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HOW TO USE THIS SOIL SURVEY

THIS SOIL SURVEY of Clay County
contains 1nformat10n that can be ap-
plied in managing farms and woodlands;
in selecting sites for roads, ponds, build-
ings, or other structures; and in 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 ftlphabetic 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
Iimitation can be colored yellow, and those
with a severe limitation can be colored red.

Farmers and those who work with farm-
ers can learn aboutf 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
concerned with wildlife will find informa-
tion about soils and wildlife in the section

. “Use of Soils for Wildlife and Recreation.”

Ioresters 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 under
“Use of Soils for Engineering” tables that
give engineering dESCI‘IptIOIlS of the soilsin
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.”

Newcomers in Olay County may be es-
pecially interested in the section “General
Soil Map,” where broad patterns of soils
are described. They may also be interested
in the section “General Nature of the
County,” which gives additional informa-
tion.

Cover picture:
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Soybeans planted on the contour on Everly
5 to 9 percent slopes, moderately eroded. The
trend is toward terracing allld ((:lontour farming of cultivated
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SOIL SURVEY OF CLAY COUNTY, IOWA

BY CHARLES 8. FISHER, SOIL CONSERVATION SERVICE®

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

CLAY COUNTY is in the northwestern part of Iowa.
It is the second county south of the Jowa-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 State capital. 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

COUNCIL BLUFPS
L
} I
t
l‘ 5
I

*Sme Agriculturel Experiment Station

Figure 1.—Location of Clay County in Iowa.

thickness, arrangement, and other important characteris-
tics. Each soil series is named for a town or other geo-
graphic feature near the place 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 United States having the same series name are essen-
tially alike in those characteristics that go with their be-
havior in the natural landscape. Soils of one series can
differ somewhat in texture of the surface soil and in slope,
stoniness, or some other characteristic that affects 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 survey were CHARLES S. FISHER, LoREN M. GREINER, LAURENCE T. HANsoN, HARVEY A. HARMAN, ROBERT G. JoNES, MAYNARD P.
KoPPEN, GEORGE ScHABILION, and RoBERT 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 several 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 worked 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 boundaries
accurately. The soll 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 planning
management of farms and fields, a mapping unit is 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 map 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 example,
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
descriptive 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 done 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 woodland, 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 the 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 showing soil associations is useful to people who
want a general idea of the soils in a county, who want to
compare different parts of a county, or who want to know
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, medium-textured and
moderately fine textured, nearly level to strongly sloping
soils on uplonds

The soils of this association are nearly level to strongly
sloping loams, clay loams, and silty clay loams that occur
in the eastern part of the county 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 (fig. 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 Webster
soils, about 15 percent; and minor soils, the remaining 27
percent.

The main soils in this association are the Clarion, Nicol-
let, and Webster. 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 Webster 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 soils 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 associations. On most farms some of the grain pro-
duced is fed to livestock, and the livestock is marketed.

Crops grow well on these soils, except in a few places
where they are droughty, in areas that are strongly SlOPiI;g
or steep and susceptible to erosion, and in poorly drain
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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 places. Surface drains are used in some
places. Even in drained areas, the soils in depressions are
often ponded in spring and after heavy rains.

In size, the farms in 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.

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

Well-drained to poorly drained, moderately fine textured,
nearly level to moderately sloping soils on uplands

The soils of this association are nearly level to moder-
ately sloping silty clay loams. They occur mainly in the
southwestern part of the county, but small areas are in

the east-central and west-central parts. This 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.

The Marcus soils make up about 30 percent of this asso-
ciation; the Primghar soils, about 80 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 flat to slightly concave. The Primghar soils are
nearly level and somewhat poorly drained ; most areas have
slightly convex slopes. The Sac soils are 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 loess and have slopes of 0 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 wet in places.
The Colo and Terril soils are in drainageways. Adjacent
to the drainageways are the moderately sloping to very
steep Everly and Storden soils.

The soils in this association are used mainly for general
farming. They are some of the better soils of the county
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 livestock is marieted. 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 average 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 onuplands

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. y

The Marcus and Primghar are the main soils in this as-
sociation. These silty clay loams are deep and dark colored.
They developed in loess more than 40 inches thick. The
Marcus soils are poorly drained and are in nearly flat or
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Figure 4—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 soils are deep and dark colored. They developed
in loess and local alluvium in shallow drainageways.

Nearly all of this association is used for crops, mainly
corn and soybeans. The percentage of acreage in row crops
in this association 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
it is marketed at local elevators. Much of this association
consists of nearly level soils that are excellent for farming.

The Marcus soils and some of the minor soils that are
poorly drained need to be drained. Tile drains are effective
in improving drainage. Only the well-drained minor soils
are susceptible to erosion.

Farms in this association are 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 few sections. Except in
windbreaks and around farm buildings, trees are few in
this association.

The soils in this association are high in fertility, but
additions of nitrogen and phosphate are needed, especially
on fields that are farmed 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

Well-drained to poorly drained, mediwm-textured and
moderately fine textured, nearly level to strongly sloping
so0ils on benches

The soils of this association are loams and silty clay
loams that are nearly level in most places but gently
sloping in a few. They are generally on benches. Between
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 scattered areas also occur in
the eastern and southern parts. The association occupies
about 13 percent of the county.
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Wadena 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 Wadena, Cylin-
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 higher on the land-
scape than either the Cylinder or the Biscay 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 grade to light clay loam in the
subsoil. The Wadena and Cylinder soils overlie sand or
gravel at a depth of less than 3 feet in anost places, but at a
depth of more than 3 feet in some places. These soils are
droughty.

The Biscay soils have 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 well. 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 Wadena 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. Fields
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 Zpoorlg/ drained, moderately fine textured,
nearly level to sloping soils on uplands

The soils of this association are nearly level to sloping
clay loams that occur mostly in the northwestern, central,
and south-central parts of the county. Most 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, about
15 percent; and minor soils, the remaining 19 percent.

The Everly, Nicollet, and Tripoli are the major soils in
this association. All are clay loams. The Everly soils are
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 1
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 direction.

Tile drains are needed on the Tripoli and Afton soils
it 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 few areas
are used for pasture. In general, 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 livestock,
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

Moderately well drained to very poorly drained, medium-
textured to fine-textured, nearly 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; Wabash soils, about 2 per-
cent; and minor soils, the remaining 4 percent. .

The major soils in this association are the Colo, Spill-
ville, and Wabash, but the Colo are by far the most exten-
sive. 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
soils 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 seil association 5.

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

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 areas 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 Wadena and of Cylinder soils
are too small to be included in soi] association 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 1s variable, depending
on the frequency of flooding and on drainage.

The Ce(ﬁo soils generally are benefited by tile drains,
but in places there are no suitable outlets. Tile drains do
not work well in the Wabash soils 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,
but nitrogen and phosphate are needed to maintain produc-
tivity and fertility where the soils are intensively farmed.
Less potash is needed. These soils are slightly acid or

295-993-—68 2

neutral in reaction, and if any lime is needed, the amount
is small.

7. Storden Association

Well-drained, medium-tewtured, 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
uplands. The areas are narrow and, in the southern half
of the county, are roughly parallel to the larger streams.
This association occupies about 3 percent of the county.

Storden soils make up 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 well-drained loams that are limy 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 that have a loam surface layer and a
heavy subsoil and are on north- 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 th
road are dominantly Colo silty 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

Well-drained to poorly drained, medium-textured to fine-
textured, nearly level to gently sloping soils on uplands
and benches

This association occupies only about 8 percent of the
county and occurs on uplands and outwash areas in the
north-central part.

The Ocheyedan soils make up about 10 percent of this
association; the Webster 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
textured 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. Their sub-
soil is light silty clay 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
drained.
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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

Well-drained to poorly drained, medivm-temtured to mod-
erately fine textured, nearly level to moderately sloping
s0ils 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 sandy material.
This association occupies about 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
level to gently rolling and are well drained. The Webster

TaBLE 1.—Approximate acreage

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 Wau-
kegan soils are of loam texture and overlie sandy material.
The Dickinson soils are of loam or fine sandy loam texture
and also overlie sandy 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 Waukegan 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.

and proportionate extent of the soils

Soils Acres | Percent Soils Acres | Percent
Afton silty elay loam_ _____.______ _________ 4, 567 1. 3 || Dickinson fine sandy loam, benches, 0 to 2 per-
Alluvial land, channeled_____________________ 244 .1 centslopes_________ . ___________._______. 362 .1
Biscay silty clay loam, deep_ ________________ 8, 262 2. 3 || Dickinson fine sandy loam, benches, 2 to 5 per-
Calco silty clay loam________________________ 2,177 .6 cent slopes_____ . _____________________ 1, 089 .3
Canisteo silty clay loam_____________________ 12, 731 3. 5 || Dickinson fine sandy loam, benches, 5 to 9 per-
Canisteo silty clay loam, gypsic variant. ._____ 144 ® cent slopes, moderately eroded _____________ 839 .2
Clarion loam, 2 to 5 percent slopes_ __________ 23, 885 6. 6 || Dickinson fine sandy loam, benches, 9 to 15 per-
Clarion loam, 5 to 9 percent slopes, moderately cent slopes, moderately eroded - ___________ 139 ©)
eroded. ____ . _______________ . _____ 8, 609 2. 4 || Dickinson fine sandy loam, benches, 15 to 20
Clarion loam, 9 to 15 percent slopes, moderately percent slopes, moderately eroded. . ____.__. 110 ®
eroded. _________________________________ 293 . 1 || Dickinson loam, 0 to 2 percent slopes.___...._. 138 ®
Clarion loam, heavy subsoil variant, 20 to 40 Dickinson loam, 2 to 5 percent slopes_________ 177 ®
percent slopes__ - _____._________________ 844 .2 || Everly clay loam, 2 to 5 percent slopes._______ 18, 988 5.2
Clarion-Storden complex, 5 to 9 percent slopes, ' Everly clay loam, 5 to 9 percent slopes, mod-
moderately eroded________________________ 496 .1 erately eroded___________________________. 3, 391 .9
Clarion-Storden complex, 9 to 15 percent slopes, Everly-Storden complex, 9 to 15 percent slopes,
moderately eroded . ___.__________________ 324 .1 moderately eroded_ ... ____________________ 761 .2
Colosilty elay loam_ _______________________ 15, 417 4. 3 || Fostoria clay loam__________________________ 831 .2
Colo silty clay loam, 2 to 4 percent slopes__ . __ 566 .2 || Fostoria loam______________________________ 1, 366 .4
Colo silty clay loam, channeled_._________.____ 2, 645 .7 || Galva silty clay loam, 1 to 3 percent slopes..__| 2,407 .7
Colo-Terril complex, 2 to 5 percent slopes_ _ ___ 2, 594 .7 || Galva silty clay loam, benches, 0 to 2 percent
Colo-Terril complex, 5 to 9 percent slopes__ ___ 279 .1 slopes__ _ o .___ 232 .1
Cylinder loam, deep_ _ . _____________________ 5, 789 1.6 || Glencoe silty elay loam.___._________________ 2, 648 .7
Cylinder loam, moderately deep______________ 5, 261 1. 4 || Glencoe silty clay loam, gravelly substratum___| 1, 347 .4
Dickinson fine sandy loam, 0 to 2 percent slopes_ 231 . 1 || Guekeen silty clay loam, 0 to 2 percent slopes__| 1, 029 .3
Dickinson fine sandy loam, 2 to 5 percent slopes_| 1, 365 . 4 || Guckeen silty clay loam, 2 to 5 percent slopes__ 533 .1
Dickinson fine sandy loam, 5 to 9 percent Guckeen silty clay loam, 5 to 9 percent slopes,
slopes, moderately eroded _ __ __________.____ 395 .1 moderately eroded. . _____._______________ 139 ®)

See footnote at end of table.
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TaBLE 1.—Approximate acreage and proportionate extent of the soils—Continued

Soils Acres | Percent Soils Acres | Percent
Guckeen clay loam, silty clay substratum, 0 to Sandy lake beaches_________________________ 52 ®
2 percent slopes. .. __________ 951 .3 || Sperry silty elay loam______________________ 765 .2
Guckeen clay loam, silty clay substratum, 2 to Spillville loam________ . _____ 907 .2
5 percent slopes_ - __ .. _____..___. 416 1 || Storden loam, 5 to 15 percent slopes, moder-
Hagener loamy sand, 4 to 8 percent slopes, mod- atelyeroded_ ___ . _______________________ 2,192 .6
erately eroded .. __________________________ 137 ® Storden loam, 15 to 20 percent slopes, moder-
Harpsloam_._____ ... _________ 1, 896 .5 atelyeroded. . _________ . _________________ 1, 945 .5
Ladoga silt loam, 1 to 3 percent slopes__.______ 303 . 1 || Storden loam, 20 to 30 percent slopes, moder-
Marcus silty clay loam_ __ _ - _________.______ 38, 469 10. 6 ately eroded . ___ . _____________ . _________ 3, 445 .9
Marna silty elay _ - __ 2, 342 .6 || Storden loam, 30 to 50 percent slopes, moder-
Marna silty clay loam, caleareous variant___ 122 ® atelyeroded _ __________ . _________________ 2, 001 .5
Marsh_ _ L ___ 964 . 3 || Talcot silty clay loam, deep--c—— . __.__.._ 5, 642 L5
Muck, moderately shallow___._____ .. _________ 873 .2 || Terril loam, 2 to 5 percent slopes_._ . ____.___ 1, 307 .4
Muck, moderately shallow, calcareous.___..____ 284 .1 || Terril loam, 5 to 9 percent slopes___ . _.._______ 802 .2
Muck, shallow_ ____.____________ . __ 1, 362 .4 || Terril loam, 9 to 15 percent slopes__.___._____ 246 .1
Nicollet elay loam_______ . ___________...___ 24, 494 6.7 || Tripoli elay loam__________._______________. 10, 011 2.7
Nicollet loam _ ________ . ___ . __._ 13, 864 3.8 || Wabashsilty clay_ . . ______________ 531 .1
Ocheyedan loam, 0 to 2 percent slopes _._._._-. 1, 069 . 3 || Wacousta silty clay loam__________ I 338 .1
Ocheyedan loam, 2 to 5 percent slopes___.____ 1,174 .3 || Wadens loam, deep, 0 to 2 percent slopes______ 2,105 .6
Ocheyedan loam, 5 to 12 percent slopes, mod- Wadena loam, deep, 2 to 5 percent slopes______ 899 .2
erately eroded..___ .. _____ . .. ______ 175 ® Wadena loam, moderately deep, 0 to 2 percent
Okoboji silt loam___ .. ____ 1, 392 .4 slopes_ - ____ 17,709 4.8
Primghar silty elay loam_ .. __________ 51, 623 14. 2 || Wadena loam, moderately deep, 2 to 5 percent
Primghar silty clay loam, benches_ . _________ 206 .1 slopes_ - oo 5,271 14
Rolfe silt loam.___ . ______________________. 152 ® Wadens loam, moderately deep, 5 to 9 percent
Sac silty clay loam, 2 to 5 percent slopes__.___ 12, 015 3.3 slopes, moderately eroded_ ________________ 942 .3
Sac silty clay loam, 5 to 9 percent slopes. _._._ 703 2 || Wadeng loam, moderately deep, 9 to 15 percent
Sac silty clay loam, 5 to 9 percent slopes, mod- slopes, moderately eroded . _ _______________ 144 ™
erately eroded. ... _________________ 665 2 || Waukegan loam, moderately deep, 0 to 2 per-
Salida gravelly sandy loam, 2 to 5 percent cent slopes_. . _________________.__ 499 .1
8lOPeS_ - - oo 201 1 || Waukegan loam, moderately deep, 2 to 5 per-
Salida gravelly sandy loam, 5 to 9 percent cent slopes_____ . __ .. 698 .2
slopes, moderately eroded _ _ . ______________ 377 1 || Webster silty elay loam__________._____._____ 16, 035 4.4
Salida gravelly sandy loam, 9 to 15 percent Gravel pits_ _ - ______________________ 393 .1
slopes, moderately eroded__ __ . ________._. 204 1 Miscellaneous land _ _ _ ________________.__ 199 .1
alida gravelly sandy loam, 15 to 20 percent
slopes, moderately eroded - _ . _______.___.__ 146 ™ Total e 365, 440 100. 0
alida sandy loam, 20 to 30 percent slopes,
moderately eroded..___ . ___________ 139 ®

! Less than 0.05 percent.

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
otherwise 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 each capability unit is described can be found
by referring to the “Guide to Mapping 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

terms used in this soil survey are defined in the Glossary
and in the “Soil Survey Manual” (13).

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 that 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.

? Ttalic numbers in parentheses refer to Literature Cited, page 100.
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Representative profile of an A fton silty clay loam, 1,158
feet south and 290 feet east of the northwest corner of
section 5, T. 95 N., R. 37 W., on a southeast-facing slope
of about 1 percent, in a cultivated field :

A11—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 (10YR 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; isome material in old root channels and
some worm casts are black (10YR 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; noncalcareous; 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 (10YR 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 ; com-
mon, fine, distinct mottles of yellowish brown (10YR
5/6) and a few of yellowish brown (10YR 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) (Afl.—
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 ITw-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 varies 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 1s flooded frequently. In many places it is kept wet
by flooding or by water standing n low places after
flooding.

Alluvial land, channeled (0 to 2 percent slopes) (Au).—
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 1s 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 is 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 but
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
but breaks to weak, fine and medium, subangular
blocky structure; friable to firm; abundant roots;
neutral ; clear, smooth boundary.

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

Bl1g—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, the color is olive gray (5Y 5/2). or olive (5Y
5/3) ; very weak, fine, subangular blocky structure;
friable ; 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 (10YR 5/6) and few, fine, distinct mottles
of yellowish brown (10YR 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 (10YR 2/1 or N 2/0) to very dark gray (10YR
3/1) in color. The texture is silty clay loam or clay loam. The
B horizon ranges from very dark gray (10YR 3/1) in the
upper part to olive gray (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 gravel and generally occurs at a
depth of 36 to 42 inches. This material is generally calcareous.
Except in the lower part of the solum, reaction is generally
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 resemble 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-
cluded 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 grave] 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 ITw-3)

Calco Series

The Calco series consists of dark-colored, poorly
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 layer 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 gray, 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 southwest corner of the
SE14SEY; of section 31, T. 97 N., R. 37 W., on a nearly
level slope, in a pasture:

A1—0 to 10 inches, black (N 2/0) light silty clay loam ; some-
what compact and cloddy but breaks to weak or mod-
erate, fine, granular structure; firm; moderately
alkaline; calcareous; gradual, smooth boundary.

Al12—10 to 20 inches, black (N 2/0) light silty clay loam;
weak, medium, subangular blocky structure that
breaks to moderate, fine, granular ; friable ; moderately
alkaline; calcareous; gradual, smooth boundary.

A13—20 to 29 inches, black (10YR 2/1) silty clay loam ; weak,
fine and medium, subangular blocky structure that
breaks to weak, fine, granular; friable; mildly alka-
line; calcareous; gradual, smooth boundary.

B2g—29 to 36 inches, black (10YR 2/1) to very dark gray
(10YR 3/1) silty clay loam ; weak, fine and medinm,
subangular blocky structure; friable; mildly alkaline;
calcareous ; gradual, smooth boundary.

