatherable mineruls; leached l(ansan till. 
C. Light yellowil;h brown (lOYR 6/3) loam; coarse angular blocky; firm; 
34+ inches carbonate concretions; grittyund pebbly with weatherable minerals; 

calcareous Kansan till. 

http:3.15-E.25
http:3.55-H.75
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FIGURE 56.-Brunizem, Shelby loam, of Late Wisconsin-Recent age developed 
in Kansan till on Early Wisconsin pediment. 

Two other profiles (fig. 57, N, 0) of similar soils on the exhumed 
Early Wisconsin pediment have similar morphologies but differ 
slightly in depth of the cH,rbonate horizon. The textural profiles 
of these soils are somewhat similar in distribution but differ 
slightly in degree of differentiation (48, p. 452) . 

.For comparison with the Late Sangamon (fig. 44) and Yar
mouth-Sangamon (fig. 38) paleosols, the mineralogical-analytical 
technique was applied to the soils of the exhumed Early 'Wisconsin 
pediment. On all three surfaces the soils developed in Kansan 
till but on surfaces of different geomorphic ages. 
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FIGURE 57.-Clay content of soils of Late Wisconsin-Recent age Ol" Early 
Wisconsin pediment in comparison to paleosols of Late Sangamon and 
Yarmouth-Sangamon surfaces. 

The weathering ratios of the Late Wisconsin-Recent soils indi
cate that they have not been subjected to intensive weathering 
(fig. 58, table 26). Soil development has not resulted in destruc
tion of weatherable minerals with the resultant orderly arrange
ment of weathering ratios, as in the Late Sangamon and Yar
mouth-Sangamon paleosols. 

In the coarser sand fractions (2-0.5 m.m.) of the soil on the 
Early Wiscons.in pediment, weatherable mineral matter, such as 
granite, diorite, and basalt, is abundant in all horizons of the 
sola. Resistant mineral matter occurs also. 

There are distinct contrasts of characteristics between the Late 
Wisconsin-Recent soils on the Early Wisconsin pediment, the Late 
8angamon paleosols, and the Yarmouth-Sangamon paleosols (fig. 
57). All these soils are developed wholly or in part in Kansan 
till, but they occur on geomorphic surfaces of different ages. 
Thicknesses of sola increase from profiles on the youngest sur
face to those on the oldest (tab1e 27). The thicknesses and clay 
content of the B horizons also increase from soils on the youngest
surface to soils on the oldest. 

Curves of the average weathering ratios of soils of the geo
morphic surfaces (fig. 59) are displaced toward the right from 
soils of the youngest surface to those of the oldest in both the 
heavy- and light-mineral fractions. Intensity of mineral weather
ing increases to the right, that is, greater ratios indicate greater 
amol1nts of resistant minerals relative to weatherable minerals. 

In the Late Wisconsin-Recent soils very little mineral destruc
tion has occurred in weathering and, as a result, an orderly ar

http:Wiscons.in
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'FIGURE 58.-Weathering ratios of heavy mineral fractions (Wrh) and light 
mineral fractions (Wrl) of soils of Late Wisconsin-Recent age on Early 
Wisconsin pediment in comparison to paleosols of Late Sangamon and 
Yarmouth-Sangamon surfaces. 

rangement has .not been established among the weathering ratios 
of the horizons of the soil profiles. In both light and heavy min
erals, values of the A horizons lie to the left of values of the B 
horizons. In the Late Sangamon paleosols, mineral weathering 
has progressed to the point that an orderly arrangement of ratios 
.has been established among the values of the profile horizons. 
There is a relatively greater displacement of values to the right 
in the A~ horizon in contrast to the Jess weathered Bhorizons. 
The values of the C horizons of the Late Sangamon paleosols 
group closely with those of the relatively unweathered Late Wis
consin-Recent soils . 

In the most intensively weathered Yarmouth-Sangamon paleo
sols (fig. 59) there is greater displacement of values to the right. 
Values of the ratios of the A~ and Aa horizons are displaced far
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T,\BLE 26.-Abundance of major resistant and weatherable minerals in very fine 
sand fractions of Boils on Early Wisconsin pediment 

Heavy minerals Light mineralsI 

Soil ! 

Re- Weather- Wrh 3 Re- Wrl sIWeather
sistant I able ~ sistant 4 able 5 

Soil M Percent Ptrcent Percent Percent Pe-rctmtA ____ .____a 747 49 0.95 66 34 1.94B ________ i2 40 59 .67 66 34 1.94C_________ 43 54 .78 67 33 2.03 
SoilA N 

3 32 66 .48 138 32 2.12 

B2_------- 50 48 1.04 69 31 2.22
C_________ 38 59 .64 67 33 2.03 

SoilA 0 
3 48 51 .95 69 31 2.22 

B2--- - - --- 50 47 l.O6 69 31 2.22C_________ 37 61 .61 72 28 2.57 

I Zircon and tourmaline. 

, Amphiboles and pyroxenes: hornblende, hypersthene, augite, enstatite. 

3 W h zircon +tourmaline t' t b 1 


r amphiboles+pyroxenes; ra lOS 0 ase . 

4 Quartz. 

I Feldspars (orthoclase, microcline, plagioclase). 


quartz . 
6 Wrl =-f; ratIOS to base 1.Ids e par 

7 Percentages by count. 


TABLE 27.-Corflparison of some characteristics of soils of geomorphic surfaces 

Soil I Thickness of Thickness of Clay content 
solum B horizon of B horizon 

Late Wisconsin-Recent soil on Early 
Wisconsin pediment Inche.~ Inches PercentlYl ________________________________ _ 29 22 34.6 

15 11 31.2
N_________________________________ _ 
0 _________________________________ _ 

32 23 32.2Average ___________________________ _ 25 10 32.3 
LateH Sangamon 

39 29 49.5 
46 32 50.7

1_________________________________ _ 
J~ 70 56 49.1 

52 39 49.7 ..Average__ --------------------------
Yarmouth-Sangamon1)_________________________________ _ 

68 44 57.7F _________________________________ _ 
85 62 50.7 
87 70 51.4

G_________________________________ _ 
Average ___________________________ _ 80 59 53 .. 2 

I Letters refer to profiles designated in text. 
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FIGURE 59.-Averages of weathering ratios of heavy-mineral fractions (Wrh) 
and light-mineral fractions (Wrl) of soils of geomorphic surfaces. 

ther to the right than the lesser but still intensely weathered B 
horizons. 

Undoubtedly the major cause of the differences in intensity of 
development and weathering in the three groups of soils is age. 

VALLEY SLOPES AND SIDE-VALLEY WATERWAYS 

Valley slopes. Late Wisconsin-Recent slopes bevel the succes
iiion of Pleistocene deposits and the sequence of geomorphic sur
faces. The slopes truncate the Tazewell loess with its regional 
weathering zonation of Late Wisconsin age, the Farmdale loess, 
and the underlying Kansan till. They also bevel the Yarmouth
Sangamon paleosolic surface, the Late Sangamon paleosolic sur
face, and the Early Wisconsin pediment. Thus, they must be 
younger than the youngest deposit and youngest geomorphic sur
face that they beveL The youngest deposit is Tazewell loess and 
the youngest geomorphic surface is the weathering zonation in 
the loess of Late Wisconsin age. The slopes therefore cannot be 
older than Late Wisconsin and probably are Recent in age. 

Correspondingly, the weathering zones of Tazewell loess, the 
various paleosolic surfaces, and Kansan till crop out on the Late 
Wisconsin-Recent slopes (pI. III). 

In the South Turkey Creek area the valley slopes range from 
6 to 15 percent. The slopes are correlative with the Late Wiscon
sin-Recent dissection cycle identified along the regional traverse 
from Bentley to Adak 

Sharpsburg soils developed in the Tazewell loess on the slopes 
of Late Wisconsin-Recent age. Shelby, Steinauer, and Shelby
Steinauer intergrade soils developed in Kansan till on slopes of 
Late Wisconsin-Recent age. 

Side-valley waterways. On the Late Wisconsin-Recent slopes 
are concave, spoon-shaped waterways that contain ill-defined chan
nels in their bottoms. In the South Turkey Creek area the side
valley waterways (fig. 60) are on slopes of 15 percent and in ad
jacent areas on slopes of 20 percent. 
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FIGURE 60.-Side-valley waterway on Late. Wisconsin-Recent slope in Kansan 
till. South Turkey Creek area. 

The waterways slope downward to main, tributary, and side 
streams (pI. III) and occupy almost 50 percent of the total area 
of Late Wisconsin-Recent slopes. In many places (pI. III: E.8, 
3.8, E.8, 3.9) the waterwaysnead at the level of Late Sangamon 
paleosolic surface, at the level of the Yarmouth-Sangamon sur
face (D.2, 1.7), or at the level of the Early Wisconsin pediment 
(F.8, 2.9). 

On some interfluves many side-valley waterways are on valley 
slopes above the bounding streams. One interfiuve (pI. III: C.90, 
4.75-E.0, 5.1) is bounded on the east by South Turkey Creek and 
On the north and south by tributaries of South Turkey Creek. 
Numerous side-valley waterways occur on the north, east, and 
south valley slopes of the interfiuves. The waterways, in general, 
are alined almost at right angles to their controlling streams re
gardless of the slope aspect. Here, in this geographic-distribution 
pattern of side-valley waterways, is the evidence of interfluve 
reduction by running water. Erosion progresses at the heads and 
at the lateral peripheral margins of the waterways and tends to 
reduce the interfiuve upland. This is the pedimentation process. 

The side-valley waterways have variable thicknesses of alluvial 
fills. The alhlvium generally is thickest at the mouth of and along 
the axis of the waterway and thins out toward the head and 
peripheral margins of the waterway. Generally, at the base of 
the alluvium regardless of position within the waterway, a stone 
line marks the contact with the underlying till. 

For example, a series of borings in the side-valley waterway 
located the erosion surface at the base of the alluvial fill. The 
mouth of the old waterway is 80 feet below its head (fig. 61, A). 
The waterway axis is 30 and 45 feet below the adjacent south and 
north bounding interfluve ddges, respectively (B-B'). Along the 
axis the old erosion surface has a slope of 9 percent. 

Filling of this waterway by alluvium resulted in a spoon-shaped, 
or cirque-like depression on the valley slope (fig. 61, B). Local 
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FIGURE 61.-Surface configura.tion of side-valley waterway after dissection 
(A) and af.ter fill (B). 

FIGURE 62.-Alluvial fill in side-valley waterway. (See fig. 61). 

relief decreased, The mouth of the waterway is now only 65 feet 
below the head. The alluvial surface at its lowest point now lies 
only 15 and 30 feet below the adjacent north and south bounding 
interftuve ridges, respectively (B--B'). Along the axis of the water
way the alluvial surface has a slope of 5.5 percent. 

The alluvial fill along the axis of the waterway is uniformly 
thick, 15 to 16 feet, from the mouth to near the head (fig. 62, F'
F), where it then thins out rapidly to the head of the waterway. 
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Across the waterway it is thickest along the axis and thins rapidly 
toward the periphera.l margins (fig. 32, A-A' ... D-D'). A section 
in the alluvium near the axis of the waterway at an elevation of 
1,275 feet (61, B) is: 
Section P: 
IC Dark grayish brown (10YR 4/2) gritty light silty clay loam; thin lam
0-22 inches inae of sand; leached ra\\" modern alluvium. 
IIAlb Black (LOYR 2/1) heavy silty clay loam; strong medium granular; 
22-36 inches firm; leached; upper horizon or recently buried Humic Gley soil. 
IIA3~ Very dark gray (lOYR 3/1) heavy silty clay loam; mottled with dark 
36-48 inches brown (LOYR 4/3); weak fine subangular blocky; firm; leached. 
lIB Dark gray (LOYR 4/1) heavy silty clay loam; mottled with yellowish 
48-72 inche;; brown (LOYR 5/4); weak fine subangular blocky; sparse thin clay 

skins on aggregate faces; firm; leached; lower horizon of recently buried 
Humic Gley soil. 

HC Oray (LOYR 5/1) silty clay loam; mottled with dark brown (10YR 4/3)
72-112 and light gray (LOYR 7/1); massive; firm; leached. 
inches 
112-136 Light gray (lOYR 6/1) light silty clay loam; mottled with yellowish 
inches brown (lOYR 5/4); massive; firm; leached; sparse small pebbles. 
13{}-178 Olive (5Y 5/3) light silty clay loam; mottled with dark gray (5Y 4/1);
inches massive; firm; leached; sparse small pebbles; grit increases progressively 

in lower 18 inches. 
178-185 Olive (51' 5/3) gravelly silt loam; mottled with olive-brown (2.5Y
inches 4/4); massive; firm; leached; stone line at base of side-valley waterway 

alluvium. 
185+ inches Olive C5Y 5/3) loam; coarse angular blocky; firm; leached Kansan till. 

In the section (fig. 63) a textural discontinuity occurs at a 
depth of 22 inches, which is the contact of postcultural sediment 
overlying the old alluvial fill (fig. 64). The total sand content de
creases abruptly at this contact from 14 percent to less than 2 per
cent. Organic-matter content increases abruptly 60 percent at the 
contact. 

The total sand content in the alluvium below the contact ranges 
from less than 1 percent to not more tha.n a few percent to a 
depth of 150 inches. Throughout this zone the particle-size dis
tribution of the sediment (fig. 63) does not differ greatly from 
that of loess. The nature of the sediment suggests that this portion 
of the fill was derived mainly by the stripping of Tazewell loess 
from the slopes adjacent to the waterway. 

The sand content below 150 inches progressively increases to 
178 inches where the stone line occurs at the base of the alluvium. 
The stone line rests, in turn, on leached Kansan till at a depth of 
185 inches. 

In the solum of the Humic Gley, 22 to 72 inches, the clay con
tent is practically uniform, 38 percent in the AI> horizon and 37 
percent in the BII horizon. Below the solum the clay content grad
ually decreases with depth. In the solum the organic matter de
creases from a maximum of 8 percent in the upper part of the All 
horizon to 4.5 percent in the lower part of the Bb horizon, and 
then progressively decre~.,3es with depth. 

The occurrence of a buried soil in the al1uvium beneath the 
postcultural sediment suggests that the landscape must have been 
stable around the waterway before man cropped the slopes. The 
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FIGURE 63.--Characteristics of the alluvium in a side-valley waterway. 

loessial nature of the fill to a depth of 150 inc.hes indicates that 
the main source of the alluvial sediment was the loess on the 
slopes adjacent to the waterway. The small amount of sand and 
gravel in this part of the fill indicates. that the till, on which the 
waterway is emplaced, was not a major source of sediment. Thus, 
the nature of the fill suggests that after loess was stripped from 
the till, the greater resistivity to erosion of the till may have been 
a factor in stabilizing the slopes above the waterway. 

The slopes around the waterway pass downward and under the 
alluvial fill (fig. 61). This relationship is similar to the gully fill 
in cut 39 along the regional traverse. The alluvial fills in the side
valley waterways in the South Turkey Creek area are believed to 
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FlGCRE G4.-Postcultural. bedded sediment overlying Humic GJey soil in 
alluvial fill in a side-valley waterway. 
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be correlative with t.he gully cycle of the regional traverse. The 
gully cycle was dated at 6,800 ± 300 years (44, p. 446). Thus, the 
side-valley alluvial fills probably are of Recent age. Correspond
ingly, the slopes above that pass downward beneath the alluvial 
fills must be less than 6,800 years old, and also must be of Recent 
age. 

The probable radiocarbon age of the alluvial fills also leads 
to a strong inference in regard to possible cause of stabilization 
of the landscape. Lane (81, p. 167) on the basis of pollen analysis 
of a peat bed in north-central Iowa showed a sequence of changes 
from the base upward: (1) spruce forest, (2) mixed fir, birch, and 
spruce, (3) birch with fir and oak, (4) oak with birch and grasses, 
and (5) grassland vegetation with two intercalated strong semi
arid element indicated by major proportions of amaranths. 

Radiocarbon samples were collected from Lane's spruce zone, 
coniferous-deciduous forest transition zone, and the zone indicat
ing the beginning of grass dominance. The basal spruce zone is 
dated at 11,660 ± 250 years (54, p. 686-687), the coniferous
deciduous forest transition at 8,170 ± 200 years, and the beginning 
of dominance of grass at 6,570 -+ 200 years. 

Lane (81, p. 169) concluded from the pollen sequence that the 
climate changed from cool, moist conditions of the coniferous 
period (11,660 years) to a warm, moist environment that ac
companied the change from coniferous to deciduous forms (8,170 
years). A gradual drying of the climate ended just before grass 
dominance (6,570 years), and the grassland environment has 
been continuous since that time. 

Lane's "culmination of climatic desiccation just prior to grass 
dominance" is close to the age of the basal guliy fill in south
western Iowa, dated at 6,800 years, that probably is correlative 
with the side-valley waterway fills. Such climatic change may have 
prepared the landscape for gullying and side-valley waterway cut
ting. The glassland environment that followed the change may 
have been responsible for stabilization of the gullies, waterways, 
and adjacent slopes. 

Soils developed in the sediments of the side-valley waterways 
are classified as the Arbor series. 

VALLEY FILLS 

The main, tributary, and side-stream valleys of the South and 
North Turkey Creek areas have thick alluvia,l fills. The bases of 
alluvial fills of the side-valley waterways can be traced in deep 
borings to the lateral-marginal bases of the valley fills. Thus, the 
fills are all parts of the same Recent alluviation cycle. 

In most places the alluvial fills of the valleys are so thick that 
they cannot be penetrated completely by manual boring. The 
thickness of the alluvial fill in the valley of North Turkey Creek 
(fig. 47) was determined by an earth-resistivity method.an The 

a~ H. R. Dixon, then geologist, Iowa Highway Commission, conducted the 
resistivity survey. 
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determinations of alluvium thicknesses were checked at three 
places along the traverse by manual borings. 

The maximum thickness of Recent alluvium in the valley of 
North Turkey Creek is 26 feet. 

Many of the alluvial fills of the side-valley waterways debauche, 
in the form of alluvial fans, onto the flood plain alluvium of the 
valley below. 

Relation of Pleistocene Deposits, Geomorphic Surfaces, and Soils 

An integrated part of the geomorphic study in the Greenfield 
quadrangle was the study of the soils reported in detail in the 
next chapter. The relationships of soils and geomorphology along 
an interfluve in the South Turkey Creek areas are shown in figure 
65. 
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FIGURE 65.-Relationship of Pleistocene deposits, geomorphic surfaces, and 
soils along an interfiuve in South Turkey Creek area (pI. III: B.80, 4.00
F.60, 3.85). 
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Re.urrection of PaleolJolic SuriacelJ 

YA,R~OUTH-SANGAMON SURFACE AND SOILS 

Late Wisconsin-Recent slopes have encroached on the upland 
divides and intertluves so that the Yarmouth-Sangamon paleosols 
outcrop within the continuum of soils on the modern surface (fig. 
39). Where the paleosols outcrop, they are considered in the 
scheme of classification of soils as the Clarinda silty clay loam 
(fig. 65). 

rrhe Clarinda soils are associ~ted With the highest level of the 
iandscape and as a band on the l'ilopes around the heads of drain
ageways (fig-. 65). They may be identified by their gray colors, 
heavy textured B horizons (clay or heavy silty clay), strong sub
angular blocky structure in the B hQrizons, and the absence of 
weatherable mineral material in the coarser particle-size inlctions. 

The Yarmouth-SangaQlOn paleosols have varying morphologies, 
and are paleo-Planosols, paleo-Humic Gleys, paleo-Gray Brown 
Podzolic soils, and paleo-intergrades. All of these have been in
cluded within the Clarinda series. On the Late Wisconsin-Recent 
slopes the paleosols crop out in various stages of truncation. Parts 
of the paleo-sola may be eroded. These soils also are grouped
within the Clarinda series. 

LATE SANGAMON SURFACE AND SOILS 

Late Wisconsin-Recent slopes have encroached on the inter
tluve summits so that the Late Sangamon-pediment paleosols 
crop out within the continuum of soils on the modern surface (fig. 
65). Where the intertluve summits have been narrowed consider
ably, the Tazewell loess has been stripped from the sllmnlits so 
that the paleosols may be exhumed in toto. However, in most 
places the Late Sangamon paleosols occur on the modern surface 
in various stages of truncation. Generally the B horizons occur at 
the modern surface. In this case the soil is classified as Adair clay
loam. 

Where the complete paleosol has been exposed the soil is Adair 
silt loam. 

The Adair soils are associated with the intermediate level of 
the landscape and may be either a band around the shoulders of an 
intertluve or may occupy the entire summit (fig. 65). Where a 
truncated paleosol occurs on the modern surface, the soil may be 
recognized by its strong brown or reddish-brown color, heavy 
textured B horizon (clay or heavy silty clay), it strong subangular 
blocky structure, and the presence of weatherable mineral material 
in the coarser particle-size fractions. 

Where the entire paleosol occurs on the modern surface, the 
soil may be recognized by its light colored, light textured A~ hori
zon overlying a stone line and by its strong brown Or reddish~ 
brown .B horizon. 

The Late Sangamon-pediment paleosols have uniformly similar 
• 	 morphologies, and are paleo-Gray Brown Podzolic soils. Only the 

pediment paleosols are included within or as a variant of the 
Adair series. The Late Sangamon valley-slope fan and flood plain 
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paleosols (sections K. L) differ morphologically from the pediment 
paleosols. The fan and flood plain paleosols have not been placed 
within the scheme of classification of soils but probably should 
be co.nsidered as variants of the Adair series. 

Tazewell Upland and Soils 

STABILITY OF LOESS-UP.LAND SURFACE 

Several lines of evidence have been detailed to demonstrate the 
stability of the loess surface on the upland divides. Briefly (1) the 
complete weathering zonation underlies the surface; (2) the up
land surface is parallel to the weathering zones in the loess. The 
surface must have been in place while the zones formed. The su
perposed soil also must have been being formed at the same time 
as the zonation; (3) the upland surface is parallel to the Pleis
tocene deposits and the geomorphic surfaces and soil formation 
must have bE:gun after loess deposition ceased; (4) the upland 
slopes are of such slight declivity that significant erosion is pre
cluded; (5) radiocarbon dating of the surface shows that loess 
deposition ceased about 14,000 years ago. Side slope;, pass down
ward under side-valley alluvium whose base is 6,800 years old. 
The upland should be 7,000 to 8,000 years older than the side 
slopes. 

SOILS OF LOESS-UPLAND SURFACE 

Sharpsburg silty clay loam is on the loess-upland surface. 
Hutton (21, 22) concluded that in the "chrono-Iitho-sequence" 

of soils of Monona-Marshall-Sharpsburg-Gundy-Seymour the in
creased intensity of development, in the order named, was caused 
by "effective time of soil formation" (22, p. 322). "Effective time" 
was defined as the summation of the weathering that occured dur
ing loess deposition and the weathering since the cessation of loess 
deposition. The Sharpsburg was considered near the median of the 
time sequence, and the Marshall somewh}tt younger. 

In tracing the loess, in which the Marshall and Sharpsburg soils 
developed, under the Cary till of the Des Moines lobe (fig. 53) it 
was found that the buried soil in the uppermost part of the buried 
loess is a Regosol.. The Regosol was dated at 13,910 ± 400 years. ali 

It seems appar(;nt that at that time both the Marshall and the 
Sharpsburg soiis were no more than Regosols, that were develop
ing under coniferous forest. a• If these soils were alike at the time 
the northern soils were buried, the differences between the south
ern soils on the exposed landscape must have developed since Cary 
time. Actual time has been the same in both Marshall and Sharps
burg areas. 

3<> A projection of the boundary between the Marshall and Sharpsburg as
sociation /treas needs be extended only 12 miles beneath the Cary till to the 
localities of the bmied Rego$ols (fig. 53, H, I). 

:17 At sections H nnd I (fig. 53) spI'uce b:ees wet'e found rooted in place in 
the buried Regosols (5,1, p. li80-(85). No mention is made in the previous 
studies on loess-derived soils of ~I possible different vegetntive environment. 
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Because weathering since cessation of loess deposition cannot 
account for the differences in the Marshall and Sharpsburg soils, 
that part of the "effective time" factor, weathering concurrent 
with loess deposition, must be responsible for such soil differ
ences. However, the gastropod fauna described in the Greenfield 
quadrangle (table 21) was collected from basal calcareous vVis
consin loess below the Sharpsburg soil. Similarly the gastropod 
faunas described along the regional traverse (table 12) were col
lected from basal calcareous Wisconsin loess below the Marshall 
soils. Calcareous loess at about the same depth beneath both the 
Marshall and the Sharpsburg appears to preclude any difference 
in "effective time" of weathering during loess deposition. Effective 
time of weathering, then, cannot explain the differences between 
the Marshall and Sharpsburg soils. Nor can it explain differences 
between the Monona and Marshall soils along the regional traverse 
where similar stratigraphic and composition relationships hold 
true. Thus, along Hutton's loess-derived soil traverse, from 
Monona to Marshall to Sharpsburg to Grundy and to Seymour, 
effective time of weathering is subject to question as an explana
tion of the differences between Monona, Marshall, and Sharps
burg. 

Other field evidence shows that the morphological development 
of the Sharpsburg silty clay loam took place largely after deposi
tion ceased. The heavy textured, plastic Yarmouth-Sangamon 
paleosols have been deformed subsequent to mantling by Tazewell 
loess (fig. 66). Protuberances of the clayey paleosol extend 2 to 

FIGURE 66.-Involutions of Yarmouth-Sang-amon paleosol incorporating 
deoxidized and leached Tazewell loess. 
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21;2 feet above the main mass of the paleosolic surfa~e. into the 
overlying Tazewell loess. Masses of the basal deoxldlzed and 
leached loess are incorporated in the deformed paleosol. Protuber
ances such as these are involutions generally attributed to freezing 
and thawing in a periglacial regime. 

Because the involutions incorporate Tazewell loess, they must 
be Cary age. The Greenfield quadrangle is only 10 miles from the 
margin of the Cary drift lobe (fig. 53). 

In many places the solum of the Sharpsburg soil crosses above 
an involution, and even though the involution extends upward to 
the base of the solum, the horizons of the soil are not deformed. 
The soil must have formed after the involutions. Thus, the hori
zonation of the Sharpsburg must be younger than the Cary peri
glacial activity. 

Late Willcollllh~-.Recent. Complex and Soils 

INTERFLUVE SUMMITS AND SOILS 

Late Wisconsin-Recent stripping of Tazewell loess from inter
fluve summits not only exposed the Yarmouth-Sangamon and Late 
Sangamon paleosols but the Early 'Wisconsin pediment as well. 
Because the pediment was cut in Kansan till, stripping of the sur
ficial loess has exposed the till to pedogenic processes in Late 
Wisconsin-Recent time. Brunizems have developed in the till, 
and these soils are the Shelby loam. 

Where the loess has not been stripped completely from the inter
fluve summits, the modern Brunizem, Sharpsburg silty clay loam, 
developed in the loess. 

VALLEY SLOPES ..A,ND SOILS 

The Late Wisconsin-Recent valley slopes truncate not only the 
older paleosolic surfaces but also the Tazewell loess and Kansan 
till. 

Evidence demonstrates the younger age of the valley slopes 
relative to the stable upland surface of Tazewell age. (1) They 
angularly bevel the sequence of geomorphic surfaces. Because the 
youngest geomorphic surface is the Early Wisconsin pediment, 
they must be younger than Early Wisconsin. (2) They angularly 
truncate the sequence of Pleistocene deposits. Because the young
est deposit is Tazewell loess, they must be younger than Tazewell. 
(3) They angularly bevel the regional weathering zonation in 
Tazewell loess. Because the weathering zonation is Late Wiscon
sin, they must be younger than Late vVisconsin. (4) They pass 
downward under alluvial fills whose basal layer is probably 6,800 
years old. There'fore they cannot be older and are probably 
younger; they must be of Recent age. (5) They have gradients 
of 6 to 15 percent, on which erosion is to be expected. 

The Sharpsburg silty clay loam occurs on the Recent valley 
slopes in Tazewell loess (fig. 65). This kind of Sharpsburg soil 
(litters morphologically and in profile properties from the Sharps
burg soil th~tt occurs on the stable Tazewell upland. In no sense 

.. 
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can the sloping Sharpsburg and the level Sharpsburg be con
sidered members of a toposequence.~it The two kinds of Sharps
burg soils occur on two geomorphic surfaces of different ages. 
Five. lines of evidence each separate one geomorphic surface from 
the other. The sloping Sharpsburg occurs in the beveled oxidized 
and leached zone of the Tazewell loess. 

