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Major fieldwork for this soil survey was done in the period 1957-62. Soil names and descrip
tions were approved in 1966. Unless otherwise indicated, statements in the publication 
refer to conditions in the county in 1962. This survey was made cooperatively by the 
Soil Conservation Service and the Iowa Agricultural Experiment Station; it is part of 
the technical assistance furnished to the Clay County Soil and Water Conservation 

Distract. 

HOW TO USE THIS SOIL SURVEY 

THIS SOIL SURVEY of Clay County 
contains information that can be ap

plied in managing farms and woodlands; 
in selecting sites for roads, J?Onds, build
ings, or other structures; and m estimating 
the suitability of tracts of land for agri
culture, industry, or recreation. 

Locating Soils 

All of the soils of Clay County are 
shown on the detailed map at the back of 
this survey. This map consists of many 
sheets that are made from aerial photo
graphs. Each sheet is numbered to corre
spond with numbers shown on the Index to 
Map Sheets. 

On each sheet of the detailed map, soil 
areas are outlined and are identified by 
symbol. All areas marked with the same 
symbol are the same kind of soil. The soil 
symbol is inside the area if there is enough 
room; otherwise, it is outside and a pointer 
shows where the symbol belongs. 

Finding and Using Information 

The "Guide to Mapping Units" can be 
used to find information in the survey. 
This guide lists all of the soils of the county 
in alphabetic order by map symbol. It 
shows the page where each kind of soil is 
described, and also the page for the capa
bility unit and woodland planting suitabil
ity group in which the soil has been placed. 

Individual colored maps showing the 
relative suitability or limitations of soils 
for many specific purposes can be devel
oped by using the soil map and information 

in the text. Translucent material can be 
used as an overlay over the soil map and 
colored to show soils that have the same 
limitation or suitability. For example, soils 
that have a slight limitation for a given use 
can be colored green, those with a moderate 
limitation can be colored yellow, and those 
with a severe limitation can be colored red. 

Farmers and those who work ivith farm
ers can learn about the use and manage
ment of the soils in the soil descriptions and 
in the section that discusses management 
of soils for crops and pasture. 

Game managers, sportsmen, and others 
CQ1Werned with wildlife will find informa
tion about soils and wildlife in the section 
"Use of Soils for Wildlife and Recreation." 

Foresters and others can refer to the 
section "Use of Soils for Woodland," 
where the soil series of the county are 
grouped according to their suitability for 
planting of trees. 

Engineers and builders will find m1der 
"Use of Soils for Engineering" tables that 
give engineering descriptions of the soils in 
the county and that name soil features that 
affect engineering practices and structures. 

Scientists and others can read about how 
the soils were formed and how · they are 
classified in the section "Formation and 
Classification of Soils." 

Newcome1'8 in Olay Oownty may be es
pecially interested in the section "General 
Soil Map," ,,here broad patterns of soils 
are described. They may also be interested 
in the section "General Nature of the 
Cotmty," which gives additional informa
tion. 

Cover picture: Soybeans planted on the contour on Everly 
clay loam, 5 to 9 percent slopes, moderately eroded. The 
trend is toward terracing and contour farming of cultivated 

land. 
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SOIL SURVEY OF CLAY COUNTY, IOWA 
BY CHARLES S. FISHER, SOIL CONSERVATION SERVICE 1 

UNITED STATES DEPARTMENT OF AGRICULTURE, SOIL CONSERVATION SERVICE, IN COOPERATION WITH 
THE IOWA AGRICULTURAL EXPERIMENT STATION 

CLAY COUNTY is in the northw·estern part of Iowa. 
It is the second county south of the Iowa-Minnesota 

State line and the third county east of the Iowa-South 
Dakota State line. Figure 1 shows the location of Clay 
County in Iowa. Spencer, the county seat, is about 130 
miles northwest of Des Moines, the Staite ca.pital. The 
county has an area of about 365,440 acres. 

Most of the land area of the county is in farms and is 
used mainly for growing corn, soybeans, oats, hay, and 
pasture. Corn is the chief grain crop. Raising hogs and 
feeding beef cattle are the principal livestock enterprises. 
Most of the soils are dark-colored and fertile. They de
veloped mainly under prairie vegetation. The climate is 
subhumid and continental. The winters are cold and sum
mers are warm. The growing season is long enough for all 
common crops to mature. 

How This Survey Was Made 
Soil scientists made this survey to learn what kinds of 

soils are in Clay County, where they are located, and how 
they can be used. 

They went into the county knowing they likely would 
find many soils they had already seen, and perhaps some 
they had not. As they traveled over the county, they ob
served steepness, length, and shape of slopes; size and speed 
of streams; kinds of native plants or crops; kinds of rock; 
and many facts about the soils. They dug many holes to 
expose soil profiles. A profile is the sequence of natural lay
ers, or horizons, in a soil; it extends from the surface down 
into the parent material that has not been changed much 
by leaching or by roots of plants. 

The soil scientists made comparisons among the pro
files they studied, and they compared these profiles with 
those in counties nearby and in places more distant. They 
classified and named the soils according to nationwide, 
uniform procedures. For successful use of this survey, it is 
necessary to know the kinds of groupings most used in a lo
cal soil classification. 

Soils that have profiles almost alike make up a soil series. 
Except for different texture in the surface layer, all the 
soils of one series have major horizons that are similar in 
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Figure ].-Location of Clay County in Iowa. 

thiclrness, arrangement, and other important characteris
tics. Each soil series is named for a town or other geo
graphic feature near ithe p1ace where a soil of that series 
was first observed and mapped. Clarion and Primghar, for 
example, are the names of two soil series. All ,the soils in 
the Uniited States having the same series name are essen
tially alike in those characteristics that go with their be
havior in the naitural landscape. Soils of one series can 
differ somewhat in texture of the surface soil and in slope, 
stoniness, or some other characteristic ,that a.ff ects use of 
the soils by man. 

Many soil series contain soils that differ in texture of 
their surface layer. According to such differences in tex
ture, separations called soil types are made. Within a series, 
all the soils having a surface layer of the same texture be
long to one soil type. Nicollet loam and Nicollet clay loam 
are two soil types in the Nicollet series. The difference in 
texture of their surface layers is apparent from their 
names. 

Some types vary so much in slope, degree of erosion, 
number and size of stones, or some other feature affecting 

' The soils were surveyed and the survey manuscript prepared under the general direction of W. J. B. BOATMAN, now deceased, 
and LACY I. HARMON, Soil Conservation Service, and F . F. REICKEN, Iowa Agricultural Experiment Station. Those participating in the 
field sur vey were CHARLES s. FISHER, LOREN M. GREINER, LAURENCE T. HANSON, HARVEY A. HARMAN, RODERT G. JONES, MAYNARD P. 
KOPPEN, GEORGE ScIIADILION, and RODERT I . TURNER, Soil Conservation Service. 
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2 SOIL SURVEY 

their use, that practical suggestions about their manage
ment could not be made if they were shown on the soil map 
as one unit. Such soil types are divided into phases. The 
name of a soil phase indicates a feature that affects manage
ment. For example, Clarion loam, 2 to 5 percent slopes, is 
one of seYeral phases of Clarion loam, a soil type that 
ranges from gently sloping to steep. 

After a guide for classifying and naming the soils had 
been ,yorkecl out, the soil scientists drew the boundaries 
of the individual soils on aerial photographs. These photo
graphs show woodlands, buildings, field borders, trees, and 
other details that greatly help in drawing soil b01mdaries 
accurately. The soil map in the back of this survey was 
prepared from the aerial photographs. 

The areas shown on a soil map are called mapping units. 
On most maps detailed enough to be useful in ]?lanning 
management of farms and fields, a maipping unit 1s nearly 
equivalent to a soil type or a phase of a soil type. It is not 
exactly equivalent, because it is not practical to show on 
such a rn.ap all the small, scattered bits of soil of some other 
kind that have been seen within an area that is dominantly 
of a recognized soil type or soil phase. 

In preparing some detailed maps, the soil scientists 
have a problem of delineating areas where different kinds 
of soils are so intricately mixed, and so small in size that 
it is not practical to show them separately on the map. 
Therefore, they show this mixture of soils as one mapping 
unit and call it a soil complex. Ordinarily, a soil complex 
is named for the major kinds of soil in it, for exam,ple, 
Colo-Terril complex, 2 to 5 percent slopes. 

Most surveys include areas where the soil material is so 
rocky, so shallow, or so frequently worked by wind and 
water that it is not classified by soil series. These areas are 
shown on the map like other mapping units, but are given 
descriptiYe names, such as Alluvial land or Marsh, and are 
called land types. 

·while a soil survey is in progress, samples of soils are 
taken, as needed, for laboratory measurements and for 
engineering tests. Laboratory data from the same kinds of 
soils in other places are assembled. Data on yields of crops 
under defined practices are assembled from farm records 
and from field or plot experiments on the same kinds of 
soils. Yields under defined management are estimated for 
all the soils. 

But only part of a soil survey is clone when the soils 
have been named, described, and delineated on the map, 
and the laboratory data and yield data have been assem
bled. The mass of detailed information then needs to be 
organized in a way that it is readily useful to different 
groups of readers, among them farmers, ranchers, man
agers of "\YOodlancl, engineers, and homeowners. Grouping 
soils that are similar in suitability for each specified use 
is the method of organization commonly used in soil sur
veys. The soil scientists set up trial groups, on the basis 
of yield and practice tables and other data, and then test 
these groups by further study and by consultation with 
farmers, agronomists, engineers, and others. Then the 
scientists adjust the groups according to bhe results of their 
studies and consultation. Thus, the groups that are finally 
evolved reflect up-to-date knowledge of the soils and their 
behavior under present methods of use and management. 

General Soil Map 
The general soil map at the back of this survey shows, 

in color, the soil associations in Clay County. A soil as
sociation is a landscape that has a distinctive proportional 
pattern of soils. It normally consists of one or more major 
soils and at least one minor soil, and it is named for the 
major soils. The soils in one association may occur in an
other, but in a different pattern. 

A map showin~ soil associations is useful to people who 
want a general ictea of the soils in a county, who want to 
compare different parts of a county, or who want to kno" 
the location of large tracts that are suitable for a certain 
kind of farming or other land use. Such a map is not 
suitable for planning the management of a farm or field, 
because the soils in any one association ordinarily differ in 
slope, depth, stoniness, drainage, and other characteristics 
that affect management. 

The general soil map of Clay County shows nine soil 
associations. Six associations are in the uplands, one is on 
benches and uplands, one is on benches, and one is on 
bottom lands. 

1. Clarion-Nicollet-Webster Association 
Well-drained to poorly drained, rned,ium,-texturecl and 
rnoderately fine textured, nearly level to st?'ongly sloping 
soils on uplands 

The soils of this association are nearly level to strongly 
sloping loams, clay loams, and silty clay loams that occur 
in Lhe eastern part of the c01mty on uplands. The associa
tion is generally undulating, though there are many de
pressions without outlets and many knobs and hills in
termingled with the nearly level areas ( fi~. 2) . Most of 
the slopes are short and irregular. This association occupies 
about 22 percent of the county. 

The Clarion soils make up about 40 percent of this as
sociation; the Nicollet soils, about 18 percent; the ·w ebster 
soils, about 15 percent; and minor soils, the remaining 27 
percent. 

The main soils in this association are the Clarion, Nicol
let, and 1iVebster. The Clarion soils are well-drained loams 
that are gently undulating to rolling in most places. The 
Nicollet soils are somewhat poorly drained, nearly level 
loams and clay loams. The 1Vebster soils are poorly 
drained, nearly level silty clay loams. 

The minor soils in this association are mainly the Glen
coe, Okoboji, and Storden. The Glencoe and Okoboji soils 
are in depressions and are very poorly drained. The Glen
coe soi ls are silty clay loams, and the Okoboji soils are silt 
loams. The Storden soils are well-drained loams. They are 
moderately sloping to very steep and occur on side slopes 
that are generally adjacent to streams or drainageways. 

The soils of this association are used mainly for general 
farming. Much of the acreage is in crops, but in many 
places the poorly drained and the sloping soils are used 
for permanent pasture. The percentage of the acreage in 
permanent pasture in this association is exceeded only by 
the percentage in the Colo-Spillville-Wabash and the Stor
den associa:t10ns. On most farms some of the grain pro
duced is fed to livestock, and the livestock is marketoo. 

Crops grnw well on these soils, except in a few places 
where they are draughty, in areas that are strongly sloping 
or steep and susceptible to erosion, and in poorly drained 
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Figure 2.-Relationship of the soils, relief, and underlying material in the Clarion-Nicollet-Webster association. 

and very poorly drained areas. Tile is effective in draining 
the poorly drained and very poorly drained soils, but out
lets, particularly those for the deeper depressions, are not 
available in all J)laces. Surface drains are used in some 
places. Even in rained areas, the soils in depressions are 
often ponded in spring and after heavy rains. 

I n size, the farms 111 this association are about average 
for the county. Fields generally are fairly large. Because 
of the undrained depressions, the drainageways, and the 
drainage ditches, these fields are more irregular in shape 
than the fields in the other associations. Roads are mainly 
on section lines, except where they bypass ponds or have 
not been built because of water or other natural obstacles. 

the east-central and west-central parts. Th.is association is 
adjacent to the Marcus-Primghar association in most 
places, but it has stronger relief because the nearly level 
loess-mantled plain is somewhat dissected by shallow 
drainageways. The soils are nearly level or gently sloping 
in most places, but they are moderately sloping in areas 
adjacent to stream valleys and drainageways. Slopes gen
erally are long. This association occupies about 12 percent 
of the county. 

Fertility varies in the soils of this association. On most 
of them, especially if cropping is intensive, additions of 
nitrogen, phosphate, and potash are needed to maintain 
good growth of crops. Lime generally is not needed, except 
for small amounts in some places. 

2. Marcus-Primghar-Sac Association 
TV ell-draine,d to poorly drairwd, moderately fine textiM'ed, 
nea1'ly level to m,ode·rately sloping soils on uplands 

T he soils of this association are nearly level to moder
ately sloping sil ty clay loams. They occur mainly in the 
southwestern part of the county, but small areas are in 

The Marcus soils make up about 30 percent of this asso
ciation; the Primghar soils, about 30 percent; the Sac soils, 
about 30 percent; and minor soils, the remaining 10 
percent. 

In this association the major soils-the Marcus, Prim
ghar, and Sac-are deep, dark-colored silty clay loams. The 
Marcus and Primghar soils developed in loess that was 
more than 40 inches thick and the Sac soils developed in 
loess but are less than 40 inches deep to glacial till. The 
Marcus soils are nearly level and poorly drained; most 
areas are fl.at to slightly concave. The Primghar soils are 
nearly level and somewhat poorly drained; most areas have 
slightly convex slopes. The Sac soils a.re gently sloping to 
moderately sloping and are well drained. 

The minor soils in this association are the Galva, Afton, 
Colo, Terril, Everly, and Storden. The Galva soils devel
oped in Jocss and have slopes of O to 3 percent. The Afton 
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Figure 3.-Typical view in the Marcus-Primghar soil association. In the foreground is Primghar silty clay loam. 

soils occupy shallow drainageways and are ,ret in places. 
The Colo and Terril soils are in drainage,Tays. Adjacent 
to the drainageways are the moderately sloping to very 
steep Enrly and Storden soils. 

The soils in this association are used mainly for general 
farming. They are some of the better soils of the co1mty 
for farming. Most of the acreage is cultivated, mainly to 
corn and soybeans, but oats and hay are also grown. On 
most farms some of the grain produced is fed to livestock, 
and the li,estock is marketed. The more sloping soils are 
used for permanent pasture. Some timber grows in a few 
of the more sloping areas, but these areas are generally 
managed as pasture. Use of the poorly drained soils is lim
ited by wetness, and the sloping soils are susceptible to 
erosion. 

The aTerage size of farms in this association is slightly 
larger than that of other associations in the county except 
the Marcus-Primghar. Fields are large and, except for a 
few near streams, are either square or rectangular. Roads 
are generally on section lines, and only a few sections are 
not completely surrounded by roads. 

Except for the strongly sloping to steep soils adjacent to 
streams, the soils of this association are mostly high in 

natural fertility. Additions of nitrogen and phosphate are 
needed to maintain fertility and to support good growth of 
crops, especially in intensively farmed areas. Most of these 
soils are medium to high in potassium. The surface layer 
ranges from neutral to medium acid, and moderate 
amounts of lime are needed on the acid soils. 

3. Marcus-Primghar Association 
Poorly drained and somewhat poorly drained, moderately 
fine textured, nearly level soils on uplands 

The soils in this association are nearly level silty clay 
loams that have slopes of 2 percent or less in about 90 
percent of the acreage (fig. 3). This association occupies 
about 17 percent of the county and is mainly in the south
western part. 

Marcus soils make up about 35 percent of this associa
tion; Primghar soils, about 55 percent; and minor soils, 
the remaining 10 percent. 

The Marcus and Primghar are the main soils in this as
sociation. These silty clay loams are deep and dark colored. 
They de,~eloped in loess more than 40 inches thick. The 
Marcus soils are poorly drained and are in nearly flat or 
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Figure /.-Raising and fattening hogs is a major enterprise in the Marcus-Primghar soil association. 

slightly concave areas. The Primghar soils are somewhat 
poorly drained and, in most places, have convex surfaces 
and slopes of as much as 2 percent. 

The most extensive minor soils are the Afton, but small 
areas of Sac, Nicollet, Tripoli, and other soils also occur. 
The Afton soil s are deep and dark colored. They developed 
in loess and local alluvium in shallow drainageways. 

X early all of this association is used for crops, mainly 
corn and soybeans. The percentage of acreage in row crops 
in this as,:ociation is higher than the percentage in any 
other association in the county. On most farms some of the 
grain produced is fed to livestock (fig. 4), but much of 
1t is marketed at local elevators. Much of th is a"sociation 
consists of nearly level soils that are excellent for farming. 

The Marcus soils and some of the minor soils that al'e 
poorly drained need to be drained. T ile drains are effective 
in improYing drainage. Only the well-drained minor soi ls 
arc susceptible to erosion. 

Farms in this association arn slightly larger than the 
average for the county. Most of the fields are large and are 
rectangular or square. The roads are on section lines and 
run completely around all except a fm, sections. Except in 
windbreaks and around farm buildings, trees are few in 
this nssociation. 

The soils in this association are high in fertility, but 
additions of nitrogen and phosphate are needed, especially 
on fields that are fanned intensively. Most of these soils are 
medium to high in potassium. Reaction ranges from neu
tral to medium acid, and additions of lime are needed on 
the acid soils. 

4. Wadena-Cylinder-Biscay Association 
W ell-cfrained to poorly drained, m,edium-textured and 
moderately fine textured, nearly level to str'ongly sloping 
soils on benches 

The soils of this association are loams and silty clay 
loams that are nearly level in most places bUJt gently 
sloping in a few. They are generally on benches. BehYeen 
the benches and between the benches and bottom lands 
are minor areas that are moderately sloping to steep. The 
soils in this association formed mainly on benches, in out
wash from melting glaciers; but in some areas they formed 
on stream benches. Most of this association is in the north
western part of the county, but sca ttered areas also occur in 
the eastern and southern parts. The association occupies 
abont 13 percent of the county. 

-
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1Vadena soils make up about 50 percent of this associa
tion; Cylinder soils, about 20 percent; Biscay soils, about 
14 percent; and minor soils, the remaining 16 percent. 

The main soils in this association are the 1V adena, Cy lin
der, and Biscay. The Wadena soils generally have nearly 
level to convex slopes and are well drained, but they are 
gently sloping to strongly sloping in a few small areas. 
·wadena soils are generally slightly hi~er on the land
scape than either the Cylmder or the J5iscay soils. The 
Cylinder soils are somewhat poorly drained and are 
higher than the Biscay soils. The Biscay soils are nearly 
level to slightly concave and are poorly drained. 

All of ,these major soils have a dark-colored surface 
layer. The Wadena and Cylinder soils are dominantly 
loam, but the Cylinder soils ,g;rade to light clay loam in the 
subsoil. The Wadena and vy linder soils overlie sand or 
gravel at a d~pth of less than 3 feet in most places, but at a 
depth of more than 3 feet in some places. These soils are 
droughty. 

The Biscay soils ham a silty clay loam surface layer, but 
they grade to clay loam in the subsoil. Sand and gravel 
generally is at a depth of more than 3 feet. In these poorly 
drained soils, drainage is generally needed. Tile drains 
work ,,ell. These drains are difficult to install, however, 
where the tile must be placed in the coarse material. 

The minor soils are the Talcot, Dickinson, and Salida. 
The Talcot soils occupy a sizable area in the association 
and are calcareous and poorly drained. They are near the 
Biscay soils and, like them, generally require tile drain
age. The Dickinson soils are of small extent and are on 
benches. The Salida soils are on breaks between benches 
or between benches and bottom lands. 

The soils of this association are used mainly for crops, 
but some of the steeper or wetter soils are in permanent 
pasture. Farming is of the general type, and corn, soy
beans, oats, and meadow are the main crops. On most farms 
part of the grain produced is fed to livestock, and the live
stock is marketed. The vVadena and Cylinder soils are 
suited to crops, but crop growth varies because of drought
iness. The sloping Wadena soils are susceptible to erosion. 
The Biscay soils are suited to crops in most years if drain
age is adequate. A few farmers in this association have 
installed sprinkler irrigation systems to offset the hazard 
of drought. 

Nearly all roads in this association are on section lines. 
Most sections are completely surrounded by roads. ~ields 
are large and are mostly rectangular or square. In this as
sociation trees grow only in windbreaks around farm
steads. Some farms consist of nearly level soils and have 
only one or two kinds of them. 

Fertility varies in the soils in this association. Nitrogen, 
phosphate, and potash are generally needed, and in some 
places lime is also needed. 

5. Everly-Nicollet-Tripoli Association 
Well-drained to poorly dmined, moderately fine tewtmed, 
neai·ly level to sloping soils on iiplands 

The soils of this association are nearly level to sloping 
clay loams that occur mostly in the northwestern, central, 
and south-central parts o-f the county. :i\fost slopes are long 
and gentle, and the divides between the drainageways are 
generally broad and nearly level. This association occupies 
about 18 percent of the county. 

Everly soils make up about 33 percent of this associa
tion; Nicollet soils, about 33 percent; Tripoli soils, abou1 
15 percent; and minor soils, the remaining 19 ,percent. 

The Everly, Nicollet, and Tripoli are the major soils ir 
this association. All are clay loams. The Everly soils an 
mostly gently sloping to moderately sloping and are well 
drained. Tripoli soils are nearly level and poorly drained, 
The Nicollet soils are on convex slopes ranging from l 
to 3 percent and are somewhat poorly drained. All of these 
soils developed in a gritty, somewhat loesslike material 
that overlies glacial till ( fig. 5). 

The minor soils in this association are the Afton, Colo, 
and Dickinson. The Afton soils occur in drainageways 
and are poorly drained. They developed in loess and local 
alluvium. The Dickinson soils are nearly level to gently 
sloping and are well drained to somewhat excessively 
drained. They generally occur on fairly narrow ridges ex
tending in a northwest-southeast direct10n. 

Tile drains are needed on the Tripoli and Afton soils 
if crops are to be grown successfully. On the Afton soils, 
improved waterways are needed in places. The Nicollet 
soils are wet in some places, but tile drainage generally 
is not needed. The Everly and Dickinson soils are suscepti
ble to erosion, and the Dickinson soils are droughty. 

Most of this association is used for crops, but a feTI" areas 
are used for pasture. In ieneral, these soils are produc
tive if management is good. Farming is mainly of the gen
eral type, and corn, soybeans, oats, and meadow are the 
main crops. Much of the grain produced is fed to liYestock, 
and the livestock is marketed. Farms are about average 
size for the county. Fields are generally large and are 
square or rectangular. On some farms, however, streams 
and drainageways are large enough to affect the size, 
shape, and arrangement of fields. 

Most parts of this association are high in natural fertil
ity. Nitrogen and phosphate are needed to maintain fer
tility and productivity where the soils are farmed inten
sively. Less potash is needed. The soils of this association 
range from medium acid to neutral in reaction. Lime is 
needed on the acid soils. 

6. Colo-Spillville-Wabash Association 
Zif odemtely well drained to ve1·y poorly drained. 1nediu1n
tew"bured to fine-textured, nea1·ly level soils on bottom lands 

This association is along the major streams, mainly the 
Little Sioux and Ocheyedan Rivers (fig. 6). The soils de
veloped in alluvium and are generally susceptible to flood
ing·. They are in areas mainly less than three-fourths of a 
mile wide and closely parallel to the streams. Few farms 
lie wholly within this association. Generally the soils in it 
are a part of farms that are in an association in the up
lands. This association occupies about 7 percent of the 
county. 

Colo soils make up about 90 percent of this association; 
Spillville soils, about 4 percent; vVabash soils, about 2 per
cent; and minor soils, the remaining 4 percent. 

The major soils in this association arc the Colo, Spill
Yille, and Wabash, but the Colo are by far the most exten
si,·e. The Colo soils are dominantly silty clay loam and 
are poorly drained. They are nearly level, but in many 
areas they are cut by old stream channels. The Spillville 
soil s are typically loam and are somewhat poorly drained. 
In some, but not all, places they are in slightly higher 
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Figure 5.-Relief and parent material of major soils in soil association 5. 

7 

positions on the bottom lands than the Colo soils. The 
vVabash soils are silty day throughout their profile and 
are poorly drained. They are generally in old stream 
channels or slack-water areas that are not along the 
streams. 

~1eutral in reaotion, and if any lime is needed, the amount 
1s small. 

A minor part of this association is occupied by Alluvial 
land and Wadena ·and Cylinder soils. Alluvial land is vari
able in texture and other characteristics. Most ar~as are 
cut by old stream channels. This land is near streams and is 
more susceptible to flooding than other parts of the asso
ciation. The few areas of W·adena •and of Cylinder soils 
are too small to be included in soil associaition 4. 

Some of this association is used for crops, but a fairly 
large percentage is used for permanent pasture. Most 
areas that •are flooded frequently support only timber 
and brush. The cultivated soils are generally farmed 
intensively to row crops, commonly corn and soybeans. 
Productivity of the cultivated areas is variable, depending; 
on the frequency of flooding and on drainage. 

The Colo soi.ls generally are benefited by tile drains, 
but in places there are no suitable outlets. 'rile drains do 
not work well in the Wabash sails because the subsoil is 
clayey, but in some places surface drains ·are beneficial. 
Alluvial land is generally flooded so frequently that it is 
used only for hay or pasture. 

The soils in this ,association have high natural fertility, 
bnt nitrogen and phosphate are needed to maintain produc
t,i.vity and ferti.li.ty where the soils are intensively farmed. 
Less potash is needed. These soi] s are slightly aci.d or 

295- 993- 68- 2 

7. Storden Association 
Well-drained, 1nediu11i-textiired, sloping to steep soils 
on uplands 

This association is on slopes adjacent to the bottom 
lands along the Little Sioux River and its larger tribu
taries. It also occurs in a few areas farther from the 
larger streams where smaller streams have cut back into the 
u:prands. The areas are narrow and, in the southern half 
of the county, are roughly parallel to the ]arger streams. 
This association occupies a:bout 3 percent of the county. 

Storden soils make u1p about 90 ,percent of this associa
tion, and minor soils make up ,the remaining 10 percent. 

The major soils in this association are the Storden. They 
are ,vell-drained loams that are Jimy at or near the sur
face. They ,are mainly steep or very steep, but some are 
sloping. 

The Everly soils are of minor extent in this ·association. 
They are mapped in a complex with the Storden soils in 
a few strongly sloping to rolling areas. Other minor soils 
are Clarion soils thait have a loam surface layer and a 
heavy subsoil and are on nor-th- and east-facing slopes 
where stands of trees are thick, and the closely inter
mingled Colo and Terril soils in some drainageways and 
on bottom lands along small streams. 
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Figure 6.-View in valley of the Little Sioux River northwest of Peterson. Buildings are on Terril loam; bottom lands across the 
road are dominantly Colo sil ty clay loam; steep areas at the upper left are Storden loam. 

Most of this association is in permanent pasture. Trees 
occur in some areas that generally are used as pasture. 
The trees are generally on north- and east-facing slopes. 
A few of the less sloping areas ·are cropped, but they are 
only fairly productive. The Storden soils are susceptible 
to erosion. Gullies have formed where pastures are over
grazed. Because this association is narrow, it contains only 
parts of farms. 

8. Ocheyedan-Webster-Guckeen-Marna 
Association 
1V ell-drained to po01·ly drained, medium-textured to fine
textu1·ed, nea1·ly level to gently sloping soils on uplands 
and benches 

T his association occupies only about 3 percent of the 
county and occurs on uplands and outwash areas in the 
nor th-central part. 

The Ocheyedan soils make up about 10 percent of this 
association ; the ·w ebster soils, about 15 percent; the 
Guckeen soils, about 25 percent; the Marna soils, about 22 
percent; and minor soils, the remaining 28 percent. 

The major soils in the association are the Ocheyedan, 
Webster, Guckeen, and Marna. The Ocheyedan and ·Web
ster soils developed in medium textured or moderately fine 
te2rtured glacial sediments, dominantly loam or clay loam. 

The Ocheyedan soils are nearly level to gently rolling 
and are well drained. The Webster soils have slopes of less 
than 2 percent and are poorly drained. The :Marna and 
Guckeen soils developed in moderately fine textured or fine 
textured lacustrine sediments. Areas of these soils are in
termingled with areas of other soils in the association in a 
complex pattern. The two areas of this association that are 
near Dickens consist mainly of Guckeen and Marna soils. 
The Marna soils are nearly level and are poorly drained. 
The Guckeen soils are nearly level to strongly sloping and 
are somewhat poorly drained to well drained. T heir sub
soil is light silty cla.y in texture. 

The minor soils in this association are the Fostoria, 
Canisteo, and Canisteo silty clay loam, gypsic variant. The 
Fostoria soils are nearly level and are somewhat poorly 
drained. The Canisteo soils are nearly level and poorly 
chained. 
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Most of this association is used for crops, but a few of 
the steeper areas are used for permanent pasture. Corn, 
soybeans, oats, and meadow are the main crops. Because 
they are poorly drained and drainage is difficult to im
prove, the Marna soils are only moderately productive. 
Under good management, the other soils in this association 
are highly productive. Only a few farms lie wholly within 
the association. 

The soils in this association have high natural fertility. 
Additions of nitrogen, phosphate, and potash are needed, 
however, to maintain fertility and productivity where these 
soils are farmed intensively. These soils are generally neu
tral or slightly acid in reaction, and additions of lime are 
seldom needed. 

9. Ocheyedan-Fostoria-Webster Association 
W ell-drained to poorly drained, mediitm-tewtured to mod
erately fine textured, nearly level to moderately sloping 
soils on uplands 

This association is mostly nearly level to gently sloping. 
It occurs in areas scattered through the northwestern and 
east-central parts of the county. The major soils developed 
in glacial sediments in the uplands and other soils in the 
association developed in wind-deposited sa,ncly material. 
This association occupies a;bout 2 percent of the county. 

The Ocheyedan soils make up about 25 percent of this 
association; the Fostoria soils, about 25 percent; the Web
ster soils, about 15 percent; and minor soils, the remaining 
35 percent. 

The major soils in this association are the Ocheyedan, 
Fostoria, and ·Webster. The Ocheyedan soils are nearly 
leYel to gently rolling and are well drained. The \iVebster 

soils are nearly level to slightly concave and are poorly 
drained. The Fostoria soils are in slightly higher positions 
and are somewhat poorly drained. They are generally 
convex, but slopes are less than 2 percent. 

Minor soils in this association are the Dickinson, Wau
kegan, Nicollet, and Everly. They are mainly nearly level 
and gently sloping, and they occupy low ridges. The vVau
kegan soils are of loam texture and overlie sanely material. 
The Dickinson soils are of loam or fine sandy loam texture 
and also overlie sanely material. Only small areas of 
Nicollet and Everly soils occur in this association. 

This association is used for crops, mainly corn, soybeans, 
oats, and meadow. Most of the soils are highly productive, 
but the w· aukegan and Dickinson are somewhat droughty 
and are only moderately productive. The Webster soils are 
naturally poorly drained, but drainage can be improved 
by using tile drains. The sloping soils in this association 
are susceptible to erosion. Farming is mainly of the general 
type, and only a few farms are wholly within the associa
tion. Fields are generally fairly large and are square or 
rectangular. 

The natural fertility of the soils in this association is 
variable. Nitrogen, phosphate, and potash added to these 
soils help to maintain productivity and fertility. Additions 
of lime are needed on some soils. 

Descriptions of the Soils 
This section describes the soil series, which are groups 

of similar soils, and the single soils, or mapping units, of 
Clay County. The acreage and proportionate extent of 
each mapping unit are given in table 1. 

TABLE 1.- Approximate acreage and proportionate extent of the soils 

Soils 

Afton silty clay loa m ___ ___ __________ ______ _ 
Alluvial land, channeled _______ ______ ____ ___ _ 
Biscay silty clay loam, deep _ __ _____ ___ __ __ _ _ 
Calco silty clay loam ___ ______ ______ _____ ___ _ 
Canisteo silty clay loam ____ __ __ ___ ____ _____ _ 
Can ist eo silty clay loam, gypsic variant ______ _ 
Clarion loam, 2 to 5 percent slopes ___ _______ _ 
Clarion loam, 5 to 9 percent slopes, moderately eroded _____ __________ __ __ __ ____ ___ ___ __ _ 

Clarion loam, 9 to 15 percent slopes, moderately eroded ___ ______ __________ ______ ____ ____ _ 

Clarion loam, heavy subsoil variant, 20 t o 40 
pcrcen t slopes ____ ___ ____ __ ____ ____ ___ - _ - -

Clarion-Storden complex, 5 to 9 pcrccn L slopes, 
moderately eroded _______ _______ _________ _ 

Clarion-Storden complex, 9 to 15 pcrccn t slopes, 
moderately eroded ___ _______ __ __ ___ ______ _ 

Colo silty clay loam ____ ___ ________________ _ 
Colo silty clay loam, 2 to 4 percent slopes ___ _ _ 
Colo silty clay loam, channeled ___________ ___ _ 
Colo-Terril complex, 2 to 5 percent slopes ____ _ 
Colo-T erril complex, 5 to 9 percent slopes __ __ _ 
Cylinder loam, deep ___ ___ ______ __ _______ __ _ 
Cylinder loam, moderately deep __ __ _________ _ 
Dickinson fine sandy loam, 0 to 2 percent slopes _ 
Dickinson fin e sandy loam, 2 to ,5 percn1t slopes _ 
Dickinson fine sandy loam, 5 to 9 percent 

slopC'S, moderately erodC'd _ - - - - - - - - - - - - - - - -
See footnote a t end of table. 

Acres 

4,567 
244 

8, 262 
2,177 

12,731 
144 

23,885 

8, 609 

293 

844 

496 

324 
15,417 

566 
2,645 
2, 594 

279 
5, 789 
5, 261 

231 
1,365 

395 

P ercent 

1. 3 
. 1 

2. 3 
.6 

3. 5 
(' ) 

6. 6 

2. 4 

. 1 

. 2 

. 1 

. 1 
4. 3 

. 2 

.7 

. 7 

. 1 
l. 6 
1. 4 

. 1 

. 4 

. 1 

Soils 

Dickinson fin e sandy loam, benches, 0 to 2 per-
cent slopes ____ ___ ____ __ ____ ____ ____ _____ _ 

Dickinson fine sandy loam, benches, 2 to 5 per-
cent slopes __ ___ ___ ____ _____ ___ __ ___ _____ _ 

Dickinson fine sandy loam, benches, 5 to 9 per-
cent slop0s, moderately eroded _____ ___ ____ _ 

Dickinson fine sandy loam, benches, 9 to 15 per-
cent slopes, moderately eroded ___ __ ___ ___ _ _ 

Dickinson fin e sandy loam, benches, 1.5 to 20 
percent slopes, moderately eroded ____ _____ _ 

Dickinson loam, 0 to 2 percent slopes _______ _ _ 
Dickinson loam, 2 to 5 percent slopes ___ __ __ _ _ 
Everly clay loam, 2 to 5 percent slopes ______ _ _ 
Everly clay loam, 5 to 9 percent slopes, mod -

erately eroded ____ ____ ___ ___ ____________ _ _ 
Everly-Storden complex, 9 to 15 percent slopes, 

moderately eroded ________ ___ _____ ______ _ _ 
Fostoria clay loam __ ____ ____ ____ ____ _____ __ _ 
Fostoria loam ___ ___ ____ _____ _____ ________ _ _ 
Galva silty clay loam, 1 to 3 percent slopes ___ _ 
Galva silty clay loam, benches, 0 to 2 percent slopes ___ __ ______ __ __ ___ ____ ___ _______ __ _ 
Glencoe silty clay loam ___ ______ _______ __ ___ _ 
Glencoe silty clay loam, gravelly substratum __ _ 
Guckeen silty clay loam, 0 to 2 percent slopes __ 
Guckeen silty clay loam, 2 to 5 percent slopes-_ 
Guckeen silty clay loam, 5 to 9 p crccn t slopes, 

moderately eroded _____ _________________ _ _ 

Acres 

362 

1,089 

839 

139 

llO 
138 
177 

18,988 

3, 391 

761 
831 

1, 366 
2, 407 

232 
2, 648 
1, 347 
1,029 

533 

139 

P ercent 

(') 

(' ) 
(' ) 
(') 

(') 

. 1 

. 3 

.2 

5. 2 

. 9 

. 2 

.2 

.4 

.7 

.1 

. 7 

.4 

. 3 

. 1 
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TABLE I .-Approximate acreage and proportionate extent of the soils- Continued 

Soils 

Guckcen clay loam, silty clay substratum, 0 to 
2 percent slopes _________________________ _ 

Guckeen clay loam, silty clay substratum, 2 to 
5 percent slopes _________________________ _ 

Hagener loamy sand, 4 to 8 percent slopes, mod-
erately eroded ______ _____ _____ _____ ____ __ _ 

Harps loam __ _____________ ________ __ ______ _ 
Ladoga silt loam, 1 to 3 percent slopes _______ _ 
Marcus silty clay loam ____ _________________ _ 
Marna silty clay __________________________ _ 
Marna silty clay loam, calcareous variant ____ _ Marsh ______ ____ _____ __ __ ___ ___ ___ _______ _ 
Muck, moderately shallow __________________ _ 
Muck, moderately shallow, calcareous ________ _ 
Muck, shallow ____________________________ _ 
Nicollet clay loam _________________________ _ 
Nicollet loam _____________________________ _ 
Ocheyedan loam, 0 to 2 percent slopes ______ _ 
Ocheyedan loam, 2 to 5 percent slopes __ _____ _ 
Ocheyedan loam, 5 to 12 percent slopes, mod-

erately eroded ____ _________ _____ _____ ____ _ 
Okoboji silt loam ____ ____ ____ ___ ___ ________ _ 
Primghar silty clay loam ___________________ _ 
Primghar silty clay loam, benches __ _________ _ 
Rolfe silt loam ___ ____ ____ _________ ________ _ 
Sac silty clay loam, 2 to 5 percent slopes _____ _ 
Sac silty clay loam, 5 to 9 percent slopes _____ _ 
Sac silty clay loam, 5 to 9 percent slopes, mod-

erately eroded ____ ___________ ______ ______ _ 
Salida gravelly sandy loam, 2 to 5 percent slopes _______ _____________________ ___ ___ _ 

Salida gravelly sandy loam, 5 to 9 percent 
slopes, moderately eroded ____ __ ___ ____ __ - -

Salida gravelly sandy loam, 9 to 15 percent 
slopes, moderately eroded ___________ ____ _ -

alida gravelly sandy loam, 15 to 20 percent 
slopes, modcra tely eroded ______ ______ ____ _ 

alida sandy loam, 20 to 30 percent slopes, 
modera tcly eroded _______ __ ______________ _ 

1 Less than 0.05 percent. 

Acres I Percent 

951 

416 

137 
1,896 

303 
38,469 
2,342 

122 
964 
873 
284 

1, 362 
24,494 
13,864 

1, 069 
1,174 

175 
1, 392 

51,623 
206 
152 

12, 015 
703 

665 

201 

377 

204 

146 

139 

.3 

.1 

(') 
.5 
. 1 

10. 6 
.6 

(') 
.3 
.2 
.1 
.4 

6. 7 
3. 8 
.3 
.3 

(') 
.4 

14. 2 
. 1 

(') 
3. 3 
. 2 

.2 

.1 

. 1 

. 1 

(') 

(') 

The procedure in this section is first to describe the soil 
series and then the mapping units in that series. Thus to 
get full information on any one mapping unit, it is neces
sary to read the description of that unit and also the 
description of the soil series to which it belongs. Unless 
othenvise stated, the description of all mapping units in 
this section is for a moist soil. As mentioned in the section 
"How This Survey Was Made," not all mapping units are 
members of a soil series. Alluvial land and Marsh are mis
cellaneous land types and do not belong to a soil series; 
nevertheless, they are listed in alphabetic order along with 
the series. 

Following the name of each mapping unit, there is a 
symbol in parentheses. This symbol identifies the map
ping unit on the detailed soil map. Listed at the end of 
each description of a mapping unit is the capability unit 
in which the mapping unit has been placed. The pages 
on which ea.ch capability lmit is described can be found 
by referring to the "Guide to Mappii1g Units" at the back 
of this survey. 

Soil scientists, engineers, students, and others interested 
in how the soils of the county were formed should turn to 
the section "Formation and Classification of Soils." Many 

Soils 

Sandy lake beaches ____________ __ __________ _ 
Sperry silty clay loam ______________________ _ 
Spillville loam _____________________________ _ 
Storden loam, 5 to 15 percent slopes, moder-

ately eroded _________________________ ___ _ 
Storden loam, 15 to 20 percent slopes, moder-

ately eroded ____________________________ _ 
Storden loam, 20 to 30 percent slopes, moder-

ately eroded __________________ __________ _ 
Storden loam, 30 to 50 percent slopes, moder-

ately eroded ____________________________ _ 
Talcot silty clay loam, deep _________________ _ 
Terril loam, 2 to 5 perccn t slopes __ __________ _ 
Terril loam, 5 to 9 percent slopes _________ __ _ _ 
Terril loam, 9 to 15 percent slopes ___________ _ 
Tripoli clay loam ______ __ ____ ______________ _ 
Wabash silty clay _________________________ _ 
Wacousta silty clay loam __ _____ ______ ___ ___ _ 
Wadena loam, deep, 0 to 2 percent slopes _____ _ 
Wadena loam, deep, 2 to 5 percent slopes _____ _ 
Wadena loam, moderately deep, 0 to 2 percent slopes __________________________________ _ 

Wadena loam, moderately deep, 2 to 5 percent slopes ____________ ______________ ___ _____ _ 

Wadena loam, moderately deep, 5 to 9 percent 
slopes, moderately eroded ______ __________ _ 

Wadena loam, moderately deep, 9 to 15 percent 
slopes, moderately eroded ________________ _ 

Waukegan loam, moderately deep, 0 to 2 per-
cent slopes ______________________________ -

Waukegan loam, moderately deep, 2 to 5 per-
cent slopes ________________________ - - - - - - -

Webster silty clay loam __ ______ __________ __ _ 
Gravel pits _________ ____ ________ - - - - - - -
Miscellaneous land ____________________ _ 

Acres I Percent 

52 
765 
907 

2,192 

1,945 

3,445 

2,001 
5,642 
1,307 

802 
246 

10, Oll 
531 
338 

2,105 
899 

17, 709 

5,271 

942 

144 

499 

698 
16, 03.'5 

393 
199 

(') 
.2 
.2 

.6 

.5 

.9 

.5 
1. 5 
.4 
.2 
. 1 

2. 7 
. 1 
. 1 
.6 
.2 

4. 8 

1. 4 

.3 

(1) 

1 

.2 
4. 4 

1 
. 1 

--
Total_ __ ___ __ __ __ _________________ _ -1365, 440 100. 0 

terms used in this soil survey are defined in the Glossary 
and i11 the "Soil Survey Manual" (13) .2 

Afton Series 
The Afton series consists of dark-colored, nearly level, 

poorly drained soils in drainageways in the uplands in 
the western and central parts of the county. These soils 
developed in loess and local alluvium under native swamp 
grasses, sedges, and prairie grasses that tolerate wetness. 

In a typical profile, the surface layer is black, friable 
silty clay loam about 26 inches thick. It has subangular 
blocky and granular structure. The subsoil extends to a 
depth of 51 inches. It is very dark-gray to olive-gray and 
olive-brown, friable silty clay loam rthat has subangular 
blocky structure. The substratum is gray to olive-gray, 
friable to firm, massive clay loam and is calcareous. 

The Afton soils have high available moisture capacity. 
They are moderately slowly permeable. These soils gen
erally are medium in available nitrogen, low in available 
phosphorus, and medium to high in available potassium. 
The surface layer generally is about neutral in reaction, 
but in a few areas it is mildly alkaline. 

0 Italic numbers in parentheses r efer to Literature Cited, page 100. 



CLAY OOUNTY, IOWA 11 

Representative profile of an Afton silty clay loam, 1,158 
feet south and 290 feet east of the northwest corner of 
section 5, T. 95 N., R. 37 vV., on a southeast-facing slope 
of about 1 percent, in a cultivated field: 

All--0 to 10 inches, black (N 2/0) silty clay loam; moderate, 
fine, granular and moderate, fine, subangular blocky 
structure; friable; neutral; gradual, smooth 
boundary. 

A12-10 to 18 inches, black (N 2/ 0) silty clay loam; moderate, 
fine, granular structure with some very weak vertical 
cleavage; friable; neutral; gradual, smooth 
boundary. 

A3-18 to 26 inches, mainly black (lOYR 2/1) but some olive
gray (5Y 4/2) silty clay loam; very weak, medium, 
subangular blocky structure that breaks to moderate, 
fine and medium, granular structure with some tend
ency to break vertically; friable; neutral ; clear, 
smooth boundary. 

B21g-26 to 32 inches, very dark gray (5Y 3/ 1) to dark-gray 
(5Y 4/1) and olive-gray (5Y 4/2 to 5/ 2) silty clay 
loam ; some material in old r-0ot channels and 
some worm casts are black (l0YR 2/ 1 and N 2/ 0) ; 
weak, medium. subangular blocky structure that 
breaks to weak to moderate, fine and medium, granu
lar ; friable ; mildly alkaline ; noncalca.reous; clear, 
smooth boundary. 

B22g-32 to 42 inches, olive-gray (5Y 5/ 2) light silty clay 
loam; many, fine, faint mottles of grayish brown 
(2.5Y 5/ 2) to light olive brown (2.5Y 5/ 4) and few, 
fine, distinct mottles of yellowish brown ( l0YR 5/ 6) ; 
weak, fine and medium, subangular blocky structure; 
friable; few, fine, black concretions of oxide ; mildly 
alkaline; noncalcareous ; gradual, smooth boundary. 

B3g-42 to 51 inches, about equal amounts of gray (5Y 5/1) 
and olive-brown (2.5Y 4/4) light silty clay loam.i. com
mon, fine, distinct mottles of yellowish brown (l0YR 
5/ 6) and a few of yellowish brown (l0YR 5/ 8) ; very 
weak, fine and medium, subangular blocky structure; 
friable; mildly alkaline; noncalcareous; clear, smooth 
boundary. 

IICg-51 to 65 inches, gray (5Y 5/ 1 to olive-gray (5Y 5/2) 
clay loam; olive and yellowish-brown mottles; mas
sive; friable to firm; common, soft concretions of car
bonate and few, dark, soft concretions of oxide; 
moderately alkaline ; calcareous. 

The black A horizon typically is 20 to 26 inches thick, but in 
places it is as much as 30 inches. The B horizon generally is very 
dark gray (5Y 3/1 or N 3/ 0) to dark gray (5Y 4/ 1) in the 
upper part and grades to olive gray (5Y 5/ 2) or gray (5Y 5/1) 
in the lower part. In this horizon grayish-brown or olive-brown 
mottles are common. The texture generally ranges from silty 
clay loam in the upper part to silt loam in the lower part, but 
in areas where the surrounding soils developed in gritty ma
terial, the lower part ranges from loam to clay loam. The 
solum ranges from about 36 to 51 inches in thickness. Glacial 
till generally is at a depth between 50 and 60 inches and is 
calcareous. Depth to carbonates generally is 40 inches or more. 

The Afton soils have a thicker surface layer than the Marcus 
soils and generally are deeper to calcareous material. Afton 
soils are gray in color at a shallower depth than the Colo soils 
and have more clay in their surface layer. 

Afton silty clay loam (0 to 2 percent slopes) (Af).
This is a nearly level, poorly drained soil in drainageways. 
It generally occurs with Sac, Primghar, and Marcus soils, 
but in some areas it occurs with Nicollet and Tripoli soils. 
Downstream from this soil are the Colo soils or the Colo
Terril complex of soils. 

Included with this soil in mapping were areas similar 
to the Colo soils and areas near the edge of the drainage
ways that have a surface layer slightly less than 20 inches 
thick. In some places the depth to glacial till is less than 50 
inches. The surface layer in most areas is about neutral, but 
in some areas this soil is alkaline throughout the profile. 

This soil generally is in cultivated crops, but some areas 
are in pasture. Where it is at the head of drainageways, this 
soil is generally cropped in the same way as the adjacent 
soils. Downstream, where the drainageways carry more 
water, part of the acreage generally is used as a grassed 
waterway. Artificial drainage is needed, and tile drains 
function well. Where this soil has not been tile drained, 
crossing it with farm machinery is difficult in wet periods 
or in spring. The growth of crops is moderate to good 
where drainage is improved. Grassed waterways are needed 
in some areas to prevent the formation of gullies. ( Capa
bility unit II w-2) 

Alluvial Land 
Alluvial land is a miscellaneous land type that consists 

of alluvium recently deposited on flood plains along the 
larger streams in the county. This land is nearly level but 
generally is cut by many stream channels. The vegetation 
consists mainly of grass, brush, and young trees. 