B3g—36 to 45 inches, black (10YR 2/1) to very dark gray
(10YR 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, black (10YR 2/1) clay loam ; massive ; fri-
able; sticky when wet; mildly alkaline; calcareous,

The A horizon generally ranges from 24 to 36 inches in thick-
ness and from black (N 2/0) to very dark gray (10YR 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
darker colors. The B horizon ranges from silty clay loam to
clay loam in texture. The solum generally is between 36 and 48
inches thick. The C horizon generally is mottled, calcareous
clay loam. In some areas sandy material occurs below a depth
of 50 inches. Calco soils are mildly alkaline to moderately alka-
line throughout the solum.

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

Calco silty clay loam (0 to 2 percent slopes) (Ca)l.—
This nearly level soil is mostly on narrow bottom lands
adjacent to streams in the northwestern and north-central
parts of the county. Included with this soil in mapping
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were a few areas that have old oxbows and channels that
can be crossed in most places by machinery. These included
areas become ponded after floods, and they remain wet
longer than the adjacent soils.

This soil is used for cultivated crops and pasture. Its use
is determined largely by wetness and the frequency of
floods. Some areas are cropped without artificial drainage,
but in most areas crops benefit from tile drains. Tile drains
function well where outlets are adequate. Where drainage
is improved and floods are not too frequent, this soil can be
used for row crops much of the time. (Capability unit
ITw-1)

Canisteo Series

The Canisteo series consists of nearly level, poorly
drained, dark-colored soils. These soils developed under
native swamp grasses and sedges in glacial till or water-
worked sediments. They are mainly on the undulating till
plain in the eastern part of the county, but they also occur
on outwash areas and in uplands in the north-central and
northwestern parts.

In a typical profile, the surface layer is black, firm to
friable silty clay loam that feels gritty and is about 19
inches thick. It has granular and subangular blocky struc-
ture. The subsoil extends to a depth of about 89 inches. It is
gray, friable silty clay loam that feels gritty. It has com-
mon yellowish-brown to strong-brown mottles and sub-
angular blocky structure. The substratum is gray, friable,
massive loam and has strong-brown and olive-brown mot-
tles. These soils are calcareous throughout their profile.

The Canisteo soils have high available moisture capac-
ity. The supply of available nitrogen generally is medium
or low, that of available phosphorus is low or very low,
and that of available potassium is low. These soils are mod-
erately alkaline or mildly alkaline throughout.

Representative profile of a Canisteo silty clay loam, 433
feet south and 165 feet east of the northwest corner of
the NE1; of section 13, T. 97 N., R. 35 W., on a nearly
level slope, in a cultivated field :

Ap—O0 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—8 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) gilty 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 (10YR 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 (10YR 6/6) ; moder-
ate, very fine and fine, subangular blocky structure;
friable; some soft white concretions of carbonate:
moderately alkaline; calcareous; gradual, 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, black concretions of
oxide and common, soft concretions of carbonate;
moderately alkaline; caleareous; gradual, smooth
boundary.

Cg—39 to 48 inches, gray (5Y 6/1) loam ; common, fine, promi-
nent mottles of strong brown (7.5YR 5/6) and few,
fine, distinet 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 texture, but it grades to clay loam. The color
is generally black (N 2/0) but grades to very dark gray (10YR
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 throughout 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 typical 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 tile
drained. Tile drains function well. Crops grow well if the
soil is tile drained and management is good. (Capability
unit ITw-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
ge;ierally 1s cropped in the same way as the adjacent
soils.

. All of the acreage of this soil is cultivated. If drainage
1s 1mproved, 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 ITw-2)

Clarion Series

The Clarion series consists of dark colored to moder-
ately dark colored, well-drained soils in the uplands.
These soils are gently undulating to steep, and slopes are
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Figure 7—Profile of Clarion loam. Pebbles and an occasional stone
or boulder are typical in the glacial till.

generally short and irregular. Clarion soils developed in
calcareous glacial till under native prairie grasses (fig. 7).
They are mainly in the eastern part of the county, but a
Clarion soil having a subsoil finer textured than normal
also occurs in the western part.

In a typical profile, the surface layer is very dark brown,
friable loam about 14 inches thick. It has subangular blocky
structure. The subsoil extends to a depth of about 34 inches.
It is dark-brown to brown or dark yellowish-brown, fria-
ble light clay loam that has subangular blocky structure.
The substratum consists of yellowish-brown, friable, cal-
careous loam. ,

The Clarion soils have high available moisture capacity.
They are moderately permeable. The supply of available
nitrogen is low, that of phosphorus is generally low or
very low, and that of potassium is low to medium. The sur-
face layer is slightly acid or neutral in reaction.

Representative profile of a Clarion loam, 350 feet west
and 123 feet south of the northeast corner.of the NW1j
NW1, of section 5, T. 94 N., R. 35 W., on a northeast-
facing slope of 3 percent, in a cultivated field:

Ap—o0 to 8 inches, very dark brown (10YR 2/2) loam; weak
to moderate, medium, subangular blocky structure
that breaks to weak, fine, subangular blocky ; friable;
slightly acid ; clear, smooth boundary.

A3—8 to 14 inches, very dark brown (10YR 2/2) loam; many
peds of very dark grayish brown (10YR 3/2) and
brown (10YR 4/3); moderate, very fine, fine, and
medium, subangular blocky structure; friable; neu-
tral; clear, smooth boundary.

B21—14 to 23 inches, brown (10YR 4/3) light clay loam ; few
very dark brown (10YR 2/2) root channels; weak,
fine and medium, subangular blocky structure that has
some vertical cleavage; friable; neutral; gradual,
smooth boundary.

B22—23 to 34 inches, dark yellowish-brown (10YR 4/4) light
clay loam ; few dark-brown root channels; weak, fine
and medium, subangular blocky structure that has
some vertical cleavage; friable; few small pebbles;
few, fine, soft, yellowish-red (5YR 5/8) concretions
of oxide; neutral; clear, smooth boundary.

C—34 to 48 inches, yellowish-brown (10YR 5/4) loam; weak,
fine, subangular blocky structure; friable; some
pebbles; few, fine, soft, yellowish-red (5YR 5/8)
concretions of oxide; few, soft and hard, carbonate
concretions; moderately alkaline; calcareous.

The A horizon ranges from 5 to 14 inches in thickness, de-
pending on the slope and erosion. In color, the Al horizon is
typically very dark brown (10YR 2/2), but it ranges to black
(10YR 2/1) and very dark grayish brown (10YR 3/2). The
A3 horizon does not occur in all places. The B horizon is typi-
cally brown (10YR 4/3) or dark yellowish brown (10YR 4/4),
but it ranges to dark brown (10YR 3/3) in the upper part, and
to yellowish brown (10YR 5/4) in the lower part. In places a
few faint mottles occur in the lower part of the B horizon. The
texture of the B horizon ranges from light clay loam to loam
but is dominantly heavy loam. The depth to carbonates is gen-
erally between 24 and 40 inches but ranges from 24 to 60 inches.
Although the solum generally extends to the point where car-
bonates begin, in some places a B3 horizon extends into the
calcareous material. The surface layer is mainly slightly acid
but ranges from neutral to medium acid.

Clarion soils have a thinner, somewhat lighter colored sur-
face layer than Nicollet soils, and a browner subsoil. Clarion
soils are not so high in clay as Everly soils and, in most places,
are deeper to carbonates. Also, they are sandier in the upper
part. Clarion soils are deeper to carbonates than Storden soils
and, unlike them, have a B horizon.

Clarion loam, 2 to 5 percent slopes (CIR).—This is the
most extensive Clarion soil mapped in the county. It is un-
dulating, and slopes generally are short and irregular.
Areas ran%e from small to fairly large but exceed 40 acres
in only a few places. The profile of this soil is the one de-
scribed as typical for the Clarion series.

This soil occurs mainly with the somewhat poorly
drained Nicollet, the poorly drained Webster, or the well-
drained Storden soils. Included with this soil in mapping
were small areas of Nicollet soils and of moderately
eroded Clarion loam.

This soil is mostly cultivated, though a few areas are in
pasture. Row crops can be grown much of the time if ero-
sion is controlled by contour farming or terracing. These
practices are difficult in some places because the soil is un-
dulating. This soil is easy to work and fairly easy to keep
in good tilth. Growth of crops is good. (Capability unit
ITe-1)

Clarion loam, 5 to 9 percent slopes, moderately
eroded (CIC2).—This soil is gently rolling and, in most

.places, has short, irregular slopes. It generally occurs with
‘Storden soils or other Clarion soils. Most areas are small.

About 2 to 7 inches of the original dark-colored surface
layer remains. The depth to calcareous material is gener-
ally a few inches less than that in the profile described as
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typical for the Clarion series. Included with this soil in
mapping were a few areas that have a dark-colored surface
layer 7 to 12 inches thick.

This soil is well suited to crops, and most of it is culti-
vated. Larger additions of nitrogen are needed on this soil
than on the uneroded Clarion soils. If erosion is controlled
and other management is good, row crops can be grown a
fairly large part of the time. In places terracing is difficult
because slopes are irregular. (Capability unit IITe-1)

Clarion loam, 9 to 15 percent slopes, moderately
eroded (CiD2).—This soil is rolling, and the hazard of
erosion is high, The acreage is not extensive, and areas are
generally small. The dark-colored surface layer is only
about 2 to 7 inches thick in most places, though 1t is thicker
in a few areas at the base of slopes or in pastures. In many
cultivated areas some of the subsoil material has been
mixed into the plow layer. The calcareous material gener-
ally does not begin at such a great depth as in the profile
described as typical for the Clarion series. A few areas
were included 1n mapping that are calcareous at the surface
and throughout the profile.

Most of this Clarion soil is cultivated, though some for-
merly cultivated areas are now in pasture. A few areas
have never been cultivated.

More nitrogen is needed on this soil than on the uneroded
Clarion soils. Because the erosion hazard is high, this soil
is not suitable for frequent row cropping, but row crops can
be grown more often 1if contour farming and terracing are
used. Terracing is difficult in some places because of the
undulating slopes. Crops grow well if fertility is main-
tained. (Capability unit I1Ie-2)

Clarion loam, heavy subsoil variant, 20 to 40 percent
slopes (CIF).—This is a steep soil along the Little Sioux
River. It is not extensive, but the areas generally are of
moderate or large size. This soil is above narrow areas of
the Terril soils in some places and is adjacent to Colo soils
on the bottom lands in other places.

The texture of the surface layer is mainly loam, but it is
silt loam or clay loam in places. The subsoil is distinctly
finer textured than the surface layer and is medium to
heavy clay loam in the finer part. The subsoil is firm. It has
films of clay on the exterior of the soil aggregates, in pores,
and in root channels. In some places a thin, gray, grainy
coat is on peds in the lower part of the surface layer and
in the upper part of the subsoil. Typically, this soil is
medium acid in the upper horizons, but it ranges to
strongly acid.

Included with this soil in mapping were some areas of
Storden soils. In these areas the depth to calcareous mate-
rial isless than 12 inches.

All of this soil is woodland, but it is generally managed
as woodland pasture. The growth of pasture plants is poor,
however, and many areas of these soils would provide more
income if they were fenced and managed as woodland.
This soil occupies a large part of the steeper areas in
Wanata State Park at Peterson, a fact that indicates alter-
nate use for recreation or wildlife habitat. (Capability unit
VIle-1)

Clarion-Storden complex, 5 to 9 percent slopes,
moderately eroded (CmC2).—The soils of this complex
are undulating, and slopes generally are short and irregu-
lar. The complex is not extensive, and the areas in most
places are small. Storden soils, which are described else-

where in this survey, are on the shoulders of slopes and
occupy about 25 to 85 percent of the complex. Clarion soils
occupy other parts of the slopes. Included in this complex
were other soils that are 12 to 24 inches deep to calcareous
material. The complex occurs with areas of other Clarion
and Storden soils. It is usually upslope from the Nicollet,
Webster, or Canisteo soils.

Most of this complex is cultivated. More nitrogen is
needed than on the uneroded Clarion soils. Where erosion
control and other good management are applied, row crops
can be grown much of the time. Terracing is difficult 1n
some places because the soils are undulating. Crops grow
well to moderately well. (Capability unit I1Ie-1)

Clarion-Storden complex, 9 to 15 percent slopes,
moderately eroded (CmD2).—The soils of this complex
have short, irregular slopes. The complex is not extensive,
and the areas in most places are small. Storden soils are
on the shoulders of slopes and on points. They occupy
about 40 percent of the complex, and Clarion soils occupy
most of the rest. Included in this complex are other soils
that are 12 to 24 inches deep to calcareous material. This
complex occurs closely with areas of other Storden or
Clarion soils. It is usually upslope from Webster, Nicollet,
or Canisteo soils.

Most of this complex is cultivated, though a few former-
ly cultivated areas are now in pasture. A few areas have
never been cultivated. Because of the erosion hazard, this
complex is not suited to frequent use for row crops. Row
crops can be grown part of the time if erosion is controlled
by contour farming and terracing. Terracing is difficult
in places because the soils are undulating. More nitrogen
is needed on this complex than on the less eroded Clarion
soils. Plants grow well or moderately well if management
is good and fertility is maintained. (Capability unit
I1Te-2)

Colo Series

The Colo series consists of nearly level, dark-colored,
poorly drained soils on bottom lands. These soils developed
in silty alluvium, mainly under native swamp grasses,
sedges, and prairie grasses that tolerate wetness, but also
under trees in some areas. Colo soils make up a large part
of the bottom lands in the county. They are adjacent to
both large and small streams and are channeled in places.

In a typical profile, the surface layer is black, firm to
friable silty clay loam about 36 inches thick. It has granu-
lar and subangular blocky structure. The subsoil is weakly
expressed and is about 12 inches thick. It is very dark
gray, friable to firm silty clay loam that has dark yellow-
ish-brown mottles and subangular blocky structure. The
substratum is very dark gray, friable to firm silty clay
loam that feels gritty. It has subangular blocky to massive
structure and dark yellowish-brown mottles.

The Colo soils have high available moisture capacity.
They are moderately slowly permeable. The supply of
available nitrogen is medium or low, that of phosphorus
is low or very low, and that of potassium is medium. The
upper part of a typical profile is neutral in reaction.

Representative profile of a Colo silty clay loam, 220 feet
north and 168 feet east of the southwest corner of the
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NW1, of section 7, T. 96 N., R. 37 W., on a nearly level
slope, in a pasture:

A11—0 to 11 inches, black (N 2/0) silty clay loam ; moderate,
fine and medium, granular structure; firm; neutral;
gradual, smooth boundary.

A12—11 to 20 inches, black (N 2/0) silty clay loam; strong,
fine and medium, granular structure with some tend-
ency to horizontal cleavage extending into the Al
horizon above; friable; neutral; gradual, smooth
boundary.

A13--20 to 30 inches, black (N 2/0) silty clay loam; weak,
medium, subangular blocky structure that breaks to
moderate, fine and medium, granular and moderate,
fine, subangular blocky; friable; some ped faces are
fairly shiny, but no distinct clay films are evident;
neutral ; gradual, smooth boundary.

A3—30 to 36 inches, black (10YR 2/1) to very dark gray
(10YR 3/1) heavy silty clay loam, some black (N
2/0) in the upper part; weak, fine, and medium, sub-
angular blocky structure; friable; some ped faces are
fairly shiny, but no distinct clay films are evident;
few, fine, dark, soft concretions of oxide; neutral;
gradual, smooth boundary.

B21g—36 to 43 inches, very dark gray (10YR 3/1) silty clay
loam; weak, fine and medium, subangular blocky
structure; friable to firm; neutral; gradual, smooth
boundary.

B22g—43 to 48 inches, very dark gray (10YR 3/1) silty clay
loam with a few peds of dark grayish brown (10YR
4/2 to 2.5Y 4/2) ; few, fine, faint mottles of dark yel-
lowish brown (10YR 3/4 and 4/4) ; weak, fine and
medium, subangular blocky structure; friable to firm;
neutral; gradual, smooth boundary.

Cg—48 to 52 inches, very dark gray (10YR 3/1) silty clay loam
with a few peds of dark grayish brown (2.5Y 4/2);
few, fine, faint mottles of dark yellowish brown (10YR
3/4 and 4/4) ; weak, fine, subangular blocky structure
to massive (structureless) ; friable to firm; few very
dark brown (10YR 2/2) spots that appear to be or-
ganic material ; neutral.

The A horizon is light to heavy silty clay loam that ranges
from 25 to 36 inches in thickness. In color, the A horizon is
black (N 2/0) to very dark gray (10YR 3/1) except in places
where it has been altered by recent deposition. Below a depth of
40 inches the color ranges to dark gray (10YR 4/1 or 5Y 4/1) or
olive gray (5Y 4/2). Some mottling occurs, though in places it
is masked by the darker colors. The B horizon generally is
silty clay loam in texture, though clay loam texture also occurs.
Below a depth of 50 inches, the texture ranges from sandy loam
to sand in some places. The channeled Colo soils have more
variable characteristics than the nonchanneled soils.

The Colo soils are finer textured throughout their profile
than Spillville soils, have less sand, and have a grayer sub-
soil. Colo soils have a thicker surface layer than Afton soils,
and they are not so fine textured as the Wabash soils.

Colo silty clay loam (0 to 2 percent slopes) {Co).—This
is the most extensive soil on bottom lands in the county.
It occurs on both broad and narrow bottoms, and single
areas in many places are large. In some areas are old
shallow stream channels. This soil occurs with the Spill-
ville and Wabash soils on the broader bottom lands. In-
cluded with this soil in mapping were a few areas that
are covered by moderately dark colored overwash as
much as 20 inches thick.

Most of this Colo soil is used for cultivated crops. It is
subject to occasional flooding. Some areas that are nearly
inaccessible or likely to be flooded are used for pasture.
This soil can be used for row crops much of the time if it
is adequately drained and protected from flooding. Growth
of erops is moderate to good, depending on how well drain-
age and flooding are controlled. Tile drains function well
if outlets are satisfactory. Wetness in the old channels
can be overcome by installing surface drains or by filling

and leveling the channels. The organic-matter content of
this soil is high. Tilth is generally good, though if the soil
is plowed when wet it tends to become hard and cloddy
when it dries. (Capability unit ITw-1)

Colo silty clay loam, 2 to 4 percent slopes (CoB).—This
inextensive soil occurs in slight drainageways of the
undulated glacial till plain in the eastern part of the
county. It is generally near the head of drainageways
and 1is adjacent to areas of Nicollet and Clarion soils.

The black surface layer is about 24 to 30 inches thick.
The subsoil is very dark gray to olive-gray silty clay loam
or clay loam. The underlying material is at a depth of
about 40 to 50 inches. It is clay loam in texture, but in a
few places it contains lenses of silt and sand. The surface
layer is slightly acid to neutral. Calcareous material is
generally at a depth of 30 to 45 inches, but in some places
this soil is neutral to a depth of 50 inches.