Recent valley slopes also bevel the intensely mottled lower zone 
of the oxidized and leached Tazewell loess as well as the basal 
deoxidized and leached loess. The Sharpsburg silty clay loam also 
was formed in these kinds of parent material. 

The Kansan till is truncated by the Recent valley slopes (fig. 
65). Brunizems, classified as the Shelby clay loam, and the 
Regosol, Steinauer clay loam, was formed in the till. 

SIDE-VALLEY WATERWAY ALLUVIUM AND SOILS 

Soils classified as the Arbor silt loam (fig. 65) was formed in 
the side-valley waterway alluvium. Poetsch ~u considers these soils 
to be both Brunizems and Wiesenbodens (Humic Gleys). 

The foregoing information is necessary for understanding the 
genetic, geographic, and classification characteristics of the soils 
of the Greenfield quadrangle. The soils are described and dis
cussed in detail in the succeeding chapter of this report. 

as A toposequence is a sequence of soils whose properties are functionally 
related to topography as a soil formation factor (1, p. 440). 

aD Poetsch, Ernst. 1956. Soil profile variation in alluvium: Unpublished M.S. 
Thesis, Iowa State College • 

.. 




Chapter 3 

Soils of the South Turkey Creek Area, Greenfield 

Quadrangle, _Adair County, Iowa 


hy 1t1l)'JllOIUI n. J)aJ.licil! und John f:. Cudy. s(.Iilscienlisls, Soil COIIHervulimt 
Servic(! 

Introduction 
The Gt'eenfield quadrangle is in Adair County, Iowa, and takes 

in the area of T. 75 N. to T. 77 N. and R. 30 W., and the eastern 
part of R. 32 W. Within this quadrangle is the South Turkey 
Creek study area. It consists of all or parts of sections 12 and 13, 
T. 76 N., R. 32 W., and sections 7, 17 and 18, T. 76 N., R. 31 W. 

Here was carried out the detailed study of the influence of land
scape evolution on soil genesis and the relationship between geo
morphic surfaces and soil geography. Fundamental information 
obtained should provide basic data for soil classification and pos
sible prediction of future erosion and weathering. 

Soils 

'rhe study area is ill the Shelby-Sharpsburg-Winte~:-i,:i; ';.-:>il asso
ciation at'en (fig. 67). Most of the soils investigated are Bruni
zcms formed in Tazewell loess, Kansan till, or valley-side alluvium 
(table 28). Paleosols and Regosols were described and mapped 
and a large area of undifferentiated soils in recent alluvium was 
mapped but not studied (table 28). Several variants or sub
divisions of soil series were found that have not been reported 
in recent soil Sllf-veys of nearby counties (.57). 'l'he Shelby series 
was separated Tnto units 21 and 21A by different depths to car
bonate and unit 22, a sandy subsoil variant. A Shelby-Steinauer 
intergrade, unit 23, was mapped. Three units (11, 12, and 13) 
within the Sharpsburg series could be separated. Unit 12 is ap
parently similar to the 0- to 2-percent slope phase of the Sharps
burg as mapped in Taylor County (57, pp. 45-46). 

Two new soil series were established during this investigation. 
The Adair series consists of soils of the uncovered late Sangamon 
surface. These soils formerly were included with both the Lagonda 
and Shelby series. Soils like the Arbor series in valley-side allu
vium were included with the Shelby series. 

i,aboratorg Procedures 

The laboratory analyses were completed in the Mandan, N. Dak., 
and Beltsville, Md., soil survey laboratories. 
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TABLE 28.-Soils (series) recognized in the South Turkey Greek area j 
oGreenfield >Series Phase Parent material Geomorphic surface quadrangle t"" 

unit No. 

~ 
Sharpsburg__ 'l'azewellioess______________ _ Tazewell __________________ _ ll~ 
Sharpsburg __ 0-1 percent ________________ _ Tazewellioess______________ _ TazewelL _________________ _ 12 Z 
Sharpsburg __ Tazewellioess______________ _ Late Wisconsin-Recent______ _ 11 ... 
Sharpsburg__ _ Deoxidized substratum ______ _ Tazewell loess ______________ _ Late Wisconsin-Recent ______ _ 13 ::
Shelby_____ _ Moderately shallow to car Kansan tilL _______________ _ Late Wiscousin-RecenL _____ _ 21 ."" 

dbonate.Shelby______________________ _ Deep to carbonate __________ _ Kansan tilL __ Lute Wisconsin-Recent ______ _ 21A rn
Kansan tilL _______________ _ 1)1) I::fShelby, sandy subsoil variant __ _ Lute Wisconsin-Recent. _____ _ 

Shelby-Steinauer intergrade ____ _ Knnsan tilL _______________ _ Late Wisconsin-Recent ______ _ 23 ~ 
Steil~auer_____________________ , ___________________________ _ Kansan tilL _______________ _ Late Wisconsin-Recent______ _ ')4. > 
Clarmd!L_______________________ _ Kansan tilL _______________ _ Y armou th-Sangulilon _______ _ 303 ~ 
Adair, variant A __________________________________________ _ Lat.e Sangalllon _____________ 4111::Pedisediment und Kansun tilL 
Adair __ Pedisediment and I(ansan tilL Late Sangumon____________ _ 41B ~ Adair________________________ . ____________ _ Kunsan tiIL _______________ _ Late Saugamon ____________ _ 42 
Adair-Clarinda intergrade ______ _ PediBediment and Knns!m tilL Late Sangalll(JO _____________ 35 ~ Alluvium__________________ _ Redent____________________ _ 

50 >
Arbor __ Side-vulley waterway allu- Late Wisconsin-Recent. _____ _ 51 ~ 

vium.
Olmitz __ Side-valley waterway allu Late'Visconsin-Recent______ _ 53 g

vium.----------------------------1 Ei 
d 

~ 
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SOIL ASSOciATIONS 
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FIGURE 67.-Location of area studied with reference to soil association areas 
of southwestern Iowa. 

METHODS 

Particle-size distribution analyses were made by the method 
described by Kilmer and Alexander (27) and Kilmer and Mullins 
(28). 

The pH was determined by a Beckman pH meter using a glass 
electrode; '3oil-water ratio was I-I. 

Organic carbon and extractable cations were determined by 
methods described by Peech et al. (41). A 77 -percent recovery 
factor was used for calculation of organic-carbon percentages. 
The macro method was used for determination of exchangeable 
cations. The following changes were made in the extractable 
cation procedures: (1) A 25-gram soil sample was leached with 
250 m!. of ammonium acetate. (2) A cerate titration for calcium 
was used instead of the permanganate method. (3) Sodium and 
potassium were determined by flame spectrophotometry. 

Total nitrogen was determined by a modified A.O.A.C. Kjeldahl 
method using boric acid for collection of the distillate. 

Calcium carbonate equivalents were dete.l,"mined by acid neu
tralization method. 

All data are reported on an oven-dry basis. 

Exposed Paleosols 

Late Wisconsin-Recent erosion in the Greenfield quadrangle re
moved the loess mantle from valley slopes and intermediate level 
ridges and uncovered the Yarmouth-Sangamon and late Sangamon 
paleosols. These paleosols now occur on the modern surface as 
narrow bands below the high divides (48, p. 443). 
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FIGURE 68.-Relation of soils to geomorphic surfaces: A-A (pI. V: C.23, 
4.44-F. 53, 4.0)30: B-B' (pI. V: C.33, 3.65 - C.53, 4.16); C-C' (pI. V: 
c.n, 3194 - D.26, 311). The numbers key with unit numbers in the 
last column of table 28. The broken lines between Tazewell and late Wis
consin-Recent show the approximate boundaries between these geomorphic
surfaces. 

Paleosols of the Yarmouth-Sangamon surface in Kansan till 
are on a swell and swale surface with a local relief of 5 to 10 
feet (fig. 68; 48, p. 445). The topography caused drainage dif
ferences and soils comparable to modern Planosols, Humic Gley, 
and Gray-Brown Podzolic soils formed (48, p. 449). The different 
great soil groups were put in the Clarinda series (pI. V; 3IB) 
because the area covered by each group is too small to separate at 
normal map scale. 

As shown in Chapter 2, the intermediate topographic level in 
the South Turkey Creek area is controlled by the late Sangamon 
surface. This erosion surface was cut into Kansan till below the 
level of the Yarmouth~Sangamon surface and is marked by a stone 

au Grid coordinates on plate V are designated in the following manner: PI. 
V: C.23, 4.44: C.23 is located 23/100 of the distance between grid lines C 
and D. 4.44 is located 44/100 of the distance between grid lines 4 and 5. 
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line on Kansan till. The. stone line is overlain by finer textured, 
transported sediment derived from the till. The late Sangamon 
surface is mantled by Wisconsin loess in most places, but late 
Wisconsin-Recent erosion has removed part of the loess and ex
posed the paleosols (fig. 46: 41, 42). These paleosols are classified 
as the Adair series. The paleosols are truncated by late Wisconsin
Recent erosion. In areas the complete solum is present but in 
other places only the B horizon is left. Three mapping units, one 
a complex, cover this range of conditions (pI. V). 

Three paleosols are described here-a buried Yarmouth-Sanga
mon paleosol on the crest of a swell; a late Sangamon paleosol 
exposed intact, Adair silt loam, which has an A, B, and C horizon 
sequence; and a truncated soil, Adair clay loam, that has B2 and 
Ba horizons exposed at the surface. 
Yarmouth.Sangamon paleosol (pI. V: H.58, 4.00) 

A2b Grayish brown (10YH. 5/2) 40 light H silty clay loam; weak fine platy 
0-10 inches structure; friable; leached Kansan till; gradual boundary. 

Bib Urayish brown (lOYH. 5/2) medium silty clay loam; weak fine sub
10-15 inches angular blocky structure; friable; gradual to clear boundary. 

Gray to dark gray (10YH 5/1 to 4/1) r,lay; moderate fine subangular 
15-34 inches blocky structure; thick continuous clay skins l2j firmj gradual boundary. 

Bab Grayish brown (2.5Y 5/2) clay; weak medium subangular blocky 
34-46 inches structure; thin continuous clay skins; firm; gradual boundary. 

Clb Olive gray (5Y 5/2) medium clay loam; massive; leached Kansan till. 
46+ inches 

B'h 

Adair silt loam (pI. V: E.O, 2.33) 

AP Very dark grayish brown (lOYH 3/2) silt loamj weak fine granular 
0-6 inches structurej friable; leached late Sangamou pedisediment; clear boundary. 
PA·.H Dark brown (IOYR 4/3) silt loam; weak fine and medium subangular 
6-LO inches blocky structure; peds tend to be arranged in a very weak squamose 

fashion; friable; dear boundary. 
PBI Dark brown (7.5YH 4/3) light silty clay loam; moderate subangular 
10-17 inches structure; discontinuous white silt coats on the surfaces of the pedsj 

firm; stone line at base of horizon; clear boundary. 
IIP13. l:t Dark gmyish brown (1OYR 4/2) clayj weak subangular blocky struc
17--37 inches lure; thick continuous clay skins; interiors of peds gmyish brown and 

yellowish red (2.5Y 5/2 and 5YR 4/8); slickensides commonj firm; 
leached Kansan till; gradual boundary. 

·10 Munsell colors of moist soil unless otherwise stated. 
11 Heavy loams and silt loams and light, medium, and heavy clay loams are 

used throughout the profile descriptions. This is done to show the estimated 
differences in texture because many of the horizons within a profile are 
within one textural class. Estimated range of clay content for each sub
division of a textural class is as follows: Heavy loam and silt loam, 20-27 
percent; clay loam and silty clay loam; light, 28-32; medium 32-36; heavy, 
36-40 percent. 

·12 Clay skins are described as thin, medium, or thick. Thin clay skins form a 
definit-e gelatinous coating on the peds but are not easily visible in cross sec
tion with a hand lens. Medium clay skins are easily visible in cross section 
with a hand lens, thick clay skins without a hand lens. Thin coatings are not 
visible in cross section; they may be pressure faces since the ped surface is 
smoother than the interior and the surface is not waxy. 

·13 Roman numerals preceding A, B, or C indicate differences in parent ma
terial (77). 

H 'l'he uppercase letter P designates a paleosolic or relict horizon (55). 
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IIPB, Dark grayish brown (H)YR 4/2) clay to heavy clay loam; abundant 
37-44 inches fine and medium grayish brown and dark reddish gray (2.5Y 5/2 and 

5YR 4/2) mottles; weak medium blocky structure; thin continuous 
clay skins; firm; gradual boundary. 

IIPC, Variegated dark yellowish brown and yellowish red (lOYR 4/4 and 
44+ inches 5YR 4/8) medium clay loam; massive. 

Adair clay loam (pI. V: F.06, 3.83) 
A, \'ery dark brown (lOYR 2/2) light clay loam; weak fine granular 
0-8 inches structure; firm; leached Kansan till; gradual boundary. 
PB. Dark grayish brown (lOYR 4/2) light clay; moderate fine subangular 
8-22 inches blocky structure; thin continuous clay skins; firm; graduul boundary. 
PE, Dark grayish brown (lOYR 4/2) heavy clay loam; weak medium 
212-40 inches blocky structure; continuous thin clay skins in vertical channels in tlte 

lowcr part of the horizon; firm; gradual boundary. 
PC, Dark brown (LOYR 4/3) medium clay loam; common grayish brown 
40+ inches (2.5Y 5/2) streaks and strong brown mottles; mttssive; firm; leached 

Kansan till. 

The Yarmouth-Sangamon paleosols are highly weathered, as 
shown by the absence of megascopic weatherable minerals, the high 
clay content of the B horizon, and very thick sola (48, p. 450). 
The late Sangamon paleosols are less weathered and have mega
scopic weatherable minerals in the B horizons. 

Late Sangamon paleosols are similar to Gray-Brown Podzolic 
soils but '11any of them h~lve stronger chroma and redder hues 
than the modern Gray-Brown Podzolic soils in Iowa (48, p. 451). 
The B horizons of the paleosols have a reddish cast in road cuts. 
On detailed examination the exterior color of the peds is grayish 
brown (2.5Y 5/2) due to clay skins, and the interior colors are 
yelIowish red (5YR 4/8) to dark grayish brown (10YR 4/2). 

The Adair-Clarinda intergrade soils occur in the transitional 
zone between the Yarmouth-Sangamon and the late Sangamon 
geomorphic surfaces and have characteristics of paleosols on both 
surfaces. The B horzion ranges from the intense gray of the 
Clarinda series to the dark brown and dark grayish brown of the 
Adair series. The Adair-Clarinda intergrade soils contain mega
scopic weatherable minerals throughout the profile. These soils 
do not have a stone line. Pedisediment, if present, cannot be 
differentiated from the underlying Kansan till. 

The paleosols have developed black to very dark brown (10YR 
2/1 to 2/2) A horizons 4 to 12 inches thick since exposure on 
the modern surface. The white silt coatings on the ped surfaces 
in the Bl horizon of the late Sangamon paleosols, and in some 
places in the upper part of the B:! horizon, are absent where the 
paleosol is buried. These silt coatings probably indicate the start 
of destruction of the Bl horizon by the downward extension of 
the A~ horizon. 

Paleo-Geomorphic Surfaces and Soil Geography 

Several factors make mapping paleosols of the Yarmouth
Sangamon and late Sangamon surfaces a problem. The area occu
pied by one type of paleosols is not large. Paleosols are exposed 
in narrow bands on the valley slopes; only on the intermediate
level ridgetops are there large areas (pI. V). These soils are 
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truncated and the characteristics of each site depend upon the 
horizon sequence exposed (fig. 68: 31B, 41, 42) as in the distinc
tion between the Adair silt loam and Adair clay loam. 

On parts of the landscape where the Yarmouth-Sangamon and 
late Sangamon surfaces join, the paleosol pattern is complex (pI. 
V: 1.0, 5.5). But separation of the paleosols is relatively easy 
once the relation between the old geomorphic surfaces and the 
modern landscape are understood. In the South Turkey Creek 
area, the Clarinda series occurs only on the high level divide posi
tions and the Adair series on the intermediate level. The series 
have distinctive morphological characteristics, and the1itt'erent 
topographic levels are easily seen in the field. But there are excep
tions. An Aftonian gumbotil that would be included in the 
Clarinda series is described in Chapter 2. Thus, if Nebraskan as 
well as Kansan till is exposed on the valley slopes, modern Clarinda 
soils may occur above and below the late Sangamon paleosols. 

Soils of the Tazewell Uplands 

The Tazewell surface is a narrow strip on divides in the South 
rrurkey Creek area. Across divides its slopes are less than 1 per
cent and down divides less than 3 percent (pI. V). 

There are distinct weathering zones in the Tazewell loess that 
influence modern soils. This zonation in the center of the divides 
is: 
Oxidized and 
leached zone 
(surficial soil). 

~lott1ed 	 Dark grayish brown (lOYH. -J/2) light silty clay loam; many 
grayish brown (2.5Y 5/2) and few strong brown (T.5YR 5/6) 
mottles; mlLBsive; this subzone grades downward to the under
lying grayish brown zone. 

Grayish brown 	 Grayish brown (2.5Y 5/2) light. silty clay lonm; common fine 
und medium strong brown and yelluwish brown mottles; 
mll.ssive; boundtLry usually a strong brown (7.5Ylt 5/6) sofl iron 
band 1 to 2 inches thick. 

Deoxidized and 

leached zone. 


Uloyed 	 Grayish brown (2.5Y 5/2) mntrix; segregation uf iron oxides 
into yellowish red lind dark reddish brown (5YR 4/u lind :~/'J); 
pipestems nnd mottles; abrupt boundary. 

In areas under the gently convex divides and the sloping ridge
tops (fig. 69, A-A', pI. V: C.19, 4.53-D.06, 4.85) the mottled and 
grayish brown zone in some places is a brown zone. Across the 
convex and level divides the lower gleyed zone may thicken in 
the direction that the Yarmouth-Sangamon surface slopes (fig. 
69). 

The mottled and grayish brown zones probably are old fea
tures of a postdepositional wet period. The lower deoxidized and 
leached zone is known to perch water after the spring thaw and 
rains. The areas where this zone crops out on the valley slopes 
(fig. 69, B-B', D-D') often are saturated after periods of high 
rainfall. This condition may h:we been the cause of the lower 
deoxidized and leached zone. In places modern slopes cut across 

http:4.53-D.06
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FIGURE GO.-Distribution of weathering zones in the Tazewell loess: Oxidized 
and leached zone: S, surficial soil; M, mottled; GB, grayish brown; B, 
brown. Deoxidized and leach zone: G, gJeyed; F, Farmdule. Unit 11 soil 
D was sampled at section 2; unit 11 soil C at section 5; and unit 13 soil F 
at section O. 

the weathering zonation in the loess (fig. 69, B-B', D-D') and 
exposure of the various zones is a factor in determining the color 
in soils on the modern slopes. 

Two members of the Sharpsburg series occupy the Tazewell 
surface (table 28; pI. V) : unit 12 on the level divides only and 
unit 11 on the gently convex divides and ridgetops. 

A unit 12 Sharpsburg silty clay loam on a level divide (fig. 70; 
pI. V: C.23, 4.4'1) has the fol1owin~ morphology: 
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Profile A, unit 12, Sharpsburg silty clay loam (fig. 70; pI. V: C.23, 4.44): Slope 0 per
cent; cultivated field. 

AlP Black (lOYR 2/1) light silty clay loam; massive; friable; leached 

0-6 inches Tazewell loess; abrupt boundary. 

AI. Black (lOYR 2/1) which crushes to very dark gray (lOYR 3/1); light 

6-15 inches silty clay loam; weak to moderate granular; friable; gradual boundary. 

AB Mixed very dark grayish brown (lOYR 3/2) and black (10YH 2/1); 

15-18 inches medium silty clay loam; weak to moderate subangular blocky structure; 


friable; grudulli boundary. 
Bll Dark gruyish brown (lOYH 4/2) with SOllle mixing of very dark gruy 
18-21 inches (LOYR 3/1) medium to heavy silty clay loam; moderute fine subangular 

blocky structure; thin continuous clay skins; friable; gradual boundary. 
Btl Dark gruyish brown (LOYR 4/2) heavy silty clay loum; weuk medium 
21-28 inches subangular blocky; thin to medium continuous clay skins; friable; 

grudual boundary. 
B. 	 Dark gruyish brown (10YH 4/2) medium silty clay loam; few fine 
28-4:3 inches 	 distinct grayish brown (2.5Y 5/2) mottles; weak medium blo<:ky struc

ture; peds are arranged in weak to moderate, medium to coarse prisms; 
prisms are cuvered with a thin coat of dark grnyish brown (2.51' 4/2) 
silt grllins; thin discontinuous clay skins lire visible between the silt 
COllt; friable; grudutll boundary. 

C 	 Dark grayish brown (lOYR 4/2) light silty clay loam; common distinct 
43--72 inches 	 yellowish brown to strong brown and grayish brown (2.51' 5/2) mottles; 

modemle coarse prismatic structure; thin discontinuous dark grayish 
brown (lOYR 4/2) clay.skins on vertical prism faces; friable. 

C D I 	 J-

I 	 I I 
I 

4 -----1--

Profile Site 

SCQle 

O!<;=I===iJ~J;;;o<=========~,!l'Z.O r t 

FIGURE 70.-Location of soils sampled in Tazewell loess. The hatched area 
is uneroded and stable. The rest was eroded in late Wisconsin or Recent 
time. 
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This soil is different from most other Brunizems because it has 
a black At horizon. But the colors of the B horizon and the grad
ual boundaries between master horizons are typical for Brunizems 
(65, p. 159). 

In unit 12 profiles, B horizons have 6 percent more clay than 
A horizons and 7 to 8 percent more clay than C horizons (fig. 71). 
Clay illuviation is indicated by the thin to medium clay skins in 
B horizons. The horizon of maximum clay in both soils is 24 
inches below the surface and has about 38 percent clay (table 29). 
(The description of profile B is in the appendix.) The high base 
saturation and pH in the surface of profile B may be due to cal
careous dust from a gravel road or to agricultural limestone. 

The morphology of Sharpsburg soils on the gently convex ridge
tops of the Tazewell surface is different from that of soils on the 
level divides. This is shown by the following description (Unit 11) 
a Sharpsburg silty clay loam (fig. 70 d; pI. V: C.37, 4.03). 

Profile D, unit 11, Sharpsburg silty clay loam (fig. 70; pI. V: 0.37, 4.03): Slope 2 per
cent, slightly conv('x: cultivated field. 

AlP "cry dark brown (lOYR 2/2) light to medium silty clay loam; cloddy; 
0-6 iucheB friable; leached Tazewell loess; abrupt boundary. 

'4 <O.002mm Clay '4 Ba •• Saturation 
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FIGURE 71..-Dintribution with depth of clay, percent base saturation, and 
organic carbon of soils on the Tazewell surface. A andB, unit 12 profiles; 
D and E, unit 11 profiles. 
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AS "ery dark brovm (lOYR 2/2) medium silty day loam with some 
&-9 inches mixing with dark brown (lUYR 3/3); weak fine and very fine sub

angular blocky structure; friable; clear boundary. 
BZI Dark brown (lOYR 3/3) medium to heavy silty clay loam with mixing 
9-18 inches of very dark grayish brown (lUYR 3/21 in upper 4 in('h~s! we!1k to 

moderate fine to very fine Bubangular blocky structure; thlll dIscon
tinuous clay skins; frinble: gradunl boundary. 

B." Dark grayish brown (lOYR 4/2) medi\ul1 silty (~lllY loam; few tine faint 
HH!5 inches strong brown mottles; weak to moderate fine subangulnr blocky struc

turc; thin continuous ell,y skins; mudenLtely friable; gradual boundary. 
B31 Dark grnyish brown (lOYR 4/2) light to medium silty day loam; 
25-35 inches common tine fllint grnyish brown l:!.5 Y 5/2) lind few fine distinct 

strung brown arid yellowish brown mottles; moderate medium blocky 
structure; peds Ilre Ilrrllnged ill weak medium prisms; Illoderntely 
friable; gmduat boundary. 

Bn \'nriegntcd dark grayish brown und gnlyish brown (lOYR 4/2 und 
35-43 inches 2.5\' 5/'2) light to medium silty clay loam; comllWu fine distinct strong 

brown mottles Ilnd few fine distind dlLrk oiddes; weak medium course 
bloeky stru(:ture lIrranged ill weak medium prisms; friable; graduul 
boundllry. 

C, Vnriegated grayish brown lind durk bwwu (2.5Y 5/2 and 7.5Y 4/4) 
43-72 in(,hes light silty day loum to heavy silt loam with few fine distin.ct durk oxides; 

IIlllssive; friuble 

Unit 11 profile E is closer to the level divides than profile D 
and in many of its properties intergrades toward unit 12 (fig. 
71), This is shown by the deeper clay maximum in profile Ethan 
in unit 11 profile D (table 30). The organic carbon content and 
its decrease with depth and the base saturation of profile E also 
is more like unit 12 soils than unit 11 profile D. 

The Sharpsburg soil studied by Hutton (21, pp. 426-427) is 
morphologically similar to these unit 11 profiles but the horizon of 
maximum clay was at 34 to 37 inches and had 34.2 percent clay. 

Soils of the Late Wisconsin-Recent Complex 

The complex cut-and-fill late Wisconsin-Recent geomorphic 
surface now occupies the largest part of the landscape in the South 
Turkey Creek area (pI. III). During the formation of this sur
face the loess and till were eroded and the Yarmouth-Sangamon 
and late Sangamon paleosols exposed. Areas in and around the 
valley-side waterways were filled with alluvium. 

Soils' of the late Wisconsin-Recent surface are members of the 
Sharpsburg, Shelby, Arbor, and Olmitz series. Sharpsburg soils 
have formed in loess, Shelby in till, and -the Arbor and Olmitz in 
valley-side alluvium. 