Alluvial land vanes widely in texture. In most places it 
is stratified and is silty, loamy, or sandy. Silty clay also is 
a common texture. In many places the surface layer is 
sandy and light colored. Even where the texture is fairly 
uniform, the areas are too small and the pattern too com
plex for individual soils to be mapped. 

The available moisture capacity varies, but in many 
places it is low. Permeability and drainage also vary. This 
land is flooded frequently. In many places it is kept wet 
by flooding or by water standing in low places after 
flooding. 

Alluvial land, channeled (0 to 2 percent slopes) (Aul.
This land occurs mainly on the flood plain of the Little 
Sioux and the Ocheyedan Rivers. Most areas are cut by 
many old stream channels that are generally filled with 
water during floods. 

Some areas of this land have been cleared and are in 
permanent pasture; other areas are grown up in brushy 
willow and other scrub trees. This land can be used for 
permanent pasture or as woodland. ( Capability unit 
Vw-1) 

Biscay Series 
The Biscay series consists of dark-colored, poorly 

drained, nearly level soils that overlie sand and gravel. 
These soils are on outwash areas and stream benches, 
mainly in the northwestern and east-central parts of the 
county. The native vegetation consisted of swamp grasses, 
sedges, and prairie grasses that tolerate wetness. 

In a typical profile, the surface layer is black, friable to 
firm silty clay loam that feels gritty and is about 18 inches 
thick. It has granular and subangular blocky structure. 
The subsoil is dark-gray, friable clay loam that has 
olive-brown and yellowish-brown mottles and subangular 
blocky structure. Beginning at a depth of about 40 inches 
is grayish-brown and olive-brown, calcareous, loose sand 
and some gravel. 

The Biscay soils have high available moisture capacity. 
Permeability is moderately slow in the upper part and 
rapid or very rapid in the underlying sand and gravel. The 
surface layer i.s generally neutral in reaction. These soils 
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are generally low or medium in available nitrogen, low 
in potassium, and low or very low in available phosphorus. 

Representative profile of a Biscay silty clay loam, 680 
feet east and 93 feet north of the southwest corner of sec
tion 2, T. 96 N., R. 38 W., on ,a nearly level slope, in a cul
tivated field: 

Ap-0 to 7 inches, black (N 2/0) silty clay loam; cloddy out 
breaks to weak, fine, granular structure; friable to 
firm ; abundant roots ; neutral ; gradual, smooth 
boundary. 

A12-7 to 11 inches, black (N 2/ 0) silty clay loam; cloddy 
ibut ,l)reaks to weak, fine and medium, su'bangular 
blocky structure; friable to firm; abundant roots; 
neutral ; dear, smooth boundary. 

A13-11 to 18 inches, black (N 2/0) clay loam; weak, very fine 
and fine, subangular blocky structure; frlable; ,abun
dant roots; neutral; gradual, smooth boundary. 

Blg-18 to 23 inches, very dark gray (N 3/0) clay loam; weak, 
very fine and fine, subangular blocky structure; 
friable; abundant roots; neutral; gradual, smooth 
boundary. 

B21g-23 to 29 inches, mixed very dark gray (5Y 3/ 1) and 
dark-gray (5Y 4/ 1) clay loam; very weak, fine and 
medium, subangular blocky structure; friable; few 
roots; common, very fine, tubular pores; neutral; 
gradual, smooth boundary. 

B22g-29 to 34 inches, dark-gray (5Y 4/1) clay loam; -common, 
fine, distinct mottles of olive brown (2.5Y 4/ 4) ; when 
kneaded, ,tbe color is olive gray (5Y 5/ 2) or olive (5Y 
5/3) ; very weak, fine, subangular blocky structure; 
friaJble ; few roots ; common, very fine, tubular pores ; 
neutral ; gradual, smooth !boundary. 

B3g-34 to 40 inches, gray (5Y 5/ 1) to olive-gray (5Y 5/ 2) 
heavy loam ; common, fine, distinct mottles of yellow
ish brown (IOYR 5/ 6) and few, fine, distinct mottles 
of yellowish brown (lOYR 5/ 8) ; very weak, fine, sub
angular blocky structure to massive (structureless) ; 
friable; few roots ; common, very fine, tubular pores ; 
moderately alkaline; calcareous; gradual, smooth 
boundary. 

IIC-40 to 48 inches, grayish-brown (2.5Y 5/ 2) to light olive
brown (2.5Y 5/4) sand and some gravel; single grain 
(structureless) ; loose ; mildly alkaline ; calcareous. 

The A horizon ranges from 12 to 18 inches in thickness and 
from black (lOYR 2/ 1 or N 2/ 0) to very dark gray (lOYR 
3/1) in color. The texture is silty clay loam or clay loam. The 
B horizon ranges from very dark gray (lOYR 3/ 1) in the 
upper part to olive gPay (5Y 5/ 2) in the lower part. Typically, 
the texture of the B horizon is clay loam, but it ranges from 
clay loam to loam. A Cg horizon occurs in some places and is 
loam or light clay loam in texture. The underlying material 
is sand or mixed sand and gm vel and gene1•ally occurs at a 
depth of 36 to 42 inches. This material is generally calcareous. 
Except in the }ower part of tbe solum, ,reaction is genei.<ally 
about neutral. 

The Biscay soils have a surface layer that is thicker and 
darker colored than that of Cylinder soils and a subsoil that is 
more gray and olive colored. Except for the sand and gravel 
underlying material, Biscay soils r esemble the Webster soils. 

Biscay silty clay loam, deep (0 to 2 percent slopes) 
(Bs).-This is a nearly level soil on outwash areas and 
stream benches. It occurs with the somewhat poorly 
drained Cylinder and the well-drained Wadena soils. In -
eluded with this soil in mapping were a few areas where 
sand and gravel is at a depth of only 24 to 36 inches, and 
some areas where sand and gravel is as much as 50 inches 
deep or more. 

Most of the acreage of this soil is in cultivated crops, 
but some is in pasture. Where drainage is improved, this 
soil can be used for row crops much of the time. Tile drains 
function well, but in some places caving makes installation 
difficult. ( Capability unit II w-3) 

Calco Series 
The Calco series consists of dark-colored, J?Oorly 

drained, calcareous soils on bottom lands. These soils de
veloped in moderately fine textured alluvium under native 
swamp grasses, sedges, and prairie grasses that tolerate 
wetness. They are nearly level and occur mainly in the 
northwestern part of the county. 

In a typical profile, the surface ]ayer is black silty clay 
loam about 29 inches thick. It has granular and sub
angular blocky structure. The subsoil is weakly developed 
and extends to a depth of about 45 inches. It is black to 
very dark gTay, friable silty clay loam and clay loam that 
feels gritty. It has subangular blocky structure. The sub
stratum is black or very dark gray clay loam. The profile 
of these soils is calcareous throughout. 

The Calco soils have high available moisture capacity. 
They are moderately slowly permeable. The supply of 
available nitrogen is generally low or medium, the supply 
of available phosphorus is very low, and the supply of 
potassium is low or very low. Reaction is mildly alkaline or 
moderately alkaline throughout the profile. 

Representative profile of a Calco silty clay loam, 135 feet 
east and 171 feet north of the south west corner of the 
SE¾SE¾ of section 31, T. 97 N., R. 37 W., on a nearly 
level slope, in a pasture : 

Al-0 to 10 inches, black (N 2/ 0) light silty clay loam; some
what compact and cloddy but breaks to weak 01· mod
erate, fine, granular structure; firm ; moderately 
alkaline; calcareous; gradual, smooth boundary. 

A12-10 to 20 inches, black (N 2/0) light silty clay loam; 
weak, medium, subangular blocky structure that 
breaks to moderate, fine, granular ; friable; moderateLv 
alkaline; calcareous; gradual, smooth boundary. 

Al3-20 to 29 inches, black (lOYR 2/ 1) silty clay loam; weak, 
fine and medium, subangular blocky structure that 
l)reaks to weak, fine, granular; friable; mildly alka
line; calcareous ; gradual, smooth boundary. 

B2g-29 to 36 inches, l>lack (lOYR 2/ 1) to very dark gray 
(lOYR 3/1) silty clay loam; weak, fine and medium, 
subangular blocky structure; friable; mildly alkaline ; 
calcareous; gradual, smooth boundary. 

B3g-36 to 45 inches, black (lOYR 2/1) to very dark gray 
(lOYR 3/1) clay loam; weak, fine and medium, sub
angular blocky structure to massive (structureless) ; 
friable; mildly alkaline; calcareous; gradual, smooth 
boundary. 

C-45 to 55 inches, blacl;: (lOYR 2/ 1) clay loam; massive; fri
able; sticky when wet; mildly alkaline; calcareou·;. 

'.l'be A horizon generally ranges from 24 to 36 inches in thick
ness and from black (N 2/ 0) to very dark gray (lOYR 3/1) 
in color. In texture, this horizon generally is silty clay loam, 
but in places it has enough sand to feel gritty and grades to 
clay loam in the lower part. The weakly developed, gleyed B 
horizon ranges from black to very dark gray or gray in color. 
In places a few grayish-brown, yellowish-brown, or strong
brown mottles occur, but the mottles generally are masked by 
dar'ker colors. The B horizon ranges from silty clay loam to 
clay loam in texture. The solu:m generally is between 36 and 48 
inches thick. The C horizon generally is mottled, calcareou~ 
clay loam. In some areas sandy material occurs below a depth 
of 50 inches. Calco soils are mildly allrnline to moderately alka
line throughout the solum. 

The Calco soils are similar to Colo soils but are calcar eous 
throughout their profile. 

Calco silty clay loam (0 to 2 percent slopes) (Cal.
This nearly level soil is mostly on narrow bottom lands 
adjacent to streams in the northwestern and north-central 
parts of the c01mty. Included with this soil in mapping 
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re a few areas that have old oxbows and channels that 
1 be crossed in most pl aces by machinery. These included 
!as becom.e ponded after floods, and they remain wet 
1ger than the adjacent soils. 
l'his soil is used for cultivated crops ancl pasture. Its use 
determined largely by wetness and the frequency of 
ods. Some areas are cropped wihl1out artificial drainage, 
tin most areas crops benefit from tile drains. Tile drains 
nction ,,ell where outlets are adequate. vVhere drainage 
improved and floods are not too frequent, this soil can be 
~d for row crops much of the time. ( Capability unit 
w-1) 

anisteo Series 
The Canisteo series consists of nearly level, poorly 
ained, dark-colored soils. These soils developed under 
1tive s"-amp grasses and sedges in glacial till or waJter
)rlrnd sediments. They are mainly on the undulating till 
ain in the eastern part of the county, but they also occur 
l outwash areas and in uplands in the north-central and 
nthwestern pauts. 
In a typical profile, the surface layer is black, firm to 
iable silty clay loam that feels gritty and is about 19 
.ches thick. It has granular and subane;ular blocky struc-
1re. The subsoil extends to a depth of about 39 inches. It is 
:ay, friable silty clay loam that feels gritty. It has com
on yellowish-brown to strong-brown mottles and sub-
1gu1ar blocky structure. The substratum is gray, friable, 
1assive loam and has strong-brown and olive-brown mot
es. These soils are calcareous throughout their profile. 
The Canisteo soils have high available moisture capac

y. The supply of available nitrogen generally is medium 
:· low, that of available phosphorus is low or very low, 
rid that of available potassium is low. These soils are mod
·ately alkaline or mildly alkaline throughout. 
Representative profile of a Canisteo silty clay loam, 433 

iet south and 165 feet east of the northwest corner of 
1e NE¼ of section 13, T . 97 N., R. 35 ,v., on a nearly 
ivel slope, in a cultivated field: 

Ap--0 to 8 inches, black (N 2/ 0) silty clay loam; cloddy but 
breaks to weak, fine, granular structure; friable to 
firm; a small olive-gray (5Y 5/ 2) krotovina at a depth 
of 7 inches; moderately alkaline; calcareous ; abrupt, 
smooth boundary. 

A12-S to 15 inches, black (N 2/0) silty clay loam; weak, fine, 
subangular blocky structure that breaks to moderate, 
fine, granular; friable; moderately alkaline; calcar
eous ; gradual, smooth boundary. 

A3-15 to 19 inches, about 80 percent black (N 2/ 0) and about 
20 percent dark-gray (5Y 4/1) silty clay loam; weak, 
fine, subangular blocky structure that breaks to mod
erate, fine, granular; friable; moderately alkaline; 
calcareous; clear, smooth boundary. 

Blg- 19 to 26 inches, about equal parts of very dark gray (5Y 
3/1) and olive-gray (5Y 5/2) silty clay loam with a few 
streaks of black (N 2/0) ; few, fine, distinct mottles of 
yellowish brown (l0YR 5/6) ; moderate, very fine, 
subangular blocky structure; friable; moderately al
kaline ; calcareous ; gradual, smooth boundary. 

B21g-26 to 32 inches, mainly gray (5Y 6/1) but some very 
dark gray (5Y 3/1) silty clay loam; few, fine, dis
tinct mottles of brownish yellow (l0YR 6/6) ; moder
ate, very fine and fine, subangular blocky structure · 
friable; some soft white concretions of carbonate; 
moderately allm,Line; calcareous; gmdual, smooth 
boundary. 

B22g- 32 to 39 inches, gray (5Y 6/ 1) light silty clay loam; 
common, fine, prominent mottles of strong brown (7.5 

YR 5/6) ; weak, very fine and fine, subangular blocky 
structure; friable; few, fine, b~ack concretions of 
oxide and common, ,soft ooncretions of carbonate; 
moderately alkaline; calcareous; gradual, smooth 
boundary. 

Cg-39 to 48 inches, gray (5Y 6/ 1) loam; common, fine, promi
nent mottles of strong bro,wn (7.5YR 5/6) and few, 
fine, distinct mottles of olive brown (2.5Y 4/4) ; mas
sive; friable; moderately alkaline; calcareous. 

The A horizon is about 14 to 22 inches thick. Typically, it is 
silty clay loam in te::1..1:ure, but it grades to clay loam. The color 
is generally black (N 2/0) but grades to very dark gray (lOYR 
3/1) in the Al horizon, and in the A3 horizon wherever 
that horizon occurs. The B horizon typically is very dark 
gray to olive gray, but in places it is olive. Mottles that have 
a wide range in color are common in this horizon. In texture, 
the B horizon ranges from silty clay loam to clay loam. 
The C horizon has variable texture but is typically loam. In 
many places this horizon contains thin lenses of silt, sandy 
loam, or loamy sand. In most places unaltered, friable to firm, 
calcareous glacial till is at a depth of 40 to 60 inches; but 
in a few places the till is deeper. 

The Canisteo soils are calcareous throug,bout the profile, 
whereas Tripoli and Webster soils are not. Canisteo soils lack 
the coarse-textured substratum that is characteristic of the 
Biscay and Talcot soils. The Canisteo soils are finer textured in 
the surface layer than the Harps soils and are not so gray, es
pecially when dry. Also, they are not so rich in calcium car
bonate as Harps soils. 

Canisteo silty clay loam (0 to 2 percent slopes) (Ce).
This nearly level soil generally is in areas bordering de
pressions that are occupied by Glencoe soils. It frequently 
occurs with the ·webster, the somewhat poorly drained 
Nicollet, and the well-drained Clarion soils. In some 
places it occurs with the Fostoria, Ocheyedan, Guckeen, 
and Marna soils. The profile of this soil is the one described 
as ty)?ical for the Canisteo series. 

This is one of the most extensive soils on the undulating 
till plain in the eastern part of the county. It also occurs 
in areas of glacial outwash in the north-central and north
western parts. Included with this soil in mapping were 
small areas of Harps soils. 

Most areas of this soil are cultivated, and row crops can 
be grown much of the time. This soil is wet unless it is ti]e 
drained. Tile drains function well. Crops grow well if the 
soil is tile drained and management is good. (Capability 
unit IIw-2) 

Canisteo silty clay loam, gypsic variant (0 to 2 per
cent slopes) (Cg).- This nearly level soil is in the north
central part of the county northeast of Spencer. The total 
acreage is small. The surface layer typically ranges from 
18 to 26 inches in thickness. The subsoil generally is clay 
loam in texture. Gypsum crystals occur mainly in the sur
face layer, but in places they are in the subsoil. This soil 
occurs with the Marna, Ocheyedan, Fostoria, and Webs
ter soils. Although this soil occurs in fairly large areas, it 
generally is cropped in the same way as the adjacent 
soils. 

All of the acreage of this soil is cultivated. If drainage 
is improved, this soil can be used for row crops much of 
the time. Tile drains function well. If drainage is adequate, 
fertility is maintained, and high-level management is used, 
crops grow well on this soil. (Capability unit IIw-2) 

Clarion Series 
The Clarion series consists o:f dark colored to n10der

ately dark colored, well-drained soils iJ.1 the uplands. 
These soils are gently undulating to steep, and slopes are 
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Marcus silty clay loam (0 to 2 percent slopes) (Ma).
This soil is extensive and, in places, the areas extend for 
several miles and include several hundred acres. Many 
fi~lds are mostly of this soil. This nearly level soil occurs 
with the somewhat poorly drained Primghar, the poor'ly 
drained Afton, and, m some places, the Galva and Sac soils . 

Included with this soil in mapping was an area in the 
SW¼ of section 19 in Lone Tree Township that is cal
careous at the surface and thrut has some crystal-like par
ticles on the surface. Also included were a few other small 
areas that are calcareous at the surface and a few where 
the depth to glacial till is slightly less than 40 inches. In 
some mapped areas, the profile contains more coarse ma
terial than the soil described as typical for the series but not 
enough to change the textural name. 

Nearly all the acreage of this soil is used for row cl'ops, 
for which it is well suited. Wetness is a hazard to use, but 
this hazard can be overcome by installing tile drains. If 
drainage is improved, fertility is maintained, and man
agement is good, crops grow well. (Capability 1,mit II w-2) 

Marna Series 
The Marna series consists of nearly level, dark-colored, 

poorly drained soils mainly in the eastern part of the 
county. These soils developed in clayey lacustrine sedi
ments in the uplands and outwash areas. The native vege
tation consisted of swamp grasses, sedges, and prairie 
grasses that tolerate wetness. 
. In a typical profile, the surface layer is black, firm, light 

silty clay about 17 inches thick. It has granular and sub
angular blocky structure. The subsoil extends to a depth 
of about 45 inches. It is mainly olive-gray, firm silty clay 
that has angular blocky and subangular blocky structure. 
Some very dark gray occurs in the upper part. The sub
stratum is olive-gray, fri,able to firm silty clay but becomes 
coarser textured with depth. 

The Marna soils have medium to high available mois
ture capacity. They are slowly permeable. The supply of 
ava~lable nitrogen generally is low or ~edium, tha~ of 
~vaila1?le phophorus is low, and that of available potassium 
1s med1wn. In the calcareous variant, however, the supply 
of potassium is low. The surface layer generally is about 
neutral in reaotion, but where this soil is calcareous the 
reaction is mildly alkaline or moderately alkaline through
out the pro.file. 

Representative profile of a Marna silty clay, 158 feet 
east and 510 feet north of the southwest corner of the 
l\TvV¼ of section 12, T. 96 N., R. 36 W., on a nearly level 
slope, in a cultivated field: 

Ap--0 to 5 inches, black (N 2/ 0) light silty clay; cloddy but 
breaks to weak, fine, granular and subangular blocky 
structure; firm, neutral; gradual, smooth boundary. 

Al2--5 to 13 inches, black (N 2/0) light silty clay; moderate 
fine, granular and very fine subangular blocky struc
ture; firm; neutral; gradual, smooth boundary. 

A.3-13 to 17 inches, very dark gray (5Y 3/1) light silty clay; 
very dark gray (l0YR 3/ 1) when kneaded; few, fine, 
faint stains of very dark gray (l0YR 3/1) on ped faces 
and few, fine, distinct mottles of olive brown (2.5Y 
4/ 4) on ped interiors; moderate to strong, fine and 
very fine, subangular blocky structure that tends 
toward angular blocky ; firm; few, discontinuous, 
glossy faces on peds; neutral ; gradual, smooth 
boundary. 

B21g--17 to 27 inches, mixed very dark gray (5Y 3/ 1) and 
olive-gray (5Y 4/2) silty clay; few, fine, distinct mot-

tles of olive bro1vn (2.5Y 4/4) ; moderate to 
very fine, subangular blocky and angular bloc1 
ture; firm; CO'lillilOD, small, dark, hard concre 
oxide ; common, thin, glossy faces on peds ; J 

gradual, smoobh boundary. 
B22g-27 to 36 inches, olive-gray (5Y 4/2) silty cla 

mon, fine, faint mottles of dark gray ( 5Y 4. 
olive (5Y 4/ 3) ; moderate to strong, very fine, 
blocky and subangular blocky structure; firr 
mon, thin, glossy faces on peds ; few, fine, 
pores; neutral; gradual, smooth boundary. 

B3g- 36 to 45 inches, olive-gray (5Y 5/ 2) silty clay; c 
medium, distinct mottles of ,olive brown (2.5Y 4 
a few streaks of very dark gray (lOYR 3/ 1 
erate to strong, very fine, angular blocky sti 
firm; few, thin, glossy faces on peds ; few, fin 
lar pores; neutral; gradual, smooth boundar: 

Cg-45 to 50 inches, olive-gray (5Y 5/ 2) silty cla 
medium, distinct mottles of olive brown (2.5' 
weak, fine, subangular blocky structure ; f1~ 
firm; common fine pores; neutral. 

'!.'he clay content of material below 50 inches is bel: 
decrease with depth to light silty clay loam. The glos: 
on peds could be clay films or pressure faces. 

The A horizon ranges from about 12 to 20 inches in tl 
and from heavy silty clay loam to light silty clay in text1 
texture of the B horizon is silty clay or clay. The colo 
B horizon commonly is very dark gray ( 5Y 4/ 1), g1 
5/1). or olive gray (5Y 4/ 2 or 5/2) with mottles of oliv, 
and olive. The thickness of the solum generally rang 
about 36 to 48 inches. In places the texture grades to si 
loam at a depth of 40 to 55 inches, but in other places t 
lying lacustrine deposits are tbicker. The underlying r 
is calcareous in places. 

The Marna soils have more clay and less sand thr, 
their profile than the Webster soils and have somewhat 1 

structure. 

Marna silty clay (0 to 2 percent slopes) (Mc). 
nearly level, poorly drained soil is in the uplands 
outwash areas. It is moderately extensive. This soil 
mainly with the Guckeen soils in the uplands, but 
occurs in places with the Webster, Nicollet, and C 
soils. In outwash areas this soil generally occur: 
the Ocheyedan, Fostoria, and Guckeen soils bu 
few places with Webster and Canisteo soils. 

Most areas of this soil are cultivated. The fine-te 
subsoil restricts the movement of air and water 
sequently, this soil remains cold and wet late in 1 
Tile drains do not function well in this soil, an, 
need to be spaced closer than those in coarser te 
soils. Row crops can be grown much of the tim.e, 
wet years, even where this soil is tile drained, the ~ 
o:f crops is poor to moderate. In some years it is . 
spring before this soil can be tilled satisfactorily 
is plowed wet, this soil tends to be cloddy and hare 
it dries. A good seedbed generally is easier to p 
if this soil is plowed in fall. (Capability unit Ilw 

Marna silty clay loam, calcareous variant (0 tc 
cent slopes) (Me).-This nearly level soil is not ext 
It occurs in only a small area a short distance ea 
north of Spencer. This soil occurs mainly with the 
steo, Ocheyedan, Fostoria, Guckeen, ,and other Marn 
Unlike a typical Marna soil, it is alkaline and calc 
throughout the profile. 

This soil is poorly drained and tends to be wet au 
late in spring. Tile drains do not function well, an 
need to be spaced closer than those in coarser te: 
soils. 

Most areas of this soil are cultivated, and row 
can be grown much of the time. Even where this 
tile drained, the growth of crops in wet years is p 
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moderate. If it is plo,red ,vet, this soil tends to be cloddy 
and hard when it dries. A good seedbed generally is easier 
to prepare if this soil is plowed in fall. (Capability unit 
Ilw-5) 

Marsh 
Marsh consists of areas that are covered by water most 

of the time. This land is not used for farming. Because 
these areas are flooded most of the time, the soil material 
has not been examined in great detail. This material has 
variable texture. The native vegetation consisted of cattails 
and other plants that tolerate wetness. 

Marsh (Mh) consists of areas that are covered by water 
most of the time. In Clay County these areas are in depres
sions that, for lack of outlets, have not been drained. Their 
vegetation consists of cattails and other swamp plants. 
Marsh has no value for farming, but it is an important 
habitat for waterfowl, muskrats, and other wetland wild
life. 

Almost all areas of Marsh are in the eastern part of 
the county. In the northeastern part, several areas that 
are made up largely of Marsh have been designated as 
game refuges and public shooting grounds. These areas 
include the Dan Green and Barringer Sloughs and Dewey's 
Pastme. (Capability unit VIIw-1) 

Muck 
Muck consists of black, very poorly drained, organic 

soils. These soils generally are in old dry lakeheds or in 
drained depressions. The areas range from large to small 
and generally are surrounded by Harps soils. Undrained 
areas of these soils are ponded, and the native vegetation 
consisted of swamp grass and sedges. 

In a typical profile, the upper part consists of black, 
friable muck about 28 inches thick. Underlying the muck 
is black, very dark gray, or olive-brown, friable to firm 
mucky silt loam and light silty clay loam. 

Muck soils are moderately permeable. They are generally 
high in available nitrogen, low in available phosphorus, 
and very low in available potassium. In places trace ele
ments are deficient for some crops. These soils range from 
neutral to moderately alkaline in reaction. 

Representative profile of a Muck soil ( drained pond), 
310 feet west and 200 feet south of the northeast con1er 
of the SW1;,'1SE¼ of section 11, T . 97 N., R. 35 W., on a 
co11Yex slope, in a cultivated field: 

1-0 to 8 inches, black (lOYR 2/ 1) muck, very dark brown 
(lOYR 2/2) when kneaded; ma~sive, but has slight 
tendency to break horizontally; very friable; neutral; 
gradual, smooth boundary. 

2--8 to 15 inches, black ( lOYR 2/1) muck, very dark brown 
(l0YR 2/ 2) when kneaded; very weak, medium and 
coarse, subangular blocky structure, but has slight 
tendency to break horizontally; friable; neutral; 
gradual, smooth boundary. 

3-15 to 28 inches, black (lOYR 2/1) muck; weak, fine and 
medium, subangular blocky structure; friable; few 
fine root channels lined with strong-brown organic 
material; few very fine fragments of snail ~hells; 
neutral; gradua l, smooth boundary. 

-±-28 to 32 inches, black (l0YR 2/ 1 to N 2/0) lllllCky silt 
loam; weak to moderate, fine. subangular blocky struc
ture; friable to firm; few root channels linecl with 
strong-brown organic material; neutral; gradual, 
smooth boundary. 

IOWA STATE TRAVELING LIBRARY: 
DES MOINES, IOWA 

5-32 to 36 inches, very dark gray (lOYR 3/ 1 or N 3/0) light 
silty clay loam; weak, fine, subangular blocky struc
ture; friable to firm; common root channels lined with 
strong-brown organic material; neutral; gradual, 
smooth boundary. 

6-36 to 43 inches, very dark gray (l0YR 3/1 or N 3/ 0) light 
silty clay loam; few, fine, faint mottles of dark olive 
gray (5Y 3/2) ; massive (structureless) ; friable to 
firm ; common root channels lined with strong-brown 
organic material; mildly alkaline; calcareous; clear, 
smooth boundary. 

7-43 to 50 inches, olive-brown (2.5Y 5/4) heavy silt loam; 
massive (structureless) ; friable to firm; moderately 
alkaline; calcareous. 

:.\Iuck generally 1,a.nges from 10 to 40 inches in thickness. but 
in a few places it is as much as 60 inches. It ranges from black 
to very dark brown in color. Where Muck is moderately shal
low, a few plant fibers occur in some places below the plow 
layer. '.l.'he underlying mineral material ranges from black to 
olive gray in color. This material typically is silty clay loam 
or sHt loam, but it contains lenses of sandy material in places. 
In a few places this underlying material contains more sand. 

Muck, moderately shallow (0 to 1 percent slopes) 
(Mm).-This organic soil is in depressions that formerly 
contained water. It is not extensive. It is surrounded in 
most places by narrow areas of the highly calcareous 
Harps soils. The organic layer generally is 20 to 40 inches 
thick, but in a few areas it is as much as 60 inches. In some 
areas this soil is mildly alkaline or moderately alkaline; 
in other areas it is about neutral. Some areas are calcareous 
throughout the profile. 

This soil typically is very poorly drained. Tile drains 
with open intakes and ditches are used to improve drain
age. Some areas are ponded in spring or after heavy rains, 
even where drainage is improved. 

Drained areas of this soil are used for crops, and row 
crops can be grown much of the time. Small grains tend to 
lodge badly and to produce grain of poor quality. If this 
soil is partially drained, it is suited to permanent pastme 
consisting of bluegrass and reed canarygrass. Undrained 
areas generally are suited onlY. to wildlife habitat. Crops 
grow fairly well where this s01l is adequately drained, fer
tilized, and managed well. Growth is better in years of 
limited rainfall than it is in years when rainfall is aborn 
average. Trace elements need to be added for some crops. 
In some years crops on this soil are damaged by early 
frost. ( Capability unit III w-2) 

Muck, moderately shallow, calcareous (0 to 1 percent 
slopes) (Mr).- This soil occurs only in a large old lakebed 
in sections 25 and 26 of Garfield Township. The organic 
layer is black to very dark gray in the upper part and very 
dark gray in the lower part. This layer is about 20 to 40 
inches thick and is highly calcareous. In most places it con
tains fragments of snail shells. Included with this soil 
in mapping was a narrow area around the edge of the 
lakebed in which the organic layer is less than 20 inches 
thick and overlies sand that contains layers of finer tex
tured material. Below the organic layer of this soil is 
mucky silt loam or silty clay loam that, in places, contains 
lenses of sand. In one area of about 26 acres in section 26, 
the organic material overlies sand that extends to a depth 
of 50 inches or more. Sand probrubly underlies the whole 
lakebed at variable depths. 

Most areas of this soil are cultivated. Some areas are 
owned by the Iowa State Conservation Commission, and 
these have been planted in trees and shrubs for use as wild
life habitat. Because this soil. is wet and the supply of 

0 l ' 
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plant nutrients is low, the growth of plants is poor to mod
erate. The supply of available phosphorus and potassium 
is especially low. Row crops can be grown much of the 
time, but crops on this soil are likely to be damaged by 
early frost. (Capability unit IIIw-2) 

Muck, shallow (0 to 1 percent slopes) (Ms).-This soil 
mainly is in large deJ?ressions in the eastern part of the 
county. These depressions originally contained water but 
have been drained. This soil is surrounded in most places 
by the highly calcareous Harps soils, which formed on the 
rim of the depressions. The organic layer ranges from 10 
to 20 inches in thickness, but the thickness varies oYer short 
distances. In some areas this soil is calcareous throughout 
the profile, but in other areas it is about neutral. 

This soil is Yery poorly drained. ·without artificial drain
age it is ponded, and some areas are ponded, even with 
artificial drainage. Ponding generally results from outlets 
for tile drains being too small or being submerged after 
hea YY rains. Most of the larger areas are drained by open 
ditches, but tile drains with open intakes are also used. If 
drainage is improved, this soil can be used for row crops 
much of the time. Growth of crops is moderate to good. 
Drained areas are used mainly for corn and soybeans. 
Small grains generally lodge badly, and quality of the 
grain is poor. If partially drained, bluegrass and reed 
canarygrass can be grown for permanent pasture, but un
drained areas generally are suitable only as wildlife 
habitat. 1Vhere enough fertilizer is added, crops on this 
soil generally grow better in years when rainfall is less 
than normal. In places trace elements are needed. Damage 
to crops by early frost is a hazard. ( Capability unit 
IIIw-2) 

Nicollet Series 
The Nicollet series consists of deep, somewhat poorly 

drained, dark-colored soils in the uplands in the northwest
ern and eastern parts of the county. These soils developed 
under native prairie grasses in glacial till or partly in 
glacial till and partly in the gritty material overlying the 
till. They have either convex or concave slopes that range 
from 1 to 3 percent. In some places these slopes are short, 
but in other places they are long. 

In a typical profile, the surface layer ( A horizon) is 
black, friable heavy loam about 14 inches thick. It has 
granular structure. The subsoil extends to a depth of about 
31 inches. It is dark grayish-brown, friable light clay 
loam that has subangu'lar blocky structure. The substra
tum is grayish-brown, friable, massive loam that has yel
lowish-brown mottles and -a few pebbles. 

The Nicollet soils have high available moisture capacity. 
They are moderately permeable. They are among the best 
soils for farming in the county. The supply of available 
nitrogen generally is low or medium, that of available 
phosphorus is low or very low, and that of available po
tassium is low or medium. The surface layer is slightly 
acid or neutral in reaction. 

Representative profile of a Nicollet loam, 540 feet east 
and 210 feet north of the southwest corner of the NE¼ 
of section 26, T . 94 N., R. 36 W., on a convex slope of 1 or 
2 percent, in a cultivated field : 

Ap-0 to 7 inches, black (l0YR 2/1) heavy loam; cloddy but 
breaks to weak, fine and medium, granular structure; 
friable; slightly acid; gradual, smooth boundary. 

A12-7 to 14 inches, black (lOYR 2/ 1) heavy loam; weak, fine 
and medium, granular structure; friable; neutral; 
gradual, smooth boundary. 

Bl-14 to 22 inches, mixed black (lOYR 2/1) and dark grayish
brown (2.5YR 4/2) light clay loam; weak, fine, sub
angul:ar blocky structure; friable; neutral; gradual, 
smooth boundary. 

B2-22 to 31 inches, dark grayish-brown (2.5Y 4/ 2) light clay 
loam; weak, fine, subangular blocky structure; friable; 
neutral; gradual, smooth boundary. 

Cl-31 to 42 inches, grayish-brown (2.5Y 5/2) and some light 
olive-brown (2.5Y 5/4) heavy loam: many, fine and me
dium, distinct mottles of yellowish brown (lOYR 5/6 
and 5/8) ; massive (structureless) ; friable; common, 
fine, soft, gray (l0YR 6/1) and light-gray (l0YR 7/ 1) 
concretions of lime; few pebl>les; moderately alkaline; 
calcareous; gradual, smooth boundary. 

02-42 to 48 inches, grayish-brown (2.5Y 5/2) heavy loam; 
many, fine, distinct mot.ti.cs of yellowish brown (l0YR 
5/6 and 5/8); massive (structureless); friable; com

mon, fine, soft, gray (l0YR 6/ 1) and light-gray (lOYR 
7 / 1) concretions of lime; few pebbles; moderately al
kaline ; calcareous. 

The A horizon ranges from 10 to 16 inches in thickness and 
from heavy loam or silt loam to clay loam in texture. In color 
this horizon ranges from black ( lOYR 2/1) to very clark 
grayish l>rown (lOYR 3/2). The B horizon ranges from heavy 
loam to clay loam in texture. The upper part of the B ho1izon 
is very clark grayish brown (2.5Y 3/2) to da.rk grayish brown 
(2.5Y 4/2) in color and generally grades to grayish brown 
/2.5Y 5/ 2), olive brmrn (2.5Y 4/4), or light olive bro,wn (2.5Y 
5/4). The depth to calcium carbonate ranges from 24 to 45 
inches. In some places the thickness of solum and depth to 
carbonates are the same, but in other places the solum extends 
into the calcareous material. In some places pockets or thin 
lenses of sandy material occur in the profile. 

Nicollet soils have more sand and less silt in the profile than 
Primghar soils, but the Primghar soils have more clay in the 
surface layer. The Nicollet soils have some gravel or pebbles 
in the profile, whereas the Fostoria soils are largely free of 
gravel. Also the Nicollet soils have more uniform materials in 
the substratum and less evidence of sorting of materials than 
the Fostoria soils. Unlike the Cylinder soils, Nicollet soils are 
not underlain by sand and gravel. 

Nicollet clay loam (1 to 3 percent slopes) (Nc).-This 
soil is extensive. It has nearly level slopes that are smooth, 
long, and slightly convex. Areas generally are large and 
are as much as several hundred acres in places. In most 
places this soil is adjacent to the well-drained Everly or 
the poorly drained Tripoli or Afton soils. The surface 
layer and subsoil generally are clay loam in texture. The 
subsoil developed partly in caJcareous glacial till and 
partly in gritty material overlying the till. The till gen
erally occurs at a depth of 20 to 35 inches, but commonly 
it is at 24 to 30 inches. 

Included with this soil in mapping were a few areas in 
section 20 of Herdland Township and in section 23 of 
Gillett Grove Township that are in a stand of second
growth trees. These included areas have a thinner, siltier 
surface layer than this soil; a gray, platy subsurface layer 
a few inches thick; and a subsoil that is more clayey and 
that is leached to a greater depth. 

This is one of the better soils in the county for farming, 
and most of the acreage is cultivated. Row crops can be 
grown much of the time, and crops grow well under good 
management. In most areas this soil can be farmed with
out improved drainage, but some areas that border Tripoli 
soils benefit from tile drains. Except where slopes are long 
and nearly 3 percent, erosion is not a problem. ( Capa
bility unit I-1) 

Nicollet loam (1 to 3 percent slopes) (No) .-This ex
tensive soil is in the eastern part of the county. Slopes gen-
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~ally are sho1t and convex, but some are concave. Areas 
enerally are about 10 acres or less but are as much as 30 
Jres in some places. This soil occurs mainly with t he 
Vebster and Clarion soils. Small areas that are similar to 
'.le well-drained Clarion and the poorly drained ·webster 
)ils were included with this soil in mapping. Also included 
,ere a :few small areas, 111.ostly in Lake Township, that are 
alcareous th roughout their profile. 
Most areas of this soil are used for crops. This soil can 

,e used for row crops much of the time. Good tilth of the 
oil and the vigor of plants can be maintained if the soil 
3 adequately fertilized and management is good. This soil 
,rdinarily is not eroded, but a few of the more sloping 
.reas are susceptible to erosion if row crops are grown 
nost of the time. In wet years some nearly level areas ad
acent to the poorly drained ·Webster soils are too wet for 
;oocl gro"-th of plants. ·where tile drains are installed in 
hese areas, drainage is generally improved. ( Capability 
mit I-1) 

) cheyedan Series 
The Ocheyedan series consists of deep, dark-colored, 

,rnll -drained soils that are mainly in the nortlw,-estern and 
1.orth-central parts of the county but also occur in a few 
\reas in the east-central part. These soils are in uplands 
rnd out,vash areas. They developed under native prairie 
5rasses in medium-textured glacial sediment. The slopes 
1re convex and range from nearly level to strong. 

In a typ ical profile, the surface layer is black, friable 
loam about 14 inches thick. It has granula1· structure. The 
,ubsoil is brown, friable loam and sandy clay loam in the 
upper part and dark yellowish-brown fine sandy loam 
ancl silt loam in the lo,ver part. The silt loam pa,rt is cal
careous. The substratum is gray and yellowish-brown silt 
loam that is calcareous. 

These soils typically have high available moisture ca
pacity. They are moderately permeable, in the upper part 
of the profile and moderately rapidly permeable in the 
lo,rnr part . The supply of available nitrogen and phos
phorus generally is low, and that of available potassium 
is medium. The surface layer generally is slightly acid or 
medium acid in reaction. 

Representative profile of an Ocheyedan loam, 960 feet 
north and 710 feet east of the southwest corner of section 
28, T. 97 N., R. 38 vV., on a convex slope of about 1 per
cent, in a cul tivated field: 

Ap----0 to 7 inches, black ( l0YR 2/ 1) heavy loam; weak, fine, 
granular structure; friable; slightly acid; gradual , 
smooth boundary. 

A12- 7 to 14 inches, black (l0YR 2/ 1) loam; few brown (lOYR 
4/3) worm casts; weak, fine and medium, granular 
structure; f riable; slightly acid; gradual, smooth 
boundary. 

Bl-14 to 21 inches, brown (l0YR 4/3) loam; few black 
( l0YR 2/ 1) worm casts; weak, fine, suba ngula r blocky 
structure; slightly acid; friable; gradual, smooth 
boundary. 

B21-21 to 26 inches, brown (l0YR 4/ 3) sanely clay loam; few 
black ( l0YR 2/ 1) worm casts; weak, fine , subangular 
blocky structure; friable; neutral; gradual, smooth 
boundary. 

B22-26 to 34' inches. dark yellowish-brown (lOYR 4/ 4) heavy 
fine sa ndy loam; weak, medium, subangular blocky 
structure; friable; many fairly evident pores or old 
root channels about one-sixteenth of an inch in clinm
eter: neutral: gradual , smooth bouncln.ry. 

295-993--,69--3 

IIBS-34 to 40 inches, dark yello\Yish-brown (lOYR 4/4) silt 
loam; weak, medium, subangular blocky structure ; 
friable ; few, fine, dark concretions of oxide ; moder
ately alkaline; calcareous in the lower part; gradual, 
smooth botmdary. 

IIC-40 to 48 inches gray (lOYR 5/1) and yellowish-brown 
( l0YR 5/4) silt loam; common, fine, faint mottles of 
yellowish brown (l0YR 5/6 and 5/8) ; friable; few 
dark concretions of oxide ; common soft concr etions 
of carbonate; moderately alkaline; calcar eous. 

Gray, mottled silt loam extends to a depth of 85 inches, and 
glacial t ill is below 85 inches. 

The A horizon ranges from about 5 to 15 inches in thickness, 
depending on slope and erosion. It ranges from dark brown 
(l0YR 2/2 ) to black (lOYR 2/ 1) in color. The texture of this 
horizon generally is loam, though in places it is silt loam. The 
B horizon typically is dark brown or brown (l0YR 4/3). In 
texture, the B horizon is loam, sandy clay loam, or fine sanely 
loam, but the IIB3 and the IIC horizons range from sanely 
loam or sanely clay loam to silt loam. The layers of sandy clay 
loam and fine sanely loam in the solum seldom are thick enough 
to affect seriously the available moisture capacity. The solum 
ranges from about 30 to 45 inches in thickness. In places t he 
calcareous substratum contains layers of loamy sand but 
dominantly it is coarse silt loam in texture. In most places the 
calcareous glacial till occurs at a depth between 50 and 100 
inches, but commonly it is at a depth of about 80 to 90 inches. 

'.l' he Ocheyedan ooils are more ~tratified in their rnlum than 
the Clari on and Everly soils, and their substratum shows more 
rnrting of materi als and Yaria tion in texture. Unlike the Everly 
nncl Clarion soil s, they do not haYe gravel or small pebbles 
in their profile. Ocheyedan so il s overlie silt loam, whereas 
1Yaukegan soils overlie sandy loam or loamy sand, a nd 
Wadena soils overlie calcareous sand and gravel. 

Ocheyedan loam, 0 to 2 percent slopes (OcA).-This 
nearl y level soil is in the uplands in the northwestern and 
east-centr al parts of the county, but north of Spencer it 
is in outwash areas. It is not extensive, and most areas are 
less than 15 acres in size. This soil has convex slopes, and 
in most places it is slightly higher than the surrounding 
soil s. It is mainly with the vVaukegan, Fostoria, and other 
Ocheyedan soils. North of Spencer, however, it is with 
the C'anisteo, ,Vebster, Fostoria, or Guckeen soils. Included 
with thi.s soi.l in mapping were a few areas t hat are only 
40 to 50 inches deep to glacial till. 

Most areas of this soil are cultivated. If fertility is 
maintained, row crops can be grown much of the t1me. 
Crops generally grow well. Tlns soil is friable and easy 
to work. Erosion is not a hazard. (Capability unit I -2) 

Ocheyedan loam, 2 to 5 percent slopes (OcB).-This 
gently sloping soil is in the uplands in the northwestern 
and east-central parts of the county and in outwash areas 
north of Spencer. It is not extensive. The surface layer 
of this soil is a few inches thinner than that in the profile 
described as typical for t he Ocheyedan series. Included 
with this soil in mapping were a few areas that are only 
40 to 50 inches deep to glacial till. 

Most areas of this soil are cultivated. If erosion is con
trolled by con tour farming or terracing and fertility is 
maintained, row crops oan be grown much of the time. 
Crops generally grow well. The hazard of erosion is slight. 
(Capability unitlle- 1) 

Ocheyedan loam, 5 to 12 percent slopes, moderately 
eroded (OcC2) .- This soi.I is sloping to strongly sloping, 
and the slopes generally are short. Most areas are small. 
In most places the surface layer is about 5 or 6 inches 
thick, but it ranges from 2 to 7 inches in thickness. This 
layer genemlly is browner than that described as typical 
for the Ocheyedan series. 
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Most areas of this soil are cultivated. If erosion is con
trolled by contour farming and terracing and fertility is 
maintained, row crops can be grown much of the time. 
This soil is moderately susceptible to erosion. ( Capability 
unit IIIe-1) 

Okoboji Series 
The Okoboji series consists of deep, dark-colored, very 

poorly drained soils in depressions. They develaped under 
native swamp grasses and sedges in local alluvium washed 
from adjacent soils. 

In a typical profile, the surface layer is black, friable to 
firm, heavy silt loam or silty clay loam about 29 inches 
thick. It has granular and subangular blocky structure. 
The subsoil is about 16 inches thick and is black to very 
dark gray silty clay loam. It has subangular blocky struc
ture and is calcareous in the lower part. The substratum is 
olive-gray silty clay loam that feels gritty, is massive, and 
is calcareous. 

The Okoboji soils have high available moisture capacity. 
They are slowly permeable. The supply of available nitro
gen generally is medium or low, that of phosphorus is low 
or very low, and that of potassium is low or medium. The 
surface layer is neutral to mildly alkaline in reaction. 

Representative profile of an Okoboji silt loam, 650 feet 
south and 399 feet ,,est of the northeast corner of the SE¼ 
of section 34, T. 94 N., R. 35 W., in a nearly level depression 
in a cultivated field : 

A1}-0 to 9 inches, black (N 2/ 0) heavy silt loam; cloddy but 
breaks to weak or moderate, fine, granular structure 
nncl very fine, subangular blocky structure; friable to 
firm; neutral; clear, smooth boundary. 

A12- 9 to 14 inches, black (N 2/ 0) heavy silt loam; moderate, 
fine, granular and very fine, subangular blocky struc
ture; friable; common, fine and very fine, tubular 
pores; neutral; gradual, smooth boundary. 

A.13- H to 20 inches, black (N 2/ 0) silty clay loam; moderate, 
very fine, subangular blocky structure; friable; com
mon, fine and very fine pores and few, medium, tubular 
pores; neutral; gradual, smooth boundary. 

A.14-20 to 29 inches, black (N 2/ 0) silty clay loam; common 
mottles of very dark grayish brown (2.5Y 3/ 2) to dark 
oliYe gray (5Y 3/ 2) ; weak, medium, subangular 
blocky structure that breaks ,to weak, very fine, sub
angular blocky; friable; common, very fine, tubular 
pores; neutral; cl.iffuse, smooth boundary. 

B21g- 20 to 36 inches, black (N 2/ 0) to very dark gray (N 3/ 0) 
;;ilty clay loam; common mottles of very dark grayish 
brown (2.5Y 3/ 2) to dark olive gray (5Y 3/ 2) ; weak, 
medium and coarse, srubangular blocky structure that 
breaks to weak, very fine, subangnlar blocky; friable; 
few to co=on, very fine, tubular pores; neutral; 
gradual, smooth boundary. 

B22g- 36 to 45 inches, black (~ 2/ 0) to very dark gray (N 3/ 0) 
light silty clay loam, some olive gray (5Y 5/ 2) in 
the lower part; common, fine, distinct mottles of yel
lon·i;:h brown (lOYR 5/ 6) ; weak, medium and coarse, 
subnngular blocky structure; firm; sticky when wet; 
mildly alkaline; calcareous; gradual, smooth boundary. 

Cg--45 to 50 inches, olive-gray (5Y 5/ 2) silty clay loam; mns
sive; friable: sticky when wet; few, fine, soft con
cretions of lime; mildly alkaline; calcareous. 

The A horizon ranges from about 20 to 35 inches in thickness. 
The texture typically is heavy si lt loam in the upper part ancl 
silty clay loam in the lower part. In co lor, the Bg horizon is 
black (~ 2/ 0 or lOYR 2/ 1) to very dark gray (N 3/ 0 or lOYR 
3/ 1) in the upper part and ranges to dark gray (5Y 4/ 1), olive 
gra:v (5Y 5/ 2), or olive (5Y 5/ 3) in the lower part. The texture 
of this horizon typically is silty clay loam. The solum ranges 
from about 42 inches to 54 inches in thickness. The Cg horizon 

ranges from loam to silt loam or silty clay loam in texture. I 
some places the Okoboji soils are calcareous throughout thei 
profile. 

The Okoboji soils have a thicker solum than Wacousta soil: 
They are not so fine textured in the upper horizons as th 
Glencoe soils and typically are somewhat less clayey in the sul 
soil. Also they are somewhat more friable and permeabl 
throughout than those soils. 

Okoboji silt loam (0 to 1 percent slopes) (Ok).-Thi 
very poorly drained soil is in depressions. In most place 
the depressions are surr01mded by narrow areas of th 
highly calcareous Harps soils, ancl farther away are th 
Webster or Canisteo soils. 