Because this soil receives runoff from higher lying areas,
it is wet in most places and tile drainage is needed. It is
cropped in the same way as adjacent soils, and some parts
of it are generally used as grassed waterways. Where this
soil is tile drained, crops grow well and the soil can be
cropped intensively. (Caﬁ)abilit unit ITw-2)

é)olo silty clay loam, channeled (0 to 2 percent slopes)
(Cs}.—This soil is dissected by many channels that were cut
by meandering streams. These channels are partly filled,
but in most places they are not crossable with farm
machinery. Water stands in these channels for long periods
after floods. In places the soil in the bottom of the channels
is very clayey.

In some places this soil is near Alluvial Iand. Included
with this soil in mapping were small areas of soils in
narrow drainageways in uplands that are channeled.

This soil has a profile that is similar to the one described
as typical for the Colo series, but in places a few inches
of grayish, silty, recently deposited material is on the
surface. This silty material generally is deposited in areas
where scrub timber or brush slows the flow of floodwaters.
Texture of this soil is more variable throughout the profile
than that of other Colo soils.

Most areas of this soil are used for pasture. Clearing the
scrub timber would improve pasture in some areas. In a
few places, this soil can be reclaimed for cultivation,
though it is subject to flooding. Before it can be cultivated
successfully, however, flooding must be controlled, the
channels filled and leveled, and drainage improved. The
more frequently flooded areas and areas heavily wooded
can be used as wildlife habitat. (Capability unit Vw-1)

Colo-Terril complex, 2 to 5 percent slopes (CiB).—The
soils of this complex are in narrow drainageways. The
complex occurs throughout the county, but a large part is
in drainageways of small streams that flow into the Little
Sioux River and its larger tributaries. Colo soils make
up about 60 percent of this complex ; and Terril soils, which
are described elsewhere in this survey, make up about 40
percent. This complex generally is bordered by moderately
steep or steep Storden or Everly soils.

The Colo soils occupy the central part of this complex
adjacent to the channel of small streams. In most places
these streams cannot be crossed by farm machinery. The
Terril soils occupy the outer parts of this complex in fairly
uniform narrow areas along the base of slopes. In some
places several inches of sediment has recently been de-
posited on the surface.
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Most areas of this complex are used for permanent
pasture because these areas are adjacent to steep soils that
are not suitable for cultivation. Some areas are nearly
inaccessible. A few small areas that occur with other soils
in cultivated fields are cultivated, but this complex occurs
in areas large enough to be cultivated separately in only
a few places. . .

The Colo soils in this complex are poorly drained, and in
many places tile drainage is needed for successful cultiva-
tion. Diversion terraces can be built on the Terril soils to
divert runoff safely to disposal areas. Grassed waterways
are needed in places. - .

If gullying is controlled and drainage improved, the
soils of this complex can be used for row crops much of
the time. Growth of crops generally is good. (Capability
unit ITw-1)

Colo-Terril complex, 5 to 9 percent slopes {CiC).—
The soils of this complex are in narrow drainageways of
small streams that flow into the Little Sioux River in the
south-central and southwestern parts of the county. This
complex is not extensive. Colo soils make up about 40 per-
cent of this complex; and Terril soils, which are described
elsewhere in this survey, make up about 60 percent. This
complex generally is bordered by steep Storden soils.

The Colo soils occupy the central part of the complex
adjacent to the channel of small streams. In most places
the streams cannot be crossed by farm machinery. The
Terril soils occupy the outer parts of the complex in fairly
uniform areas along the base of slopes. This complex gen-
erally is not badly gullied.

Most areas of this complex are used for pasture because
they are adjacent to steep soils that are not suited to
cultivation. Some areas are nearly inaccessible. In a few
places the soils of this complex occupy areas that can be
cultivated.

The Colo soils in this complex are poorly drained, and
in many places tile drains are needed for successful culti-
vation. Diversion terraces can be built on the Terril soils
to divert runoff safely to disposal areas. Grassed water-
ways are needed in places. If gullying and excessive
erosion are controlled and drainage is improved, the soils
of this complex can be used for row crops much of the
time. (Capability unit ITTw—4)

Cylinder Series

The Cylinder series consists of dark-colored, nearly level,
somewhat poorly drained soils on outwash areas and stream
benches. These soils developed under native prairie grasses
in loamy glacial outwash. They are deep and moderately
deep to sand or gravel.

In a typical profile, the surface layer is friable heavy
loam about 18 inches thick. This layer is black in the
upper part and grades to very dark grayish brown in the
lower part. It has granular structure. The subsoil is dark
grayish-brown, friable heavy loam and light clay loam
and has subangular blocky structure. The substratum is
dark-brown to dark yellowish-brown and very dark gray-
ish-brown, loose, calcareous sand and gravel.

Where these soils are deep to sand or gravel, they have
medium to high available moisture capacity; but where
they are moderately deep, available moisture capacity is
only medium. Above the sand and gravel, these soils are
moderately permeable, but in the sand and gravel they are

rapidly to very rapidly permeable. The supply of available
nitrogen and potassium generally is low or medium, and
that of phosphorous generally is low. The surface layer
is slightly acid or medium acid in reaction.

Representative profile of a Cylinder loam, 123 feet
south and 42 feet west of the northeast corner of the
NW1,NW1, of section 11, T. 96 N., R. 38 W., on a nearly
level slope, in a cultivated field:

Ap—0 to 8 inches, black (10YR 2/1 or N 2/0) heavy loam;
cloddy but breaks to weak, fine, granular structure;
friable; slightly acid; clear, smooth boundary.

A12—S8 to 14 inches, black (10YR 2/1) heavy loam ; weak, fine,
granular structure; friable; common very fine pores;
slightly acid; gradual, smooth boundary.

A3—14 to 18 inches, very dark grayish-brown (2.5Y 3/2) loam;
weak, fine, granular structure; friable ; common, very
fine and fine, tubular pores; about half the peds have
black (10YR 2/1) organic coats; neutral ; clear, smooth
boundary.

B21---18 to 24 inches, light clay loam with dark grayish-
brown (2.5Y 4/2) ped interiors and very dark grayish-
brown (2.5Y 3/2), dark grayish-brown (2.5Y 4/2),
and very dark gray (10YR 3/1) ped exteriors; weak,
fine and medium, subangular blocky structure ; friable;
common, very fine and fine, tubular pores; common,
fine, dark, hard concretions of oxide 1 to 2 millimeters
in diameter; few black worm casts; neutral ; gradual,
smooth boundary.

B22--24 to 28 inches, about three-fourths ‘dark grayish-brown
(2.5Y 4/2) and about one-fourth olive-brown (2.5Y
4/4) heavy loam; common, fine, faint mottles of dark
yellowish brown (10YR 4/4); very weak, fine, sub-
angular blocky structure; friable; common, very fine
and fine, tubular pores; common, fine, dark, hard
concretions of oxide 1 to 2 millimeters in diameter;
few pebbles; neutral; clear, smooth boundary.

IIC1—28 to 39 inches, dark-brown (10YR 3/3) to dark yellow-
ish-brown (10YR 3/4) sand and gravel; single grain
(structureless) ; loose; mneutral; gradual, smooth
boundary.

IIC2—39 to 48 inches, dark-brown (10YR 3/3) sand and
gravel; single grain (structureless); loose; moder-
ately alkaline; calcareous; gradual, smooth boundary.

JIC3—48 to 58 inches, very dark grayish-brown (10YR 3/2)
to dark grayish-brown (10YR 4/2) sand and gravel;
single grain (structureless) ; loose; moderately alka-
line; calcareous.

The A horizon ranges from about 10 to 20 inches in thickness.
Typically, it is black (10YR 2/1) or very dark brown (10YR
2/2) in color and ranges from loam to light clay loam in tex-
ture. The B horizon typically is dark grayish brown (2.5Y
4/2), but it may be very dark grayish brown (2.5Y 3/2), espe-
cially in the upper part, and dark grayish brown to olive brown
(2.5Y 4/2 to 4/4) in the lower part. In most places olive-brown
and yellowish-brown mottles occur. The texture of the B hori-
zon ranges from loam to clay loam, but in a few places a B3
horizon of sandy clay loam texture occurs. The underlying sand
or gravel is at a depth of 24 to 36 inches in the moderately
deep soils. This layer generally consists of mixed sand and
gravel, but in a few places it is sand or loamy sand. In the deep
soils, sand and gravel generally occur at a depth of 36 to 42
inches. The underlying material generally is calcareous, but in
some places it is nearly neutral in the upper part.

Cylinder soils have a thicker surface layer than the Wadena
soils and are more grayish brown in the subsoil. Unlike the
Biscay soils, Cylinder soils do not have a gray subsoil. Cylinder
soils are underlain by sand and gravel, whereas the Nicollet
soils are underlain by heavy loam.

Cylinder loam, deep (0 to 2 percent slopes) (Cu).—This
soil is mainly on outwash areas in the northwestern part
of the county, but it also occurs on stream benches and
glacial outwash areas in other parts. The slopes are mostly
nearly level, but they range from slightly convex to



18 SOIL SURVEY

slightly concave. This soil typically overlies sand and
gravel at a depth of 36 to 42 inches.

This soil occurs with the well-drained to excessively
drained Wadena and the poorly drained Biscay soils.
Included with this soil in mapping were a few areas where
depth to sand and gravel is less than 36 inches, and some
areas where that depth is more than 42 inches.

Most areas of this soil are cultivated. Row crops can be
grown much of the time. Crops grow well under high-level
management. Some areas are slightly wet in years when
rainfall is heavy, and many areas are slightly droughty
in dry years. (Capability unit I-1)

Cylinder loam, moderately deep (O to 2 percent slopes)
(Cy).—This nearly level soil 1s mainly on broad outwash
areas in the northwestern part of the county, but it also
occurs on stream benches and on glacial outwash areas in
other parts. The areas range from a few acres to 50 acres
or more in size. Slopes range from slightly concave to
slightly convex. )

This soil generally is adjacent to the well-drained to
somewhat excessively drained Wadena or the poorly
drained Biscay soils. Included with this soil in mapping
were a few areas where depth to sand or gravel is less than
24 inches. In the northwestern and north-central parts of
the county a few areas were included that do not have a
gravelly and sandy substratum. These areas occur mainly
with the Waukegan, Webster, and Ocheyedan soils.

This soil is mostly cultivated and is suited to row crops
much of the time. It is slightly droughty in some years, but
it is slightly wet in wet years. Because this soil is slightly
droughty, growth of crops varies but ranges from moder-
ate to good. (Capability unit ITs-2)

Dickinson Series

The Dickinson series consists of dark colored or moder-
ately dark colored soils that are somewhat excessively
drained. They are mainly nearly level to moderately steep.
These soils developed under prairie grasses in sandy ma-
terial that has been deposited by wind or in glacial drift
that, in some places, has been reworked by wind. These
soils occur mainly in uplands and on high benches. The
largest areas of these soils are in the northwestern and cen-
tral parts of the county. These areas generally are long
and extend in a northwest-southeast direction.

In a typical profile, the surface layer is very dark brown,
friable fine sandy loam about 14 inches thick. It has granu-
lar structure. The subsoil extends to a depth of about 30
inches. It is brown, very friable fine sandy loam in the up-
per part and dark yellowish-brown, friable loamy fine
sand in the lower part. It has subangular blocky structure.
The substratum is dark yellowish-brown to yellowish-
brown, very friable to loose loamy fine sand.

The Dickinson soils have low available moisture capac-
ity. They are moderately rapidly to rapidly permeable in
the subsoil and substratum. The supply of nitrogen and
phosphorus generally is low, and the supply of available
potassium is medium. The surface layer and subsoil gen-
erally are slightly acid or medium acid in reaction.

Representative profile of a Dickinson fine sandy loam,
300 feet south and 264 feet east of the northwest corner of
the NW14 of section 15, T. 97 N., R. 38 W., on a convex,
south-facing slope of 4 percent, in a cultivated field:

Ap—O0 to 7 inches, very dark brown (10YR 2/2) to black (10YR
2/1) fine sandy loam ; very weak, fine, granular struc-
ture; friable; abundant roots; slightly acid; clear,
smooth boundary.

A3—7 to 14 inches, mixed very dark brown (10YR 2/2) and
dark-brown (10YR 3/3) sandy loam, very dark brown
(10YR 2/2)when kneaded; very weak, medium, sub-
angular blocky structure that breaks to weak, fine,
granular; friable; abundant roots; slightly acid;
gradual, smooth boundary.

B2—14 to 20 inches, brown (10YR 4/3) to very dark yellowish-
brown (10YR 4/4) fine sandy loam; very weak, me-
dium subangular blocky structure; very friable; abun-
dant roots; slightly acid; gradual, wavy boundary.

B3—20 to 30 inches, dark yellowish-brown (10YR 4/4) loamy
fine sand; very weak, medium, subangular blocky
structure; very friable; black (10YR 2/1) krotovina
about 2 inches in diameter; slightly aecid; diffuse,
smooth boundary.

C—30 to 60 inches, dark yellowish-brown (10YR 4/4) to yel-
lowish-brown (10YR 5/4) loamy fine sand; single
grain (structureless) ; loose; slightly acid.

The A horizon ranges from 4 to 14 inches in thickness and
from black (10YR 2/1) to very dark grayish brown (10/YR
3/2) in color. In texture, this horizon ranges from loam to
fine sandy loam. The B horizon ranges from 10 to 30 inches in
thickness and from dark brown (10YR 3/3) to very dark
yellowish brown (10YR 4/4) in color. The texture of this hori-
zon ranges from fine sandy loam to loamy fine sand. In Dick-
inson loams, the loam texture extends to a depth of 10 to 20
inches. The texture of the C horizon generally is loamy fine
sand, and the color is dark yellowish brown (10YR 4/4) or
yellowish brown (10YR 5/4). In Garfield Township the Dickin-
son soils are on glacial outwash. In these soils the sand is
somewhat coarser than average for the Dickinson soils,
and gravel is more likely to occur at a depth of less than 50
inches. Dickinson soils typically are slightly acid or medium
acid throughout their solum.

The Dickinson soils are not so coarse textured in the surface
layer and subsoil as Hagener soils. They are leached through-
out, whereas Salida soils are calcareous within about 16 inches
of the surface and, in places, near the surface. In addition,
Salida soils are gravelly in the substratum.

Dickinson fine sandy loam, 0 to 2 percent slopes
(DcA).—This soil is mainly on sandy ridges in the uplands
in the northwestern part of the county. It is not extensive,
and areas generally are small. It occurs mainly with the
other Dickinson soils and with Everly soils. The surface
layer of this soil is generally a few inches thicker than that
in the profile described as typical for the Dickinson series.

Most of this soil is cultivated. Row crops can be grown
much of the time, but this soil is droughty. Growth of crops
generally is poor or moderate, especially in years when
rainfall is below average. Soil blowing 1s a hazard, and
blown sand damages young plants in some years. Leaving
crop residue on the surface and spreading strawy manure
are ways to add organic matter to the soil and aid in reduc-
ing the hazard of soil blowing. (Capability unit I1Is-1)

Dickinson fine sandy loam, 2 to 5 percent slopes
(DcB).—This gently sloping to gently undulating soil is in
the uplands. It is the most extensive Dickinson soil in the
county.

This soil generally is adjacent to other Dickinson soils or
Everly soils, but in the eastern part of the county it occurs
near the Clarion soils. This soil developed mainly in sandy
material deposited by wind, but in a few areas in the
eastern part of the county it developed in sandy glacial
drift. Included with this soil in mapping were some areas
where the surface layer is only 2 to 7 inches thick.

This soil generally is cultivated, but a few areas are in
pasture. It 1s susceptible to both soil blowing and water
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erosion. This soil can be used for row crops much of the
time if erosion is controlled. Because this soil is droughty,
growth of crops is only poor to moderate. Planting row
crops on the contour or terracing helps to control erosion
and to conserve moisture. In building terraces, deep cuts
may expose the sandy underlying material. This material
has very low moisture-holding capacity and low fertility.
Sand blown against young plants may damage them. Leav-
ing crop residue on the surface and spreading strawy
manure are ways to add organic matter to the soil and
to reduce soil blowing. (Capability unit IITe—4)

Dickinson fine sandy loam, 5 to 9 percent slopes,
moderately eroded (DcC2).—This gently rolling or moder-
ately sloping soil is mainly in the northwestern and central
parts of the county, but 1t also occurs in the eastern part.
It occurs chiefly with other Dickinson soils or with the
Everly or Clarion soils. The surface layer is only about
2 to 7 inches thick, though in a few areas it is slightly
thicker. Otherwise, the profile of this soil is like the one
described as typical for the Dickinson series.

Most of the soil is cultivated, but its use for row crops
is limited. It is susceptible to soil blowing and erosion by
water. Growth of crops is poor because this soil is droughty
and has low fertility. If row crops are used, contour farm-
ing or terracing is needed to control erosion and conserve
moisture. Deep cuts made in building terraces may expose
the sandy underlying material. This material has very low
moisture-holding capacity and fertility. (Capability unit
IIIe4)

Dickinson fine sandy loam, benches, 0 to 2 percent
slopes (DkA).—This nearly level soil occurs mainly on
benches above flood plains and stream benches but lower
than uplands. This soil is not extensive, and the areas are
generally small. In most places it is adjacent to areas of
other Dickinson soils, Hagener soils, or Wadena soils. It
developed mainly in sandy material deposited by wind, but
in some areas the material has been deposited by water
and reworked by wind.

The surface layer of this soil is thicker in most places
than that in the profile described as typical for the Dickin-
son series. Depth to sand or mixed sand and gravel gen-
erally 1s more than 50 inches, but in a few areas the depth
is as little as 30 to 36 inches.

Most of the soil is cultivated. Row crops can be grown
much of the time, but growth is generally poor to moderate
because of droughtiness. Cultivated areas are susceptible
to soil blowing, and young plants are damaged by blown
sand in some years. Leaving crop residue on the surface
and spreading strawy manure are ways to add organic
matter to the soil and to reduce soil blowing. (Capability
unit I1Is-1)

Dickinson fine sandy loam, benches, 2 to 5 percent
slopes (DkB).—This gently sloping to gently undulating soil
is on benches above flood plains and stream benches but
lower than uplands. It occurs mainly with other Dickinson
soils, Hagener soils, or Wadena soils.

Areas of this soil that are in the east-central part of
Garfield Township have coarser sand in the profile than is
typical for this soil. In addition, these areas are more likely
to overlie gravel at a depth of less than 50 inches.

This soil is susceptible to both soil blowing and erosion
by water. Most areas are cultivated. Row crops can be
grown much of the time if erosion is controlled, but growth
1s poor to moderate because of droughtiness. If row crops

are grown, contour farming or terracing is needed. In
building terraces, deep cuts may expose the sandy under-
lying material, which has very low moisture-holding ca-
pacity and fertility. Sand blown against young plants
may injure them. Leaving crop residue on the surface and
spreading manure are ways to add organic matter and to
reduce so1l blowing. (Capability unit I1Te-3)

Dickinson fine sandy loam, benches, 5 to 9 percent
slopes, moderately eroded (DkC2).—This moderately slop-
ing or gently rolling soil is mainly on benches above flood
plains and stream benches but lower than uplands. In most
places it is adjacent to other Dickinson soils, and to Hag-
ener, Wadena, or other soils on benches.