Units 11 and 13 of this geomorphic surface are in loess, have 
ditl'erent morphologies, and occupy different parts of the land
scape. Unit 11 soils are on the low summits and convex valley 
slopes an'd their morphology is similar to unit 11 soils of the 
Tazewell surface. These soils are above exposed Yarmouth
Sangamon and late Sangamon paleosols but similar soils also are 
on early Wisconsin pediments and valley slopes below the paleo
sols. The slopes of unit 11 soils are 6 to 12 percent. The unit 13 
soils are on concave slopes at or near heads of drainageways and 
on convex slopes in topographic saddles and between closely 
spaced drainageways. 

http:distin.ct
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28'3! .2 .3 .5 1.4 ft·!, 5 33 t 33.2 33.0 5.7 

21,2:; n:: .1 .1 .4 1.4 63.5 34.5 37.1 32.0 S.6 .41 .A7 0.7 

30.5 15.4 8.9 5.4 .2 .6 S2 oB" ., 	 :z:31·35 .1 .3 1.5 65.2 32.7 33.4 33.5 Ii.S 28.5 lb.O 8.2 4,4 .4 .Ii 84 
353tl Bit .1 .3 1.3 65.S 32.3 34.3 33,0 6.1n" .;; 2j).3 15.2 8.4 4.8 A .5. S4 
3(l43 Bit .1 :2 .3 1.4 6,~.3 32.7 3~A 32.5 6.1 29.4 15.7 S.5 4.3 .3 .6 : s..~ Z 
43 48 (' .1 .3 1.2 65.!l 32.5 34.2 3.'1.1 6.3 29.7 15.5 8.6 4.6' .4 .6 84 til .,4SM (' .1 .4 1.3 6; ~7 30.3 37.6 31.6 6.3 27.8 14.9 8.1 3.9 .4 ,5 86 o 
54 ..60 (' .1 :2 .3 1.5 r>8.s .our t 3tl.9 30.6 6.4 26.6 14.5 8.0 3.3 .3 .5 8S c: 
n0-66 {' .1 ., 

.4 1.1 69.3 28:9 36.0 34.(1 6.4 27.4 14.7 8.1 3.S .3 f .5 86 :i 
1\6'72 (' .1 :2 .3 1.2 69.S 28.4 36.3 34.9 6.4 26.4 14.3 7.9 3.4 .3 .5 87 ~ 

PROFII.E r:. en.Tly....TED (PI.. \', 1.32. a.34) ~ 
(}ll A,l' 0.1 0.3 0.3 0.5 1.2 IH.5 33.1 35.9 30.1 6.4 2.16 .1114 11.1 30.1 16.7 4.7 7.9 -0.1 O.S 73 
(HI Au .2 .2 .4 1.1 62.3 35.S 33.1 30.5 5.2 i.W .lS0 11.0 29.5 ~.2 5.1 11.6 -.1 .6 61 i

/.'l 

... 	 639-12 .2 .5 1.1 61.2 ~6.S 31.4 31.2 5.3 1.75 .152 11.a 29.4.' :.: .:':l .6 
12-16 A,g, .1 .3 '.~ .4 1.2 38.0 2t1 •.s 31.4 5.4 1.44 .125 l1.a 30.0 t:'= .~ .6 67 (5A" 	 t'j ~ ~.~~ L -:1 

.; ~!l.~
15-1(1 B:, .2 .4 .9 ~9.1 35.6 30.7 30.1 5.6 1.08, .95 11.4 31.3 ~!i h "': 7 ~.~ 1 ... .5 71 ~ 
19·..22 .2 :2 .4 .9 59 .. 5 3S.S 29.1 31.5 5.8 .SO .73 11.(1 32.0 ~ ~ ~ ·S.i'r· z..~ ..3 i .6 76 >B" 	 ~1!;\ 7 ~ ,')22...26 fin .1 .2 .3 1.1 60.3 35.0 !?!L7 31.9 5.S .61 .60' 10.2 31.9 1" '. 	 .5 ii 

-~< ~ .. ~" ';- ~ ....
26·30 B,. .1 .1 .3 1.3 61.1 37.1 31,4 31.2 ~.~ .44 .48 9.2 :..... 31.6 15:5 	 .6 SO 
30-33 13. .1 .1 .2 1.3 63.6 34.7 33.1 31.!J 	 15.2 s:s· 6.1 .-.. :; , ; .5 so 

S.6 5.9 .5 so 
3(t-3n il, .1 .\ .3 1.3 64.0 ~H.2 32.2 33.3 5.9 .......... ' ..... .- •• _••• , 30.4 la.2 8.8 \ 5.7 "l ~ .a 81 
39-13 H, .1 .2 .4 1.4 65.0 32.9 34.9 31.7 ".9 .. " ........ > ...........1 31.0 15.9 8.8 5,4 :3 .6 S2 

33-3('; B, .2 .2 .4 1.4 64.2 33.6 34.S 31.0 5:7:::::~ ::::>::::::,:::::. ~g:~ 14.9 

43-48 {', .1 .2 .4 1.4 04 ..7 33.2 34.0 32.3 5.8 ._._ .. L .... • " .... _.' 30;7 lii.9 8.8 5.1 ,4 .5 83 
48-54 (', • .1 .1 .3 1.2 66.0 32.3 33.9 33.a 6.2 • .... ..... • ...•.•. ' 30.2 la.9 8.8 4.3 ,6 .6 86 
54-60 {'. .2 .2 .5 1.3 6i .3 30.5 31.5 37.4 6.0 . 29.9 15A 8.4 4.3 1.3 .5 86 
no· 66 {', .1 .2 .5 1.5 68.6 29.1 35.9 34.5 n.3 28.4 15.0 8.4 3.9 .6 .a 86 ....
66-72 {', .1 .2 .6 1.1 69.7 2S.3 34.5 36.7 6.2 .......... _. _.... 26.6 1-1.2 8.0 3.4 .4 ,6 81 	
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FIGURE 72.-Distribution with depth of clay (0.002 mm.), percent base 
saturation, and organic carbon of soils in post-Farmdale loess under the 
late Wisconsin-Recent surface. Note: Unit 11 soils, C and G; unit 13 soil, 
F. 

A unit 11 Sharpsburg silty clay loam on a convex slope has the 
following morphology: 
Profile C. unit 11, Sharpsburg silty clay loam (fig. 70; pI. V: C.37, :3.91): ~l()pe i.i per

cent, convex; cultivut(!cl field. 

All' \'ery dark brown (lOYH 2/2) mediulll silty clay loam; cloddy; friable; 
0-6 inches leached Tazewell loess; clenf boundary. 
AB \'ery dark grayiah brown (lOYl{ 3/2) nnd brown (lOYR 4/3) medium 
G-9 inches silty l~hlY loam; weak fine subllilgulnr blol~ky sirudure; friable; gradull.1 

boundary. 

B'I Dark hrown (LOYR 3/3) medium silly ('lay loam with few very dark 
9-12 inehcs grayish brown (lOYR 3/2) coats; wenk to moderate fine subllngulur 

blocky strueture; thin discontinuous ('lay skins; friable; grndual 
boundary. 

B~l Brown (lOYR 5/3) grnding tl) dark brown (lOYR 4/3) medium silly 
12-21 inches elllY 100un; few fine faint gmyer lind browner muttles in the lnwcr 2 

in('lIes of this horizon; weak to moderate fine 8ubangulnr bl()(!ky stru\' 

Lure; thin discontinuous ehty skins; friable; grlld\lIllto ditTusc uouudary. 


Ba Durk gr$Lyish brown (LOYR 4/2) light silty ('lay loam; fe\\' fine grayish 

21-36 inches brown (2.5Y 5/2) and strong hrown mottles IUld few fine diBtin('t durk 

oxide concretioIls; weuk mcdium ulocky stna:turc; friuble; difTuse 
bOlludnry. 

C\I \·nriegu.tcd gmyish brown (2.5Y 5/2) l\lld dltrk gmyish bruwlI (lOYH. 
36-6(1 inc'heB 11/2) heavy silt kmm to light silty dl~Y loum; IllllliSive with a tClldenej' 

for very weak eOI\.~se prismatie sLrudwc; friable; grndual boundary. 
CJ: Light brownish gray (2.5 Y 6/2) light silty ('lilY IOSlm; common fine und 
6G-n inches medium, distinet strong brown lI\oltles grading to durk reddish brown; 

/Ilussive; moderntely frinble. This horizon is the lower d4(lxidized lind 
lenched zone, 

Clay skins in the B horizons of unit 11 profiles are thin and 
discontinuous to continuous but they are not conspicuous, Thin 
sections of profile G were studied and clay skins were seen in the 
C l horizon (see appendix). The AB horizon, however, had the 
largest amount of segregated clay as old, distorted former clay 
skins, though there are few clay skins now on ped faces. Figure 
72 and tables 31 and 32 show the distribution of several proper
ties with depth in the soils of the late Wisconsin-Recent surface. 



TABLE 31.-Analysis of Sharpsburg silty clay loam (unit 11) 

PROFILE C, CULTIVATED (PL. V: C.37, 3.19) 

Extractable cations 
Dc-

, Size class and particle diameter 

Or- Ca~ion- I grcf s: 
Depth Hori- Very Coarse Me- I Hne Very Tex- gan- Ni- CaCO, ex- of Z 

(in- zon coarse sand dium sund fine Silt Clay 0.2-
Ul 

0.02- tural pH it;: tro- C/N o;3uh'- chunge bas, t::' 
ehes) sand (1- sand (0.?-5- sund (0.05- ( <0.002 .02 .002 >2 cl:u3s car- u ent ogen ca- Ca Mg II Nu K But· 

(2-1 0.5 (0.5- (0.10- .002 mm) mnl mm mm bon pacity ura.10 timl >mm) mm) .25 mm) .05 mm) (Bum) >t! 
mm) mOl) t1:I 

------------------------------------------------------- ._-------- ~ Per- Per- Per- meq/ meq/ meq/ meq/ meq/ meql l~e, 

cent ~ent cent cent cent cent cent. certt cent cent cent ant cent 1000 1000 100g 1000 1000 100u cen 
Per- Per- Per- Per- Per- Per- Per- Per- Per- Per- o 

5.9 1.80 .162 11.1 27.7 15.4 3.0 8.5 0.2 0.7 6 ~0-6 A,P 0.1 0.2 0.1 0.3 1.5 61.9 35.9 35.1 28.5 ----- - ------ ------ ..,
6-9 A,B, - .1 .1 .2 1.4 60.1 38.1 31.8 20.8 ------ - .---- 5.7 1.40 .124 11.3 ------ 27.9 14.8 3.0 8.5 .2 .4 7o 
9-12,B!I - .1 .1 .~ 1.1 61.5 36.9 31.6 31.3 _... _--- . ----- 5.7 1.00 .96 10.4 ------ 32.4 15.8 8.1 7.7 .2 .6 7 (5 
12-15 En - .1 .1 1.0 63.1 35.5 31.3 32.9 --- -_. ------ 5.8 .78 .77 10.1 .----- 32.5 16.4 8.4 6.0 .2 .6 7 Z 
15-lS B" - - - -

.~ 

.8 64.2 35.0 31.9 33.1 -- .. _- -- ---- 6.1 .56 .62 !l.0 ------ 31.8 16.4 8.4 6.1 .3 .6 8 
.1 .6 65.5 33.8 31.7 5.9 .47 .5~ 8.9 - .. ---- 27.0 14.2 7.2 5.6 .3 .6 8 Z18-21iB" - - - 34.5/"----- -----

21-241B, - - - .1 .6 66.2 33.1 32.4 34.5 ____ ._ 5.9 28.1 13.8 7.7 5.6 .4 .6 8 
34.5 ______ rn14.8 8.1 5.2 .3 .6 824-27IB, - - - .1 .9 67.4 31.6 33.9 5.9 20.0 o36.0 _. ____ 20.1 15.3 8.1 4.8 .3 .G 827-3ClIB, - - - .1 .n 68.3 30.8 33.2 6.0 

30-33 B, - - - .1 .7 69.5 20.7 35.8 34.5 ------ G.I ... ----- ----- ---- ---- _.. 28.9 15.5 7.9 4.6 .3 .6 8 
-----~ 

33-36 iB, - - - .1 .7 69.6 29.6 33.8 36.0 ------ ------ 6.1 ------ ----- ---- ------ 20.0 15.5 7.0 4.6 .4 .6 8 
36-42,C, .- - - .1 .8 69.5 29.G 36.2 34.2 ------ ------ 6.2 ------ ----- ---- .. ~---- 28.9 15.2 8.8 3.9 .4 .G 8 ~ 
42-48,C, - - .1 .3 1.1 60.2 20.3 38.8 31.7 - ... ---- -----~ 

6.3 ------ --- .. - - ... -- --- ... -- 27.9 15.2 7.8 3.9 .4 .0 8 
~ 4.8-54 C, - - .1 .4 1.4 71.4 26.7 40.8 32.3 ------ ------ 6'{ ------ ----- -- -- ------ 26.3 14.1 7.3 3.9 .4 .6 8 

54-60 C, - .1 .2 .6 1.7 71.7 25.7 41.1 32.7 ------ ---- -- 6.5 -_._-- ----- ---- ------ 23.4 13.0 7.0 2.5 .4 .5 8 
60-66 C, - .1 .1 .5 1.6 71.5 26.2 41.2 32.2 ------ ------ 6.5 ------ ----- ---- --- ._- 23.4 13.2 G.O 2.6 .3 .4 8 

66-721D - .1 .1 .3 .8 72.1 26.G 37.8 35.3 ----- ... ------ 6.5 ----- - ----- ---- ----- ... 26.0 13.7 7.5 3.9 .4 .5 S ~ ... 
o 

PROFILE G, CULTIVATED (PL. V: 1.55, 4.34) ~ , 
0-5iAIP 0.0 0.1 0.2 0.4 0.8 60.7 37.8 31.6 30.1 <1 sic] 6.1 1.59 ----- ---- ------ 33.9 17.7[ 7.3 8.3 0.1 0.5 5 

.5-9,A-B I .0 .0 .1 .3 .6 61.4 37.6 30.5 31.6 <1 siel 5.8 .98 ----- ---- ------ 33.3 17.0 8.1 7.6 .1 .5 
 7 
9-22 B, .0 .0 .0 .0 .0 67.3 32.7 32.4 34.9 <1 siel .6.0 .44 ----- ---- ------ 30.8 16.1 8.2 5.8 .1 .6 1 


22-37'B, .0 .0 .1 .2 .6 68.6 30.5 30.9 38.4 <1 sicl 6.2 .23 ----- ---- ------ 29.2 16.31 8.1 4.0 .3 .6 6 

37+ IC 
 .0 .0 .1 .3 .6 71.2 27.8 37.8 34.2 <1 Bicl/ 6.2 .14 ----- ---- ------ 27.2 14.7 8.1 3.4 .4 .6 88 

BilI .... 
~ 
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TABLE 32.-Al1alysis of Sharpsburg silty clay loam, deoxidized substratum ~ 

Depth
(in

ches) 

~ 

0-6 
6-9 
9-12 

12-15 
15-18 
18-21 
21-24 
24-27 
27-30 
30-34 
34-38 
38-43 
43-48 
48-54 
54-60 
60-66 
66-12 

Hori- Very Coarse 
zon coarse sand 

sand (1
(2-1 0.5 
mm) mm) 

-------
Per- Per
cent cent 

A,p 0.1 0.2 
All - .1 
All - .1 
A,B, - .1 
B, - .1 
B, - .2 
D, - .4
D, - .4 
D. - .3 n, - .1 n, - .1 
C, - .2 
C, - .2 
C, 

I 
- .2 

C, - .2 
C, - .3 
C, - .1 

PHASE (t:NIT 13), PROFILE F, CULTIVATED (PL. V: C.56, 4.5) 

Size class and particle diameter 

01'-1 I?:~ 
I IlIledi- Fine Very ganic Ni- C/N CnCG ex

um sand fine Silt Clay 0.2 0.02 pH car tro ~uh~ t!hange 
sand (0.25 sand (0.05 «0.002 .02 .002 bOll gen a cnt en.- Ca 
(0.5 .10 (0.10 .002 nun) mm mm parity 
.25 mm) .05 111m) (sum) 

rum) mm) 

---------------------------
Per- Per- Per P;rr- Per- Per- Per- Per- Per- Per meq/ ""q/ 
cent cent cent cent cent cent cent cent cent cent 1000 1000 
0.1 0.3 1.8 60.7 36.8 33.8 28.9 5.7 2.15 .201 10.7 ---_ ..  33.6 15.1 

.1 .2 1.0 59.8 38.8 31.3 29.6 5.6 1.80 .154 11.7 ---- .. 33.5 14.6 

.1 .2 1.1 60.1 38,4 31.6 29.7 5.7 1.48 .131 11.3 ----- 34.7 15.5 

.1 .2 1,1 60.7 37.8 31.6 30.3 5.8 1.16 .106 10.9 --- - 32.4 15. I 

.1 .2 1.1 62..1 36.1 31.9 31.6 5.8 .74 .74 10.0 ----- 31.7 15.3 

.1 .2 1.1 63.4 35.0 32.1 32.5 6.0 .59 .64 9.2 -_ ..... - 32.0 15.5 

.2 .2 1.1 64.5 33.6 31.8 33.9 6.2 .47 .54 8.7 30.3 15.6 

.4 .5 1.1 65.6 32.0 32.6 34.4 0.2 ----"" ---- - ------ ----- 31.0 15.8 

.2 .3 1.2 67.3 30.7 33.5 35.2 6.5 ------ ------ --- .. -- ----- 28.0 15.2 

.1 .2 1.0 68.8 29.8 35.9 34.0 6.6 26.9 15.1 

.1 .2 1.0 67.7 30.9 34.7 34. I 6.6 ------ ------ ------ ----- 26.9 15.0 

.2 .3 1.3 67.9 30.1 35.2 34.2 6.7 ----- ------ ------ --- - 26.0 15.5 

.1 .3 1.1 68.8 29.5 35.5 34.6 6.9 ------ ----- ------ ----- 26.4 15.1 

.2 .4 1.1 70.8 27.3 36.7 35.4 7.0 ----- ----- ------  ..-.- 26.1 15.0 

.2 .5 1.3 70.8 27.0 39.4 33.0 7.0 ----- ----- - ---- ----- 25.7 14.8 

.3 .8 1.9 69.3 27.4 38.4 33.3 7.1 ----- ------ ------ ----- 26.2 14.4 

.2 .5 1.2 69.8 28.2 37.6 33.7 6.9 ------ ----- ----- ----- 25,1 14.9 
---

Extractable cations 

1.1g H Na 
I 

------
",eq/ meq/ meq/ 
1000 1000 100g 

6.7 11.0 0.1 
7.5 lU.5 .3 
7.7 10.3 .4 
7.9 8.7 .3 
8.3 7.2 .3 
8.7 6.9 .3 
8.5 5.4 .2 
8.7 5.6 .3 
7.9 4.1 .2 
7.9 3.1 .2 
8.1 2.9 .3 
8.1 2.8 .3 
7.8 2.6 .3 
7.7 2.5 .3 
7.9 2.1 .3 
7.7 2.3 .2 
7.7 1.6 .3 

De
gree 
of 

base 
!{ snturt 

tion 

---
meq/ PM'
100g cent 
0.7 6 

.7 C 

.8 7 

.4 7 

.0 7 

.0 7 

.0 ~ 

.0 ~ 

.0 ~ 

.6 ~ 

.6 ~ 

.6 ~ 

.6 g 

.6 g 

.0 ~ 

.0 g 

.6 g 

,7 
8 
o 

8 
2 
2 
5 
8 
9 
o 
o 
o 

~ 
t" 
tlj 

C 

~ 
~ 
Z .......,. 
~ 

c 
[n 
I:l 

~ 
> 

~ 
.~ 
o 
'>j 

> 
Cl:a 
(5 
C 

~ :a 
l"l 
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LANDSCAPE EVOLUTION IN SOUTHWESTERN IGWA 

The morphology of a unit 13 Sharpsburg silty clay loam soil is: 
Profile F. unit 13. Sharpsburg silty clay loam (fig. 70; pI. V: 0.56, 4..51): Slope 6 per

cent, slightly concave; cultivat{!d field. 

AlP 	 Black (lOYR 2/1) medium silty clay loam; weak medium to fine blocky 
0-6 inches (fragmental) str)lcture; friable; leached Tazewell loess; clear boundary. 
AI2 Very dark brown (lOYR 2/2) light to medium silty clay loam; moderate 
6-12 inches fine subangular blocky and fine to very fine granular structure; friable; 

gradual boundary. 
AS Mixed very dark brown and dark grayish brown ClOYR 2/2 and 10YR 
12-15 inches 4/2) light to medium silty clay loam; moderate fine and very fine sub

angular blocky structure; friable; gradual boundary . 
B. 	 Dark brown (lOYR 3/3) medium to light silty clay loam; few fine faint 
15-21 inches 	 grayish brown and dark yellowish brown (lOYR 5/2 and IOYR 4/4) 

mottles; moderate to weak fine subangular blocky structure; thin 
discontinuous day skins; gradual boundary. 

B3 	 Dark grayish brown (lOYR 4/2) medium to light silty clay loam; 
21-38 inches 	 common fine and medium grayish brown (2.5Y 5/"2) and strong brown 

grading to yellowish red and dark reddish brown mottles; weak to 
moderate fine and medium blocky structure; thin discontinuous clay 
skins; friable; diffuse boundary. 

0 1 	 Grayish brown (2.5Y 5/2) light silty clay loam; common prominent 
38-72 inches 	 $trong brown to yellowish red and dark reddish brown mottles; weak 

c'parsc prismatic structurl., vertical faces of the prisms extend to 6 feet 
and at this depth are very coarsc; moderately friable. 

The A horizons of unit 13 profiles are 5 to 12 inches thick and 
are very dark brown (10YR 2/2) to very dark gray (10YR 3/1). 
The B~ horizons are dominantly dark brown (10YR 3/3) but are 
often mottled in the lower part. The Bs horizons are dark grayish 
brown (lOYR 4/2) to dark brown (10YR 4/3 to 3/3), but the 
interim's of many peds are grayish brown (2.5Y 5/2) like 
the C horizon. This grayish brown C horizon is the characteristic 
feature of this unit. 

The drainage class of this unit depends upon the topographic 
position and the loess zone it is in. All unit 13 profiles, saddle of 
valley slope sites; have gray colors in the C horizon and they are 
in the lower grayish brown subzone of the loess. Thus the gray 
colors are inherited. But drainage is impeded by the fine-textured 
paleosol that underlies the lower deoxidized zone. The paleosol 
surface usually slopes from the center of the divides to its out
crop. If the level area of the divide is large, soils in loess above 
the paleosol outcrop would be influenced by seepage water moving 
laterally over the paleosol and they would be moderately well 
drained. In areas not thus influenced by the paleosol the soils 
would be well drained in spite of their color. 

Soils an Valley $iope& in Kansan Till 

Soils in Kansan till, excluding paleosols, formed after late Wis
consin-Recent dissection. Excluding the alluvial valley, these soils 
cover 50 percent of the area below paleosol outcrops. Their topog
raphy is made up of convex to straight valley slopes and low level 
spur ridges that have slopes of 6 to 20 percent (pI. V, 21A,21, 
22, 23, 24). Kansan till has a range in texture from light clay 
loam to sandy loam. Sand lenses of varying thickness occur 
within or below the soil. The depth to carbonate in some areas 
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FIGURE 73.-Location of soils in Kansan till and valley-side alluvium. The 
hatched area is Tazewell surface, uneroded and stable. All other non
alluvial surfaces were eroded in late Wisconsin or Recent time. 

ranges from 12 to 96 inches in a horizontal distance of 5 to 10 feet. 
Five soils in Kansan till were mapped. Four of the mapping 

units, 21A, 21, 23, and 24, designate soils with different depth to 
carbonate and degree of profile development. Unit 22 includes 
soils in coarse-textured till. Earlier work (57, pp. 48-51) recog
nized various slope phases of the Shelby series but not these 
depth to carbonate units. 

The morphological properties of unit 21A, Shelby clay loam, 
deep to carbonate phase (fig. 73, H); unit 21, Shelby clay loam, 
moderately shallow to carbonate phase (fig. 73, J) ; and unit 23, 
Shelby-Steinauer intergrade (fig. 73, L) are given in the following 
descriptions: 
Profile H, unit 21A, Shelby clay loam (fig. 73; pl. V: H.37, 5.73): Slope 12 Percent, 

convex; bluegrass. 

All Very dark brown ClOYll 2/2) medium silty clay loam to clay loam; 
0-4 inches moderate to strong very fine granular structure; friable; leached Kansan 

till; clear boundary. 
Very dark brown (IDYll 2/2) medium silty clay loam to medium day 

4-9 inches loam; moderate to strong fine granular structure; friable to firm; clear 
boundary. 

A/2 
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AB 	 Very dark grayish brown (lOYR 3/2) medium clay loam to medium 
!}-13 inches 	 eilty clay loam with some mb:ing of dark brown (10YR 4/3); moderate 

£ne subangular blocky structure; friable to slightly firm; gradual 
boundary. 

B21 Dark brown (IDYll 4/3) heavy clay loam; moderate fine subangular 
13-22 inches blocky structure; thin continuous clay skins; firm; gradual boundary. 
B..; 	 Dark brown to dark yellowish brown (IOYll 4/3 to lOYR 4/4) heavy 
22-·30 inches 	 clay loam; few fine strong brown mottles; weak to moderate fine and 

medium subangular blocky structure; medium continuous clay skins; 
firm; gradual boundary. 

B'l 	 Dark gra'yieh brown to dark brown (IOYR 4/2.5) medium to heavy clay 
30-37 in(;hes 	 loam; weak medium blocky structure; interior of peds are grayi~'h brown, 

dark yellowish brown, and :.trong brown (2.5Y 5/2, lOYR 4/4, and 
7.5YR 5/6); thin to medium continuous clay skins; firm; gradual 
boundary. 

B,. 	 Dark grayish brown to dark broWn (lOYR 4/2.5) meuium clay loam; 
37-43 inches 	 few fine to medium grayish brown and strong brown (2.5Y 5/2 and 

7.5YR 5/6) mottles; weak medium to coarse blucky structure; thin 
continuous clay skins on vertical surfaces and thin discontinuous clay 
skins on horizontal surfaces; firm; abrupt boundary. 

B Dark grayish brown (lOYR 4/2) medium day loami common olive 
" gray to gray (SY 4/2 to 5/1) streaks which range up to 2 inches long 43-54 inche!. 

and ;{ inch wide; common fine to medium strong brown (7.5YR 5/6) 
mottles; very weak medium find coarse blocky structure; thin continuous 
clay skin" on vertical surfaces and thin discontinuous clay skins on 
horizontal surfaces; calcareous Kansan till; few white firm carbonate 
concretions less than Y.1 inch in diameter; difTuse boundary. 

C 	 Variegated dark grayish brown to brown and grayish brown (10YR 
54+ inches 	 4/2.5 and 2.5Y S/2) light clay loam; common fine and coarse strong 

brown. (7.5YR 5/7), few to common fine and coarse yellowish red (5YR 
4/0) and few fine olive brown (2.SY 4/4) mottles; massive; thin dis
continuous clay skins on vertical cleavage planes; calcareous Kansan 
till; common carbunate concretions less than Y.1 inch in diameter. 

Profile J, unit 21, Shelby clay loam (fig. 73; pI. V: H.52, 5.33): Slope 4 percent, convex; 
mixed bluegrass and timothy pasture. 

AI Very dark brown (lOYll 2/2) medium clay loam to medium silty clay 
0-6 inches loam; weak to moderate fine granular structure; friable; leached Kansan 

till; clear boundary. 
AB 	 \'ery dark grayish brown (lOYR 3/2) medium clay loam to medium 
6··10 inc)les 	 silty day loam with some mixing of black and durk brown (lOYR 2/1 

and 3/3); moderate fine and very fine 5ubllngular blocky structure; 
friable; .clear bUllndary. 

B~ 	 Dark brown (lOYR 4/3) medium clay loam with some mixing of very 
10-19 inches 	 dark grayish brown and very dark brown (lOYR 3/2 and 2/2) :llong 

vertical channels; moderate fine subangular blocky structure; thin to 
medium continuous clay skins; slightly firm; clear buundury. 
Brown (lOYRS/3) medium clay loam; few to common fine und medium B"

19-33 inches 	 gray (5Y 5/i) and few fine strong brown mottles; weak medium blocky 
structure; thin continuous clay skins; firm; abrupt boundary. 

B32 	 Dark yellowish brown (lOYR '1/4) light to medium clay loam; common 
33-48 inches 	 medium to coarse gray (5Y 5/1) mottles and streaks; weak medium to 

coarse blocky structure; thin continuous day skins becoming discon
tinuous in the lower part of the horizon; firm; calcareous Kansan till; 
common white soft to very hard carbonate concretions and limestone 
fragments less than H inch in diameter; gradual to diffuse boundary. 

C 	 Brown (lOYR li/3) light to medium clay loam; common gray (5Y 5/1) 
48-60 inc;hes 	 streaks less than ;{ inch wide; common fine to course strong brown 

(7.5YR 15/6) mottles; massive; thin discontinuous clay skins on vertical 
cleavage planes; firm; calcareous; many white soft tu very hard carbon
ate concretions and limestone fragments less than 1 inch in diameter. 
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Profile L. unit 23. Shelby-Steinauer intergrade (fig. 73; pI. V: FA, 2.76): Slope 4 per
cent, convex; bluegrnss. 

Al Very dark brown (IDYR 2/2) light clay loam; dark gray (JOYR 4/1) 
0-6 inches dry; weak to moderate fine granular structure; friable; leached Kansan 

till; clear boundary. 
AB V~)ry dark grayish brown (IDYR 3/2) medium clay loam with some 
6-10 inches mixing I'lf dark brown (IDYR 4/3); dark grayish brown (lOYR 4/2) 

dry; moderate fine and very fine subangulur blocky structure; friable; 
clear boundary. 

B21 Durk brown (10YR 4/3) medium cluy loam with an appreciable mixing 
10-14 inches of very durk grayish brown (LOYR 3/2) and some dark brown (lOYR 

4/3); moderate fine Bubangulur blocky structure; thin continuous cluy 
skins; friable; leached, but contains fe\\' white carbonute concretions 
<Y8 inch in diameter; abrupt boundary. 

B22 	 Dark brown (lOYR 4/3) medium clay loam with some mixing of 
14-l!J inches 	 yellOWish brown (IDYR 5/4) and very dark grayish brown (lOYR 

3/2) colors that appear to be worm channel fillings; few fine dark 
brown (7.5YR 4/4 to 4/6) mottles; few fine moderate fine subungular 
blocky structure; thin continuous clay skins; friable; ca.lcareous Kansan 
till; common white carbonate concretions with a maximum diameter 
of Y2 inch and u range of consistence from soft to hard; gradual 
boundary. 

B31 	 Dark brown and yellowish brown (lOYR 4/3 and 5/4) light to medium 
l!J-28 inches 	 clay loam; few fine grayish brown and dark brown (2.5Y 5/2, 7.5YR 

4/4 and 4/6) mottles; weak medium to fine subangular blocky structure; 
thin continuous to discontinuous clay skins; friable; calcareous; muny 
white carbonate concretions and limestone fragments loose to hard 
in diameter; < Y8 inch to 1 inch and in consistence from loo.se 
to hard; gradual boundary. 