Most areas of this soil are too small to be cropped sepa 
rately. These small areas are used and managed in the sam1 
way as the adjacent soils. ·wetness and ponding after hea ,·: 
rains are the chief hazards to cultivation. Young plant: 
die if they are covered with water for long periods, anc 
replanting is needed. ShallM,- ditches and tile drains wit] 
open intakes are needed to remove surface water. If out 
lets are adequate, tile drains function well. If this soil ii 
adequately drained, it can be used for row crops much oJ 
the time. Legumes are susceptible to, winterkilling. Par
tially drained areas of this soil can be used for pasture 
and undrained areas are suitable as wildlife habitat 
(Capability unit IIIw-1) 

Primghar Series 
The Primghar series consists of deep, somewhat poorly 

drained, dark-colored soils in the uplands and on stream 
benches. These soils developed under native prairie grasseE 
in loess 40 inches thick or more. In the uplands the loess iE 
underlain mainly by calcareous glacial till; on benches 
it is underlain by sand and gravel. The Primghar soils are 
nearly lm·el and occur chiefly in the southwestern part of 
the county, but some areas are in the northwestern and 
east-central parts. Nearly all the acreage of Primghar soils 
is in the uplands, but a small amount is on benches. 

In a typical profile, the surface layer is black, friable, 
heavy silty clay loam about 16 inches thick. It has granular 
and subangular blocky structure. The subsoil extends to a 
depth of about 35 inches. It is dark grayish-br0"1n silty 
clay loam in the upper part and olive-brown and light-olive 
bro,,n silt loam in the lower part. The subsoil has sub
angular blocky structure. The substratum to a depth of 
47 inches is mottled, grayish-brown and light olive-brown, 
calcareous, heavy silt loam. Below 47 inches the substratum 
is yellowish-brown, calcareous clay loam. 

The Primghar soils have high available moisture ca
pacity. They are moderately permeable to moderately 
slowly permeable. The supply of available nitrogen gen
erally is low or medium, that of available phosphon;s is 
low, and that of available potassium is medium or high. 
The surface layer normally is slightly acid to medium acid 
in reaction. 

Representative profile of a Primghar silty clay loam, 
360 feet south and 320 feet west of the northeast corner of 
the NW¼NE¼ of section 14, T. 95 N ., R. 38 W., on a 
slightly convex slope of 1 percent, in a cultivated field : 

.\ ])-0 to 7 inches, black (lOYR 2/1) silty clay loam; moderate 
fine. granular structure; friable; medium acid; clear, 
smooth boundary. 

Al2- 7 to 11 inches, black (lOYR 2/ 1) heavy silty clay loam; 
weak to moderate, fine, granular structure; friable; 
medium acid; gradual, smooth boundary. 
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A3-11 to 16 inches, black (lOYR 2/ 1) heavy silty clay loam, 
Yery dark gray (lOYR 3/ 1) when dry and very dark 
brown (lOYR 2/2) when kneaded; few yellowish
brown mottles 2 to 3 millimeters across; moderate, fine, 
granular structure and fine, subangular blocky struc
ture; friable; common, fine, tubular pores; many 
nearly horizontal krotovinas of yellowish-brown silty 
clay loam about 1 inch in diameter; medium acid; 
gradual, smooth boundary. 

B21-16 to 21 inches, about equal amounts of dark grayish
brown (lOYR 4/ 2 or 2.5Y 4/ 2) and very dark gray 
(l0YR 3/1) silty clay loam; moderate, fine and very 
fine, subangular blocky structure; friable; few, fine, 
spherical, dark concretions of oxide ; smooth, shiny 
patches on surface of peds and in common, fine, tubular 
pores; slightly acid; clear, wavy boundary. 

B22- 21 to 30 inches, brown (lOYR 4/ 3) to olive-brown (2.5Y 
4/ 4) s ilty clay loam; weak, fine, subangular blocky 
structme; friable; dark-gray (l0YR 3/ 1) fingers 2 to 
4 millimeters across extend down into the upper part 
of this horizon; many, fine, tubular pores; smooth, 
shiny patches on surface of most peds; common, dark, 
hard, spherical concretions of oxide; few white con
cretions of carbonate less than 5 millimeters across in 
the lower part; neutral; clear, smooth boundary. 

B3-30 to 35 inches, light olive-brown (2.5Y 5/ 3) heavy silt 
loam; few, fine, faint mottles of light olive brown 
(2.5Y 5/ 4 or 5/ 6) ; weak, fine, subangular blocky 
structure and some weak prismatic ; friable; many, 
fine and very fine, tubular pores; few soft concretions 
of carbonate mostly less than 1 centimeter across; 
neutral; clear, smooth boundary. 

Cl-35 to 42 inches, about equal amounts of grayish-brown (2.5Y 
5/ 2) and light olive-brown (2.5Y 5/ 4) heavy silt loam, 
grayish brown predominant on face of weak, coarse 
prisms; distinct horizontal and vertical parting of 
prisms form medium blocks; friable; hard when dry; 
many, fine and very fine, tubular pores; common white 
concretions of carbonate ½ to IJ/2 centimeters in di
ameter, irregular in shape, soft in the outer part, and 
hard on inside; few, fine, dark concretions of oxide; 
moderately alkaline; calcareous; clear, smooth 
boundary. 

I&IIC2-42 to 47 inches, color, texture, and structure similar 
to horizon above except for a number of pebbles ½ inch 
to 2 inches in diameter ancl a small amount of sand; 
pebbles are mostly in upper part and probably repre
sent a discontinuous stone line; lower surface of the 
pebbles coated with carbonate; many, fine and very 
fine, tu,bular pores; feel ancl consistence similar to 
horizon abo1·e; moderately alkaline; calcareous; clear, 
smooth boundary. 

IIC3-47 to 60 inches. yellowish-brown (lOYR 5/ 4) day loam ; 
weak, coarse, prismatic structure; some prism faces 
grayish brown (lOYR 5/ 2) ; firm; very hard when dry; 
common, fine, tubular pores lined mainly with grayish
brown or brown clay films; few, vertical, tubular 
pores 1 to 3 millimeters in diameter; common white 
concretions •of ca11bonate ; few, smooth, shi ny patches, 
probably clay films, on ped faces; moderately alkaline; 
calcareous. 

IIC4-60 to 84 inches, yellowish-brown (lOYR 5/ 4) clay loam; 
common, fine, distinct mottles of strong brown and 
grayish brown ; white concretions of carbonate, ½ to 1 
centimeter across, that decrease in amoun t with depth; 
moderately alkaline; calcareous. 

The A horizon ranges from 14 to 19 inches in thickness. It is 
typically black (lOYR 2/ 1) in color but ranges to very dark 
brown (lOYR 2/ 2) or very dark grayish brown (lOYR 3/ 2) in 
the A3 horiz,on. The texture of the A horizon typicall y is silty 
clay loam. The upper part of the B horizon is typically dark 
grayish brown (2.5Y 4/ 2) but ranges to very dark grayish 
brown (2.5Y 3/ 2) in the upper few inches. Colors in the lower 
part of the B horizon typically are grayish brnwn (2.5Y 5/ 2) 
to ·light iolive 1brown (2.5Y 5/ 4) . Mottles in the B horizon are 
few to common and range widely in color. T11e B horizon ranges 
from silty clay loam in the upper pa.rt to heavy silt loam or 
light silty clay loam in the lower pa.rt. Where Primghar soils 
are on benches the B3 horizou has loam texture in some places. 

In the uplands the depth to calcareous material generally is 
between 28 and 40 inches. Secondary carbonates occur in the 
B horizion, but the amount generally is not more than that in 
the C horizon. The thickness of the solum generally is about 
the same as the clepth to carbonates, but in some places the 
BS horizon extends into the calcareous material. Glacial till 
generally is at a depth of 40 to 60 inches. On the benches the 
depth to sand and gravel generally is between 40 and 52 inches. 

The Primghar soils have less sand in their profile than Ni
collet soils and more clay in their surface layer. They have a 
somewhat thinner surface layer than Marcus soils, ancl their 
subsoil is not so gray. 

Primghar silty clay loam (0 to 2 percent slopes) (Pr).
This neairly level soil is extensive in the southwestern part 
of the cocmty. Slopes generally are convex, and the areas 
in most places are large. This soil generally is adjacent to 
the Afton or Marcus soils, but in places it occurs with the 
Sac and Galva soils. Included with this soil in mapping 
were a few areas in section 32 of Hardland Township that 
have a slie,·htly thinner surface layer than that in the pro
file descrioed as typical for the Primghar series. In these 
and a few other areas the native vegetation consisted of 
grasses and some trees. Also included were a few small 
areas that are slightly less than 40 inches deep to glacial 
till. 

N eairly all the acreage of this soil is used for crops. It is 
one of the better soils for farming in the cocmty and can be 
used for row crops much of the time. Growth of crnps is 
excellent if fertility is maintained and other management 
is good. This soil can be farmed without artificial drainage, 
but in wet years some areas would benefit from tile drains. 
In many places tile lines are laid through this soil to facili
tate drainage of the adjacent Marous soils. (Capability 
lmitI-1) 

Primghar silty clay loam, benches (0 to 2 percent 
slopes) (Ps).-This soil is on benches in the southwestern 
part of the county along Willow Creek. It is not extensive, 
and the areas are small. In most places this soil is adjacent 
to the GaJva soils, but in some places it occurs with the 
Wadena, Cylinder, or Bisca,y soils. The depth to sand or 
gravel is more than 40 inches; othe11wise, this soil has a 
profile similar to the one described as typical for the Prim
ghar series. 

Nearly -all the acreage of this soil is used for crops. Crops 
grow well on this soil, and row crops can be grown much 
of the time if management is good. (Capability unit I-1) 

Rolfe Series 
The Rolfe series consists of dark-colored, nearly level 

soils in depressions. These soils are in the uplands in the 
eastern part of the county. They formed under native 
swamp grasses and sedges in water-worked glacial till Qll' 

local alluvium. 
In a typical profile, the surface layer is black, fria.ble to 

firm silt loam th.at feels gritty and is about 9 inches thick. 
The subsurface layer is dark-gray sil t loam about 5 inches 
thick. It has platy structure. The upper part of the stl'bsoil 
is very dark gray, dark-gray, and olive-gray, firm light 
silty clay and clay that has a few strong-brown and yellow
ish-brown mottles. This part has angular blooky and sub
angular blocky structure. The lower part of the subsoil is 
dark-gray, olive-g:ray, and olive, friable to firm clay loam. 
It has su:bangular blocky structure. The substratum begins 
at a depth of 45 i:rmhes. It is olirn-gray, friable to .firm clay 
loam that is st.111ctureless (massive) and is calcareous. 
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The Rolfe soils have high available moisture capacity. 
The sutbsoil is sl()IWly to very slowly penneaJble. The sup
ply of available nitrogen and phosphorus generally is low, 
and the supply of available potassimn is medimn. !he sur
face layer is medium acid or strongly acid in reaction. 

Representative profile of a Rolfe silt loam, 1,056 feet 
south and 96 feet west of the northeast corner of the S-V\T¾ 
of section 3, T. 96 N., R. 35 W., in a nearly level depression, 
in a cultirnted field: 

Ap---0 to 9 inches black (lOYR 2/1) heavy silt loam; weak 
clods that break to moderate, fine and medium, sub
angular blocky structme ; friable to firm ; strongly 
acid; abrupt, slightly wavy boundary. 

A.2- 9 to 14 inches, dark-gray (lOYR 4/ 1) silt loam; common, 
fine, faint mottles of gray (lOYR 5/ 1) and common, 
fine, distinct mottles of dark yellowish brown (lOYR 
3/ 4 and 4/ 4) ; moderate to strong, medium platy ru1d 
thick platy structtu-e; friable; common to many, fine, 
vertical, tubular pores; strongly acid; clear, smooth 
boundary. 

B21g- 14 to 19 inches, very dark gray (lOYR 3/ 1) light silty 
clay; few, fine, distinct mottles of strong brown 
(7.5YR 5/ 6) and dark yellowish brown (lOYR 4/ 4) ; 

strong, very fine and fine, angular blocky and sub
angular blocky structure; firm ; thin, continuous clay 
films on most peels; slightly acid; gradual, smooth 
boundary. 

B22g- 19 to 28 inches, very dark gray (5Y 3/ 1), clark-g,ray 
(5Y 4/1), olive-gray (5Y 5/2) , and olive (5Y 5/3) 
light clay; few, fine, distinct mottles of yellowish 
brown (lOYR 5/ 6 and 5/8) and strong brown (7.5YR 
5/8) ; strong, very fine and fine, angular blocky and 
subangular blocky structure; firm ; thin. continuous 
clay films on most peels; neutral; gradual, smooth 
boundary. 

B23g- 28 to 38 inches, dark-gray (5Y 4/1), olive-gray (5Y 
5/ 2) and olive (5Y 5/3) heavy clay loam; common, 
fine, distinct mottles of strong brown (7.5YR 5/ 6 and 
5/8) ; moderate, fine and medium, subangular blocky 
structure; friable to firm; thin patcby clay films 
on most peds; few, fine, dark, soft concretions of ox
ide; neutral; gradual, smooth boundary. 

B3g-38 to 45 inches, olive-gray ( 5Y 4/2) clay loam ; common, 
fi11e, distinct mottles of yellowish brown (lOYR 5/ G 
and 5/8) and strong brown (7.5YR 5/ 6 and 5/ 8) ; 
few very dark gray streaks in old root channels; 
very weak to weak, fine and medium, subangular 
blocky structure; friable to firm ; thin, discontinuous 
clay films on some vertical faces of peds ; neutral ; 
clear, smooth boundary. 

Cg--45 to 50 inches, olive-gray (5Y 5/ 2) clay loam; many, 
fine, distinct mottles of yellowish brown (lOYR 5/ 6) 
and common, fine, distinct mottles of strong brown 
( 7.5YR 5/ 8) ; massive; friable to firm; few, fine, 
soft and bard concretions of carbonate; moderately 
alkaline ; calcareous. 

The Al horizon r anges from 8 to 12 inches in th ickness. It 
is black (lOYR 2/ 1) or very dark gray (lOYR 3/ 1 ) in color. 
Silt loam typically is t he dominant text-ure, hut loam also ,oc
curs. The A2 horizon ranges from 4 to 8 inches in thickness 
and from dark gray (lOYR 4/ 1) to grayish brown (lOYR 5/ 2) 
in color. The texture generally is silt loam. The color of the B 
horizon ranges from dark gray (lOYR 4/ 1) to very dark gray 
(lOYR 3/ 1) in the upper part and from dark gray (5Y 4/ 1 ) to 
olive gray (5Y 5/ 2) in the lower part. Mottles in the B ho1izon 
range from few to common in number and from strong brown 
to yellowish brown in color. The peds generally are coated ,,ith 
thin continuous clay films. The texture of the B horizon ranges 
from heavy clay loam or clay to silty clay loam or silty clay. 
The substratum generally begins rut a depth •of about 45 inches. 
In places it is somew·bat stratified and has lenses of moder
ately coarse textured and coarse textured material. 

The Rolfe soils are not so deep as the Glencoe soils, and 
their surface layer is not so dark nor so fine textured. Unlike 
the Glencoe soils, Rolfe soils have a gray subsurface layer. 

Rolfe silt loam ( 0 to 1 percent slopes) (Ro).- This nearlJ 
level soil is in depressions in the uplands. It is not exten 
sive. In most places it is surrounded by the poorly drainec 
Webster or the somewhat poorly drained Nicollet anc 
Guckeen soils. 

Included with this soil in mapping were some areas tha1 
are in outwash areas and that generally are surroundec 
by the Wadena, Cylinder, or Biscay soils. In these area: 
the profile is similar to the one described as typical fo1 
the Rolfe series except that the subsoil is not so fine tex 
tured and sandy or gravelly material is at a depth of 3~ 
inches or more. Because of this sandy or gravelly material 
tile drains are difficult to install in these areas. 

Most areas of this soil are cultivated, generally in th( 
same way as the surrounding soils. Because this soil driei 
slower than the surrounding soils, tillage of a field may b( 
delayed in spring. If dramage is improved, row cropi 
can be grown much of the time. Growth of crops is onlJ 
moderate, and winter-killing of legumes is common. Til, 
drains do not remove water adequately, because the sub 
soil is clayey and is slowly or very slowly permeable. Til1 
lines need to be spaced closer in this soil than they are ir 
most other wet soils. Shallow surface ditches or open in 
takes to tile lines are needed to remove excess surface wate1 
and prevent ponding. ( Capability unit III w-1) 

Sac Series 
The Sac series consists of deep, dark-colored, well 

drained soils in the uplands. These soils developed in loesi 
that overlies calcareous glacial till ( fig. 9). They are most
ly in the southwestern part of the county, but some area: 
occur in the east-central, west-central, and northwesterr 
parbs. They occur chiefly in •areas that slope gently t( 
strongly toward shallow drainageways that are occupiec 
by the Afton soils and in strips that border the Storder 
soils. 

In a typical profile, the surface layer is black, friabl1 
heavy silty clay loam about 11 inches thick. It has granula1 
and subangular blocky structure. The upper part of th1 
subsoil is mainly brown, friable silty clay loam. It has pris 
matic structure that breaks to subang-ular blocky. Thi 
lo,,er part of the subsoil is dark yellowish-brown clay loan 
that is calcareous and has some concretions of calcimt 
carbonate. 

The Sac soils have high available moisture capacity 
They are moderately permeable. The supply of availabl< 
nitrogen generally is low or medium , that of availabl< 
phosphorus is low, and that of ayailable potassium ii 
medium or high. The upper horizons normally are slightl:i 
acid or medium acid in reaction. 

Representative profile of a Sac silty clay loam, 305 fee1 
west and 135 yards north of the southeast corner of th( 
NE¾SE¾ of section 16, T. 95 N., R. 38 "\iV., on a southeast 
facing slope of 2 or 3 percent, in a cultivated field: 

Ap---0 to 7 inches, black (lOYR 2/ 1) silty clay loam, very darl 
grayish brown (lOYR 3/ 2) when dry ; cloddy brn 
breaks to weak, fine, granular structure; friable 
abundant roots; few fine sand grains are mostly fre1 
of coatings; medium acid; clear, smooth boundary. 

A.3-7 to 11 inches, mixed colors of black (lOYR 2/ 1) and veri 
dark grayish-brown (lOYR 3/ 2) heavy silty clay loam 
very dark brown (lOYR 2/ 2) to very dark grayisl 
brown ( lOYR 3/ 2) when kneaded; wealc, very fine 
subangular blocky structure; friable; abundant roots 
medium acid; gradual, smooth boundary. 
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Bl-11 to 18 inches, mixed colors, mainly very dark grayish
brown (lOYR 3/2), some brown (lOYR 4/3), and black 
(lOYR 2/1) heavy silty clay loam; ped faces darker 
than interiors; weak, coarse, prismatic structure that 
breaks to weak, very fine, subangular blocky ; friable ; 
common roots; medium acid; gradual, smooth 
boundary. 

B21-18 to 25 inches, brown (lOYR 4/3) silty clay loam; ped 
faces sl ightly darker than interiors; weak, medium 
and coarse, prismatic structure that breaks to weak, 
medium to coar se, subangular blocky ; friable ; com
mon roots; common, fine, tubular pores; medium acid; 
gradual, smooth boundary. 

I&IIB22-25 to 28 inches, brown (lOYR 4/3) light silty clay 
loam; ped faces dark grayish brown (lOYR 4/2) with 
distinct, smooth, shiny patches; weak. medium to 
coarse, prismatic structure that breaks to weak, 
medium, subangular blocky; friable; common roots; 
common, fine, tubular pores ; some pebbles and more 
fine sand than in horizons above; slightly acid; clear, 
smooth boundary. 

IIB23-28 to 33 inches, brown (lOYR 4/3) clay loam; weak, 
medium to coarse, prismatic structure that breaks to 
weak, medium, subangular blocky; slightly firm; com
mon roots; common, very fine and few, fine, tubular 
pores ; few pebbles; few small concretions of carbon
ate; noncalcareous ; few, fine, dark, soft concretions of 
oxide; neutral; clear, smooth boundary. 

IIB3-33 to 44 inches, dark yellowish-brown (lOYR 4/4) clay 
loam; common, fine, faint mottles of grayish brown 
(lOYR 5/2) ; weak, medium to coarse, prismatic struc
ture that breaks to very weak, blocky; firm; common, 
fine, tubular pores; smooth, shiny, brown, patchy films 
on ped faces; few pebbles; common soft and hard con
cretions of carbonate 1 to 3 millimeters in diameter; 
few dark patches or dendrites of oxide; moderately 
alkaline; calcareous; gradual , smooth boundary. 

IIC--44 to 57 inches, yellowish-brown (lOYR 5/4) clay loam; 
massive; firm; common, fine, tubular pores; common 
concretions of carbonate 1 to 3 millimeters in diameter; 
pebbles ½ inch to 3 inches in diameter coated on lower 
surface with carbonate about 1 millimeter thick; few 
dark patches or dendrites of oxide; moderately alka
line ; calcareous. 

The A horizon ranges from 6 to 15 inches in thickness. 'l'he 
B horizon ranges from brown (lOYR 4/ 3) to yellowish brown 
(lOYR 5/ 4) in color. In most places the lower part of the B 
horizon is glacial till of clay loam texture. The till occurs at a 
depth of 25 to 40 inches and generally is leached in the upper 
few inches. Secondary carbonates occur in the B horizon, but 
the amount is not more than that in the C horizon. 

The Sac soils are not so deep to glacial till as the Galva soils. 
Tl1ey have les,; sand in the upper part of their profile than the 
somewhat similar Everly soils and generally are a few inches 
deeper to glacial till. 

Sac silty clay loam, 2 to 5 percent slopes (SaB).-This 
soil occurs in areas where the loess-mantled plain is dis
sected by shallow drainageways that are occupied by the 
Afton soils. In most places the slopes are long. In a few 
places, this soil occurs in a strip bordering the Storden 
soils, which are adjacent to stream valleys. In these strips 
the slopes are short. This soil also occurs with the Primghar 
and Marcus soils. Included with this soil in mapping were 
a few small areas that are deeper than 40 inches to glacial 
till. 

Most areas of this soil are used for crops, but some n,re in 
pasture. Although areas of this soil are fairly lar&e, they 
seldom occupy a whole field. Tilth generally is gooct and is 
fairly easy to maintain. Row crops can be grown much of 
the time. Because this soil is susceptible to erosion, contour 
farming or terr-acing is need eel. (Capability unit Ile-1) 

Sac silty clay loam, 5 to 9 percent slopes (SaC) .-This 
soil generally is adjn,cent to large drainageways or small 
vn,lleys thnt a.re occupied by the A-ft.on so il s or the Colo-
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Figure 9.-Profile of Sac silty clay loam. Glacial till is below a 
depth of about 30 inches. 

Tenil complex of soils, but in some places it occurs in a 
narrow strip parallel to breaks along the larger stren,ms. 
These breaks are occupied by Storden soils. In most places 
the slopes are short, and the areas are fairly small. The 
surface layer of this soil is slightly thinner than that in 
the profile described as typical for the Sac series. 

Most areas of this soil n,re in permanent pasture because 
these area.s are adjacent to other areas that are not suited 
to cultivation or because they are not readily accessible. 
This soil is suited to all crops commonly grown in the 
county. Row crops can be grown much of the time if con
tour farming and terracing are used to protect this soil 
from erosion. (Capability unit IIIe-1) 

Sac silty clay loam, 5 to 9 percent slopes, moderately 
eroded (SaC2).-This soil chiefly is adjacent to large drain
ageways and small valleys that are occupied by the Afton 
soils or the Colo-Terril complex of soils. The slopes gen
ern,lly are short, and the areas are fairly small. The dark
colored surface layer is only ~ to 7 inches thi ck. Included 
with this soil in mn,pping ,rnre some areas that have a sm
face layer almost n,s thick as that in the profile described as 
typical for the. Sac series. These included aren,s am nrninly 
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near the bottom of fairly short slopes, and mapping them 
separately is not practical. 

This soil generally is cultivated. Although the hazard of 
erosion is moderate, row crops can be grown a fairly large 
part of the time if this soil is terraced. Crops do not grow 
so well on this soil as they do on some other Sac soils, and 
tilth is not so good. Growth is moderate to good, however, if 
fertility is maintained and management is good. (Capa
bility unit IIIe-1) 

Salida Series 
The Salida series consists of moderately dark colored or 

dark colored, excessively drained soils. In the eastern part 
of the county these soils are in the uplands, but they are in 
out"·rrsh areas in the rest of the county. In the uplands 
these soils occupy small kames or knobs that have gently 
undulating to steep slopes. In outwash areas these soils 
occur mainly on gently sloping to steep breaks from one 
lernl of the area to another or to the bottom lands. In a 
fe"- places, ho,vever, these soils are on knobs or low hills. 
These soils formed under native prairie grasses. 

In a typical profile, the surface layer is very dark brown, 
friable gravelly sandy loam about 7 inches thick. The sub
soil generally is aibout 4 inches thick, but it is absent in 
many places. It consists of dark-brown, very friable loamy 
sand and some gravel. The substratum is dark yellowish
bro,Yn, loose, calcareous loamy sand and gravel or sand 
and gravel. 

The Salida soils have very low available moi sture capac
ity. They are rapidly permeable. The supply of available 
nitro~en and phosphorus is low or very low, and potassium 
generally is low. The surface layer ranges from neutral to 
moderately alkaline in reaction. 

Representative profile of a Salida gravelly sandy loam, 
75 feet north of the southeast corner of the S"'\V¼SvVl/4 of 
section 1, T . 95 N., R. 35 "'\V., on a southwest-facing slope 
of about 6 percent, in a cultivated field: 

.\1-0 to 7 inches, very dark bro,Yn (lOYR 2/2) gravelly sanely 
loam; weak, medium, granulnr structure; friable; 
abundant roots; neutral: clear, smooth boundary. 

B- 7 to 11 inches, loamy sand and gravel; dark brown (IOTR 
3/ 3) in the upper part to brown (IOYR 4/3) in the 
lower part; single grain; very friable; abundant roots; 
neutral; clear, smooth boundary. 

Cl-11 to 18 inches, dark yellowish-brown (lOYR 4/4) loamy, 
medium and coarse sand and gravel ; yellowish brown 
(IOYR 5/4) when dry; few, fine and medium, distinct 
mottles of strong brown (7.5YR 5/6) ; single grain; 
loose; abundant roots; several very dark brown (lOYR 
2/ 2) krotovinas; mildly alkaline; calcareous; gradual, 
smooth boundary. 

C2-18 to 28 inches, dark yellowish-brown (lOYR 4/4) loamy 
sand and gravel, light yello"·ish brown (lOYR 6/4) 
when dry; few, flue and medium, distinct mottles of 
strong brown (V5YR 5/6) ; single grain; loose; com
mon roots; mildly alkaline; calcareous; gradual, 
smooth boundary. 

C3-28 to 44 inches, dark yellowish-brown (lOYR 4/4) sand 
and gravel, light yellowish brown (lOYR 6/ !) when 
dry ; single grain ; loose; roots common in upper part, 
fC\v in lower part; mildly alkaline; calcareous. 

The A horizon ranges from 2 to 9 inches in thickness and 
from black (lOYR 2/ 1) to very dark grayish brown (lOYR 
3/ 2) in color. The texture of this horizon ranges from gravelly 
loam or graYelly sanely loam to sanely loam. A dark-1:>rown to 
very dark grayish-brown B horizon a few inches thick occurs 
in most places. In most places the C horizon is calcareous mixed 
sand and gravel, but the texture ranges to coarse sandy loam. 

'l'he Salida soils are calcareous within 16 inches of the su 
face, whereas the Dickinson soils are leached throughout the: 
profile. Salida soils also have more coarse sand and gravel i 
their profile than the Dickinson soils. 

Salida gravelly sandy loam, 2 to 5 percent s lope 
(SgB) .-This soil is on low lmobs in the uplands and i 
outwash areas. It is not extensive, and the areas generall 
are small. The slopes are short and irregular. This so: 
occurs mainly with the Clarion and Storden soils in th 
uplands and with the "'\Vadena soils in outwash areas. Th 
surface layer is typically about 9 inches thick. Include, 
with this soil in mapping were a few moderately erode, 
areas that have a surface layer 3 to 7 inches thick. On th 
lo,rnr part of slopes this soil generally is leached of car 
bonates to a depth of 20 to 30 inches. Also leached are : 
few areas mapped in sections 25, 35, and 36 of Lak, 
To,rnship. 

Many areas of this soil are cultivated, but some are ii 
pasture. Cultivated crops are suited, but growth is poo 
because this soil is droughty and has low fertility. l\fos 
areas are small and generally are cropped in the same waJ 
as the surrounding soils. This soil is slightly susceptibl• 
to erosion. In places enough gravel and small stones ar• 
in the plow layer to hinder tillage. ( Capability uni1 
IIIe-4) 

Salida gravelly sandy loam, 5 to 9 percent s lopes 
moderately eroded (SgC2) .- This soil is not extensive 
It is on lrnobs 'and low hills of the uplands in the eastern 
part of the county. In the outwash area in the northwestern 
part, it occurs mostly on moderately sloping breaks from 
one level of the area to another. Areas of tlus soil on thesE 
breaks are narrow and generally are as much as one-hal:f 
mile or more in length. In the uplands the areas generally 
are small. This soil occurs mainly with the Clarion and 
Storden soils in the uplands and in most places is adjacent 
to the Wadena or Cylinder soils in outwash areas. In 
places a very narrow area of Terril soils is at the foot of the 
breaks. 

Included with this soil in mapping were a few severely 
eroded areas where most or ·all of the original surface 
layer has been removed and the caloareous sand and graYel 
are exposed. Also included "ere a few areas in sections 25, 
35, and ~6 of Lake Township that are leached of carbon
ates to a depth of 20 to 30 inches. 

Some of this soil is used for culfrrnted crops, but many 
areas are in permanent pasture. This soil is droughty, 
is susceptible to erosion, and has low fertility. Growth of 
crops generally is poor. Row crops should be planted on the 
contour. Crop residue left on the surface helps reduce soil 
blowing. In many places enough gravel and small stones 
are in the surface layer to hinder tillage. ( Capability unit 
IIIe-4) 

Salida gravelly sandy loam, 9 to 15 percent slopes, 
moderately eroded (SgD2).-This soil is not extensiYe. It 
occurs on lmobs and hills in the uplands. In outwash areas 
it occurs on strongly sloping br~aks from one level of the 
area to another and from these areas to bottom lands. 
Areas of this soi l on the benches are narrow but long, and 
areas in the uplands generally are small. "'\Vhere it is in 
the uplands, this soil is mostly with the Clarion or Storden 
soils, but in outwash areas it is mostly adjacent to the 
"'\Vadena or Cylinder soils. In some places a n ry narrow 
area of the Terril soils is at the foot of the breaks from 
the benches. 
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Included with this soil in mapping ,,-ere a few severely 
irocled areas where calcareous sand and gravel are exposed. 
<\.] so included were a few areas that have a sandy loam 
mrface layer and subsoil and that are leached to a depth 
>f 20 to 30 inches or more. 

Some areas of this soil are used for crops, and other 
1reas are in pasture. This soil is suscef tible to soil blowing 
1nd water erosion. It is droughty anc has low ferti lity. In 
11any places enough gTavel and small stones are in the 
mrface layer to hinder tillage. An occasional year of 
rn"· crops can be grown, but growth of crops is poor. A 
oetter use is for hay or permanent pasture. ( Capability 
1111it IVe-2) 

Salida gravelly sandy loam, 15 to 20 percent slopes, 
moderately eroded (SgE2) .- This soil is not extensive. In 
outwash areas it is on breaks between one level of the area 
bo another or between these areas ,and bottom ]ands. It 
occurs on hills and ]mobs in the uplands. In most places 
narrow areas of Terril soils are at the foot of the escarp
ments. In some places the surface layer of this soil is slight
ly thinner than that of the soil described as typical for the 
Salida series. Also on some escarpments, the calcareous ma
terial is deeper. In a few areas the profile is sandy loam 
throughout. 

This soil is droughty, and the hazard of erosion is high. 
It is not suited to cultivated crops. Most areas are in per
manent pasture, which is a better use. ( Capability unit 
VIe-2) 

Salida sandy loam, 20 to 30 percent slopes, moder
ately eroded (SIF2) .-This soil is not md,ensive. In outwash 
areas it is on breaks between one lm·el of the area to another 
or bet,Yeen these areas and bottom ]ands. It occurs on steep 
hills and lmobs in the uplands. The slopes are generally 
short. In most places narrow areas of Terril soils are at 
the foot of the escarpments. In some places the surface 
layer of this soil is slightly thinner than that of the soil 
described as typical for the Salida series. Also on some es
carpments the calcareous material is deeper. In a few areas 
the profile is dominantly sandy loam. This soil is droughty 
and highly susceptible to erosion. All the acreage is used 
for pasture. ( Capability unit VIIe-2) 

Sandy Lake Beaches 
Sandy lake beaches consists of narrow, nearly level to 

gently sloping beaches of lakes and areas that border the 
bed of drained lakes. This land type occurs mainly around 
Trumbull Lake in the northeastern part of.the county and 
near an old lakebed in the southeastern part. The texture 
generally is loamy sand or sand mixed with some gravel. 
This land is suited to permanent pasture. Other uses in
clude ,,ildlife habitat and recreation areas. 

Sandy lake beaches (Sn).-This miscellaneous land type 
is nanow and is nearly level to gently sloping. It is not 
extensiYe. It is mainly around Trumbull Lake in the north
eastern part of the county and borders an old lakebed in 
sections 25 and 26 in Garfield Township in the southeastern 
part. 

The surface layer varies in thiclmess, but it is about 7 to 
12 inches thick in the area around Trumbull Lake. It is 
more than 12 inches thick in most places in Garfield Town
ship. This layer generally is slightly alkaline and weakly 
calcareous, but some areas are neutral. The texture gener
al ly is loamy sand or sand mixed with some gravel. The 

underlying sand generally contains some gravel and is 
slightly alkaline or moderately alkaline. 

Most areas of Sandy lake beaches generally are in per
manent pasture, but some are cultivated. This land is suited 
to permanent pasture or to such uses as wildlife habitat or 
recreation areas. ( Capability unit VIs-1) 

Sperry Sel'ies 
The Sperry series consists of nearly level, poorly drain

ed or very poorly drained soils in shallow depressions in 
the uplands. These soils developed in loess or local allu
vium under native swamp grasses and sedges in the west
ern and south-central parts of the county. 

In a typical profile, the surface layer is black, friable to 
firm silty clay loam about 10 inches thick. It has granular 
structure. The subsurface layer is very dark gray or dark 
gray and has platy structure. The subsoil eA'iends to a 
depth of about 44 inches. It is black, very dark gray, and 
dark-gray, friable to firm silty clay loam and silty clay 
,,-ith olive, olive-gray, and yellowish-brown mottles. It has 
angular blocky and subangular blocky structure. The sub
stratum is gray to olive-gray silty clay loam and has mot
tles of strong brown and yellowish brown. 

The Sperry soils have high available moisture capacity. 
Permeability of the subsoil is slow or very slow. The supply 
of available nitrogen is low or medium, that of available 
phosphorus is low, and'. that of available potassium is me
dium. The surface layer is slightly acid or medium acid in 
reaction. 

Representative profile of a Sperry silty clay loam, 1,976 
feet east and 239 feet south of the northwest corner of the 
~T'iV ¾ of section 21, T . 9± N., R 38 ·w., in a nearly level de
pression in a cultivated field : 

.A.1-0 to 10 inches, black (N 2/0) light silty clay loam; weak, 
coarse, subangular blocky structure that breaks to 
weak, fine, granular; friable to firm; slightly acid; 
clear, wavy boundary. 

.A.2- 10 to 18 inches, very dark gray (l0YR 3/1) to dark-gray 
(lOYR 4/1) light silty clay loam; few, fine, faint 
mottles of dark yellowish brown (lOYR 4/4) ; very 
weak , thick, platy structure that breaks to weak, fine 
and medium, subangular blocky; friable to firm; 
slightly acid; clear, smooth boundary. 

B21-18 to 22 inches, black (l0YR 2/1) to very dark gray 
(lOYR 3/1) heavy silty clay loam or light silty clay; 
strong, very fine, subangular blocky structure; fri
able to firm ; shiny peel surfaces ; thin clay films on 
most peels; neutral; gradual , smooth boundary. 

B22g-22 to 31 inches, very dark gray (lOYR 3/1 to 5Y 3/1) 
or dark-gray (l0YR 4/1 to 5Y 4/1) silty clay; few, fine, 
distinct mottles of dark yellowish brown (l0YR 4/4) ; 
weak, coarse, subangular blocky structure that breaks 
to strong, very fine, angular and subangular blocky; 
friable to firm ; shiny ped surfaces ; thin clay film s on 
most peds; neutral ; gradual, smooth boundary. 

B23g-31 to 36 inches, dark-gray (5Y 4/1) silty clay; few 
streaks of black (N 2/ 0) ; few, fine, faint mottles of 
olive (5Y 5/3) ; moderate, coarse, subangular blocky 
structure that breaks to strong, fine, angular blocky; 
plastic and sticky when wet; shiny ped surfaces; thin 
clay films on most peds ; neut ral ; gradual, smooth 
boundary. 

B3g-36 to 44 inches, dark-gray (5Y 4/1) heavy silty clay 
loam; few, fine, distinct mottl es of dark yellowish 
brown (l0YR 4/4) and few, fine, faint mottles of 
oliYe gray (5Y 5/2) ; modernte, fine and medium, 
subangular blocky structure; plastic and s ti cky when 
wet; neutral; gradual, smoolh boundary. 
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Cg-44 to 50 inches, gray (5Y 5/1) to oli,e-gray (5Y 5/2) light 
silty clay loam; many, fine and medium, prominent 
mottles of strong brown (7.5YR 5/8) and few, fine, 
distinct mottles of yellowish brown (lOYR 5/6 and 
lOYR 5/8) in a fairly distinct layer that appears to 
be accumulated iron ; weak to moderate, fine, sub
angular blocky structure; slightly sticky when wet; 
few, soft, white concretions that do not effervesce in 
weak acid ; neutral. 

The Al horizon ranges from about 7 to 12 inches in thick
ness and from heavy silt loam to light silty clay loam in texture. 
The A2 horizon ranges from very dark gray (lOYR 3/1) to 
dark gray (lOYR 4/1) in color, from heavy silt loam to light 
silty clay loam in texture, and from 6 to 10 inches in thickness. 
The B horizon ranges from heavy silty clay loam to silty clay 
in texture. This horizon generally is slightly acid or neutral 
in reaction. The solum is about 44 inches thick and generally 
is leached to a cleptb of 40 inches or more. In most places the 
C horizon is silty outwash to a depth of 50 inches or more. 
Below the outwash is calcareous glacial till. 

The Sperry soils have a thinner surface layer and a finer 
textured subsoil than the Marcus soils. Also Marcus soils do 
not !Jave a gray subsurface layer. Unlike the Rolfe soils that 
developed in glacial materials, Sperry soils developed in loess 
or local alluvium and have less sand in their profile. 

Sperry silty clay loam (0 to 1 percent slopes) (Sol.
This soil g-enerally is in small, shallow depressions. In most 
places it 1s surrounded by the Marcus soils, but in a few 
places it is surrounded bY. the Tripoli soils. ·where it is near 
the Tripoli soils, this soil tends to have slightly more sand 
throughout the profile than the one described as typical 
for the Sperry series. This soil is wet in places and tends 
to be ponded in wet years. Tile drains with surface intakes 
and ditches can be used to remove surface water and im
prove drainage. Tile drains do not function so well in this 
soil as in the adjoining: Marcus soils, because permeability 
in the subsoil is very slow or slow. 

This soil generally is cultivated. It is generally cropped 
in the same way as the surrounding soils because only a 
:few areas are as large as 10 acres in size. Row crops can 
be grown much o:£ the time, but their growth is variable, 
depending on how well drainage is improved. (Capability 
unit III w-1) 

Spillville Series 
The Spilfrille series consists o:£ dark-colored, moderately 

well drained to somewhat poorly drained, nearly level 
soils. These soils deYeloped on bottom lands, mainly under 
native prairie grasses, but trees grew in a :few areas. 

In a typical profile, the surface layer is black, friable 
loam about 28 inches thick. It has granular and subang11lar 
blocky structure. The weakly developed subsoil is very 
dark brown, :friable loam. It has subangular blocky struc
ture. The substratum generally begins at a depth o:£ about 
38 inches. It is very dark brown to -very dark grayish
brown, :friable, massfre loam. 

The Spillville soils have high available moisture capac
ity. They are moderately permeable. The supply o:£ avail
able nitrogen is low or medium, that o:£ phosphorus gener
ally is about medium, and that of potassium generally is 
m~di\1m. The_surface layer generally is neutral or slightly 
acid m reaction. 

Representative profile of a Spillville loam, 0.3 mile west 
and 300 :feet south of the northeast corner of section 20, 
T . 94 N., R 36 vV., on a nearly level slope, in a cultivated 
field: 

A1r--O to 8 inches, black (lOYR 2/1) loam; cloddy but break; 
to weak, fine and very fine, granular structure; fri• 
able; common roots; neutral; gradual, sruootl:J 
bO'Ul1clary. 

A12-8 to 18 inches, black (lOYR 2/ 1) loam; weak, fine anc 
medium, subangular blocky structure; friable; fev. 
roots; neutral; diffuse, smootb boundary. 

A13-18 to 28 inches, black (lOYR 2/ 1) loam; very weak, fim 
and medium, subangular blocky structure; friable ; 
few roots; neutral; diffuse, smooth boundary. 

B2-28 to 38 inches, very dark brown (lOYR 2/ 2) loam; verJ 
weak, medium, subangular blocky structure; friable ; 
few roots; neutral; diffuse, smooth boundary. 

C- 38 to 50 inches, very dark brown (lOYR 2/2) rto very clarll 
grayish-brown ( lOYR 3/2) loam ; massi Ye ; friable ; 
neutral. 

The A horizon generally is loam in texture, but it ranges to 
silt loam and light silty clay loam. This horizon ranges from 
18 to 30 inches in thickness. The B horizon ranges from dark 
grayish brown (lOYR 3/ 2) to very dark brown (lOYR 2/ 2) in 
color and from loam to light clay loam in texture. The C horizon 
ranges from dark grayish brown to very dark brown in color 
and from loam to light clay loam in texture. In some places 
sand or gra,el is below a depth of 50 inches. Reaction through
out tbe solu.m is neutral or slightly acid. 

The Spillville soils are not so fine textured as the Colo soils. 
Also they have a browner subsoil and are better drained than 
those soils. 

Spillville loam (0 to 2 percent slopes) (Sp).-This soil 
is mainly on the bottom lands along and fairly close to 
the Little Sioux River. It occurs with the Colo soils. :;\fost 
areas are nearly level, but some are slightly undulating. In 
the undulating areas a few, shallow, narrow, old stream 
channels are occupied by the Colo soils. 

Most areas of this soil are used for crops, but some are 
in pasture. Row crops can be grown much of the time. 
Some areas are flooded only occasionally, but the lo"-er 
areas are flooded often. Growth of crops varies, depending 
upon how often these areas are flooded. Tile drains gen
erally are not needed. ( Capability unit II w-1) 

Storden Series 
The Storden series consists of moderately dark colored, 

well-drained soils on knobs and hills in the rolling uplands 
in the eastern part of the county and in sloping areas along 
streams throughout the county. These soils dm-eloped in 
calcareous glacial till, mainly under prairie grasses, 
though trees grew in some areas near the streams. Slopes 
range from 5 to 50 percent. 

In a typical profile, the surface layer is very dark brown 
to very dark grayish-brown, friable loam about 6 inches 
thick. It is calcareous and has granular structure. Beneath 
the surface layer is very dark grayish-brown, dark-brown, 
and brown, calcareous loam. It has granular structure. The 
substratum is dark yellowish-brown to yellowish-brown, 
friable loam. It is calcareous and has subangular blocky 
structure. 

The Storden soils have high arnilablc moisture capac
ity, but they arc droughty in many places because runoff 
is rapid. They are moderately permeable. These soils are 
rich in lime throughout their profile. The supply of nitro
gen is very low, that o:£ phosphorus generally is lo1Y or 
very low, and that of potassium generally is lo,Y. 

Representative profile of a Storden loam, 198 feet east 
and 500 feet north of a field corner that is 1,000 feet west 
of the southeast corner of section 10, T. 96 N., R 35 "\V., 
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m a southeast-facing slope of 17 percent, in a cultivated 
ield: 

Ap--0 to 6 inches, very dark brown (l0YR 2/2) to very dark 
grayish-brown (l0YR 3/2) loam; weak, fine, granular 
structure; friable ; few roots; mildly alkaline; cal
careous; clear, smooth boundary. 

AC--6 to 11 inches, mixed very dark grayish-brown (l0YR 3/2) 
and dark-brown (l0YR 3/3) to brown (lOYR 4/3) 
loam ; weak, fine, granular structure ; friable ; few 
roots; mildly alkaline; calcareous; grad ua l, smooth 
boundary. 

01-11 to 16 inches, dark yellowish-brown (lOYR 4/4) loam; 
very weak, medium, subangular blocky structure; fri
able; moderately alkaline; calcareous; gradual, 
smooth boundary. 

C2-16 to 24 inches, dark yellowish-brown (lOYR 4/4) loam 
in upper part that grades to yellowish brown (lOYR 
5/4) in the lower part; very weak, medium, subangu
lar blocky structure; friable; few, soft and hard con
cretions of carbonate 3 to 10 millimeters in diameter ; 
some small pebbles ; moder ately alkaline ; calcareous ; 
gradual, smooth boundary. 

C3-2-! to 36 inches, yellowish-brown (l0YR 5/4) loam; few, 
fine, faint mottles of yellowish brown (l0YR 5/8) ; 
very weak, medium, subangular blocky structure; fri
able; many carbonate concretions, mainly larger than 
5 millimeters in diameter and between a depth of 24 
and 30 inches ; some pebbles ; moderately alkaline ; 
calcareous. 

The A horizon ranges from about 2 to 8 inches in thickness, 
depending on the degree of erosion. The color of this horizon 
ranges from very dark brown (l0YR 2/2) to very dark gray
ish brown (l0YR 3/2). In some small areas there is no A hori
zon, but in many areas there is an A3 or an AC horizon. These 
horizons have mixed colors to a depth of about 11 inches. They 
overlie a C horizon of calcareous glacial till that ranges from 
dark yellowish brown (l0YR 4/4) to yellowish brown (l0YR 
5/ 4) in color. In most places the depth to calcareous material 
ranges from 6 to 12 inches, but in many places these soils are 
calcareous at the surface. In some places pockets of sand or 
gravel occur in the profile. 

The Storden soils are not so deep to calcium carbonate as 
the Clarion soils. Unlike the Clarion soils, Storden soils have 
not developed a subsoil ( B horizon). 

Storden loam, 5 to 15 percent s lopes, moderately 
eroded (StD2).-This soil is on ]mobs and ridges in the 
eastern part of the county and in strongly sloping areas, 
along the large drainageways or streams throughout the 
county. In the eastern part of the county this soil occurs 
with the Clarion, Nicollet and ""\V ebster soils. Along 
streams it occurs with the Sac and Everly soils and the 
Colo-Terril complex of soils. 

Included with this soil in mapping "·ere areas where the 
surface layer consists mostly of the light-colored under
lying material. Also included were a fe,...- areas at the base 
of slopes or in pasture that have a surface layer that is 
slightly thicker than that of the profile described as typical 
for the Storden series. 

Many areas of this soil are cultivaled, but some are in 
permanent pasture. This soil is susceptible to moderate ero
sion. Ro"· crops can be grown part of the t ime if the soil 
is terraced, but the growth of crops generally is only mod
erate. Because runoff is rapid, this soil is droughty, especi
ally in years when rainfall is below average. Fairly large 
amounts of fertilizer are needed for satisfactory growth 
of crops, and phosphate particularly is needed for alfalfa. 
( Capability unit IIIe-2) 

Storden loam, 15 to 20 percent slopes, moderately 
erode.cl (StE2).- This soil is on knobs and ridges in the 
eastern part of the county and in moderately steep areas 
along streams throughout the county. 

2!l:HJ!l3- 69---l 

Included with this soil in mapping were some cultivated 
areas that are severely eroded. In these severely eroded 
areas, the surface layer consists mostly of the light-colored 
underlying material. Also included were a few areas that 
are leached of carbonates to a depth of about 2 feet. 

Most areas of this soil are in permanent pasture, but 
some are cultivated. This soil is hio-hly susceptible to ero
sion. It is droughty in many places because runoff is rapid. 
An occasional year of row croi)S can be grown if tillage is 
on the contour, but a better use is for hay or pasture. 
Growth of crops generally is poor. ( Capability unit 
IVe- 1) 

Storden loam, 20 to 30 percent s lopes, moderately 
eroded (StF2).-This soil is on some hills and ridges but is 
mainly in sloping areas along streams. In some places the 
surface layer of this soil is slightly thicker than that in 
the profile described as typical for the Storden series. 

Most areas of this soil are in permanent pasture, but 
some have trees that generally are scattered. Permanent 
pasture is a good use for this soil. Fertilizing and seeding 
adapted grasses or legumes are good practices to improve 
pasture. On some of the steeper slopes, however, the use 
of ordinary farm machinery may be either impossible or 
not practical. Overgrazed areas have a few· gullies in 
places. (Capability unit VI e-1) 

Storden loam, 30 to 50 percent slopes, moderately 
eroded (StG2).-This very steep soil is mainly in areas 
adjacent to streams. Most areas occur along the Little 
Sioux River and its laro·er tributaries. On the average, the 
surface layer of this soil is slightly thinner than that in the 
profile described as tyJ?ical for the Storden series. Included 
with this soil in mappmg were some areas that are severely 
eroded. 

Most areas of this soil are in permanent pasture, but 
some have a thin stand of trees. Because some slopes are 
very steep, ordinary farm machinery cannot be used and 
renovating pastures is not practical. Nevertheless, perma
nent pasture is a good use for this soil. ( Capability unit 
VIIe-1) 

Talcot Series 
The Talcot series consists of dark-colored, poorly 

drained, nearly level soils that overlie sand or gravel. They 
are in outwash areas and on stream benches, mainly in the 
northwestern and east-central parts of the county. These 
soils are calcareous throughout their profile. They devel
open in moderately fine textured outwash under swamp 
grasses, sedges, and native prairie grasses that tolerate 
wetness. 