The surface layer of this soil is about 2 to 7 inches thick
and is thinner than the one described in the representative
profile. Where this soil is in the east-central part of Gar-
field Township, it has more coarse sand than the soil de-
scribed as typical for the series and is more likely to over-
lie gravel at a depth of less than 50 inches. Included with
this soil in mapping were a few areas that are loam in tex-
ture to a depth of about 10 to 18 inches.

Most of this soil is cultivated, but its use for row crops
is limited. Growth of crops is poor because this soil is
droughty and has low fertility. It is susceptible to soil
blowing and to erosion by water. If this soil is used for
row crops, contour farming or terracing is needed. Deep
cuts made in building terraces may expose the sandy un-
derlying material. This material has very low moisture-
holding capacity and fertility. (Capability unit I1Ie-3)

Dickinson fine sandy loam, benches, 9 to 15 percent
slopes, moderately eroded (DkD2).—This strongly sloping
or rolling soil is on high benches and lower stream benches.
It is mainly on breaks from one bench to another or from
benches to bottom lands. It is not extensive, and most areas
are small. The surface layer generally is about 2 to 7 inches
thick, but in areas of permanent pasture this layer is
slightly thicker in places. A few areas were included with
this so1l in mapping that are loam in texture to a depth of
about 10 to 18 inches.

Some areas of this soil are cultivated, and some are in
pasture. On occasional years, row crops can be grown, but
a better use is for hay or pasture. This soil is susceptible
to severe erosion, has very low fertility, and is droughty.
(Capability unit IVe-2)

Dickinson fine sandy loam, benches, 15 to 20 percent
slopes, moderately eroded (DkE2).—This soil is mainly
on breaks between benches and bottom lands along streams.
It is not extensive, and the areas are small. This soil gen-
erally has more gravel in the profile than is average for
the Dickinson soils. The surface layer is thin and is only
about 2 to 7 inches thick. In some areas almost all the
original surface layer has been eroded, and the lighter
colored, sandy subsoil material is exposed. Included in
mapping were a few areas that are loam in texture to a
depth of about 24 inches.

Because it is droughty, has low fertility, and has a high
hazard of erosion, this soil is not suited to row crops.
Scattered areas are cultivated or have been cultivated,
but most areas are in pasture. The soil is suited to perma-
nent pasture or hay. (Capability unit VIe-2) )

Dickinson loam, 0 to 2 percent slopes (DIA).—This
nearly level soil is in the uplands, chiefly in the north-
western part of the county. In most places it occurs with
other Dickinson soils. It is not extensive, and the areas
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are small. The surface layer is loam and is 10 to 20 inches
thick; otherwise, the profile of this soil is similar to the
one described as typical for the Dickinson series. Included
with this soil in mapping were small areas of sandy loam.

Most of this soil 1s cultivated. Row crops can be grown
much of the time, but the soil is droughty, and the growth
of crops generally is moderate. (Capability unit ITIs-1)

Dickinson loam, 2 to 5 percent slopes (DIB}.—This
gently sloping soil is in the uplands, chiefly in the north-
western part of the county. It is not extensive. In most
places it occurs with other Dickinson soils. Included with
this soil in mapping were small areas of sandy loam. The
surface layer is loam and is 10 to 20 inches thick; other-
wise, the profile of this soil is similar to the one described
as typical for the Dickinson series.

This soil is susceptible to erosion and is droughty. It
can be used for row crops much of the time if erosion is
controlled. Growth of crops is only moderate unless rain-
fall is heavier than normal and is distributed well through
the growing season. If row crops are grown, contour farm-
ing or terracing is needed to control erosion and conserve
moisture. Deep cuts made in building terraces may expose
the sandy underlying material. This material has very low
moisture-holding capacity and fertility. (Capability unit
IITe-3)

Everly Series

The Everly series consists of dark-colored, well-drained,
gently sloping to strongly sloping soils in the uplands.
These soils developed under native prairie grasses in gritty
material that is about 20 to 30 inches thick over Wisconsin
glacial till. They are mainly in the central and north-
western parts of the county, but some are in the south-
western part.

In a typical profile, the surface layer is black, friable
clay loam about 12 inches thick. It has subangular blocky
structure. The subsoil is mainly brown, friable to firm clay
loam to a depth of about 26 inches, and it is dark yellowish-
brown, friable to firm, calcareous loam below that depth.
It has subangular blocky structure. Beginning at a depth
of about 36 inches is yellowish-brown, friable to firm,
massive, calcareous loam,

The Everly soils have high available moisture capacity.
They are moderately permeable. The supply of available
nitrogen and phosphorus is low, and the supply of avail-
able potassium is medium or high. The surface layer is
slightly acid or medium acid in reaction.

Representative profile of an Everly clay loam, 880 feet
south and 340 feet east of the northwest corner of the

SW1 of section 13, T. 97 N, R. 37 W., on a convex slope
of 2 or 3 percent:

Ap—O0 to 8 inches, black (10YR 2/1) clay loam, dark gray
(10YR 4/1) when dry; massive (structureless) in
place but breaks to weak, fine, subangular blocky
structure ; friable; most grains of fine sand are clear
and uncoated, but a few have patchy, brown surface
stains; medium acid; clear, smooth boundary.

A3—8 to 12 inches, black (10YR 2/1) clay loam, very dark
gray (10YR 38/1) and dark grayish brown (10YR
4/2) when dry; few small spots of very dark grayish
brown (10YR 3/2); moderate, fine, granular and
subangular blocky structure; friable; common, fine

and very fine, tubular pores; medium acid; gradual,
smooth boundary.

B1—12 to 16 inches, about equal amounts of black (10YR
2/1) and very dark grayish-brown (10YR 3/2) clay
loam ; moderate, fine and very fine, subangular blocky
structure; friable; common, fine and very fine, tubu-
lar pores; medium acid; gradual, smooth boundary.

B21—16 to 20 inches, brown (10YR 4/3) clay loam; about
50 percent of exposed vertical surface consists of very
dark gray and very dark grayish-brown material,
mainly in vertical wormholes and root channels;
moderate, fine, subangular blocky structure; friable;
few pebbles; common, fine, tubular pores; medium
acid ; gradual, smooth boundary.

I1&IIB22—20 to 26 inches, brown (10YR 4/3) clay loam ; about
15 percent of the exposed vertical surface consists of
very dark gray material in vertical channels; weak,
fine, subangular blocky structure; friable to firm;
many pebbles; common, fine pores and few, medium,
tubular pores; neutral; clear, smooth boundary.

IIB3—26 to 36 inches, dark yellowish-brown (10YR 4/4) loam ;
weak, fine, subangular blocky structure; friable to
firm; few, firm, white concretions of carbonate in
lower part; pebbles larger than 14 inch in diameter
have carbonate coatings on the lower surfaces; com-
mon, fine pores and few, medium, tubular pores; fine,
faint, gray mottles in the lower part; moderately alka-
line; calcareous; gradual, smooth boundary.

I1C1—36 to 50 inches, yellowish-brown (10YR 5/4) loam ; few,
fine, faint mottles of grayish brown (10YR 5/2) ; mas-
sive (structureless); friable to firm; common ir-
regular concretions of carbonate as much as 1%
centimeters in diameter ; common, fine pores and few,
medium to coarse, tubular pores; moderately alka-
line; calcareous; gradual, smooth boundary.

IIC2—50 to 60 inches, yellowish-brown (10YR 5/4) loam ; com-
mon, medium, distinct mottles of dark yellowish
brown (10YR 4/4) and grayish brown (10YR 5/2);
massive (structureless) ; very firm ; common irregular
concretions of carbonate as much as 114 centimeters in
diameter ; common, fine pores and few, medium to
coarse, tubular pores ; moderately alkaline ; calcareous.

The A horizon is black to very dark brown heavy silt loam,
loam, or light clay loam. The B horizon is brown (10YR 4/3)
to yellowish-brown (10YR 5/4) clay loam. In most places the
I1IB3 horizon extends into the calcareous glacial till. Depth to
this till is 20 to 35 inches. Horizons containing secondary car-
bonate occur, but these layers generally are no richer in car-
bonate than the C horizon. The till ranges from heavy loam
to light clay loam in texture. The surface layer ranges from
slightly acid to medium acid.

The Everly soils have more sand in the upper part of the
profile than Sac soils, and the depth to calcareous glacial
till generally is a few inches less. Everly soils have more clay
than the Clarion soils, and depth to carbonates typically is a
few inches less.

Everly clay loam, 2 to 5 percent slopes (EcB).—This
gently sloping soil generally is adjacent to the somewhat
poorly drained Nicollet or the poorly drained Tm{)oll or
Afton soils. It is extensive, and the areas generally are
large, commonly 50 acres or more. The profile of this soil
is the one described as typical for the Everly series. In-
cluded with this soil in mapping were a few eroded areas
that have only 2 to 7 inches of the original dark-colored
surface layer remaining.

Most of this soil is in cultivated crops, for which it is
well suited. In places it has long slopes and is susceptible
to erosion. If terracing and contour farming are used, row
crops can be grown much of the time. Where the fertility
is maintained and management is good, crops grow well.
(Capability unit ITe-1)

Everly clay loam, 5 to 9 percent slopes, moderately
eroded (EcC2).—Most areas of this soil occupy short slopes
adjacent to drainageways. The Afton soils or the Colo-
Terril complex occupies the drainageways.
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This eroded soil has only about 2 to 7 inches of the origi-
nal dark-colored surface soil remaining. Included with
this soil in mapping were a few areas, generally near the
bottom of slopes, that have a surface layer nearly as thick
as that in the profile described as typical for the Everly
series. Also included were some areas where calcareous
material is only 12 to 20 inches deep.

Although the hazard of erosion is moderate, this soil
is suited to row crops much of the time if contour farming
and terracing are used. The supply of nitrogen is lower
in this soil than it is in uneroded Everly soils, and larger
amounts of fertilizer and manure are needed. (Capability
unit I1Te-1)

Everly-Storden complex, 9 to 15 percent slopes,
moderately eroded (EsD2).—This complex occupies side
slopes along drainageways or slopes that break from the
uplands to bottom lands or benches. It is not extensive, and
areas in most places are small. The Storden soils, which
are described elsewhere in this survey, are on the shoulders
of slopes and make up about 40 percent of the complex.
The Everly soils occupy other parts both upslope and
downslope from these soils and make up about 60 per-
cent. The Colo-Terril complex occupies the drainageways,
and the steeper slopes along the drainageways downstream
are occupied by the Storden soils.

Included with this complex in mapping were some areas
that have a thinner subsoil than the Everly soils but are
not so shallow to calcareous material as the Storden soils.
Also included were some areas that have a surface layer
7 to 10 inches thick.

Most areas of this complex are cultivated, but some are
in pasture. Most fields now in pasture formerly were culti-
vated. Soybeans ordinarily should not be grown, but all
other crops common in the county are suited. This complex
is too steep for intensive cultivation, but row crops can be
grown part of the time if erosion is controlled by contour
farming and terracing. Fertility can be maintained by
using manure, fertilizer, and meadow crops. At best, the
growth of crops generally is only moderate. (Capability
unit 1ITe-2)

Fostoria Series

The Fostoria series consists of deep, dark-colored, some-
what poorly drained soils in the northern and east-central
parts of the county. They developed under native prairie
grasses in medium-textured to moderately fine textured
glacial sediments. These soils are mainly in the uplands,
but some are on outwash areas.

In a typical profile, the surface layer is black, friable -

loam about 19 inches thick. It has granular and subangular
blocky structure. The subsoil extends to a depth of about
34 inches. It is dark grayish brown in the upper part and
olive brown in the lower part. This layer is friable loam
and has subangular blocky structure. The substratum is
light olive-brown and gray, friable, massive, calcareous
silt loam.

The Fostoria soils have high available moisture capacity.
They are moderately permeable. These soils generally are
low or medium in available nitrogen and phosphorus and
medium in available potassium. The surface layer gen-
erally is neutral or slightly acid in reaction.

Representative profile of a Fostoria loam, 150 feet west
and 125 feet north of the southeast corner of section 29,

T. 97 N., R. 38 W., on a nearly level slope, in a cultivated
field:

Ap—O0 to 7 inches, black (N 2/0) loam; moderate, fine and
medium, granular structure ; friable ; neutral ; gradual,
smooth boundary.

A12—T7 to 15 inches, black (N 2/0) heavy loam; weak, fine,
granular structure; friable; neutral; gradual, smooth
boundary.

A3—15 to 19 inches, mixed black (10YR 2/1) and dark grayish-
brown (2.5Y 4/2) heavy loam; weak, very fine, sub-
angular blocky structure; friable; neutral; gradual,
smooth boundary.

B1—19 to 24 inches, black (10YR 2/1) and dark grayish-brown
(2.5Y 4/2) loam; weak, very fine, subangular blocky
structure ; friable ; neutral ; gradual, smooth boundary.

B2—24 to 29 inches, dark grayish-brown (2.5Y 4/2) loam;
common, fine, faint mottles of olive brown (2.5Y 4/4) ;
weak, fine, subangular blocky structure; friable; neu-
tral; gradual, smooth boundary.

B3—29 to 34 inches, olive-brown (2.5Y 4/4) loam; weak, fine
and medium, subangular blocky structure; few dark
concretions of oxide; mildly alkaline; calcareous;
abrupt, smooth boundary.

C1—34 to 42 inches, light olive-brown (2.5Y 5/4) silt loam;
common, fine, faint mottles of yellowish brown (10YR
5/6 and 5/8) and common, medium, distinct mottles of
gray (10YR 5/1) ; massive (structureless) ; friable;
few dark concretions of oxide ; few root channels lined
with grayish material; moderately alkaline; calcare-
ous; gradual, smooth boundary.

I1C2—42 to 50 inches, gray (10YR 5/1) silt loam; many, fine
and medium, faint mottles of yellowish brown (10YR
5/6 and 5/8) ; massive (structureless); friable; nu-
merous soft concretions of carbonate; few, fine, dark
concretions of oxide ; moderately alkaline ; calcareous.

A deep boring shows that the silty material extends to a
depth of 80 inches and that glacial till is at 80 inches.

The A horizon ranges from 12 to 19 inches in thickness. In
color, the Al horizon typically is black (N 2/0 or 10YR 2/1),
but the color ranges to very dark gray (10YR 3/1) or very dark
grayish brown (10YR 3/2) in the A3 horizon. The texture of
this horizon ranges from loam to clay loam. The B horizon
typically ranges from very dark grayish brown (2.5Y 3/2) to
dark grayish brown (2.5Y 4/2), olive brown (2.5Y 4/4), and
light olive brown (2.5Y 5/4). Mottles range from few to com-
mon and are mainly yellowish brown or grayish colored. The
texture of the B horizon generally is loam but ranges to light
clay loam. In places the B3 horizon extends into the silty out-
wash that generally underlies Fostoria soils at a depth of about
214 to 4 feet. In a few places, thin lenses of sandy loam occur in
the solum. The solum generally ranges from 30 to 48 inches
in thickness. The underlying material generally is silt loam but
ranges to loam and, in a few places, sandy loam or loamy
sand. Where the surface layer is clay loam, the lower part of
the B horizon and substratum typically is loam, sandy loam, or
sandy clay loam. The depth to carbonates generally ranges from
24 to 48 inches. Fostoria soils are neutral or slightly acid in
the upper horizons and neutral or mildly alkaline in the B
horizon.

Fostoria soils have a thicker surface layer than Ocheyedan
soils, and their subsoil is more grayish brown and is more
mottled. Unlike the Cylinder soils, Fostoria soils are not under-
lain by sand and gravel. The profile of Fostoria soils is free of
pebbles, whereas that of Nicollet soils has pebbles. Also the
substratum of Nicollet soils is more uniform in texture than
that of Fostoria soils, and sorting of materials in this layer is
less evident.

Fostoria clay loam (0 to 2 percent slopes) (Fo).—This
soil is nearly level, but the areas generally are slightly con-
vex. It is not extensive. It occurs in a small area northeast
of Spencer in the north-central part of the county.

This soil occurs with the Ocheyedan soils and with the
moderately fine textured and fine textured Guckeen and
Marna soils. Included with this soil in mapping were a few
areas that have lenses of clayey material below a depth of



22 SOIL SURVEY

50 inches. This soil is likely to have more sand in the sub-
stratum than Fostoria loam.

Most areas of this soil are used for crops. Row crops can
be grown much of the time. If fertilization is adequate and
IInanagement is good, crops grow well. (Capability unit

-1)

Fostoria loam (0 to 2 percent slopes) (Fs).—This soil
occurs mainly with the well-drained Waukegan and
Ocheyedan soils, but in a few places it is adjacent to the
Everly or Dickinson soils. The profile of this soil is the one
described as typical for the Fostoria series. Included with
this soil in mapping were small areas of soils that have
lenses of sandy loam or loamy sand in the profile. These
lenses are not thick enough, however, to seriously affect the
available water capacity. Also included were a few areas
that have calcareous glacial till at a depth of 40 to 50
inches.

Most areas of this soil are cultivated. Row crops can
be grown much of the time. If fertilization is adequate and
management is good, crops grow well. In the wetter years,
a few areas benefit from tile drains. Erosion is not a hazard.
(Capability unit I-1)

Galva Series

The Galva series consists of deep, dark-colored, well-
drained soils. They developed under native prairie grasses
in loess. The largest acreage is in the uplands in the south-
western part of the county, but smaller areas are on benches
along Willow Creek. Where these soils are in uplands, they
are mostly nearly level, but some have slopes of as much as
3 percent. The Galva soils on benches are nearly level.

In a typical profile, the surface layer is friable silty clay
loam about 16 inches thick. It is black in the upper part but
grades to very dark brown in the lower part. It has granu-
lar and subangular blocky structure. The subsoil extends to
a depth of about 39 inches. It is mainly brown (10YR 4/3)
silty clay loam that has subangular blocky structure. Be-
ginning at a depth of about 39 inches is brown, friable, mas-
sive silt loam that grades to olive-brown, friable, massive,
calcareous clay loam at a depth of 57 inches.

The Galva soils have high available moisture capacity.
They are moderately permeable. The supply of available
nitrogen generally is low or medium, that of available
phosphorus generally is low, and that of available potas-
sium generally is medium or high. The surface layer is
slightly acid or medium acid in reaction.

Representative profile of a Galva silty clay loam, 612
feet west and 468 feet north of the southeast corner of the
NW14,SW1/ of section 28, T. 94 N, R. 38 W, on a convex,
southwest-facing slope of 1 or 2 percent, in a cultivated
field:

Ap—O0 to 7 inches, black (10YR 2/1) silty clay loam; cloddy
but breaks to weak, fine granular structure; friable;
abundant roots; slightly acid; gradual, smooth
boundary.

Al12—7 to 12 inches, black (10YR 2/1) silty clay loam;
weak to moderate, fine and very fine, subangular
blocky structure; friable; abundant roots; slightly
acid ; gradual, smooth boundary.

A3-—12 to 16 inches, very dark brown (10YR 2/2) silty clay
loam ; weak to moderate, fine and very fine, subangular

blocky structure; friable; abundant roots; slightly
acid; gradual, smooth boundary.