B~2 	 Brown (IOYR 4/3 to 5/3) light clay loam; few gray (5Y 5/1) streaks 
28-34 inches 	 7:1 inch wide and 2 to 4 inches long; arrangement is both horizontal 

lLnd vertical; few strong brown (7.5YR 5/8) streaks 1 to 2 inches wide 
with a vertical orientation; these streaks extend from the top of the Ba. 
to the C horizon; few ,iistinct dark oxides on structural aggregates; 
weak medium to coarse blocky structure; discontinuous thin clay skins; 
firm; calcareous; many white carbonate concretions and limestone 
fragments < Y8 to Vi inch in diameter; soft to hard; gradual boundary. 

C 	 Variegated brown to yellowish brown (lOYR 5/3 to 5/4) light clay 
34-48 inches 	 loam; few medium to coarse brown to dark brown mottles; maEsive; 

firm; calcareous; common white carbonate concretions and limestone 
fragments < Y8 to Y2 inch in diameter. 

Although depth to carbonate is greater than 40 inches in unit 
21A, 20 to 40 inches in unit 21, and less than 20 inches in unit 23, 
these soils have morphological properties common to most Bruni
zems (65, p. 159). A transition horizon occurs between the A and 
B horizons (fig. 7lt), and the structure of the B horizon is weak 
to moderate. The boundary between the dark brown B horizon 
and the C horizon is diffuse in units 21A and 21, but in unit 23 
the B horizon may extend downward into calcareous material. 

The hor,\zontal and vertical variability in texture of Kansan 
till is much greater than it is in loess and accounts in part for the 
textural differences between and within mapping units (fig. 75, 
tables 33, 34, and 35). The variation in depth and amount of 
carbonate of the till influences the base-saturation curves. 

Except for a thinner solum in unit 23 than in unit 21A or 21, 
the major :tield difference found among the soils was the depths 
to carbonai;e. The units are closely associated on the landscape 
in an apparently random pattern (pI. V). In one pit (soil K) 
there were carbonates at depths of 17 to 32 inches so units 21 
and 23 were present in. the same pit. 
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FIGURE 74.-A, Shelby clay loam (unit 21A) profile H. E, Shelby-Steinauer 
intergrade (unit 23) profile l'vI. 
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FIGURE 75.-Distribution with depth of the clay, percent base saturation, 
and organic carbon of profiles in Kansan till. Land M. unit 23 profiles; 
J and K, unit 21; H and I, unit 21A. 

The following observations indicate that depth to carbonate 
is due to variation in the parent material and not to slope or 
landscape positi""" ~1) No slope group or topographic position 
has a single depth to carbonate (pl. V: 21A, 21, 23, 24). (2) The 
depth to carbonate differs on the same valley slope or spur ridge 
summit (pl. V: H.O, 4.5, 21A, 21, 23; H.52, 5.33:...H.48, 5.36). (3) 
l'he steeper slopes may be leached free of carbonate to greater 
depths than adjoining slopes of lesser gradient (pI. V: H.37, 
5.73-H.48, 5.36). (4) vVhere the depth to carbonate is greater the 
carbonate content, in general, is smaller (tables 34, 35). 
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TABLE 33.-A71alysis of Shelby clay loam, deep in carbonaie (1I1~it 21A) 

l'HOJ··ILE n, BLUEGRASS (PL. V: H.37. 5.73) 

I L___._____ ~~~r:dian:~r________ , :, ,I ICal- !._~~~~:.dable ~'liolla IDe- s: 
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t:lI . j , ! II I 'I " Or· I f ion· :. I /gruc CD 
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D~p(h Hori.: Yery Coarse 1I1e· 11~inc Ycry 'I'ex· ; gan- Ni. ('nCO. l'X-, I ! of 

1 
ches) , sand! (1- !sand 1(0.25-! snnd ,(0.05. «0.002/ .OZ .002 >2 class I ,.ar-I gen I I':3cnt I c~· ! cal' Mg I11 Na J( jt I,al. ~ 

I (2-1 I 0.5 j (0..5- .10, (0.10-, .002 I I1Hnl 111m nun 111m I bon I !I",rlly u.r"' M

_.J___ ~:'~~ ~:~i_~~:J_=I~;~I;~~l I~:~I- ..._, __1 _______-'_._'___" ____t(~~t:I_.____ __J~_.__I~ ~ ___1 I 

~ I I t f I J I I I 
o 
t" 

1'er· I per'l1'e.T' ! Per· " I'er- 1Per· I Per- II'<r' Per· per.,' j 1'<I·ll'er' '. Per· I ",eq/ •""q/I meq/' ",eq/! ""q/ ",eq/. I'er- ..,
Cfllt j celli ce~t! ce~t ! cent t) ccflt: ce!lt ct~t r.~'1t cellt . c.ent I') relit I t ret!1 f 190U ~ lOOy . 100(1 IlOOq t lOOu IOO(J: cent 

c:: 
0·4 All 0.4, 1.7 _,8 ".8, 4,_ 53,4 .11.7! 3.).0, _4.8 <I Slel 5,5, 3.1_0.30410.3,._. ___ } 30.8 14.9; 5.0,10.5,<0.1 0.4, 60 o 
4-0 ·A" ,4' 1.7. 2.6' 5.0 3.0 52,2' 34.2, 33,1 1 25.sl <I'"id 5,0 2.06, .ZOO.W.O"'_'_l 29.6 l5.\! 4.6; 9.5! <.1 .41 68 z 
O-13A-B .2. 1.61 2.6 5,2' 4.4 51,4i 34.0, :12.61 20.01 <Il"iel 5.61, 1.50! .16.1,9.71,""-'1 28.7.15.41 4.6 ' 8.3 .1 .3. 71 

13·22 B" 1.0, 2.21 3.4! ILO· 5.2 40.0, 35.6/' 30.4, 24,41 <1:sicJ 5,71 .521 ,065 8.0 ..•. _., 26.3! 14,71 5.4. 5.0, .1 ..1: 78 z 
22-3013" 1,7 3,6, 5.4.i lO.O, 8.11 33.21 37.1 27.7 10.51 <l'cl 5.9.- ... --1 ..1" L ..... l 21.9jI3.1j' 4.4,f 4,0, .1 ,:1: 82 [()
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[()PROFILE I, CULTIVATED (1'1.. I: E.74, 4.24) .., 

, M 
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TXBLE 34.-A llalysis: oj Shelby clay loam, moderately shallow te car/wI/ale (u1lit £1) 	 ~ 
PROFILE J, MIXED 'l'lll!OTHY AND 13Lt'EGRASS (PL. Y: H.52, 5.33) 	 o 

~ 
r<I Size C\tISS lind partit'le di!lmeler ' I I Extrnclnble catiolls \' t::l _._____.___~- __________ ('tIt-l_ --~.--~------. De

l ' I I' I Or- I iOIl- I ,I ,;reo 
c: 

Depth Hon-'
1 

Ycry ,Coarse 1I1e- Fille I Very I I I' I 'rex- gllll- Ni-, ('aro., ex- I of ~I I 
(in- ! zon conrse sand I diUln Isanel , fine ! Silt ('lay 0.2- 0.02- i turnl pll it' tro- '('IN c< uh" chullge I _ . base ~ 
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1 
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1 ~ 
PROFILE K. BL1:EGHASS (PL. V: a.18, 4.17) 	 "l 
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TAIlI..E 35.-Analysis oj Shelby-Steinauer 1'ntergra£ie (unit £IS) 

PROFILE L. BLUEGRASS (PL. V: ]'.4, 2.70) 

~ Size class ulld partido dinmeter ! i I . Extmctubl" cations I t) 
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Shelby-Steinauer intergrade soils (L and M) have the clay maxi
mum above the calcareous horizons and the decrease in the clay 
content is pronounced in the calcareous layers (fig. 75; table 35). 
The solum extends for a considerable depth into the calcar'3ouS 
material. Thin sections showed clay skins in the calcareous hori
zons (thin sections of profile L are described in the appendix). 
The clay maximum in the Shelby-Steinauer soils is higher in the 
solum and thinner than in the Shelby soils (fig. 75). The presence 
of carbonates, apparently, has not only delayed clay formation or 
release but also clay illuviation. Clay movement into calcareous 
horizons is indicated by clay skins but such movement probably is 
minor. Perhaps the clay itself acts as a carbonate-removing agent. 
Some of the increase in clay shown by analysis is relative; it is a 
result of removal of carbonate minerals in coarser size fractions 
and release of clay from carbonate-cemented aggregates. 

The clay distribution in the profiles of soils derived from till is 
similar to that in the unit 11 and 13 profiles both in amount of 
clay in the clay maximum and in the depth range of the clay 
maximum. The presence of clay skins in and below the clay 
maximum indicates that clay illuviation has been active. In the 
till-derived soils as well as the Sharpsburg soils some of the clay 
maximum is due to weathering and release of clay. Clay move
ment, and weathering cause the clay maximum to move downward 
and become greater in degree and thickness. In the Shelby and 
related soils, since the depth and size of the clay maximum ap
pears to be controlled by the lime content and texture of the till, 
it is difficult to assess the effect of age, topography, or erosion. 

Ped faces in the AB horizons of soils K and L are free of 
clay, but the interiors of the peds contain an abundance of segre
gated vriE'nted clay. This suggests that the AB horizon was a 
former B horizon that is now being degraded. Hence it is possible 
that some truncation has occurred. 

The base saturation in the A and B horizons of soils in Kansan 
till, in general, is smaller where depth to carbonate is greater (fig. 
75). This probably reflects differences in carbonate content of 
parent materials because age, vegetation, and climate of these 
soils are similar. In contrast to Sharpsburg soils, variation in 
slope gradient has had but little apparent influence on the degree 
of base saturation. Also, depths to the maximum clay, a pH of 
5.7, and a base saturation value of 75 percent do not parallel each 
other as in the Sharpsburg soils. 

OTHER SOILS IN KANSAN TILL 

Shelby loam, sandy subsoil variant, and Steinauer clay loam, 
formed in Kansan till, do not occupy large areas and were not 
sampled for laboratory analyses. 

Shelby loam, sandy subsoil variant (unit 22), is in areas of 
coarse-textured Kansan till (pI. V). The texture is a loam to 
sandy loam in the surface, but the Band C horizons are sandy, 
loams. 
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Steinauer clay loam (unit 24) is calcareous to the surface. It 
has little horizonation other than a dark (10YR 3/2) A horizon. 
In many places the surface has an accumulation of gravel. 

Descriptions of these two units are given in the appendix. 

Soils in Valley-Side AElul'ium 

Valley-side waterways are spoon-shaped and have ill-defined 
channels. They are numerous on the late vVisconsin-Recent valley 
slopes and range in slope from 4 to 15 percent (pI. V). Valley
side waterway alluvium occurs in and between these waterways 
(pI. V: G.O., 5.0) and between the junction of the valley fill and 
valley slopes. The slopes are 5 to 20 percent. The alluvium is 12 
to about 40 inches thick in the concave and convex areas between 
the waterways; in and around the waterways it is 24 to 182 inches 
thick. 

The alluvium is a light silty clay loam in areas where Tazewell 
loess is the source. It is a silt loam, loam, or clay loam where 
Kansan till is the main source. The thin alluvium between drain
ageways has l'elati vely uniform texture with depth. The thicker 
alluvium in or around drainageways is more variable; its surface 
is a silty clay loam but in some places grades downward into clay 
loams, loams, or sandy clay loams. Poetsch-'" studied a sequence of 
soils along a valley-side waterway (fig. 73, P-595, P-596, P-597, 
P--598; PI. V: F.97, 4.68-F.68, 4.67) and found progressive 
changes in the texture as the distance from the source increased 
(fig. 76). 

Valley-side alluvium possibly is of Recent age because it over
lies Kansan till, Tazewell loess, and late Sangamon paleosols. The 
stone line at the contact between the alluvium and the Kansan 
till can be traced from the valley slopes out under the alluvial fill 
in the valley of South Turkey Creek. 

Stones at the contact between the alluvium and the underlying 
Kansan till are 2 to 80 mm. in diameter. If there is no stone line, 
the contact can be located by the differences in sand content and 
consistence. The alluvium feels silty and is very friable to friable 
whereas the till is gritty and firm. 

Arbor and Olmitz silt loams were mapped in valley-side al
luvium. Olmitz silt loam has a darker and thicker A horizon and 
lower chroma and value colors in the B horizon than the Arbor. 
The surface textures and the depth to Kansan till could not be 
lIsed to separate them because these properties overlap. 

Arbor silt loam (unit 51) is on the upper valley slopes. The 
upper part of the solum is in alluvium and the lower part in 
Kansan till. Hence it differs from the Shelby soils formed entirely 
in Kansan till. Soils like Arbor probably were included with 
Shelby in earlier mapping. The Olmitz silt loam (unit 53) is in 
and around the valley-side waterways on the lower parts of the 
valley slopes (pI. V: G.O, 5.0). It is on convex and concave slopes 
of 5 to 9 percent in alluvium 24 to 182 inches thick. An Arbor and 
an Olmitz profile are described in the following paragraphs. 

.... Paetsch, Ernst. Soil profile variation in alluvium: Unpublished M.S.
Thesis, Iowa State College. 
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FIGURE 76.-Geometric-mean size diameter distribution with depth of profile 
P-U97 (Arbor), P-595 and P-598 (Olmitz), and P-596 (unit 50). Data 
from Poetsch. 

Profile N, unit 51, Arbor silt loem (fig. 73; pI. V: H.5~, 5.2~): Slope 12 per
cent; bluegrass. 

An 
0-5 inches 

Au 
5-15 inches 
AB 
15-19 inches 

£21 

H; -22 inches 

Very dark brown (lOYR 2/2) gritty light to medium silty clay loam; 

moderate to strong fine and very fine granular structure; friable valley

side alluvium; gradual boundary. 

Very dark brown (10YR 2/2) gritty medium silty clay loam; strr"'e; 

fine and medium granular structure; friable; gradual boundary. 

Very dark grayish brown (lOYR 3/2) gritty medium silty clay loam to 

clay loami moderate to strong fine subangular blocky structure; friable; 

clear boundary. . 

Mixed dark brown and very dark grayish brown (lOYR 4/3 and 3/2) 

medium clay loam; moderate to strong fine subangualr blocky structure; 

thin continuous clay skins; friable; abrupt boundary. 
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B22 Dark brown (lOYR 4/3) medium clay loam with some mixing of very 
22-24 inches dark grayioh brown (lOYR 3/2); moderate fine subungular blocky 
(stone line) stnlcture; thin continuous clay skins; base of valley-side waterway 

alluvium; abrupt boundary. This horizon has a concentration of 
pebbles and few cobbles up to 5 inches in diameter. 

HB~ Dark brown (I01:n. 4/3) medium clay loam; weak to moderate fine 
24-34 inches and ffiI:~dium Bubangular blocky stnlcture; medium continuous clay 

skins; firm; leached Kansan till; gradual boundary. 
IlB'I Dark brown (IOYR 4/3) medium day loam; few tine gruyish brown and 
34-15 inches strong brown (2.5Y 5/2 and 7.5Yu' 5/6) mottles; weak medium blocky 

stnlcture; thin continuous clay skins; firm; clear boundary. 
HBn Durk yellowish brown (LOYR 4/4) medium to light clay loam; few fine 
45-55 inchCl! grayish brown, yellowish red and strong brown (2.5Y 5/2, 5YR 4/6 

und 7.5Yu' 5/6) mottles; weak to very weak medium to coarse blocky 
structure; thin discontinuous clay skins; caleareous Kansun till; few 
carbonate nodules < 7s inch iu diameter; gradual to diffuse boundary. 

HC Dark yellowish brown (IOYR 4/4) medium to light clay loam; common 
55-72 inches fine to coarse strong brown (7.5YR 5/6), few to common fine to medium 

grayish brown (2.5Y 5/2) aod few fine and medium yellowish red 
(5Yu' 4/6) mottles; few fine dark oxides; massive; thin discontinuous 
clay skins along vertical cleavage planes; calcareous. 

Profile p, unit 53, Olmitz silt loam (fig. i3; pI. V: E.94, 3.6): Slope 9 percent, concave; 
cultivated field. 

Au' 	 Black (IOYR 2/1) gritty light silty clay loam to heavy silt clay loam; 
0-6 inches 	 bluck (lOYR 2/1) cnlshed and dark gray (lOYR 4/1) dry; weak medium 

granular structure; friable to very friable valley-side ulluvium; cleur 
boundary. 

Au 	 B1uck (IOYR 2/1) gritty light silty clay 10:1m; black to very dark gray 
6-22 inches 	 (lOYR 2/1 to 3/1) crushed, changing to very dark gruy with depth; 

dark gray (lOYR 4/l) dry; weak to moderate fine subangulur blocky 
structure; friable; gradual boundary. 

All 	 Very dark brown (I0YR 2/2) gritty light silty clay loam with some 
22-29 inches 	 mixing of black (lOYR 2/1); very dark grayish brown (lOYR 3/2) 

t:rushed and very dark grayish brown (IOYR 3/2) dry; weak fine sub
angular blocky stnlcture; tendency for the peds to be arranged in very 
weak fine and medium prisms; friable; gradual boundary. 

13.1 	 Very dark brown (IOYR 2(2) gritty medium silty clay loum; few areus 
20-36 inches 	 of bla('k (IOYR 2,'1) :l!ong channels; very dark grayish brown (lOYR 

3/2) crushed, umi dark gmyish brown (IOYR 4/2) dry; weak fine sub
angular blocky structure; thin discontinuous clay skins; friable; gmduul 
boundary.B.. 	 Very dark grayish brown (lOYR 3/2) mediuIll c1uy loam; very dark 

:W-4<i inches 	 grayish brown (IOYR 3/2) crushed; Ilnd dark grayish brown (IOYR 
4/2) dry; weak nne subnngulur blocky structure; thin continuous or 
discontinuous clay skins; peds ure arranged in weak mediuIll prisms; 
friable; eieur boundary. 

B:> 	 Very dark grayish brown (IOYR 3/2) medium clay loum; weak fine and 
-15-51 inches 	 medium su bangular blocky structure; thin discontinuous clay skins; 

firm; dear boundary. The depth to the upper boundary of the stone 
line ranges from 45 to ,Ii inches IIcross the face of the pit.. Stones 
range in diameter from 2 mm. to LO inches; buse of valley-side alluvium. 

lIB" 	 Dark yellowish brown (IOYR 4/4) medium to heavy clay loam with 
51-(i2 inches 	 some mixing of very durk gmyish brown (IOYR 3/2); weak medium 

blocky structure; thin continuous day skins on vertical surfaces uml 
thin discontinuous rIay skins on horizontal surfaces; the clay skins are 
dark gmyish brown (LOYR 4/2); firm Kansan till; gmdual boundaT\'. 

llC, 	 Dark brown (I0YR 4/3) medium clay loam; common fine distinct gruy 
62-81 im'hes 	 (5 Y 51 I) and few fine dark yellowish brown to dark brown mottles; 

massive; thin discontinuous clay skins on vertical cleavage faces; clear 
boundary. 

IIC. Grayish brown (2.5Y 5/2) light clay loam; common medium to coarse 
8HJa im'hes grny (5Y 5/1) and dark brown (i.5YR 4/4) mottles; mussive; 

calcureous. 
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'J'AIIUl 36.-AFialysis 0/ Arbor sill loam (unit 61) 

I'HOFILE N (PL. V: H.M, 5.24) 

Site elM" "ncl I'url.ielu diameter I ,Extract,,!>I. cndona II I~--.- ('at- i Dc· , l! I Or· iOIl' I .,(roo ~ Dellth l/lori. "cr,' :COllrHe 1IIe· Fille V"r>' Hlltio ~Iln_ Ni· c"eo. oJ(' of rn 
(III' : <011 COil,"" ',' "1111d dhull ,,,"d lille Sill. Clny 0.2- 0.02- .ilt! j)1I ic tro.. C/N t'q"h" chunge IblUlC 
ehe.) I "",,,1 (1- HIIIllI (0.25-, "lind (0.05- «0.002 .02 .002 >2 "und cllr- gon "Ierrt c,,· Iea 1\11( II Nn K ""t

(2-1 0.5 (0.5- .I!) (0.10- .002 111 Ill) mill mill mm bon IllICity "m' ~ 
l"lmm} j nun) .25 1I11n) i05 nun) (tmrn) tion 

111111) 111m) ~---1-- -;::=-l-;:~ -;~-: ~=-I~:- -;::;.~ ---;::- ~-::: --;::: P~rw --- -;::~l-- --;:::r::;;- -:;;; tnt'll tntq/-- mtq/ 11uq/ Pt!r
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0-5 ).\" 0,2, 1.0 1.5 2.71 2,0 1i7.0 :15.0 3:1.4 26.!! -I 7.7 5.8 2.53 O.240 10.5)_ ••••• 32,~ 111.8 5.2 0.\1 0.1 0.5 70
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I'ROFII,E 0, CULTIVATED (PL. V: E.!!7, 3.7) 

.1 

0-0 JJA,1' 8.2 8.6
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'l'.\BLE 3i.-A 71aly$l·.~ of Olmitz silty clay /oaTIl (lmit 5S) ~ 

~ 
PHO~·ILE. P, Cl'LTIV....TE.O (PL. \': E,94, 3.6) :::: z 

ol Size cln.'i.S und particle diarnett'r I ~ Extractable CUUOllS I >f '".___. CUl·' Do t< 
C)t "i I I ,Or' t ion· ' I I greeDepth l1l0ri. Yery Course' ~IL~ ~Ine Very , IRlltio· ,gao· Ni·. ,eaeo.\ ex· I I 01 c:: 

(in· 1 .on coar",,!' sand, dium I "and Silt! I 0.2- '. I silt/ ; ;,11 ic tro- :C/N! eqUh"lchalll~e; I .I t<fine Clny 0.02- bW!e 

I 
ehes) , sand, (J- 1 .and ,(0.25- sand (0.05- «0.0021 .02 I .002 I >2 sund I eILr' gen, ulent ca· I ('a lIIg Il Nu K .ILt· t< 

(2-1 1 0.5 '. (0.5-1 .10 i, (0.10- .002 I 111111) ',"1111 mill I 111111 I i bon I p"";tyl,, urn· ~ lIun) ; nun) 1 .25 mm), .05 nun) I ;, If; I' (Bum) I . 'I tionf 
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6-14 '1..1." 1.1' 4.·\. 6.5. 11.9· 6.8! 41.61 27.7' 35.61 19.3 <I 1.4~ 5.4 2.00 .ISO.I1.1 •• _••• 23.5,1O.6! 2.9 9.6 <.1 .4l 59 in 
14-22.1..1.". I 1.0, 4.E,. 5.7:. 10.2:, 6.S: 43.2 ' 29.31 34.6: 20.61 <1; 1.0 5.5' 1.67,.,.• 150.,11.1, •••••. , 24.3, 11.3 3.6 9.t! <.1 .3" m~ o
22-29IA-U .91 3.0; 5.5, 10.6' 6.8· 43,7 28.9 j 35.0' 21.31 <I; l.u: 5.5, 1.27, .120)10.61""" 21.2111.6 3.0 6.21 .1 .3) 71 l'l 
211-3fnU lI I 1.1/ 3.4{ 4.9, \l.8· 5.71 46.111 2;).0 35.31 21.91 <11 1.8 5.8 .94: .097! !l.7,...... 23.8) 12.2 3.1 8.0 .1 .3,' 116 "tj 

36-4610" 1.1/ 3.11 4.5, 9.6 6.6' 45.2 1 29.9! 35.2; 21.91 <1 1.8,6.2 .74, .0Sl, 8.8: .••••• 21.5113.21 3.3 4.5 .1 .4 79 > 
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oPROFILE Q, CULTIYATED (PL. V: F.97, 5.0!1) 

> 
0-7 'A,P • 3.71 3.11 29.01 3fl.l! 24.91 <1 29.5 3.2 8.31 0.1 0.4 72 C'l 

0.91 ~~~t 17.5\ :Il, I 53'~1 3.21 ~.21 ~.47lo.~22111.1 ""--1 
"l 

7-17..1." .9 5.4 4,1 1 54.0 30.21 34.5{ 20.fii <1 3.4 a.8, •. 14 .•00,10.7 •••••• 27.6 15.4 3.2 8.5 .1 .4 69 
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High silt/sand ratios (fig. 77) in these soils probably arerelated to loess in the source area. Low silt/sand ratJios arerelated to a predominance of till in the source area. Generallyhigher silt/sand ratios of the Olmitz soils compared with theArbor probably are the result of greater sorting of~he alluviumas the distance from the source increase~ (fig. 76). The Olmitzoccurs farther from the source than the Arbor. This general trendis reversed when the Arbor soils have source areas containingloess.
These soils have no definite horizon of clay accumulation (tables36, 37). Some clay movement has taken place, however, becauseclay skins are on structural aggregates in the :B~ horizons ofArbor soils, especiaUy in tH!. Well-oriented clay skins are onvoid walls in B horizons of an Olmitz soil.
Base saturation follows the same general pattern as other soilson valley slopes. Profiles 0 and P, however, have lower basesaturation in the surface than other soils on valley slopes. Bothformed in a position where the main source of material was theA2 and B:! horizon of the late Sangamon paleosol. Thus source ofmaterials influences the base status of soils in alluvium.Arbor and Olmitz soils are similar to the cumulative soils discussed by Nikiforoff (39, pp. 227-229). A problem in evaluatingthe genesis of these: is determining the rate of accretion of theparent materials. . 

UNDIFFERENTIATED SOILS IN ALLUVIUM (UNIT 50)
Soils in unit 50 are in the alluvial fill of the South Turkey Creekvalley and tributary and side streams (pI. V). These were notstudied. 

DiscQssion 
Soils in the South Turkey Creek area formed in a variety ofparent materials and, except for paleosols, under two geomorphicsurfaces. The oldest soils on the modern landscape are of theTazewell surface and have been weathering for about 14,000years. Until 6,500 years ago soils of this surface may have had aconiferous and hardwood forest cover. The grass cover of the last6,500 years may have been interrupted; this is indicated byabundant weed pollen at intervals in the McCulloch peat bog (31;54, pp. 687-688).
We think the major period of erosion on the valley slopes islate Wisconsin-Recent because: (1) Slopes cross the sequence ofolder geomorphic surfaces - early Wisconsin, Tazewell, lateSangamon, and Yarmouth-Sangamon. (2) Slopes truncate thesequence of Pleistocene deposits and the regional weatheringzonation in the loess. (3) Slopes can be traced under alluvial fillswhose base is proba.bly 6,800 years old. Therefore, soils on valleyslopes probably are no older than 6,800 years and have formedunder a climate favorable to grass.
Little information is available on the manner and time oferosion of valley slopes during the last 6,800 years. If the base of 
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tne alluvial fill is 6,800 years old, then erosion on valley slopes 
must have taken place since that time because there is 10 to 15 
feet of nlluvium in valley-side wl;lterways (fig. 31). But it is not 
known if erosion on valley slopes was gradual and continuous 
from 6,800 years ago to present, occurred in a series of cut-and
fill cycles separated by periods of stability, or occurred in one 
relatively short period followed by stability. If erosion on valley 
slopes was continuous during the last 6,800 years soils may have 
developed downward into parent material at a rate nearly equal 
to the rate of temoval of materi:;.! from A horizons. If the erosion 
was cyclic, soil formation would be periodically interrupted by 
truncation. Unless the entire solum was removed, B horizons or 
other parts of the former soil wnuld be exposed at the surface and 
be transformed into A horizons by addition of organic matter and 
changes in structure. If the erosion cycle was completed in a 
relatively short time and was followed by a period of stability, 
soils may have formed in relatively fresh material and their prop
ert.ies are the result of one cycle of soil development. Thus, the 
history of soils on the late Wisconsin-Recent surface may be very 
complex. 

The general morphology of soils in loess, till, and valley-side 
alluvium is similar, but there are differences in colors and thick
ness of horizons. Laboratory data show differences in depth of 
leaching, organic matter accumulation, and clay distribution. 

Leaching in the loess-derived soils, as indicated by depth to 
75-percent base saturation, is greatest in unit 12 soils of the 
'l'azewell surface and least in the younger unit 11 soils of the late 
Wisconsin-Recent surface. Unit 13 is more deeply leached than 
associated unit 11, probably because it i:; in a somewhat wetter 
site. Base saturation in A and B horizons of soils in Kansan till, 
in general, is less where depth to carbonate is greater (fig. 75). 
Differences in carbonate content of parent materials probably is 
responsible. Base status of the source of the alluvium, original 
carbonate content of the till, and differences in moisture regime 
at each profile site probably are responsible for the variation in 
base-saturation values of Arbor and Olmitz soils. 