In a typical profile, the surface layer is black to dark
gray, friable silty clay loam that feels gritty and is about 
19 inches thick. It has granular structure. The subsoil ex
tends to a depth of about 41 inches. It is dark-gray and 
olive-gray, friable clay loam that grades to loam in the 
lower part. The structure is mainly subangular blocky. 
The substratum is dark yellowish-brown and grayish
brown, loose sand and gravel. 

The Talcot soils have high available moisture capacity. 
They are moderately slowly permeable. The supply of 
available nitrogen typically is low or medium, t]:iat ~f 
phosphorus is low or very low, and that of potassmm 1s 
low. These soils are mildly to moderately alkaline through
out their profile. 
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Representative profile of a Talcot silty clay loam, 120 
feet north and 444 feet west of the southeast corner of the 
NE¼ of section 2, T. 96 N., R. 38 "\V., on a nearly level 
slope, in a cultivated field: 

Ap-0 to 8 inches, black (N 2/0) silty clay loam; cloddy out 
breaks to weak, fine, granular structure; f1iable to 
firm; moderately alkaline; calcareous; clear, smooth 
boundary. 

A12-8 to 14 inches, mainly Mack (N 2/ 0) silty clay loam but 
a few very dark gray (N 3/ 0) peds in lower part; 
weak, fine, granular structure; friable; moderatel'.Y 
,alkaline; calcareous; gradual, smooth boundary. 

A3-H to 19 inches. black (N 2/ 0) and very dark gray (lOYR 
3/ 1) to dark-gray (5Y 4/ 1) silty clay loam; moderate, 
fine, granular structure; friable; moderately alkaline; 
calcareous; gradual, smooth boundary. 

B21g-19 to 25 inches, mainly dark-gray (5Y 4/ 1) light clay 
loam but about 20 to 30 percent black (N 2/ 0) and 
very dark gray (N 3/0) ; weak, medium, subangular 
blocky structure that breaks to moderate, fine, granu
lar; friable; common, very fine, tubular pores; few 
black and very dark gray ,Yorm easts; moderately 
alk'aline: calca.reous; gradual, smooth boundary. 

B22g-25 to 30 inche:-., mainly dark-gray (5Y 4/ 1) Jig-ht clay 
loam but a few very dark gray (N 3/0) peels in upper 
part and a few olive-gray (5Y 5/2) peels in the lower 
part; very weak, medium, subangular blocky struc
ture; friable; common to many. very fine and few, 
fine, tubular pores: moderately alkaline; calcareous; 
clear, smooth boundary. 

B23g-30 to 34 inches. mainly olive-gray (5Y 5/ 2) light clay 
loam but about 30 percent dark gray (5Y 4/1) ; few, 
fine. faint mottles of olive brown (2.5Y 5/4) and yel
lowish brown {lOYR 5/6) ; very weak, medium, sub
angular blocky structure; friable; many, very fine, 
tubular pores: moderately alkaline; calcareous; grad
ual, smooth boundary. 

B3g- 34 to 41 inches. olive-gray (5Y 5/ 2) loam; very weak, 
medium. subangular blocky structure to massive 
(structureless) ; friable; many, very fine, tubular 
pores; common, dark. hard concretions of oxide; few 
fine concretions •of lime; moderately alkaline; cal
careous; clear, smooth boundary. 

IICl-41 to 48 inches. dark yellowisb•brown (lOYR 4/ 4) sand 
and gravel; single grain (structureless) ; loose; mod
erately alkaline; calcareous; gradual, smooth 
boundary. 

IIC2- 48 to 60 inches, grayi~h-orown (lOYR 6/2), dark yel
lowish-brown (lOYR 4/ 4), and yellowish-brolYn (lOYR 
5/4) sand and gravel: single grain (stru ctureless) ; 
loose; moderately alkaline; calcareous. 

The A horizon ranges from 12 to 20 inC'hes in thickness. 
Typically, the color ranges from black (N 2/ 0 or lOYR 2/ 1) 
in the upper part to very dark gray (lOYR 3/ 1 or N 3/0) in 
the lo,wer part. The texture ranges from silty clay loam to clay 
loam. The B horizon ranges from dark gray (5Y 4/ 1) to 
olive gray (5Y 5/ 2) in color. In the upper part of this horizon 
are coatings and peels of very dark gray. The texture of the B 
horizon typically is light clay loam, but it ranges to loam in 
the lower part. Depth to the sand and g1'avel substi"1c1tum 
typically is between 36 and 42 inches, but it ranges to 48 inches. 
The substratum consists mainly of sand and varying amounts 
of gravel, but in local areas it may consist mostly of sand. 

Unlike the Biscny soils. Talcot soils are calcareous through
out their profile. Except for the underlying sand and gravel, 
Talcot soils resemble the Canisteo soils. The Talcot soils typi
cally are not so rich in lime as the Harps soils, which do not 
overlie sand and gravel. 

Talcot silty clay loam, deep (0 to 2 percent slopes) 
(Ta).-This nearly level soil is on stream benches or in 
glacial outwash areas. It occurs mainly with the -well
drained "\Vadena, the somewhat poorly drained Cylinder, 
and the poorly drained Biscay soils. 

Included with this soil in mapping were a few areas tha1 
have a very dark gray surface layer when dry. These in 
eluded areas are mainly in sections 35 and 36 of "\Yatedorc 
To-wnship and sections 1 and 2 of Lone Tree Township. 11 
these areas the supply of available phosphorus and potas 
sium is likely to be very low, and the supply of iron anc 
other minor elements may be deficient. 

Most areas of this soil are cultivated, but a fe"· are ir 
pasture. If this soil is artificially drained, it can be usec 
:£or row crops much of the time. If management is gooc 
and fertility is maintained, crops grow well. Tile drairn 
:£unction well, but installation may be difficult because oJ 
caving in of the con,rse-textured substratum. (Capabilit3 
unit Ilw-3) 

Terril Sedes 
The Terril series consists of deep, dark-colored, gentlJ 

sloping to strongly sloping soils on the foot slopes oJ 
:£ans. These soils are moderately well drained. They forine · 
mainly under native prairie grasses, but trees grew in r 
few areas. These soils occur throughout the county. The3 
are generally between areas of Storden or Clarion soili 
above and the soils on benches or bottom lands below. 1\Ian3 
areas of these soils are mapped in a complex with the Cole 
soils. 

In a typicaJ profile, the surface layer is black to Yery 
dark brown, friable loam about 30 inches thick. It has gran
ular and subangular blocky structure. The subsoil is ve11 
dark brom1 and dark-brown friable loam. It has sub
angular blocky structure. The substratum generally is at a 
depth of about 39 inches. It is dark-bro,Yn or broTVn, heavy 
loam that has subangular blocky structure. Mottles of yel• 
lowish brown and grayish brown occur in many places. 

The Terril soils have high available moisture capacity. 
They are moderately permeable. The supply of an,ilable 
nitrogen generally is low to medium, that of potassium 
generally is medium, and that of phosphorus generally is 
low. The surface layer normally is slightly acid in reaction. 

Representative profile of a Terril loam, 321 feet "·est 
and 369 feet south of the northeast corner of section 30, T . 
95 N., R. 35 W., on a -west-facing slope of about 5 percent, 
in a cultivated field: 

Al-0 to 7 inches, black (lOYR 2/1) loam; slightly clocldy but 
breaks to weak to moderate, fine, granular structure; 
friable; slightly acid; clear, smooth boundary. 

A12-7 to 12 inches, black (lOYR 2/ 1) loam; weak, medium 
to coarse, subangular blocky structure that break;, to 
weak to moderate, fine, granular; friable: slightly 
acid ; gradual, smooth boundary. 

A13- 12 to 20 inches, very dark brown (lOYR 2/2) loam with 
some black (lOYR 2/1) peels; weak, medium and 
coarse, subangular blocky structure that breaks to 
weak, fine and very fine, subangular blocky and \\·eak, 
fine, granular; friable; slightly acid; diffuse, smooth 
boundary. 

.\.H--20 to 80 inches, very dark brown (lOYR 2/ 2) light clay 
loam ; weak, medium and coarse, subangular blocky 
structure that breaks to weak, fine. subangular blocky; 
friable; neutral; diffuse, smooth boundary. 

B21-30 to 39 inches, very dark brown (lOYR 2/ 2) ancl dark
brown (lOYR 3/ 3) heavy loam: peel interiors mo~tly 
dark brown (lOYR 3/ 3): weak. fine and medium. sub
angular blocky structure: friable: neutra 1: gradual, 
smooth boundary. 
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C-39 to 50 inches, clark-brown (lOYR 3/ 3) ancl brown (l0YR 
4/ 3) heavy loam; few very clark brown (l0YR 2/ 2) 
streaks; few, fine, faint mottles of yellowish brown 
(l0YR 5/4 to 5/ 6) ; very weak, fine and meclium, sub
angular blocky structure; friable; neutral. 

The A horizon ranges from 18 to 32 inches in thickness. The 
color of this horizon ranges from black (l0YR 2/ 1) to very clark 
bmwn (l0YR 2/2) in the upper part and from very clark brown 
(lOYR 2/2) to very dark grayish brown (lOYR 3/ 2) in the 
lower part. The B horizon is thin in many places, and in some 
places it is absent. Where present, this horizon is typically 
loam in texture but ranges to light clay loam. The color of the 
B horizon typically is dark brown or brown ( l0YR 3/ 3 or 4/ 3). 
The color may be dark grayish brown (l0YR 4/2) in the upper 
4 to 6 inches of the B horizon if chroma is higher and mottles 
are absent in the lower part. Very dark grayish-brown or clark
brown peel exteriors and peels are fairly common to a clepth of 
36 inches. Typically, however, color grades to brown (l0YR 
4/ 3) with depth. In places faint mottles occur in the lower part 
of the B horizon and in the C horizon. In the more sloping areas 
of this soil, loam or clay loam calcareous glacial till occurs in 
some places at depths between 40 and 50 inches. 

The Terril soils have a thicker surface layer and are leached 
to a greater depth than Clarion soils . Terril soils formed in 
local alluvium, whereas the Clarion soils formed in glacial till. 

Terril loam, 2 to 5 percent slopes (TeB).-This soil 
mainly is in areas that break from the uplands to benches 
and to bottom lands. It is generally downslope from Stor
den soils. In some places this soil is downslope from more 
sloping Terril soils. Areas of this soil are narrow and long, 
and the slopes are short. Included with this soil in mapping 
were some areas that are not so well drained. In these areas 
the subsoil and underlying material are more grayish 
brown than is typical for Terril soils. Also included were 
a few areas near Peterson that are covered by dark-brown, 
loamy, calcareous overwash as much as 3 feet thick. 

I£ this soil is protected by contour tillage or ten-acing, 
it can be used for row crops much of the time. Because it 
com.monly occurs in narrow areas adjacent to steep soils, 
it is used in many places for pasture. The hazard of erosion 
is slight, and where row crops are grown, contour farming 
is needed. Diversion terraces can be used in places to con
trol runoff from higher lyi:n~ areas. Gullies may form in 
shallow drainageways, and shaping and seeding these for 
waterways are needed. (Capability unit IIe-1) 

Terril loam, 5 to 9 percent slopes (TeC).-This soil is 
in areas that break from uplands to benches and to bottom 
lands. It seldom is downslope from other Terril soils but 
generally is downslope from Storden soils. 

This soil is suitable for cultivation. Because it generally 
is in narrow areas adjacent to steeper soils, it is used 
mainly for pasture. Crops grow well under good manage
ment. This soil is moderately susceptible to erosion. Where 
it is used for row crops, contour farming or terracing is 
needed. Diversion terraces can be used upslope in places 
to control runoff from higher areas. Gullies may form in 
drainage,-vays, and shaping and seeding of these for water
ways are needed. (Capability unit IIIe-1) 

Terril loam, 9 to 15 percent slopes (TeD) .-This soil 
occurs in small areas that seldom are more than a few 
acres in size. It is not extensive. Less sloping Terril soils 
generally are downslope from this soil. The surface layer 
of this soil is not so thick as that in the profile described 
as typical for the Terril series, and the subsoil generally 
is lighter brown. In many places calcareous glacial till is at 
a depth of 40 to 50 inches. 

Because this soil is moderately steep and borders other 
steep soils, it is generally used for pasture. The hazard of 
erosion is moderate to high when this soil is cultivated. 
Crops grow fairly well, but where row crops are grown, 
terracing is needed to control erosion. In places gullies 
that cannot be crossed by farm machinery have formed. 
In these places shaping and seeding of the gullies for 
waterways are needed. (Capability unit IIIe-2) 

Tripoli Series 
The Tripoli series consists of nearly level, poorly 

drained soils in the uplands, chiefly in the central and 
northwestern parts of the county. These soils developed in 
a layer of gritty material less than 3 feet thick over cal
careous glacial till. The native vegetation was sedges, 
swamp grasses, and prairie grasses that tolerate wetness. 

In a typical profile, the surface layer is black, friable 
to firm clay loam about 19 inches thick. It has granular 
and subangular blocky strncture. The subsoil developed 
partly in glacial till and partly in the overlying material. 
It is black in the upper few inches but is mainly dark 
grayish-brown, friable to firm clay loam to a depth of 
about 32 inches and has strong-brown, olive-brown, and 
grayish-brown mottles. Below 32 inches is light olive
brown and yellowish-brown, friable clay loam and a few 
pebbles. This layer has strong-brown, gray, and ohm-gray 
mottles. The subsoil is calcareous below a depth of about 24 
inches. It has subangular blocky structure. The substratum 
begins at a depth of rubout 40 inches. It is light olive-gray, 
:friable to firm, calcareous clay loam that has yellowish
brown mottles. 

The Tripoli soils have high available moisture capacity. 
They are moderately slowly permeable. The supply of 
available nitrogen generally is low or medium, that of 
available phosphorus is low, and that of available potas
sium is medium. The surface layer is about neutral in 
ren,ction. 

Representative profile of a Tripoli clay loam, 550 feet 
west and 147 feet north of the southeast corner of the 
SW¼ of section 20, T. 96 N., R. 36 vV., on a nearly level 
slope, in a cultivated field: 

Ap-0 to 8 inches, black (N 2/ 0) clay loam; cloddy but breaks 
to weak to moderate, fine, granular structure; fri
able to firm; neutral; clear, smooth boundary. 

A12-8 to 14 inches, black (N 2/0) clay loam; weak to mod
erate, fine, granular structure; friable; neutral; grad
ual, smooth boundary. 

A3- 14 to 19 inches, black (l0YR 2/ 1) clay loam; few, fine, 
faint mottles of very dark gray (5Y 3/ 1) ; weak, fine, 
subangular blocky structure that breaks to weak to 
moclerate, fine, granular; friable; neutral; graclual, 
smooth boundary. 

B21g- 19 to 23 inches, black (l0YR 2/ 1) clay loam: common, 
fine, faint mottles of very c1ark gray (l0YR 3/ 1) and 
many, medium, distinct mottles of olive gray (5Y 4/ 2) 
and olive (5Y 4/ 3) ; weal,, fine, subangular blocky 
structure; friable; common, meclium, inpecl, tubular 
pores; few, fine, clark concretions of oxic1e; neutral; 
clear, smooth bounclary. 

I&IIB22g-23 to 32 inches, clark grayish-brown (2.5Y 4/ 2), 
olive-brown (2.5Y 4/ 4), and olive (5Y 4/ 3) clay loam, 
dark grayish brown (2.5Y 4/ 2) when kneaclecl; com
mon, fine, cldstinct moetles of strong brown (7.5YR 
5/8) and many, fine, clistinct mottles of olive gray 
(5Y 5/ 2) ; weak, fine, subangular blocky structure: 
few pebbles; friable to firm; many black (l0YR 
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2/1) worm casts that decrease in number ,vith depth ; 
few, soft concretions of oxide; abundarnt, fine and 
very fine pores and common, medium pores; mildly 
alkaline; calcareous; clear, smooth boundary. 

JIH:3-32 to 40 inches, mixed light oli\·e-brown (2.5Y 5/4) 
and yellowish-brown (lOYR 5/6) light clay loam; 
few, fine, distinct mottles of strong brown (7.5YR 5/8) 
and common , fine, distinct mottles of gray (5Y 5/1) 
or oliYe gray (5Y 5/2) ; few very dark gray (lOYR 
3/1) streaks; weak, fine and meditm1 , subangular 
blocky structure; friable to firm ; few pebbles; abun
dant fine pores; some carbonate concretions; moder
ately alkaline; calcareous; clear, smooth boundary. 

IIC----40 to 52 inches, light olive-gray (5Y 6/ 2) light clay loam; 
common, medium, distinct mottles of yellowish broy1·n 
(lOYR 5/6) ; massive but breaks to weak, fine, sub
angular blocky structure; friable to firm; abundant, 
fine, tubular pores; common concretions of oxide; 
common soft concretions of ca1,bonate; moderately 
alkaline ; calcareous. 

The A horizon ranges from 14 to 20 inches in thickness and 
from silty clay loam to clay loam in te.."\'.ture. 'l'he up,per part 
of the B horizon ranges from black (lOYR 2/1) or very dark 
gray (lOYR 3/1) to dark gray (5Y 4/1) or olive gray (5Y 4/ 2) 
in color. The lower part of this horizon ranges from dark gray 
(~Y 4/ 1) or grayish brown (2.5Y 4/2) to olive (5Y 4/3) or 
o!i,0 e bro,wn (2.5Y 4/4). The color of the IIC horizon ranges 
from light olive gray to grayish brown or olive. Both the B hori
zon and underlying material are strongly mottled with yellow
ish brown, strong brown, olive, olive brown, and grayish 
brown. In places a faint stone line occurs between the over
lying material and the glacial till, which generally is at a 
depth between 24 and 36 inches. 

'!.'he 'l'ripoli soils are less deep to glacial till than the Marcus 
soils ancl contain more sand. The subsoil of 'l'ripoli soils is 
somewhat finer textured than that of the Webster soils. Also 
the colo,rs in the lower part of the B horizon and tlle C hori
zon of Tripoli soils ha,e higher chroma than those in 1\'ebster 
soils. 

Tri1>oli clay loam (0 to 2 percent slopes) (Tr).- This soil 
is nearly level, but slopes range from slightly convex to 
slightly concaYe. It genemlly is adjacent to the som.ewhat 
poorly drained Nicollet or the ·well-ch·ained Everly soils. 
Included with this soil in mapping ,rnre a few areas where 
the depth to calcareous glacial till is about 40 inches. Also 
included were small areas that are calcareous throughout 
their profile. 

Most areas of this so il are cultivated, and row crops can 
be grown much of the time. Artificial drainage is needed, 
and tile drains fun ction ,Yell. Good tilth is fairly easy to 
maintain, but if this so il is worked " ·hen "-et, it becomes 
cloddy and hard when it dries. Preparing a good seedbed 
is easier where this soil is plowed in fall. If this soil is 
adequately drained and managed well, growth of crops is 
good. ( Capability unit II w-2) 

Wabash Series 
The ,Vabash series consists of deep, poorly drained or 

very poorly drained, nearly level soils in slight. depressions 
or on low bottom lands along the Little Sioux River. These 
soils developed in fine-textured alluYium under native 
swamp grasses and sedges. 

In a typical profile, the surface layer is black, friable to 
firm silty clay about 13 inches i.hick. It ha.s granular and 
subangular blocky structure. The subsoil extends to a 
depth of about 36 inches. It is black, firm to rnry firm silty 
clay that has subangular blocky structure. The substratum 
is Yer:v dark gray, firm silty cfa.~T that has subangular 
blocky structure or is massive. 

The Wabash soils have moderately high available mois
ture capacity. They are very slowly permeable. The supply 
of available nitrogen is low or medium, that of J?hosphorus 
is very low, and that of potassium rrenerally 1s medium. 
The surface layer is neutral or slightTy acid in reaction. 

Representative profile of a ViTabash silty clay, 240 feet 
west and 405 feet north of the southeast corner of the 
SW¼SE¼ of section 11, T. 95 N., R. 36 ·w., on a nearly 
level slope, in a cultivated field: 

Ap--0 to 7 inches, black (l0YR 2/ 1) light silty clay; cloddy 
but breaks to weak, fine, granular structure ; friable to 
firm; slightly acid; gl'adual, smooth boundary. 

A12-7 to 13 inches, black (N 2/ 0) silty clay; very weak, fine 
and meclium, subangular blocky structul'e that breaks 
to model'ate, very fine and fine, granular; friable to 
firm; neutral; diffuse, smoOlth boundary. 

B21g- 13 to 20 inches, black (N 2/0) silty clay; moderate, very 
fine, subangular blocky structure; firm; neutral; cl'if
fuse, smooth boundary. 

B22g-20 to 29 inches, black (N 2/ 0) silty clay; moderate, very 
fine and fine, subangular blocky structure; fil'm to very 
firm; neutral; cliffuse, smooth boundary. 

B23g-29 to 36 inches, black (N 2/0) silty clay; weak to 
moderate, very fine and fine, subangular blocky struc
ture; firm; neutrnl; diffuse, smooth boundary. 

Clg-36 to 40 inches, very dark gray (N 3/0) silty clay; very 
weak, fine, subangulru: blocky structure; firm; neu
tral; diffuse, smooth botmdary. 

C2g-40 to 50 inches, very dark gray (5Y 3/1) silty clay; Yery 
weak, fine, subangular blocky structure or massive; 
firm ; neutral. 

The A horizon ranges from 12 to 20 inches in 1thickness. The B 
horizon ranges from black ( lOYR 2/ 1 or 5Y 2/1) to very dark 
gray (l0YR 3/1 or N 3/0). Structure ranges from moderate or 
strong subangular blocky to angular blocky throughout much of 
this horizon. Colors that are very dark gray or darker are 
as deep as 40 inches or more. The C horizon ocC'lu-s at a depth 
of 35 to 45 inches. 

Wabash soils are finer textured, are more poorly drained, and 
have stronger s tructure than the Colo soils. 

Wabash silty clay (0 to 2 percent slopes) (Wb).- This 
nearly level soil is on bottom lands or in slight depressions. 
It is not extensive, but the areas are fairly large in size. 
It occurs mainly with the Colo soils. In many places this 
soil is too wet for good growth of crops, and fieldwork 
is often delayed. Drainage with tile normally is not feasi
ble, because the subsoil is very slowly permeable and ade
quate outlets are lacking. In many places the water table is 
near the surface and is nearly at the same level as the 
water in nearby streams. In these places tile drains do 
not function. In areas "-here tile drains can be used, spac
ing of the lines should be closer in this soil than in most 
other poorly drained soils. In some places drainage can 
be improved by using shallow ditches. 

·where flooding is not too frequent and drainage is im
proYed, this soil is suited to cultirnted crops. The culti
vated areas generally are used for row crops, for which 
they are well sui.ted. Areas not suitable for cultivation can 
be used for pasture. The surface layer is clayey and diffi
cult to work. If it is tilled when wet, it becomes cloddy. 
Because the subsoil is rich in clay, the movement of air 
and Yrnter is restricted. The frequency of floodi.nrr varies, 
depending on how far this soil is from the streamt (Capa
bility unit IIh--3) 

Wacousta Series 
The 1Vacousta series consists of Yery poorly drained 

soils in large depressions in the uplands. These depressions 
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are the beds of former shallow lakes. These soils developed 
in silty, water -worked glacial sediment or local alluvium 
under native swamp grasses and sedges. 

In a typical profile, the surface layer is black, friable to 
firm silty clay loam ,about 15 inches thick. It has granular 
and subangu] ar blocky structure. The subsoil is o~ive-gray, 
friable silty clay loam with some streaks of yellowish brown 
and strong brown in old root channels. The calcareous sub
stratum begins at a depth of about 23 inches. It is gray 
to olive-gray, friable silty clay loam that has mottles of 
olive, yellowish brown, and strong brown. The substratum 
has subangular blocky structure or is massive. 

The Waconsta soils have high available moisture capac
ity. They are moderately or moderately slowly permeable. 
The supply of available nitrogen generally is medium or 
low, that of available phosphorus is low or very low, and 
that of potassium is low or medium. The surface layer 
generally is neutral or slight ly acid in reaction. 

Representative profile of 1Vacousta si]ty clay loam, 
510 feet ,rest and 80 feet south of the northeast corner of 
the NE¼ of section 4, T. 96 N., R. 35 vV., in a nea,rly 
level depression in a cultivated field: 

Ap-0 to 8 inches, black (N 2/ 0) light silty clay loam ; weak, 
medium, subangular blocky structure that breaks to 
weak, fine, granular; friable to firm ; slightly acid ; 
gradual, smooth boundary. 

A12-8 to 15 inches, black (N 2/ 0) silty clay loam, with some 
olive gray (5Y 4/ 2) in the lower part; weak, medium 
and coar se, subangular blocky structure; firm ; neu
tral ; clear, wavy boundary. 

B2g- 15 to 23 inches, olive-gray (5Y 4/ 2) heavy silty clay 
loam ; a few yellowish-brown (l0YR 5/ 8) and strong
brown (7.5YR 5/ 8 ) streaks in small, old root chan
nels; very weak, fine and medium, subangular blocky 
structure; fu-iable ; f ew black (N 2/ 0) worm casts; 
moderately alkaline ; noncalcareous ; clear, smoooh 
boundary. 

Cl g- 23 to 30 inches, gray (5Y 5/ 1) or olive-gray (5Y 5/ 2) 
silty clay loam ; common, fine, faint mottles of olive 
( 5Y 5/ 3), few, fine, distinct mottles of yellowish brown 
(l0YR 5/ 8), and few, fine, distinct mottles of strong 
brown (7.5YR 5/8) except for a layer between 25 and 
28 inches which is strongly mottled with about 60 
percent yellowish brown (l0YR 5/ 8) and strong brown 
(7.5YR 5/8 ) ; few very dark brown (lOYR 2/ 2) 
streaks ; weak, fine and medium, subangular blocky 
structure ; friable ; many, very fin e and few, fin e, 
tubular pores ; moderately alkaline; calcareous ; grad
ual, smooth boundary. 

C2cag-30 to 48 inches, olive-gray (5Y 5/2) light silty clay 
loam ; few, medium, distinct mottles of strong brown 
(7.5YR 5/ 6) , common to few, fine, faint mottles of 
olive (5Y 4/ 3) , and few, fine, faint mottles of dark 
yellowish brown (l0YR 4/ 4) ; weak, fine •and medium, 
subangular blocky structure in the upper part and 
massive in the lower part ; common, fin e, soft and 
ha rd concretions of carbonate ; moderately alkaline ; 
calcareous. 

The A horizon r anges from heavy silt loam to light silty 
clay loam in texture and from 8 to 18 inches in thickness. The 
B2g horizon ranges from very dark gray (l0YR 3/ 1) to olive 
gray (5Y 5/ 2) in color and has mottles of olive brown and 
strong brown. Depth to the calcareous C horizon ranges from 
20 to 25 inches. In many places the C horizon is somewha t 
~tratified. This h_orizon ranges from sil t loam to silty clay loam 
m : texture, ancl m many places it con tains enough sand t o feel 
gritty. Secondary carbonates occur in the B horizon or upper 
part of the C horizon, but the amount i s only slightly more 
than the amoUillt in the lower part of the C horizon. 

The Wacousta soils have a thinn er surface layer and solum 
than the Glencoe or Okoboji soil s. 

Wacousta silty clay loam (0 to 1 percent slopes) 
(Wa).- This soil occupies a large depression that was the 
bed of a large former shallow lake. It is not extensive. On 
the rim of the depression are narrow areas of the highly 
calcareous Harps soils. Included with this soil in mapping 
were a few areas that are calcareous throughout t he profile. 

This soil is very poorly drained. Crops may be damaged 
seriously by ponding after heavy rains. The subsoil is 
permeable enough for tile drains to function well where 
outlets are suitable.Water can be removed from the surface 
by open intakes to tile lines or by shallow ditches. 

This soil can be used for row cro_ps much of the time. 
Growth of crops is fairly good .if dramage is adequate. Un
der good management, good tilth is easy to maintain. 
( Capability unit III w- 1) 

Wadena Series 
The ·wadena series consists of well-drained, nearly level 

:to moderately steep soils in outwash areas and st ream 
benches. These soils developed under native prairie grasses 
in medium-textured outwash that overlies sand or gravel. 
They are most extensive in the northwestern part of the 
county, but they also occur in the eastern and southwestern 
parts. 

I n a typical profile, the surface layer is very dark brown, 
friruble loam about 11 inches thick. It has granular struc
ture. The subsoil extends to a depth of about 35 inches. 
It is very dark grayish brown in the. upper part and dark 
brown or brown in the lower part. The texture ranges 
from loam to sanely loam. The subsoil has very weak pris
matic or subangular blocky struoture. The 1mderlying 
material is brown and dark yellowish-brown, loose, cal
careous sand and gravel. 

The 'available moisture capacity of the vVadena soils is 
medium to high, depending on the depth to sand or gravel. 
These soils are moderately permeable above the sand or 
gravel, but permeability of the sand and gravel is rapid to 
very r apid. The supply of nitrogen and ·phosphorus gener
ally is low, and the supply of potassium is medium. The 
surface layer of thew· aclena soils is medium acid to neutral 
in reaction. 

Representative profile of a ViT adena loam, 80 feet ea.st of 
a point in the center of a road 0.1 mile south of ,the north
west corner of the SW¼ of section 9, T. 96 N., R. 37 W,, 
on a slope of less than 1 percent, in a cultivated field: 

Ap-0 to 8 inches, very dark brown (lOYR 2/ 2) loam, very 
dark grayish 'brown (l0YR 3/ 2) when dry; cloddy 
but breaks to weak, fine, granular structure ; friable ; 
sand gra ins not coa ted; medium acid; gradual , smooth 
boundrury. 

A3-8 to 11 inches, very dark brown (l0YR 2/ 2) loam ; very 
dark grayish brown (l.OYR 3/ 2) with small spots of 
dark grayish brown (l0YR 4/ 2) when dry ; nearly 
massive in place but breaks readily t o weak, fin e, 
granular structure; friable; common, dark, spherical 
worm casts; few dark-brown spots approximately 0.5 
centimeter in diameter of color from horizon below; 
horizontal pa rting in the upper part indicates a plow
sole ; medium acid ; gradual, smooth boundary. 

Bl- 11 to 15 inches, about 65 percent very dark grayish-brown 
(lOYR 3/ 2) and about 35 percent very dark brown 
(l0YR 2/ 2) loam; dark grayish brown (l0YR 4/ 2) 
and brown (l0YR 4/ 3 ) when dry; nearly massi\·e but 
breaks to very weak, subangnlar blocky structure; 
cleavage more evident along horizontal and vertical 
plaues than along diagona l on es; fr iable; medium 
ncid ; gradual, smooth boundary. 
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B2-15 to 22 inches, dark-brown (l0YR 3/ 3) to brown 
(lOYR 4/ 3) loam; brown (l0YR 4/3) when kneaded; 
vertical cleavage indicates very weak, prismatic struc
t ure; horizontal cleavage very weak; friable to firm 
in place, friable when disturbed; smooth, patchy, dark
brown 1to very dark brown coats on sand grains and 
fine pebbles, on cleavage faces, and in some fine pores; 
these coats may be thin clay films but are not thick 
enough to be seen in cross section ; very dark brown 
worm casts in the upper pa1,t; slightly acid; gradual 
to clear, smooth boundary. 

I&IIB31-22 to 26 inches, dark-brown (lOYR 3/ 3) to brown 
(10 YR 4/ 3) sandy loam; massive but has very weak 
vertical cleavage; friable; smooth, patchy dark-brown 
to very dark brown coats on fine pebbles in pores, and 
on cleavage faces as in horizon above; neutral; clear, 
smooth boundary. 

IIB32-26 to 35 inches, dark-brown ( lOYR 3/ 3) sand; single 
grain; very friable but slightly coherent; smooth, 
patchy, dark-brown coats on coarse sand grains and 
fine pebbles may be clay films; upper half of horizon 
slightly more coherent and prO'bably slightly finer 
textured than the lower half; mildly alkaline; cal
careous; clear, smooth boundary. 

IIC-35 to 55 inches, dark yellowish-brown (lOYR 4/ 4) and 
brown (l0YR 5/ 3) stratified sand and fine gravel; 
strata range from 3 to 10 inches in thickness; single 
grain; loose; films of carbonate about 0.1 to 0.5 milli
meter thick cement small clusters of sand to the lower 
surface of many pebbles, but films and distinctly 
brownish colors diminish with depth below about 55 
inches; strongly alkaline; calcareous. 

A. krotoYina occurs in the B2 and B3 horizons. It is about 
18 inches long and 12 inches across at t he top but tapers to 
about 6 inches at the bottom. The soil material in the kroto
vina is darker colored and apparently is richer in organic mat
ter than the typical soil material in these horizons. 

The A horizon ranges from about 7 to 14 inches in thickness. 
In color, it ranges from black (lOYR 2/ 1) to Yery dark gray
ish brown ( l0YR 3/ 2). The B horizon ranges from dark brown 
(l0YR 3/ 3) or brown (l0YR 4/ 3) to dark yello,,i~h brow n 
(l0YR 4/ 4) with some grayish brown in the upper part. The 

texture of the B horizon typically is loam but ranges in places 
to sandy loam or sand in the lower part. The underlying 
material occurs between a depth of 22 and -!2 inches. This 
material generally is sand mixed with gravel, but in places it is 
sand or loamy sand and a little gravel. In most places it is 
calcareous. 

'!.'he ,vaclena soils haYe a finer textured subsoil than the 
Dickinson soils and a coarser textured substratum. Unlike 
the Waukegan soils, the Wadena soils have gravel in the 
substratum. 

Wadena loam, deep, 0 to 2 percent s lopes (WdA) .-This 
nearly level, well-drained soil is ill outwash areas and on 
stream benches. It generally occurs with the moderately 
deep ·wadena, the Cylinder, or the Biscay soils. The depth 
to sand and o-ravel typica1ly is 36 to 42 illches. Included 
with this soif in mapping ,,ere areas where the depth to 
gravel is slightly less than 36 inches and areas where it is 
as much as 48 inches. 

This soil geJ1erally is cultivated. Row crops can be grown 
much of the time, and growth of crops is moderate to good 
under a high level of management. Some areas arc slightly 
droughty in seasons "·hen rainfall is average, but in most 
areas the ava.ilable moisture capacity is adequate. Erosion 
is not a hazard. ( Capability unit I-2) 

Wadena loam, deep, 2 to 5 percent slopes (WdB) .-This 
well-drained, gently undulating soi l is in outwash areas 
and on stream benches. It generally occurs ,Yith other ·w a
dena soils. I ncluded with this soil in mapping were a few 
areas where the depth to sand and gravel is less than 36 
inches and some where it is as much as 48 inches. Some 
areas are slightly droughty in seasons when rainfall is 

average, but ill most areas the available moisture capacity 
is adequate. 

Most areas of this soil are cultivated. Erosion is a slight 
hazard. If erosion is controlled by contour farming or ter
racil1g and a high level of fertility is maii1tained, row 
crops can be grown much of the time. Growth of crops is 
moderate to g1ood if management is good. ( Capability unit 
Ile-1) 

Wadena loam, moderately deep, 0 to 2 percent slopes 
(WmA) .-This is the most extensive Wadena soil in the 
county, and the areas generally are large. It is the mail1 
soil in the nearly level, broad outwash areas in the north
western part of the county, but it also occurs on stream 
benches and glacial outwash areas in the rest of the county. 
It occurs chiefly with the somewhat poorly drained Cylin
der and the poor]y drained Biscay soils. In a few places 
this soil occupies 75 percent or more of a section. In other 
areas, how-ever, the size varies and in places is only a few 
acres. 

This soil is well drained and is often droughty, even in 
years when rainfall is no11nal. Row crops can be grown 
mucih ·of the time, hut growth of crOJ?S is only moderate, 
even if management is good. This soil 1s well suited to irri
gated crops, and sprinklers are used by a few farmers in 
thecotmty. (Capabilityunit lls-1) 

Wadena loam, moderately deep, 2 to 5 percent slopes 
(WmB).-This gently sloping to gently undulatil1g soil is 
mainly in outwash areas and on stream benches, but small 
areas are in glacial outwash in the uplands. I t generally 
occurs with the Cylinder or other vVadena soils. The slopes 
vary in length but are usually short. In the uplands the 
profile of this soil is much the same as the profile on the 
outwash benches1 but the coarse-textured underlying ma
terial is not so thick. On the average, this soil has a slightly 
thinner surface layer than the soil described as typical for 
the series, but other features are similar. I n many places 
it is droughty, even in years when rainfall is normal. The 
hazard of erosion is slight. 

Most areas of tJhis soil are cultivated, but some are ill 
permanent pasture. Row crops can be gi0 own much of the 
time, but the growth of crops is only moderate. If row
crops are grown, contour farming is needed to reduce run
off and erosion. In most places terracing is not feasible, be
cause it would expose the droughty, coarse-textured under 
lying material in the terrace channels. T he growth of crnps 
is very poor on this material. (Capability unit Il&-2) 

Wadena loam, moderately deep, 5 to 9 percent slopes, 
moderately eroded (WmC2) .-This soil generally occurs 
in outwash areas on breaks between one leYel and another 
or bet\Yeen these areas and bottom lands. In a few places 
it occurs as knobs or low hills. This soil generally occurs 
with the other vVadena soils or Cylinder soils. T he Colo 
soils or the Colo-Terril complex of soils are on bottom 
lands. I n the outwash areas this soil generally has short 
single slopes, but on the knobs and hills the slopes in most 
places are complex and gently rolling. The surface layer of 
this soil is only about 2 to 7 inches thick. It is somewhat 
lighter colored than that of the soi l described as typical for 
the series because some of the subsoil material has been 
mixed into this layer. A few areas ,,ere included with this 
soil in mapping that have a surface layer 7 to 12 inches 
thick. 

This soil is droughty and susceptible to moderate ero
sion. It is suited to cul tivated crops and can be used for 
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:ow crops part o:f the time. Growth o:f crops generally is 
)oor. Contour farming is needed to reduce runoff and to 
~ontrol erosion. Terracing is likely to expose the droughty 
rnderlying material in the terrace channels. The growth 
)I crops on this material is very poor. ( Capability unit 
[Ile-3) 

Wadena loam, moderately deep, 9 to 15 percent 
slopes, moderately eroded (WmD2) .- This soil is mostly 
in outwash areas. It is on short sloping breaks between one 
level o:f out-rnsh and another or between the outwash areas 
and bottom lands. It is generally with other ·vv adena soils, 
Colo soils, or the Colo-Terril complex o:f soils. The surface 
layer is only 2 to 7 inches thick and is somewhat lighter 
colored and thinner than that o:f the soil described as typi
cal for the series. In some places the subsoil is more dark 
yellowish brown than normal, and in places the underlying 
sancl and gravel is a :few inches closer to the surface. One 
or two small areas were included with this soil in mapping 
where the depth to sand and gravel is more than 36 inches. 

This soil is very droughty, and the hazard o:f erosion is 
high. Many areas are in cultivated crops, but some are in 
permanent pasture. Growth of crops is poor. This soil is 
better suited to semipermanent hay or pasture plants than 
to row crops, but an occasional year of row crops can be 
grown if erosion is controlled. ( Capability unit IVe-2) 

Waukegan Series 
The 'Waukegan sel'ies consists o:f dark-colored, well

drained, nearly level to gently sloping soils in the uplands. 
These soils developed under native prairie grasses in loamy 
glacial sediment that overlies loamy sand or sandy loam 
at a depth o:f 24 to 30 inches. They are mainly in the north
western part of the county, but they also occur in the north
central and east-central parts. 

In a typical profile, the surface layer is black to very 
dal'k brown, :friable to firm loam about 11 inches thick. It 
has granular structure. The su·bsoil is very dark brown 
to brown, friable loam to a depth o:f about 24 inches. From 
24 to about 30 inches it is dark yellowish-brown sandy 
loam. The subsoil has subangular blocky structure. The 
substratum is dark yellowish-brown loamy sand. 

The vVaukegan soils have medium available moisture ca
pacity. They are moderately permeable in the loam layers 
and moderately rapidly or rapidly permeable in the sandy 
loam and loamy sand layers. The supply of available nitro
gen, phosphorus, and potassium generally is low. The 
surface layer generally is slightly acid or medium acid. 

Representative profile of a Waukegan loam, 285 feet 
east nncl 27 :feet south of the northwest corner o:f the S-W'¼ 
o:f section 4, T. 97 N., R. 38 W., on an east-facing slope o:f 
about.1 or 2 percent, in a cultivated field : 

Ap---0 to 7 inches, black (lOYR 2/ 1) to very dark brown 
(lOYR 2/ 2) loam; cloddy but breaks to weak, fine, 
granular structure; firm; common wormholes and 
worm casts; slightly acid; clear, smooth boundary. 

A12- 7 to 11 inches, very dark brown ( lOYR 2/ 2) loam; slightly 
cloddy but breaks to weak, fine, granular structure; 
friable to firm ; many wormholes and worm casts ; 
slightly acid; gradual, smooth boundary. 

Bl- 11 to 16 inches, loam; ped exteriors are mainly very dark 
brown (lOYR 2/ 2) and dark brown (lOYR 3/ 3) in 
the upper part and dark brown (lOYR 3/3 ) and brown 
(lOYR 4/3) in the lower part; ped interiors are dark 
brown ( lOYR 3/ 3) and brown ( lOYR 4/ 3) ; weak, fine 
and very fine, subangular blocky and weak, fine, gran-

ular structure; friable; common, very fine and few, 
fine, tubular pores; medium acid; gradual, smooth 
boundary. 

B21- 16 to 24 inches, brown (lOYR 4/3) loam; few very dark 
brown (lOYR 2/2) peds and worm casts; very weak, 
fine and medium, subangular blocky structure; friable; 
many, very fine and few, fine, tubular pores; medium 
acid; gradual, smooth boundary. 

IIB22-24 to 30 inches, dark yellowish-brown (lOYR 4/4) 
sandy loam, yellowish brown (lOYR 5/4 to 5/6) when 
dry; very weak, medium and coarse, subangular 
blocky structure; friable, slightly hard when dry; 
few to common, very fine, tubular pores; medium 
acid; gradual, smooth boundary. 

IIC-30 to 55 inches, dark yellowish-brown (lOYR 4/4) heavy 
loamy sand; mostly massive but tends to break to 
very weak, medium and coarse, subangular blocky 
structure; very friable, slightly hard when dry; 
medium acid. 

Silt loam outwash material is at a depth of 60 to 80 inches. 
The A horizon ranges from about 5 to 12 inches in thickness 

and from black (lOYR 2/ 1) to very dark brown (lOYR 2/ 2) 
in color. Depth to sandy loam or loamy sand ranges from 24 to 
30 inches, and this material generally extends below a depth 
of 50 inches. Beneath this material is silty outwash, which, 
in turn, is underlain by glacial till, generally at a depth of 
50 to 100 inches. The average depth to the till is about 80 to 
90 inches. In a few places, the coarse"textured material directly 
overlies the till. Both the silty outwash and glacial till are 
calcareous. 

Unlike the Wadena soils, Waukegan soils do not have gravel 
in the underlying layers. The ·waukegan soils mainly have a 
loam subsoil, whereas the Dickinson soils have a sandy loam 
subsoil. 

Waukegan loam, moderately deep, 0 to 2 percent 
slopes (WuA).-This nearly level soil is in the uplands. It 
generally occurs with the Ocheyedan, Dickinson, Everly, 
and other vVaukegan soils. In places it is adjacent to 
areas o:f the Fostoria soils. A few small areas were included 
with this soil in mapping that are only about 18 inches deep 
to the underlying sanely loam. 

This soil has medium available moisture capacity. It is 
clroughty, especially in years when rainfall is below 
average. In years when rainfall is above average, growth 
of crops is good. Most areas o:f this soil are cultivated. 
If adequate fertility is maintained, row crops can be 
grown much o:f the time. (Capability unit IIs-1) 

Waukegan loam, moderately deep, 2 to 5 percent 
slopes (WuB).-This soil has gentle slopes that range :from 
short to fairly long. It is generally adjacent to other 
Waukegan soils, or to the Ocheyedan, Dickinson, Fostoria, 
or Everly soils. In many places the surface layer o:f this 
soil is a :few inches thinner than that in the profile described 
as typical for the ·w aukegan series. 

This soil has medium available moisture capacity. It is 
droughty, especially in years when rainfall is below 
average, but when rainfall is above average, growth of 
crops is good. 

Because the hazard of erosion is slight, tillage should 
be on the contour. Most o:f the areas o:f this soil are used 
for cultivated crops. Row crops can be grown much of the 
time i:f erosion is controlled and fertility is maintained. 
(Capability unit IIe-2) 

Webster Series 
The Webster series consists o:f nearly level, poorly 

drained, dark-colored soils. These soils are mainly on the 
undulating till })lain in the eastern part of the county, 
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but some areas are in the uplands and outwash areas 111 

the northwestern and north-central parts. 
In a typical profile, the surface layer is black, friable to 

firm silty clay loam that feels gritty and is about 21 inches 
thick. It has granular and subangular blocky structure. 
The subsoil is dark-gray to olive-gray, friable, mottled 
silty clay loam that feels gritty. It has subangular blocky 
structure and is calcareous in the lower part. The sub
stratum is gray to olive-gray, friable clay loam and heavy 
loam and is calcareous. It is massive or has very weak sub
angular blocky structure. 

The VVebster soils have high available moisture capacity . 
They are moderately slowly permeable. The supply of 
available nitrogen and potassium generally is low or 
medium, and the supply of available phosphorus is low 
or very low. The surface layer is about neutral in reaction. 

Representative profile of a Webster silty clay loam, 297 
feet west and 449 feet south of the northeast corner of the 
NW1/4 of section 19, T. 94 N., R. 35 W., on a slope of about 
1 percent, in a cultivated field: 

Ap--0 to 8 inches, black (N 2/0) silty clay loam; cloddy but 
breaks to weak, fine, granular structure; firm; neu
tral; clear, smooth boundary. 

.A.12- 8 to 15 inches, black (N 2/ 0) silty clay loam; very weak, 
medium, sUlbangular blocky structure that breaks 
to moderate, fine, granular and moderate, very fine, 
subangular blocky; friable; neutral; gradual, smooth 
boundary. 

.A.13-15 to 21 inches, about 60 percent black (lOYR 2/1) and 
about 40 percent very dark gray (5Y 3/ 1) silty clay 
loam ; weak, medium, subangular blocky structure that 
breaks to weak, fine, granular and weak, very fine, sub
angular blocky; friable; neutral; gradual, smooth 
boundary. 

B2lg-21 to 29 inches, dark-gray (5Y 4/1) and olive-gray (5Y 
4/ 2) silty clay loam; few, small, olive-gray (5Y 5/ 2) 
areas; few black (N 2/0) and very dark gray (N 3/ 0) 
worm casts ; weak, fine and very fine, subangular 
blocky structure ; friable ; mildly alkaline ; noncalcar
eous; clear, smooth boundary. 

B3g-29 to 35 inches, gray (5Y 5/ 1) and olive-gray (5Y 5/ 2) 
clay loam; few, small, dark-gray (5Y 4/ 1) areas in the 
upper part; common, fine, distinct mottles of olive 
brown (2.5Y 4/ 4) and light olive brown (2.5Y 5/ 4) ; 
weal,, medium to coa'l·se, subangular blocky sbructure; 
friable; common to many, very fine, tubular pores; 
few, small, soft concretions of carbonate; few, fine, 
very dark 'brown concretions of soft oxide; moderately 
alkaline; calcareous; gradual, smooth bouudary. 

Clcag-35 to 42 inches, gray (5Y 5/ 1) clay loam; common, fine, 
distinct mottles of olive brown (2.5Y 4/4) and light 
olive brown (2.5Y 5/ 4) and few, fine, distinct mottles 
of yellowish brown (lOYR 5/ 6) ; weak, medium to 
coarse, subangular blocky structure; friable; common 
to many, very fine, tubular pores; many small concre
tions of soft carbonate; few, fine, very dark brown 
concretions of soft oxide; moderately alkaline; cal
careous; gradual, smooth boundary. 

C2g-42 to 50 inches, olive-gray (5Y 5/ 2) light clay loam or 
heavy loam; common, fine, distinct mottles of yellow
ish brown (IOYR 5/ 6), few, fine, distinct mottles of 
yellowish brown ( lOYR 5/ 8), and few, fine, distinct 
mottles of olive brown (2.5Y 4/ 4) ; very weak, medium, 
subangular blocky structure or massive; friable; few, 
small, soft concretions of carbonate; few, fine, dark 
concretions of soft oxide; moderately alkaline; cal
careous: clear, smoath boundary. 

C3- 50 to 58 inches, gray (5Y 5/ 1), light olive-brown (2.5Y 
5/ 4 and 5/ 6), and yellowish-brown (lOYR 5/ 6 and 5/ 8) 
stratified clay loam · and silt loam that has a 2-inch 
lens of loamy sand in the lower part ; colors are in 
a very complex mottled pattern; a few, fine mottles of 
s trong brown (7.5YR 5/ 8) ; massive; friable ; common, 

fine, very dark brown concretions of soft oxide ; mod• 
erately alkaline; calcareous. 

The A horizon generally is black (N 2/ 0) but ranges to very 
dark gray (lOYR 3/ 1) in the lower part. This layer typically is 
silty clay loam in textw:e but ranges to clay loam. Colors in 
the B horizon mainly are dark gray, gray, or olive gray but 
range to grayish brown and olive. Mottles are common in the 
B horizon and range widely in color. In texture, this horizon 
ranges from silty clay loam to clay loam. The C horizon gen
erally is somewhat stratified and contains lenses of silt, sandy 
loam, or loamy sand. Friable to firm glacial till generally is at 
a depth between 40 and 60 inches, but in some places it is 
deeper. The depth to carbonates generally varies between 24 
and 40 inches. Secondary carbonates may occur in the upper 
horizons, but the amount generally is not much more than 
the amount in the lower C horizon. 