B21—16 to 23 inches, very dark brown (10YR 2/2) and dark-
brown or brown (10YR 3/3 or 4/3) silty clay loam,
dark brown (10YR 3/3) when kneaded; weak, fine
and very fine, subangular blocky structure; friable;
common roots; few to common, very fine and fine,
tubular pores; slightly aecid; gradual, smooth
boundary.

B22—23 to 28 inches, brown (10YR 4/3) light silty clay loam,
dark yellowish brown (10YR 4/4) when kneaded;
weak, fine, subangular blocky structure; friable; few
roots; few to common, very fine and fine, tubular
pores; slightly acid; gradual, smooth boundary.

B23—28 to 39 inches, brown (10YR 4/3 or 5/3) light silty clay
loam, yellowish brown (10YR 5/4) when kneaded;
weak, fine, subangular blocky structure; friable; few
roots ; few to common, very fine and fine, tubular pores;
neutral ; gradual, smooth boundary.

C1—39 to 57 inches, mixed brown (10YR 4/3) and dark
grayish-brown (10YR 4/2) heavy silt loam ; few, fine,
faint mottles of dark yellowish brown (10YR 4/4) and
yellowish brown (10YR 5/4); massive (structure-
less) ; friable; neutral; gradual, smooth boundary.

IIC2—57 to 65 inches, olive-brown (2.5Y 4/4) clay loam;
common, fine, distinct mottles of yellowish brown
(10YR 5/4) ; massive; friable; few streaks of carbon-
ate ; mildly alkaline; calcareous.

The A horizon ranges from 10 to 16 inches in thickness and
from black (10YR 2/1) to very dark brown (10YR 2/2) in
color. In places the A8 horizon is very dark grayish brown. The
B horizon ranges from brown (10YR 4/3 or 5/3) to dark
yellowish brown (10YR 4/4) or yellowish brown (10YR 5/4)
in color. In some places the upper part of the B horizon is
dark brown (10YR 3/3). In texture, the B horizon is mainly
silty clay loam, but in places it is silt loam in the lower part.
The solum ranges from 32 to 48 inches in thickness. In places
the C horizon is calcareous below a depth of 36 inches, and in
some places secondary carbonates occur in the lower part of the
B and in the C horizons. The thickness of the loess in which
these soils formed typically is 40 to 60 inches over calcareous
clay loam till.

The Galva soils are deeper to glacial till than the Sac soils
and have a thicker surface layer.

Galva silty clay loam, 1 to 3 percent slopes (GaA).—
This soil generally is nearly level, but in places slopes
are as much as 3 percent. It is moderately extensive, and
the areas generally are 5 or more acres in size. The main
areas are In the southwestern part of the county, but areas
also occur in the east-central part. The profile of this soil
is the one described as typical for Galva series.

This soil occurs mostly with the somewhat poorly
drained Primghar soils, but it occurs in many places with
the poorly drained Marcus and the well-drained Sac
soils. Included with this soil in mapping were some areas
that are similar to the Primghar soils in drainage.

Nearly all the acreage of this soil is used for crops.
Row crops can be grown much of the time. If this soil 1s
adequately fertilized and managed well, growth of crops
is good. Erosion is not a hazard, except in a few of the more
sloping areas. Even in these areas, it is only slight. (Cap-
ability unit I-2)

Galva silty clay loam, benches, 0 to 2 percent slopes
(GbA).—This nearly level soil is on low benches along
Willow Creek in the southwestern part of the county. It is
not extensive. It occurs chiefly with the Wadena and Prim-
ghar soils that are on benches. The profile of this soil over-
lies sand or gravel at a depth of 40 inches or more but is
otherwise similar to that described for the series. Included
with this soil in mapping was a gently sloping area about
3 acres in size in the NW1/ of section 26 of Clay Town-
ship.
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Nearly all the acreage of this soil is used for crops. Row
crops can be grown much of the time. This soil 1s some-
what more droughty in dry years than the Galva soils in
uplands. If this soil is adequately fertilized and managed
well, growth of crops is good. (Capability unit I-1)

Glencoe Series

The Glencoe series consists of deep, dark-colored, very
poorly drained soils mainly in the uplands in the eastern
part of the county and on outwash areas in the north-cen-
tral and northwestern parts. In the uplands, these soils are
in basinlike depressions and, locally, are called pothole
soils. Where these soils are in glacial outwash, they have a
gravelly substratum. The Glencoe soils developed in local
alluvium or water-worked glacial drift in uplands and in
glacial outwash areas. The native vegetation was swamp
grasses and sedges.

In a typical profile, the surface layer is black, friable
silty clay loam about 25 inches thick. It has granular
and subangular blocky structure. The subsoil extends
to a depth of about 46 inches. It is very dark gray and
dark gray in the upper part and mixed olive gray, gray,
and very dark gray in the lower part. The upper part is
firm silty clay loam that grades to friable silty clay loam
in the lower part. The subsoil has subangular blocky and
angular blocky structure. The substratum typically is
gray or olive-gray light clay loam or silty clay loam.

The Glencoe soils have high available moisture capacity.
Permeability is moderately slow to slow. The supply of
available nitrogen 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 a Glencoe silty clay loam, 480
feet west and 226 feet south of the northeast corner of
section 16, T. 97 N., R. 35 W., in an upland depression in
a cultivated field :

Ap—O0 to 8 inches, black (N 2/0) silty clay loam; cloddy but
breaks to weak, fine, granular structure; friable to
firm ; neutral; clear, smooth boundary.

A12—8 to 19 inches, black (N 2/0) medium to heavy silty clay
loam ; weak, medium, granular structure that breaks
to moderate, fine, granular ; friable; neutral ; gradual,
smooth boundary.

A13—19 to 25 inches, black (N 2/0) medium to heavy silty clay
loam ; moderate, fine, subangular blocky structure that
breaks to moderate, very fine, subangular blocky ; fri-
able ; neutral ; gradual, smooth boundary.

Blg—25 to 34 inches, black (N 2/0) to very dark gray (N 3/0)
medium to heavy silty clay loam; weak, fine and
medium, subangular blocky structure that breaks to
moderate, very fine, angular and subangular blocky ;
firm; sticky when wet; neutral; gradual, smooth
boundary.

B21g—34 to 40 inches, very dark gray (N 3/0) and dark-gray
(5Y 4/1) silty clay loam; few, fine, faint mottles of
olive (BY 5/3); weak, medium, subangular blocky
structure that breaks to weak to moderate, fine, an-
gular and subangular blocky; firm ; sticky when wet;
neutral to mildly alkaline; gradual, smooth boundary.

B22g—40 to 46 inches, mixed olive-gray (5Y 5/2), gray (5Y
5/1), very dark gray (5Y 3/1), and black (5Y 2/1)
light silty clay loam; few, fine, faint mottles of olive
(Y 5/4); weak to moderate, fine and medium, sub-
angular blocky structure; friable; sticky when wet;
neutral to mildly alkaline.

The A horizon ranges from 20 to 35 inches in thickness and from
silty clay loam to light silty clay in texture. The Bg horizon is

black to very dark gray in the upper part and ranges to dark gray,
olive gray, or olive in the lower part. The texture of this horizon
is mainly silty clay loam but ranges to light silty clay or clay. The
solum typically is 36 to 54 inches thick. The Cg horizon is not shown
in the profile described, but it ranges from loam or clay loam to
silt loam or silty clay loam in texture. Where these soils have a
gravelly substratum, loamy sand, sand, or mixed sand and gravel
typically occur at a depth of 36 to 48 inches. Some areas of these
soils are calcareous at the surface and throughout the profile.

The Glencoe soils have a finer textured surface soil and subsoil
than the Okoboji soils. They have a thicker surface soil than the
Webster soils and a thicker surface soil and solum than Wacousta
soils. Unlike the Rolfe soils, Glencoe soils do not have a gray sub-
surface layer and strong structure in the subsoil.

Glencoe silty clay loam (0 to 1 percent slopes) (Ge).—
This soil is in small basinlike depressions. It 1s generally
adjacent to the poorly drained Webster or Canisteo soils,
but in some places it is surrounded by narrow areas of
Harps soils. The profile of this soil is the one described as
typical for the Glencoe series. This soil naturally is very
poorly drained, and many areas are ponded in spring and
after heavy rans (fig. 8). Artificial drainage is needed,
and surface intakes and shallow ditches are needed in
places in addition to tile drains. Because permeability of
this soil is slow, tile drains are only fairly effective and
should be placed fairly close together. In many places it
is difficult to find outlets deep enough for tile lines to drain
adequately.

If this soil is adequately drained, row crops can be
grown much of the time. Most areas are small and are
cropped in the same way as the surrounding soils. Because
of wetness and ponding, the growth of crops is variable,
Young plants covered with water for very long are killed,
and replanting is necessary. Legumes are susceptible to
winterkilling. A few partially drained areas of this soil are
in pasture, and undrained areas are suited as wildlife
habitat. (Capability unit IITw-1)

Glencoe silty clay loam, gravelly substratum (0 to
1 percent slopes) (Gg).—This soil is in slight depressions
that are surrounded in most places by the calcareous Tal-
cot soils. This soil has more sand in the surface layer and
subsoil than the soil described as typical for the Glencoe
series. The surface layer feels gritty but typically is silty

e el T

Figure 8.—A small depression, or pothole, occupied by Glencoe
silty clay loam. This soil is ponded after rains, and crops are often
killed or damaged.
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clay loam. The subsoil typically is clay loam. This soil
overlies loamy sand, sand, or mixed sand and gravel, gener-
ally at a depth of 36 to 48 inches.

Included with this soil in mapping were some areas that
are somewhat poorly or poorly drained, have a clay loam
subsoil, and overlie sand and gravel at a depth of 30 to 40
inches. These areas generally occur with the Cylinder or
Wadena soils. Also included were a few areas in which the
depth to sand or gravel is less than 40 inches and some
areas where the depth is more than 50 inches. The surface
layer of this soil generally is about neutral, but in some
areas it ig alkaline and calcareous.

This soil generally is in small areas and is cropped in the
same way as surrounding soils. Wetness and ponding are
the chief concerns of management, Even where this soil is
tile drained, crops are damaged at times by standing water.
Tile drains are difficult to install because of the sandy or
gravelly substratum. Surface ditches are used in places.
If this soil is adequately drained, row crops can be grown
much of the time. The growth of crops is variable, depend-
ing on the effectiveness of drainage. (Capability unit
ITTw-1)

Guckeen Series

The Guckeen series consists of dark-colored, somewhat
poorly drained to moderately well drained, nearly level to
moderately sloping or rolling soils in the uplands and out-
wash areas. These soils developed under prairie grasses in
loamy to clayey lacustrine sediments that overlie cal-
careous loamy glacial till or glacial sediment. Where these
gsoils have a silty clay substratum, they are clayey to a
depth of about 4 feet or more.

In a typical profile, the surface layer is black silty clay
loam and silty elay about 12 inches thick. The subsurface
layer of mixed surface soil and subsoil material is very dark
grayish-brown light silty clay about 5 inches thick. The
subsoil is dark grayish-brown light silty clay in the upper
part and grayish-brown and olive-brown silty clay loam
in the lower part. This layer has subangular blocky and
angular blocky structure and is friable to firm. The sub-
stratum is light olive-gray, friable silt loam or loam that
feels gritty. It is massive and calcareous. Some strong-
brown mottles occur in the lower part of the subsoil and
in the substratum.

The Guckeen soils have high available moisture capacity.
Typically, they are moderately or moderately slowly per-
meable, but in the silty clay layers they are slowly or very
slowly permeable. The supply of available nitrogen and
phosphorus generally is low, and the supply of available
potassium is low or medium. The surface layer of these
soils generally is slightly acid or neutral in reaction.

Representative profile of a Guckeen silty clay loam, 45
feet south and 200 feet east of a point in the center of the
road at the northwest corner of section 25, T. 97 N., R.
35 W., in a cultivated field:

Ap—0 to 6 inches, black (10YR 2/1) silty clay loam; weakly
cloddy but breaks to moderate, fine, granular struc-
ture; friable ; slightly acid ; gradual, smooth boundary.

A12—6 to 12 inches, black (10YR 2/1) light silty clay; moder-
ate, fine, subangular blocky structure and moderate,
fine, granular structure; friable to firm; slightly acid;
gradual, smooth boundary.

AB—12 to 17 inches, very dark grayish-brown (10YR 3/2 or
2.5Y 3/2) light silty clay; many vertical streaks of
very dark gray (10YR 3/1) caused by earthworms;

moderate, fine and very fine, subangular blocky strue-
ture and some angular blocky; friable to firm; few,
thin, discontinuous clay films; slightly acid; gradual,
smooth boundary.

B2—17 to 28 inches, dark grayish-brown (2.5Y 4/2) light silty
clay; few, very dark gray (10YR 3/1) worm casts;
moderate to strong, very fine and fine, subangular
blocky and angular blocky structure; firm; common,
fine, inped, tubular pores; common, small, soft, dark
concretions of oxide; common, thin clay films; neutral ;
clear, smooth boundary.

B3—28 to 36 inches, grayish-brown (2.5Y 5/2) and light olive-
brown (2.5Y 5/4) silty clay loam; common, fine, dis-
tinet mottles of strong brown (7.5YR 5/8) ; weak, fine,
subangular blocky structure; friable; common, soft
and hard concretions of carbonate as much as one-
fourth inch in diameter; many, fine, tubular pores;
moderately alkaline; calcareous; gradual, smooth
boundary.

IIC1—36 to 47 inches, light olive-gray (5Y 6/2) silt loam;
many, medium, distinct mottles of strong brown
(7.5YR 5/6) ; friable ; concretions of carbonate smaller
and fewer than in the B3 horizon; many, fine, inped,
tubular pores; stratified silt and sand in places;
moderately alkaline; calcareous; gradual, smooth
boundary.

II1C2—47 to 50 inches, light olive-gray (5Y 6/2) and brown
(10YR 5/3) loam; massive (structureless); friable;
moderately alkaline ; calcareous.

The stratified silt and sand in the IIC1 horizon are not con-
sidered typical for the series.
The A horizon ranges from black to very dark brown in color.

This horizon generally ranges from 10 to 18 inches in thick-

ness, but in a few places it is as thin as 6 inches. The texture

commonly is silty clay loam, but in some places it is clay loam
and in others it is light silty clay in the lower part. The B hori-
zon generally is silty clay loam or light silty clay in texture.

In color, this horizon generally is dark grayish-brown (10YR

or 2.5YR 4/2) or grayish brown (10YR or 25YR 5/2) but

ranges to olive brown or light olive brown. Mottles generally
range from yellowish brown to strong brown. Calcareous gla-
cial till or lake-laid sediments generally occur at a depth of

20 to 40 inches except where the substratum is clayey. In these

places the clayey material extends to a depth of 4 feet or more.

The Guckeen soils generally are more clayey than the Nicollet
soils.

Guckeen silty clay loam, 0 to 2 percent slopes (GkA].—
This nearly level soil occurs in the uplands and in outwash
areas. It is the most extensive Guckeen soil in the county.
In the uplands this soil occurs mainly with other Guckeen
soils and with the Marna, Clarion, Nicollet, and Webster
soils. On outwash areas it generally occurs with the Fos-
toria, Webster, Marna, and other Guckeen soils. Areas of
this soil range from a few acres to 30 acres or more 1n size.

Most areas of this soil are used for crops. Row crops can
be grown much of the time. If fertility is maintained and
management is good, crops grow well. Some areas of this
soil are wet in spring and in years when rainfall is above
average and would benefit from tile drains. (Capability
unit 1-3)

Guckeen silty clay loam, 2 to 5 percent slopes (GkB).—
This gently sloping or gently undulating soil occurs in the
uplands and in outwash areas. It is not extensive, and areas
generally are not large. In the uplands this soil occurs
mainly with the Clarion, Nicollet, Webster, and other
Guckeen soils; but in outwash areas it generally occurs
with other Guckeen soils or with the Fostoria or Ocheye-
dan soils. In places this soil is somewhat better drained
than the one described as typical for the Guckeen series
and the subsoil is browner and not so clayey; otherwise,
the profile is similar to the profile of that soil.

Most areas of this soil are used for crops. Row crops can
be grown much of the time. Because this soil is susceptible
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to erosion, contour farming or terracing is needed. Crops
grow well if management is good. (Capability unit ITe-3)

Guckeen silty clay loam, 5 to 9 percent slopes, moder-
ately eroded (GkC2).—This soil is not extensive. It occurs
with the Clarion, Nicollet, Webster, Fostoria, Ocheyedan,
and other Guckeen soils. The surface layer of this soil,
generally about 4 to 8 inches thick, is thinner than that in
the profile described as typical for the Guckeen series.

Included with this soil in mapping were some areas near
the bottom of slopes that have a surface layer nearly as
thick as that soil, but in many places this included soil has
a browner, less clayey subsoil and is better drained. Also
included were a few small areas that have slopes as much
as 15 percent and a few areas that are clayey to a depth of
4 feet or more.

Most areas of this soil are used for crops, but some are
in pasture. Row crops can be grown a fairly large part of
the time if erosion is controlled. Deep cuts made in build-
ing terraces may expose the clayey subsoil, which is difficult
to till and manage. During wet years, seeps occur in places
on side slopes and cause wet spots. Growth of crops is me-
dium to good. (Capability unit I1Te-1)

Guckeen clay loam, silty clay substratum, 0 to 2 per-
cent slopes (GuA).—This is a nearly level soil in the up-
lands and in outwash areas. The silty clay or clay sub-
stratum extends to a depth of 4 feet or more. It occurs
mainly with the Marna, Clarion, Webster, Nicollet, and
other Guckeen soils in the uplands. In the outwash areas,
this soil generally is adjacent to the Fostoria, Webster,
Marna, or other Guckeen soils. Included with this soil in
mapping were some areas that have a browner subsoil and
are somewhat better drained than is typical for Guckeen
soils.

Most areas of this soil are cultivated, and row crops can
be grown much of the time. Growth of crops is good if the
soil is adequately fertilized and managed well. §0me areas
that tend to be somewhat wet in spring and in wet years
would benefit from tile drains. Tile lines need to be spaced
closer in this soil than in most of the other Guckeen soils
because the clayey underlying material restricts the
movement of water. (Capability unit I-3)

Guckeen clay loam, silty clay substratum, 2 to 5 per-
cent slopes {GuB).—This gently sloping or undulating soil
is in the uplands and in outwash areas. The silty clay or
clay substratum extends to a depth of 4 feet or more. It
occurs with the Marna, Clarion, Webster, Nicollet, Fos-
toria, or other Guckeen soils. Included with this soil in
mapping were a few small areas that have a browner sub-
soil and are better drained than the soil described as typical
for the Guckeen series.

Most areas of this soil are used for crops. Row crops can
be grown much of the time if erosion is controlled. If
management is good and adequate fertility is maintained,
crops grow well. Because there is a slight hazard of ero-
sion, row crops should be planted on the contour. Where
terraces are built, the clayey infertile subsoil may be ex-
posed in deep cuts. Covering the terrace channels with top-
soil or large amounts of barnyard manure improves tilth
and workability. (Capability unit ITe-3)

Hagener Series

The Hagener series consists of gently sloping to sloping,
moderately dark colored, excessively drained soils on sandy
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ridges in the uplands and in outwash areas. The ridges
generally extend in a northwest-southeast direction. These
soils mainly are in the north-central part of the county.
They formed in sandy wind-deposited material.