Organic-carbon distribution of loess-derived soils follows the 
same generid pattern in all these soils. But it does drop to lower 
percentages at shallower depths in unit 11 soils, especially those 
with the clay maxima closest to the surface. Organic-carbon dis
tribution in till-derived soils follows the same pattern as the 
loess-derived soils. Greater carbon content in the surface of Arbor 
and Olmitz soils than in associated soOs in till or loess probably 
is a result of the wetter sites and addition of carbon in the al
luvium. 

Clay distribution should rellect some of the dominant effects 
of soil-forming factors because it is a more stable characteristic 
than soil properties such as organic carbon or percent base satura
tion. Loess was a uniform parent material so present clay dis
tribution should be related to the environment in which the soils 
formed. 

Clay distribution patterns of loess-derived soils are in three 
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groups: In unit 12 soils, clay content increases from the surface 
to about 9 inches, then is the same to about 19 inches where a 
second increase begins that reaches the maximum at about 25 
inches. From this maximum there is a steady or regular decrease 
for about 16 inches. Unit 11 soils of the Tazeweil surface do not 
show the stepwise increase and depth to clay maximum is less
18 inches in profile E and 12 inches in profile D. In loess soils of 
the late Wisconsin-Recent surface, the clay maximum is within 
the upper 9 inches. The amount of clay in the clay maximum in 
all profiles is about 38 percent and the shape and slope of the 
lower or return part of the distribution curve is similar in all 
of them. 

Thin-section data on loess-derived soils are incomplete, but in 
unit 11 profile G the horizon with the maximum clay-the AB 
horizon-had the largest amount of old, distorted former clay 
skins and only a few clay skins on ped faces. The faces in the B2 
horizon were coated with thin clay skins and the horizon had 
distinct, well-oriented clay skins in most of the voids; but ped 
interiors had few of the relict clay bodies and are still like the C 
horizon. 

The till is less uniform than the loess. But clay distribution in 
till soils is similar to that in unit 11 and 13 soils in loess. This 
applies to the amount of clay in the clay maximum and to the 
range of position of the clay maximum. Presence of clay skins 
in and below the clay maximum indicates that clay illuviation 
has ~en active. Since depth and size of the clay bulge in Shelby 
and related soils appears to be controlled by lime content and 
texture of till, it is difficult to assess the effect of age, topography, 
or erosion on characteristics of the soil. Thin sections of AB 
horizons in profiles K and L showed that ped faces are stripped 
of clay, but interiors of the peds contain much segregated ori
ented clay, suggesting that the AB horizon is a former B horizon 
that is now being degraded. 

Clay distribution with depth in Arbor and Olmitz soils is ir
regJ.:lar and probably more closely related to texture of the al
luvium and the underlying till than to clay illuviation. Thin sec
tions from the Arbor soils indicate, however, that some clay 
movement into B horizons has taken place, especially into till. 
Olmitz soils have common, well-oriented clay skins on void walls 
in the B horizon. There is little evidence of illuviation in the A 
horizon. The loess- and till-derived soils have distinct clay max
ima and iIluvial clay in surface horizons but Arbor and Olmitz 
soils do not have these features. All these soils occur on the same 
slope units and have similar age, vegetation, and geomorphic 
history. The differences in clay distribution and placement of il
luvial clay horizons may be the result of truncation of the up
slope Shelby and Sharpsburg soils and deposition on Arbor and 
Olmitz soils. Another possible interpretation is that alluvium in 
the Arbor and Olmitz soils had a smaller amount of readily dis
persible, easily moved clay than the associated soils because this 
clay had been washed out when the material was moved from its 
original position. 
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Several possible factors of the environment and events in the 
history of soils and landscapes could e.xplain the observed differ
ences. The differences may be the effect of a combination of a 
number of factors. The soils were in a small area in nearly homo
geneous parent mab'.ll"ials and their characteristics can be com
pared. Comparisons or hypotheses mad~ on the basis of this 
small group of soils may not apply to other soils in other parts
of the region. 

A clay maximum or "clay bulge" can form as a result of 
weathering or i1luviation or a combination of these two processes. 
Petrographic examination and consideration of the cation-ex
change capacities show that part of the clay increase may be only 
apparent. In these soils organic matter does not appear to increase 
exchange capacity, Cation-exchange capacities do not increase 
from C horizons to B horizons as much as the clay itself increases. 
Where there is an increase it is often only roughly related to the 
position of the clay maximum. The composition of the clay 
fraction is the same throughout loess-derived soils; montmoril
lonite is dominant and there are small amounts of mica and 
kaolin. There is no known difference in mineralogy between B 
<~l1d C horizons. Thus, one might conclude that the clay increase 
in the B horizon is produceci by weathering of clay minerals or 
aggregates of silt size, but not. by weathering of primary minerals, 
such as feldspars, in silt, Microscope examination of grains and 
thin sections from C horizons suggests sources of such clay. 
Various types of aggregates, such as 1ron- and silica-cemented 
grains, shale chips, partly-weathered minerals, especially biotite, 
and quartz and fel([spar particles with clay adhering in rough 
spots, could resist dispersion but gradually break down under the 
influence of the soil-forming processes. Clay as a size fraction is 
thus formed by weathering. Some clay is also added by actual 
weathering of primary minerals in soil but the fresh condition 
of weatherable minerals in similar soils (author's observations, 
Marshall and Dow series) suggf'sts that this may be only a small 
part of the total clay increase. Biotite may yield clay and some 
of the easily-weathered ferromagnesian minerals can decompose 
to liberate the ingredients of montmorillonite. 

If weathering alone were responsible for the clay increase 
one might expect to find the clay maximum in the surface or 
near the surface where the processes would be most intense. 
Such a clay distribution is found in till and loess soils of the 
late Wisconsin-Recent surface and is not uncommon in other 
Iowa soils. Production of clay by weathering combined with, 
or followed by, clay destruction could produce a soil with a low 
clay content in the surface horizon and a clay maximum below. 
The broadening and lowered intensity of montmorillonite reflec
tions in X-ray patterns of these and similar soils indicates that 
clay destruction may be a factor in removal of clay from the upper
hol"izons. 

In all profiles in loess there is a slight increase in fine silt above 
a depth of about 30 inches. In some soils (unit 12) the fine silt 
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maximum coincides with the clay maximum; in others it .is below 
the clay muximurn. A particle size change of this kind could be 
the result of weathering, though other interpretations arc equally 
valid. A decrease in fine silt probably is the rC$lult of chemical 
weathering; but physical weathering, especially breaking up 01' 
aggregate grains, eould cause an increase. 

Chty increases pl'oduced by weathering would be expected to be 
greater in older soils in stable h\ndscape positions than in younger 
soils, and greater where agents of weathering Ill'e strongest as, 
for example, in moist sites. 1n the group of soils considered in 
this study, however, the clay maximum is the same in all soils but 
ha~' !l depth range from 6 to 24 inehes. This poses some interesting 
problems for any explanation 01' prolile development. It may be a 
coincidence and have no meaning, 01' it may be the wrong value 
and one should examine depth-volumfl relationships instead of 
weight percentages of clay, 

Weathering, thus, makes <L contribution to increase in clay in 
the uppel' solulll but field and labol'lltol'Y studies show that illuvia
tion has also been important in clay distribution in these soils. 
Clay skins nre seen on peel faces in the field in B horizons; in 
deeper horizons they al'C in channels and tubular voids. 'rhe thin
scdion obsel'valions show that illuviation has been active in the 
study area, Clay skins arc on ped faces in B horizons in unit 11 
profile G, unit 21, unit 23, and in ArbOl' and Olmitz Soils. Very 
thin, intel'l:upted or patchy clay skins arc on faces in A or AB 
horiz()I's of the same profile:;, The only C horizon section available 
was from profile G and it contained prominent, well oriented clay 
:;Idns in must of the voids, Voids arc moslly tubulat· pores. 

Amount and Ilrrangement of clay in ped interiors is also in
dicative of pal-.t illuviation. Stringers and patches of segregated, 
oriented clay scvl'l'al times larger than any of the grains are relics 
of forlller clay-eoated ped faees and collapsed clay-lined voids. 
Some of these arc parallel to present faces and i50me intersect 
exifiting void wall:;. Pressures have caused difitortion, and some 
of these bodies of ('Iay I\l't~ less evident than othel's, Some of this 
reliet, moved tlay may have bO('11 completely reincorporated into 
the matrix. This type of day body has been observed in Gray
HI'own Podzolie soils and other soils in which shrinkage 111\d 
swelling tnkes place. 

This relict, moved day is abundant in tht! B horizOIl 01' the 
Olmitz sample, in unit 21, anti in the upper H horizon of unit 23. 
It is abundant in A horizon:; of units 2\. and 2~~ but scarce in the 
A horizon of thc Olmitz. Profile G unit 11 of the late 'Wisconsin
Recent geomol'phic surface, contains an abundance or sueh clay 
bodies at the 5- lo 8-inch depth, fewer in the 10- to l;>-inch sample, 
and very few in the (\ hot'iz()n. In the C, horizon of this profile 
mm;t of the clay is in silt-size llakeH and irregular aggrcgates and 
gl',tlin coats. There is some pressure orientation but few bodies of 
clay Inrger than the primary gl'llins . .In the H~ horizon ped interi
01:8 resemble the C1 horizon but exteriors al'e coated with clay 
and clay also impregnates the walls of peds, Local patches of this 
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horizon contain concentrations of clay segregations in ped interi
ors. The AB horizon has large areas of illuvial clay in bodies 
larger than the grains that are not associated with present sur
faces. Micromorphological observations indicate that illuvial clay 
is present in the AB horizon of profile G. This conclusion we base 
on comparison with other samples in the study area and on our 
observations on other soils where clay illuviation is well estab
lished. Shelby and Shelby-Steinauer A and AB horizons contain 
more of this type of clay than profile G and Olmitz much less. 

Distribution of clay can be accounted for by a summation of 
processes. A large part of the clay was already present in the 
original parent material. Weathering (including wetting and 
drying, freezing and thawing, chemical reactions, and biological 
activity) breaks up the clay into smaller particles, causes disin
tegration of aggregates, such as partly-weathered grains, and 
causes the formation of additional clay particularly from micas, 
ferromagnesian minerals, and calcic plagiociase. Clay is made 
movable by these same processes, especially as a result of the 
formation of organic-matter-montmorillonite complexes and the 
removal of cemented agents such as iron oxides. Weathering thus 
increases the total clay content of the solum and the increase 
would be greatest where the weathering processes are most 
intense. 

Some clay is probably immediately movable and other forms 
become movable more slowly. Hence the rate of a process of tex
tural profile development by illuviation might be expected to be 
rapid at first then become slower as the supply of movable clay 
made available by weathering dwindled. Ultimately the supply 
of "free" or "parent material" clay would become exhausted and 
further clay accumulation would depend upon weathering of pri
mary minerals, a much slower process. In a mild weathering en
vironment the process might slow down at an early stage. A 
rigorous physical and chemical weathering environment would 
hasten the disintegration of clay aggregates and also bring about 
alteration of primary minerals in a shorter time. 

Movement and accumulation of clay is affected by climate and 
texture of solum material as well as by processes that render 
clay dispersible. When a dry soil is wetted, some clay on sur
faces of aggregates slakes and is brought into suspension. Water 
carrying this clay, moving down pores and cracks and between 
peel faces, is sucked into dry aggregates and clay is filtered 
out on aggregate surfaces or void walls. Clay in suspension can 
move in any direction and as far as the water itself; some clay 
coats may be the result of local lateral or upward water move
ment. Movement of c1ay may go on in a stepwise fashion or in 
successive waves; but it should reach an ~'quilibrium position re
lated to depth of wetting after drying, depth of root systems of 
prevailing plants, and pr'esence of interfering layers such as 
calcareous horizons or texture breaks. Evidence of clay illuvia
tion such as clay maxima and clay skins may reflect past climates 
as well as the present one. 
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Factors Influencing Soil Formation 

Many factors resulting from the geomorphic history of land
scapes, past and present climate and vegetation, and present posi
tion of soils on the landscape have affected soil profile character
istics. 

AGE 

Level divides and interfluve summits where the areas of 
Sharpsburg unit 12 are located have not been eroded and have 
been stable since the end of loess deposition-the end of Tazewell 
time. The higher gently sloping areas of unit 11 such as the 
sites of profiles D and E are also of this Tazewell surface. The 
soils of this surface have been developing for 14,000 years. 

But soils on the valley slopes may be less than 6,800 years old 
and have had about half as long to develop as soils of the Taze
well surface. If the rate of soil formation was constant through
out this time, the oldest J: lofiles should have thicker and possibly 
deeper horizons of clay accumulation and lower base status at a 
given depth from the surface. Organic matter, however, may 
accumulate rapidly and its distribution and amount may not re
flect much of the previous history of a soil or large portion of the 
time of soil formation. 

VEGETATION 

Recent work (53, 54) has shown that the Tazewell surface 
probably was forested at least during the early part of the time 
of formatic.n of Sharpsburg soils. Pollen analyses by Lane (31, 
p. 167) and radiocarbon dating by Ruhe, Rubin, and Scholtes (54) 
suggest that grass has been the dominant vegetation in the 6,800 
years that is the maximum time for soils of the late Wisconsin
Recent surface. 

Smith, Allaway, and Riecken (65) suggested that the gray 
silt coats on the structural aggregates of the Tama silt loam, (a 
Brunizem) were a relict feature of a former Gray-Brown Podzolic 
soil. Shrader (58, p. 336) found that the clay content of surface 
horizons of Gray-Brown Podzolic soils was much lower than that 
of associated Brunizems derived from similar parent materials. 
Greenfield quadrangle soils do not have silt coats nor markedly 
low surface-horizon clay content. Specific morphological char
acteristics that can be attributed directly to the influence of forest 
vegetation are absent. Either the forest had a short-term influ
ence or its effects have been destroyed or obscured by the later 
effects of grass. and possibly soil fauna. Past forest vegetation 
is a possible cause for the location and shapes of the clay maxima 
of the Tazewell-surface soils, however. 

SLOPE GRADIENT 

Slope angle and position of the soil on the slope affect moisture 
regime and erosion. On flat uplands most of the water goes into 
the soil. On straight or convex slopes there is runoff and less 
infiltration. Soils on concave slopes, especially lower slopes, might 
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receive surplus water as )"Llllof], from above or even seepage. This 
difference in moisture amount and penetration has an effect on 
depth and shape of clay distribution maxima ,tnd depth of leach
ing as indicated by depLetion of calcium and magnesium. It may 
also have all effect on organic-matter distribution since greater 
retention of moisture might be expected to fllVor growth of grass 
on flat uplands and on soils in concave positions such as unit 13 . 

.mrosion is another factor that is controlled by gradient, length 
and form o( slope, and vegetation density. Under grass, slopes in 
the units studied are now stable and little erosion is taking place. 
In other climates. and especially during pet'iod of spat'se vegeta
tion, erosion probably did OCCUl', It was zero or minot· on the 
Tazewell surface but probably appreciable in th& areas of late 
Wisconsin-Hecent surlace where profiles C and G were collected. 
Profile F is in a site where accullll1lation could occur. There is a 
possibility that small amounts of clay carried in suspension from 
upper p<lrts of the slopes could have contributed to the supply of 
illuvial Clay in soils in lower positions. 

lIistory of tile Soils 

In soils of the Tllzewell surface the factors discussed-age, 
past and prescnt climate and vegetation, and slope and its elrod 
on moisture infiltration and erosion would all tend to calise the 
formation of deeply leached soils wilh deep clay maxima. Unit 12 
has had a forest vegetation and a moister climate than at present 
and is in it position to lose little water by runofL 'rhe gently 
sloping Tazewell surface areal:! at' unit 11 (profiles D and E) are 
the same age and have had the same environmental history but 
because of their stope and position erosion may occur. 'rhis and 
the dill'erence in moisture infiltration ol1'ers an explanation for 
the difl'cl'ences in leaching and depth to clay maxima between unit 
12 and this part of unit 11. 

~L'he SOils or the. lale Wisconsin-Recent sul'face, however, have 
had a maximum of 6,800 years to form. During this time the cli
nUltic conditions t'av\Ji·e:d grass and there may have been periods 
that were drier than present. The steeper slopes alrected moisture 
movement and supply, depending on position and configuration 
of Lhe slopes. All of the historical and environmental factors 
would (avor the development of It soil with a clay maximum high 
in the solum. With starting material of the san'le texture and com
position, however, shorter time, drier climate, and less inf1ltra
tion might be expected to cause a soil to develop a small as well 
as shallow clay maximum. 'rhe presence of old, distorted clay 
skins in ped interiors and few clay skins on ped extel'iors sllggest 
that AB horizons of many soils are former 13 horizons that are 
now being degraded. This interpretation assumes that soil peds 
are relatively permanent, an assumption that may have little 
validity undel' changing climatic and moisture regimes; but parts 
of peds, at least, should survive. If the interpretation that All 
horizons of loess and til! soils arc former 13 horizons is conect, 
truncation of these soil$ seems plausible. Supporting evidence 
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is the accumulation of exactly the same percentage of clay in 
clay maxima in all loess-derived soils with a variety of depth of 
material above the ml:\ximum. But this involves postulation of 
formation of a profile much like unit 12 in half the time, on a 
steeper slope, and with a' different environmental history. It also 
involves removal of a very uniform amount of material over a 
large area. The occurrence of soils with a shallow clay maximum 
is too widely observed for truncation to be the only explanation 
for this morphology, though it may have occurred in some of them. 

It is also possible that loess-derived soils on valley slopes 
formed an illuvial clay maximum high in the prufile under a drier 
climate. But a smaller clay maximum would be expected under 
these conditions. Possibly the amount of easily moved clay was the 
same at all sites and weathering under either geomorphic sur
face has not been intensive enough to produce more easily moved 
clay than was originally available in the parent material. 

The Tazewell surface is twice as old as the late Wisconsin
Recent surface. By the time the major valley-slope erosion period 
started 6,800 years ago, the rate of clay release and movement in 
unit 12 soils may have slowed to where there was only a small 
supply of readily movable clay in the upper 2 feet. The step in 
the distribution curve of the unit 12 profile may indicate a change 
in weathering conditions that is now releasing a new wave or 
increment of clay. The occurrence of soils possibly truncated 
within the past 6,800 years that have the same clay maximum as 
those of the stable surface suggests a time limit for the attainment 
of release-movement equilibrium. 

Implications of causes for differences in the shape of clay dis
tribution curves in these soils and others are important in geo
morphology and soil science. Further work involving direct obser
vations on soils is needed to determine whether different processes 
produce similar clay maxima in different parts of the solum. 



Chapter 4 

Soil Landscapes in the Thick Loess of 

Central PottawattalDie County, Iowa 


by Raymond B. Daniels, soil scientist, Soil Conservation Service 

Introduction 

To determine the relation between a landscape, its evolution, 
and soil genesis in the Marshall soil association area, a small 
watershed in the south half, sec. 13, T. 76 N., R. 41 W., Pottawatt 
amie County, Iowa, was studied (fig. 76). Stratigraphic and 
geomorphic control could be established because Tazewell loess 
was exposed in a railroad cut at the south end of the area and the 
alluvial fill had been dated (43, W-235). 

Topography of the watershed is typical of the western part of 
the Marshall soil association area. Divides are narrow and gently 
convex to level but are broken at irregular .intervals by topo
graphic saddles. Valley slopes are long and relatively smooth and 
have gradients of 6 to 12 percent. 

The watershed is in the Marshall soil association area but soils 
on valley slopes are of the Monona-Ida-Hamburg soil assodation. 
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FIGURE 78.-Location of study area in Pottawattamie County, Iowa. 
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The major soils in the area (table 39) have been described pre
viously (42, pp. 21-24; 61, pp. 58-66). 

TABLE 39.-Soil series recognized in the vicinity of cut 39 

Series Parent material Geomorphic surface Unit No. 

l\IarshalL _______________ _ Tazewellioess ___ TazewelL ___________ _ 1 
~lonona_________________ _ RecenL_____________ _Tazewellioess ___ 2Dow_____________________ Recent______________ _TazewellloeBB __ _ 4Recent______________ _lI.Ionona-Dow intergrade ___ _ Tazewellioess ___ 41Ida_____________________ _ Recent______________ _Tazewellioess __ _ 6Recent______________ _Alluvium______ _ 5Napier__________________ _ Alluvium______ _ Recent______________ _ 3 

Pleistocene and Recent Deposits 
Kansan till and Loveland loess were exposed in the railroad cut 

(fig~ 79) but were not studied because they do not crop out at the 

'1 m ~ .~~1 
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FIGURE 79.-Pleistocene deposits and weathering zonation of the Wisconsin 
loess along the north face of cut 39. 

surface. Wisconsin loess is the major soil parent material and it 
has several zones. The lowest zone, separated from the overlying 
loess by a buried AC soil profile, is the Farmdale (46, p. 640). 
Overlying the Farmdale are weathering zones that have a regional 
distribution between Atlantic and Bentley, Iowa (ch.l). . 

The sequence and physical properties of the weathering zones 
in cut 39 from the modern surface downward are: 
Oxidized and Dark yellowish brown (IOYR 4/4) '6 silt loam; common fine 
leached grayish brown (2.5Y 5/2) mott.les that increase in number with 
0-129 inches depth; few fine strong brown and yellowish red mottles and dark 

oxide stains; massive; friable; leached; sharp boundary usually 
marked by a strong brown (7.5YR 5/6) soft iron band 1 to 3 
inches thick. 

Deoxidized and Grayish brown (2.5Y 5/2) silt loam; many strong brown and 
unleached dark reddish brown (7.5YR 5/8 and 5YR 3/4) fine to coarse 
129-219 inches pipestems;'7 massive; friable; calcareous; clear boundary; the 

pipestems loose to slightly hard and less than VB to 1 inch in 
diameter. 

Oxidized and Dark yellowish brown to yellowish brown (10YR 4/4 to IOYR 
unleached 5/4) silt loam; few to common medium grayish brown (2.5Y 
219-343 inches 5/2) mottles; few pipestems; massive; friable; calcareous; sharp 

boundary. 

46 Munsell color of moist soil. 

47 Pipestems are cylindrical concentrations of iron oxides. 
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Deoxidized and Gravish brown (2.5Y 5:2) silt loam; few 'to many yellow~ 
leached ish red and dark reddish brown (5YR 4/S and 3/4) pipestems; 
343-419 inches massive; friable; leached; sharp boundary, 
Farmdale loess: 

Ab Very dark grayish brown (lOYR 3/2) to dark grayish brown 
419-429 inches (lOYR 4/2) silt loam; weak fine granular structure; friable; 

leached. 
(. • Brown (lOYR 5/3) silt loam; ma.osive; friable; leached; clear 
4~9-449 inches boundary. 

The contacts between the weathering zones in cut 39 parallel 
the top of the Loveland loess. Near gully fills the deoxidized and 
un leached zone slopes downward and joins the lower deoxidized 
and leached zone (fig. 79). East of the eastern gully fill the entire 
cut is gray and the two deoxidized zones could not be separated 
because the lower deoxidized zone has been recharged with car
bonate. 

The oxidized and leached zone is under the level to gently con
vex divides and upper parts of the valley slopes. It thins and is 
truncated by the present slope (fig. 80). The other weathering 
zones slope from the center of the divide to their outcrop on the 
valley sides (pI. VI). 

Ruhe and Scholtes (53, p. 272) found that between Atlantic 
and Bentley, Iowa, the upper deoxidized zone was independent 
of stratigraphie zonation of the loess. They decided the zone 
must be of later Wisconsin age. Ruhe, Prill, and Riecken (52, p. 
345) believed that the deoxidized zones are relict features of a 
preexisting water table and zone of saturation. They suggested 
that a general condition of poorer drainage or two paleoclimatic 
periods of greater precipitation, or both, may have produced the 
deoxidized loess zones. ~uhe and Scholtes thought that the de
oxidized zones must represent a postloesl:; climatic regime that 
permitted a zone of permanent water saturation to occur in the 
present position of the upper deoxidized zone. Though the evi
dence indicated that the cause of the weathering zonation of the 
Tazewell loess was a former water table and zone of saturation, 
there are now no permanent zones of saturation in the upper de
oxidized zone. 
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FIGURE SO.-Distribution of weathering zones in the Tazewell loess along 
the axes of divides. 
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The absence of massive gray horizons and pipes terns in the 
oxidized and leached zone indicate that this zone has not been 
water saturated for long periods; gray mottles, however, indicate 
impeded drainage during the formation of the upper deoxidized 
zone. Pipestems that can be traced from the upper deoxidized 
zone into the underlying loess zones or sediments suggests that 
the upper deoxidized ~one has had intensive reducing conditions. 
The lower oxidized and unleached zone, while similar in color to 
the upper oxidized and leached zone, probably was water satur
ated during the development of the zone above. Less intensive 
iron reduction in this zone than in the deoxidized zone is indicated • 
by the yellowish brown matrix colors and the absence of massive 
gray areas. But few pipestems and many gray mottles suggest 
that some iron movement and segregation took place. 

The free iron content of the bulk samples of the deoxidized zone 
is similar to that of the oxidized un leached zone (table 40). Most 
of the free iron of the deoxidized zones probably is in pipestems 
whereas the free iron of the oxidized and Ip.ached zone is dispersed 
throughout the matrix. Thus, past weathering apparently has in
fluenced not only the amount of free iron of each loess zone but 
also its distribution. 

TABLE 40.-Total and free iron of selected samples from cut 89 

Kind of sample I Sample Loess Total Free 
No. zone iron 1 iron 1 ______1 

J Percellt Percellt 
Oxidized loess, bulk samples - - - - - - - 3110&L «3.1 «0. i 

2! 0& UL 2.5 .4 

Deoxidized loess, bulk samples ___ ---I D 2.2 .4


I 
3I &UL4 D&L .1 
5 D&L .4---- ------r

D.eoxidized loess, gray matrLx______ -: 6, D &UL 1.91 .0 
11.4\p,,,,,,,,,,,------------------------j 710 & UL I 2.6 

8 0& UL 2.2 
69 0 & UL 1.8I------~~~-I 

1 Total iron WILB determined by fusing 0.5 g. ovendry samples with sodium car

bonate a(~cording to stnndard procedure (8). The iron in solution was determined 

colorimetrically by the O-phenanthroline method (66, p. 314). 


• The free iron of I-g. samples WILB extracted by Jeffries' method (£1.'1). The iron in 
solution WILB determined colorimetrically by the O-phenanthroline method. 


3 Sample 1 WILB from the C t horizon of profile P-600. 

«Expressed.1LB percent Fe. 

• Sample 9 was collected from the B3 horizon of profile P-603. 

Alluvium 18 to 20 feet thick (fig. 81) covers about one-third 

of the watershed (pI. VI: index map). It covers flat to slightly 

concave lower parts of the valley slopes, spoon-shaped areas at 

the head of waterways, and areas in and near waterways and 

streams. It is a very dark grayish brown or dark brown (10YR 

3/2 or 4/3) silty clay loam. A sample from the lower part of the 

alluvium exposed in cut 39 has a radiocarbon age of 6,800 4

300 years (48, W-235). 




209 LANDSCAPE EVOLUTION IN SOUTHWESTERN IOWA 

GULLY FILL C:-~OSS SECTIONS 
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FIGURE 81.-Cross sections of the alluvial till. 

Geomorphic Surf'aces 

As discussed in chapter 1, the upper part of the Wisconsin loess 
in the watershed is Tazewell in age and younger than 17,000 but 
older than 14,000 years. The top of the loess on divides that have 
not been eroded is the Tazewell surface (fig. 82). Stability of the 
Tazewell surface is indicated by the following: (1) The surface 
parallels but does not truncate the weathering zonation of the 
Wisconsin loess (figs. 79, 80); if it truncated the zonation, it 



210 TECHNICAL BULLETIN 1349, U.S. DEPARTMENT OF AGRICULTURE 

would be later than the zonation. (2) The complete sequence of 
weathering zones is under all level to gently convex divides and 
ridges between Bentley and Atlantic, Iowa (ch. 1). (3) The slopes 
of the divides and ridgetops are 0 to 2 percent and erosion should 
be slight. 

The Recent surface is on the valley slopes, the sharply convex 
ridgetops, and the top of the alluvial fill (fig. 82). The valley 
slopes and the alluvial fill are younger than the Tazewell uplands 
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.FIGURE 82.-Distribution of the Tazewell and Recent surfaces. 
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FIGURE 83.-Distribution of soils in the 'vicinity of cut 39. 

because: (1) The present valley slopes truncate one or more of 
the weatherin~ zones of the Tazewell loess. The weathering zones 
have been dated as late Wisconsin (53, p. 272) and the valley 
slopes must be later than the loess zones. (2) The valley slopes 
can be traced under the alluvial fill whose lower part is known to 
be 6,800 ± 300 radiocarbon years and 16 feet of sediment overlies 
the site of the radiocarbon sample. Thus, the age of the upper part 
of the fill must be less than 6,800 -I- 300 years. (3) The alluvial 
fill is continuous from the mouth to the head of the drainage 
system and overlies the lower deoxidized zone and part of the 
lower oxidized and unleached zone (pI. VI: D-D', G-G', J-J', and 
K-D'). Therefore, the sediment of the fill must have been derived 
from the adjacent valley slopes and the valley slopes are less than 
6,800 -I- 300 years old. 