Unlike the Canisteo soils, Webster soils are not calcareous 
throughout their profile. The Webster soils have a somewhat 
finer textured subsoil and are darker colored in the lower sub
soil and substratum than the Tripoli soils. 

Webster silty clay loam (0 to 2 percent slopes) (Wy).
This nearly level soil is mainly on the undulating till plain 
in the eastern part of the county, but it also occurs in the 
uplands and glacial outwash areas in the north-central and 
northwestern parts (fig. 10). It is extensive, and the size 
and shape of the areas vary widely. Some areas are large 
and fairly broad, but most are long and fairly narrow. 
They range from few to many acres in size. This soil gen
erally is with the Canisteo, the somewhat poorly dTamed 
Nicollet, or the well-drained Clarion soils. In some places, 
however, it occurs with the Fostoria, Ocheyedan, ,V auke
gan, Guckeen, or Marna soils. 

This soil is used mostly for crops, but tile drainage is 
needed. Row crops can be grown much of the time. Growth 
of crops is good where this soil is tile drained and properly 
managed. If this soil is plowed when wet, it tends to be 
cloddy and hard to work when it dries. Plowing in fall is 
a common practice because freezing and thawing break 
the clods into a better structure. ( Capability unit II w-2) 

Use and Management of the Soils 
This section is desig11ed to help the landowner under

stand how soils behave and how they can be used. In it are 
discussed the use and management of soils for crops and 
pasture, for woodland, for wildlife, and for engineering 
,Torks. Specific management is not suggested in this sec
tion for each soil. Su~gestions for the use of each soil are 
given in the section "lJescriptions of the Soils." 

Use of Soils for Crops and Pasture 
This subsection has three main parts. The first part 

explains the capability grouping of soils. In the second, 
the soils are placed in capability units, and the use and 
management of these are discussed. In the third part, pre
dicted yields of the principal crops are given for each soil 
under a high level of management. 

Capability G1·oups of Soils 
Capability classification is the grouping of soils to show, 

in a general way, their suitability for most kinds of farm
ing. It is a practical classification based on the limitations 
of the soils, the risk of damage when they are used for the 
ordinary field crops or sown pastures, and the way they 
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respond to treatment. The classification does not apply to 
most horticultural crops, or to rice and other crops that 
have special requirements for production. The soils are 
classified accord:ing to degree and kind of permanent lim
itations, but without consideration of major and generally 
expensive landforming that would change the slope, depth, 
or other characteristics of the soils; and without consider
ation of possible major reclamation. 

In the capability system, all soils are grouped at three 
levels, the capability class, the subclass, and the unit. These 
are discussed in the following paragraphs. 

CAPABILITY CLASSES, the broadest groupings, are desig
nated by Roman numerals I through VIII. The larger the 
numerals, the greater the limitations and the narrower the 
ohoices for practical use. The classes are defined as follows : 

Class I. Soils have few limitations that restrict their 
use. 

Class II. Soils have some limitations that reduce the 
choice of plants or require moderate conservation 
practices. 

Class III. Soils have severe limitations that reduce 
the choice of plants, require special conservation 
practices, or both. 

Class IV. Soils have very severe limitations that re
strict the choice of plants, require very careful 
manaaement, or both. 

Class V. s'oils subject to little or no erosion but have 
other limitations, impractical to remove, that 
limit their use largely to pasture, range, wood
land, or wildlife food and cover. 

Class VI. Soils that have severe limitations that make 
them generally unsuited to cultivation and limit 
their use largely to pasture or range, woodland, 
or wildlife food and cover. 

Class VII. Soils that have very severe limitations that 
make them unsuited to cultivation and that re
strict their use largely to grazing, woodland, or 
wildlife. 

Class VIII. Soils and landforms that have limitations 
that preclude their use for commercial plant pro
duction without major reclamation and restrict 
their use to recreation, wildlife, or water supply, 
or to esthetic purposes. (None in Clay County.) 

CAPABILITY SuncLASSES are soil groups within one class ; 
they are designated by adding a small letter, e, w, s, or c, to 
the class numeral, for example, Ile. The letter e shows 
that the main limitation is risk of erosion unless close
growing plant cover is maintained; w shows that water in 
or on the soil interferes with plant growth or cultivation 
(in some soils the wetness can be partly corrected by arti
fi.cial drainage) ; s shows that the soil is limited mainly 
because it is shallow, droughty, or stony; and c is used in 
those areas where climate is the chief limitation to the 
production of common cultivated crops. Information on 
artificial drainage can be obtained through the local office 
of the Soil Conservation Service, from the Clay County 
extension director, or from the Iowa Drainage Guide (4) . 

In class I there are no subclasses, because the soils of this 
class have few limitations. Class V can contain, at the most, 
only subclasses :indicated by w, s, and c, because the soils in 
it are subject to little or no erosion, though they have other 
limitations that restrict their use largely to pasture, r ange, 
woodland, wildlife, or recreation. 

Figure JO.-Profile of Webster silty clay loam. The dark-colored 
thick surface layer is typical. 

CAPABILITY UNITS are soil groups within the subclasses. 
The soils in one capahility unit are enough alike to be suited 
to the same crops and pasture p lants, to require similar 
management, and to have similar productivity and other 
responses to management. Thus, the capability unit is a 
convenient group:ing for making many statements about 
management of soils. Capability units are generally desig
nated by add:ing an Arabic muneral to the stvbclass sym.bol, 
for example, II~ l or I II~3. Thus, in one symbol, the 
Roman numeral designates the capability class, or degree 
of limitat ion, and the small letter mdicates the subclass, or 
kind of limitation, as defined in the foregoing paragraph. 
The Arabic muneral specifically identifies the capability 
unit within each subclass. 

Management of soils by capability units 
On the follow:ing pages the ca,pability units, or groups of 

soils that have similar management requiremen ts, are de
scribed ; some limitations are given; and suitable manage
ment is briefly discussed. The names of soil series 
represented are ment ioned in the description o-f each capa-
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bility unit, but this does not mean that all soils 0£ a given 
series appear in the unit. To find the names 0£ all the soils 
in any gwen capability unit, refer to the "Guide to Map
ping Units" at the back 0£ the survey. The groupings 0£ 
soils shown in this guide are subject to change as new meth
ods are discovered or new information becomes available. 

CAPABILITY UNIT 1-1 

This unit consists 0£ nearly level, ,Yell drained, moder
ately ,,ell drained and somewhat poorly drained, da,rk
colored soils that have a h.i~1 available moisture capacity. 
They are in the Cylinder, jj ostoria, Galva, Nicollet, and 
Primghar series. Movement 0£ air and water through these 
soils 1s generally good. The organic-matter content is me
clium to hig·h. These soils are generally in good tilth and 
are easy to work. 

The soils in this unit are used mostly £or cultivated 
crops, for which they are well suited. Corn and soybeans 
are the major crops, but these soils are also suited to gra.in 
sor~·hum and oats and to alfalfa, red clover, bromegrass, 
ancL other hay and pasture plants. Crops grow well on these 
soils. The soils in this tmit can be used for row crops much 
0£ the time. Some 0£ these soils are wet when rainfall is 
above average, and they benefit from tile drainage. Al
though erosion ordinarily is not a hazard, contour £arming 
may be desirable on long slopes where row cropping is in
tensive. An occasional year 0£ meadow imp['oves tilth and 
helps to control weeds and insects. 

·where corn is to be planted in spring, some £armers plow 
these soils the preceding £all. Although this plowing sub
jects the soils to blowing, blowing is reduced by leaving a 
roughened plowed surface and unplowed strips in 
vegetation. 

Lime is needed on some soils in th.is unit, because reac
tion ranges from medium acid to neutral. In general, these 
soils are low in available nitrogen and phosphorus and 
range from low to h.igh in available potassium. The re
sponse 0£ plants to added fertilizer is good. Normally, ni
trogen and phosphate are needed for corn that does not 
follow a legume. 

CAP ABILITY UNIT 1-2 

This unit consists 0£ nearly level, well-drained, dark
colored soils that are moderately permeable and have a 
high arnilable moisture capacity. They are in the Galva, 
Ladoga, Ocheyedan, and ,V adena series. Tilth and 
aeration generally are good, and the soils are easy to ,York. 
These soil s warm early in spring and can be worked fairly 
soon after rains. 

Nearly all the acreage is used mainly for row crops, 
though areas are large enough to be farmed separately in 
only a few places. These soils are suited to all crops com
monly gro,,n in the county, especially corn and soybeans. 
Although erosion ordinarily is not a hazard, the Galva 
soils have long slopes in places, and contour £arming is 
needed for row crops. The Wadena soils are only about 36 
inches deep to sandy or gravelly material, and they are 
some,d1at more draughty in dry years than the other soils 
in this m1it. Their available moisture capacity is about 
meditm1. 

I£ they are managed well and adequately fertilized, the 
soils in this unit can be used for row crops much of the 
time. An occasional year of meadow improves tilth and 
helps to control insects and diseases. 

Lime is needed on some of the soils in this m1it because 
they are slightly acid or medium acid. The supply of 
available nitrogen and phosphorus is generally low, and 
that of available potassium 1s medium or high. Fertilizer 
is needed where these soils are under intensive row crop
ping. Nitrogen ,and phosphate are needed where corn does 
not follow a legrume. The response of crops to fertilizer is 
good. 

CAP ABILITY UNIT 1-3 

This tmit consists of nearly level, somewhat poorly 
drained and moderately well drained, dark-colored soils 
in the Guckeen series. They have high available moistme 
capacity. These soils have a fine-textured subsoil in which 
permeability is slow or very slow. Some have a clayey sub
stratum. These soils generally are in good tilth, but they 
become puddled if they are worked when wet, and they are 
cloddy and hard ,vhen they dry. They warm later in spring 
and dry more slowly ,after rains than the soils in capability 
units I -1 and I-2. In wet years some areas would benefit 
from tile drains. Tile does not function well in soils that 
have a silty clay substratum. 

These soils are used mostly for crops, mainly row crops. 
They are well suited to corn and soybeans, but grain sor
ghum, oats, and the common hay and pasture plants are 
also grown. Crops grow well on these soils. 

The soils in this unit can be used for row crops much of 
the time. An occasional year 0£ meadow improves tilth 
and helps to control weeds and insects. 

Lime is needed for some crops, because these soils are 
slightly acid, but the amount generally is small. The avail
able mtrogen and phosphorus generally are low, and 
available potassium is low or medium. Fertilizer is needed 
where these soi]s are under intensive row cropping. Nitro
gen and phosphate are needed where corn does not follow 
a legume. Small grains respond ,,ell to phosphate. 

CAPABILITY UNIT lle-1 

This unit consists of gently sloping and undulating, 
well-drained, dark-colored soi]s that have high available 
moisture capacity. They are in the Clarion, Everly, Ocheye
dan, Sac, Terril, and ,Vadena series. Slopes range from 2 
to 5 percent. These soils absorb rainfall readily, and 
permeability is moderate. They are generally in good 
tilth and are easy to work. The organic-matter content is 
medium to high. 

The soils in this unit are used mainly for cultivated 
crops, but some are in permanent pasture. They are suited 
to corn, soybeans, oats, and grain sorghum, and to alfalfa, 
bromegrass, and other hay and pasture plants. Because 
they ooour with steep soils that are used for permanent 
pasture, the Terril soils generally are used for pasture. The 
Clarion and Ocheyedan soils generally are in areas too 
small to be farmed separately, and they are farmed in the 
same way as adjacent soils. In places the Sac and the 
Everly soils occupy nearly all of a field. 

The soils in this unit can be used for row crops much of 
the time if terracing and farming on the contour are used 
(fig. 11). Diversion terraces can be used in places to protect 
Terril soils. Because slopes of Clarion soils are irregular, 
laying out and building terraces in places is difficult. In 
most places, however, terraces are- best for controlling 
erosion. Grassed waterways are needed in places for con
ducting runoff to a safe disposal area,. 
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On terraced soi]s, row crops can be grown much of the 
tim e. 'iYhere only contour farming 1s used to control 
erosion, more close-growing crops and fewer row crops 
need to be grown. 

The need for ]ime on the soil s in this unit varies because 
reaction r anges from medium acid to neutra1. These soils 
generally are low in available nitrogen and phosphorus, 
but available potassium ranges from low to high. Phos
plrnte is needed for most crops, but the need for potash 
varies. Nitrogen ordinarily is needed for corn that does 
not follow a legume. Good tilth can be maintained on most 
of these soils by returning all crop r esidue, but moderately 
eroded areas benefit from added manure. 

CAP ABILITY UNIT lle--2 

This unit consists of gently sloping, well-drained soils in 
the 'iVa dena and 'iiVaukegan series. They are sandy or 
gravelly in the subsoil or underlying material. They are 
friable and easy to t ill. Permeability is moderate in the 
upper part of the profile and moderately rapid to very 
rapid in the underlying material. These soils have medium 
available moisture capacity and are droughty. They con
tain a small to medium amount of organic matter. They 

warm early in spring and can be till ed soon after rains. 
Slopes range from 2 to 5 percent, and the soils are slightly 
susceptible to erosion. 

Most areas of these soils are used for crops, though areas 
are large enougl~ to be far_mcd separately in only a fe_w 
places. These soil s are smted to corn, soybeans, gram 
sorglnun, and oats and to alfalfa and other hay and pas
ture plants. Gro\\·th of crops generall y is moderate because 
of droughtiness and low fertility. Stands of corn should 
be thinner on these soils than on the Jess droughty soils. 

Where the soils in this unit are used for row crops, ter
racing or contour farming is needed. These practices help 
to control erosion and to conserve moisture. In building 
terraces, deep cuts should be avoided because the sandy or 
gravelly underlying material can hold only a small amount 
of water available to plants. On terraced soils, row crops 
can be grown much of the time. vVhere only contour farm
ing is used to control erosion, more close-growing crops and 
fewer row crops need to be grown. 

These soils generally are slightly acid or medium acid. 
They are low in available n itrogen and phosphorus and 
low or medium in potassium . Organic matter, either as 
barnyard manure or crop residue, lime, and ferti lizer are 

Figure 11.-Parallel t erraces on Clarion loam, 2 to 5 percent slopes. This soil is in capability unit Ile-1. 
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needed. Adding large amounts of fertilizer is not economi
cal, because the soils are droughty, but the response of crops 
to moderate amounts is fairly good. 

CAP ABILITY UNIT Ile-3 

This unit consists of gently sloping, somewhat poorly 
drained to moderately well drained, dark-colored soils in 
the Guckeen series. These soils have a clayey subsoil; some 
have a clayey substratum. Slopes ran~e from 2 to 5 percent. 
The available moisture capacity is high. These soils are 
fairly easy to work, but tilth generally is not so ~ood as that 
of the soils in capability unit Ile-1. Permeability is slow 
or very slow in the clayey layers of these soils, which are 
firm and restricts the movement of water. In places this 
clayey material extends to a depth of 4 feet or more. These 
soils tend to warm somewhat more slowly in spring than 
the soils in capability unit Ile-1. 

The soils of this unit are used mainly for row crops, for 
which they are well suited. They are suited to corn, soy
beans, gram sorghum, and oats, and to alfalfa, bromegTass, 
and other hay and pasture plants. These soils can be used 
for row crops much of the time. Although a few places are 
somewhat wet in wet periods, tile drains are seldom used. 

Where these soils are used for row crops, terracing or 
tilling on the contour is needed. Where cuts in building 
terraces expose the clayey subsoil, fertility can be restored 
by sprea.ding topsoil and large amounts of manure over 
the cuts. On terraced soils, row crops can be grown much 
of the time. Where only contour farming is used to con
trol erosion, more close-growing crops and fewer row crops 
need to be grown. 

Lime is needed for som.e crops because most of these 
soils are slightly acid, but the amount generally is small. 
The available nitrogen and phosphorus generally are low, 
and the available potassium is low or medium. Fertilizer is 
needed on these soils under intensive row cropping. Crops 
respond well to added fertilizer . Nitrogen is needed where 
corn does not follow a legume. 

CAPABILITY UNIT Ilw-1 

This unit consists of Calco, Colo, Spillville, and Terril 
soils. The Terril soils are in the Colo-Terril complex of 
soils. These are mainly nearly level soils on bottom lands, 
but the Colo-Terril complex is gently sloping. The Colo 
and Calco soils are poorly drained, the Terril soils are 
moderately well drained, and Spillville soils are moder
ately well drained to somewhat poorly drained. These 
soils have a thick, dark-colored surface layer of silty clay 
loam or loam. Permeability is moderate in the Spillville 
and Terril soils and moderately slow in the Calco and Colo 
soils. These soils are high in organic-matter content and 
available moisture capacity. 

Most areas of this unit are used for crops, but some 
areas are in permanent pasture and some are wooded. The 
wooded areas are generally managed in the same way as 
the surrounding pasture. Corn, soybeans, grain sorghum, 
and small grains and hay and pasture plants are well 
suited. Row crops are grown much of the time. These soils 
generally are in areas large enough to be farmed sepa
rately, but the intermingled areas of Colo and Terril soils 
are small and are in narrow stream bottoms or drainage
ways. These areas are mi:tnaged in the same way as the 
surrounding soils. The soils of this 1.mit generally dry 
late in spring, and in some years planting is delayed. Tilth 

generally is good, but these soils become puddled if they 
are worked when wet, and they are cloddy and hard when 
they dry. In places where wetness is expected to delay 
tillage in sprmg, these soils are plowed the preceding 
fall . 

A high water table, flooding, or both keep these soils 
,vet most of the time. The frequency of flooding varies 
from place to place. Although the Spillville soils are 
flooded occasionally, they do not stay wet so long as the 
Calco and Colo soils. Ditches, dikes, and stream channel 
improvement can be used to help control flooding. ExceJ?t 
on the Spillville soils, improved drainage is needed. Tile 
drains function well where the outlets are not covered 
by floodwater during periods of heavy rainfall. Crops 
grow better and the soils are easier to manage where drain
age is improved, but many areas axe farmed without drain
age and without protection from flooding. Growth of crops 
ranges from medium to good, depending on drainage and 
the frequency of flooding. Runoff from higher lying soils 
runs across these soils in places. Diversion terraces can be 
built at the base of slopes to intercept this runoff and 
divert it to a safe disposal area. Streambank cutting occurs 
along the channels in places. 

If adequate amounts of fertilizer are applied, these 
so ils can be used for row crops much of the time. An oc
casional year of meadow improves tilth and helps to con
trol weeds and insects. Some areas of these soils that now 
are v,ooded or in brushy pasture or bluegrass can be 
cleared, drained, and protected from flooding; then, they 
can be used for crops. 

Lime generally is not needed, because these soils range 
from slightly acid to moderately alkaline. The available 
nitrogen generally is low or medium, available phos
phorous generally is low or very low, and available po
tassium is very low or medium. Fertilizer is needed where 
these soils are 1.mder intensive row croppin~. ·where corn 
does not follow a legume, nitrogen is neected. Crops on 
these soils generally respond to added phosphate. Potash 
is needed, but generally in smaller amounts than nitrogen 
or phosphate. 

CAPABILITY UNIT Ilw-2 

This unit consists of nearly level, poorly drained soils 
on uplands and outwash areas. These soils are in the Afton, 
Camsteo, Colo, Marcus, Tripoli, and vVebster series. The 
Colo soils are gently sloping. These soils have a dark
colored silty clay loam or clay loam surface layer. Avail
able moisture capacity is high, and permeability is 
moderately slow. The water table is often temporarily 
high, and runoff is slow. Unless drainage is improved, 
these soils generally are not suited to cultivation. They 
tend to warm somewhat more slowly in spring than better 
drained soils, and they dry more slowly after rains. In 
years when rainfall is heavy, planting may be delayed. The 
organic-matter content of these soils is high. Tilth is gen
erally good, but these soils become puddled if they are 
worked when wet, and they are cloddy and hard ,, hen 
they dry. 

Most areas of these soils are used for crops, mostly row 
crops, but there is some permanent pasture. Drained areas 
are well suited to corn and soybeans, but grain sorghum, 
oats, legumes, and grasses are also grown. Undrained 
areas ordinarily are suited to birdsfoot trefoil, bluegrass, 
and reed canarygrass. Growth of crops is good if drainage 
is adequate and management is good. The Marcus and 
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Tripoli soils generally are in large areas and, in some 
places, occupy entire fields . The Afton, Canisteo, Colo, and 
vVebster soils generally are iu fields with one or more 
other soils. 

If the soils in this unit are managed ,,ell and adequately 
fertilized, they can be used for row crops much of the 
time. An occasional year of meadow improves tilth and 
fertility and helps to control weeds and insects. Drainage 
can be improved by installing title drains because they 
function well in these soils. In some places, especially in 
areas of the Afton and Colo soils, grassed waterways are 
needed for removing runoff. Other practices of erosion con
trol are not needed. Because ,,etness may delay plowing in 
spring, t hese soils are generally plowed in fall. If plowmg 
is in fall, freezing and thawing and wetting and drying 
improve tilth, and a better seedbed can be prepared. Fall 
plowing increases the hazard of soil blowing during winter , 
but blowing can be reduced by leaving crop residue on 
the surface or by alternating plowed and unplowed strips. 

Lime generally is not needed, because these soils range 
from slightly acid to mildly alkaline. The available nitro
gen normally is about medium, but it is low in places. The 
available phosphorus is low or very low, and available 
potassium generally is medium to high. To maintain good 
growth under intensive row cropping, fertilizer is re
quired. Because these soils warm somewhat slowly in 
spring, corn responds to fertilizer added as a starter 
at planting time. Nitrogen is needed where corn does not 
follow a legume. Corn, small grains, and legumes respond 
well to added phosphate, but potash generally is not needed 
in large amounts. L arger amounts of phosphate and pot
ash are needed on calcareous soils than on the noncalcare
ouse ones. 

CAPABILITY UNIT Ilw-3 

This lmit consists of nearly level, poorly drained, dark
colored soils in the Biscay and T alcot series. These soils 
overlie sand and graYel. They have a thi ck silty clay loam 
surface layer. P ermeabili ty is moderately slow above the 
sand and gravel, which is at a depth of 36 inches or more, 
but water moves more rapidly through the sand and gravel. 
The aYailable moisture capacity is high. These soils are 
high in organic-matter content and generally are in good 
tilth. If they are worked when wet, these soils become pud
dled, and they are cloddy and hard when they dry. Runoff 
is slow, and in most places a temporary high water table 
makes them wet. Improved drainage generally is needed 
for satisfactory cultivation of these soils. Title drains func
tion well but are difficult to install in places because of the 
sanely or gravelly substra.tum. 

These soils are used mostly for crops, mainly row crops. 
Some areas are in permanent pasture. Corn and soybeans. 
are the most common crops, but grain sorghum, oats, and 
::dl the common hay and pasture plants are also grown. Un
drained areas are better suited to hay and pasture plants, 
though in places these areas are cul tivated. Growth of 
crops is restricted on undrained areas, but it is good where 
t.hcsc soils are adequately drained, fertilized, and managed 
,,ell. Row crops can be grown on these soils much of the 
time. An occasional year of meadow improves tilth, and 
r eturning all crop residue helps to maintain the organic
matter content. 

Grassed ,yaten,ays are needed in some places, but other 
practices of erosion control arc not needed. Open ditches 
arc needed in places as outlets for tile drains. Because plow-

ing in spring may be delayed by "etness, these soils gener
ally are plowed in fall. Fall-plowed soils dry earlier in 
spring and are easier to work into a good seedbed. Leavin~ 
crop residue on the surface and alternating plowed and 
unplowed strips help to reduce soil blowing. 

Lime is not needed, because these soils are generally 
neutral or mildly alkaline. The Biscay soils generally are 
low or medium in available nitrogen, generally low in 
available potassium, and low or very low in available phos
phorus. The Talcot soils generally are low or medium in 
available nitrogen, low or very low in available phos
phorus, and low in available potassium. ,¥here row crops 
are grown frequently, fertilizer is needed to maintain fer
tility. F ertilizer added at planting time as a starter benefits 
most crops because these soils tend to warm somewhat 
slowly in spring. Where corn does not follow a legume, 
nitrogen is needed. 

CAPABILITY UNIT Ilw-4 

Harps loam is the only soil in this unit. It is nearly level, 
poorly drained, and rich in lime. Where this soil is plowed 
and is dry, the surface layer appears to be distinctly grayer 
than that of surrounding soils. Permeability is moderate. 
The organic-matter content is moderately high to 'high. 
Artificial drainage is needed, and tile drains function well. 
Erosion is not a hazard. This soil generally occurs on the 
narrow rims of depressions that are occupied by the Glen
coe or Okoboji soils or by Muck. 

Most of this soil is used for crops. It is suited to corn, 
soybeans, and oats and to legumes, grasses, and most other 
pasture plants. If it is adequately fertilized, this soil can 
be used for row crops much of the time. Without fertilizer, 
the growth o:f corn on this soil commonly is poorer than 
it is on adjacent soils. 

This soil is low in available nitrogen, very low in avail
able phosphorus, and very low or low in available potas
sium. Low availability of these nutrients is caused by the 
high content of lime and poor drainage. L arge amounts 
of phosphate are needed where this soil is nnder intensive 
row cropping. Nitrogen is especially needed for corn that 
does not follow a legume. Lime is not needed, but leg1,m1es 
respond well to phosphate. Because this soil is deficient 
in iron, the lea Yes of soybeans commonly turn yellow when 
the plants are only a few inches high. This deficiency can 
be overcome by spraying the leaves repeatedly with a solu
tion of ferrous sulfate. 

CAPABILITY UNIT Ilw-5 

This unit consists of nearly level, poody drained, dark
colored soils of the Marna series. These soils have a heavy 
silty clay loam or silty clay surface layer and a silty clay 
or clay subsoil. Movement of air and water through these 
soils is poor. They absorb rainwater slowly, but their avail
able moisture capacity is medium to hig11 . The water ta,ble 
commonly is high. 

These _soils generally are in poor tilth. They become 
puddled 1f ,vorked when wet, and they are cloddy and hard 
when they dry. Even where drainage is improved and they 
are worked within a favorable range of moisture content, 
these soils are seldom in good tilth. They are slow to dry 
in spring and after heavy rains. In most years w'hen rain
fall is heavy, planting is delayed. 

The soils in this unit are used mostly for row crops. Corn, 
soyben ns, grain so rghum, and oats and ihe most common 
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hay and pasture plants are suited. Undrained areas can be 
used for pasture. Although natmal fertility is high, the 
growth of plants Yaries, depending on drainage. This 
gro,rth is moderate in most years but is poor in ,Yet ones. 

These soils can be used for row crops much of the time. 
An occasional year of meadow or a green-manure crop im
proves tilth. 

Adequate drainage of these soils is difficult. Tile drains 
are only fairly e.ffective, and the 1 ines need to be spaced 
closer than those in most soils. If these soils are plowed 
in fall, tilth and workability are improved by freezing and 
thawing. In addition, the soils dry earlier in spring. 

Lime is seldom needed, because these soils arc slightly 
acid or mildly alkaline. Nitrogen and phosphate are needed 
if these soils are used intensfrely for row crops, and a 
smaller amount of potash is also needed. The calcareous 
Marna soil in this unit is more likely to be deficient in 
potassium. 

CAPABILITY UNIT IIs-1 

This unit consists of nearly level, well-drained soils in 
the ,Vadena and ,Vaukegan series that are shallow to sand 
or gravel. The 1'Tadena soils overlie sand and gravel, and 
the , Vaukegan soils overlie loamy sand or sandy loam. The 
texture generally is loam to a depth of 24 to 30 inches. 
These soi ls are medium to low in organic-matter content 
and are friable and easy to work. Permeability is moderate 
in the upper part of the profile and moderately rapid to 
very rapid in the lower part. The available moisture ca
pacity is medium, and the soils are droughty. 

The soils in this unit are generally used for cultivated 
crops. They can be used for row crops much of the time. 
They are suited to corn, soybeans, grain sorghum, and 
oats and to alfalfa, red clo,·er, and other hay and pasture 
plants. Growth of plants generally is moderate because of 
droughtiness and low fertility . Stands of corn on these 
soils should be thinner than stands on less droughty soils. 

These soils generally are slightly acid or medium acid. 
They are low in available nitrogen and phosphorus and 
low or medium in available potassium. Organic matter, 
either as barnyard manure or as crop residue, is needed in 
addition to fertilizer. Adding large amounts of fertilizer 
is not advisable, howm·er, because the soils are droughty, 
but the response of crops to moderate amounts is fairly 
good. 

CAPABILITY UNIT IIs-2 

<;Jylinc~er loam, moderately deep, is the only soil in this 
umt. It 1s nearly level, is some,vhat poorly drained, and 
orndies sand or gra Yel at a depth of 2 to 3 feet. This soil 
has a dark-colored surface layer that is friable and easy 
to work. The available moisture capacity is medium, and 
this soil _tends to be droughty in dry years. In years of 
hea,-y r amfall, ho,Tcver, some areas are sommvhat wet and 
,Yould benefit from tile chains. The organic-matter content 
is fairly high. Erosion is not a hazard. 

Most of this soil is used for crops. It is suited to corn, 
soybeans, grain sorghum, and oats, and to all hay and pas
ture plants common in the county. Growth of crops gen
erall y is moderate. 

If it is adequately fertilized and all crop residue is re
turned, this soil can be used for row crops much of the 
time. An occasional year of meadow improYes tilth and 
helps to control insects and diseases. 

This soil generally is slightly acid or medium acid. The 
available nitrogen and potassium generall y are low or 

medimn, and aTailable phosphorous generally is lo,v. For 
corn that does not follow a legume, nitrogen is needed. The 
response of corn, oats, and legumes to phosphate is good. 
Adding large amounts of fertilizer is not advisable, how
ever, because the soil is droughty. 

CAPABILITY UNIT Ille-1 

This unit consists of moderately sloping to gently roll
ing, well-drained to somewhat poorly drained soils in the 
Clarion, Everly, Guckeen, Ocheyedan, Sac, Storden, and 
Terril series. These soils have a dark colored or moderately 
dark colored surface layer that normally is friable and easy 
to work. Slopes range from 5 to 1~ percent, and most areas 
are moderately eroded. These soils generally ha,e high 
available moisture capacity. Permeability is moderate. The 
movement of air and water is generally good, except in a 
small acreage of the Guckeen soils that have la,yers of 
silty clay or clay. The orgm1ic-matter content of most of 
the soils in this unit is medium, but it is generall y low in 
some of the moderately eroded soils. 

These ~oils are used mainly for crops, but a fairly large 
acreage 1s used for perm.anent pasture. Corn, soybeans, 
grain sorghum, oats, and all hay and pasture plants com
mon in the county are suited. Growth of crops generally 
is moderate to good, but it may be poor on the moderately 
eroded soils. 

,Vhere erosion is controlled by terracing, rm, crops can 
be grown much of the time. ,Vhere only contom farming 
is used to control erosion, more close-growing crops and 
fewer row crops need to be grown. 

Because slopes are short and irregular, building ter
races on some of these soils may be difficult. In most 
places, however, terraces are best for controlling erosion. 
,Vhere cuts are made into the clayey subsoil of Guckeen 
soils, the exposed areas should be covered with topsoil and 
manure. The Terril soils are on foot slopes and in many 
places can be protected by diversion terraces. In years of 
above-average rainfall some areas of Guckeen soils are 
,mt, but artificial drainage is seldom installed. Grassed 
watenrnys are needed in many places to control nmofl'. 

The soils in this unit range from medium acid to moder
ately alkaline in reaction, but most areas are slightly acid. 
Lime is nm·er needed on the Storden soi ls and is seldom 
needed on the Clarion soi.ls; it may be needed on other soils. 
Fertilizer is needed for good grm,th of crops. The supply 
of available plant nutrients Yaries, but generally these 
soil s are lo,-v in available nitrogen and phosphorns and low 
to high in av(l,ilable potassium. The Storden soils are very 
low, howeYer, in ava.ilable nitrogen and phosphorus. Crops 
on the soils in this unit generally respond to added ferti l
izer. 11There corn does not follow a legume, nitrogen is 
needed. Phosphate is generally needed for corn. oats, and 
legumes. The moderately eroded soi.l s especially benefit 
from added barnyard manure, which improves tilth and 
adds organic matter. 

CAP ABILITY UNIT IIIe-2 

This unit consists of strongly sloping and rolling, "·ell
drained soils in the Clarion, Everly, Storden, and Terril 
series. All areas of these soils are fairly small. The surface 
layer is dark colored or moderately dark colored and 
loamy. It is friable and easy to work. Slopes range from 
5 to 15 percent, and most areas are moderately eroded. 
These soil s have high arnilable moisture capacity. Per-
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meability is moderate. The organic-matter content of most 
of these soils generally is low or n1.eclium, but in the un
eroded Terril soils it is high. The soils in this unit Yrnrm 
early in spring and can be tilled fairly soon after rains. 

Most areas of these soils are used for crops, but many 
areas are in permanent pasture. Medium fertility, fair to 
good tilth, and favorable moisture capacity make these 
soils suited to corn and oats and to alfalfa, bromegTass, 
and other hay and pasture plants. They are poorly suited 
to soybeans. 

An occasional row crop can be grown where these soils 
are farmed on the contour and terraced. Building terraces 
on some of these soils is difficult because the slopes are ir
regular and short. Grassed waten,ays need to be estab
lished or improved in some places to control runoff. 

The soils in this unit range from slightly acid to moder
ately alkaline. Lime is not needed on the Storden soils. If 
it is needed on other soils in this unit, the amount is gen
erally small. These soils are generally low in available 
nitrogen and phosphorus and low or medium in available 
potassium. A few areas are very low in available nitrogen 
and phosphorus. All crops ordinarily respond to added 
phosphate and potash, and response to phosphate on the 
Storden soils is especially good. For corn that does not fol
low a legume, nitrogen is generally needed. All soils in this 
unit benefit from added manure, especially the Storden 
soils. Manure adds organic matter and improves tilth. 

CAP ABILITY UNIT Ille-3 

This unit consists of gently sloping and moderately 
sloping soils. These soils are in the Dickinson and Wadena 
series. Wadena soils are underlain by sand and gravel at a 
depth of 24 to 36 inches. The Dickinson soils are also under
lain by sand and gravel, but at a depth generally more 
tha.n 50 inches. These soils have a dark colored or moder
ately dark colored, loamy surface layer that is generally 
friable and easy to work. Slopes range from 2 to 9 percent, 
and some areas are moderately eroded. Permeability is 
moderate to moderately rapid in the upper part of the 
profile and moderately rapid to very rapid in the lower 
part. These soils absorb water readily, but because they 
cannot hold enough for good plant growth they are 
droughty. They are low to medium in organic-matter con
tent and low in plant nutrients. All soils in this tmit are 
susceptible to erosion, but the soils that have slopes of 5 
to D percent are especially susceptible. 

The soil s of this tmit are used mainly for crops, but a 
few areas arc in permanent pasture. They are suited to 
com, grain sorghum, and small grains and to alfalfa, 
bromegrass, and other hay and pasture plants. Growth 
of crops is generally poor to moderate, and even in years 
,.._hen rainfall is above anrage, it is not good. "\Vlrnre these 
so il s are used for row crops, terracing or contour farming 
is needed to control erosion and conserve moisture. Inter
racing, deep cuts ought to be avoided because the underly
ing material has low available moisture capacity. Most 
areas of these soils are so small that they arc managed in 
the same way as larger areas of sunounding soils. 

"\iVhere they are terraced, these soils can be row cropped 
much of the time . .. Where only contour farming is used 
to control erosion, more close-gro,ving crops and fewer 
row crops are needed. 

The soils in this unit arc slightly acid or medium acid. 
They arc generally low in antilable nitrogen and phos-

phorus, medium in potassium, and all these plant nutrients 
need to be added for satisfactory growth of crops. Adding 
large amounts is not generally economical, however, be
cause the soils are droughty, but the response of crops to 
moderate amounts is good. Adding barnyard manure in
creases the organic-matter content of these soils and im
proves tilth and fertility . All crop residue should be 
returned to the soils. 

CAPABILITY UNIT Ille-4 

This unit consists of o-ently sloping and moderately 
sloping sandy and gravelly soils in the Dickinson and 
SalidK series. The surface layer is moderately dark colored 
or dark colored. Salida soils are gravelly and somewhat 
difficult to till; Dickinson soils are sandy, friable, and easy 
to till. Slopes range from 2 to 9 percent. These soils have 
low available moisture capacity and are droughty. They 
absorb water rapidly but do not store much for plants. 
They are low in organic-matter content and in plant nutri
ents. Soil blowing is commonly severe, and erosion by 
water is a hazard, especially in the more sloping areas. 

Most areas of these soils are used for crops, but some 
are in permanent pasture. Although these soils aro 
droughty and have low fertility, they can be used for corn, 
soybeans, grain sorghum, and oats, and for alfalfa, brome
grass, and other hay and pasture plants. Corn is generally 
more profitable than soybeans. A thinner stand of corn is 
needed on these soils than on less droughty soils. "\Vhere 
row crops are grown, contour farming or terracing is 
needed. In building terraces on the Dickinson soil s, deep 
cuts are to be avoided because the sandy underlying ma
terial is Yery droughty and has low fertility. 

"\Vhere erosion 1s controlled, the Dickinson soils can be 
used for row crops much of the time. Because the Salida 
soils have so much gravel in the underlying layer, tilling 
these soils on the contour is preferable to terracing them. 
They can be used for row crops part of the time, but be
cause of difficulty in tilling and poor plant growth, many 
farmers prefer to leave the Salida soils in hay or pasture 
most of the time. 

The Dickinson soils are generally slightly acid or 
medium acid, and the Salida soils are generally calcareous 
at or near the surface. Lime is generally needed on the 
Dickinson soils, but it is not needed on the Salida soils. 
All the soils in this unit are very low or low in arnila,ble 
nitrogen and phosphorus and ]ow or medium in axailable 
potassium. Because these soils are droughty, adding large 
amounts of fertilizer is not economical, but crops respo11d 
,Yell to small amounts. In some places soil blowing is a 
hazard, and sand blown against young plants damages 
them. Crop residue left on the surface helps to reduce 
blowing. Adding barnyard manure improrns tilth and fer
tility and increases the organic-matter content. 

CAPABILITY UNIT lllw-1 

This unit consists of poorly drained or ,~ery poorly 
drained soi.ls in the Glencoe, Okoboji, Rolfe, Spen-:v, and 
Wacousta series. These soils are in potholes, or landlocked 
depressions, that collect water, and they are frequently 
ponded in spring or after heavy rains. The surface layer 
of the Glencoe and Okoboji soils i.s thick and very black, 
but that of the other soils is thinner. The Sperry and Rolfe 
soils ha Ye a leached subsurface layer that grades to a clayey 
subsoil. This clayey subsoil is slowly or Yery slo,Yly perme-



60 SOIL SURVEY 

The ,vildlife of Clay County pro ,·ide many opportuni
ties for recreation. Many kinds of "ildlife are also bene
ficial because they eat harmful insects and rodents. Many 
kinds of birds erut insects; ha,,ks, owls, and other avian 
predators help keep the number of rodents tolerable; and 
shrews, skunks, foxes, and snakes also feed on rodents. 

Pheasant, Hungarian partridge, cottontail rabbit, jack
rabbit, squirrel, and deer are the gam.e species that prm·ide 
much of the hunting in the county. The distribution of 
pheasants, partridges, and rabbi.ts is fairly uniform 
throughout the county. The Marcus and Primghar soils in 
soil association 3, hm,ever, are used intensively for row 
crops, and the coYer needed for shelter and nesting is lim
ited. Cover is someYdiat limited in the nearly level areas of 
the otl1er soil associations. Squirrels and deer occur in 
greatest numbers in soil association 7, "-hi.ch consists 
mainly of Storden and Clarion soils, and in association 6, 
which consists of Colo, Spillville, and , Vabash soils and 
Alluvial land. In these associations the kinds of trees, food 
supply, and cover favor these animals. Opossums, raccoons, 
weasels, badgers, foxes, and skunks occur in yariable num
bers throughout the county. 

Soi l associati.on 1 is most favorable for muskrats and 
minks, though these animals inhabit areas of Marsh and 
are along the streams and drainage ditches thrnughout the 
county (fig. 12). The Clarion, ,Vebster, and Nicollet are 
the major soils in this association, but Canisteo and Stor
den soils also occur. Many of the drainage d itches in th.is 
association se1Te as outlets for tile drainage systems and 
provide water most, if not all, of the year. 

The many small, shallo"· lakes and marshes in soil , 
sociation 1 include Dan Green Slough, Barringer Sloug 
Trumbull Lake, Mud Lake, Rotmd Lake, Elk Lake, ru 
parts of Lost I sland Lake and Pickerel Lake. Also in tl 
association are many smaller undrained depressions th 
support marsh vegetation and that hold water part, if n 
all, of the year. These areas are used by muskrats ai 

minks and are also used intensively by migrating "·at€ 
fowl for feeding and nesting. Mallard, teal, and other due 
nest and raise their young in these areas. 

The Little Sioux River and Lost Island and Trumb1 
Lakes provide sport fishing. A few farm ponds have be1 
stocked with fish. Farm ponds provide excellent fishing 
prope~·ly managed. The Storden soils provide _good c_o 
struct10n material for ponds, aJ.1d frequently smtable sit 
are available. The Clarion, Everly, and many otl1er soi 
also provide suitable material but seldom have good sit 
for ponds. Soil associations 1, 2, and 7 have more good sit 
than the other associations, though suitable sites and 111: 
terial occur in some of tl1e others. 

The soils, topography, and vegetation favor the deYeloJ 
rnent of faci li ties for many kinds of recreation in Ch 
County. Many areas that are of little value for far:min§o- c2 

be used for developing these facilities. In w· anata ta 
Park, near Peterson, the steep Clarion soils provide hikin 
nature study, and bridle trails. The adjacent Terril soi 
on foot slopes provide sites for picnicking. Other dernloJ 
ments that have been made recently on these and simili 
soils include facilities for winter sports and for moto 
cycle racing. In soil association 1 several marshy areas hai 
been developed as wildli.fe refuges and as public shootin 
areas. Many other areas are suitable for deYeloping thei 
refuges and selling shooting rights. 

Many areas that cannot be used for crops are well suite 
to the production of useful wildlife. On most farms a1 
odd areas that can be developed as habitat for wildlif 
The Salida, Storden, or Clarion soils are most likely t 
have areas of this kind. Also suitable as wildlife habiu 
are small, steep, eroded, or gravelly parts of croplanc 
gravel pits; railroad rights-of-way; or tracts _of lan~ m 
off from. the rest of a field by a stream or dramage d1tcl 
Even on soils that are suitable for use as cropland, wildli1 
can be produced as a secondary source of income or fc 
recreation. 

Use of Soils for Woodland 
Only a small percentage of Clay County is wooded. Mo~ 

areas of woodland border the Little Sioux River, but 
few small woodlots are on farms. Trees and shrubs ar 
commonly planted around farmsteads. They are generall: 
planted to provide protection from wind or in landscap 
gardening. 

Most of the wooded areas produce little merchantabl 
timber. Much of the woodland in the county is graze1 
and is managed primarily as pasture. In steep areas tree 
are generally left, but where these areas adjoin pasture th 
trees have little more use than as shade for livestock o 
as wildlife habitat. 

The am01mt of woodland in the county has change< 
little in recent years. Some woodland, mostly aloni 
streams, has been cleared for use as cropland. 1iV oocllot: 

Figure 12.-Muskrat houses in an area of Marsh. Marsh provides of vacant farmsteads generally are cleared, the building: 
a natural habitat for waterfowl and other wetland wildlife. are removed, and the areas are used as cropland. 
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The small demand for timber of the quality and volume 
produced in the county accounts for the lack of interest 
in , .. rnocUand. The chief concern of farmers is in planting 
trees and shrubs for windbreaks. Technical assistance 
in managing woodland and planting for windbreaks 
is available to landowners through the local office of the 
Soil Conservation Service and from the State Conserva
tion Commission. 

Forest types 
The forest types in Clay County occur in two kinds 

of natural l1andscape. One is in the gently rolling to steep 
uplands, and the other is on the nearly level bottom lands. 

Oalc-hicko1'Y type.-This type occurs on gently rolling 
to steep uplands, chiefly along the Little Sioux River 
in the southern part of the county. It is mainly on steep 
breaks from the uplands to the bottom lands. The stand 
is gro-wing mainly on Clarion soils that have a fine-tex
tured subsoil and on the Storden soils. It also is on nearly 
level areas of the Ladoga soils and small, nearly level to 
gently sloping areas of the Galva, Sac, and Nicollet soils. 
These nearly level to gently sloping soils are generally 
adjacent to steeper ones. A large percentage of this type 
of woodland is on north- and east-facing slopes. Oak and 
hickory dominate in the stand, but white elm, red elm, 
basswood, hackberry, wild black cherry, and green ash 
also occur. The species of oak are mainly bur oak and some 
white oak and northern red oak. The species of hickory are 
the shagbark and bitternut. 

Soft maple-e7Jrn-cottonwood type.-This type occurs 011 

nearly level bottom lands, mainly on Alluvial land or on 
the Colo soils. It is mostly along the Little Sioux River, 
but areas also occur in the lower reaches of the larger 
tributaries. The stand consists mainly of elm, soft maple, 
and cottonwood, but willow, oak, hickory, green ash, and 
black walnut occur in places. vVillow and cottonwood 
generally are near the streams that overflow frequently 
and cause prolonged wetness. 

Planting suitability groups 
The soils in Clay County have been placed in four 

groups according to their suitability for planting trees 
in woodlands, in windbreaks, and for Christmas trees. 
Hardwoods generally grow poorly on old fields that 
formerly were cultivated, severely eroded soils, or soils 
depleted of fertility. Pines grow better on these poor sites. 
Plantings for wildlife habitat should include plants that 
provide both food and cover. Trees and shrubs in plantings 
for wildlife habitat generally are not suitable on soils that 
are flooded regularly. The four groups are described in 
the fo]lowing paragraphs, and the trees suitable for plant
ing are listed. To determine the kinds of trees that are 
suitable for each purpose, the reader should refer to local 
and State literature. Because it is not suitable for "-ood
land, Marsh was not placed in a planting suitability group. 

PLANTING SUITABILITY GROUP 1 

This group includes soils on uplands that range from 
nearly level to steep. Some of these soils are on benches 
and foot slopes, but they have characterist ics similar to 
those of soils on uplands. The soils in this group are 
mainly deep, medium textured or moclenitcly fine tex
tured, and moderately to moderately slowly permeable. 
The Guckeen soils, however, are fine textured in some 

layers and are moderately slowly or slowly per~eable. 
The soils in this group are the most favorable m _the 

county for the growth of trees. They are the Clarion, 
Cylinder loam, deep, Everly, Fostoria, Galva, Guckeen, 
Ladoga, Nicollet, Ocheyedan, Primghar, Sac, Storden, 
Terril, and vVadena loam, deep, soils. 

Trees suitable for planting where slopes are less than 
14 percent and on north-facing and east-facing slopes of 
more than 14 percent are green ash, hackberry, cotton
,vood, red oak, white oak, black walnut, Scotch pine, 
Austrian pine, European larch, Douglas-fir, basswood, 
hard maple, eastern redcedar, eastern white pine, ponder
osa pine, and Norway spruce. Some of the Storden and 
Clarion soils have west- and south-facing slopes of more 
than 14 percent. Trees suitable for planting on these slopes 
are limited to hackberry, cottonwood, green ash, pon
derosa pine, Austrian pine, Scotch pine, and eastern red
cedar. 

PLANTING SUITABILITY GROUP 2 

The soils in this group are nearly level and are naturally 
poorly drained or very poorly drained. They are mainly 
deep, moderately fine textured, and moderately slowly per
meable, but the Marna soils are fine textured and slowly 
permeable. 

The soils in this group are the Afton, Biscay, Canisteo, 
Glencoe, Harps, Marcus, Marna, Muck, Okoboji, Rolfe, 
Sperry, Talcot, Tripoli, Wacousta, and Webster soils. 

Trees suitable for planting on the soils in this group are 
green ash, haclrberry, cottonwood, soft maple, eastern red
cedar, European larch, Norway spruce, and Scotch pine. 
Muck is very poorly drained and resembles some of the 
soils in this group in some other characteristics. Cotton
wood and willow are suitable for planting on Muck. 

PLANTING SUITABILITY GROUP 3 

The soils in this group are mainly medium textured or 
moderately coarse textured to a depth of about 24 to 30 
inches and overlie sand, gravel, or mixed sand and -~ravel. 
They are the Dickinson, Hagener, and Salida soils; the 
moderately deep Cylinder, Wadena, and vVaukegan loams; 
and Sandy lake beaches. The Salida and Hagener soils and 
Sandy lake beaches are not so deep to coarse material. The 
soils in this group dominantly have slopes of less than 14 
percent, but the Salida soils are steeper in places. 

Trees suitable for planting on the soils in this group are 
red oak, white oak, green ash, hackberry, cottonwood, east
ern white pine, red pine, Scotch pine, eastern redcedar, 
Norway spruce, European larch, and Douglas-fir. 

PLANTING SUITABILITY GROUP 4 

The soils in this group vary widely in texture and per
meability. They are nearly level soils on bottom lands, 
and all receive water in addition to rainwater, either as 
overflow from streams or as runoff. In this group are the 
Calco, Colo, Spillville, and vVabash soils, and Alluvial 
land, channeled, a land type that is similar to these soils. 

Trees suitable for planting on the soils of this group are 
cottonwood, hackberry, green ash, and soft maple. 