In a typical profile, the surface layer is very dark brown,
very friable loamy sand about 8 inches thick. It has gran-
ular structure. The subsoil is brown, very friable sand
about 5 inches thick. The substratum is dark yellowish-
brown or yellowish-brown, loose sand. ) .

The Hagener soils have low available moisture capacity.
They are rapidly permeable and very droughty. The sup-
ply of available nitrogen and phosphorus is low, and that
of potassium is low or very low. The surface layer is me-
dium acid or slightly acid in reaction.

Representative profile of a Hagener loamy sand 644
feet north and 363 feet east of the southwest corner of
the SE14 of section 29, T. 97 N, R. 37 W., on a southeast-
facing slope of about 6 percent :

Ap—0 to 8 inches, very dark brown (10YR 2/2) loamy sand;
very weak, fine and medium, granular structure; very
friable; medium acid; abrupt, smooth boundary.

B—S8 to 13 inches, brown (10YR 4/3) loamy sand, very dark
brown (10YR 2/2) material mixed into the upper part;
massive (structureless) ; very friable; neutral; grad-
ual, smooth boundary.

C1—13 to 25 inches, dark yellowish-brown (10YR 4/4) loamy
sand, yellowish brown (10YR 5/4)when dry; some
dark-brown (10YR 3/3) material in places caused by
small, burrowing animals; massive (structureless) ;
loose; neutral; gradual, smooth boundary.

02—25 to 36 inches, dark yellowish-brown (10YR 4/4) sand,
yellowish brown (10YR 5/4) when dry; single grain
(structureless) ; loose; neutral; gradual, smooth
boundary.

C3—36 to 48 inches, yellowish-brown (10YR 5/4) sand, light
yellowish brown (10YR 6/4) when dry; single grain
(structureless) ; loose ; neutral.

The A horizon ranges from very dark brown (10YR 2/2) to
very dark grayish brown (10YR 3/2) in color and from 7 to 12
inches in thickness. Most places are eroded, and in these places
the Ap horizon is about 8 inches thick. The faint, thin B hori-
zon ranges from dark brown or brown (10YR 4/3) to dark
grayish brown (10YR 4/2) but it is absent in places. The C
horizon ranges from dark yellowish brown (10YR 4/4) to yel-
lowish brown (10YR 5/4) in color and is loamy sand or sand.
To a depth of 40 inches, the reaction ranges from neutral to
medium acid.

The Hagener soils have a loose loamy sand subsoil, whereas
the Dickinson soils have a fine sandy loam subsoil.

Hagener loamy sand, 4 to 8 percent slopes, moder-
ately eroded (HaC2).—This soil occurs on fairly narrow
ridges in the uplands and outwash areas. It is not exten-
sive. In outwash areas it occurs with the Wadena or Dick-
inson soils, and in the uplands it is generally adjacent to
the Dickinson or Everly soils. Included with this soil in
mapping were a few areas that have been severely eroded,
and in these some of the yellowish-brown subsoil material
is exposed.

Because it occurs in narrow areas with more productive
soils, this soil generally is farmed in the same way as those
soils. In some places, however, it is left in grass. Because it
is droughty, has low fertility, and is highly erodible, this
soil is suited to only occasional use for row crops. The haz-
ard of water erosion and soil blowing is moderate to high.
In some places sand picked up by the wind and blown
against young plants damages them. Even if management
is good, the growth of crops is poor. Contour farming and
leaving crop residue on the surface are good practices.

Leaving crop residue on the surface and spreading strawy
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manure are ways to add organic matter and to aid in re-
ducing soil blowing. Terracing this soil is not practical,
because the terrace ridges are not stable and sand tends
to fill the channels. (Capability unit IVs-1)

Harps Series

The Harps series consists of nearly level, poorly drained
soils in the uplands in the eastern part of the county. These
soils developed in glacial till and glacial sediment under
native swamp grasses, sedges, and prairie grasses that
tolerate wetness. They generally occur on the narrow rims
of depressions. They are rich in lime.

In a typical profile, the surface layer is black or very
dark gray, heavy loam about 14 inches thick. In a culti-
vated field the surface layer is distinctly grayer than that
of surrounding soils, especially when the soils are dry.
This layer has granular structure. The subsoil extends to a
depth of about 82 inches. It is very dark gray and dark-
gray, friable loam or light clay loam that has subangular
blocky structure. The substratum is friable heavy loam
that has yellowish-brown mottles. These soils are strongly
calcareous and rich in lime throughout their profile.

The Harps snils have high available moisture capacity.
They are moderately permeable. The supply of available
nitrogen generally is low, and the supply of available
phosphorus and potassium is very low. In some places
these soils are deficient in iron and other minor elements.

Representative profile of a Harps loam, 225 feet west
and 318 feet north of the southeast corner of the SW1j of
section 19, T. 94 N., R. 85 W., on a slope of less than 1
percent, in a cultivated field :

Ap—O0 to T inches, black (10YR 2/1) heavy loam, gray (5Y 5/1)
when dry; cloddy but breaks to weak, fine, granular
structure; friable to firm ; abundant roots; many snail
shells on the surface; moderately alkaline; strongly
caleareous; gradual, smooth boundary.

A12—7 to 14 inches, black (10YR 2/1) heavy loam, very dark
gray (10YR 3/1) in the lower part; weak, fine,
granular structure; friable; abundant roots; mod-
erately alkaline; strongly calcareous; diffuse, smooth
boundary.

Blg—14 to 19 inches, very dark gray (10YR 3/1) light clay
loam; weak, fine, subangular blocky structure;
friable ; abundant roots ; moderately alkaline ; strongly
calcareous; diffuse, smooth boundary.

B21g—19 to 24 inches, very dark gray (10YR 3/1) clay loam;
few, fine, faint mottles of olive gray (5Y 4/2) ; weak,
fine and medium, subangular blocky structure ; friable;
few roots; few to common, very fine and fine, tubular
pores; moderately alkaline; strongly caleareous;
gradual, smooth boundary.

B22g—24 to 32 inches, dark-gray (10YR 4/1) loam, some olive
gray in the lower part; very weak, medium, sub-
angular blocky structure; friable; few roots; few to
common, very fine and fine, tubular pores; moderately
alkaline; strongly calcareous; gradual, smooth
boundary.

Clg—32 to 44 inches, olive-gray (5Y 5/2) heavy loam ; common,
fine, distinct mottles of yellowish brown (10YR 5/4
and 5/6) ; massive (structureless) ; friable; few roots;
common soft concretions of carbonate 5 to 10 milli-
meters in diameter; very dark gray (10YR 3/1)
krotovina 1 inch in diameter; moderately alkaline;
strongly calcareous; gradual, smooth boundary.

C2g—44 to 50 inches, olive-gray (5Y 5/2) stratified heavy
loam, sandy loam, and silt loam; common, fine, dis-
tinct mottles of yellowish brown (10YR 5/4 and 5/6) ;
massive (structureless) ; friable; few roots; common
soft concretions of carbonate 5 to 10 millimeters in

diameter; very dark gray (10YR 3/1) krotovina ex-
tends down into this horizon; moderately alkaline;
strongly calcareous.

The A horizon ranges from loam to light clay loam in texture
and from 8 to 15 inches in thickness. When this horizon is
moist, the color ranges from black (10YR 2/1) to very dark
gray (10YR 3/1). When dry, this horizon is gray or light gray.
The B horizon ranges from leam to light clay loam in texture
and from very dark gray (10YR 3/1) to olive gray (5Y 4/2) in
color. This horizon has few to common olive-gray to yellowish-
brown mottles. Typically, it extends to a depth of 30 to 48 inches.
The C horizon generally is loam or light clay loam, but in some
places it is stratified with lenses of sandy material or silt.

The Harps soils have a grayer, coarser textured surface
layer than the Canisteo soils and a higher content of carbonates.

Harps loam (0 to 2 percent slopes) (Hr).—This nearly
level, poorly drained soil is in the uplands in the eastern
part of the county. It occurs on the rim of potholes, or
depressions, that are occupied by the Glencoe, Okoboji,
Wacousta, or Muck soils. This soil is too wet for good
growth of crops without drainage. Tile drains function
well.

Most areas of this soil are used for crops. Row crops can
be grown much of the time if the soil is adequately drained
and fertilized. This soil is seriously deficient in potassium
for most crops. All field crops commonly grown in the
county are suited. The growth of corn on this soil is much
poorer, however, than on the surrounding soils, unless phos-
phate and potash are added. In many places the supply of
1ron is not sufficient for soybeans. Most areas of this soil
are small and are cropped in the same way as the sur-
rounding soils. (Capability unit ITw-4)

Ladoga Series

The Ladoga series consists of moderately well drained,
nearly level to gently sloping soils that are in uplands near
the Little Sioux River in the southwestern part of the
county. These soils developed in loess under native prairie
grasses and trees.

In a typical profile, the surface layer is black silt loam
about 6 inches thick. The very dark gray or dark-gray
subsurface layer is about 4 inches thick. These layers have
platy and granular structure. Beneath these layers is very
dark grayish-brown or dark grayish-brown, friable heavy
silt loam about 4 inches thick that is partly subsurface and
partly subsoil material. It has angular blocky structure.
The subsoil is dark grayish-brown to brown, firm silty clay
loam to a depth of 25 inches. It has angular blocky struc-
ture. Below a depth of 25 inches, the subsoil is brown,
friable or firm silty clay loam that has angular blocky and
subangular blocky structure.

The Ladoga soils have high available moisture capacity.
They are moderately slowly permeable. The supply of
available nitrogen is low, that of phosphorus generally is
low or medium, and that of potassium is medium. The
surface layer ranges from medium acid to neutral in
reaction.

Representative profile of a Ladoga silt loam, near the
center of section 32, west of the road and northwest of a
building site across the road, in a pasture:

A1—0 to 6 inches, black (10YR 2/1) silt loam; very fine granu-
lar structure but weak, very thin, platy structure at

the boundary of the horizon; friable; neutral; clear,
smooth boundary.
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A2—6 to 10 inches, mixed very dark gray (10YR 3/1) to dark-
gray (10YR 4/1) silt loam; very fine granular struc-
ture; friable; neutral; clear, smooth boundary.

B&A—10 to 14 inches, very dark grayish-brown (10YR 3/2)
to dark grayish-brown (10YR 4/2) heavy silt loam;
ped coatings are grayish brown (10YR 5/2) when
dry, and interiors are dark brown (10YR 3/3) to
brown (10YR 4/3); moderate, very fine, angular
blocky structure; friable; slightly aecid; gradual,
smooth boundary.

B21—14 to 25 inches, dark grayish-brown (10YR 4/2) and
brown (10YR 4/3) silty clay loam; ped interiors are
brown (10YR 4/3) ; strong, fine, angular blocky struc-
ture that breaks to very fine angular blocky; firm;
fairly thick, continuous clay films; neutral; gradual,
smooth boundary.

B22—25 to 36 inches, dark-brown (10YR 3/3) and brown
(10YR 4/3) silty clay loam; ped interiors are brown
(10YR 4/3) ; strong, fine to medium, angular and sub-
angular blocky structure; firm; nearly continuous
clay films; neutral; gradual, smooth boundary.

B3—36 to 48 inches, brown (10YR 4/3) light silty clay loam;
weak, medium, blocky structure; fairly large vertical
faces are dark grayish brown (10YR 4/2) when moist
and pale brown (10YR 6/3) when dry; patchy clay
films on the vertical faces disappear with depth; fria-
ble to firm ; neutral.

The Al horizon ranges from about 5 to 8 inches in thickness.
An A2 horizon generally occurs in uncultivated areas, but it
is weakly expressed or is absent in cultivated areas. This hor-
izon ranges from very dark gray (10YR 3/1) to dark gray
(10YR 4/1) in color and from very fine granular to weak platy
in structure. The B horizon generally is dark brown (10YR
3/3) or brown (10YR 4/3). Calcareous glacial till occurs at a
depth of more than 40 inches and generally is between 40 and
60 inches. The profile is leached of carbonates to a depth of
40 to 60 inches.

Unlike the Galva soils, the Ladoga soils have a thin, grayish
A2 horizon in areas that are not cultivated and are more
clayey in the lower part of the profile.

Ladoga silt loam, 1 to 3 percent slopes (LaA}.—This
nearly level to gently sloping soil occurs in the southwest-
ern part of the county between ravines that have been cut
back into the uplands along the Little Sioux River. In-
cluded with this soil in mapping were narrow areas of
soils that are between the Ladoga soils and the steep
Storden soils. In these included soils, glacial till is between
depths of 24 and 40 inches, and slopes are as much as 4
or 5 percent. In uplands farther from the river, Galva or
Primghar soils generally are adjacent to this soil.

Some areas of this soil are cultivated, but many are in
permanent pasture. The pastured areas frequently occur
in narrow strips between areas of steep soils that are not
suitable for cultivation. Scattered trees grow in most of
the pastured areas. Row crops can be grown much of the
time. Growth of crops is good if the soil is adequately fer-
tilized and managed well. In a few of the more sloping
areas, erosion is a slight hazard, but in most areas it is not
a problem. (Capability unit I-2)

Marcus Series

The Marcus series consists of deep, nearly level, dark-
colored soils that are poorly drained. These soils are in the
uplands, mainly in the southwestern part of the county,
but they also occur in the east-central and northwestern
parts. They formed in loess over calcareous glacial till.
The native vegetation consisted of prairie grasses that tol-
erate wetness and some swamp grasses and sedges in low
places.

In a typical profile, the surface layer is black, friable
to firm silty clay loam about 17 inches thick. It has granu-
lar and subangular blocky structure. The subsoil extends
to a depth of about 42 inches. It is mainly olive-gray, fri-
able silty clay loam in the upper part and silt loam 1n the
lower part. It has subangular blocky structure and olive-
brown and yellowish-brown mottles. The substratum is
grayish-brown, friable, massive silt loam that has many
yellowish-brown mottles.

The Marcus soils have high available moisture capacity.
They are moderately slowly permeable, and runoff is slow.
The supply of available nitrogen generally is low or me-
dium, that of available phosphorus is low, and that of
available potassium is medium. The surface layer nor-
mally is slightly acid or neutral in reaction.

Representative profile of a Marcus silty clay loam, 1,153
feet west and 464 feet south of the northeast corner of
section 2, T. 94 N., R. 38 W, on a slightly concave south-
east-facing slope of 1 percent, in a cultivated field :

Ap—o0 to 8 inches, black (N 2/0) heavy silty clay loam ; cloddy
but breaks to weak, fine, granular structure ; friable to
firm ; slightly acid ; gradual, smooth boundary.

A12—8 to 13 inches, black (N 2/0) heavy silty clay loam ; mod-
erate, fine to medium, granular structure; friable to
firm; slightly acid; gradual, smooth boundary.

A3—13 to 17 inches, black (N 2/0) heavy silty clay loam,
common very dark grayish-brown (2.5Y 3/2) peds
in the lower part; moderate, very fine, subangular
blocky structure; friable; slightly acid; gradual,
smooth boundary.

B1—17 to 22 inches, very dark grayish-brown (2.5Y 3/2) and
black (10YR 2/1) silty clay loam ; few, fine, faint mot-
tles of light olive brown (2.5Y 5/4) ; weak, fine, sub-
angular blocky structure; friable; neutral; gradual,
smooth boundary.

B21g—22 to 29 inches, olive-gray (5Y 5/2) silty clay loam ; few,
fine, faint mottles of light olive brown (2.5Y 5/6)
weak, medium, subangular blocky structure; friable;
neutral ; few, fine, dark concretions of oxide; gradual,
smooth boundary.

B22g—29 to 35 inches, olive-gray (5Y 4/2) heavy silt loam ; few,
fine, faint mottles of olive brown (2.5Y 5/6) weak,
coarse, subangular blocky structure; friable; mod-
erately alkaline; calcareous; gradual, smooth
boundary.

B3g—35 to 42 inches, olive-gray (5Y 5/2) silt loam; many,
fine, distinct mottles of yellowish brown (10YR 5/8) ;
weak, coarse, subangular blocky structure; friable;
moderately alkaline:; calcareous; clear, smooth
boundary.

Cg—42 to 50 inches, grayish-brown (2.5Y 5/2) silt loam ; many,
fine and medium, distinet mottles of yellowish brown
(10YR 5/8) ; massive (structureless) ; friable; mod-
erately alkaline; caleareous.

The A horizon ranges from 15 to 20 inches in thickness and
from silty clay loam to light silty clay in texture. The B hori-
zon ranges from very dark gray (10YR 3/1) in the upper part
to olive gray (5Y 5/2) or grayish brown (2.5Y 5/2) in the
gleyed lower part. Mottles in the B horizon range from few
to common in number and generally from yellowish brown to
olive brown in color. In texture, the B horizon generally is heavy
silty clay loam in the upper part and grades to light silty clay
loam or heavy silt loam in the lower part. The depth to cal-
careous material ranges from 25 to 40 inches. Secondary car-
bonates often occur in the B horizon, but the amount is smaller
than that in the C horizon. Depth to the underlying calcareous
glacial till ranges from 40 to 60 inches. In some places this
underlying material is somewhat similar to glacial outwash or
local alluvium that has been deposited on the till. In these
places this material generally is clay loam or silty clay loam
in texture and is caleareous.

The Marcus soils have less sand throughout their profile
than the Tripoli and Webster soils and more clay in their sur-
faice layer. They have a thinner surface layer than the Afton
soils and generally are caleareous nearer the surface.
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Marecus 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
fields are mostly of this soil. This nearly level soil occurs
with the somewhat poorly drained Primghar, the poorly
drained Afton, and, in some places, the Galva and Sac soils.

Included with this soil in mapping was an area in the
SW1, of section 19 in Lone Tree Township that is cal-
careous at the surface and that 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 crops,
for which it is well suited. Wetness is a hazard to use, but
this hazard can be overcome by installing tile drains, It
drainage is improved, fertility is maintained, and man-
agement is good, crops grow well. (Capability unit ITw-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, friable 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
available nitrogen generally is low or medium, that of
available phophorus is low, and that of available potassium
is medium. In the calcareous variant, however, the supply
of potassium is low. The surface layer generally is about
neutral in reaction, but where this soil is calcareous the
reaction is mildly alkaline or moderately alkaline through-
out the profile.

Representative profile of a Marna silty clay, 158 feet
east and 510 feet north of the southwest corner of the
NW1; of section 12, T. 96 N., R. 36 W., on a nearly level
slope, in a cultivated field :

Ap—O0 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.

A12—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.

A3—13 to 17 inches, very dark gray (5Y 3/1) light silty clay;
very dark gray (10YR 3/1) when kneaded ; few, fine,
faint stains of very dark gray (10YR 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 brown (2.5Y 4/4); moderate to strong,
very fine, subangular blocky and angular blocky struc-
ture; firm; common, small, dark, hard concretions of
oxide; common, thin, glossy faces on peds; neutral;
gradual, smooth boundary.