I do not imply, however, that the Recent surface has the same 
age throughout its distribution. Areas of the surface may have 
stabilized shortly after 6,800 years ago whereas others continued 
to erode or have had alluvium deposited until thE: present time. 
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FIGURE 84.-Location of soils sampled. with reference to the zonation of the. 
Tazewell loess. P-603 and P-601 are Monona soils P-602 is a Dow soil; 
and P-600 a Marshall. Numbers 1, 2, 3, 4, and 41 refer to soil mappin'.( 
units (table 39). 

Soils 
The geomorphology of the watershed shows that soils of the 

Tazewell surface have weathered for less tha.n 17,000 but more 
than 14,000 years. Soils of the Recent surface, by contrast, have 
weathered for less than 6,800 years. Also, soils of the Recent 
surface formed in leached and calcareous loess and in oxidized 
and deoxidized loess. Thus, when the properties of the soils in 
the watershed are compared and contrasted the age and parent 
material differences must be considered. 

Morphology 

Marshall soils of the Tazewell surface and the upper edge of 
the Recent surface are on slopes of 0 to 4 percent (figs. 82, 83). 
The morphology of a Marshall soil on a gently convex divide in 
the oxidized and leached zone (figs. 83: D.4, 3.0848 ; 84, P-600) is: 
P-600: slope, 1 percent, convex; ~ultivated field. 

All' Vcry dark brown (IOYR 2/2) light silty clay loam; cloddy but breaks 
0-6 inches to weak fine granular structure; friable; oxidized and leached Tazewell 

loess; abrupt boundary. 

<8 Grid coordinates on figure 83 are designated in the following manner: D.4 
is located 4/10 of the distance between gridlines D and E. 3.08 is located 
8/100 of the distance between gridlines 3 and 4. 
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AB Very dark brown (lOYR 2(2) light silty clay loam with mixing 
6-10 inches of very dark grayish brown (10YR 3/2); weak fine granular structure; 

friable; gradual boundary. 
Very dark grayish brown (lOYR 3,2) light silty clay loam; wiJak fine 

10-16 inches subangular blocky structure; friable; gradual boundary. 

B .. 

Bn 

Dark brown (10YR 3/3) light silty clay loam; weak fine subangular 
16-25 inches blocky structure; when dry peds arranged in weak coarse prisms; 

friable; gradual boundary. 
B. 	 Dark yellowish brown (lOYR 4/4) heavy sitt loam; few fine grayer and 
25-35 inches 	 browner mottles; weak medium blocky structure; friable; gradual 

boundary. 
BC Dark yellowish brown to (IOYR 4/4) heavy silt loam; few fine grayish 
35-45 inches brown (2.5Y 5/2) and strong brown mottles; weak medium blocky 

structure; friable; gradual to diffuse boundary. 
Yellowish brown (J,OYR 5/4) medium silt loam; common fine nndC. 

-\5-120 medium grayish brown (2.5Y 5f2) and light brownish gray (2.5Y 6/2) 
inches Ilnd few fine strOl)g brown mottles; grayish brown und light brownish 

gray mottles inel'ense in number with depth; massive; friable. 

This Marshall soil has characteristics common to most Bruni
zems (65, p. 159) and is comparable to the Marshall soil studied 
by Hutton (21, 22). The very dark brown A horizon grades down
ward to a dark brown B horizon. The B horizon is not strongly 
developed texturally or structurally and has a gradual or diffuse 
boundary to the underlying C horizon. 

Monona soils of the Recent surface are in the oxidized and 
leached and oxidized and unleached zones on slopes of 6 to 12 
percent. Soils in both zones have similar morphologies but differ 
in carbonate content of the C horizons. 

The morphology of a Monona soil in the oxidized and leached 
zone (figs. 83: D.18, 3.02; 84, P-601) is: 

P-601: slope, 10 perccnt, convex; cultivated field. 

AlP Very dark brown (lOYR 2/2) light silty clay loam to heavy silt ivilm; 
0-6 inches wenk tine granular st.ructure; friuble; leached oxidized Tazewell loess; 

clear boundary. 

AB Very dark grayish brOlm (lOYR 3/2) light sitty clay loam; weak fine 
6-0 inches subangular blocky structure; friable; gradual boundary. 

1371 Dark brown (IOYR 3/3) light silty clay loam to heavy silt loam; weak 
0-15 inches fine subangular blocky structure: friable; gradual boundary. 

Dark brown (lOYR 4/3) heavy silt loam; weak fine subangular blocky B'2 
15-21 inches 	 structure; friable; gradual boundary. 

H, Dark brown (IOYR 4/3) hellYY silt loam; common fine grayish brown 
21-:33 inches O,5Y 5;'2) and few fine strong brown mottles; weak medium blocky 

structure; friable; gradual to diJfuse boundary, 

Be 	 Dark yellowish brown (lO'r'R 4,'4) heavy silt loam; common medium 
33-41 inches 	 grayish brown (2,515/2) and few fine strong brown mottles and dark 

oxides; very weak medium to coarse blocky structure; friable; di!Tuse 
boundary. 

C. 	 Yellowish brown (lOYR 5/4) medium silt loam; common fine and 
41-68 inches 	 medium grayish brown (2.51 5/2) and few fine strong brown mottles; 

few fine dark oxides; mussive; leaChed; base of the oxidized and leuched 
zone; clear boundary. 
C:r!lyish brown (2.51 5/2) medium silt loam; few fine to medium 

68+ in('he~ l:!trong brown (7.5 YH. 5/8) mottles; massive; calcareolls, The C. 
horizon is the upper deoxidized and unlcached zone. 

C2 
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The morphology of a Monona soil (figs. 83: 0.15, 2.67; 84, 

P-603) in the oxidized and unleached zone is: 

P-G03; slope, 12 percent, convex; cultivated field. 


All' Very dark brown (IOYR 2/2) heavy silt loam to light silty clay loam; 

0-5 inches weak fine granular structure; friable; leached Tazewell loess; abrupt


boundary. 

AB Very dark grayish brown (lOYR 3/2) heavy silt loam with 

5-8 inches mixing of dark brown; weak fine sub angular blocky structure; friable; 


grndual boundary. 

B Dark grayish brown (IOYR 4/2) heavy silt loam; weak fine subangular 

8-14 inches blocky structure; gradual boundary. 


•B22 Dark brown (IOYR 4/3) heavy silt loam; fewJ'ellowish red pipestems 

14-23 inches less than Ys inch in diameter; weak fine to me ium sUbangular blocky 


structure; friable; gradual boundary. 

BJ Dark yellowish brown (lOYR 4/4) heavy silt loam; few fine grayish 

23-34 inches brown (2.5Y 5/2) mottles and few yellowish red (5YR 4/6) pipe


stems; weak medium blocky structure; friable; abrupt boundary. 
CII Dark yellowish brown (lOYR 4/4) friable silt lonm; few fine grayish 
34-35 inches brown (2.5Y 5/2) mottles; many carbonnte concretions Y2 to 1 inch 

,'0 dinmeter; matrix leached. 
C.. 	 ;)ark yellowish brown (IOyIt 4;4) medium silt loam; common fine 
35-52 in('hes 	 grnyish brown (2.5Y 5/2) mottles and many yellowish red (5YR 

4/6) pipestcms; massive; friable; leached, but a few carbonate con
cretions. The matrix is leached, hut in deep borings !Llong the axis nnd 
trun!!verse to the ridges the matrix of this loess zone was calcareous. 
Base of the oxidized and unleached zone; nbrupt boundary. 

C IJ 	 Grayish brown (2.5Y 5/2) medium silt loam; common strong brown 
52+ inches 	 and yellowish red (7.5YR 5/6 a.nd 5YR -!jti) pipestems with a maximum 


diameter of J.i' inch; massive; frtllble; leached. The C13 horizon is the 

basal deoxidized and I.eachecl zone. 


Dow soils, unit 4, are in the deoxidized zones on slopes of 9 to 

12 percent. A horizons are very dark grayish brown (2.5Y 3/2) 

to very dark brown (10YR 2/2) and 0 to 6 inches thick. The B 

and C horizons are grayish brown (2.5Y 5/2) ; C horizons are 

calcareous in the unleached zone but noncalcareous in the lower 

leached zone. 

From their morphology only, the inference is that the Dow 
soils are poorly drained. But they occur in positions on the land
scape where poor drainage would be precluded. Other work (52, 
pp. 346--347; 53, p. 272) has shown that the gray color of the 
deoxidized zone is a relict feature and that zones of water satura
tion do not occur under the present climate. The gray color, there
fore, was inherited from the parent materials, and the soils are 
well drained. 

The morphology of a Dow soil on a Recent valley slope in the 
upper deoxidized and unleached zone (figs. 83: D.5, 1.38; 84, 
P-602) is: 

P-602: slope, 11 per('cnt, convex; cultivated field. 


All' "ery dnrk grayish brown (2.5Y 3/2) light silty clay loam; weak fine 
0-5 inches granular structure; friable; leached TazewellloesSi abrupt boundary. 
All Dark grayish brown (2.5¥ 4/2) light silty ('\lIY loam with some mixing 
5-9 indlCs of very dllrk grayish brown (2.5Y 3/2); weak medium subangular

blocky structure; frillble; dellr boundary. 
B2 	 Dnrk grayish brown (2.5Y 4/2) heavy silt loam; few fine and medium 
9-17 in('hes strong brown and yellowish red (7.5YR .5/6 and 5YR 4/6) pipestems; 

weak fine and medium blocky structure; friable,: gradual boundary. 
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BI 	 Gruyish brown (2.5Y 5/2) hellvy to medium silt loam; common pipe
17-26 inches 	 slelll::! of strong brown llnd yellowish r(',d (7.5YH. 5/'0 und 5YR 4/6)' 

wellk medium to cuarse blocky structun:; friuble when moist. und hurd 
when drj; graduuI buundary. 

01 	 Umyish brown (2.5Y 5/2) medium sill 11l1lm; common strong brown 
26-30 inches 	 und yellowish red (7,5 YR 5/'0 and 5Y H. 4/1I) pipestems; lI1ussive; 

frillble; clear boundary. 
Grllyish brown (2.5Y .5/2) medium silt loam; common strong brown und0 21 

30-35 inches 	 yelluwish red pipcstems; mussive; friable; few carbonute cuncretions; 
the matrix uppears to be leuched; delLr boundary. 

0.. Umyish brown (2.5Y 5/2) mediulll silt 1011111; muny stnmg bruwn ullll 
35-'00 inchell yellowish red pipCBtcms; lllassive; frinl>lc; ('1lh:areOUsj lIluny white 

l'llrhonllte l'uncretiollll <!4 inth in diaUleter; blU!e of the deoxidi~ed and 
UIiIC1Lc11Cd <!;ouc; dellr bQundary. 

073 Dark yellowish brown (IOYH. -1/-1) medium silt loam; lluU!sive; friable; 
HO+ inches ca\eureous. The C13 hori~o!\ is the lower oxidized and unleaehed zone. 

The Monona-Dow intergrade soils are similar to the Monona 
soils in both texture and color of the sola but the C horizons are 
the same as those of the Dow. The description of one in the upper 
deoxidized zone (fig. 83: C.96, 2.83) follows: 
Monona-Dow Intergrade soil: slope, 10 pl'rC('llt, convex; cultivated field, 
All' \\'ry dark brown (lOY It '2/'2) heavy silt luam; weak fine ~rtm\lhlr 
0" U inches slrll<"LUf('; friable; i(,:tehed T:l~cwcll loe1l8; abrupt boundary. 
AB rery llttrk gmyish brown (lOY!/. 3/2) hellvy silL loam with [ew dark 
6~ II inehes gmyish brown (lOY It '1/2) spots; weak fine granular to subllnguitlr 

bll)eky stru<'lure; friable; gr',dlllli boundary. 
13; I)urk ~rayish brown (lOY It 4/2) hrllvy silt IO/lIn; wellk fine subangui:tr 
L11 U inches hlo('ky sLrudurl's; friable; gmdual boundary. 

Ih Dark grayish brown (lllYlt ·1/'2) medium sill loam with loum; eOn\1Il01l 
I!J 2;i irll'hl's 	 gmyish brown and strong brown c,U,Y 5/2 and 7.fiYlt ·I/fi) mottles 

tlll,l in('rl'tU!e in number willt depth; lI'euk mediulll blocky structure; 
fl.'\\' loose pipestems in lIpP('r pllrt, inerclU!iug in Ilulllber with depth; 
friable; grudulIl boundary. 

('I 	 Urnyish brown (2.fiY :V2) mediulIl silt IOllln; few to common yellowish 
25-:34 illl·hl'8 	 red lind dark reddish brown (fiYlt 4/S Ilnd 3/-1) Illotlil'S; Illllssive; 

fril\hk~i few to ('1)11\\11011, loose to slightly hard strong browlI and dark 
reddish brown (7.5'{lt :'j/S and fiYH. :3/4) pipcstcllls; dellr boundary. 

c, 	 Urnyish brown ('2.5Y ;'/2) mediullI silL loum; few to eOIllIllon yellowillh 
a·, inl.'ilel! 	 red Ilnd dark reddish brown (5 YIt 4/S and a/oil Ilwttles; Illussive; 

friahle; ('ltll'areOllS Tazewcll locss; Illllny soft to slightly hard strong 
brown lintl dark reddish browl\ (i.:3\'It filS and 5Ylt 3/4) piIIC!ltems. 

Pipestems are absent in the At and B~ horizons of the Monona
Dow intergrade soils but there are a few remnants in the B;I and 
Ct horizons. The pipestems in the BJ horizon are loose and crumble 
when the surrounding soil is removed. In the C:! hOl'jzon they 
are soft to slightly hard, and in the C1 their consistence is 
transitional between those in the B;! and C~ horizons. The absence 
of pipestems in the upper sola and their presence in the lower 
sola and C horizons indicate that they have been weathered and 
dispersed. Thus, release of iron by weathering of primary miner
als or pipestems can account for the brown colors of these soils. 
The Monona-Do,v intergrade was not sampled for laboratory 
study.

Ida soils are in the oxidized and unleached zone of the loess and 
have an A-C profile and carbonates within 6 inches of the surface. 
Their areas were small (fig. 83: B.6, 1.72) and they were not 
sampled for laboratory study. 
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Napier soils, unit 3, are in alluvium on the valley flOOr' 2.nd sides 
in and around waterways on slopes up to 9 percent (fig. 83, 3). 
Undifferentiated soils, unit 5, are on the level areas of alluvium 
near Middle Silver Creek but their areas were sm(1U and they 
were not studied. 

A Napier soil on a strongly sloping site (fig. 83: C.82, 3.0) bas 
the following morphology: 
P-604: slope, 8 percent, concave; cultivated field. 

AlP Very dark brown (IDYR 2/2) light silty clay loam; weak fine grunular 

0-6 inches structure; friable; leached alluvium; abrupt boundary. 

Au \'ery dark brown to very dark gray (lOYH. 2/2 to 3/1) light silty clay 

G-18 inches loam; weak fine granular structure; friable; gradual boundary. 

An \'erv dark brown (.IOYll 2/2) light silty ('lay loam; weak fine to medium 

18-24 inches subimgular blocky strurlure; friable; gradual boundary. 

B. I Very dark grayish brown (IOYH. 3/2) light silty clay loam; weak fine 
24-37 inehes subangular blocky structure; friable; gradual boundary. 
B" \'cry dark grayish brown (lOYR 3/2) light silty clay loam; weak fine to 
37-53 inches medium subangular blocky structure; friable; gradual boundary. 
B3 \'ery dark grayish brown (lOYH. 3/2) light silty clay loam to heavy 
53-72 inches silt lonm; weak medium blocky structure; interior of peds dark brown 

(IOYH. 3/3); friable; gradual to diiTuse boundary. 
0, Dark grayish brown (lOYR 4/2) hellvy silt loam to light silty clay 
72-160 loam; few fine fllint strong brown mottles; massive; friable; b!lSe of 
inches alluvial fill; cle~r boundary. 
D Grayish brown (2.5Y 5/2) medium silt loam; massive; friable; cal
160+ inched careous, Tazewell loess. 

The morphology of a Napier soil near valley-side waterway 
(fig. 83: C.75, 3.1) is: 

F-605: slope, 4 percent; cultivated field. 

AI \'ery dark gruy (lOYR 3/1) light silty clay loam; cloddy structure that 
0-18 inches breaks to weak fine grunular; friable; leached alluvium; grudual 

boundary. 
All Very dark gray (lOYR 3/1) ligllt silty clay loam; weak fine subangultlr 
18-24 inchee blocky structure; friable; grnduul boundary. 
l:l%l \'cry dark grayish brown (lOYR 3/2) light silty clay loam; very weak 
24-32 inches fine subangular bloeky structure; friable; gradual boundary. 
ll.. \'ery dark gruyish brown (IDYR 3/2) light silty clay loam; weak fine 
32--44 iIll'hes and medium subangular blocky structure; when dry the peds are ranged 

in weak medium to coarse prisms; friable; gradual boundary. 
133 Dark brown (lOYH. 3/3) light silty clay loam; weak medium blocky 

44-72 inehes structure; friabl!!; diffuse boundary. 

C Dark grayish brown (lOYR 4/2) light silty clay loam; massive; friable; 

72-204 base of alluvium; clear boundary. 

inches 

D Loveland loess. 

204+ inches 


Soils of the Tazewell and Recent surfaces in loess have several 
morphological properties in common. A horizons are very dark 
brown (10YR 2/2) to very dark gray (10YR 3/1) ; B hCl'izons 
have weakly developed subangular blocky structure. The master 
horizons are separated by 4- to 6-inch transition zones. The gen
eral sequence of horizons is the same. The differences in mor
phology are the thick sola of soils in the upper leached zone com
pared to those in the unleached zones and the gray color of the B 
horizons of soils in the deoxidized zones. The Napier soils have 
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FIGURE 85.-Distribution with depth of clay «21'), quartz/feldspar ratios, 
percent base saturation, free iron, and nitrogen of soils in Tazewell loess, 
P-600, Marshall; P-601 and P-603, Monona; P-602, Dow. 

thicker At horizons and sola and lower chroma and value colors 
in the B horizons than the associated loess-derived soils. These 
differences between the soils probably are the result of accretion 
of parent material during the formation of the Napier. Other 
morphological properties such as structure and horizon sequence 
are similar to the loess-derived soils and the Napier soils are 
classified as Brunizems (65, p. 179). 

I·lty.~ical ami Cltcmical l'rofJcrlics 

Clay contentlD of the loess-derived soils decreases gradually 
with depth from a maximum in the AB or All horizons (fig. 85). 
Among the loess-derived soils the largest amount of clay is in the 
Marshall and Monona soils in the upper leached zone. These 
differences between soils in the leached and unleached zones may 

.jD The pipette method (27) was used for particle size analysis. 
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TABLE 41.-Physical, chemical, and mineralogical dala of Marshall profile 1'-600 ~ 

::= z 
1\Hncrllloglcnl data 1
PurtidcwHizt! distribution _______ ~___ ~--____ l~x- Ex- Ex- Ex ~ 

Hori- I I I I IHlltio dUlllP;C!- clJllllge- clmngc ciuUlge I.nll..s~ I Ni- I Free t" 

zon <2 I' 50-20/ Quurlz- pll ubI" uhl".' cu- "u- .uturn- trogen iron' 


>50 I' 50-20 I' 20-2 I' 20-2 Quartz Fold- feld- btIS". llydro- JlIleity pudty lion q
Sumplu No. 1)"1'(11 t:D 

spur ' :~ti~ gen of cJa~' 

_---I--..........-l~--I--.-__~., __________ ---- -.-- --- --- ~-; --::;; --- -::;;1_--1--__- ~ 
ZI 1 
~ 


[flcht!8 J~ercent PeTf:t'lll I Prrcent Perrent }lercent Perctmt 100" 1000 1000 1>trrtllt 7)tfant 1 
1

erctflt ... 

O-Il A,l' 2.0 34.11' :12,7 2U.5 1.1 75 25 2.!1 5.8 W.O :l.!l 22.9 78 83.0 0.187 0.8
P-£OO-I .... ____ • '"...(HO AB 2.3 31.3 33.11 32.5 .!l _•• _", ••.• ,.. ....... 5.8 20.3 :J.8 24.1 74 84.2 .IM .8 !O
-2 __ .. w ......... .. 
 10-13 II" 2.2 3!l.0 34,4 31.4 .!l 71 29 2.4 (1.0 20.6 3.1 2:1.7 75 80.!} .128 .8


-;3 ........ . q
l:l-Hi B" 1.6 :l3.7 34.-1 :10.3 1.0 .. __ ••• ....... •...••• ILl 21.2 2.8 24.0 71l 88.:J .102 .8 

1(i-1\l U" I.ti 3:1.6 :14.4 30.4 1.0 ••••• __ ....... __ .... (l.2 21.1 2.1 2:l.2 7G 90.9 .086 .7 tn
-1.... ____ _ 

-5 .... .. __ .... __ 
HI-!!!! B" I.f. 32.7 31l.0 29.S .9 ................... _. n.:l 21.1 2.1 23.2 78 1l0.9 ___ •••• .8
-G....._. __ t:1 

-7.. _. __ • __ 22-25 B" 3.0 38.6 29.0 28.S 1.:1 ............... ,,_._. fl.3 21.1 1.8 22.!l 79 92.1 .01l8 - ..... 
-s... ____ __ 25-28 11, 4.2 37.0 211.1 2\1.1 1.:1 •••.••.•• __ ......._.. Ii. 4 22.0 1.11 !l3.\! 82 92.0 .ono .8 ~ 

-!l .... ___ ._ 2S-:11 J3, 4.fl 38.2 :10.7 2fl.5 1.2 .................. _.. fl.4 22.·1 1.1; 24.0 !JO 03.:l ............. . > 


31-35 Ih :l.ll 3il.2 31.0 25.9 1.3 .................. __ • fl.5 21.5 1.4 22.!\ 88 n:l.t1 .045 .7
-1(1. .... __ •• :15-40 BC 3.:1 :l7.S 32.8 2G.l 1.2 .... _.. ....... •.••••• 6.4 22,8 IA 24.2 !l2 !14.2 .".... '-"'-'
-11 ..... __ __ ~ 
-12... __ • ___ 40-45 Be 2.2 3S.7 as.a 26.8 1.0 ..._... ........ ....... flA n.;.! 1.3 24.fl SS 114.7 .0:17 .7 

-13 .... ____ • -15-50 C , _•• '." ..... __ .... _......... ___ •. __ .. ___ •• -- ..... ""'" (1.4 21.!J I J.I 2:1.0 ----'.. !In.2 ........--... . ~ 

-14 .• ____ • __ 50-55 C, 2.2 3\1.0 33.5 25.3 1.2 _' __ '" .. _......... __ fl.5 22.2 0.9 2:1.1 91 1It1.1 .oa4 .7 >-3


tiO-72 C __ . ___......_. __ • ____ .. _____ • ____ • __ ... ______ •.• ....... 6,4 2:1,4 1.1 24.5 ••• , __ . !In.5 -"---' ._.....
-15 ___ ...___ , o60-72 C, 5.4 40.2 31.1 2a.3 1.3 60 40 1.5 fl.5 22.0 1.2 2a.2 100 9n.8 .032 .7
-16... _... __ 'OJ 
-17.......__ 72-84 C, ....... __ .......____ • _.... __ • __ •• ______ ._..... __ • ....... 6.5 21.5 1.2 22.7 .,••. _. 94.7 ..,-.-....---

84-96 C, 3.6 40.9 32.4 23.1 1.3 ______ • _. __ ..... _•. _. fl.7 21.1 1.1 22.2 !l5 !Iii. 0 .fl > 
96-108 C _____ ........_ .............. __ • ___...._.... ___ . _______ •• G.7 23.5 1.0 24.5 •. ____ • 9S.9 ••• -.- ••-.-••• Cl 

:0::~=::::=:==1 108-120 C,
, 

2.6 40.0 33.9 23.5 1.2 . __ .. _...__... _____ .. fl.!l 22.2 0.1l 22.8 117 117.4 .Il o-20. __ ._ ..._ 
q 

131-02 micron silt. A minimum of 300 grains were counted. TraverseR were made at equal hltervuls, and only those ,grains that touched the int.ersection of the cross hairs ~ 
qwere counted. 

1 Orthoclase. rnicroclinc, plagioclase . Fl• Expr"S8ed as Fe. 

• 
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TABLE 42.-Phys-ical, chemical, and mineralogical data of Monona profiles 1'-601 and P-60S 

Partide..;ize distribution II I .Mineralogical data' I I 
Ex· Ex- Ex· Ex· f 

1I0ri. !-------;---; Ratio I' change· change- change change Base I Ni· I Free 
zan! j ; I <2.. 50-20/ IQuartz. pH ahle ahle ca· ca· sstura· trogen iron'Sample No. D~l'th 

>50.. 50-20 .. : 20-2 .. i I' 20-2 Quartz j Feld· feld· bURes hydro- pacit)' pacity tion 
I I Ispar' dpar gen 01 clay 5: 
I t ratio I z _______1____ ___ ___' ______'___,______________________-----,---,---,--- tl

1 1 en
I I j' I I ' m<q/ mtq/mtq/ ~ 

lnchelJ Percent '> P~rcent Pactn/j Percent PerU11t PerCE'lIt lOOD 100(1 JOOg Percent Percent Percent '11 
P-UOI-I _________ , 0-6 A,p 2.4 I 37.3 30.7! 29.6 1.2 70 30 2.3 5.8 20.4 3.9 24.3 82 84.0 0.176 0.7 l':I 

IHI A-B 3.2 34.7 J 30.8/ 31.3 1.1 •••••.. •.•••.. .•••••• 5.9 22.6 3.1 25.7 82 87.9 .134 .7 
9-12 B" 3.0 33 ..5 I 33.3 30.2 1.0 .................._.. 5.9 23.4 2.6 26.0 87 90.0 .105 .6 ~
=~========:! 12-15 3.0 34.0 1.0 32 6.0 2.3 87 .086 oB" 34.0 29.0 68 2.2 22.9 25.2 90.9 .6

-1 ..----.-  t'-5 .... ______ _ 15-18 Bn 3.2 36.1, 33.0 I 27,7 1.1 •••. __ ••• , .••• _"_--' 6.1 22.6 2.0 24.6 89 91.9 .074
-6 _______ __ c::18-21 13" 3.0 35.0 34.9 27.1 1.0 ______.•_., •• _ ,_ •• __ . 6.2 22.8 1.7 24.5 90 93.1 ••••--- .6 

"i-7....___ __ 21-25 B. 3.2 41.3 2!J.5, 26.0 1.4 1----.-.... __ .. __ ..... 6.2 22.3' 1.6 92 93.3 .048 .•---•. 
-8.._____ __ 

23.9 o25.29 13, 4.5 38.31' 31.3 i 25.9 1.2 ....... ....... ....... 6.4 23.6 1.4 25.0 97 94.4 .043 .6 

-9 ________ _ 2!J-33 B, 4.3 35.4 34.8 i 25.5 1.0 __ ••••..•. _•.• _____ ._ 6.4 23.2 1.3 24.5 96 94.7 .•- .....-- •••• Z 

-10._______ _ 33-37 B-C 2.8 37.1 I 3.5.4! 24.7 1.0 ....... ....... ....... 6.5 22.8 1.3 24.1 98 94.6 .035 .6 

-I I ________ _ 37-41 B-C 2.7 36.3 36.4 I 24.6 1.0 1__ .... _ ... __ ........_ 6.5 22.2 1.4 23.6 96 94.1 ..... -- ••----- z 

-12.. ______ _ 41-48 C. 2.4 34.9 37.8/1 24.9 .9 L.... _.........._..• _ 6.7 22.ti 1.2 23.8 96 95.0 .034 .5 CIl 

-13._. _____ _ 48-60 C, 2.7 34.4, 38.9 24.0 .9 67 33 2.1 6.6 22.1 1.1 23.2 97 95.2 -.- .... ' ....-- 0 

-14 _______ __ uO-68 C, 3.0 31.8 1 40.0 25.2 .8 __ • __ ......... ,..... 6.8 22.8 1.2 24.0 94 95.0 .029 .5 c:: 

-15 ________ • 68+ D 3.2 33.4 38.] I 25.3 .9 _•••• __ ....... ,. __ .• _. 7.6 __ • __ " __••... __ ......... --. 100.0 .028 .I"i 


P-U03-L_______ _ 0-5 A.I' 2.0 46.7 / 23.9 i 27.4 2.0 62 38 1.6 6.0 20.5 3.0 23.5 85 87.2 .155 .4 == 
-2 ________ _ 5-8 A-B 2.6 45.3 24.6 27.5 1.8 ••• ______ • ____ ...... _ 6.1 20.7 2.7 23.4 85 88.5 .116 .3 ~ 

8-11 B" 2.7 47.0 23.7 26.6 2.0 _______ . _____ • __ .. ___ 6.2 2004 2.4 22.8 86 89.5 .092 .3 l"l 
-4.______ __ 11-14 B" 2.0 46.0 25.6 26.4 1.8 67 33 2.0 6.3 20.4 1.9 22.3 84 91.5 .079 .3 ~-3""-"--1' 

14-17 B" 1.4 43.3 27.8 27.5 1.6 _... ____ • __ . __ ._.____ 6.2 20.6 1.6 22.2 81 92.8 .070 .3 l':I 
17-20 B" 2.9 44.7 27.8 24.6 1.8 ____ • ______ ... ___ .... 6.3 19.7 1.6 21.3 86 92.5 ------- .3::0 
20-23 n" 2.9 46.0 26.2 24.9 1.8 ______________ .._____ 6.3 20.6 1.5 22. I 86 93.2 .052 ------- Z 
23-28 B, 2.3 42.5 31.0 24.2 1.4 .. _____ _______ _______ 6.4 20.4 1.4 21.8 91 93.6 -----__ .3- .... 