Use of Soils for Engineering 
Some soil properties are of special interest to engineers 

because they affect the construction and maintenance of 
roads, airports, pipelines, facilities for storing water, ero-
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sion control stl'uctul'es, irrigation systems, drainage sys
tems, building :foundations, and sewa.ge disposal systems. 
The properties most important are permeability to water, 
shear strength, compaction characteristics, soil drainage, 
shrink-sw·ell potential, grain size, plasticity, and pH. Depth 
to the water table, depth to bedrock, and topography also 
are important. 

of agricultural drainage systems, farm. ponds, ir
rigation systems, terraces, waterways, and 
diversion terraces. 

3. Make preliminary evaluations of soil and ground 
conditions that will aid in selecting highway and 
airport locations and in planning detailed inves
tigations at the selected locations. 

The information in this soil survey can be used by 
engineers to-

4. Locate probruble sources of gravel, sand, or other 
construction materials. 

1. Make soil and land use studies that will aid in 
selecting and developing industrial, business, 
residential, and recreational sites. 

5. Correlate performance of engineering structures 
with soil mapping units to develop information 
for planning that will be useful in designing and 
maintaining specified engineering practices and 
structures. 

2. Make preliminary estimates of the engineering 
properties of soils that will help in the planning 

TABLE 3.-Estimated engineering 

Soil series and map symbol 

Afton (Af). 

Alluvial land, channeled (Au).1 

Biscay, deep (Bs) . 

Calco (Ca). 

Canisteo (Ce). 

Canisteo, gypsic variant (Cg). 

Clarion: 
Loa m (CIB , CIC2 , CID2, CmC2, CmO2). 

(For properties of Storden so ils in 
mapping units CmC2 and Cm 02, 
refer to the Storden series.) 

Loam, heavy subsoil variant (CIF). 

Colo (Co, Co B, Cs, CtB , CtC). 
(For properties of Terril soils in map

ping units CtB and CtC , refer to the 
Terril series.) 

Cylinder, deep (Cu). 

Cylinder, moderately deep (Cy). 

See footnote at end of table. 

Depth 
from 

surface 

Inches 
0- 26 

26- ,51 
51- 65 

0- 11 
11- 40 
40-48 

0-36 
36- 50 

0- 19 
19-39 
39- 48 

0- 26 
26- 32 
32- 48 

0- 14 
14- 34 
34- 48 

0- 12 
12-33 
33- 52 

0-36 
36-52 

0-15 
15-38 
38-50 

0- 18 
18-28 
28-58 

Classification 

USDA textures I Unified 

Silty clay loam _______________ _I 
Silty clay loam _______________ _ 
Clay loam ___________________ _ 

OH or CH 
CH 
CH to CL 

Silty clay loam ________________ CL to OH 
Clay loam and heavy loam ___ _ _ CL 
Sand and gravel_ ______________ SP- SM 

Silty clay loam ________________ OL or CH 
Clay loam ____________________ CL 

Silty clay loam ________________ OH to CL 
Silty clay loam ________________ CL 
Loam ________________________ CL 

Silty clay loam ________________ , OH to CL 
Silty clay loam ________________ CL 
Clay loam____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ CL 

Loam _______________________ -1 CL 
Clay loam____________________ CL 
Loam ________________________ CL 

Loam ________________________ ML- CL or CL 
Clay loam____________________ CL 
Clay loam ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ CL 

Silty clay loam ________________ OL or CH 
Silty clay loam ________________ CH 

Loam ________________________ ML- CL 
Loam _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ CL 
Sand and gravel_ ______________ SP-SM 

Loam ________________________ CL or ML- CL 
Loam to clay loam ____________ SC to CL 
Sand and gravel_______________ SP-SM 

AASHO 

A- 7- 6 or A- 7- 5 
A- 7- 6 
A- 6 or A- 7- 6 

A- 7- 6 or A- 7- 5 
A- 6 or A- 7- 6 
A- 1 or A-2 

A- 7- 6 or A- 7-5 
A- 7- 6 

A- 7- 6 or A- 7- 5 
A- 6 or A- 7- 6 
A- 6 or A- 7-6 

A- 7- 6 or A- 7- 5 
A- 6 or A- 7- 6 
A- 6 or A- 7- 6 

A- 4 or A-6 
A-6 
A- 6 

A-4 to A- 6 
A- 6 to A- 7- 6 
A-6 

A- 7- 6 
A- 7- 6 

A-4 or A-6 
A- 4 or A-6 
A- 1 or A- 2 

A-4 to A- 6 
A- 6 
A- 1 or A-2 
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6. Determine the suitability of soil mapping units 
for cross-country movement of vehicles and 
construction equipment. 

7. Supplement information obtained from other pub
li shed maps and reports and ,terial photographs 
to make maps and reports that can be used readily 
by engineers. 

8. Dc,·elop other preliminary estimates for construc
tion purposes pertinent to the particular area. 

The engineering interpretations repo rted here can be 
useful for many purposes. It should be emphasized, how
ever, that they may not eliminate the need for sampling 
and testing at the site of specific engineering works that 
involve heaYy loads or where the excavations are deeper 
than the depth of the layers reported. Even in these situ-

properties of soils 

Pe rcentage passing sieve- I Permeability 

No. 4 I No. JO I No. 200 I 
Inches per hour 

------------ -- 100 90- 98 0. 2- 0. 8 
-------------- l 00 90-98 0. 2- 0. 8 

100 95- 100 60- 80 0. 2- 0.8 

--------- - ---- 100 75- 85 0. 8- 2. 5 
100 95- 100 7,5- 85 0. 2- 0. 8 

70- 90 65-75 3- 15 > IO 

-- --------- - -- 100 80-90 0. 2-0. 8 
--- ---------- - 100 70- 80 0. 2- 0. 8 

l 00 95-100 70-90 0. 8- 2. 5 
100 95- 100 60- 80 0. 2- 0. 8 
100 95- 100 60- 80 0. 2- 0. 8 

JOO 95- 100 70- 90 0. 8- 2. 5 
100 95- 100 60-80 0. 2- 0. 8 
100 95- 100 60-80 0. 2- 0. 8 

98- 100 96- 100 60- 80 o. 8- 2. 5 
94- 99 88- 98 55-75 o. 8- 2. 5 
94-99 85-95 55- 75 0. 8- 2. 5 

98- 100 95-100 60- 80 o. 8- 2 .. 5 
98-100 90-98 60- 80 0. 8- 2. 5 
93-100 90- 98 60- 80 0. 8- 2. 5 

- ------------- 100 80-90 0. 2- 0. 8 
- - ---- -------- 100 75- 90 0. 2- 0. 8 

100 95- 100 60- 70 o. 8-2. 5 
100 95- 100 5-5- 65 0. 8- 2. 5 

70-90 3.5- 45 3- 20 > IO 

100 9:3- 100 5,'J- 70 o. 8- 2 .. 5 
98- 100 90- 100 4,5- 60 0. 8- 2. 5 
70-90 60- 80 3- 10 > IO 

29:;- !l!):3- G9--;j 

ations, ho-wever, the soil map is useful for planning more 
detailed field investlgations and for suggesting the kinds 
of problems that may be expected. 

Information regarding the behavior and properties of 
the soils in Clay County can be obtained from the detailed 
soil map at the back of the survey and from tables 3, 4, 
and 5 in this section. The information in the tables was 
obtained and evaluated from field experience, field per
formance, and the result of tests such as tha:t shown in table 
5. The data contained in table 5, and other assistance 
as well, were furnished by the Iowa State Highway 
Commission. 

Some terms used by the soil scientist may have special 
meaning in soil science and may be unfamiliar or have 
a different 1neaning to engineers. Many of these terms are 
defined in the Glossary at the back of this survey. 

Avail able 
wate r Reaction Shrink-swell potential 
capacity 

Inches per inch of soil vI-I value 
o. 21 6. 6- 7. 3 High . 
. 19 7. 4- 7. 8 High. 
. 16 7. 8-8. 4 Moderate to high. 

. 21 6. 6- 7. 3 Moderate to high. 

. 17 6. 6- 8. 4 Moderate to high. 

. 02 7. 4-8. 4 Low. 

. 21 7. 4-8. 4 High. 

. 18 7. 4-7. 8 Moderate to high. 

. 21 7. 9- 8. 4 :Moderate to high. 

. 17 7. 9- 8. 4 l\Ioderate to high. 

. 17 7. 9- 8. 4 :.\Ioderate. 

. 21 7. 4- 7. 8 l\[oderate to high. 

. 17 7. 9- 8. 4 Moderate to high. 

. 17 7. 9- 8. 4 Moderate. 

. 19 6. 1- 6. 5 Moderate . 

. 17 6. 6- 7. 3 Moderate. 

. 16 7. 9- 8. 4 Moderate. 

. 21 5. 6- 6. 5 Moderate. 

. 17 5. 6- 6. :3 :i\[oderate to high. 

. 16 7. 9- 8. 4 Moderate . 

. 21 6. 6- 7. 3 High . 

. 19 6. 6- 7. 3 High. 

. 18 6. 1- 6. 5 Moderate. 

. 16 6. 1- 7. 3 Moderate. 

. 03 6. 6- 8.4 Low. 

. 18 6. 1- 6. 5 Moderate. 

. 16 6. 6- 7. 3 l\ [oderatc. 

. 03 6. 6- 8. 4 Low . 
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Soil series and map symbol 

Dick inson: 
F ine sanely loam (DcA, DcB, DcC2). 

Fine sandy loam, benches (Dk A, DkB, 
DkC2, DkD2, DkE2). 

Loam (DIA, DIB). 

Everly (EcB, EcC2, Es D2). 

Fostoria: 

(For properties of Storden soil in map
ping unit Es 02, refer to t he Storden 
series.) 

Clay loam (Fo). 

Loam ( Fs) . 

Galva: 
Silty clay loam (GaA). 

Sil ty clay loam, benches ( G bA). 

Glencoe: 
Silty clay loam (Ge). 

Silty clay loam, gravelly s ubstratum (Gg). 

Guckeen: 
Sil ty clay loam (Gk A, GkB, GkC2). 

Clay loam, silty clay substratum (Gu A, 
GuB). 

Hagener ( H aC2). 

H a rps ( Hr). 

Ladoga ( LaA). 

Sec footnote at end of tabl e. 

Depth 
from 

surface 

Inches 
0-7 
7-20 

20-60 

0- 6 
6- 30 

30-60 

0-14 
14- 30 
30- 45 

0- 12 
12-26 
26- 60 

0- 14 
14- 29 
29-46 
46- 53 

0- 19 
19-34 
34-50 

0- 12 
12-39 
39- 57 

0- 12 
12-48 
48-55 

55- 60 

0- 25 
25- 46 

0- 7 

7-43 

43- 60 

0- 6 
6-28 

28- 36 
36- 50 

0- 16 
16- 34 
34- 60 

0-13 
13- 48 

0- 14 
14- 24 
24- 50 

0- 14 
14- 36 
36- 48 

SOIL SURVEY 

T ABLE 3.-Estimated engineering 

Classification 

USDA textures Unified 

Fine sandy loam ______________ SM- SC or SC 
Sandy loam ___________________ SM to SC 
Loamy sand _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ SM 

Fine sandy loam ______________ SlVI- SC 
Sandy loam ___________________ SM-SC or SC 
Loamy sand __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ S~I 

Loam_ ____________________ ___ ~IL to CL or S~I 
Fine sandy loam _ _ _ _ _ _ _ _ _ _ _ _ _ S~I to SC 
Loamy sand _________________ _ S~I 

Clay loam ____________________ j\IL- CL 
Clay loam__ __________________ CL 
Loam___ _ _ _ _ _ _ _ _ _ _ _ _ _ CL 

Clay loa m _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ C L 
Clay loa m ____________________ CL 
Sandy clay loam _______________ SC 
Sanely loam or san ely clay loam _ S~I or S '.\I-SC 

Loam ________________________ j\IL or CL 
Loam ________________________ ML or CL 
Silt loam __ __ ________ _________ i\IL-CL or CL 

Sil ty clay loam ________________ ! i\ IL or ~IL-CL 
Sil ty clay loam _____ ___________ i\IL-CL 
Sil t loa m ____________________ ML- CL 

Silty clay loa m _______ ________ _ 
Silty clay loa m _______________ _ 
Sanely loam mixed with some 

gravel. 
Sand and gravel_ _____________ _ 

ML or ML-CL 
ML-CL 
SP-Si\I or SM 

SP-Si\I 

Sil ty clay loam __________ __ ____ OH to CH 
Sil ty clay loam ________________ CH to CL 

Sil ty clay loam ________________ CL to OH 

Clay loa m ____________________ CL 

Sand and gravel_ ______________ SP-S~I 

Sil ty clay loam ________________ CL to CH 
Sil ty clay _____________________ CH 
Silty clay loam ________________ CL to CH 
Loam and sil t loam _____ _______ CL 

Clay loam ____________________ , CL to CH 
Si lty clay _____________________ CH 
Sil ty clay _____________________ CH 

Loamy sand _________ _____ ___ Si\I 
Sand ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ SP 

Loam _______________________ _ 
Clay loam ___________________ _ 
Loam _______________________ _ 

OL to CL 
CL 
CL to i\lL 

Sil t loam ___________________ I i\IL or ~IL- CL 
Si lty clay loam ________________ ~IL- CL 
Silty clay loam ________________ ?lfL- CL 

AASHO 

A- 4 or A- 2 
A-4 
A-2-4 

A- 4 or A-2 
A- 4 
A- 2- 4 

A- 4 or A- 6 
A- 4 
A- 2- 4 

A- 6 
A- 6 to A- 7- 6 
A- 6 to A- 7- 6 

A- 6 
A- 6 
A- 6 
A-2-4 to A-4 

A- 4 or A-6 
A-6 
A- 6 to A- 7- 6 

A- 7-6 or A- 7-5 
A- 7- 6 
A-6 to A- 7- 6 

A- 7- 6 or A-7- 5 
A- 7- 6 
A- 2 

A- 1 or A-2 

A-7- 6 or A-7- 5 
A- 7- 6 or A- 7- 5 

A- 6, A- 7- 6, or 
A- 7- 5 

A- 6, A- 7- 6 or 
A- 7- 5 

A- 1 or A- 2 

A- 7- 6 
A- 7- 6 
A- 7- 6 
A- 6 

A- 6 or A- 7- 6 
A- 7- 6 
A-7- 6 

A- 2 
A- 3 

A- 6 or A- 7- 6 
A- 6 or A- 7- 6 
A- 6 

A-6 or A- 7-6 
A- 7- 6 
A- 7- 6 
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properties of soils-Continued 

Percentage passing sieve- Available 
Permeability water Reaction Shrink-swell pote_ntial 

No. 4 No. 10 No. 200 
capacity 

Inches ver ho1tr Inches ver inch of soil 11H va!1le 
---- ---------- JOO 35- 45 2. 5-5. 0 . 10 6. 1- 6. 5 Low. 
----- --------- 100 35- 50 2. 5- 5. 0 . 06 6. 1- 6. 5 Low. 
-------------- 100 15-30 5. 0- 10. 0 . 06 6. 1- 6. 5 Low. 

100 96- 100 35- -!-5 2. 5---5. 0 . 10 6. 1- G. 5 Low. 
100 96- 100 35- 50 2. 5- 5. 0 . 06 6. 1- 6. 5 Low. 
100 96- 100 15---30 5. 0-10. 0 . 0-! 6. 1-6. 5 Low. 

-- - -- -------- 100 50- 60 0. 8- 2. 5 . 16 5. 6- 6. 0 Moderate. 
-- ----------- 100 35-50 2. 5- 5. 0 . 13 5. 6- 6. 0 Low. 

100 98- 100 15-30 5. 0- 10. 0 . 05 5. 6- 6. 0 Low. 

100 95- 100 65- 80 0. 8- 2. 5 . 21 5. 6- 6. 0 l\i[oder!lte. 
98- 100 95-100 70- 90 0. 8- 2. 5 . 18 5. 6- 6. 5 Moderate . 
90- 100 85- 95 65- 80 0. 8- 2. 5 . 16 7. 8-8. 4 Moderate. 

100 98-100 65---85 0. 8- 2. 5 . 20 5. 6---6. 0 Moderat,e. 
100 98- 100 65---80 0. 8-2. 5 . 17 5. 6- 6. 0 j\ [oderate. 
100 95- 99 35- 55 0. 8- 2. 5 . 13 5. 6- 6. 0 Moderate to low. 
100 95- 99 20- 40 2. 5- 5. 0 . 06 5. 6---6. 0 Low. 

100 98- 100 65- 85 0. 8- 2. 5 . 19 6. 6- 7. 3 Moderate. 
100 98- 100 60- 80 0. 8- 2. 5 . 17 6. 6- 7. 8 Moderate. 

--- -- -------- 100 75- 95 0. S- 2. 5 . 18 7. 9- 8. 4 Moderate. 

--·- -------- - 100 90- 98 0. 8- 2. 5 . 21 6. 1- 6. 5 Moderate to high. 
------------- 100 90- 98 0. 8- 2. !'i . 19 6. 1- 6. 5 Mod<'rate t-o high. 
- ---- ------ - 100 90- 95 0. 8- 2. ,5 . 18 6. 6- 7. 3 Moderate. 

---- - --·------ 100 90- 98 0. 8- 2. 5 . 21 5. 6---6. 0 Moderate to high. 
-- - -- -------- 100 ,-!7-97 o. 8- 2. r, . l!l 6. 0- 6. 5 Moderate to high. 

75- 95 35-45 10- 2,5 0. 8- 2. 5 . 06 6. 1- 6. 5 Low. 

70- 90 35-45 3-15 0. 8-2. 5 . 02 6. 6---7. 3 Low. 

-------------- 100 80- 90 o. 2- 0. 8 . 21 6. 6- 7. 8 High. 
-------------- 100 80-90 0. 2- 0. 8 . 19 6. 6- 8. 4 High . 

---------- -- - 100 7.5- 85 o. 2- 0. 8 . 21 6. 6- 7. 3 Moderate to high. 

100 95- 100 7,5- 85 0. 2- 0. 8 . 17 6. 6- 7. 3 Moderate to high . 

70- 90 65- 75 5- 25 > 10 . 0-! 6. 6- 7. 8 Low. 

l 00 98- 100 80- 90 0. 8- 2. 5 . 2] 6. 1- 6. 5 Moderate to h igh. 
-------- ----- 100 90- 100 0. 05---0. 2 . ]7 6. 5- 7. 0 H igh. 
---------- - - 100 90- 100 0. 2- 0. 8 . 19 7. 9- 8. -} Moderate to high. 

100 98-100 60-80 o. 8- 2. 5 . 16 7. 9- 8. 4 Moderate. 

-------------- 100 6Fi- 85 0. 8- 2. 5 . 18 6. 6- 7. 3 Moderate to high . 
-------------- 100 85- 100 < O. Q.5 . 17 6. 6- 8. 4 High. 
-------------- 100 8.5- 100 < O. 05 . 16 7. 9- 8. 4 H igh. 

-------------- 100 10-20 5. 0-10. 0 . 06 5. 6- 6. 5 Low. 
-------------- 100 5-15 5. 0-10. 0 . 02 6. 6- 7. 3 Low. 

100 98-100 65---80 o. 8- 2. 5 . 18 7. 9- 8. 4 Moderate to h igh. 
100 98- 100 65- 80 o. 8- 2. 5 . 17 7. 9- 8. 4 Moderate to high. 

9-5- 100 92- 100 60- 75 0. 8- 2. 5 . 16 7. 9- 8. 4 Moderate. 

- - - - - - 100 90- 98 0. 8-2. 5 . 21 6. 6- 7. 3 Moderate . 

1- --------- - -- 100 90-98 0. 8- 2. 5 . 19 6. 6- 7. 3 Moderate to high . 
100 90- 98 0. 8-2. 5 . 16 6. 6- 7. 3 :i\ loderate to high . 
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'rABLE 3.-Estimated engineering 

Dep th Classifi cation 
Soil series and map symbol from 

surface 

I USDA textures Unified AASHO 
-

Inches 
Marcus (Ma). 0- 17 Silty clay loam ________________ OH or CL-CH A- 7- 6 or A- 7-5 

17- 29 Silty clay loam ________________ CH A-7- 6 
29- 50 Silt loam _____________________ CL A- 7- 6 

Marna (Mc, Me). 0- 17 Silty clay _____________________ OH-CH A-7- 6 
17-50 Silty clay _____________________ CH A- 7- 6 

Marsh (Mh). ----------
Peat _________________________ Pt Muck 

Muck: 
l\loderately shallow (Mm) . 0-28 l\Iuck _________ ____ __________ _ P t Muck 

28-50 Silt loam to silty clay loam _____ ML-CL or CL A-7-6 

Moderately shallow, calcareous (M r) ; 0-29 l\iuck ________________________ Pt Muck 
29- 48 Mucky silt loam _______________ OL A-7-6 

Shallow (Ms). 0- 12 lVIuck ________________________ Pt Muck 
12-50 Sil ty clay loam and silt loam ____ ML to CL A- 7- 6 

Nicollet: 
Clay loam ( N c). 0- 19 Clay loam ____________________ CL A- 4 or A-6 

19- 45 Clay loam ____________________ CL A- 6 

Loam (No) . 0-14 Loam ---------------------- CL or ML-CL A-4 or A-6 
14-31 Clay loam ____________________ CL A- 6 or A- 7-6 
31- 48 Loam _____________ ___________ CL A-6 

Ocheyedan (Oc A, OcB, OcC2). 0-21 Loam _________ _______________ ML to CL A-4 or A-6 
21-34 Sandy clay loam and fine sandy SC or CL A-4 or A- 6 

loam . 
34-48 Silt loam _____________________ ML to CL A-6 

Okoboji (Ok). 0- 14 Silt loam _____________________ OH to CL A- 7-6 or A-7-5 
14- 45 Silty clay loam ________________ CH to CL A- 7- 6 or A-7-5 
45- 50 Silty clay loam ________________ CH t o CL A-7-6 

Primghar: 
Silty clay loam (Pr). 0- 16 Silty clay loam ________________ MH or CH A- 7- 6 

16-30 Silty clay loam ________________ CL or CH A-7-6 
30-47 Silt loam _____________________ ML to CL A- 7- 6 
47-84 Clay loam ____________________ CL A-6 

Silty clay loam, benches ( Ps). 0- 19 Silty clay loam ________________ MH or CH A-7-6 or A-7-5 
19-49 Sil ty clay loam ________________ CL or CH A- 7-6 
49-56 Sandy loam to loamy sand and SP-SM A- 1 or A-2 

gravel. 

Rolfe (Ro). 0-14 Sil t lo am _____________________ OH or CL A- 6 
14-28 Clay or silty clay _____________ CH A- 7- 6 
28-50 Clay loam ____________________ CL A- 6 

Sac (SaB, SaC, SaC2) . 0- 11 Silty clay loam ________________ ML or ML-CL A-7-5 or A-7-6 
11-28 Silty clay loam ________________ ML-CL A- 7- 6 
28-57 Clay loam ___________ __ __ _____ CL A-6 to A-7- 6 

Salida (SgB , SgC2 , SgD2, SgE2 , SIF2). 0- 7 Gravelly sandy loam __________ _ SM-SC or SM A-1 or A- 2 
7- 11 Loamy sand mixed with gravel__ SM A-1 or A-2 

11-44 Sand and gravel_______________ SP-SM A- 1-, A- 1-b 

Sanely loam or loamy sand ______ [ SY! or SM-SC 

or A-2 

Sanely lake beaches (Sn). 0- 11 A-2 to A-4 
11-45 Sand and gravel_ ______________ SP-SM A- 1 or A-2 



CLAY COUNTY, IOWA 67 
properties of soils-Continued 

Percentage passing sieve- Available 
Permeability water R eaction Shrink-swell potential 

No . 4 No. 10 
capacity 

No. 200 

Inches per hour Inches per inch of soil pT-l value 
-------------- 100 90-98 0. 2- 0. 8 . 21 6. 1- 6. 5 High. 
-------------- 100 90- 98 o. 2- 0. 8 . 19 6. 6- 7. 3 High . 

100 95- 100 80- 92 0. 2- 0. 8 . 17 7. 9- 8. 4 High. 

-------- ------ 100 90-100 0. 5- 0. 2 . 18 6. 6- 8. 4 High. 
-------------- 100 90-100 < o. 05 . 17 6. 6- 8. 4 High . 

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

----------- --- 100 95- 100 5. 0-10. 0 . 25 6. 6- 7. 3 Moderate . 
------------- - 100 85-95 0. 8- 2. 5 . 20 7. 4--8. 4 Moderate to high. 

--------- ----- 100 95-100 5. 0-10. 0 . 25 7. 9- 8. 4 Moderate. 
---------- - --- 100 85- 95 0. 8- 2. 5 . 20 7. 9- 8. 4 Moderate . 

-------------- -------------- 100 2. 5- 5. 0 . 25 6. 6- 7. 3 Moderate. 
-------------- 100 95- 100 0. 2-2. 5 . 20 6. 6- 8. 4 High. 

100 90- 100 65- 80 0. 8- 2. 5 . 18 6. 1- 6. 5 Modera te . 
97- 100 85- 95 60-80 0. 8- 2. 5 . 17 6. 6- 8. 4 Moderate . 

100 95---100 60-80 0. 8- 2. 5 . 19 6. 1- 7. 3 Moderate . 
100 88- 98 60-80 0. 8- 2. 5 . 17 6. 6- 7. 3 Moderate. 

95- 100 85- 95 60- 80 0. 8- 2. 5 . 16 7. 9- 8. 4 Moderate. 

100 95---100 65- 80 0. 8- 2. 5 . 19 6. 1- 7. 3 Moderate. 
100 95---100 35-55 0. 8-2. 5 . 14 6. 6- 7. 3 Moderate 

100 95- 100 75- 90 0. 8- 2. 5 . 18 7. 9- 8. 4 Moderate. 

--- ----------- 100 80- 90 0. 8- 2. 5 . 23 6. 6- 7. 3 Moderate to high. 
------------ -- 100 80- 90 o. 2- 0. 8 . 20 7. 4-7. 8 High. 
-------------- 100 75- 90 o. 2-0. 8 . 19 7. 4-8. 4 High. 

------- ------- 100 94-100 o. 8-2. 5 . 21 5. 6- 6. 0 High. 
-------------- 100 94-100 o. 8- 2. 5 . 19 6. 1- 7. 3 High. 
-------------- 100 90-100 0. 2- 0. 8 . 19 6. 6- 8. 4 High. 

96- 100 90- 97 60- 80 o. 8-2. 5 . 16 7. 9- 8. 4 Moderate to high. 

-------------- 100 90-98 0. 8- 2. 5 . 21 5. 6- 6. 5 High. 
- - ----------- - 100 85- 95 o. 2- 2. 5 . 19 6. 6- 7. 3 High. 

80- 95 60- 80 10- 25 5. 0- 10. 0 . 06 7. 4--8. 4 Low. 

100 98- 100 70- 90 o. 8- 2. 5 . 21 5. 1- 6. 0 Moderate . 
100 98- 100 70- 90 0. 05- 0. 2 . 17 6. 1- 6. 5 High. 
100 90- 100 60- 80 0. 2-0. 8 . 17 6. 6- 8. 4 Moderate. 

------------- - 100 90-98 0. 8-2. 5 . 21 5. 6- 6. 0 Moderate to high. 
-------------- 100 90-98 0. 8-2. 5 . 19 5. 6- 6. 5 Moderate to high 

97- 100 90- 97 65-80 0. 8-2. 5 . 16 7. 4--8. 4 Moderate. 

80-90 70- 80 20-30 2. 5-5. 0 .10 6. 6- 7. 3 Low. 
80- 90 70- 80 15- 25 5. 0-10. 0 . 06 6. 6- 7. 3 Low. 
75- 90 50- 70 5- 20 > IO , 03 7. 4- 8. 4 Low. 

100 98-100 20-40 2. 5- 5. 0 . 06 6. 6- 7. 8 Low. 
80- 95 70-80 5-20 > IO . 02 7. 4-7. 8 Low . 
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TABLE 3.-Estimated engineering 

Dep th Classification 
Soil series and map symbol from 

surface 
USDA textures Unified AASHO 

Inches 
Sperry (So). 0- 18 Silty clay loam ________________ OH or ML to CL A- 7- 6 or A-7-5 

18-36 Silty clay _____________________ CH A-7-6 
36-50 Silty clay loam ________________ CH A- 7- 6 

Spill ville (Sp). 0-28 Loam ________________________ OL or ML to CL A- 4 or A- 6 
28-50 Loam _________________ _______ CL A- 4 or A- 6 

Storden (St D2 , StE2, StF2, StG2). 0- 6 Loam ________________________ CL A-4 or A- 6 
6-36 Loam ________________________ CL A-6 

Talcot (Ta). 0- 19 Silty clay loam ________________ CL to OH A-7- 6 or A-7- 5 
19-34 Clay loam ____________________ CL A- 6 or A- 7- 6 
34-41 Loam ________________________ CL A- 6 or A- 7- 6 
41- 60 Sand and gravel_ ______________ SP-SM A- 1- b or A-2 

Terril (TeB, TeC, TeD). 0-30 Loam and clay loam ___________ OL or CL A-6 
30-50 Loam ________________________ CL A- 6 or A- 7-6 

Tripoli (Tr). 0- 19 Clay loam ____________________ OH to CL A-7-6 or A-7-5 
19- 52 Clay loam ____________________ CL A- 6 to A- 7-6 

Wabash (Wb). 0-36 Silty clay _____________________ OH to CH A- 7-6 
36-50 Silty clay . ____________________ CH A- 7- 6 

Wacousta (Wa). 0- 15 Silty clay loam ________ _______ _ OL or ML A- 6 to A-7- 6 
15-48 Silty clay loam ________________ CL to CH A- 6 to A-7-6 

Wadena: 
Loam, deep (WdA, WdB). 0- 12 Loam ________________________ ML to CL A-4 to A- 6 

12-38 Loam ________________________ l\IL to CL or SM A- 6 
38-50 Sand and gravel_ ________ ___ __ _ SP-SM A-1-b or A-2 

Loam, moderately deep (WmA, WmB, 0-11 Loam ________________________ ML-CL A- 4 to A-6 
WmC2, WmD2). 11- 26 Loam ________________________ SC- CL A-6 

26- 55 Sand and gravel_ ______________ SP- SM A- 1- b or A- 2 

Waukegan (WuA, WuB). 0- 11 Loam ________________________ ML- CL A- 4 or A- 6 
11- 24 Loam ________________________ ML to CL A- 4 or A-6 
24- 30 Sandy loam ___________________ SM to SM- SC A-2-4 or A-4 
30- 55 Loamy sand __________________ SM A-2- 4 

Webster (Wy). 0- 21 Silty clay loam ________________ OH to CL A- 7-6 or A- 7- 5 
21-35 Silty clay loam ________ ________ CL A- 6 or A- 7- 6 
35-50 Clay loam ____________________ CL A-6 or A-7-6 

1 Properties too variable to be estimated . 
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properties of soils- Continued 

Percentage passing sieve- Available 
Permeability water R eaction Shrink-swell potential 

capacity 
No. 4 No. 10 No. 200 

Inches v er hour Inches 11er inch of soil v ll value 
--------- -- - -- 100 90- 98 o. 8- 2. 5 . 21 6. 1- 6. 5 Moderate to high. 
-------- ------ 100 90- 98 < O. 05 . 17 6. 6- 7. 3 High. 
------ -------- 100 85- 95 0. 2- 0. 8 . 18 6. 6- 7. 3 High. 

I 100 9,5- 100 70- 85 0. 8- 2. 5 . 19 6. 6- 7. 3 Moderate . 
100 95- 100 65- 80 0. 8- 2. 5 . 17 6. 6- 7. 3 Moderate . 

95-100 85- 95 50- 70 o. 8- 2. 5 . 17 7. 9- 8. 4 Moderate . 
95-100 85-95 50- 70 0. 8- 2. 5 . 16 7. 9- 8. 4 Moderate. 

------ ------- - 100 70- 85 0. 8- 2. 5 . 21 7. 4- 8. 4 lVIoderate to high. 
100 95- 100 65- 80 0. 2- 0. 8 . 17 7. 4- 8. 4 Moderate to high. 
100 90-100 65- 80 0. 2- 0. 8 . 15 7. 9- 8. 4 Moderate to high. 

80-90 65- 75 3- 15 > 10 . 03 7. 9- 8. 4 Low. 

100 90-100 65- 80 0. 8- 2. 5 . 19 6. 1- 7. 3 Moderate . 
100 90-100 6-'i- 80 0. 8- 2. 5 . 17 6. 6- 7. 3 Moderate . 

100 95- 100 60- 80 0. 8- 2. -5 . 19 6. 1- 7. 3 Moderate to high . 
95-100 90- 98 55- 75 o. 5- 2. 0 . 17 6. 6- 8. 4 Moderate to high. 

-------- ----- - 100 90-97 < O. 05 . 18 6. 1- 7. 3 High. 
------- -- --- -- 100 85- 95 < O. 05 . 17 6. 6- 7. 3 High . 

- - -- --- - -- -- -- 100 80- 95 0. 8- 2. 5 . 23 6. 1- 7. 3 Moderate to high. 
100 98- 100 70- 90 0. 2- 0. 8 . 19 7. 9- 8. 4 High . 

98- 100 98- 100 55- 65 0. 8- 2. 5 . 18 6. 6- 7. 3 Moderate. 
98- 100 9,5- 99 40-55 0. 8- 2. 5 . 16 6. 6- 7. 3 Moderate . 
70- 90 60- 80 3- 15 > IO . 03 7. 4- 8. 4 Low. 

100 95- 100 55- 70 0. 8- 2. 5 . 17 5. 6- 6. 0 Moderate . 
98- 100 90- 100 4,5- 60 0. 8- 2. 5 . 15 5. 6- 7. 3 Moderate . 
70- 90 60- 80 3- 10 > 10 . 03 7. 4-8. 4 Low. 

---------- - -- - 100 55- 65 0. 8- 2. 5 . 17 6. 1- 6. 5 Moderate . 
------------- - 100 55- 65 o. 8- 2. 5 . 15 5. 6- 6. 0 Moderate. 

100 98- 100 20- 40 2. 5- 5. 0 . 10 5. 6- 6. 0 Low. 
100 98- 100 10- 25 5. 0-10. 0 . 05 5. 6- 6. 0 Low . 

100 95- 100 70-90 0. 8- 2. 5 . 21 6. 6- 7. 8 Moderate to high . 
100 95- 100 60-80 0. 2- 0. 8 . 17 6. 6- 8. 4 Moderate to high. 
100 95- 100 60-80 0. 2- 0. 8 . 17 7. 9- 8. 4 Moderate. 

-
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Soil series and 
map symbol 

Topsoi 

Afton (Af) _________ _i Fair_ __ _ 

Alluvial land, chan
neled (Au). 

Mostly 
poor; 
variab 

Biscay (Bs ) ________ J Fair_ __ 

Calco (Ca) __ _______ J Fair __ _ 

Canisteo (Ce , Cg) ---1 Fair_ __ 

72 

Soil se ries and 
symbol 

Topsoil 

Clarion: 
Loam (CIB, CIC2, Good ______ 

CID2, CmC2, 
CmD2). 

(For in terpre-
tations of 
Storden 
soils in 
mapping 
units CmC2 
and Cm D2, 
refer to the 
Storden 
series .) 

Loam, heavy sub- Good to 
soil variant the 
(CI F) . depth of 

the loam 
s urface 
layer. 

Colo (Co , CoB, Cs, Fair __ _____ 
CtB , CtC). 

(For inter-
pretations 
of T erril 
soils in 
m apping 
uni ts CtB 
and CtC , 
refer to t he 
T erril 
series.) . 

C~·linder: 
Deep (Cu) ______ __ Good __ ___ _ 

M oderately deep Good ___ __ _ 
(Cy) 

SOIL SURVEY 

Suitability as a source of-

Ir 
Sand Gravel Road fill 

Not su itable __ Not suitable __ Good ; good 0 ( 
bearing ca-
pacity and 
shear 
strength; 
good work-
ability; good 
compaction. 

Not sui table __ Not suitable __ Good; good G, 
bearing ca-
pacity and 
shear 
strength ; 
good work-
ability; easily 
compacted to 
high density; 
moderate 
shrink-swell 
potentia l. 

Not sui table __ Not sui table __ Ver~· poor ; poor Pc 
h0aring ca-
pacit~· a nd 
shear 
str0ngth ; 
seaso nal high 
water table; 
high com-
pressibilit_v: 
rich in or-
ganic matter 
to a dep th of 
abo ut 3 feet 
or more. 

Sui table be- Suitable be- Fair to a depth Pc 
low a low a of 3 feet, 
depth of 3 depth of 3 goo d to ex-
feet; mixed feet ; gen er- c0llcnt below; 
sand and allv mixed goo d bearing 
gravel. san d and capacity an d 

gravel. shear 
strength ; 
slight com-
pressibilit_v. 

Suitable be- Sui table be- Good to excel- Pc 
low a low a lent below a 
depth of 2 depth of 2 depth of 2 to 
to 3 feet; to 3 feet; 3 feet; good 
general!~· generally bearing ca-
mixed sand mixed sand pacit~· and 
and gravel ; and gravel ; shear strength ; 
quality qu ali ty slight com-
variable. Yariable. prcssibili ty. 
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interpretations of so'ils-Con tinued 

Soil features Lhat a ffect suita bility for- Continued D egree of limitation for-

Farm pond-Con . 
Agricul tura l T erraces and Foundations of Sep tic tank 

drainage Irrigation divers ions Waterways low build ings disposa l fi elds 
Embankments 

Good stability; Well d rained ; M edium intake Complex slopes Nearly level to Slight; good shear Sligh t except for 
good for imper- drainage no t rate; high in places; strongly slop- strength ; slopes; mod-
vious cores needed . available features ing ; easy to medium corn- crate per-
" ·hen com- water capac- favorable establish pressibili ty; mcability; 
pac ted; o cca- ity; gravity except for plan ts; o cca- deep to water water table 
s io nal sto nes system not occasional sional stones table. genera lly 
or boulders ; suitable on sto nes or or bo ulders. below a depth 
moderate s tron g slopes . bou lders. of 4 feet. 
s hrink-swell 
po tential. 

Good stabili ty; Well d ra ined ; S teep s lopes. Steep slopes ; Steep slopes; Slight; good bear- Slight except for 
good for imper- drainage no t nonarable . non arable . ing capacity slopes; steep 
vious cores; needed . and shear slopes hinder 
occasional strength; low layo ut and 
sto nes or compressibil ity; installation. 
boulders; good moderate 
rcsis tance to shrink-swell 
piping. potential. 

R ich in organic Poorly drained ; M edium intake N early level or Nearly level ; Severe; seasonal Severe; seasona 
matter to a moderately rate; high gently slop- waterways high water ta- high water 
dep th of 3 feet slow permea- avai lable wa- ing ; terraces not needed. b le; subject to table; subject 
or more; fair to bili ty; t ile func- ter capacity; not needed. flooding ; high to flooding; 
poor stability ; tions well ; out- subj ect to compressibility moderately 
poor wor kabil- lets submerged flooding. with uneven slow pcrmea-
ity ; poor em- in some p laces ; consolidation. bili ty. 
bankment subject to 
foundation . flooding. 

Good stabili ty, Somewhat poo rly :Med ium a vail- Nearly level ; N early level ; Slight; good bear- Sligh t to mod-
esp ecially in drained ; t ile a ble water terraces not features fa- ing capacity er ate; occa-
substratum ; drains no t gen- capacity; needed. vorable . and shear sional high 
substratum erally needed ; med ium in- strength ; water table; 
pe rvious when sand and gravel take rate. slight com- co ntamination 
compacted. at a dep t h of 3 pressibi lity in of strC'ams 

feet o r more. the substratum. or wate r sup-
p lies possible. 

Good stability, So mewhat poorly Low availa ble Nearly level ; Nearly level; Slight ; good bear- Sligh t; co ntam-
especially be- drained; ti le waLer capac- terraces not feat ures fa- ing capacity; inat ion of 
low a depth of drains generally ity ; rap id needed. vorable. slight compres- streams or 
2 feet; substra- not needed; p erm eab ility sibili ty; low water s upplies 
t um pervious sand a nd gravel in s ubstratum shr ink-swell possible. 
when com- at a depth of 2 limi ts e ffec- potential. 
pacted. to 3 feet. t ive irrigation 

to a depth of 2 
to 3 fee t. I 
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T ABL E 4.-Engineering 

Suitability as a source of- Soil features t hat a ffect 
s uitability fo r-

Soil series and 
symbol Farm p ond 

I mpermeable Highway 
T opsoil Sand Gravel Road fill m aterial location 

Reservoir 
areas 

--
Dickinson: 

Fine sandy loam F air to Substratum Not sui table __ Good; fair bear- Poor; semi- Erodibili ty R a pid per-
(DcA, DcB, good . sui lable fo r ing capacity ; per vious in em bank- meabili ty 
DcC2). road sub- slight com- when com- m ents and in sub-

grade but pressibili ty ; pncted. cuts ; some stratum; 
not for good work- heavy seep- compaction 
subbase ; a bili ty a nd age in or sealing 
high in compacti on deep cuts. material 
fines . character- needed; 

istics. fe" · sui t-
a ble sites. 

F ine sandy loa m, Fair to Fa ir; gener- F a ir to poor; Good ; fai r bear- Poo r; semi- E rodibili ty R apid per-
benches ( D kA , good. a lly under- generally ing capacity ; pervious in embank- m cabili ty 
Dk B, D kC2, la in below underlain slight com- when com- men ts. in sub-
Dk 0 2, Dk E2). a dep th of below a pressibility ; pacted. stratum; 

4 feet or dep th of 4 good work- compaction 
more by feet by a bili ty a nd or sealing 
sand mixed sand mixed compa ction material 
with som e wi th some character- needed; 
gra vel. gravel. istics. fc" · suit-

a ble s ites. 

L oam ( DIA , DIB ) __ Good _ ____ _ Subst ratum N ot suita ble _ _ Good; good Poor; se mi- E rodibi lity R apid per-
sui table for bearing pcr vious in emba nk- meabili ty 
road sub- capacity ; when co m- m ents a nd in sub-
gra de but slight com- pactcd. cuts ; some st ratum; 
no t for prcssibility ; heavy seep- compaction 
subbase ; generally low age in or scaling 
high in shrink-swell deep cuts. material 
fines. po tential; needed; 

good work- few sui t-
a bili ty and a ble sites. 
compaction. 

E verly ( EcB, EcC2, Fair _______ N ot suita ble _ _ Not sui table _ _ Good; good Good; imper- F eatures Moderate 
EsD2) shear vious when fa ,·orable ; permeabil-

(For inter- strength and compacted. good for i ty bu t 
pretations bearing ca- embank- slow when 
of t he pacity ; good m ent distmbed 
Storden worka bili ty m aterial. a nd co m-
soil in map- and co m- pactcd; 
ping uni t pa ction char- generall.v 
EsD2, refer acteristics ; low seep-
to t he moderate age ; occa-
Storden shrink-s" ·cll sional 
series.) potent ial. pockets of 

sand or 
gravel. 

Fostoria : 
Clay loam ( Fo) __ __ F air __ .. ____ Not sui table __ Not s ui table __ Fair ; fair to Poor t o fair ; Nearly level ; Nearly le,·el ; 

good bearing scmiper- fair for no sui table 
capacity; fai r v ious to borrow ma- sites . 
workabili ty impervious terial ; oc-
and compac- when com- cas iona l 
t ion . I pacted. hi gh water 

I table. 
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interpretations of soils- Continued 

Soil fea tures t hat a ffect sui tabili ty for- Con tinued D egree of limitation for-

F arm pond- Con. 
Agricul tural T erraces and Foundations of Sep tic tank 

dra inage Irrigation diversions Watenvays low buildings disposal fi elds 
E mba nkmen ts 

F air stabili ty; Somewhat cxces- Low a vailable Erodibility ; Erodibility ; Slight; low Slight; con-
good work- sively drained ; water capa c- sandy sub- low a vailable shrink-swell t amin ation 
a bility and drainage not ity; rapid in- stratum ; water capac- potent ia l ; fair of streams or 
compaction ; needed . take rate; difficult t o ity ; diffi cult bearing capa c- water sup-
erodible on requires esta blish t o establish ity; consoli- plies possible. 
slopes; poor frequent plants in plants . dation rapid 
res istance to irrigation ; channels. a nd possibly 
piping. erodibi lity. uneven; sub-

ject to liqui-
fying and 
piping. 

F a ir stability; Somewha t exces- Low a vailable Erodibilit y ; Erodibility ; Slight ; low Slight; con tam-
slight com- sively drained; wat er capa c- sandy sub- sandy sub- shrink-swell ination of 
pressibility ; drainage not ity; rapid in- stratum; stratum ; low potential ; fair streams and 
moderate per- needed. t ake_rat e; difficult t o availa ble bearin g capac- water sup-
meability when reqmres esta blish wat er capac- ity; consoli- plies possible. 
compa cted. frequent plants in ity; difficult dation rapid 

irrigation ; channels. t o est ablish and possibly 
erodibility. p lants . uneven ; 

becomes un-
stable and 
liquifies when 
saturated . 

F air stability; Somewhat exces- Low availa ble Erodibility; Erodibili ty; low Slight; low Slight; con tam-
good work- sively drained ; water capac- difficul t t o available shrin k-swcll ination of 
a bility and draina ge not ity; rapid in- establish water capac- potential ; fair streams or 
compaction; needed. take ra te; plants in ity ; difficult bearin g capac- ·wa ter sup-
erodibility on requires channels. to establish it y ; consoli- plies possible. 
slopes; poor frequent plants. dation rapid 
resistance t o irrigation ; and possibly 
piping. er odibili ty. uneven. 

Good stabili ty; Well drained ; High available F eatures favor- Features favor- Slight; good Sligh t; 
good for im- drainage n ot water capac- a ble; occa- able; occa- shear strength moderate per-
pcrvious cores needed . ity ; medium siona l stones sional stones and bearin g mcability; 
when com- intake rate; or boulders. or boulders. capa ci ty; m od- water table 
p acted ; occa- rapid runoff; erate shrink- generally 
sional stones erodibility. swell potentia l ; below a 
or boulders· deep t o water dep th of 4 
moderat e ' table. feet . 
shrink-swell 
potential ; good 
resistance t o 
piping. 

F a ir to good sta- Somewha t poorly High available Nearly level ; Nearly level ; Slight ; generally Sligh t to m od-
bili ty; fa ir to d rained ; t ile water capac- tcn aces n ot waterways good bearing eratc; occa-
good compac- drains gencr- i ty; medium needed . not needed . capacity a nd sional high 
t ion and work- ally not needed; in take rate. shear strength ; water table . 
a bility. sa ndy substra- slight cornpres-

t um. sibility; occa-
sional high 
water t a ble. 
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T AB L E 4.- Engineering 

Sui tability as a source of- Soil features t hat a ffect 
suitability for-

Soil series and 
i,ymbol Farm pond 

Impermeable Highway 
Topsoil Sand Gravel Road fill material location 

Rese rvoir 
areas 

Fostoria- Continued 
Loa m ( F s) ______ __ Good __ ____ Not suitab le __ Not suita ble __ F air ; fair to Poor to fair ; Nearly level ; Nearly level ; 

poor bearing semiper- fair for no sui t able 
capacity ; fa ir v ious when borrow sites . 
worka bili ty compacted . material ; 
a nd compac- occasiona l 
t ion . high water 

table. 

Galva: 
Silty clay loam Fair ___ ____ Not s uita ble __ No t sui table __ Fair ; fa ir to Fa ir ; semi- Nearly level ; Nearly level; 

(Ga A). poor shear pervious t o fair em- low perme-
s trength and impervious bankm ent a bili t y 
bearing ca- when com- material. when dis-
paci ty ; me- pacted . t w-bed and 
d ium to high compacted ; 
compressibil- few s uit-
ity and com- able sites . 
paction char-
ac teris tics . 

Silty clay loam, F air ___ ____ Suitable be- Suitable be- Fair above a F air above a N early level ; Porous s ub-
benches (G bA) . low a low a dep t h of 3½ depth of good bor- stratum ; 

d¼ th of d¼ t h of feet; fair t o 3}2 feet ; row mate- not sui t-
31 2 feet ; 3 2 feet : poor bearing poor below rial below able . 
generally generally capacity a nd 3}~ feet . a depth of 
mixed sand m ixed sand shear 3½ feet . 
and gravel. a nd gravel. strength ; 

good below 
3}1i feet ; good 
shear 
strength 
and slight 
compressi-
bili ty . 

Glencoe: 
Silty clay loam Fair ____ ___ N ot sui table __ Not sui table __ Very poor; rich Very poor; F requen t Frequen t high 

(Ge ). in organic ri ch in high water wat er table ; 
matter to a organi c table ; sub- some areas 
dept h of 2 to matter t o a ject to suita ble for 
3 feet ; fa ir to dep t h of 2 ponding ; dugout 
poor shear to 3 feet. wet, plastic ponds. 
strength ; material. 
poor bea ring 
capacity ; 
high compres-
s ibil ity. 

Silty clay loam, F a ir ____ ___ Suitable be- Sui table be- Poor a bove a Poor; upper Seasonal high Coarse, poro us 
gravelly sub- low a lo,,· a dep th of 3 par t ri ch water substratum . 
stratum ( Gg). dep t h of 36 dep t h of 30 feet; good to in orga nic table; som e 

inches or inches or excellent be- ma tter; ponding 
more; gen- more ; gen- low; rich in substratum a fter heavy 
erallv erallv organi c mat- pervious rains or in 
mixed sand mixed sand te r to a when com- wet 
and gravel ; and gravel; dept h of pacted. periods. 
h igh water high " ·ater a bout 2 feet 
table may table mav or more. 
hinder ex- hinder ex-
ca vation. cavat ion. 
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interpretations of soils-Continued 

Soil fcaLurcs that a ffect suitabil ity for- Continued Degree of limitation for-

Farm pond- Con. 
Septic tank Agricul t ural T 0rraccs an d Foundations of 

I 
E mba nkmen ts 

drainage Irrigation diversions Waterways low buildings disposal fi elds 

F a ir stab ility, Somewhat poorly High available Not n eeded _____ Nearly level ; Sligh t to moder- Slight to mod-
workabi lity, drained; ti le water capac- waterways at0; fai r to poor crate; occa-
a nd compac- drain s generally ity ; medium not needed. b0aring capac- s ional high 
t ion . not needed; tile intake rate. ity and shear water table. 

functions well. strength ; me-
dium to high 
compressibi l ity ; 
occasional h igh 
watC' r table. 