B22g—27 to 36 inches, olive-gray (5Y 4/2) silty clay; com-
mon, fine, faint mottles of dark gray (5Y 4/1) and
olive (5Y 4/3) ; moderate to strong, very fine, angular
blocky and subangular blocky structure; firm; com-
mon, thin, glossy faces on peds; few, fine, tubular
pores ; neutral ; gradual, smooth boundary.

B3g—36 to 45 inches, olive-gray (5Y 5/2) silty clay; common,
medium, distincet mottles of olive brown (2.5Y 4/4) and
a few streaks of very dark gray (10YR 3/1) ; mod-
erate to strong, very fine, angular blocky structure;
firm ; few, thin, glossy faces on peds; few, fine, tubu-
lar pores; neutral; gradual, smooth boundary.

Cg—45 to 50 inches, olive-gray (5Y 5/2) silty clay; few,
medium, distinct mottles of olive brown (2.5Y 4/4) ;
weak, fine, subangular blocky structure; friable to
firm ; common fine pores ; neutral.

The clay content of material below 50 inches is believed to
decrease with depth to light silty clay loam. The glossy faces
on peds could be clay films or pressure faces.

The A horizon ranges from about 12 to 20 inches in thickness
and from heavy silty clay loam to light silty clay in texture. The
texture of the B horizon is silty clay or clay. The color of the
B horizon commonly is very dark gray (5Y 4/1), gray (5Y
5/1), or olive gray (5Y 4/2or 5/2) with mottles of olive brown
and olive. The thickness of the solum generally ranges from
about 36 to 48 inches. In places the texture grades to silty clay
loam at a depth of 40 to 55 inches, but in other places the over-
lying lacustrine deposits are thicker. The underlying material
is calcareous in places.

The Marna soils have more clay and less sand throughout
their profile than the Webster soils and have somewhat stronger
structure.

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

Most areas of this soil are cultivated. The fine-textured
subsoil restricts the movement of air and water; con-
sequently, this soil remains cold and wet late in spring.
Tile drains do not function well in this soil, and they
need to be spaced closer than those in coarser textured
soils. Row crops can be grown much of the time, but in
wet years, even where this soil is tile drained, the growth
of crops is poor to moderate. In some years it is late in
spring before this soil can be tilled satisfactorily. If it
is plowed wet, 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 IIw-5)

Marna silty clay loam, calcareous variant (0 to 2 per-
cent slopes) (Me).—This nearly level soil is not extensive.
It occurs in only a small area a short distance east and
north of Spencer. This soil occurs mainly with the Cani-
steo, Ocheyedan, Fostoria, Guckeen, and other Marna soils.
Unlike a typical Marna soil, it is alkaline and calcareous
throughout the profile.

This soil is poorly drained and tends to be wet and cold
late in spring. Tile drains do not function well, and they
need toll)oe spaced closer than those in coarser textured
soils.

Most areas of this soil are cultivated, and row crops
can be grown much of the time. Even where this soil is
tile drained, the growth of crops in wet years is poor to
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moderate, If it is plowed wet, 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
ITw-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
Pasture. (Capability unit VIIw-1)

Muck

Muck consists of black, very poorly drained, organic
soils. These soils generally are in old dry lakebeds 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 corner
of the SW14SE1/ of section 11, T. 97 N., R. 35 W., on a
convex slope, in a cultivated field :

1—0 to 8 inches, black (10YR 2/1) muck, very dark brown
(10YR 2/2) when kneaded; massive, but has slight
tendency to break horizontally ; very friable; neutral;
gradual, smooth boundary.

2—8 to 15 inches, black (10YR 2/1) muck, very dark brown
(10YR 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 (10YR 2/1) muck; weak, fine and
medium, subangular blocky structure; friable; few
fine root channels lined with strong-brown organie
material; few very fine fragments of snail shells;
neutral ; gradual, smooth boundary.

4—28 to 32 inches, black (10YR 2/1 to N 2/0) mucky silt
loam ; weak to moderate, fine, subangular blocky struc-
ture; friable to firm; few root channels lined with
strong-brown organic material; neutral; gradual,
smooth boundary.

5—32 to 36 inches, very dark gray (10YR 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 (10YR 3/1 or N 3/0) light
silty clay loam; few, fine, faint mottles of dark olive
gray (BY 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; caleareous.

Muck generally ranges 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. The underlying mineral material ranges from black to
olive gray in color. This material typically is silty clay loam
or silt 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 pasture
consisting of bluegrass and reed canarygrass. Undrained
areas generally are suited only to wildlife habitat. Crops
grow fairly well where this so1l is adequately drained, fer-
tilized, and managed well. Growth is better in years of
limited rainfall than it is in years when rainfall is above
average. Trace elements need to be added for some crops.
In some years crops on this soil are damaged by early
frost. (Capability unit ITIw-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 probably 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
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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 ITITw-2)

Muck, shallow (0 to 1 percent slopes) (Ms).—This soil
mainly is in large depressions 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 over short
distances. In some areas this soil is calcareous throughout
the profile, but in other areas it is about neutral.

This soil is very 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
heavy 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 1s 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. Where 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
IIw-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 arelong.

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 subangular 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 NE%
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 (10YR 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 (10YR 2/1) heavy loam ; weak, fine
and medium, granular structure; friable; neutral;
gradual, smooth boundary.

B1—14 to 22 inches, mixed black (10YR 2/1) and dark grayish-
brown (2.5YR 4/2) light clay loam; weak, fine, sub-
angular 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.

C1—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 (10YR 5/6
and 5/8) ; massive (structureless) ; friable; common,
fine, soft, gray (10YR 6/1) and light-gray (10YR 7/1)
concretions of lime ; few pebbles ; moderately alkaline;
calcareous ; gradual, smooth boundary.

C2—42 to 48 inches, grayish-brown (2.5Y 5/2) heavy loam;
many, fine, distinct mottles of yellowish brown (10YR
5/6 and 5/8) ; massive (structureless) ; friable; com-
mon, fine, soft, gray (10YR 6/1) and light-gray (10YR
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 (10YR 2/1) to very dark
grayish brown (10YR 3/2). The B horizon ranges from heavy
loam to clay loam in texture. The upper part of the B horizon
is very dark grayish brown (2.5Y 3/2) to dark grayish brown
(2.5Y 4/2) in color and generally grades to grayish brown
(2.5Y 5/2), olive brown (2.5Y 4/4), or light olive brown (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 8 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 calcareous 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 8 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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erally are short and convex, but some are concave. Areas
generally are about 10 acres or less but are as much as 30
acres in some places. This soil occurs mainly with the
Webster and Clarion soils. Small areas that are similar to
the well-drained Clarion and the poorly drained Webster
soils were included with this soil in mapping. Also included
were a Tew small areas, mostly in Lake Township, that are
calcareous throughout their profile.

Most areas of this soil are used for crops. This soil can
be used for row crops much of the time. Good tilth of the
soil and the vigor of plants can be maintained if the soil
is adequately fertilized and management is good. This soil
ordinarily is not eroded, but a few of the more sloping
areas are susceptible to erosion if row crops are grown
most of the time. In wet years some nearly level areas ad-
jacent to the poorly drained Webster soils are too wet for
good growth of plants. Where tile drains are installed in
these areas, drainage is generally improved. (Capability
unit 1-1)

Ocheyedan Series

The Ocheyedan series consists of deep, dark-colored,
well-drained soils that are mainly in the northwestern and
north-central parts of the county but also occur in a few
areas in the east-central part. These soils are in uplands
and outwash areas. They developed under native prairie
grasses in medium-textured glacial sediment. The slopes
are convex and range from nearly level to strong.

In a typical profile, the surface layer is black, friable
loam about 14 inches thick. It has granular structure. The
subsoil is brown, friable loam and sandy clay loam in the
upper part and dark yellowish-brown fine sandy loam
and silt loam in the lower part. The silt loam part 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
Jower part. The supply of available nitrogen and phos-
phorus generally is low, and that of available potassium
1s 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 W., on a convex slope of about 1 per-
cent, in a cultivated field :

Ap—0 to 7 inches, black (10YR 2/1) heavy loam; weak, fine,
grapular structure; friable; slightly acid; gradual,
smooth boundary.

A12—7 to 14 inches, black (10YR 2/1) loam ; few brown (10YR
4/3) worm casts; weak, fine and medium, granular
structure; friable; slightly acid; gradual, smooth
boundary. :

B1—14 to 21 inches, brown (10YR 4/3) loam; few black
(10YR 2/1) worm casts ; weak, fine, subangular blocky
structure; slightly acid; friable; gradual, smooth
boundary.

B21—21 to 26 inches, brown (10YR 4/3) sandy clay loam ; few
black (10YR 2/1) worm casts; weak, fine, subangular
blocky structure; friable; neutral; gradual, smooth
boundary.

B22— 26 to 34 inches, dark yellowish-brown (10YR 4/4) heavy
fine sandy loam; weak, medium, subangular blocky
structure; friable; many fairly evident pores or old
root channels about one-sixteenth of an inch in diam-
eter ; neutral ; gradual, smooth boundary.
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ITB3—34 to 40 inches, dark yellowish-brown (10YR 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 boundary.

ITC—40 to 48 inches gray (10YR 5/1) and yellowish-brown
(10YR 5/4) silt loam; common, fine, faint mottles of
yellowish brown (10YR 5/6 and 5/8) ; friable; few
dark concretions of oxide; common soft concretions
of carbonate ; moderately alkaline ; calcareous.

Gray, mottled silt loam extends to a depth of 85 inches, and
glacial till 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
(10YR 2/2) to black (10YR 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 (10YR 4/3). In
texture, the B horizon is loam, sandy clay loam, or fine sandy
loam, but the IIB3 and the IIC horizons range from sandy
loam or sandy clay loam to silt loam. The layers of sandy clay
loam and fine sandy 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 the
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.

The Ocheyedan soils are more stratified in their solum than
the Clarion and Everly soils, and their substratum shows more
sorting of materials and variation in texture. Unlike the Everly
and Clarion soils, they do not have gravel or small pebbles
in their profile. Ocheyedan soils overlie silt loam, whereas
Waukegan soils overlie sandy loam or loamy sand, and
Wadena soils overlie calcareous sand and gravel.

Ocheyedan loam, 0 to 2 percent slopes (OcA).—This
nearly level soil is in the uplands in the northwestern and
east-central 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
soils. It is mainly with the Waukegan, Fostoria, and other
Ocheyedan soils. North of Spencer, however, it is with
the Canisteo, Webster, Fostoria, or Guckeen soils. 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 fertility is
maintained, row crops can be grown much of the time.
Crops generally grow well. This 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 1s a few inches thinner than that in the profile
described as typical for the 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 contour farming or terracing and fertility is
maintained, row crops can be grown much of the time.
Crops generally grow well. The hazard of erosion is slight.
(Capability unit ITe~1)

Ocheyedan loam, 5 to 12 percent slopes, moderately
eroded (OcC2).—This soil 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 generally 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 11Te-1)

Okoboji Series

The Okoboji series consists of deep, dark-colored, very
poorly drained soils in depressions. They developed 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 1s 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 west of the northeast corner of the SE1/
of section 34, T. 94 N., R. 35 W., in a nearly level depression
in a cultivated field :

Ap—O0 to 9 inches, black (N 2/0) heavy silt loam; cloddy but
breaks to weak or moderate, fine, granular structure
and 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.

A13--14 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.

A14-—-20 to 29 inches, black (N 2/0) silty clay loam; common
mottles of very dark grayish brown (2.5Y 3/2) to dark
olive 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; diffuse, smooth boundary.

B21g—29 to 36 inches, black (N 2/0) to very dark gray (N 3/0)
silty clay loam ; common mottles of very dark grayish
brown (2.5Y 3/2) to dark olive gray (5Y 3/2) ; weak,
medium and coarse, subangular blocky structure that
breaks to weak, very fine, subangular blocky ; friable;
few to common, very fine, tubular pores; neutral;
gradual, smooth boundary.

B22g--36 to 45 inches, black (N 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-
lowish brown (10YR 5/6) ; weak, medium and coarse,
subangular 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 ; mas-
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 silt loam in the upper part and
silty clay loam in the lower part. In color, the Bg horizon is
black (N 2/0 or 10YR 2/1) to very dark gray (N 3/0 or 10YR
3/1) in the upper part and ranges to dark gray (5Y 4/1), olive
gray (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, In
some places the Okoboji soils are calcareous throughout their
rofile.

P The Okoboji soils have a thicker solum than Wacousta soils.
They are not so fine textured in the upper horizons as the
(Glencoe soils and typically are somewhat less clayey in the sub-
soil. Also they are somewhat more friable and permeable
throughout than those soils.

Okoboji silt loam (0 to 1 percent slopes) (Ok).—This
very poorly drained soil is in depressions. In most places
the depressions are surrounded by narrow areas of the
highly calcareous Harps soils, and farther away are the
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 same
way as the adjacent soils. Wetness and ponding after heavy
rains are the chief hazards to cultivation. Young plants
die if they are covered with water for long periods, and
replanting is needed. Shallow ditches and tile drains with
open intakes are needed to remove surface water. If out-
lets are adequate, tile drains function well. If this soil is
adequately drained, it can be used for row crops much of
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 I1Tw-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 grasses
in loess 40 inches thick or more. In the uplands the loess is
underlain mainly by calcareous glacial till; on benches
it 1s underlain by sand and gravel. The Primghar soils are
nearly level 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-brown silty
clay loam in the upper part and olive-brown and light-olive
brown 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,
caleareous, 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 phosphorus 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 NW14NE1, of section 14, T. 95 N., R. 38 W, on a
slightly convex slope of 1 percent, in a cultivated field:

Ap—0 to 7 inches, black (10YR 2/1) silty clay loam ; moderate
fine, granular structure; friable; medium acid; clear,
smooth boundary.

A12—7 to 11 inches, black (10YR 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 (10YR 2/1) heavy silty clay loam,
very dark gray (10YR 3/1) when dry and very dark
brown (10YR 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 (10YR 4/2 or 2.5Y 4/2) and very dark gray
(10YR 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 (10YR 4/3) to olive-brown (2.5Y
4/4) silty clay loam; weak, fine, subangular blocky
structure ; friable; dark-gray (10YR 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.

C1—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 14 to 1% 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 14 inch
to 2 inches in diameter and 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, tupular pores; feel and consistence similar to
horizon above ; moderately alkaline ; calcareous; clear,
smooth boundary.

IIC3—47 to 60 inches, yellowish-brown (10YR 5/4) clay loam;
weak, coarse, prismatic structure; some prism faces
grayish brown (10YR 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 carbonate; few, smooth, shiny patches,
probably clay films, on ped faces; moderately alkaline;
calcareous.

IIC4—60 to 84 inches, yellowish-brown (10YR 5/4) clay loam;
common, fine, distinct mottles of strong brown and
grayish brown ; white concretions of carbonate, 14 to 1
centimeter across, that decrease in amount with depth ;
moderately alkaline ; calcareous.

The A horizon ranges from 14 to 19 inches in thickness. It is
typically black (10YR 2/1) in color but ranges to very dark
brown (10YR 2/2) or very dark grayish brown (10YR 3/2) in
the A3 horizon. The texture of the A horizon typically 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 brown (2.5Y 5/2)
to light olive brown (2.5Y 5/4). Mottles in the B horizon are
few to common and range widely in color. The B horizon ranges
from silty clay loam in the upper part to heavy silt loam or
light silty clay loam in the lower part. Where Primghar soils
are on benches the B3 horizon 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 horizon, 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 depth to carbonates, but in some places the
B3 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, and their
subsoil is not so gray.

Primghar silty clay loam (0 to 2 percent slopes) (Pr).—
This nearly level soil 1s extensive in the southwestern part
of the county. 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 slightly thinner surface layer than that in the pro-
file described 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
Mﬁaas that are slightly less than 40 inches deep to glacial
till.

Nearly all the acreage of this soil is used for crops. It is
one of the better soils for farming in the county and can be
used for row crops much of the time. Growth of crops 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 Marcus soils. (Capability
unit I-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 Galva soils, but in some places it occurs with the
Wadena, Cylinder, or Biscay soils. The depth to sand or
gravel is more than 40 inches; otherwise, 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 1n water-worked glacial till or
local alluvium.

In a typical profile, the surface layer is black, friable to
firm silt loam that feels gritty and is about 9 inches thick.
The subsurface layer is dark-gray silt loam about 5 inches
thick. It has platy structure. The upper part of the subsoil
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 blocky and sub-
angular blocky structure. The lower part of the subsoil is
dark-gray, olive-gray, and olive, friable to firm clay loam.
It has subangular blocky structure. The substratum begins
at a depth of 45 inches. It is olive-gray, friable to firm clay
loam that is structureless (massive) and is calcareous.
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The Rolfe soils have high available moisture capacity.
The subsoil is slowly to very slowly permeable. The sup-
ply of available nitrogen and phosphorus generally is low,
and the supply of available potassium is medium. The 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 SW%
of section 3, T. 96 N., R. 35 W., in a nearly level depression,
in a cultivated field :

Ap—0 to 9 inches, black (10YR 2/1) heavy silt loam; weak
clods that break to moderate, fine and medium, sub-
angular blocky structure; friable to firm; strongly
acid; abrupt, slightly wavy boundary.

A2—9 to 14 inches, dark-gray (10YR 4/1) silt loam ; common,
fine, faint mottles of gray (10YR 5/1) and common,
fine, distinct mottles of dark yellowish brown (10YR
3/4 and 4/4) ; moderate to strong, medium platy and
thick platy structure; friable; common to many, fine,
vertical, tubular pores; strongly acid; clear, smooth
boundary.

B2lg—14 to 19 inches, very dark gray (10YR 3/1) light silty
clay; few, fine, distinct mottles of strong brown
(7.5YR 5/6) and dark yellowish brown (10YR 4/4);
strong, very fine and fine, angular blocky and sub-
angular blocky structure; firm ; thin, continuous clay
films on most peds; slightly acid; gradual, smooth
boundary.

B22g—19 to 28 inches, very dark gray (5Y 3/1), dark-gray
(5Y 4/1), olive-gray (5Y 5/2), and olive (5Y 5/3)
light clay; few, fine, distinct mottles of yellowish
brown (10YR 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 peds; 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 patchy 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,
fine, distinct mottles of yellowish brown (10YR 5/6
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 (10YR 5/6)
and common, fine, distinct mottles of strong brown
(7.5YR 5/8); massive; friable to firm; few, fine,
soft and hard concretions of carbonate; moderately
alkaline ; calcareous.