--9 __ • ____ ._\ 28-34 B. 1.8 4.5.4 28.5 24.3 1.6 .... _.. _______ ... ____ 6.6 20.8 1.4 22.2 90 93.7 '.{l39 ------- 0 
-10 _____ .. __ 

~~~~~~~~~~I 
-11._------- gtjg gea ---iT --.i5TI--iii :9-I"Z5:fi- --'i::i' ======= ======= =======\---:;:7- ======= ====:== ======= ======= -i55:6' ======= ======= ~ 40-46 C 1.548.2 29.0 21.3 I.7 65 35 1.9 7.8 ____________________________ 100.0 .028 ------ 
-12------..-1 46-.52 C 1.8 50.6 26.8 20.8 1.9 _________ .____ _______ 7.7 ____________________________ 100.0 ------- .3
-13 ______.. '1' 52-64 D 1.8 51.0 26.7 20.5 1.9 __________________ .__ 7.9 ____________________ • _______ 100.0 .024 .1-14 __ • _____ _ 

131-62 micron silt. 

2 Orthoclaee, microcline. plagioclase. 

J Expressed 118 Fe. N 

CD -
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TABLE 43.-Physical, chemical, and mtneralogical data of Dow profile P-602 

Mineralogical data 1Particle...ile distribution 
chan","Ex- Ichange-Ex- change change Base Ni- FreeI EX-I Ex-RatioHori able able ca- ca- Isatura-I trogen I iron IpHDepth zon <21' 50-20/ I I IQuartl 

>50 I' 150-20 iJ 1 20-2 I'

Sample No. bases hydro- pacity pacity tion20-2 Quartz Feld- feld- Igen of clayspar S spar ... 

ratio .... 
,_-_1---'---'---'---'---'---'---'---'---'---'---'---'---,---,--- !> 

meq/ mtq/ meq/ ~ 
100[] Percent Percent Percent1DOli 10011Perce"t Percent rnInches Porce"t Perce"t Perce"t Perct"t 25.6 87 94.5 0.104 0.3 

P-602-L________1 41.2 26.4 29.4 1.6 64 36 1.7 6.5 24.2 1.4
0-5 A,P 3.0 92 95.0 • lOS .36.5 24.6 1.3 25.9-2_________ 5-9 A-B 3,0 40.6 28.1 28.3 1.4 ------- ..------ -.------ 25.1 91 95.2 .048 .2-3 _________ 6.6 23.9 1.2 ~ 

-4 _________ 9-13 B, 2.8 39.5 30.2 27.5 1.3 
65 ----35- ---2:0- 6.5 23.9 1.0 24.9 93 96.0 .042 .1 >13-17 B, 3.2 38.8 31.1 26.9 1.2 24.9 92 96.0 ------- .-------5____ •____ 27.2 1.3 ------- 6.5 23.9 1.0

17-21 B. 3.2 39.9 29.7 ------,.. ------- .035 _.. -_ ... -
-6_________ 30.7 26.4 1.3 ------- ---- .. -- 6.5 24.1 1.0 25.1 95 96.0 ~ 21-26 B. 2.9 40.0 ------ ... 100.0-7_________ 7.8 -----_ .. ----- ..- --- ... -- .. ----_..... ------- ------

26-30 C, 2.5 39.2 32.4 25.9 1.2 ------- .. _----- - ... ----- 100.0 .034 .1-8_________ 7.8 ------- ------- ------- .. -----
30-35 C" 2.5 44.4 30.0 23.1 1.5 100.0 --_... --- --_ ... <#-- ~ -9_________ L~ 7.847.0 30.2 20.5 1.6 65 35 ------- ------- ------- ------- ~35-47 Cn 2.3 100.0 .026 .1-10_________ ------- ----,..-- ------21.2 1.4 8.0 ------ ... _______ 100.047-59 c" 1.7 45.1 32.0 ------- ------- -------

7.8 --_ ... --- ------- o...,-IL______ .._ 31.9 21.1 1.5 _______ ------- ------- -----_ .. ------- ----~--59-71 c" 3.4 47.0 

'31-62 micron silt. 

S Orthoclsse, microcline, plagioclsse. 

I Expre88ed as Fe. 
 !

t;1 

... ... 
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be due to less clay in the C horizons 0r to carbonate slowing the 
breakdown of material to clay size in the unleached zone. 

Quartz/feldspar ratios of the Marshall soil decrease with depth, 
and some weathering of the coarse silt fraction in the A horizon 
is indicated. In Monona and Dow soils, quartz/feldspar ratios are 
random and indicate little weathering of feldspars. 

Examination of clay curves and quartz/feldspar ratios (tables 
41, 42, 43) suggests that clay has formed in the solum. The clay 
may have weathered either from heavy minerals in coarse silt or 
from minerals and feldspars in fine silt, or from both. But other 
interpretations of these data are possible. 

Total cation exchange capacity is about the same throughout the 
solum. Cation exchange capacity should be largest in the clay 
maximum, however, because the clays of loess and modern soils 
are dominantly montmorillonite and have moderate amounts of 
illite and traces of kaolinite (ch. 1). When the exchange capacity 
of the soil is assigned to the clay fraction, horizons of maximum 
clay have the lowest and C horizons the highest exchange capacity 
per 100 grams of clay (tables 41, 42, 43). Cation exchange 
capacity in C horizons is higher than would be expected from 
the mineralogy of the clays and is evidence for the interpretation 
that the silt fraction is contributing to exchange capacity. Since 
quartz, feldspars, and heavy minerals have little cation-exchange 
capacity, clay minerals may occur in the silt fraction as aggre
gates, discrete silt-size grains, or cemented on silt grains. Silt 
grains from C horizons commonly are completely or partially 
coated with a weakly birefringent material that is not removed 
by dispersing agents or by treatment to remove free iron oxides. 
Thus, the increase in clay content in the solum of the loess
derived soils does not necessarily mean that clay minerals are 
being formed by weathering from primary minerals. The increase 
may be the result of more complete dispersion during particle-size 
analysis. 

Napier soils have about the same clay content throughout the 
sola (fig. 86; table 44). Lack of a clay bulge in Napier and its 
presence in loess-derived soils is anomalous because soils of the 
Recent surface have about the same age. Accretion of material on 
the valley floor should not delay clay formation any more than 
erosion on valley slopes would delay it. The alluvium was derived 
by erosion of loess and the mineral assemblages should be similar. 
Weathering of Napier in the more moist environment on tlre 
lower concave valley slopes should be more intensive than of soils 
in loess on convex slopes. If clay minerals are not being formed 
by \veathering of primary minerals in loess but occur as aggre
gates of silt size or on grains of silt, lack of a clay bulge in Napier 
could be due to dispersion of clay in loess before or during its 
deposition as alluvium. Later weathering of alluvium apparently 
has not broken down feldspars and other primary minerals to 
clay or to synthesized clays. 

From data available the problem of clay formation in loess and 
alluvium-derived soils cannot be settled. The apparent absence of 
clay formation in soils in alluvium, however, should not be used 

.. 




• • 	 • .. 


'fABLE 44.-Physical, chemical, and miTleral()gical data of Napier profiles 1'-604 and P-605 


Pnrtit·le-:;izc dhstribution "hIineflLlo~il!ul ciutu If' _ _ ,___,_,__,,______. __ I F.x- Ex- Ex- Ex

lIori-l-~'" -,-- - -I~-' '-1 !Hntio clumgt"'- ChUIIRL"- rIItUU1.C chungn UlUie I Ni Jo~rcc 
Sample No* Depth I .011 <2,. 50- 2U/ QUllrll· I'll Ilul,' uhlt\ C~- cu- f:mturu· tragen iron I 


>50,. 150.20,. 20-2 I' 20-2 QUlLrtz I FCld'l feld· uu.'co hydro· PlLrilY \lurity lion
I

tipar J Mpllr p;cn of cluy 

ratio 
... -I~-..--!----- ----1- -,-- -,--- ---~~f-- - --'- -n:;-~; .--+ ~-~ -:::;/_J___'___ ~ 

[/l
illrh.. I'trrelll l'a(<II1 j1',,<<111 I'"relll I'<,anl I'ereml IOOu I loou JOOu perctnll Perc',il IPl!rcerlt o 

P-604-L••••••• _ 	 0-4 A,I' :J.O 46.6 I 22.2 28.2 2.1 ••• _.. __ '" ._. •••.•.• 5.5 IS.n 4.S 23.4 83 70.5 O.ISI 0.4 

4-S A" 2.4 47.0 22.(\ 2S.0 2.1 '_""" ._._ 5.4 IS.:I 5.1 2a.·' S4 78.2 .174 .3 
 ~ 
8-12 An 2.7 4:3.0 2a.8 :10.5:L:::::::I 	 1.8 • "_" •• _ 5.5 20.4 5.1 25.5 84 80.0 

-1······_·-1 13-IS An 2.6 4a.2 2a.4 30.8 1.8 ••• , __ • ___ .• 5.7 111.6 4.7 24.3 711 80.6 --:iuo l'l 


-li •.• _••• _. 18-24 A-U 2.8 4:1,11 22.8 :10.5 I.!! • ••.•• _ •.••• _. _._ •• ,. 5.6 10.4 4.7 24.1 71l 80.5 .146 ~ 

-6•••.••• _. 24-28 II" 3.8 42.1 2:1.4 30,7 1.8 •• _.•.• _....... ,_. __ • 5.7 18.6 4.2 !!2.8 74 81.1l .130 o 

-7 _....... . 28-:12 II" 3.ti 42.1 24.1 :10.2 1.7 ....... ""'" ••••••• 5.7 111.0 4.0 23.0 76 82.6 ' __"" .._. __ • t"' 

-S•• _.• _•• _ 32-:17 13" 2.S 43.5 2a.:3 aO.4 1.11 ••• _........ _... _•• ,. 5.8 10.4 a.7 23.1 76 84.0 .105 .3 ~ 

-().._..-... 37-42 U" 2.11 44.2 23.5 211.4 1.0 "' __ " ""'" ....... 5.8 20.1 3.3 23.4 80 85.11 .088 .3
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as an indication of weak development until more is known about 
clay formation in alluvial environment. 

Distribution of free iron indicates little translocation of iron 
within the sola. The amount of free iron in 10ess~derived soils is 
highest in Marshall and Monona soils in the upper leached zone 
and lowest in the Dow soil in the deoxidized zones. Free iron of 
the soils, therefore, appears to be more closely related to free iron 
content of parent material. This, in turn, is related to its past 
history of oxidization and reduction. Free iron of soils in alluvium 
reflect free iron of the parent material. Apparently Napier soils 
have not been subjected to severe reducing conditions and iron 
movements. 

Decrease in nitrogenfiU with depth in the loess~derived soils is 
similar to other soils classified as Brunizems (76, p. 505). Except 
for the more gradual nitrogen decrease with depth in the upper 24 
to 30 inches in Napier soils, the nitrogen content and distribution 
are similar to soils in loess. 

Degree of base saturationSt of Marshall and. Monona soils and 
of Napier soil P-604 increases gradually with depth. On the other 
hand, the base saturation of the Dow soil is almost constant with 
depth and in Napier soil P-605 decreases from the A to the B 
horizon. Monona soil P-603 and the Dow are in unleached zones 
of the loess and their slope gradients are similar. T"'1us, either the 
parent material of the Dow had a higher carbonate content at the 
start of soil formation or the Dow site was eroded later than the 
site of Monona P-603. High base status and low nitrogen content 
in the surface of Napier soil P-605 indicate base~rich postsettle~ 
ment alluvium has been added to its surface. 

Similarity of base saturation of Marshall and Monona soils 
shows that about as much hydrogen enters into the exchange 
complex in less than 6,800 years as in about 14,000 years. 
Apparently loss of bases is rapid during the initial stages of for
mation in these soils. But later, either release of bases by wea
thering or recycling by vegetation maintains the system at a 
nearly steady state. Similarities between base saturation curves 
of loess-derived and Napier soils indicate that the degree of 
horizon development in Napier soils is as great as in soils in loess 
although the Napier material may have been weathered before 
it was transported to its present position. 

Summary and Conclusions 

Post Tazewell erosion of the valley slopes, and locally the 
ridges, in the vicinity of cut 39 has exposed the sequence of loess 
zones, left the Tazewell surface several feet above the valley floor, 
and furnished material for the alluvia! fill on the valley floor. 

:;0 Nitrogen was determined by a modified Kjeldahl method (3) using boric 
acid for collection of the distillate. 

:'1 Total exchangeable bases were determined according to the procedure by 
Black (3). Exchangeable hydrogen was determined by leaching the soil with 
neutral, normal barium acetate and titrating the acidity with sodium hy
droxide. 

.. 

• 
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Distribution of soils closely parallels the outcrop area of loess 
zones and the alluvial fill, and within a loess zone the geomorphic 
surfaces. Thus, landscape evolution through its exposure of differ
ent parent materials and control of distribution of geomorphic 
surfaces has influenced areal distribution of soils. 

Soil landscape in the watershed is composed of several soil 
series with their distribution controlled in part by the geomor
phology and stratigraphy of the area. Under present restrictions 
in the use of catena and toposequence, the soil landscape cannot be 
described using these terms (1, pp. 431, 440). Thus, the soil asso
ciation area must be used to describe the soil landscape although 
the catena concept has been used for this purpose (37). 

Geomorphic and other lines of evidence show that weathering 
histories of soils of Tazewell and Recent surfaces differ consider

• ably. Marshall soils of the stable Tazewell surface started develop
ment more than 14,000 years ago under a forest vegetation that 
was replaced by grass about 6,800 years ago (31, 53, 54). They 
also weathered under the moist climatic regimes that produced 
the loess weathering zones. There is little in the morphology and 
physical or chemical properties of Marshall soils, however, that 
suggest a past forest vegetation. Thus, the change under forest 
was slight or the forest influence was destroyed during the grass
land cycle. 

In contrast to Marshall soils, Monona and Dow soils have 
formed under an erosion surface that is less than 6,800 years old. 
Grass has been the dominant vegetation of Monona and Dow 
soils. Monona soils in the upper leached zone formed in materials 
weathered during previous cycles whereas Monona and Dow 
soils below the upper leached zone formed in materials that 
probably were not affected by previous cycles of soil forma
tion. These soils also may have had slow removal of material from 
the surface during their formation. Napier soils, on the other 
hand, may have had slow accretion of material on the surface, and 
the material may have been weathered to varying degrees before 
it was deposited as alluvium. 

Similarity in physical and chemical properties between Mar
shall and Monona soils in the upper leached zone indicates that 
aimost as much soil differentiation can occur in leached loess in 
less than 6,800 years as in about 14,000 years. Although soils in 
the un leached zones do not have as much physical and chemical 
differentiation as soils in the leached zone, differences are a 
matter of degree rather than kind. Under past and present weath
ering intensity, soil formation in loess in the Marshall area is 
relatively rapid and degree of soil differentiation is not a linear 
function of time. 
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Appendix 

Descriptions of soil mapping units that were discussed but not 
described in the body of the report follow. 
Unit HA. Sharpsburg silty clay loam. moderately shallow to till (pI. V: D.O., 3.2\): 

;;lopc 6 percent; cultivated jjdo. 

AI' Very dark brown (lOYll ~/2) medium silty clay loamj weak line 
0--1 inches granular structure; friable; Tazewelllo!,ss; clear boundary. 

B. 	 Dark brown (IDYll 4,3) medium silty day loum; weak line sul.UlIIgular 
• -1-20 inl:hes 	 blocky structure; thin discontinuous clay skins in pores lind on ped 

exteriors; gflHlull1 boundary. 

!:hl Dark Y,l11owish brown (IDYll 4/·1) light silty clay loam; few line grayer 
~O-:H inches and browner mottles; weak medium blocky structure; friable; buse of 

Tazewell loess; abrupt boundary, 
IIH,. Dark browll (IOYH. -1/3) clay loam; few gr:tyish brown (~.5Y 5/~) 
:H-40 inches mottles; lI'ellk medium structure; firm; l\.ammn till; cleM boundary. 
lle. Dark grayish brown (tOYR -1,2) c\tty loam; llluny gmyish brown ami 
-10+ inches strong brown (~.5Y 5t2 lll\tl 7.5·~ It 5/6) mottles; lllllssive; firm; 

cllicareous, 

Unit 118. Sharpsburg silty clay loam. moderately shallow to Yarmouth-Sangamon 
paleosol lPI. V: L:!2, 5.7): ~Iope 6 percent, convex; cultivated field. 

Au' Very dark gray (10'1"11 3/1) mediulll silty clay loami mooerate fine 
0··8 inl'hes granular structure; friable; leached Tazewell loess; gradual boundary. 
AB Very dark grayish brown (IOYR 3i2) medium silty clay loam; weak 
S-I-1 inches medium subangular blocky structure; gradual boundary. 

13 2 	 Dark grayish brown (lOYR -1/2) medium silty clay loam; few strong 
1·1-2,\ inehes 	 brown (7,5 Y H, 5N) mottles; lVeuk lille 5ubangulur blocky structure; 

thin continuous clay skins; friable; base of Tazewell loess; abrupt 
boundary. 

lIB'b Olive gray (5Y 51:!) dl~y; few strong hrown (7.5YR 5/6) mottles; weak 
2·1+ indIes fine sulmllgular blocky siru('iure; thick continuous clay skins coat ped 

exteriors; firm; l"llnsan till; B. horizon of Yarlllouth-~angllmon paleosol. 

Unit ue. Sharpsburg silty clay loam. moderately shallow 10 lale Sangamon paleosol 
(pl. \': E,42, 3.7): :;lope S percent; cultivatcd field. 

All' \'ery dark brown (IOYR 2/2) light silty duy loulIl; weak tine grunulur 
0-10 iucht's slrul'lure; friable; Tazewell loess; clear boundary. 
AB 	 Very dark grayish brown (lOYll a!~) medium silty ('h~y loam; weak 
10-IS inches fine subangulur blol'ky structure; friable; gradual boundary. 
B~ Dark brown (IOYIt -1/3) medium silty (·Iay loam; weak finc subaugular 
18-~S indIes blo('ky stTlll'ture; thin eontinuolIS day skins coat ped exteriors; friable; 

base of Ta7.(!lI'ellloel:ls; abrupt boundary. 
II A.h Dark brown (lOY R -1/3) medium gritt.y silt loam; weak m(!diulll 
28-40 inches bloeky structure; friable; lale Hangamon petiis(!diment; gradual 

boullli:lry . 

UHn. .Dark brown (lOYR '1/3) day loam; few gmycr lind browner mottles; 
-10--18 inl'hcs wc!lk fine or medium subtlllgular blo('ky structure linn; stOlle line in 

base; bllse of late Hllngalllon pedisediment. 

111 B21b J):trk gmyish brown (lOYH. 4/~) clay; few grayer alld browller mottles; 
48··66 inches weak line suhllngular blocky struelure; lhic'k ('olltillUOUS clay skins; 

firm; leuched j"llllslIn till. 
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Unit 22, Shelby loam. sandy subsoil variant (pI. V: 0.:15, 4Ai): Slope 15 percent.; 
bluegrass. 

AI Very dark brown (I0YR 2/2) loam; very wenk, almost single grain, 
0-14 inches gmmlhlr structure; very frit~ble; Kansan till; gradual boundary. 
B. Dark yellowish brown (lOYR ,IN} sandy loam; very we!lk medium or 
14c-30 inl·hes eoars6 blocky structure that breaks to single grain; very friable; gmdual 

houndary. 
C I Yellowish red (5YR 5/8) fine sandy loam; single grain structure. 
30+ inches 

Unit 24. Steinauer clay loam (pI. V: H.2!), 4.26): Slope 18 percent; cultivated field. 
AI Very dark grayish browl) (jOYR a/2) light ('lay loam; weak fine grnnu
0-6 inches lar structure; frinble; calcureous Kansan till; clear boundary. 
C Brown (lOYR 5/:3) light clay loam; few fine reddish brown (5YR 4/4) 
G+ in('hes mottles; massive; friable; ('all'areous. 

In areas where the late Sangamon surface is adjacent to the 
Yarmouth-Sangamon surface, the paleosols have characteristics 
common to both. These paleosols are classified as the Adair
Clarinda intergrade (fig. 68: 35). A soil of this kind developed 
in Kansan till (pI. V: D.6, 3.8) is: 
AlP Very dark grayish brown (1OYR a/2) heavy silt loum; weuk fine granu
0-4 inches lar; friable; clear boundary. 
Au Very dark grayish brown (10YR 3/2) light silty clay loam; weuk fine 
4-10 inches subangular blocky structure; frhlble; lea('hed Kansan till; gradual 

boundary. 
PA 2 Dark brown (lOYR 4/3) heavy silt loam; weak fine subangular blocky 
10-20 inches strueture; patchy, white to light gray silt CO/Its; friable; clear boundary. 
PI31 Dnrk grayish b.own (2.5Y 4/2) medium clay loam; moderate fine sub
20-26 inehes angular blocky structure; thin continuous clay skins; common patchy 

white silt coats; firm; weatherable minerals visible; clear boundary. 
PD. Olive gray (5Y 4/2) clay; few fine strong browll and yellowish red 
2{)-3(i inc'llea mottles; mociemte fine subangulllr blocky structure; thick continuous 

cltty skins; firm: weatherable minerals visible; gradual boundary. 
PBa Olive gray (5Y 4/2) hettvy clay loam; weak medium subangular blocky 
36-48 inches stru('ture; thin continuous clay skins; firm; abundant weatherable 

minerals; gradunl boundary. 
PC I Variegated olive gray, gruyish brown and brown (5'1' 4/2,2.5'1' 5/2, 
·18+ indIeS /l/ld 10YR 5/3) medium light clay loam; massive; firm. 

The following soils were discussed but not described in the body 
of the report. Thin-section descriptions follow the pro!ile descrip
tions. 
Profile B. unit 12. Sharpsburg silty clay loam: HI(lPl' !) perc('nt convex; cultivllted field 

Collected by; n.. 13. Daniels and F. J. Carlisle. 11/5/;).'5. 

LOl'utioll: SW';i XW!--'; BW lisee. Ii, T. i6 X., IC31 W., Adair County, Iowa. 

AI!' Ulnek (IOYR 2/1) light silty cia>, loam; ('Iuddy breaking to fine grallular; 

0-7 inches friable; Tazewell loess; eIear boundary. 

AI1 Black (10YR 2/1) light to medium silty ("lay loam; we:tk fine alld me
7-16 inches dium grllnuillr; friuble; gradual boundary. 

A3 Black (LOYR 2/1) light to medium silty clu)' loam; few very dark gray

Hi-HI inehes ish brown (IOYIl :3/2) mottles; weak to JlIoderate fine subangular blocky 


struelure; friable; graduul buundary. 
B21 \'ery dark gnlyish brown (I0YR :1/2) medium to heavy silty clay loarn; 
H!-25 inc'hes few very dark gray (lOYR 3/1) areas; weak fine subangular blo(:ky 

strueture continuous thin ('lny skins; friable; gradual boundary. 
B~·! Dark grllyish brown (IOYIl 4/2) medium to heavy silty ('lay loam; few 
25-33 inc/H'R very dark brown (IOYH. '2/2) mottles; few fine faint grayer !lIld browner 

lllottles in the lower part; moderate tint' subangular bloeky strunturc; 
thin ('ontimwus clay skins; slightly firm; graduul bou(HJar,\'. 
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BI 	 Dark grayish brown (10YR 4/2) medium silty clay loam; many distinct 
33-46 inches 	 grayish brown (2.5Y 5/2) and strong brown to brown mottles; weak to 

moderate medium blocky structure; thin continuous clay skins coat 
larger aggregates; aggregates form weak medium to coarse prismls; 
slightly firm; gradual boundary. 

C1 Variegated grayish brown (2.5Y 5/2) and strong brown to dark brown 
46-72 inches light silty clay loam; common fine dark oxide accumulations; massive; 

thin to medium clay skins on vertical faces of cleavage planes; friable. 

Profile E, unit 11, Sharpsburg silty clay loam: Slope 2 percent, convex; cultivated 
field. 

Collected by: R. B. Daniels and F. J. Carlisle, 11/5/55. 

Location: NE corner SEU NEU SEUsec.18, T.76 N., R.31 W., Adair County, Iowa. 

AlP Very dark brown (IOYR 2/2) light silty clav loam; cloddy breaking to 
0-6 inches fine granular; friable; Tazewell loess; clear boundary. 
Au Very dark brown (10YR 2/2) light to medium silty clay loam; weak 
6-12 inches medium granular structure; friable; gradual boundary. 
AB Very dark brown (lOYR 2/2) medium silty clay loam; few dark brown 
12-15 inches (lOYR 4/3) mottles; moderate fine subangular blocky structure; 

friable; gradual boundary. 
BZI Dark brown (lOYR 4/3) medium to heavy silty clay loam with approxi
15-19 inches mately 25 percent very dark grayish brown and very dark gray (10YR 

3/2 and 3/1); moderate fine subangular blocky structure; thin contin
uous clay skins; moderately friable; gradual boundary. 

B22 Dark brown (lOYR 4/3) heavy silty clay loam; few fine faint mottles 
19-30 inches in t,he lower 3 inches; moderate fine Bubangular blocky structure; thin 

continuous clay skins; firm; gradual boundary. 
B3 	 Dark brown (lOYR 4/3) grading with depth to dark grayish brown 
30-43 inches 	 (lOYR 4/2) light to medium silty clay loam; common fine grayish brown 

(2.5Y 5/2) and strong brown mottles; moderate to strong (dry) medium 
blocky structure; firm; gradual to diffuse boundary. 

CI 	 Variegated yellowish brown and grayish brown (lOYR 5/4) and 2.5Y 
43-72 inches 	 5/2) heavy silt loam to light silty clay loam; common very fine dark 

oxides; massive; thin continuoU!! clay skins on vertical cleavage faces 
to a depth of about 50 inches; friable. 

Profile G, unit 11, Sharpsburg silty clay loam: Slope 9 percent, convex; cultivated 
field. 

Collected by: R. B. Daniels, 8/28/56. 

Location: 429 feet north and 162 feet west of SW corner of SWU SW~ sec. 17, 


T.76 N., R.3l W., Adair County, Iowa. 

AlP 	 Very dark brown (lOYR 2/2) medium to heavy silty clay loam; very 
0-5 inches 	 dark brown (lOYR 2/2) crushed and dark grayish brown (lOYR 4/2) 

dry; cloddy breaking to weak fine granular; friable; Tazewell loess; clear 
boundary. 

AB 	 Very dark grayish brown (lOYR 3/2) heavy silty clay loam; few very 
5-9 inches 	 dark brown and dark brown (lOYR 2/2 and 4/3) mottles; very dark 

grayish brown (lOYR 3/2) crushed and grayish brown (lOYR 5/2) 
dry; weak fine subangular blocky structure; thin continuous coat; 
friable; clear boundary. 

D. 	 Dark brown (lOYR 4/3) heavy silty clay loam with few very dark 
9-22 inches 	 grayish brown (10YR 3/2) areas in the upper part; dark brown (lOYR 

4/3) crushed and brown (lOYR 5/3) dry; weak fine subangular blocky 
structure; thin continuous clay skins; friable; gradual boundary. 

B3 	 Dark grayish brown (lOYR 4/2) medium silty clay loam; few to com
22-37 inches 	 mon fine grayish brown (2.5Y 5/2) mottles; dark yellowish brown 

(lOYR 4/4) crushed and pale brown (lOYR 6/3) dry; weak medium 
blocky structure; thin continuous clay skins in upper part becoming 
discontinuous on horizontal surfaces in the lower part of the horizon; 
friable; gradual boundary. 

http:SEUsec.18
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C 	 Brown (lOYR 5/3) light silty clay loam; common fine and medium 
37-51 inches 	 grayish. brown (2.5Y 5/2) mottles; few to comn;on fine dark brown and 

strong brown (7.5YR 4/4 and 5/6) mottles yel!owish brown (lOYR 
5/4) crushed; variegated pale brown (10YR 6/3) and light brownish 
gray (2.5Y 6/2) and reddish yellow (7.5YR 7/6) dry; massive; thin 
continuous clay skins on vertical cleavage faces. 

Profile G, unit 11, thin-section description: 
AB 	 This horizon appears to contain more clay than B~ and C I • Structure 
5-8 inches 	 is similar to B. but there are some pronounced differences. Much of 

the clay is in silt-size oriented flakes and skins on particles. Continuous 
zones, bands, and patches of segregated pressure-oriented clay extend 
for several millimeters. The most prominent feature is a stacked-ball 
structure. These round aggregates are seldom discrete but appear in 
plain light as variations in density. The smallest ones are slightly larger 
than the largest primary grains; the largest almost 1 cm. across. They 
seem to have oriented skins or orientation of clay parallel to the cir
cumference, visible in crossed polarized light. Crevices, channels, or 
ped faces are generally lined with an extremely thin coat of oriented 
clay. Coats are about as common as in the B horizon as seen in sections 
but are thinner. No bands of oriented clay were seen within the matrix 