Fair stability, Well drained ______ High available Nearly level ; N early level; Moderate; gen er- Slight ; moder-
workability, wa ter capac- features fa- features fa- a lly poor bear- ate permea-
and comp ac- ity; medium vorable. vorable. ing capacity bi li ty; deep 
tion; medium inta ke rate. a nd shear to water 
compressibility. strength ; me- table. 

clium comprcs-
sibility; moder-
ate shrink-
swell potential. 

F a ir stability; Well drained ; M ed ium to Nearly level ; Nearly level ; Slight; slight com- Slight ; moder-
fail' " ·orka bil- drainage not high avail- features features prcss ibi lit_v and ate permea-
ity and com- needed. able water favorab le. favorable. good bearing bility in the 
paction to a capacity; me- capacity in sub- upper part, 
depth of 3}~ dium intake stratum. rapid below 
feet; good sta- rate. a depth of 
bili ty below 3}f feet; con-
3 }~ feet; per- tamination of 
vious. streams and 

water sup-
p lies possible. 

Rich in organic Very poorly Very poorly Depressions; Depressions; Severe; frequen t Severe; frequent 
matter to a drained ; mod- drained; terraces not waterways high water high water 
depth of 2 to 3 cratcly slow irrigation n eeded. not needed . table; su bjcct table; subject 
feet; fair to permeab.il ity; seldom to ponding ; to ponding ; 
poor stability ; ti le function s needed . high compres- moderately 
poor compac- fairly well ; sibil ity and slow to slow 
tion; high com- French drain s, un even con- permeability. 
pre~Ribility. open ditches, or sol idation; 

surface inta ke poor bearing 
needed ; outlets capacity. 
may require 
deep cuts. 

Rich in organic Ycry poorly Medium to Nearly level; Nearly level ; Severe; seasonal Severe; seasonal 
matter to a drained; mod- h ig h available t erraces not waterways high water high water 
depth of a bou t erately slow water capac- n eeded . generally table ; some table; some 
2 feet; sub- permeability ity; med ium needed . ponding after ponding after 
stratum stable a bove the intake rate. heavy rain s or heavy rains 
but pervious. coarse sub- in wet pe riods. a nd in wet 

stratum ; ti le periods. 
fun ctions well ; 
t he sand a nd 
gravel in t he 
substratum 
may cause 
installat ion 
difficulties. 
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TABLE 4.-Engin eering 

Suitability as a source of- Soil features that affect 
su itability for-

Soil series and 
symbol Farm pond 

Impermeable Highway 
Topsoil Sand Gravel Road fill material location 

Resen·oir 
areas 

Guckcen: 
Sil ty clay loam Fair_ ______ Not su itable __ Not suitable __ Very poor Fair; imper- Seasonal high Nearly le vel; 

(GkA, GkB, above a vious ,,·hen water no su itable 
GkC2). depth of 3 compacted table; very sites. 

feet; high but subj ect plastic 
shrink-swell to crack- above 3 
potential an d ing and feet ; good 
compressi- volume borrow 
bili ty; good change. material 
below a below a 
depth of 3 depth of 3 
feet; good feet. 
bearing 
capacity and 
compaction 
character-
istics. 

Clay loam, silty Fair _______ Not suitable __ Not suitable __ Very poor; fair Fair; imper- Seasonal high Nearly level; 
clay substra- to poor shear vious when water very slow 
tum (GuA, strength an d compacted table; very permeability; 
GuB). bearing ca- but subj ect plastic no suitable 

pacity; high to cracking material. sites. 
s hrink-swell an d volume 
potential; 
high com-

change. 

pressibility. 

Hagener ( HaC2) _____ Very poor_ _ Not suitable Not suitable __ Good; good Very poor; High erodi- Rapid per-
for con- bearing ca- pervious bili ty on rneabi li ty. 
crete; fair pacity; low material. embank-
for road shrink-swell ments; may 
subbase. potential; liquify if 

subj ect to moved 
li quifying and when wet. 
p iping; high 
eroclibility on 
emba nk-
rnents. 

Ha rps ( H r) __ __ ___ __ Poor; high Kot suitable __ :\Tot suitable __ V Ny poor; sea- Fair; imper- Seasonal high Xearly le1·el; 
in cal- sonal high Yious below ,.-ater table. seasona l 
ciurn car- 11 ater a depth of high 1rnter 
bonate. table ; high l½ feet table; no 

s hrink-swell when corn- suitable 
potential; pacted. sites. 
fair bearing 
capacity and 
shear 
strength . 

Ladoga (LaA) _______ Fair_ _____ _ Not su itable __ ::\"ot suitable __ Fair; fair to Fair; sem i- Fair for em- K early IC'vel; 
poor bearing penious to bankmcnts ; few suitable 
capacity and impervious other sites; per-
shear \\·hen com- features m eability 
strength; pacted. favorable. moderate 
m edium to but 1011· 
high com- when scari-
pressibility; fied and 
fair to poor compacted. 
workability 
and compac-

I 
tion charac-
teris tics. 
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interpretations of soi ls-Continued 

Soil features t hat affect suitability for- Cont inued D egree of limita tion for-

F arm pond- Con. 
Agricul t ural T erraces a nd Foundations of Sep tic tank 

drainage IrrigaLion diversions W a terways low buildings disposal fi elds 
Embankments 

F a ir stability Somewhat poorly High a vailable Clayey subsoil ; Clayey subsoi l ; Sligh t; substratum Slight t o mod-
above a depth t o moderately water capac- difficult to difficult t o has good bear- eratc; poor 
of 3 feet, good well drained ; ity ; slow esta blish esta blish ing capacity, below a depth 
stability below ; some areas intake rate . p lants in plants in moderate of 3),f fee t ; 
modera te t o benefi ted from terra ce cha n- channels shrink-swell seasonal high 
high shrink- t ile drains; tile nels without without add- poten t ial, a nd water table. 
swell potential ; functions well. adding top- in g topsoi l. slight compres-
cxcellen t re- soil. sibili ty; seasonal 
sistance to high wat er 
piping. t able. 

F air stabili t y on Somewhat poor t o High a vailable Cla yey subsoil; Cla yey subsoil ; Moderate; fair t o Severe; slow 
level slopes; modera tely water capac- difficult to difficult to poor bearing permeabilit y . 
poor compac- good ; some i ty; slow in- establish establish capacit y ; high 
t ion ; high a reas benefited take rate. pla nts in ter- plants with- shrink-swell 
shrink-s well from ti le drains ; ra ce channels ou t adding potential ; high 
potential ; t ile ma y not wi thout a dd- t opsoil. compressibility ; 
excellen t re- func tion well. ing topsoil. seasonal high 
sist ancc to water ta ble. 
piping. 

F air st a bility; Excessively Low available Sandy subsoil High erodibil- Slight to none ; Slight; contam-
slight com- drained ; drain- water capac- and substra- ity; difficult good bearing ination of 
prcssibility; age not needed. ity ; rapid t um; high t o establish capa ci t y and streams and 
pcrvious; poor inta ke rate; crodibilit y; a nd m ain- shear st rength ; water s uppliC's 
resistance t o frequent irri- difficult t o tain plants. low shrink- possible. 
piping. gation establish swell poten tial ; 

needed ; p lan ts. sligh t com-
subject to prcssibility ; 
e rosion . s ubject t o liqu i-

fying and 
piping. 

Not ordinarily P oorly drained ; High available Not needed __ __ _ Seasonal high Se vere; fa ir shear Severe; m oder-
used. t ile fun ctions water capac- water table; s trength ; fair ate pcrmeabil-

well . ity; m edium wetness hin- bearing capac- ity; seasonal 
in take rate; ders construe- i ty; seasonal high ,rnte r 
seasonal high t ion . high water table; gen-
water table. table; m oder- erally adj a-

ate to high cen t to very 
shrink-swell wet soi ls in 
p oten tial. depressions. 

F air stabili ty; Well drained ; High a va ila ble Nearly level ; Nearl y level ; Sligh t to m oder- Sligh t; moder-
fair t o poor draimtge n ot wate r ca pac- features features ate; fair t o poor ate pcrmcabil-
compaction a nd needed. i ty; medium favorable. favorable. bC'a l'in g cnpac- it y ; deep to 
worka bili ty; in take rate. ity a nd shPar water table. 
medium com- strength ; me-
pressibi lity; dium t o high 
poor res istance compressibili ty; 

I 

to piping. m oderate to 
hi gh shrink-
swell p otential. 

I 
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'l'ABLE 4.- Engineering 

Suitability as a source of-- Soil features that affect 
suitability for-

Soil se ries and 

I symbol Farm pond 
Impermeable Highway 

Topsoil Sand Gravel Road fi ll material location 
I R ese rvoir 

I a reas 

i\Iarcus (Ma) _____ __ Fair _______ Not suitable __ Not suitable __ Very poor ; fair Poor ; rich in Seasonal high Nearly level ; 
to poor bear- organ ic water table; seasonal 
ing capacity; matter to a rich in or- high wa ler 
rich in or- depth of 2 ganic mat- table; so me 
ganic matter feet; semi- ter to a areas s uit-
to a depth of pervious to depth of able for dug-
about 2 feet; impervious about 2 out ponds. 
high shrink- below 2 feet. 
swell po- feet when 
tential ; compacted. 
frequent high 
water table. 

11Iarna (Mc, Me) ____ Poor_ ______ Not suitable __ Not suitable __ Very poor; Fair ; im- Seasonal high Near ly level ; 
very p lastic pervious water table ; slow perme-
material. when com- very plast ic; abi li ty; sea-

pacted ; rich in or- sonal high 
s ubj ec t to ganic mat- water table ; 
cracking and ter to a no suitable 
vo lume depth of sites for con-
change. l ½ feet. ventional 

ponds. 

;_\lfock: 
Moderately shallow 

(Mm) __________ Good if Not suitable __ Not su itable __ Not sui table; Not suitable __ Not suitable Occurs in de-
mixed with rich in or- for borrow pressions ; 
mineral gan ic matter; material ; some areas 
soil. freq uent frequent suitable 

high water high water for dugout 
tab le. table; sub- ponds. 

ject to 
ponding. 

l\[oderately shal- Poor ; Not suitable __ Not suitable __ Not suitable; Not suitable _ _ Not suitable Occurs in do-
low, calcareous highly rich in or- for borrow pressions; 
(Mr). calcar- gan ic matter; material ; some areas 

eous; low frequ ent high frequent suitable for 
in p lant \Yater table . high water dugout 
nutr ients . table; sub- ponds. 

ject to 
ponding. 

Shallow (Ms) ___ ___ Fair to Not suit a ble __ Not suitable __ Not suita ble to Very poor ; Seasonal high Seasonal high 
good if a depth of muck to a water water 
mixed a bout l}f depth of table; s ub- table; some 
with feet; very about 1 or ject to areas suit-
mineral poor bearing l ½ feet; ponding ; able for 
soil. capacity; very very poor dugout 

h igh com- pervious . as borrow ponds. 
pressibility . materia l. 



CLAY OOUNTY, IOWA 8L 

of soils-Continued 

Soil featu res that a ffect s uita bility for- Continued D egree of limitation for-

!on. 
-- Ag ricultural T erraces and Foundations of Septic tank 

drainage Irrigation diversions Waterways low bu ildings d isposal fields 
ts 

Poorly drained ; H igh available Nearly level ; Seasonal high Severe; fair to Severe; moder-
)- t ile functions water capa c- terraces not water table; poor beating ately slow 
) l ll · well. ity; medium needed. wetness capacity; high permeabili ty ; 

to slow inta ke hinders con- compressibility; seasonal h igh 
r ate ; season al struction. seasonal high water table . 

l h igh water water table; 
table. high sh rink-

swell potential. 

)11 Poo rly drain ed ; M ediu m to high N earl\)' level ; Seasonal high Severe; fai r to Severe; sea-
slow per mea bil- available terra ces not water table; poor bearing sonal high 

c- i ty; t ile does water capac- needed. wetn ess hin- capacity; sea- water table; 
)ill- not function i ty; intake ders construe- sonal h igh slow per-
i nd well ; close rate generally t ion in water table ; meabili ty. 

spacing of t ile slow. places. high shrin k-
n eeded; surface swell potential. 
d ra ins benefi -
cial in p laces. 

·- - - - , . er y poorly H igh available D epressions; D epressions; Severe; freq uent Severe; frequent 
drained; gen- wate r capac- terraces not waterways high wat er high water 
erally moderate ity ; rapid in- n eeded. not n eeded. table; subject t able; subject 
p ermeability in t a ke rate in to ponding. to pon din g. 
m in eral part ; muck part, 
open intake or medium in 
surface ditches mineral part. 
n eeded in 
ponded a reas. 

·- - - - Very poorly High available D ep ressions; D epressions; Severe; freq uent Severe; frequen t. 
drain ed ; gen- water ca pac- terraces no t waterways h igh water h igh water 
e ra lly moderate ity ; rapid in- needed. not needed . t a ble; subject table; subject 
permeabili ty in take rate in to pon ding. to ponding. 
m ineral part ; m uck pa rt, 
open intake or medi um in 
s urface d itc hes m ineral part. 
needed. 

-0 Very poorly Very poorly D epressions; D epress ions; Very severe; muck Severe; seasonal 
l}~ drained ; mod- drained; ter races not waterways extends to a water table 
Ga- erately slow irrigation not n eeded. not n eed ed . depth of a bout near the 

p ermeab il ity; n eed ed. 1 or 1½ feet; su rface; 
; t ile fu net ions poor bearing moderately 

well but deep capacity and slow per-
cuts needed in shear strength ; nw ab ility. 

,et; places for out- seasonal water 
ily lets; open in- table near t h e 

take or surface surface. 
ditch es also 
needed in 
places. 
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TA 

[Tests performed by Iowa State Highway Commission in cooperation with U .S. Department of Commerce, 

Soil name and location Parent mate rial 

Dick=_ 1 1s011 fine sandy loam: 
30 C::::::: ~ feet S. and 264 feet E. of the NW. cor. of Stratified or wind-

]1e NW),{ of sec. 15, T. 97 N., R. 38 W. blown materials. 

1, C=>z ~ ~ 2 feet S. an d 82 feet E. of the NW. cor. of Stratified or wind-
f NW¾ of sec. 21, T. 97 N., R. 37 W. blown materials 

over glacial out-
wash. 

· har s ilty clay loam: 
feet S. and 320 feet W. of NE. oor., NW),1, Loess overlying 
E),{ of sec. 14, T. 95 N., R. 38 W. glacial t ill. 

Sac e....=- ~ lty clay loam: 
30 _ ~ feet W. and 135 yards N. of SE. cor. Loess overlying 

E¼SE),~ of sec. 16, T. 95 N., R. 38 W. glacial ti ll. 

Wau - ,cgan loam: 
80 ~ -:::feet E. and 0.1 mile S. of NW. cor., SW¼ Glacial outwash. 

f sec. 9, T. 96 N., R. 37 W. 

Based on AASI-IO Designation: T 99- 57, Method A (2). 

Iowa 
report 

No. 
AAD9-

8415 
8416 
8417 

8418 
8419 
8420 

10472 
10473 
10474 

)0475 
10476 
10477 

10466 
10467 
10468 

Depth Horizon 

Inches 
0- 7 Ap 

14- 20 B2 
30- 60 C 

0- 6 Ap 
22- 30 B22 
30- 42 C 

0- 7 I Ap 
21- 30 B22 
47- 60 IIC3 

0-7 I Ap 11- 18 Bl 
44-57 !IC 

0- 8 I Ap 
15- 22 B21 
35-55 !IC 

, __ 

I 

l\Ia 

de 

Lb. 1 

:\fechanical analyses according to tho American Association of State Highway Officials Designation T 88-
procc==== = =-- <lure frequently may differ somewhat from results that would have been obtained by the soil survey proced 
vatia-- ==--:1 Service (SCS) . In the AASI-IO procedure, the fine material is analyzed by the hydrometer method, and the 
tion.s are calculated on the basis of a ll the material, including that coarser than 2 millimeters in diameter. In the SCE 
the ~ ----;ne material is analyzed by the pipette method, and the material coarser than 2 millimeters in diameter is exc: 
of gr , in-size fractions. The mechanical analysis data used in this table arc not suitable for naming textural classco 

upL., 
and 
s u r ~ 

T 
such..... 
OH 

ds. On the more sloping hillsides, the loess is thinner 
may be absent in places. In these places ,t ill is at tihe 

:awe. 
_1e nearly level soils that formed in loe.ss on uplands, 

as the Primghar and Marcus, are classified A-7 and 
or CL or, CH. The upper foot or so of these soils is 

,._ =nic and therefore difficult to compact to good density. 
subsoil is more plastic and has high shrink-swell po
al. 1Vhere soils, such as the Sac, formed in loess over 

c >n sloping hillsides, less topsoil has developed and the 
-- - - IC)il is less plastic. The soils formed in loess are readily 

er~ca.--':.':...-:...-_-__ _ ed where runoff is rapid, and sodding, paving, or 
bml - - - = ===ting of check dams is needed in gutters and ditches. 

h :--::::::::ll _ _ ......_ soils formed in loe.ss over till, a seasonally high \\"ater 
tab] - -=======3 may be perched abo,·e the till. In the more leYel soils 
or sc==:::;;;;;;;;;:==> ils in depressions, a shallow perched ,Yater table occurs 
a_bo --- - ea plastic B horizon in places. In these areas the den-
sity - f the loess in place is fairly low, and the moisture con-
tent is high. The high moisture content causes instability 
of p,--=::::::::: ----:nbanlnnents unless the moisture is carefully control led 
a.t, tl~ ~ ~ ~::;~ e time of compaction. 

T _ _ ~ .... -.1.e soils that formed in loamy till, such as the Clarion. 
Xicc:::= >llet, and Storden, range from loam to clay loam in 

texture and are classified A-4 or A-6 a 
soils are in or adjacent to road graclE 
mally is placed in the upper part of tl 
that are unsta,ble. Pockets and lenses o: 
interspersed throughout the till and 
bearing. 

1Vhere the road grade is onJy a fe" 
and the surface layer is silty, frost hea 
the till is drained or the soil above i 
granular backfill or cla,yey till. Poorl 
formed in g·lacial till and glacial sea 
Webster, are cktssified A-7 and OH to 
a high moisture content and low clensi 
good subgrade bearing capacity can.n, 
material in these soils, this material 
least 3 feet below the top of the subgi 
in the colmty that are highly organic: 
soil of low density should also be pl 

Soils that formed in loam and clay 
,,ash benches are fine textured and a 
~\.- 6 and ML or CL. These soil s, such 



.. 
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test data 

Roads (BPR) , in accordance wi t h standard procedures of the American Association of State Highwa y Officials (AASHO) (2)) 

l\Icchanica l analys is 2 Classifica tion I 
Plasti-

P ercentage passing sieve-
I 

Percentage smaller than- Liquid city 
limit index 

AASHO Unified 3 

~o. 4 No. 10 No . 40 No. 200 0.05 0.005 0.002 0.001 

1 

(4.7 mm.) (2.0 mm .) (0 .42 mm.) (0.074 mm . mm. mm. mm. 
mm. 

------- -- 100 84 37 32 15 11 9 23 7 A- 4(0) SM- SC 
- -- ------ 100 89 45 39 18 15 12 21 7 A- 4(2) SJVI- SC 
- - ---- - -- 100 73 17 13 8 8 7 • NP •NP A- 2- 4 (0) SM 

---- - ---- 100 93 39 34 17 12 10 22 6 A- 4(1) SM- SC 
--------- 100 93 37 33 18 14 12 23 10 A- 4(0) SC 
-- - - - ---- 100 90 23 19 12 11 10 NP NP A- 2- 4(0) SM 

-- --- ---- --------- - 100 98 92 42 31 24 54 21 A- 7- 5(15) MI-I 

---- ----- ----- ----- 100 99 93 40 31 25 49 26 A- 7- 6(16) CL 
5 99 97 92 70 66 35 27 21 37 19 A- 6(11) CL 

-- - - - --- - 100 99 97 89 40 31 25 48 18 A- 7- 5(13) ML 
-- --- ---- 100 99 96 92 41 33 27 48 21 A- 7- 6(14) ML- CL 

6 97 94 89 76 71 40 31 25 43 23 A- 7- 6(14) CL 

100 99 84 62 5.5 23 16 10 37 12 A- 6(6) ML- CL 
5 99 97 77 47 43 23 19 15 36 16 A- 6(4) SC 

I 
6 83 72 26 !i 4 1 .5 . 2 NP NP A- 1- b(0) SP- SM 

3 Based on the Un ified Soil Classification System (1 7) . The Soil Conservation Service and Bureau of Public Roads ha ve ag reed to con 
sider that a ll soils having plasticity indexes within two points of the A-line a re to be given a borderline classifica tion . An example of 
borderline class ification so obta ined is " ML- CL." 

4 NP = N onplas tic . 
5 100 percent passes a %-inch sieve . 
6 99 perce nt passes a %-inch sieve ; 100 percent p asses a 1}~-inch s ieve . 

Cylinder, are tmderlain by stratified sand and ~ravel. The 
sand and gravel are classified A- 1 or A- 2 and SY- SM. The 
gently sloping ·wadena soils generally have a thin surface 
layer, but sand and gmvel in the tmderlying layers can be 
used as borrow material and placed in the. upper part of the 
subgrade. Frost heaving; may result, however, unless the 
level areas are properly ctrained. 

Soil s on bottom lands in the county developed in allu-
1·ium. The Colo soi ls formed in alluvium and are classified 
~\..- 7 and OL or CH. These soil s are silty clay loam and have 
a thick, organic surface layer that may consolidaite errati
cally tmder embankment loads. The Colo soils have a high 
moist.m'e content and low density in place. 

The clayey ·wabash soil s are classified A- 7 and OH to 
CH and may produce differential settlement under em
bankment loads. Embankment overloading and temporary 
or delayed paving no1111ally serve ::ts corrective measures in 
assuring a smooth grade ,,,.here roads are built on these 
soils. 

The clayey Marna and Guckeen soils form ed in lacus
trine deposits ,and are classified A- 6 or A- 7 and CL to CH. 
These soils ;1re on uplands and glacial outwash benches. 

They are generally in small areais and, i1i most places, ca; 
be bypassed in highway construction. If these soils mm 
be crossed by a road grade, excavation to a £rm subsoi 
may be needed, and backfilling with granular mate,rial ma 
be desirable. 

Formation and Classification of Soils 
This section consists of three main parts. In the firs 

part, the factors of soil formation are Estell and di scusse, 
as they relate to the fonnation of soils in the county. Th 
second part discusses the formation of horizons and th 
processes of their formation. In the third part, each so1 

series represented in the county is placed in its respectiv 
family, subgroup, and order of the current system for clru: 
sifying soi ls and is al so placed in its respective great so' 
group of the classification system used in 1938 and late 
rwised. 

For further information about the current system fa 
classifying soil s, refer to "Soil Classification, a Comp1•i 
hensive System" (14). 
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factors of Soil Formation 
Soil is produced when soil-forming processes act on 

riaterials deposited or accumulated by geologic foTces. The 
haracteristics of the soil at any given point are determined 
,y ( 1) the physical and mineralogical composition of the 
,,arent materials; (2) the clin1-ate under which the soil 
rm.terial has accumu'1ated and existed since accumula,tion; 
3) the p1ant and animal life on and in the soil; ( 4) the re
ief, or lay of the land; and ( 5) the length of time the 
orces of soil formation have acted on the soil material. 

Climate and living organisms, chiefly vegetation, are the 
,etive :factors of soil formation. They act on the parent ma
~rial that has accumulated through the weathering of 
ocks and slowly change it inrto a natural body with geneti
ally related horizons. The effects of climate and vegeta
ion are conditioned by relief. The parent material ,also af
ects the kind of profile that can be formed, and, in extreme 
ases, determines it almost entirely. Finally, time is needed 
or changing ,the parent material into a soil. It may be 
mch or little, but some time is al ways required for horizon 
ifferentiation. Usually, a long time is required for the de
elopment of distinct soil horizons. 
The factors of soil formation are so closely interrelated 

rt their effects on the soil that few generalizations can be 
riade regarding the effect of any one factor unless condi
ions are specified for the other four . Many of the processes 
f soil formation are not fully known. 

)arent material 
The soils of C1ay County developed in glacial till, gla

ial outwash, loess, alluvium, organic deposits, eohan sand, 
nd lacustrine sediments. The bedrock underlying these 
iaterials is so deep that it has had no influence on tl1e for-
1ation of the soils. 
The soils of the county have been affected by three stages 

f gl acirution-the Nebraskan, the Kansan, and the vVis
onsin. In this county the till from the Kansan and Ne
raskan stages is deeply buried and is not visible. 
The eastern part of the county was covered by the Des 

foines lobe of late .. \iVisconsin glaciation ( 6) . It was for
ierly believed that the Des Moines lobe was in two sub
tages, the Cary and the Mankato (6, 8). According to 
1is view, the eastern part of the county would lie 
rninly within the Cary substage, but only a mile or two of 
b.e eastern part would be covered by the Mankato, which 
; the last or most recent substage. In more recent investi-
1ations, however, the evidence indicates that most, if not 
11, of the Des Moines lobe is of Cary age (9). It has been 
.etermined by radiocarbon dates that the Cary substage 
ccurred about 13,000 years ago. The evidence for the geo
)gic youth of the Cary substage is the lack of deep weath
ring, the unleached calcareous till at a shallow depth, and 
l1e po~rly developed surface drainage and many closed 
epress10ns. 
In most of the western two-thirds of the county the 

:azewell substage of the 1iVisconsin glaciation deposited 
Lirface drift. Radiocarbon dates of wood obtained at the 
ase of the till near Cherokee indicate that this substage 
ccurred about 20,000 years 'ago (1.9) . Loess that is between 
0 and 60 inches thick, except on steep, eroded slopes, 
1antles much of the area. An exception is areas in the Ev
rly-Nicollet-Tripoli soil association. In these areas the 
ill is co-rnred by a thin, gritty, loesslike material of uncer-

tain origin but presumed to be windblown. In the Ocheye
dan-Fostoria-Webster soil assoc:iation the Tazewell till is 
covered 50 to about 100 inches deep by sediments that 
range from moderately fine to coarse in texture. 

GLACIAL TrLL is exposed in the eastern part of the county 
and in sloping areas in the western part where the loess 
mantle has been removed by erosion. The major soils that 
developed in glacial till are the Storden and Clarion. 
The Salida s01ls developed on sandy and gravelly knobs 
of moraines. The Webster soils developed in glacial till 
and in g1acial sediments or reworked till overlymg glacial 
till (18) . The Everly, Nicollet, and Tripoli soils developed 
in glacial till and a thin, gritty layer of uncertain origin 
on the till. The Glencoe, Okoboji, 1iVacousta, and Rolfe soils 
developed in reworked glacial till and local alluvium. 

GLACIAL OUTw ASH, or material deposited by meltwater 
from glaciers, makes up extensive deposits of sand and 
gravel on benches along the Little Sioux and Ocheyedan 
Rivers in the northwestern part of the county. Similar 
deposits that are less extensive and shallower occur along 
other streams and near moraines in the eastern part of the 
county. The Cylinder, 1iVadena, Biscay, and Talcot soils de
veloped in glacial outwash and overlie sand and gravel. 
The Ocheyedan and Fostoria soils developed in glacial 
outwash or sediments of similar te}._'ture in the upper part 
but of finer texture in the lower part. 

LoEss consists mainly of particles of silt and clay de
posited by wind. Loess covers exttensive areas of the county, 
mainly in the western part and west of the Little Sioux 
River. T he soils that developed in loess are the Galva, Sac, 
L adoga, Marcus, Primghar , and Sperry. 

ALLUVIUM consists of sediments deposited by streams. 
The miscellaneous land type, Alluvial land, is made up 
of recent alluvium and the Colo, Spillville, and ·wabash 
soils of somewhat older alluvium. The Terril soils devel
oped in local alluvium that recently was washed from ad
jacent soils. 

ORGANIC DEPOSITS consist of plant material that has ac
cumulated in old lakebeds or swamps that supported a 
thick growth of water-loving plants. The dead, partly 
decomposed plants accumulated in a fairly thick layer un
der water and ordinarily overlie glacial material. Muck 
soils formed in this organic material. 

EoLIAN SAND consists of sand that is assumed to have 
been deposited by wind. The fine sand was probably blown 
from the river flood plains or from benches. The Hagener 
soils developed in this material. They occur mainly as 
sanely ridges on benches in the northwestern part of the 
comrity, but some areas are in the uplands southeast of 
Spencer. The Dickiinson soils developed in this sandy ma
terial thrut most likely was deposited by water, though 
there is some indication that, in some parts of the county, 
much of this material was deposited or reworked by wind. 

LACUSTRINE SEDIMENTS are in deposits of variable 
thickness. Some deposits are 4 to 5 feet thick or more; 
others are thinner and overlie medium-textured to moder
ately fine textured glacial drift or glacial sediment at a 
depth of 3 to 4 feet or less. The Marna and Guckeen soils 
developed wholly or partially in water-laid lacustrine 
sediments. 

Climate 
Climate influences the formation of soils in many 11ays. 

Rainfall affects the amount of leaching in soils and in-

""i 
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fluences the kind and amount of vegetation that grows on 
soils. Temperature affects the growth of plants, the activity 
of micro-organisms, and the rapidity of chemical re
actions. The major differences among soils within the 
county, however, are attributed to factors other than 
climate. 

Available information indicates that the soils in Clay 
County have been developing under a midcontinental, sub
humid climate for the last 5,000 years. Between 5,000 and 
16,000 years ago the climate was conducive to forest vege
tation ( 8) . Lane assumes that the successions of vegetation 
in post-Mankato time, from about-11,000 years ago to the 
present, has been caused by changes in climate (5). From 
these successions of vegetation, he infers that there have 
been three shifts in climate. These shifts were ( 1) a warm
ing condition that produced a change from coniferous to 
deciduous trees, (2) a gradual desiccation prior to the ap
pearance of grasses, and (3) continued drying that pro
duced a climate more favorable to grasses. The recent work 
by vValker 1and Brush on climate ( 16) corroborates the find
ings of Lane. Some soils of Clay County, however, do not 
have chamcteristJics that indicate they were ever forested. 

Plant and animal life 
P lants and animals have greatly influenced the develop

ment of soils in Clay County. Micro-organisms have 
helped in the decay of organic mrutter. The native vegeta
tion of Clay County alt the time of set,tlement was mainly 
tall prairie grasses, but a few areas, mainly along the Little 
Sioux River, were in trees. Ruhe and Scholtes ( 8) report 
that for the last 5,000 years <the environment in Iowa was 
conducive to prairie plants. From 5,000 to 16,000 years ago, 
however, the cooler, more moist climate that existed was 
more favorable to trees. The effect of this period of forest 
vegetation is not reflected in the formation of the Prim
ghar, Sac, Nicollet, or other dark-colored soils that formed 
more recently under prairie vegetation. 

Most of the soils of Clay County form.eel under prairie 
grasses. The formation of Clarion loam, heavy subsoil 
variant, and the Ladoga soil has been influenced by trees 
during at least part of the time. These soils may have de
veloped first under grasses and later under encroaching 
trees. The vegetation in the potholes and other depressions 
was sedges, cattails, rushes, and similar plants. 

Under simil-ar conditions, soils tha.t formed under grass 
are darker colored than those that formed under trees. 
Soils that formed under trees are more acid and have a 
thinner surface layer than soils that formed under grass. 
Soils that formed under vegetation consisting of mixed 
grass and trees have properties that are intermediate be
tween those. of soils formed under grass <and those of soils 
formed under trees. 

Relief 
Relief is important in soil formation mainly because it 

affects drainage and erosion. Less water soaks into a soil 
that has steeper slopes, and there. is less leaching of the 
carbonates and less movement of clay from the surface 
soil to the subsoil. Soil erosion generally increases as steep
ness increases. In the nearly level or depressed areas, the 
soils are wet and frequently have a gray or mottled subsoil 
that results from poor aeration and restricted drainage. ,v ebster soils are an exam.ple. 

29 5.J.).93- 69--7 

The relief of the eastern part of the county is immature 
geological1y, as shown by the large number of potholes and 
other depressions and by the absence of well-developed up
land streams. The western part of the county is somewhat 
more dissected in some areas, but relief is also fairly im
n1.ature. Areas adjacent to the major streams are dissected, 
but streams have not extended their channels much at the. 
head. Most of Clay County is nearly level to rolling. A 
large percentage of the soils in the nearly level areas are 
poorly drained. Most of the soils, such as Clarion or Sac, 
that are gently sloping or strongly sloping are well drained. 

The thiclmess and color of the A horizon and the thick
ness of ,the sol um are also related to slope; for example, the 
thickness and color of the A horizon of ,the Storden, Clar
ion, -and Nicollet soils are directly related to the topog
raphy. Thickness of the A horizon increases, and the 
color becomes darker as the slope de.creases. Tyr,ically, the 
Storden soils have steep slopes, the Clarion soils have in
termedia,te slopes, and the Nicollet soils are nearly level. 
Likewise, the thickness of the solum increases from the 
thinner Storden to the thicker Clarion and Nicollet soils. 

Time 
The radiocarbon technique for determining the age of 

carbonaceous material found in loess and glacial till has 
made it possible to determine the approximate ages of 
soils and of Pleistocene geologic deposits in Iowa. The 
age of the Cary substage of the late vVisconsin glaciation, 
according to studies by Ruhe and Scholtes ( 8,9), has been 
determined to be about 13,000 years. Soils that formed in 
Cary till include the Clarion, vVebster, and Nicollet. 

The Tazewell loess, in which most soils of the. uplands 
in the western part of the cotmty were formed, was being 
deposited from some time prior to 17,000 to approximately 
15,000 years ago (7). Soils that formed in Tazewell loess 
include the Galva, Sac, Primghar, and Marcus. 

The soils that formed in glacial outwash, such as the 
w·adena and Biscay, are. less ,than about 13,000 years old. 
Soils that developed in alluvium range in age from re
cently deposited material that makes up Alluvial land to 
sediments that have been in place longer in which Colo and 
'i~Tabash soils developed. These sedunents are not more 
than 13,000 years old and are probably much younger. 

Soils such as Clarion, Storden, and other sloping soils 
are subject to geologic erosion, which continues to expose 
deeper material. These soils therefore range in age from 
the time their parent materials were deposited to recent 
time. 

Formation of Horizons 
In Clay County morphology is expressed by faint soil 

horizons in most soils. The Storden, Clarion, Webster, Mar
cus, and Sac soils have faint horizons; . the Rolfe soils, 
prominent horizons; the Ladoga and a few other soils, in
termediate horizons. Some soils have a marked difference 
between the texture of the solum ·and an underlying IIC 
horizon. Examples are the vVadena, Cylinder, and Biscay 
soils. 

Horizon differentiation in soils is the result of one or 
more of the following processes: (1) accumulation of or
ganic matter; (2) leaching of calcium carbonate and other 
bases; ( 3) formation and translocation of silicate clay 

-~------
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minerals; (4) reduction and transfer of iron; and (5) ac
cumulation of calcium carbonates. In most of the soils of 
the county two or more of these processes have been active 
in the formation of horizons. 

Most soils in Clay County have some accumulation of 
organic matter in the upper part that forms an Al horizon. 
The Al horizons of soils formed in organic der>osits in 
the county have a high organic-matter content. Some of 
the mineral soils that have a hi~h content of organic matter 
are the Glencoe, Okoboji, Webster, and Colo. These soils 
have a thick Al horizon. The Hagener and Salida soils are 
low in organic-matter content and have a faint, thin Al 
horizon. Many soils in the county have a moderate content 
of organic matter. 

Leaching of calcium carbonates and other bases has oc
curred in many soils in the county. Leaching generally 
occurs before and during the translocation of silicate clay 
minerals. Many of the soils in Clay County, including the 
Clarion, Nicollet, and Webster, have been leached of cal
cimn carbonate to a shallow depth, but little clay has been 
moved down ward in their profiles. 'J,he Rolfe and Ladoga 
soils generally are more strongly leached throughout their 
profiles and have a distinct accumulation of silicate clay in 
the B horizon. 

The translocation of silicate clay minerals has contrib
uted to the prominent horizonation in the Rolfe soils and 
to the somewhat less prominent horizonation in the Ladoga 
soils. The B horizons of these soils have more clay than the 
A horizons and often have dark-colored clay coatings on 
the J_)ed surfaces and along root channels. The eluviated A2 
horizon has platy structure, has less clay, and normally is 
lighter colored than the B horizon. The leaching of bases 
and the translocation of clay in these soils have been more 
important processes in horizon differentiation than the 
accumulation of organic matter. 

The horizonation is faintly expressed in the Harps and 
Canisteo soils. Carbonates have accumulated in the sur
face layer and subsoil. The calcium carbonate equivalent 
of the Harps soils is 10 to 40 percent. 

Gleying, or the process of reduction and transfer of iron 
(10), is evident in the poorly drained and very poorly 
draimed soils. The Glencoe, ·vvebster, Biscay, Colo, Marcus, 
and Harps soils have gleyed (Bg) horizons. The Bg hori
zons are gray, which mdicates the reduction- and loss of 
iron. In some soils there are reddish-brown concretions of 
iron. 

Classification of Soils 
Soils are classified so that we can more readily remem

ber their significant characteristics. Classification enables 
us to assemble knowledge about the soils, to see their re
lationships to one another and to the whole environment, 
and to develop principles that help us to understand their 
behavior and their response to manipulation. First through 
classification and then through use of soil maps, we can 
apply our knowledge of soils to specific fields and other 
tracts of land. 

Thus in classification, soils are placed in narrow cate
gories that are used in detailed soil surveys so that know l
edge about the soils can be organized and applied in man -
agip.g farms, fields, and woodlands; in developing rural 
areas; in eng-ineering work; and in many other ways. They 
are placed m broad classes to facilitate study and com-

parison in large areas, such as countries and continents. 
Two systems of classifying soils have been used in the 

United States in recent years. The older system was 
adopted in 1938 (3) and later revised (12). The system 
currently used was adorited for general use by the Na
tional Cooperative Soil Survey in 1965. The current sys
tem is under continual study (11, 14). Therefore, readers 
interested in developments of this system should search 
for the latest literature available. In this subsection some 
of the classes in the current system and the great soil 
groups in the older system are given for each soil series 
in rtable 6. The classes in the current system are briefly 
defined in the followina paragraphs. 

ORDER : Ten soil orders are recognized in the current 
system. They are Entisols, Vertisols, Inceptisols, Aridi
sols, l\follisols, Spodosols, Alfisols, Ultisols, Oxisols, and 
Histosols. The properties used to differentiate the soil or 
ders are those that tend to give broad climatic groupings 
of soils. Two exceptions, the Entisols and Histosols, occur 
in many different climates. 

Table 6 shows the three soil orders in Clay County
Mollisols, Alfi.sols, and Histosols. Mollisols have a thick, 
soft, friable surface layer that has been darkened by or
game matter. Alfi.sols have clay-enriched B horizons that 
are high in base saturation. Histosols are highly organic, 
and their classification has not been completed beyond the 
order. 

SUBORDER: Each order is subdivided into suborders, 
primarily on the basis of those characteristics that seem to 
produce classes having the greatest genetic similarity. The 
suborders narrow the broad climatic range permitted in 
the orders. The soil properties used to separate suborders 
mainly reflect either the presence or absence of water
logging or soil differences resulting from the climate or 
veo·etation. 

()RE.AT GROUPS : Soil suborders are separated into great 
groups on the basis of uniformity in the kinds and se
quence of major soil horizons and features . The horizons 
used to make separations are those in which clay, iron, or 
humus have accumulated or those that have pans inter
fering with the growth of roots or movement of water. 
The features used are the self-mulching properties of clays, 
soil temperature, major differences in chemical composi
tion (mainly calcium, magnesimn, sodium, and potassium), 
and the like. The great group is not shown separately in 
table 6 because it is the last word in the name of the 
subgroup. 

SUBGROUP: Great groups are subdivided into sub
gr~mps, one representing the central (typic) segment of 
the group, and others, called intergrades, that have proper
ties of one great group and also one or more properties of 
another great group, suborder, or order. The names of 
subgroups are derived by placing one or more adjectives 
before the name of the great group. An example is Typic 
Ha pl uclolls. 

FAMILY: Families are separated within a subgroup 
primarily on the basis of properties important to the 
growth of plants or behavior of soils where used for engi
neering. Among the properties considered are texture, 
mineralogy, reaction, soil temperature, permeability, thick
ness of horizons, and consistence. An example is fine-loamy, 
1nixed, 1nesic fa1nily of Typic Hapluclolls. 

SERIES: The series consists of a group of soils that 
formed from a particular kind of parent material and 
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TABLE 6.- Soil series classified according to the current system of classification 1 and the revised 1938 system 

Series 

Afton __ ____ ____ ___ _ 

Biscay_ - -- - - - - - - - - -

Calco_ - _ -- - - - - - - - - -

Current classification 1938 classification 

Family 

Fine-silty, mixed, noncalcareous, m esic __ _ 
Fine-loamy over sandy or sandy-skeletal, 

m ixed, noncalcareous, mesic. 
Fine-silty, mixed, calcareous, mcsic ____ _ _ 

Subgroup Order Great so il group 

Cumulic Haplaquolls ____ _ l Moll isols _____ l Hum~c Gley so~ls. 
Typ1c Haplaquolls___ __ _ _ Mollisols_ _ _ _ _ Humw Gley sOJls. 

Cumulic Haplaquolls ___ _ -1 Moll isols' ____ _ 

Clarion______ ______ F ine-loamy, mixed, m esic_ __ _ _ _ _ _ _ _ _ _ _ _ _ Typic Hapludolls___ _ _ _ _ _ Mollisols ____ _ 
Ca nisteo __ ________ -1 Fine-loamy, mixed, calcareous, mesic __ ___ I Typic H aplaquolls ____ __ -1 Mollisols __ __ _ 

Colo _________ ____ __ Fine-silty, mixed, noncalcareo us, mosic ___ Cumulic Haplaquolls __ ___ Mollisols ____ _ 

Humic Gley soils inter
grading to Alluv1al 
soils. 

Humic Gley soils. 
Brunizems. 
H umic Gley soils inter

grading to Alluvial 
soils. Cylinder _______ ___ _ 

D ickinson __ _______ _ 
Everly _______ _____ _ 
Fostoria ___ ________ _ 
Galva _____ _____ ___ _ 
Glencoe ____ ___ ____ _ 
Guckeen _____ _____ _ 
Hagener_ ___ ______ _ _ 
Ifarps ____ ____ _____ _ 
Ladoga ________ ___ _ 

Fine-loamy over sandy or sandy-skeletal, 
mixed, m esic. 

Coarse-loamy, mixed, m esic __ ________ __ _ 
Fine-loamy, mixed, rn.esic ___ _______ ____ _ 
Fine-loamy, m ixed, m csic ___ ___________ _ 
Fine-silty, mixed, m csic _ ___ ____ __ _____ _ 
Fine-loamy, mixed, noncalcarcous, mcsic _ 
Fine, montmorillonitic, mi,xcd, mcsic ____ _ 
Sandy, mixed, mcsic ____ ______ _____ __ _ _ 
Fine-carbonatic, mesic ____ __ ___ __ _____ _ 
F ine, montmorillonitic, mcs ic ___ ___ ___ _ _ 

MarcuE ___________ _ 
Mama ____________ _ 

Fine-silty, mixed, mesic _____ _______ __ _ .. 
Fine, montmorillonitic, noncalcareous, 

mesic. 
M 11ek __ ___________ _ 
Kico'. let _______ __ - - -
Ocheyedan ________ _ 
Okoboj i ___________ . 
Primghar_ _________ _ 
Rolfe ____ ______ - __ -
Sac __ ________ ____ _ _ 
Salida ___ __ ________ _ 

ri------------ -- ------ --- ------------Fine-1oamy, mLxed, mesic ___ ___ ___ _____ _ 
Fine-loamy, mixed, m esic ___ ___ ___ _____ _ 
Fine-silty, mixed, noncalcareous, mos ic __ _ 
Fine-sil ty, m ixed, mesic ___ ____ ___ _____ _ 
Fine, montmorillonitic, mesic ____ _____ _ _ 
Fine-silty, mixed, mesic ____ ___ ___ _____ _ 
Sandy-skeletal, m ixed, m osic ___ ______ __ _ 

Aquic Hapludolls __ ___ __ J Mollisols ____ _ 

Typic H apludolls __ ____ _ _ Mollisols ___ _ _ 
Typic Hapludolls __ _____ _ 
Aquic H a pludolls __ ___ __ _ 
Typic H apludolls ___ ____ _ 
Cumulic Haplaquolls __ __ _ 
Aguie Hapludolls __ _____ _ 

Mollisols ____ _ 
JVfo ll isols ____ _ 
Mollisols ____ _ 
Mollisols ____ _ 
Mollisols ____ _ 

Entic Hapludolls ____ ___ _ 
Typic Calciaquolls ___ ___ _ 
Moll ie Hapludalfs __ ____ _ 

Moll isols __ __ _ 
Mollisols __ __ _ 
Alfi sols __ ___ _ _ 

Ty pie Ha plaquolls ____ ___ 1 1\ifoll isols ____ _ 
Typic Haplaquolls__ _ _ __ _ Mollisols ____ _ 

(2) - - - - - - - - - - - - - - - - - - - - - His to sols ___ _ -
Aqu ic Hapludolls ____ ___ _ Mollisols __ __ _ 
Typ ic H apludolls ____ __ _ 
Cumulic Haplaquolls ____ _ 
Aquic Hapludolls ___ ___ _ _ 

Mollisols __ __ _ 
Molli sols __ __ _ 
Molli sols __ __ . 

Ty pie A rgial bolls __ ___ __ _ 
Typic Hapludolls ______ _ _ 
En tic Hapludolls ______ _ _ 

Moll isols ___ _ _ 
Mollisols ____ .. 
Moll isols __ __ . 

Brunizems. 

Brunizems. 
Brunizems. 
Brunizems. 
Brunizems. 
Humic Gley soils. 
Humic Gley soils. 
Rego sols. 
Humic Gley soils. 
Gray-Brown Podzolic 

soils intergrad ng to 
Brunizems. 

Humic Gley soils. 
Humic Gley soils. 

Bog soils. 
Brunizems. 
Brunizems . 
Humic Gley soils. 
Brunizems. 
P lanosols. 
Brunizems. 

Sperry _____________ ! Fine, montmor illon it ic, m esic __ __ _______ l Typic Arg ialbolls ____ ____ l Molli sols __ __ _ 
Spillville ___________ Fine-loamy, mixed, mosic ___ _________ ___ Cu muli c Hapludolls __ ____ Moll isols ___ _ _ 

Brunizems intergrading to 
R egosols. 

P lanosols. 
Brunizems intergrading 

to Alluvial soils. Storden ____________ _ 
T alcot __ __________ _ 

Terril _____________ _ 
T ripoli ____________ _ 
Wabash ___________ _ 

Waco usta _________ _ 
Wadena __ ____ _____ _ 

Waukegan ___ ______ _ 

Webster_ __ _____ __ - -

Fino-loamy, m ixed, m os ic _____ __ ____ ___ _ 
F ino-loa my over sandy or sandy-skolotal, 

m ixed, calcareous, mesic . 
Fino-loamy, mixed, m es ic ___ ____ ___ ____ _ 
Fino-loamy, mixed, noncalcaroous, mc,ic _ 
Fino, montmorillonitic, noncalcarrous, 

mesic. 
Fi.ne-s ilty, mixed, non.calcareous, mrsic __ _ 
F ino-loamy over sanely or sandy-skeletal, 

mixed, mcsic. 
Finr-sil ty over Randy or sancly-skc!Ptnl, 

mixed, m osic. 
Fine-loamy, mixed, nonca]c[troous, mosic _ 

~nti_c Hapludolls ___ ____ - 1 Mollisols __ __ _ 
fypic Hapla quolls__ _ _ _ _ _ Moll1sols __ __ .. 

Rego sols. 
Humic Gley soils. 

C umulic Hapludolls_____ _ Mollisols_ _ _ _ _ Brunizems. 
Typic Haplaquolls __ _____ Mollisols __ ___ Humic Gley soils. 
VC'rt ic Haplaquolls ____ __ _ Molli sols __ __ _ Humic Gley soils. 

T y pic Haplaquolls___ _ _ _ _ Mollisols_ _ _ _ _ Humic Gley soils. 
Typic Hapluclolls__ _ _ _ _ _ _ Molli sols__ ___ Brunizoms. 

Ty p ie Haplu clolls__ _ _ _ _ _ _ Mollisols_ _ _ _ _ Brunizems. 

Typic Ilaplaquolls__ _ _ _ _ _ Mollisols _ _ _ _ _ Humic Gley soils. 

1 Placement of some soil series in the current system of classification, particu larly in fami lies, may change as more precise inform~·;;-
t ion becomes available. · 

2 Families and subgroups have not been d eveloped for the H istosolsordc r. 

, 
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having genetic horizons that, except £or texture of the 
surface soil, are similar in di:ff erentiating characteristics 
and in arrangement in the soil profile. Among these char
acteristics are color, structure, reaction, consistence, and 
mineralogical and chemical composition. 

New soil series must be established m1d concepts of some 
established series, especially older ones that have been 
used little in recent years, must be revised in the course of 
the -soil survey program across the country. A proposed 
new series has tentative status until review of the series 
concept at _National, State, and regional levels of responsi
bility for soil classification results in a judgment that the 
new series should be established. Most of the soil series 
described in this survey have been established earlier, but 
eight had tentative status when the survey was sent to the 
printer. They are the Cylinder, Everly, Fostoria, Galva, 
Harps, Ocheyedan, Primghar, and Sac series. 