close to the partings. Concretions are present as in the B. 

B. 	 Clay in the average matrix or interior of peds is in silt-size oriented 
10-13 inches Hakes and oriented skins around primary mineral grains as in the C 

horizon. Orientation seems to be such that the flakes give the etTect 
of a diffuse continuous angular network. This effect is due to pressure 
as a result of shrinkage and sweUing. Most of the primary grains have 
pressure-oriented CO:lts. Clay concentration varies greatly. There 
are local patches of high concentration and some of the small peds or 
aggregates have more clay than the larger one. i\fcst of the areas of 
high concentration are near or at surfaces and related to cracks, chan
nels, crevices, or pores. Many of these partings have very thin films or 
oriented clay along them which might be identifiable in the field. The 
prevalence of layered concentrations of oriented clay parallel to and 
close to surfaces may have several interpretations. This clay may 
have been at the surface as a skin and pulled back in when the specimen 
was dried; it may have moved out from the interior of the ped; or it may 
indicate that the peds do not have fixed definite surfaces but can 
break in several possible places. Dense mottles or concretions are 
common. These are almost opaque but in places where section is very 
thin their internal structure can be seen. They are probably formed 
from mottles iII the C. Clay and possibly goethite is well oriented. 
Some eoncretions are possiuly breaking down for there is a zone around 
some having high iron-stnineo clay content. Some concretions have 
coats of lighter colored oriented clay. 

CI 	 This snmple has variable structure from place to place. The day in 
41-44 inches 	 pale grayish and buff Ilreas is a rough random reticulate pattern among 

the primary mineral grains. Most of these grains have a coat of 
oriented clay. There are silt-size aggregates of oriented clay with 
rather high birefringence which are probably weathered mica. Some 
elements of the reticulate oriented pattern are larger than the primary 
minernl grain size indicating that there has been some adjustment to 
position of the clay, possibly by pressure, but in the general matrix 
there are no bodies of clay larger than the other grains. Clay skins 
and other evidence of clay movement are common. Many of the pores, 
channels, flnd eracks are lined with films of pure oriented clay. Red 
mottles are higher in clay than the matrix, and most of this clay shows 
evidence of movement with orientation. The clay is red and shows 
higher birefringence due either to better orientation or to the iron con
tent. Some micro-crystalline material in the red mottles appears to be 
goethite. 

Profile I, unit 21A, Shelby clay loam. deep to carbonate phase: Slope 15 percent, con
vex; cultivated field. 

Collected by: R. B. Daniels and G. H. Simonson, 7/31/56. 
Location; 279 feet east and 129 feet south of NW corner of SWU SEJ,{ NWJ( sec. 18, 

T.76 N., R.3l W., Adair County, Iowa. 
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AlP 	 Very dark brown (lOYR 2/2) light silty clay loam to light clay loam; 
(}-7 inches very dark brown (lOYR 2/2) crushed and dark gray (lOYR 4/1) dry; 

weak fine granular structure; friable; Kansan till; clear boundary. 
AB Very dark grayish brown (lOYR 3/2) medium silty clay loam to clay 
7-11 inches' loam; few very dark brown and dark brown (lOYR 2/2 and 4/3) mottles; 

very dark grayish brown (lOYR 3/2) crushed and dark gray to dark 
g/;:,yish brown (lOYH. 4/1 and 4/2) dry; moderate fine subangular 
blocky structure; slightly firm; clear boundary. 

B~I Dark brown (lOYR 4/:~) medium clay loam; few very dark brown 
U-17 inches (lOYR.2/2) areas along channels; moderate fine and very fiue sub

angular blocky structure; thin continuous clay skins; firm; clellr 
boundary. 

B" Dark yellowish brown (lOYR 4/4) heavy cIa v loam; few very dark 
17-23 inches brown (lOYR 2/2) areas along channels; weak to moderate fine sub

angular blocky structure; medium continuous clay skins; firm; clear 
boundary. 

Btl 	 Dark brown (lOYR 4/3) medium clay loam; few fine faint grayer and 
23-34 inc'hes 	 few coarse strong browll and reddish yellow (7.5YR 5/6 ano, 6/8) 

mottIes; weak fine and medium blocky structure; thin to medium 
continuous clay skins; very firm; gradual boundary. 

B32 	 Dark brown (lOYR 4/3) medium ('lay loam; common medium grayish 
34-48 inches 	 brown (2.5Y 5/2) and few fine strong brown mottles; weak to very weak 

medium to Coarse blocky structure; medium clay skins on vertical sur
faces of weak medium prisms; thin continu(lus clay skins on hlocky 
peds becoming dis.::ontinuous in the lower part; ('lear boundary. 

C~I 	 \'ariegated grayish brown !lnd dark yellowish brown (2.5Y 5/2 and 
48-60 inches 	 LOYR 4/4) light day loam; massive; thin discontinuous clay skins on 

vertical cleavage planes; very firm; calcareous Kansan till; common 
white soft to very hard carbonate concretious < ~4 inch in diameter; 
gradual bouudary. 

e", 	 Variegated grayish brown and yellowish brown (2.5Y 5/2 and lOYR 
6(}-72 inches 	 5/6) sandy loam; massive; friable; calcareous; gradual boundary. 
C,3 	 Yellowish brown (I0YH. 5/4) light clay lo[\m; common medium grayish 
72-82 inches 	 brown (2.5Y 5/2) and few· fine strong brown mottles; massive; firm; 

calcareous. 

Profile K. unit 21. Shelby clay loam. moderately shallow to carbonate pbase: Slope 12 
perccnt, convex; blucgrass. 

Collected by: R. B. Daniels and J. A. Phillips, 8/1/56. 
Location: 412 feet cast and 3:3 feet north of SW corner of SW!.i SWJ4' ~E74 sec. 18, 

'1'.76 N., R3t W., Adair County, Towa. 
AI \'ery dark brown (lOYll 2/2) mcdium clay loam; very dark brown 
0-0 inches (lOYR 2/2) crushed; moderate fine and very fine subangular blocky 

structure; friable; KllllBan till; clear boundary. 
A13 	 Very dark grayish brown (IOYR 3/2) medium to heavy clay ioam; 
9-14 inches 	 few vcry dark brown (lOYH. 2/2) areas along vertical channels; few 

durk brown (!llYR 4/3) mottles; d!lrk grayish bruwn (lOYR 4/2) 
erushed; mUderate fine ami very fine subangular blocky structure; 
discontinuous coat on ped surfaces; friable; clear boundary. 

B21 	 Dark brown (IOYll 4/3) medium clay loam; few ver~' dark grayish 
14-22 inches 	 brown (lOYll 3/2) areas along vertical channels; dark brown (lOYR 

4/3) crushed; moderatc to strong fine subangular blocky structure; 
thin continuous clay skillS; slightly firm; dear boundary. 

B'2 	 Dark brown (lOYil 4/3) medium clay loam; yellowish brown (lOYH. 
22-29 inches 	 5/4) crushed; weak tl> moderate fine subangular blocky structure; 

thin to medium continuous clay skins; firm; few white carhonate con
eretions !4· inch in diamcter in the lower part, but the matrix is leached. 
'rhe depth to the lowcr boundary of the B'2 horizon across the sampling 
areas is 20 to 32 inches. Abrupt boundary. 

B'l 	 Dark yellowish brown (lOYR 4/4) mcdium chy loam; eommon medium 
29-37 in{'he~ 	 to COMBe yellowish red (5YR 4/6) and common fine strong brown 

(7.5YIl 5/6) mottles; strong brown (7.5YI{, 5/8) {'tushed: weak fine 
and mcdium subangular blocky structure; thin (!ontinuOIlB clay skins; 
slightly firm; clllcurcous J(Hllsan till; common white firm to very firm 
carboll!l.te concretions <~ol inch ill diameter; clear boundary. 

http:carboll!l.te


238 TECHNICAL BULLETIN 1349. U.S. DEPARTMENT OF AGRICULTURE 

B3 	 Yellowish brown (IDYR 5/6) medium clay loam; few medium and 
37-46 indll~H 	 course gray (5Y 5/1) and few fine strong brown mottles; weuk medium 

blocky structure; thin discontinuous rlay skins on horizontal surfaces 
und thin continuous clay skins on vertical surfuces; firm; culcareous; 
few white firm to very firm carbonate concretions und limestone 
fragments <J.i inch in diameter; abrupt boundary. 

Cn 	 Yrllowish hrown (lOYR 5/4) Bundy loam; common fine to medium 
46-48 inche.! 	 strong brown (7.5YR ,'l/6) mottles; massive; very friable; calcareous; 

few white firm to very firm carbonate concretions and limestone frag
ments <~.:i inch in diameter; abrupt boundary. 

c.. 	 Grayish brown to brown (lOYR 5/2 to 5/a) light clay; common, 
.J8-58 inches 	 medium und coarse, strong brown and (7.5YR 5/6) yellowish red 

(5Yll 5/8) mottles; common medium to fine gray (5Y 5/1) mottles; 
few to common dark oxide coats; massive; firm; calcareous; few white 
firm to very firm carbonate concretions < ~~ inch in diameter. 

Profile K, unit 2 I, thill-section description: 

AB This is like the B in having bands and stringers of clay with parallel 

10--13 inches orienttltion and skins around grains. On the whole there is much 

1" 


evidence of organization, rearrangement, and orientation of clay. In 
some areas most of the ('lay appears to be in small mndomly arranged 
chips and flakes, much smaller than most of the primary grains. Some 
(fewer than }3) of the chllnnels, ped fllCes, Imtl pores have thin oriented 
chlY couts lind there is some tendency for concentrations of oriented 
clay to occur within the matrix pllrall~l to Willis of openings. Clay 
has probably been stripped from most of the surfllces and moved to the 
B horizon. 

B.. 	 The clay in this specimen shows considerably more orgllnizlltion than 
23-26 inehes any horizon studied from unit 11 or unit 2a. Clay content appears 


high but perhups this impression is a result of the better organization 

(lf clay thnt. mukes it more visible. Clay is in oriented flakes, up to the 

sand size. There are also some larger stringers llnd aggregates. l\[any 

or most of the medium lind large gruins have a conspicuous but thin 

skin of oriented clay. There is some variation in tillY concentration 

from pillce to place (lver distances of millimeters, such as irregular 

balls and plltches with higher day content and more oriented clay. 

:\[uch of the oriented fluke and network area has a rough rectangular 

parallel llrmngement, possibly the result of shear or compression. 

Clay skins lire common and thicker thllfl in unit J1 and unit 23. Almost 

all pores, l\ggregate faces, and channels have an oriented clay coat. 

Besides the coat there is uften Il concentration of oriented clllY in the 

matrix nenr pore nnd ('hllnnel wall!!. Home of th{J stringers of oriented 

clay within the mlltrix in hot.h horizons nre probllbly former ped-face 

surfac:es ",hi('h closed np or weakly developed ped fllCes. 


Profile M. unit 23, Shelby-Steinauer intergrade: :;Iopc (j percent, convex; bluegrass 
and timothy pasture. 


Collected by: R. B. Daniels, 7/17/56. 

Location: 180 feet west and 56 feet south of XE corner of RW!! ~EI4· SE1.i sec. Iii, 


T.76 X., R.31 W" Adair Cuunty, Iowll. 

At \"ery dark brown (IOYR 2/2) light to medium clay loam; weak to 

0-4 inch('s moderate fine llnd very fine granular structure; friahl!!; Kllnsan till; 


clellr boundary. 

AB \'ery dark grayish brown (IOYR 3/2) medium clay loam with few very 

4-9 inl,hes dark hrown and dark brown (tOYR 2/2 and 4/3) arellB; we/lk to mod


erate fine granular structure; slightly firm; clear boundary. 
B. 	 Dark brown (IOYR 4/3) medium clay loam; moderate to strong fine 
0":18 inches 	 subungular bloeky structure; medium continuolls clay skins; slightly 


firm; calc-areous Kansan till; few to common loose to extremely hnrd 

limestone fragments nnd ('lIrbonllte concretions rllnging in diameter 

from. < ~s to 3·:i inches; gradulIl boundllry. 


B31 	 Dark yellowish brown (iOYll 4/4) m('dium clay lonm; common gray 
18-29 inches C5Y 5/1) strellks up to 4 inches long lind < l:{ iuc,h widf>: wellk medium 


blocky structure; thin ('ontinuous clay skins; firm; calCllreous; common 

loose to cxtremf>ly hard limestone frugments and I'arbonllte coneretions 

<!1 to 1 inch in diameter; gradual boundary. 
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En 	 Dark brown to brown (lOYR 4/3 to 5/3) medium to light clay loam; 
29-43 inches 	 COmmon gray C5Y 5/1) streaks; weak medium blocky structure; thin 

continuous clay skins becoming discontinuous in the lower part of the 
horizon; firm; calcareous; few to common. loose to extremely hard 
limestone fragments and carbonate concretions; diffuse boundary. 

C 	 Brown (lOYH. 5/3) light clay loam; common fine to coarse dark brown 
43-60 inches 	 and strong brown (7.5Y 4/4 and 5/6) mottles; common gray (5Y 5/1) 

streJlks; mll8llive; thin discontinuous clay skins along vertical cleavage 
planes; firm; calcareous; few to common loose to very hard <.Va to % inch 
carbonate concretions. 

Profile L, unit 28, thin-section description: 
AB There are common roughly ball-shaped structures with oriented clay 
6-9 inches roughly parallel to their circumference and also numerous sand and 

silt particles have oriented skins. Most aggregate surfaces have no 
coats though a few small patchy coats were seen and some surfaces were 
lined with extremely thin films. There are a few round pores with clay 
film linings and an abundance of interior stringers and patches of dark 
brown oriented clay, probably old clay skins on formerly void walls. 
Clay concentration seems to be somewhat varied or Ilt lellBt the amount 
of organization or aggregate orientation is varied so that the clay is 
more visible in some places than others. Some of the outer surfaces of 
aggregates appear to contain less clay than the interior, Buggesting that 
clay hllB been stripped away. 

B11 	 This is considerably different from C1 and 1331 • Calcite is gone and 
10-13 inches 	 there has been much rearrangement of clay into oriented networks. 

Commonly over a distance of several millimeters clay will tend to have 
parallel orientation in one or two direetions because of pressure. There 
are many clay balls and skins around grains. Clay is a darker brown 
than in the horizons below. Thin clay films are common on most 
aggregate surfaces, and some are thick enough to be called day skins; 
they are well oriented and free from coarser particles. One has the 
impression that ped surfaces are not stable, but breakage occurs in 
different places at ditTerent times as there are stringers of oriented clay 
running through the section where there is now no sign of a break or 
surface. 

B31 	 This is calcareous but lime concentration is not as high as in the C. In 
22-25 inches 	 a few spots lime has been removed, but in general it is much like the C. 

There is some evidence of rearrangement of clay due to slumping after 
removal of some carbonates; most of it resembles the brown parts of the 
C specimen. Faces of some peds or cleavage surfaces have a very thin 
coat of poorly oriented clay and there is often a concentration of clay 
near the walls of such crevices. Such a concentration also may be due 
to leaching. Many of the crevices are lined with a film of very small 
calcite crystals and occasionally a channel is filled with recrystallized 
calcite. One section shows a large area (1 cm.) in which clay Haws are 
Common. This area is lower in calcite than some of the rest but not 
free from it. In one place a definite, but thin, oriented film of clay in a 
channel runs along the face of tl limestone fragment. Some of the 
clay that has apparently moved is mixed with calcite. Calcite moves 
and reprecipitates so possibly it and the clay moved at different times. 

C 	 The specimens are quite heterogeneous in detail. The most con
35-38 inches 	 spicuous feature is the large scale mottling and segregation of brown 

and gray areus. Gray areus appear lower in clay and higher in carbon
ute than brown ones. The higher day content of brown patches may 
be due to some local concentration by leaching of carbonate. Clay in 
gray spots is in small random chips but in brown spots it seems to be 
more organized into larger Hakes and bunds. Jn general there is no 
evidence of much clay movement, but there are a few features that 
look like old clay skins now crushed and distorted. Some banding and 
orientation of large grains and clay appears to be caused by pressure. 
The cleavage surfaces generally are rather smooth and sume have some 
kind of tine grained coat. OCClIBiOlllllly patches or oriented clay are 
present, possibly a slickenside effect, but the commonest coat is a fine
grained dust of CaC03, possibly mixed with clay. 
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Profile O. unit 51, Arbor silt loam: Slope 14 percent, concave; cultivated field. 

Collected by; R. B. Du.niels, F, J. Carlisle, G. H, Simonson, 7/26/56. 
Location: 490 feet east and 100 feet Bouth of XW corner of XW l.j SE! 4' ~W}.( sec. 18, 

'1',76 N., R.31 \V., Adair County, 1owa. 

AlP "cry dark brown (lOYR 2/2) heavy loam; very dark brown (lOYH. 
0-6 inches 2/2) crushed !lIld dark grayish brown (l{JYR 4/2} dry; doddy breaking 

to weak fine granular; very friable valley-side alluvium; clear boundary. 

AI! \'ery durk brown (lOYR 2/2) heavy loam; very dark grayish brown 
6-12 inches (1OYR a/2) crushed and durk grayish brown (lOYR 4/2) dry; weak 

fine and very fine granular structure; very friable: cletH boundary. 
AB 	 \'ery dtlrk grayish brown (lOYR 3/2) heavy loam to light \'lay 10l1l1\: 
12-16 inehes 	 few very dark brown (IOYR 2/2) areas along channels; dark grayish 

brown (lIJ'iH. 4/2) crushed and brown (lOYR 5/3) dry; weak to moder
ate fine tlod verj' fine subangular blocky structure: very friable: clear 
boundary. ,

B:I 	 Dark brown (IOYR 4/3' light clay loam; few very dark brown and 
16-21 inehcB 	 very dark grayish brown (1 DYIt 2/2 und 3/2) areas (llong verUeul chan

nels; dark brown (lOYR 4/3) ("rushed and brown (LOYR 5/3) dry: weak 
fine subtUlgular bloeky stnldure; thin discontinuous coats; friable; 
base of valley-side alluvium; abrupt boundary. 

B", Durk brown (lOYR 4/3) light ('lay loam; few very dark grayish brown 
21-23 ineiles (I()YR 3/2)nrens along vertit'1l1 ellllnnels; weak tiue subaugulllr blocky 
(stone line) struetun:; thin dis('ontinuous couts; friable; gravel ranges from 2 mlll. 

to 175 n1Jn. but IS dominantly less than 50 1Il1ll. in diallleter; abrupt
boundnry. 

nUt. 	 Dark brown to brown (10YR 4/3 to 5/3) medium clay loam; dark 
23-30 inr:iles 	 yellowish brown (LOYl{ 4/4) crushed and yellowish brown (LOYR 5/4) 

dry; weak fine subangular blocky strueture; thin discontinuous clay 
skillS; friable; Kunsan t.ill; clear boundary. 

lIB31 	 Dark yellowish brown (LOYR 4/4) light clay loam; common to fine to 
30-40 inches 	 medium, faint to distinct grayish brown (2.5Y 5/2) and skong brown 

(7.5YH, 5/6) mottles arranged in indistll\ct horizontal bands; we!lk 
medium blo('ky strueture; slightly firm; gradual boundary. 

lIBlI 	 Dark brown (I OYR 4/3) light clay loam; few fine distinct strong brown 
40-50 inches 	 to dark brown and grayish brown (2 ..5Y 5/2) mottles; distinct strong 

brown (7.5YR 5/6) gmding to dark brown (7.5YR 4/4) horizontal 
bands .1., to It 2 inches wide; very weak medium to coarse blocky 
structure; few coats; slightly firm; clear boundary. 

HC 	 Dark brown (IOYR 4/3) light clay loam; many medium distinct light 
50-6t inches 	 olive gray (5Y 6/2) and dark yeUfJwish brown to strong brown mottles; 

massive; firm; calt'areous Kansan till; common white carbollate con
cretions <.1;, inch ill diameter; abrupt boundary. 

VI Gray to light, olive gray (5Y O/l to 6/2) sandy clay loam; massive; 
61-65 inches friable; (,tllcarcous; gradual boundary. 
f)2 ::itrntified yellowish brown to grayish brown (IOYR h/4 to 5/2) medium 
65-88 inches to coarse sands; calcareous; clear boundary. 

D3 liray to light olive gray (5Y 6/1 to 0/2) light clay loum to sandy clay 
Sl:!+ inches loam; calcareous. 

Profile 0, unit 51, thin-secll'on de.~c,..iplioT!: 

The morpholugy of this horizon is between that of the U,. of t.he other 
sediment tlnd the till materials. Clu.y is in smull stringers, chips, aud 
bunds. These Ilre hlrgcr llnd stringers llnd bands llre continuous over 
greater distances thun in the H" uf unit. 5:3. There are numerous bull
like structures with ()riented film surfaces and oriented skins on most of 
the Sl\IId !lilt! silt gmins. There :lre concentmtiolls of oriented clay in 1 
the ma trix near rHany of the pores, channels, Ilnd other surfaces, and 
thill clllY skins Ull void walls. 
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lIB.. 	 This horizon is very dense; there are few pores, crevices, ped faces, or 
24-27 inches 	 other open surfaces. There is much variety in arrangement and con

centration of clay. Aggregates of clay in the form of chips and flakes 
are general. Large areus appear packed with clay in rather large 
bands and stringers with parallel orientation. Generally, and especially 
in large areas, sand and coarse silt grains have thick coats of oriented 
clay. Pressure orientation of clay flakes and stringers into a parallel 
boxlike network is common. Thin but continuous clay skins were 
observed in the few openings present. It is probable that some of the 
stringers and bands of oriented clay are clay skins between structural 
units that are not separated. Clay is bright brown and has high 
birefringence us if the free iron oxide content might be high. 

1. Profile Q, unit 53, Olmitz silty clay loam: Slope 7 percent, concave; cultivated field . 

Collected by: R. B. Daniels and G. H. Simonson, 7/30/56. 
Location: 210 feet east and 400 feet south of the NW corner of NW!i NW7'i SE!i sec. 

18, '1'.76 N., ll.31 \V., Adair County, Iowa. 

Au' Black (lOYR 2/1) heavy silt loam to light silty clay loam; black (IDYll 
0-7 incht.'!l 2/1) crushed and durk gray (IDYll 4/l) dry; cloddy breaking to weak 

fine granular; friable;. valley-side alluvium; clear boundary. 
A" Black (lOYR 2/1) light silty clay loam; black (lOYR 2/1) crushed and 
7-17 inches dark gray (lOYll 4/ I) dry; moderate fine subangular blocky and very 

fine granular structure; friable; gradual boundary. 
AB Very dark brown (lOYR 2/2) light to medium silty clay loam; few 
17-27 inehes black and very dark grayish brown (lOYR 2/l and 3/2) mottles; very 

dark grayish brown (10Yll 3/2) crushed and dark gray (lOYR 4/1) dry; 
weak fine subangular blocky structure; thin discontinuous coats; peds 
are arranged in weak medium prisms; friable; gradual boundary. 

B21 Very dark grayish brown (10YR 3/2) medium clay loam; few very dark 
27-·13 illl'hes brown (lOYR 2/2) mottles; very dark grayish brown (lOYR 3/2) 

crushed and dark grayish brown (lOYR 4/2) dry; weak fine to medium 
subangular blocky structure; peds are arranged in weak medium prisms; 
thin continuous clay skins on prism faces but thin discontinuous clay 
skins in the interior of the prisms; friable; gradual boundary. 

B.. ·. Dark grayish brown (LOYll 4/2) heavy clay loam; yellowish brown 
43=-54 inches (lOYll 5/4) ped interiors; weak medium subangular blocky structure; 

peds are arranged in weak medium prisms; thin continuous clay skins 
on prism faces but thin discontinuous clay skillS on the subangular 
blocky peds in the interior of the prisms; slightly firm; abrupt boundary. 

l.h 	 Yellowish brown ClOYll 5/4) gravelly medium clay loam; few faint 
54-5!) il1('hes 	 grayish brown (lOYR 5/2) mottles; very weak medium blocky struc

ture; thin discontinuous clay skins on vertical surfaces; firm; maximum 
diameter of gravel is 2.5 mm.; abrupt boundary. 

Dl 	 Yellowish brown ClOYR 5/6) fine sandy clay loam; common medium, 
59-78 inches grayish brown (2.5Y 5/2) mottles; massive; abrupt boundary. 
D2 Stratified clays; sandy clays and sands; colors are olive gray (5Y 5/2) 
78-102 inches to yellowish brown (lOYR 5/6); base of valley-side alluvium; abrupt 

boundary. 
IID, Brown (lOYR 5/3) clay loam; firm; calcareous Kansan till. A stone 
102+ inches line marks the contact between the valley-side a.lluvium and Kansan 

till. 

Profile P, unit 53, thin-section description: 

A.. 	 This horizon shows very little clay organized or oriented over any 
8-11 inches 	 distance. Even the usual small ehips and Hakes of oriented clay are 

not conspicuous. The main structure is a stacked-ball arrangement of 
coarse through fine sand sizes that shows as spots or areas of greater 
density. A few balls have oriented clay films on or parallel to their 
surfaces. A few of the large grains of quartz and feldspar have thin 
inconspicuous surface film!!. An occasional very thin clay film can be 
found on a ped surface or in a pore or crevice. The ball structure is 
very striking, indicating activity of fauna us the main factor in structure 
of this horizon. 
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Bn 
3i-40 inches 

This is considerably different {rom the till-derived materials in profiles 
K and L. i\[uch or most or the clay is in small oriented flakes and chips. 
In this sample, however, they are very small and there docs not seem to 
be much or the pressure orientation shown by parallel rectangular or 
rhombic pat.tern. Oriented skins on grains and bnll-like aggregates wit.h 
skins are uncommon. But there Ilre good examples of well-developed 
clay skins and clny flows in some crevices and in many pores. Where 
present, these are the thickest, purest, and best developed seen in uny 
or the sections, but. they do seem most common in pores und isolated 
pockets rather thun on planes, crevices, or ped ruces. ' 
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Plate IV. Geomorphic surfaces, North Turkey Creek area. 
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Soils In Alluvium and Wolerway Sedimenls , 
Undifferenlioled lolls in alluvium 
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,I,Olmilz silly cloy loom - i I 
Tenlollve field correlolions by F. J. Carlisle. 

Nole: An eroded pilose of a soil is deslonoled by Ihe inserllon of Ihe Arabic num",ol I 


followin9 the soli moppin9 number. For example t an eroded. > 4 inches of A horizon 
remoln;no, Shelby cloy loom, d..p 10 co,bonole, Is de.ionoied as 21A. If I... Ihon 

.. Inches of A horizon Is pres.nl, Ihe soli Is desionoied as 211A. 


. 
Plate V Soil map of the South Turkey Creek area. 
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