General Nature of the County 
This section was written for those who are not familiar 

with Clay County. It discusses briefly the history, climate, 
and relief and drainage of the comity and gives some agri
cultural statistics. 

History 
The first permanent white settlers in Clay County were 

Christian Kirchner, who settled in section 32 of Peterson 
Township, and Ambros S. Mead, who settled in section 34. 
These men settled in July 1856, and in the fall several other 
families moved in. 

Clay County originally was part of Woodbury County. 
At an election held on October 12, 1858, Clay County was 
organized, and district, county, and township officers were 
elected. At this time nearly all the inhabitants lived in the 
southwestern corner of the county. They selected Peterson 
as the county seat. By 1871 many people had arrived in the 
county, and the northern part was rapidly being settled. 
Spencer now had a larger population than Peterson, and 
in October of 1871 the residents of the cotmty voted to move 
the county seat to Spencer. 

The population of the county was 4,248 in 1880. It had 
grown to about 15,600 by 1920 (1), but since then the rate 
of growth has been fairly slow. According to the U.S. 
Census, 18,504 persons were residing in the county in 1960. 
Spencer had a.bout 1,000 residents in 1880; in 1960 it had 
about 8,800. The population of Peterson in 1960 was 565. 

Climate 4 

Cla.y County has a subhumid midcontinental climate. 
Changes are frequent and generally distinct because the 
county is near the path of two prevailing storm tracks, one 
from the northwest and the other from the south west. Sum
mers are warm with occasional hot periods, and winters are 
cold, but long periods of intense cold or heat are rare. 
Summers a.re sunny and have prevailing southerly winds. 
The winters are somewhat more cloudy, and the prevailing 
winds are northwesterly. The climatological data from 
Spencer are summarized in table 7. These da.ta are fairly 
representative for the county, though summer showers and 
minimum temperatures are somewhat variable. On calm 

'By PAUL J. WAITE, State climatologist, U.S. Weather Bureau. 

TABLE 7 .-Climatological 
[Elevation 

T emperature in °F. 

Mean Extreme Mean 
heating 

Month deg ee-
Record highest R ecord lowest days 2 

Daily Daily 
maximum minimum 

Monthly D egrees Year D egrees Year 

January ___ ___________ 26. 0 6. 2 16. 1 66 1944 - 30 1936 1, 516 
February ___ __________ 30. 2 9. 5 19. 9 63 1954 -31 1936 1,274 
March _____ __________ 40. 8 21. 1 31. 0 82 3 1943 - 28 1948 1,054 
ApriL ______ ______ ___ 59. 2 34. 7 45. 5 91 1960 8 1936 585 
May _________ ________ 71. 4 46. 4 58. 9 109 1934 23 1946 265 
June ____ _____________ 80. 6 57. 0 68. 8 106 1933 32 1945 69 
July _________________ 86. 5 61. 0 73. 8 113 1936 41 1947 28 
August ____ ___ _______ 84. 1 59. 2 71. 7 108 1936 34 1950 31 
September_ ______ ____ 75. 6 49. 1 62. 4 100 1939 21 1942 165 
October_ _____ ________ 64. 0 37. 9 51. 0 91 3 1953 10 1949 443 
November ____ _____ ___ 43. 8 22. 8 33. 3 78 1931 - 17 1959 951 
December_ ___________ 31. 1 12. 1 21. 6 65 1939 -28 1951 1,345 

Year __ _______ ___ 57. 8 34. 8 46. 2 113 1936 -31 1936 7,726 

1 Based on a 30-year record, from 1931 through 1960. 
2 Degree-days are computed by recording for each day the significant m ean departure from a selected temperature base, and adding 

these departures for the month and year. A base of 65° F. is used for heating degree-days, as this is the lowest mean daily temperature 
at which no heat is required in homes. 
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clear nights the lowlands normally are a few degrees cooler 
than the uplands or urban areas. 

During the five warm months-May through Septem
ber-the county receives about two-thirds of its annual 
precipitation, mostly as showers. About 40 thundershowers 
occur each year, mainly during this period. Occasionally 
excessive rainfall, high winds, hail, or even tornadoes 
occur. On the average Clay County has about one tornado 
every 2 years, but none has been damaging nor has moved 
a long distance. Th.e most damaging tornado on record 
occurred on September 21, 1894. This tornado caused little 
damage in Clay County, but in northern Iowa. it killed 
53 people and did considerable damage. 

Some very damaging hailstorms have occurred in Clay 
County, but losses from hail generally have been less than 
in the rest of northwestern Iowa. Winds as much as 50 
miles an hour at a height of 15 feet occur about once every 
2 years; as much as 80 miles, about once in 50 years; and as 
much as 90 miles, about once in 100 years. 

Rainfall is excessive, mainly in spring and summer, and 
causes local flooding. The heaviest rainfall ever recorded 
was 5.45 inches in about 12 hours. It began about 5 p.m. on 
September 17, 1926. The probability of a recurrence of this 
amount in 12 hours is about once in 85 years. Rainfall is 
heaviest during May and June. Measurable rainfall occurs 
on about 95 days each year and, on the average, 60 days has 
0.1 inch or more. Except during early growth, corn requires 
about 1 inch of rain each week; therefore, dry spells during 
the growing season are of some concern. The probability of 
receiving 1 inch or more of rain in June is about two in five, 
but this probability decreases to about one in four during 
July and August. Drought is most likely to occur late in 
July or in August, which is after the peak of rainfall and 

1ummary at Spencer, Iowa 1 

l, 331 feet] 

I 

I 

i 

! 

Mean Greatest Year 
daily 

I 

I 
I 

I 0. 75 0. 88 1944 
. 88 1. 35 1951 

1. 55 1. 26 1951 

I 2. 24 2. 78 1947 
3. 89 3. 76 1959 

Precipitation in inches 

Snow, sleet 

Maximum 
Mean monthly Year 

7. 6 32. 0 1932 
7. 7 31. 6 1936 
7. 2 19. 0 1933 
1.6 13. 0 1945 
.2 4. 0 1938 

after soil moisture has been depleted. Extreme drought, 
such as that in 1934 and 1936, is rare. 

On the average, snowfall is 32 inches each year, but it 
was only 4.5 inches during the winter of 1895-96 and was 
75.6 during the winter of 1961- 62. The heaviest snowfall 
in 1 day was 12 inches on February 9, 1939, and again on 
February 18, 1961. On 1 or more days, snowfall of 7 inches 
or more will occur in 3 of every 5 years, and about 1 year in 
6 will have 1 day with 10 inches or more. The average date 
of the first snowfall of 1 inch or more, which is the least 
that affects highway travel, is November 27. 

The continental climate of Clay County causes wide 
seasonal variations in temperature. In about half of the 
winters the coldest temperature is about -24° F . ; the 
average warmest in summer is about 99°. Zero or colder is 
recorded on about 29 days each year, and 90° or higher on 
about 10 days. At Spencer, the coldest temperature, -38°, 
·was recorded on January 12, 1912; the warmest, 113°, was 
recorded on July 17, 1936. The average length of the freeze
free season, temperatures above 32°, is 143 days, or from 
about May 10 to about September 30. 

Sunshine varies from about 48 percent of the possible 
clays in December to about 75 percent in July. Solar radia
tion is about four times as much in July as it is in Decem
ber. The relative humidity varies inversely as the tempera
ture, or from about 78 percent at sunrise to about 50 to 55 
percent by midafternoon. 

Relief and Drainage 
The relief of the eastern part of the county is dominated 

by the Bemis and Altamont end moraines. This part has 
the characteristic morainic knobs, hills, and ridges and the 

Mean number of days with-

Temperatures 

Precipi-
Minimum tation of Maximum 

Greatest 0.10 inch 
daily Year or more 

90° and 32° and 32° and 0° and 
above below below below 

11. 0 1937 3 0 21 31 12 
12. 0 1939 2 0 15 28 5 
10. 1 1951 4 0 8 28 0 

7. 0 1945 5 0 0 19 0 
3. 0 1938 7 0 0 2 0 

2 0 
I 

4. 96 4. 15 1934 0 0 -------- ---------- -------- 7 6 0 

I 
I 

3. 30 2. 50 1933 0 
3. 67 4. 10 1939 0 
2. 91 3. 53 1938 (4) 
1. 63 1. 98 1931 .2 
1. 32 1. 93 1946 4. 7 
. 82 1. 25 1931 5. 7 

27. 92 4. 15 1934 34. 9 

3 Also on earlier dates, months, or years. 
4 Trace. 

0 --------
0 --------
1.0 1942 
7. 0 1937 

13. 5 1940 
14. 5 1935 
32. 0 1932 

---------- - - ------ 10 2 0 0 0 
---------- -------- 6 2 0 0 0 

1.0 1942 7 0 0 3 0 
6. 0 1937 3 0 0 9 0 
8. 0 1943 3 0 3 28 0 
7. 0 1934 3 0 24 30 12 

12. 0 1939 60 10 71 180 29 
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many landlocked depressions and potholes. Two fairly 
large marshy areas in this part are the Dan Green and the 
Barringer Sloughs. Trumbull Lake, Lost Island Lake, 
and other small lakes are in this part. The relief is stronger 
and the surface rougher along the eastern edge 0£ the 
county near the Clay-Palo Alto C01mty line. In this area 
a £ew of the morainic hills rise 100 feet or more above the 
stream valleys. . . · 

·,East of the Little Sioux River and south 0£ Elk Creek 
the moraine is also fairly .rough, but as it extends north
westward from the east-central part 0£ the county toward 
Langdon it is less rough. Relief in some areas 0£ the south
eastern part 0£ the county more nearly resembles that re
sulting from a groun.d moraine. These areas are undulating 
to rolling. 

. The soils in the Marcus-Primghar soil association, and 
those on benches along the Little Sioux and Ocheyedan 
Rivers, are nearly.level, Some breaks between the benches 
and areas cut by streams have stronger relief. The. rest of 
the county is nearly level to gently sloping and has a net
work of drainage channels. Near the maJor streams and 
drainageways, however, slopes range from moderate to 
very steep. The steepest areas are mainly along the Little 
Sioux River, Elk Creek, and Willow Creek. 

Clay County is drained mainly by ., the Little Sioux 
River and its tributaries. The river enters the county in 
the northwest, flows southeastward through Gillett Grove 
Township, and then flows southweshvard to the county 
line. South 0£ the county line it turns westward and cross~s · 
back throughthe southwestern part olthe county. It leaves · 
the coimty abo'ut 1.5 miles north of the southwest corner. 
The main tributaries 0£ the Little Siou·x River are the 
Ocheyedan River and Prairie, ·willow, Montgomery, Elk, 
Big Meadow, and Little Meadow Creeks. A small area in 
the southeast corner 0£ the county is drained southeastward 
into the Des Moines River. 

In the eastern part 0£ the county the channel£ 0£ some 
0£ the smaller streams have been straightened and deep
ened. In addition, some manmade ditches provide surface 
drainage and outlets for tile drainage systems. 

Agriculture 
' In the following paragraphs the principal crops grown 

in the county are discussed, and the ¾creage 0£ each crop: 
grown'in 1964 is shown in a list. Also discussed are the main 
kinds' 0£ livestock raised or fattened, and the number of 
each kind in 1964 is listed. Finally, the type, size, and ten
ure of farms.in 1964 are given. All o~ the data areifrom the 
Iowa AnnuJiJ Farm Census (15). · · 

! -

Crops w 
Corn, soybeans, oats, and hay are the principal crops 

grown in the county. Corn i~_grown on the largest acreage. 
Grain, especially ciorn and 'soybeans, is the main cash Cl!OP, 

but much of the co:rn and small grains is £ed oil q1;_~£arm to 
hogs, catt~e, and speep. A £ew farmE)rS grow ropcorn as a 
cash cropi Cropla*d not harvested or pastur~d was 49,543 
acres in 1964, which is a large increase since 1959. Little 
timber is cut in the county for commercial use. Land in lots, 
roads, buildings, and trees and idle land was 22,888 acres 
in 1964, or about the same as in 1959. The number of 

acres used for the principal crops and £or pasture in 1964 
am shown in the Jist tlrn,t follows: 

•. Acres 
Corn for all purposes ____________ _______ __ __ ______ 120, 023 
Oats for grain _________________ _______ ____ __ _ .:____ __ 17, 804 
Soybeans for beans ________________________________ 76,193 

· Popcorn------------------------------------------ 588 
Sorghum------------------- -------------- -------- 184 All hay ____ ____ ____ ___ ______________ ______________ 25,140 

Pasture---------------------------------------- - - 44,089 

Livestock 
The raising of livestock, especially hogs, and the fatten

ing 0£ bee£ cattle are the main enterprises on many :Jiarms 
in the county. Much 0£ the income of farmers is from the 
sale of these anima.ls. The number of chickens declined 
considerably since 1959, and the number of turkeys was not 
reported in 1964. The number of the principal kinds 0£ 
livestock raised and sold in the county in 1964 are shown 
in the list that follows : 

Number 
Grain-fed cattle sold___________ ______ ________ __ ___ 51, 521 
Grain-fed sheep and lambs sold______ __ ____________ 18, 899 
Sows farrowed ___________________________________ lS,599 
Beef cows 2 years old and older_ __ __________ _______ 7,142 
Milli: cows 2 years old and older__________________ __ 3, 926 
Chickens----------------------------------------- 158,109 

Type, size, and tenure of farms 

In recent years the number of farms in Clay County has 
decreased and the size of farms has increased. In 1964 
there were 1,505 farms in the county, a decrease of 275 
since 1955. The average size of farms has increased from 
200 acres i1r 1955 to 237 acres in 1964. Most farms are 0£ the 
cash-grain .·or livestock type, and a few arff 0£ the dairy, 
poultry, or general type. 

The percentage 0£ farms operated by tenants in 1964 was 
a,bout 61; full 01· part owners operated the remaining 39 
percent. The number of persons living on farms in the 
county in 1965 was 5,757. 

Literature Cited 
(1) ALLEN, ARTHUR FRANCIS. 

1927. NORTHWEST IOWA, ITS HISTORY AND TRADITIONS, 1804-
1926. Vol. II: 576-1096, illus. 

(2) A1IERICAN ASSOCIATION OF STATE HIGHWAY OFFICIALS. 
1955. STANDARD SPECIFICATIONS FOR HIGHWAY MATERIALS AND 

ME'l'HODS OF SAMPLING AND TESTING. Ed. 7, 2 V., 
Washington, D.C. (Ed. 8, 2 v. published in 1961) 

(3) BALDWIN, M., KELLOGG, C. ID., and THORP, J. 
1938. SOIL CLASSIFICATION. U.S. Department of Agricul-

.-. ture Yearbook, 1938, pp. 979-1001. 
( 4) foWA $TATE UNIVERSITY. 

1962. IOWA DRAINAGE GUIDE. Special Rpt. 13 (Revised) ; 
48 pp. illus. 

( 5) LANE, GEORGE H. 
1931. A PREVIMINARY POLLEN ANALYSIS Oli' THE EAST 1ICCUL

LOCK PEAT BED. Ohio Jour. Sci. 31: 165- 171, illus. 
(6) RUHE, ROBERT V. 

-'1!952. TOPOGRAPHIC DISCONTINillTIBS OF THE DES MOINES LOBE. 
"'.: · _ .America!\ Jour. of Sci. 250: 46-56, illus. 

(7) - ~-- :RmlrN, MEYER, and SCHOLTES, w. H. 
1957. LATE .PLEISTOCENE RADIOCARBON CHRONOLOGY IN IOWA. 

Am. Jour. Sci. 255: 671- 689, illus. 
( 8) --- and SCHOLTES, w. H. 

1956. AGES AND DEVELOP1IENT Oli' SOIL LANDSCAP~:S IN RELA
TION TO . CLUIATIC AND VEGETATION AT. CHANGES IN 
IOWA. Soil Sci . Soc. Amer. Proc. 20: 264-273 
illus. 



CLAY OOUNTY, IOWA 101 

(9) RUHE, ROBERT V. 
1959. L\IPORTANT ELE1LEN'fS IN TIIE CLASSll' IOA'l'ION OF TUE 

WISCONSIN GLACIAL STAGE; A DISCUSSION. J. Ge
ology. 67: 585-593. 

(10) SnroNSON, G. H., PRILL, R. C., and RIECKEN, F. F. 
1957. FREE illON DIS'l:RIBUTION IN SOJliE POORLY DRAINED 

PRAIRIE SOILS IN IOWA. Iowa Acad. Sci. 64 :~ 385-
392. 

(11) SIJIIONSON, ROY W. 
1962. SOIL CLASSffICATION IN 'fHE UNITED STATES. Sci. 137 : 

1027-1034. 
(12) THORP, JAlliES and Sll:IITH, GUY D. 

1949. IDGHER ORDERS OF SOIL CLASSIFICATION: ORDER, SUB
ORDER AND GREAT SOIL GROUPS. Soil Sci. 67: 117-
126. 

(13) UNITED STATES DEPART:!.iENT OF AGRICULTURE. 

(14) 

1951. SOIL SURVEY UANUAL. Agr. Handbook 18, 503 pp. , 
illus. 

1960. SOIL CLASSffICATION, A COUPl\EHENSIVE SYSTEU, 7TH 
APPROXIJl:IATION. 256 pp., illus. [Supplement issued 
in March 1967] 

(15) UNITED STATES DEPARTlliENT OF AGRICULTURE AND IOWA DE
PARTJIIENT OF AGRICULTURE. 

1964. ANNUAL lCARJl:I CENSUS. Prepared by Iowa Crop and 
Livestock Reporting Service, Bul. No. 92-Z, 35 pp., 
illus. 

(16) WALKER, P . I-I. and BRUSH, GRACES. 
1963. OBSERVATIONS ON BOG AND POLLEN STR,\TIGRAPHY OF THE 

DES MOINES GLACIAL LOBE OF IOWA. Iowa Acad. of 
Sci. 70: 253-260, illus. 

(17) WAT~~RWAYS EXPEr.IlliENT STATION, CORPS OF ENGINEERS. 
1953. UNIFIED SOIL CLASSIFICATION SYSTEll!. 2 V. and ap

pendix U.S. Army, Tech. Memo 3- 357. Vicksburg, 
Mississippi. 

(18) WmTE, EVERETT M. 
1953. SUBSOIL TEXTURE VARIATIONS ON THE CLARION-WEBSTER 

EXPERHIENTAL FARM AS RELATED TO THE ll:IANKATO 
GLACIAL DEPOSIT. Iowa Acad. Sci. 60 : 438-441. 

(19) WRIGHT, H . E., JR. and RUHE, R. V. 
1965. GLACIATION OF JIIINNESOTA AND IOWA. In a review 

volume for the 7th Congress of the International 
Assoc. for Quaternary Res. : 29-41, illus. Prince
ton Univ. Press, Princeton, N.J. 

Glossary 
Alluvium. Soil material, such as sand, silt, or clay, that has been 

deposited on land by streams. 
Bench. A high, shelfl ike position. 
Calcareous, soil. A soil containing enough calcium carbonate (often 

with magnesium carbonate) to effervesce (fizz) visibly when 
treated with cold, dilute hydrochloric acid. 

Clay. As a soil separate, the mineral soil particles less than 0.002 
millimeter in diameter. As a soil textural class, soil material 
that is 40 percent or more clay, less than 45 percent sand, and 
less than 40 percent silt. 

Consistence, soil. The feel of the soil and the ease with which a 
lump can be crushed by the fingers. Terms commonly used to 
describe consistence are--

Loose.-Noncoherent: soil will not bold together in a mass. 
Friable.-When moist, soil crushes easily under gentle pressure 

between thumb and forefinger, but resistance is distinctly 
noticeable. 

Plastic.-When wet, soil is readily deformed by moderate pres
sure but can be pressed into a lump; will form a "'Vire" 
when rolled between thumb and forefinger. 

Sticlcy.-When wet, soil adheres to other material, and tends to 
stretch somewhat and pull apai,t, rather than to pull free 
from other material. 

.llara.-Wben dry, soil is moderately resistant to pressure; can 
be broken with difficulty between thumb, and forefinger. 

Soft.-When dry, soil breaks into powder or individual grains 
tmder very slight pressure. 

Oementea.-Soil is hard and brittle; little affected by moistening. 
Contour farming. Plowing, cultivating, planting, and harvesting 

in rows that are at right angles to the natural direction of 
the slope or that are parallel to terrace grade. 

Drift (geology). nlatt>rial of a11y :sort <leposited bly1geologic processes 
in one place after having been removed from another; includes 
cllift materials depo:sitecl by glaciers and JJy streams and lake;; 
associated with them. 

Horizon, soil. A layer of soil, approximately parallel to the surface 
that has distinct characteristics produced by soil-fopning 
processes. 'l'hese arc the major horizons: 

0 horizon. 'l'he layer of organic matter on the sm1'ace of a mineral 
soil. This layer consists of decaying plant residues. . ' 

A horizon. The mineral horizon at the surface or just _below an 
0 horizon. Th.is horizon is the one in which living orga
nisms ·are most a,ctive and it is thetefore marked by the 
accumulation of humus. The horizon may have lost one or 
more of soluble salts, clays, and sesquioxicles (iron and alu
minum oxides). 

B horizon. The mineral horizon below an A horizon. The B hori· 
zon is in part a layer of change from the overlying A to the 
underlying C horizon. The B horizon also has (1) distinctive 

•;J characteristics caused by acsumulation of clay, sesquio~i!'l,!:l§, 
humus, or some combination of these; (2) prismatic or 
blocky structure; (3) redder or stronger colors. than the A 
horizon; o~·. ~!) some con;ibination of these. The combipJW 
A and B h'6t1zons are usually called the solnm, or true sort. 
If a soil lacks a B horizon, the A horizon alone is the solum. 

a horizon. The weathered rock material immediately beneath 
the solum. This layer, commonly called the soil parent ma
terial, is presumed to be like 1that from which the overlying 
horizons were formed in most soils. If the underlying ma
terial is known to be different from that in the solum, a 
Roman numeral precedes the letter C. 

ll la,yei·. Consolidated rock beneath the soil. The rock usually 
underlies a C horizon but may be immediately beneath an 
A or B horizon. 

Leaching. The r emoval of soluble materials from the soils or other 
materials by percolating water. 

Mottled. Irregularly marked with spots of different colors that vary 
in number and size. Mottling in soils usually indicates poor 
aeration and la<:k of drainage. Descriptive terms are as fol
lows : Abundance--few, common, and many; size--fine, 
meainm, and coarse; and contrast-faint, clistinct, and promi
nent. The size measurements are these: Fine, less than 5 
millimeters (about 0.2 inch) in diameter along the greatest 
dimension; meaiwm, ranging from 5 millimeters to 15 milli
meters (about 0.2 to 0.6 inch) in diameter along the greatest 
dimension; and coarse, more than 15 millimeters (about 0.6 
inch) in diameter along the greatest dimension. 

Outwash (glacial). A broad term that includes all the material 
swept out, sorted, and deposited beyond the glacial ice front 
by streams of melt water. 

Profi le, soil. A vertical section of the soil through all its horizons 
and extending into the parent material. 

Reaction, soil. The degree of acidity or alkalinity of a soil, ex
pressed in pH values. A soil that tests to pH 7.0 is precisely 
neutral in reaction because it is neither acid nor alkaline. An 
acid, or "sour," soil is one that gives an acid reaction; an 
allmline soil is one that is alkaline in reaction. In words, the 
degrees of acidity or alkalinity are expressed thus: 

pH vH 
Extremely acic] ____ Below 4.5 Neutral ____________ 6.6 to 7.3 
Very strongly acid_ 4.5 ,to 5.0 Mildly alkaline ______ 7.4 to 7.8 
Strongly acid _____ 5.1 to 5.5 Moderately alkaline_ 7.9 to 8.4 

Strongly alkaline ____ 8.5 to 9.0 
Very strongly alkaline 9.1 ancl 

Medium acid __ __ __ 5.6 to 6.0 
Slightly acid ______ · 6.1 to 6.5 

higher 

Sand. Individual rock or mineral fragments in soils having diam
eters ranging from 0.05 to 2.0 millimeters. Most sand grains 
consist of quartz, but they may be of any mineral composition. 
The textural class name of any soil that contains 85 percent 
or more sand and not more than 10 percent clay. 

Silt. Individual mineral particles in a soil that range in diameter 
from the upper limit of clay (0.002 millimeter) to the lower 
limit of very fine sand (0.05 millimeter). Soil of the silt tex
tural class is 80 percent or more silt and less than 12 percent 
clay. 

Soil. A natural, three-dimensional body ou lhe earth's surface that 
supports plants and that has prope1•ties resulting from 1the 
integrated effect of climate and living matter acting upon 
parent material, as conditioned by relief, over periods of time 
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Solum. The upper part of a soil profile, above the parent material 
in which the processes of soil formation are active. The solum 
in mature soil includes the A and B horizons. Generally, the 
characteristics of the material in these horizons are unlike 
those of the underlying material. The living roots and other 
plant and animal life characteristic of the :soil are largely 
confined to the solum. 

Structure, soil. The arrangement of primary soil particles into com
pound particles or clusters that are separated from adjoining 
aggregated primary soil particles. The principal forms of soil 
structure are-platy (laminated), prismatic (vertical axis of 
aggregates longer than horizontal), colnrnnar (prisms with 
rounded tops), blocky ( angular or subangular), and granular. 
Structureless soils are (1) single grain (each grain by itself, 
as in dune sand) or (2) rnassive (the particles adhering to
gether without any regular cleavage, as in many claypans and 
hardpans). 

Subsoil. Technically, the B horizon; roughly, the part of the profile 
below plow depth. 

Substratum. Any layer lying beneath the solum, or true soil. 
Surface soil. 'l'he soil ordinarily moved in •tillage, or its equivalent 

in uncultivated soil, about 5 to 8 inches in thickness. The 
plowed layer. 

0 

Terrace (structural). Au embankment, or ridge, constructed across 
sloping soils on the contour or at a slight angle to the contour. 
The terrace intercepts surplus runoff so that it may ·soak into 
the soil or flow slowly to a prepared outlet without harm. 'l'er
races in fields are generally built so they can be farmed. Ter
races intended mainly for drainage have a deep channel that 
is maintained in permanent,sod. 

Terrace (geologic). An old alluvial plain, ordinarily flat or 
undulating, bordering a river, lake, or the sea. Stream terraces 
are frequently called second bottoms, as contrasted to flood 
plains, and are seldom subject to overflow. Marine terraces 
were deposited by the sea and are generally wide. 

Till, glacial. Material deposited directly by glacial ice with little 
or no transportation by water. 

Tilth, soil. The condition of the soil in relation to the growth of 
plants, especially soil structure. Good tilth refers to the friable 
state and 1s associated with high noncapillary porosity and 
stable, granular structure. A soil in poor 'tilth is nonfriable, 
hard, nonaggregated, and difficult to till. 

Type, soil. A subdivision of the soil series that is made on the basis 
of differences in the texture of the surface layer. 

Water table. The highest part of the soil or underlying rock 
material that is wholly saturated with water. In some places 
an upper, or perched, water table may be separated from a 
lower one by a dry zone. 



GUIDE TO MAPPING UNITS 

For a full description of a mapping unit, read both the description of the mapping unit and the soil series to wnich the mapping unit belongs. Discussion of the planting suitability groups is given on page 61. Other 
information is given in tables as follows: 

Map 
symbol 

Af 
Au 
Bs 
Ca 
Ce 
Cg 
ClB 
ClC2 
ClD2 
ClF 
CmC2 

CmD2 

Co 
CoB 
Cs 
CtB 

etc 

Cu 
Cy 
DcA 
DcB 
DcC2 

Dk.A 
DkB 
DkC2 

DkD2 

DkE2 

DlA 
DlB 
EcB 
EcC2 
EsD2 

Fo 
Fs 
GaA 
GbA 
Ge 
Gg 
Gk.A 
GkB 
GkC2 

GuA 

GuB 

Acreage and extent, table 1, p. 9. 
Predicted yields, table 2, p. 58. 

Mapping unit 

Afton silty clay loam-----------------------------------------
Alluvial land, channeled--------------------------------------
Biscay silty clay loam, deep----------------------------------
Calco silty clay loam-----------------------------------------
Canisteo silty clay loam--------------------------------------
Canisteo silty clay loam, gypsic variant----------------------
Clarion loam, 2 to 5 percent slopes---------------------------
Clarion loam, 5 to 9 percent slopes, moderately eroded--------
Clarion loam, 9 to 15 percent slopes, moderately eroded-------
Clarion loam, heavy subsoil variant, 20 to 4o percent slopes--
Clarion-Storden complex, 5 to 9 percent slopes, moderately 

eroded-------------------------------------------------------
Clarion-Storden complex, 9 to 15 percent slopes, moderately 

eroded-------------------------------------------------------
Colo silty clay loam------------------------------------------
Colo silty clay loam, 2 to 4 percent slopes-------------------
Colo silty clay loam, channeled-------------------------------
Colo-Terril complex, 2 to 5 percent slopes---------------------

Colo soil---------------------------------------------------
Terril soil--------------------------------------------------

Colo-Terril complex, 5 to 9 percent slopes---------------------
Colo soil---------------------------------------------------
Terril soil--------------------------------------------------

Cylinder loam, deep-------------------------------------------
Cylinder loam, moderately deep--------------------------------
Dickinson fine sandy loam, 0 to 2 percent slopes--------------
Dickinson fine sandy loam, 2 to 5 percent slopes--------------
Dickinson fine sandy loam, 5 to 9 percent slopes, moderately 

eroded-------------------------------------------------------
Dickinson fine sandy loam, benches, 0 to 2 percent slopes-----
Dickinson fine sandy loam, benches, 2 to 5 percent slopes-----
Dickinson fine sandy loam, benches, 5 to 9 percent slopes, 

moderately eroded--------------------------------------------
Dickinson fine sandy loam, benches, 9 to 15 -percent slopes, 

moderately eroded--------------------------------------------
Dickinson fine sandy loam, benches, 15 to 20 percent slopes, 

moderately eroded--------------------------------------------
Dickinson loam, 0 to 2 percent slopes-------------------------
Dickinson loam, 2 to 5 percent slopes-------------------------
Everly clay loam, 2 to 5 percent slopes-----------------------
Everly clay loam, 5 to 9 percent slopes, moderately eroded----
Everly-Storden complex, 9 to 15 percent slopes, moderately 

eroded-------------------------------------------------------
Fostoria clay loam-------------------------------------------- -
Fostoria loam------------------------ · -------------------------
Galva silty clay loam, 1 to 3 percent slopes------------------
Galva silty clay loam, benches, 0 to 2 percent slopes---------
Glencoe silty clay loam---------------------------------------
Glencoe silty clay loam, gravelly substratum------------------
Guckeen silty clay loam, 0 to 2 percent slopes----------------
Guckeen silty clay loam, 2 to 5 percent slopes----------------
Guckeen silty clay loam, 5 to 9 percent slopes, moderately 

eroded--------------------------------- -- -- -- -- -- ·-- -- -- ------
Guckeen clay loam, silty clay substratum, Oto 2 percent 

slopes-------------------·-----------------------------------
Guckeen clay loam, silty clay substratum, 2 to 5 percent 

slopes---------- - -- -- -- -- - - -- . ------- ______________ ·--- _____ _ 

Described 
on 

page 

11 
11 
12 
12 
13 
13 
14 
14 
15 
15 

15 

15 
16 
16 
16 
16 

17 

17 
18 
18 
18 

19 
19 
19 

19 

19 

19 
19 
20 
20 
20 

21 
21 
22 
22 
22 
23 
23 
24 
24 

25 

25 

25 

Capability 
unit 

Symbol Page 

IIw-2 50 
Vw-1 56 
IIw-3 51 
IIw-1 50 
IIw-2 50 
IIw-2 50 
IIe-1 48 
IIIe-1 52 
IIIe-2 52 
VIIe-1 57 

IIIe-1 52 

IIIe-2 52 
IIw-1 50 
IIw-2 50 
Vw-1 56 

IIw-1 50 
IIw-1 50 

IIIw-4 55 
IIIw-4 55 
I-1 48 
IIs-2 52 
IIIs-1 55 
IIIe-4 53 

IIIe-4 53 
IIIs-1 55 
IIIe-3 53 

IIIe-3 53 

IVe-2 55 

VIe-2 56 
IIIs-1 55 
IIIe-3 53 
IIe-1 48 
IIIe-1 52 

IIIe-2 52 
I-1 48 
I-1 48 
I-2 48 
I-1 48 
IIIw-1 53 
IIIw-1 53 
I-3 48 
IIe-3 50 

IIIe-1 52 

I-3 48 

IIe-3 50 

Planting 
suitability 

group 

Number 

2 
4 
2 
4 
2 
2 
1 
1 
1 
1 

1 

1 
4 
4 
4 

4 
1 

4 
1 
1 
3 
3 
3 

3 
3 
3 

3 

3 

3 
3 
3 
1 
1 

1 
1 
1 
1 
1 
2 
2 
1 
1 

1 

1 

1 

Map 
symbol 

HaC2 
Hr 
LaA 
Ma 
Mc 
M:! 
Mh 
Mm 
Mr 
Ms 
Ne 
No 
OcA 
OcB 
OcC2 
Ok 
Pr 
Ps 
Ro 
SaB 
SaC 
SaC2 
SgB 
SgC2 

SgD2 

SgE2 

SlF2 
Sn 
So 
Sp 
StD2 
StE2 
StF2 
StG2 
Ta 
TeB 
TeC 
TeD 
Tr 
Wa 
Wb 
WdA 
WdB 
WmA 
WmB 
WmC2 

WmD2 

WuA 
WuB 
Wy 

Engineering uses of the soils, tables 3, 4, 
and 5, pp. 62 through 93. 

Mapping unit 

Hagener loamy sand, 4 to 8 percent slopes, moderately eroded----
Harps loam------------------------------------------------------
Ladoga silt loam, 1 to 3 percent slopes------------------------
Marcus silty clay loam------------------------------------------
Marna silty clay------------------------------------------------
Marna silty clay loam, calcareous variant-----------------------
Marsh-----------------------------------------------------------
Muck, moderately shallow---------------------------------------
Muck, moderately shallow, calcareous----------------------------
Muck, shallow---------------------------------------------------
Nicollet clay loam----------------------------------------------
Nicollet loam---------------------------------------------------
Ocheyedan loam, 0 to 2 percent slopes--------------------------
Ocheyedan loam, 2 to 5 percent slopes--------------------------
Ocheyedan loam, 5 to 12 percent slopes, moderately eroded------
Okoboji silt loam----------------------------------------------
Primghar silty clay loam---------------------------------------
Primghar silty clay loam, benches-------------------------------
Rolfe silt loam-------------------------------------------------
Sac silty clay loam, 2 to 5 percent slopes---------------------
Sac silty clay loam, 5 to 9 percent slopes---------------------
Sac silty clay loam, 5 to 9 percent slopes, moderately eroded--
Salida gravelly sandy loam, 2 to 5 percent slopes--------------
Salida gravelly sandy loam, 5 to 9 percent slopes, moderately 

eroded--------------------------------------------------------
Salida gravelly sandy loam, 9 to 15 percent slopes, moderately 

e.roded- -------- -- - -- -- - - - - - - - - - - - - -- -- -- - - - - - - - - - - - - - - - - - - - - --
Salida gravelly sandy loam, 15 to 20 percent slopes, moderately 

eroded--------------------------------------------------------
Salida sandy loam, 20 to 30 percent slopes, moderately eroded---
Sandy lake. beaches--- - - - - - -- - -- - -- - - -- -- - - -- -- - - - - - -- - - -- - - ---- -
Sperry silty clay loam-----------------------------------------
Spillvill~ ioam-------------------------------------------------
Storden loa,m., 5 to 15 percent slopes, moderately eroded--------
Stord.eih loam, 15 to 20 percent slopes, moderately eroded-------
Storden loam, 20 to 30 percent slopes, moderately eroded-------
Storden loam, 30 to 50 percent slopes, moderately eroded-------
Talcof:silty clay loam, deep-----------------------------------
Terril loam, 2 to 5 percent slopes-----------------------------
Terril loam, 5 to 9 percent slopes-----------------------------
Terril loam, 9 to 15 percent slopes----------------------------
Tripoli clay loam----------------------------------------------
Wacousta silty clay loam----------------------------------------
Wabash silty clay-----------------------------------------------
Wadena loam, deep, 0 to 2 percent slopes-----------------------
Wadena loam, deep, 2 to 5 percent slopes-----------------------
Wadena loam, moderately deep, 0 to 2 percent slopes------------
Wadena loam, moderately deep, 2 to 5 percent slopes------------
Wadena loam, moderately deep, 5 to 9 percent slopes, moderately 

eroded--------------------------------------------------------
Wadena loam, moderately deep, 9 to 15 percent slopes, 

moderately eroded---------------------------------------------
Waukegan loam, moderately deep, 0 to 2 percent slopes----------
Waukegan loam, moderately deep, 2 to 5 percent slopes----------
Webster silty clay loam-----------------------------------------

Capability 
Described unit 

on 
page Symbol Page 

25 
26 
27 
28 
28 
28 
29 
29 
29 
30 
30 
30 
31 
31 
31 
32 
33 
33 
34 
35 
35 
35 
36 

36 

36 

37 
37 
37 
38 
38 
39 
39 
39 
39 
40 
41 
41 
41 
42 
43 
42 
44 
44 
44 
44 

44 

45 
45 
45 
46 

IVs-1 
IIw-4 
I-2 
IIw-2 
IIw-5 
IIw-5 
VIIw-1 
IIIw-2 
IIIw-2 
IIIw-2 
I-1 
I-1 
I-2 
IIe-1 
IIIe-1 
IIIw-1 
I-1 
I-1 
IIIw-1 
IIe-1 
IIIe-1 
IIIe-1 
IIIe-4 

IIIe-4 

IVe-2 

VIe-2 
VIIe-2 
VIs-1 
IIIw-1 
IIw-1 
IIIe-2 
IVe-1 
VIe-1 
VIIe-1 
Hw-3' 
IIe-1 
IIIe-1 
IIIe-2 
IIw-2 
IIIw-1 
IIIw-3 
I-2 
IIe-1 
IIs-1 
IIe-2 

IIIe-3 

IVe-2 
IIs-1 
IIe-2 
IIw-2 

56 
51 
48 
50 
51 
51 
57 
54 
54 
54 
48 
48 
48 
48 
52 
53 
48 
48 
53 
48 
52 
52 
53 

53 
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52 
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56 
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48 
52 
52 
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54 
48 
48 
52 
49 

53 

55 
52 
49 
50 

Planting 
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group 

Number 
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2 
1 
2 
2 
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2 
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2 
1 
1 
1 
1 
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U. S. DEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION SERVICE 

IOWA AGRICULTURAL EXPERIMENT STATION 

GENERAL SOIL MAP 
CLAY COUNTY, IOWA 

SCALE IN MILES 

0 1 2 3 4 

SOIL ASSOCIATIONS 
Clarion-Nicollet-Webster association: Well-drained to 
poorly drained, medium-textured and moderately fine textured, 
nearly level to strongly sloping soils on uplands 

Marcus-Primghar-Sac association : Well-drained to poorly 
drained, moderately fine textured, nearly level to moderately 

sloping soils on uplands 

Marcus-Primghar association : Poorly drained and somewhat 
poorly drained, moderately fine textured, nearly level soils 

on uplands 

Wadena-Cylinder-Biscay association: Well-drained to poorly 
drained, medium-textured and moderately fine textured, 
nearly level to strongly sloping soils on benches 

Everly-Nicollet-Tripoli association: Well-drained to 
poorly drained, moderately fine textured, nearly level to 

sloping soils on uplands 

Colo-Spillville-Wabash association : Moderately well drained 
to very poorly drained, medium-textured to fine-textured, 
nearly level soils on bottom lands 

Storden association: Well-drained, medium-textured, sloping 
to steep soils ·on uplands 

Ocheyeda n-Webster-Guckeen -Ma rna association: Well-drained 
to poorly drained, medium-textured to fine-textured, nearly 
level to gently sloping soils on uplands and benches 

Ocheyedan-Fostoria-Webster association: Well-drained to 
poorly drained, medium-textured to moderately fine textured, 
nearly level to moderately sloping soils on uplands 

April 1968 
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SOIL CONSERVATION SERVICE 

SYM BOL 

Af 
Au 

Bs 

Ca 
Ce 
Cg 
CIB 
CIC2 
CID2 
CIF 

CmC2 

CmD2 

Co 
CoB 
Cs 
CtB 
CtC 
Cu 
Cy 

DcA 
DcB 
DcC2 

DkA 
DkB 
DkC2 

DkD2 

DkE2 

DIA 
DIB 

EcB 
EcC2 

EsD2 

Fo 
Fs 

GaA 
GbA 
Ge 
Gg 
GkA 
GkB 
GkC2 

GuA 

GuB 

HaC2 

Hr 

LaA 

SOIL LEGEND 

The first capitol letter is the initial one of the soil nome. 
A second capitol letter, A, B, C, D, E, F, or G shows the 
slope. Symbols without o slope letter ore those of nearly 
level soils or lond types. A final number, 2, in the symbol, 
shows thot the soil is moderately eroded. 

NAME 

Afton silty c loy loom 
Al luviol lond, channeled 

Biscay silty cloy loam, deep 

Calco silty cloy loom 
Canisteo silty clay loam 
Canisteo silty cloy loam, gypsic voriont 
Clarion loom, 2 to 5 percent s lopes 
Clarion loom, 5 to 9 percent ~lopes, moderately eroded 
C larion loom, 9 to 15 percent s lopes, moderotely e roded 
Clar ion loom, heavy subsoi I variant, 20 to 40 percent 

s lopes 
C larion-Storden complex, 5 to 9 percent slopes, 

moderotel y eroded 
Clari on -Storden complex, 9 to 15 percent slopes, 

moderately eroded 
Co lo si lty c lay loom 
Co lo s ilty cloy loom, 2 to 4 percent slopes 
Co lo si lty cloy loom, channeled 
Colo-Terril complex, 2 to 5 percent s lopes 
Colo-Terril complex, 5 to 9 percent slopes 
Cylinder loom, deep 
Cylinder loom, moderately deep 

Dickinson fine sandy loam, 0 to 2 percent slopes 
Dickinson fine sand y loom, 2 to 5 percent slopes 
Dickinson fine saridy loom, 5 to 9 percent slopes, 

moderately eroded 
Dick in son fine sandy loom, benches, 0 to 2 percent slopes 
Dickinson fine sandy loom, benches, 2 to 5 percent slopes 
Dickinson fine sandy loam, benches, 5 to 9 percent s lopes, 

moderately eroded 
Dickinson fine sandy loom, benches, 9 to 15 percent s lopes, 

moderately eroded 
Dickinson fine sandy loom, benches, 15 to a) percent 

slopes, moderately eroded 
Dickinson loom, 0 to 2 percent slopes 
Dickinson loom, 2 to 5 percent slopes 

Everly cloy loom, 2 to 5 percent s lopes 
Everly cloy loom, 5 to 9 percent s lopes, moderately 

e roded 
Everly-Storden complex, 9 to 15 percent s lopes, moderately 

eroded 

Fostoria cloy loom 
Fostoria loom 

Golva silty c loy loom, 1 to 3 percent slopes 
Golva silty c lay loom, benches, 0 to 2 percent slopes 
Glencoe silty c loy loom 
Glencoe silty cloy loom, gravelly substratum 
Guckeen silty cloy loom, 0 to 2 percent slopes 
Guckeen silty cloy loom, 2 to 5 percent slopes 
Guckeen si lt y cloy loom, 5 to 9 percent slopes, 

moderate I y e roded 
Guckeen c lo y loom, silty cloy substratum, 0 to 2 

percent s lopes 
Guckeen cloy loom, s il ty cloy substratum, 2 to 5 

percent slopes 

Hagener loamy sand, 4 to 8 percent slopes, moderately 
e roded 

Harps loom 

Ladoga silt loom, 1 to 3 percent s lopes 

SYMBOL 

Ma 
Mc 
Me 
Mh 
Mm 
Mr 
Ms 

Ne 
No 

OcA 
OcB 
OcC2 

Ok 

Pr 
Ps 

Ro 

SaB 
SaC 
SaC2 

SgB 
SgC2 

SgD2 

SgE2 

SIF2 

Sn 
Sa 
Sp 
StD2 
StE2 

StF2 

StG2 

Ta 
TeB 
TeC 
TeD 
Tr 

Wa 
Wb 
WdA 
WdB 
WmA 
WmB 
WmC2 

WmD2 

WuA 
WuB 
Wy 

Marcus silty cloy loom 
Morna s ilty cloy 

NAME 

Morna silty cloy loam, calcareous variant 
Marsh 
Muck, moderately shol low 
Muck, moderately shal low, calcareous 
Muck, sha llow 

Nicollet cloy loom 
Nicollet loom 

Ocheyedan loam, 0 to 2 percent s lopes 
Ocheyedan loam, 2 to 5 percent slopes 
Ocheyedan loam, 5 to 12 percent slopes, moderately 

eroded 
Okoboji silt loom 

Primghar silty cloy loom 
Primghar silty cloy loom, benches 

Rolfe si It loam 

Soc si lty cloy loom, 2 to 5 percent slopes 
Soc s ilty cloy loom, 5 to 9 percent slopes 
Soc s ilty cloy loom, 5 to 9 pe~cent slopes, moderately 

e roded 
Sa lido grave lly sandy loom, 2 to 5 percent slopes 
Salido g ravelly sandy loam, 5 to 9 percent s lopes, 

moderately eroded 
Sal ido gravelly sandy loom, 9 to 15 percent s lopes, 

moderately eroded 
Salido gravelly sandy loom, 15 to 2) percent slopes, 

moderate I y eroded 
Salido sandy loom, a) to 30 percent slopes, moderately 

e roded 
Sandy loke beaches 
Sperry silty cloy loom 
Spillvi lle loam 
Storden loom, 5 to 15 percent slopes, moderately eroded 
Stor den loom, 15 to 2) percent slopes, moderately 

e roded 
Storden loom, 2) to 30 percent slopes, moderately 

eroded 
Storden loam, 30 to SO percent slopes, moderately 

e roded 

Tolcot silty clay loom, deep 
Terri I loom, 2 to 5 percent slopes 
Terril loam, 5 to 9 percent slopes 
Terril loom, 9 to 15 percent slopes 
Tripoli c loy loam 

Wocousto silty cloy loam 
Wabash silty cloy 
Wadena loom, deep, 0 to 2 percent slopes 
Wadena loom, deep, 2 to 5 percent slopes 
Wadena loam, moderately deep, 0 to 2 percent slopes 
Wadena loom, moderately deep, 2 to 5 percent s lopes 
Wadena loam, moderate I y deep, 5 to 9 percent slopes, 

moderately eroded 
Wadena loom, moderately deep, 9 to 15 percent slopes, 

moderately eroded 
Waukegan loom, moderately deep, 0 to 2 percent slopes 
Waukegan loom, moderate I y deep, 2 to 5 percent slopes 
Webster s il ty cloy loom 

CLAY COUNTY, IOWA 

WORKS AND STRUCTURES 

Highways and roads 

Dual 

Good motor 

Poor motor 

Trail 

Highway markers 

National Interstate 

U.S. 

State or county 

Railroads 

Single track 

Multiple track 

Abandoned 

Br idges and crossings 

Road 

Trail, foot 

Railroad 

Ferry 

Ford 

Grade 

R. R. ove r 

R. R. under 

Tunnel 

Bu ildi ngs 

School 

Church 

Station 

Mines and Quarries 

Mine dump 

Pits, gravel or other 

Power line 

Pipeline 

Cemetery 

Dams 

Levee 

Tanks 

Well, oil or gas 

c:, 
0 
0 

-+--+--+--+--+-

FY-!==== 

\ ·.,__,. 

~=====~ 

• 
~ 

uu..,_ 

""" ... 
~ 

HHHHH~ 

it-7 
' ' L_J 

. ~ . ' 
,,,..... .. ___,_ .. . 

• @ 

CONVENTIONAL SIGNS 
BOUNDARIES 

National or state 

County 

Minor civil division - - - _J 

Reservat ion 

Small park. cemetery, airport . 

Land survey division corners ........... L _l_ + -1 

Streams, double-line 

Perennial 

Intermittent 

Streams, single-line 

Perennial 

Intermittent 

DRAINAGE 

Crossable with tillage 
implements 

Not crossable with tillage 
implements 

Unclassified 

Canals and ditches 

Lakes and ponds 

Perennial 

Intermittent 

Wells, water 

Spring 

Marsh or swamp 

Wet spot 

Mucky seepy land 

Alluvial fan 

Drainage end 

~ 

,:::::. ---~ .-: :~: ·.·:.:::= 

__.,.- ·-.......... _ ____ __ 
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IOWA AGRICULTURAL EXPERIMENT STATION 

SO IL SURV EY DATA 

Soil boundary 

and symbol 

c:Q 
Gravel 

Stony, very stony 

Rock outcrops 

Chert fragments 

Sand spot 

Gumbo or scabby spot 

Made land 

Severely eroded spot 

Blowout, wind erosion 

Gully 

Small area of Rolfe, Sperry, or Cullo 
soils or clay spot 20 to 30 inches deep 

Small area of Glencoe soils, contains 
water part of time 

Calcareous spot, well drained 

o0 0 
0 0 

0 o0 

o 0 
0 

(ll<J:l 

"' <7 r, 

... 
¢ 

V 

/VVVVV\J 

* 
~ 

0 

So i I map constructed 1967 by Cartographic Division, 
Soi I Conservation Service, USDA, from 1962 aerial 
photog raphs . Contro ll ed mosaic based on Iowa plane 
coordinate system, north zone, Lambert conformal 
conic projection, 1927 North American datum. 
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