The A1l horizon ranges from 8 to 12 inches in thickness. It
is black (10YR 2/1) or very dark gray (10YR 3/1) in color.
Silt loam typically is the dominant texture, but loam also oc-
curs. The A2 horizon ranges from 4 to 8 inches in thickness
and from dark gray (10YR 4/1) to grayish brown (10YR 5/2)
in color. The texture generally is silt loam. The color of the B
horizon ranges from dark gray (10YR 4/1) to very dark gray
(10YR 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 horizon
range from few to common in number and from strong brown
to yellowish brown in color. The peds generally are coated with
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 at a depth of about 45 inches.
In places it is somewhat 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 nearly
level soil is in depressions in the uplands. It is not exten-
siye. In most places it is surrounded by the poorly drained
Webster or the somewhat poorly drained Nicollet and
Guckeen soils. :

Included with this soil in mapping were some areas that
are in outwash areas and that generally are surrounded
by the Wadena, Cylinder, or Biscay soils. In these areas
the profile is similar to the one described as typical for
the Rolfe series except that the subsoil is not so fine tex-
tured and sandy or gravelly material is at a depth of 36
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 the
same way as the surrounding soils. Because this soil dries
slower than the surrounding soils, tillage of a field may be
delayed in spring. If drainage is improved, row crops
can be grown much of the time. Growth of crops is only
moderate, and winterkilling of legumes is common. Tile
drains do not remove water adequately, because the sub-
soil is clayey and is slowly or very slowly permeable. Tile
lines need to be spaced closer in this soil than they are in
most other wet soils. Shallow surface ditches or open in-
takes to tile lines are needed to remove excess surface water
and prevent ponding. (Capability unit I1Iw-1)

Sac Series

The Sac series consists of deep, dark-colored, well-
drained soils in the uplands. These soils developed in loess
that overlies calcareous glacial till (fig. 9). They are most-
ly in the southwestern part of the county, but some areas
occur in the east-central, west-central, and northwestern
parts. They occur chiefly in areas that slope gently to
strongly toward shallow drainageways that are occupied
by_lthe Afton soils and in strips that border the Storden
soils.

In a typical profile, the surface layer is black, friable
heavy silty clay loam about 11 inches thick. It has granular
and subangular blocky structure. The upper part of the
subsoil is mainly brown, friable silty clay loam. It has pris-
matic structure that breaks to subangular blocky. The
lower part of the subsoil is dark yellowish-brown clay loam
that is calcareous and has some concretions of calcium
carbonate.

The Sac soils have high available moisture capacity.
They are moderately permeable. The supply of available
nitrogen generally 1s low or medium, that of available
phosphorus is low, and that of available potassium is
medium or high. The upper horizons normally are slightly
acid or medium acid in reaction.

Representative profile of a Sac silty clay loam, 305 feet
west and 135 yards north of the southeast corner of the
NE14SE4 of section 16, T. 95 N., R. 38 W, on a southeast-
facing slope of 2 or 3 percent, in a cultivated field :

Ap—0 to 7 inches, black (10YR 2/1) silty clay loam, very dark
grayish brown (10YR 3/2) when dry; cloddy but
breaks to weak, fine, granular structure; friable;
abundant roots; few fine sand grains are mostly free
of coatings; medium acid; clear, smooth boundary.

A3—T7 to 11 inches, mixed colors of black (10YR 2/1) and very
dark grayish-brown (10YR 3/2) heavy silty clay loam,
very dark brown (10YR 2/2) to very dark grayish
brown (10YR 3/2) when kneaded; weak, very fine,

subangular blocky structure; friable ; abundant roots;
medium acid ; gradual, smooth boundary.
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B1—11 to 18 inches, mixed colors, mainly very dark grayish-
brown (10YR 3/2), some brown (10YR 4/3), and black
(10YR 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 aecid; gradual, smooth
boundary.

B21—18 to 25 inches, brown (10YR 4/3) silty clay loam; ped
faces slightly darker than interiors; weak, medium
and coarse, prismatic structure that breaks to weak,
medium to coarse, subangular blocky; friable; com-
mon roots ; common, fine, tubular pores ; medium acid;
gradunal, smooth boundary.

I&IIB22—25 to 28 inches, brown (10YR 4/3) light silty clay
loam ; ped faces dark grayish brown (10YR 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.

1IB23—28 to 33 inches, brown (10YR 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 earbon-
ate; noncalcareous ; few, fine, dark, soft concretions of
oxide ; neutral; clear, smooth boundary.

IIB3—33 to 44 inches, dark yellowish-brown (10YR 4/4) clay
loam; common, fine, faint mottles of grayish brown
(10YR 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 (10YR 5/4) clay loam;
massive; firm; common, fine, tubular pores; common
concretions of carbonate 1 to 3 millimeters in diameter ;
pebbles 14 inch to 8 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. The
B horizon ranges from brown (10YR 4/3) to yellowish brown
(10YR 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 8o deep to glacial till as the Galva soils.
They have less 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 are in
pasture. Although areas of this soil are fairly large, they
seldom occupy a whole field. Tilth generally is good and 1s
fairly easy to maintain. Row crops can be grown much of
the time. Because this soil is susceptible to erosion, contour
farming or terracing is needed. (Capability unit ITe-1)

Sac silty clay loam, 5 to 9 percent slopes (SaC).—This
soil generally is adjacent to large drainageways or small
valleys that are occupied by the Afton soils or the Colo-

Figure 9.—Profile of Sac silty clay loam. Glacial till is below a
depth of about 30 inches.

Terril complex of soils, but in some places it occurs in a
narrow strip parallel to breaks along the larger streams.
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 are in permanent pasture because
these areas 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 I1Te-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-
erally are short, and the areas are fairly small. The dark-
colored surface layer is only 2 to 7 inches thick. Included
with this soil in mapping were some areas that have a sur-
face layer almost as thick as that in the profile described as
typical for the Sac series. These included areas are mainly
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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 I11Ie-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
outwash 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
level of the area to another or to the bottom lands. In a
few places, however, 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 about 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-
brown, loose, calcareous loamy sand and gravel or sand
and gravel.

The Salida soils have very low available moisture capac-
ity. They are rapidly permeable. The supply of available
nitrogen 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 SW1,SW1/ of
section 1, T. 95 N., R. 35 W., on a southwest-facing slope
of about 6 percent, in a cultivated field :

A1—0 to 7 inches, very dark brown (10YR 2/2) gravelly sandy
loam; weak, medium, granular structure; friable;
abundant roots; neutral; clear, smooth boundary.

B—7 to 11 inches, loamy sand and gravel; dark brown (10YR
3/3) in the upper part to brown (10YR 4/3) in the
lower part ; single grain ; very friable ; abundant roots;
neutral ; clear, smooth boundary.

C1—11 to 18 inches, dark yellowish-brown (10YR 4/4) loamy,
medium and coarse sand and gravel; yellowish brown
(10YR 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 (10YR
2/2) krotovinas; mildly alkaline ; calcareous; gradual,
smooth boundary.

C2—18 to 28 inches, dark yellowish-brown (10YR 4/4) loamy
sand and gravel, light yellowish brown (10YR 6/4)
when dry; few, fine and medium, distinet mottles of
strong brown (7.5YR 5/6) ; single grain; loose; com-
mon roots; mildly alkaline; caleareous; gradual,
smooth boundary.

(C3—28 to 44 inches, dark yellowish-brown (10YR 4/4) sand
and gravel, light yellowish brown (10YR 6/4) when
dry ; single grain; loose; roots common in upper part,
few in lower part; mildly alkaline; calcareous.

The A horizon ranges from 2 to 9 inches in thickness and
from black (10YR 2/1) to very dark grayish brown (10YR
3/2) in color. The texture of this horizon ranges from gravelly
loam or gravelly sandy loam to sandy loam. A dark-brown 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.

The Salida soils are calcareous within 16 inches of the sur-
face, whereas the Dickinson soils are leached throughout their
profile. Salida soils also have more coarse sand and gravel in
their profile than the Dickinson soils.

Salida gravelly sandy loam, 2 to 5 percent slopes
(SgB).—This soil is on low knobs in the uplands and in
outwash areas. It is not extensive, and the areas generally
are small. The slopes are short and irregular. This soil
occurs mainly with the Clarion and Storden soils in the
uplands and with the Wadena soils in outwash areas. The
surface layer is typically about 9 inches thick. Included
with this soil in mapping were a few moderately eroded
areas that have a surface layer 3 to 7 inches thick. On the
lower part of slopes this soil generally is leached of car-
bonates to a depth of 20 to 30 inches. Also leached are a
few areas mapped in sections 25, 35, and 36 of Lake
Township.

Many areas of this soil are cultivated, but some are in
pasture. Cultivated crops are suited, but growth is poor
because this soil is droughty and has low fertility. Most
areas are small and generally are cropped in the same way
as the surrounding soils. This soil is slightly susceptible
to erosion. In places enough gravel and small stones are
in the plow layer to hinder tillage. (Capability unit
ITTe-4)

Salida gravelly sandy loam, 5 to 9 percent slopes,
moderately eroded (SgC2).—This soil is not extensive.
It is on knobs 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 leve] of the area to another. Areas of this soil on these
breaks are narrow and generally are as much as one-half
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
Elacis avery narrow area of Terril soilsis at the foot of the

reaks.

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 calcareous sand and gravel
are exposed. Also included were a few areas in sections 25,
35, and 36 of Lake Township that are leached of carbon-
ates to a depth of 20 to 30 inches.

Some of this soil is used for cultivated 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
ITTe—4)

Salida gravelly sandy loam, 9 to 15 percent slopes,
moderately eroded (SgD2).—This soil is not extensive. It
oceurs on knobs and hills in the uplands. In outwash areas
it occurs on strongly sloping breaks from one level of the
area to another and from these areas to bottom lands.
Areas of this soil on the benches are narrow but long, and
areas in the uplands generally are small. Where 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
Wadena or Cylinder soils. In some places a very 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 were a few severely
eroded areas where calcareous sand and gravel are exposed.
Also included were a few areas that have a sandy loam
surface layer and subsoil and that are leached to a depth
of 20 to 30 inches or more.

Some areas of this soil are used for crops, and other
areas are in pasture. This soil is susceptible to soil blowing
and water erosion. It is droughty and has low fertility. In
many places enough gravel and small stones are in the
surface layer to hinder tillage. An occasional year of
row crops can be grown, but growth of crops is poor. A
better use is for hay or permanent pasture. (Capability
unit IVe-2)

Salida gravelly sandy loam, 15 to 20 percent slopes,
moderately eroded (SgF2).—This soil is not extensive. In
outwash areas it is on breaks between one level of the area
to another or between these areas and bottom lands. It
occurs on hills and knobs 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

alida 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
VlIe-2

Sali)da sandy loam, 20 to 30 percent slopes, moder-
ately eroded (SIF2).—This soil is not extensive. In outwash
areas it is on breaks between one level of the area to another
or between these areas and bottom lands. It occurs on steep
hills and knobs 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 wildlife habitat and recreation areas.

Sandy lake beaches (Sn).—This miscellaneous land type
is narrow and is nearly level to gently sloping. It is not
extensive. 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

art.
P The surface layer varies in thickness, but it is about 7 to
12 inches thick in the area around Trumbull Lake. Tt 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-
ally 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 Series

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 extends 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
with 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
NW 14 of section 21, T. 94 N, R. 38 W., in a nearly level de-
pression in a cultivated field :

A1—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.

A2-—-10 to 18 inches, very dark gray (10YR 3/1) to dark-gray
(10YR 4/1) light silty clay loam; few, fine, faint
mottles of dark yellowish brown (10YR 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 (10YR 2/1) to very dark gray
(10YR 3/1) heavy silty clay loam or light silty clay;
strong, very fine, subangular blocky structure; fri-
able to firm; shiny ped surfaces; thin clay films on
most peds; neutral; gradual, smooth boundary.

B22g—22 to 31 inches, very dark gray (10YR 3/1 to 5Y 3/1)
or dark-gray (10YR 4/1 to 5Y 4/1) silty clay; few, fine,
distinet mottles of dark yellowish brown (10YR 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 films 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; neutral; gradual, smooth
boundary.

B3g—36 to 44 inches, dark-gray (5Y 4/1) heavy silty clay
loam; few, fine, distinct mottles of dark yellowish
brown (10YR 4/4) and few, fine, faint mottles of
olive gray (5Y 5/2); moderate, fine and medium,
subangular blocky structure; plastic and sticky when
wet ; neutral ; gradual, smooth boundary.



38 SOIL SURVEY

Cg—44 to 50 inches, gray (5Y 5/1) to olive-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 (10YR 5/6 and
10YR 5/8) in a fairly distinet 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 (10YR 3/1) to
dark gray (10YR 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 depth 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 ealcareous glacial till.

The Sperry soils have a thinner surface layer and a finer
textured subsoil than the Marcus soils. Also Marcus soils do
not have 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 generally is in small, shallow depressions. In most
places it is 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 so1l 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 of the time, but their growth is variable,
depending on how well drainage is improved. (Capability
unit I1Tw-1)

Spillville Series

The Spillville series consists of dark-colored, moderately
well drained to somewhat poorly drained, nearly level
soils. These soils developed 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 subangular
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 of about
38 inches. It is very dark brown to very dark grayish-
brown, friable, massive loam.

The Spillville soils have high available moisture capac-
ity. They are moderately permeable. The supply of avail-
able nitrogen is low or medium, that of phosphorus gener-
ally is about medium, and that of potassium generally is
medium. The surface layer generally is neutral or slightly
acid in reaction.

Representative profile of a Spillville loam, 0.3 mile west
and 300 feet south of the northeast corner of section 20,
5.12()14 N., R. 36 W., on a nearly level slope, in a cultivated

eld:

Ap—0 to 8 inches, black (10YR 2/1) loam; cloddy but breaks
to weak, fine and very fine, granular structure; fri-
able; common roots; neutral; gradual, smooth
boundary.

A12—8 to 18 inches, black (10YR 2/1) loam; weak, fine and
medium, subangular blocky structure; friable; few
roots ; neutral; diffuse, smooth boundary.

A13—18 to 28 inches, black (10YR 2/1) loam; very weak, fine
and medium, subangular blocky structure; friable;
few roots; neutral ; diffuse, smooth boundary.

B2—28 to 38 inches, very dark brown (10YR 2/2) loam; very
weak, medium, subangular blocky structure; friable;
few roots; neutral ; diffuse, smooth boundary.

(C—38 to 50 inches, very dark brown (10YR 2/2) to very dark
grayish-brown (10YR 3/2) loam; massive; 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 (10YR 3/2) to very dark brown (10YR 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 gravel is below a depth of 50 inches. Reaction through-
out the solum 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. Most
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 lower
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 ITw-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 developed 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 available moisture capac-
ity, but they are 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 of phosphorus generally is low or
very low, and that of potassium generally is low.

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 W.,
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on a southeast-facing slope of 17 percent, in a cultivated
field :

Ap—O0 to 6 inches, very dark brown (10YR 2/2) to very dark
grayish-brown (10YR 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 (10YR 3/2)
and dark-brown (10YR 3/3) to brown (10YR 4/3)
loam; weak, fine, granular structure; friable; few
roots; mildly alkaline; calcareous; gradual, smooth
boundary.

C1—11 to 16 inches, dark yellowish-brown (10YR 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 (10YR 4/4) loam
in upper part that grades to yellowish brown (10YR
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; moderately alkaline; calcareous;
gradual, smooth boundary.

C3—24 to 36 inches, yellowish-brown (10YR 5/4) loam; few,
fine, faint mottles of yellowish brown (10YR 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 (10YR 2/2) to very dark gray-
ish brown (10YR 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 (10YR 4/4) to yellowish brown (10YR
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 slopes, moderately
eroded (StD2).—This soil is on knobs 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 Webster soils. Along
streams it occurs with the Sac and Everly soils and the
Colo-Terril complex of soils. )

Included with this soil in mapping were areas where the
surface layer consists mostly of the light-colored under-
lying material. Also included were a few 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 cultivated, but some are in
permanent pasture. This soil is susceptible to moderate ero-
sion. Row crops can be grown part of the time 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 I1Te-2)

Storden loam, 15 to 20 percent slopes, moderately
eroded (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.

205-993—69—4

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 highly susceptible to ero-
sion. It is droughty in many places because runoff is rapid.
An occasional year of row crops 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 slopes, 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 VIe-1)

Storden loam, 30 to 50 percent slopes, moderately
eroded (S5tG2).—This very steep soil is mainly in areas
adjacent to streams. Most areas occur along the Little
Sioux River and its larger tributaries. On the average, the
surface layer of this soil is slightly thinner than that in the
profile described as typical for the Storden series. Included
with this soil in mapping 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
VIile-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 1n 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, that of
phosphorus is low or very low, and that of potassium is
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
NE1, of section 2, T. 96 N., R. 38 W, on a nearly level

slope, in a cultivated field :

Ap—o0 to 8 inches, black (N 2/0) silty clay loam; cloddy but
breaks to weak, fine, granular structure; friable to
firm ; moderately alkaline; calcareous; clear, smooth
boundary.

A12—S8 to 14 inches, mainly black (N 2/0) silty clay loam but
a few very dark gray (N 3/0) peds in lower part;
weak, fine, granular structure; friable; moderately
alkaline ; calcareous; gradual, smooth boundary.

A3—14 to 19 inches, black (N 2/0) and very dark gray (10YR
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 worm casts; moderafely
alkaline ; caleareous; gradual, smooth boundary.

B22g—25 to 30 inches, mainly dark-gray (5Y 4/1) light clay
loam but a few very dark gray (N 3/0) peds in upper

~part and a few olive-gray (5Y 5/2) peds 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 (10YR 5/6) ; very weak, medium, sub-
angular blocky structure; friable; many, very fine,
tubular pores; moderately alkaline; calecareous; grad-
ual, smooth boundary.

B3g-—34 to 41 inches, olive-gray (5Y 5/2) loam; very weak,
medinm, 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.

IIC1—41 to 48 inches, dark yellowish-brown (10YR 4/4) sand
and gravel; single grain (structureless) ; loose; mod-
erately alkaline; calcareous; gradual, smooth
boundary.

IIC2—48 to 60 inches, grayish-brown (10YR 6/2), dark yel-
lowish-brown (10YR 4/4), and yellowish-brown (10YR
5/4) sand and gravel; single grain (structureless) ;
loose; moderately alkaline; calcareous.

The A horizon ranges from 12 to 20 inches in thickness.
Typically, the color ranges from black (N 2/0 or 10YR 2/1)
in the upper part to very dark gray (10YR 3/1 or N 3/0) in
the lower 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 peds 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 gravel substratum
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 Biscay 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 Wadena, the somewhat poorly drained Cylinder,
and the poorly drained Biscay sotls.

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

Most areas of this soil are cultivated, but a few are in
pasture. If this soil is artificially drained, it can be used
for row crops much of the time. If management is good
and fertility is maintained, crops grow well. Tile drains
function well, but installation may be difficult because of
caving in of the coarse-textured substratum. (Capability
unit ITw-3)

Terril Series

The Terril series consists of deep, dark-colored, gently
sloping to strongly sloping soils on the foot slopes of
fans. These soils are moderately well drained. They formed
mainly under native prairie grasses, but trees grew in a
few areas. These soils occur throughout the county. They
are generally between areas of Storden or Clarion soils
above and the soils on benches or bottom lands below. Many
areas of these soils are mapped in a complex with the Colo
soils.

In a typical profile, the surface layer is black to very
dark brown, friable loam about 30 inches thick. It has gran-
ular and subangular blocky structure. The subsoil is very
dark brown 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-brown or brown, 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 available
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 west
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 :

A1-—0 to 7 inches, black (10YR 2/1) loam ; slightly cloddy but
breaks to weak to moderate, fine, granular structure;
friable; slightly acid; clear, smooth boundary.

Al12—7 to 12 inches, black (10YR 2/1) loam; weak, medium
to coarse, subangular blocky structure that breaks to
weak to moderate, fine, granular; friable; slightly
acid ; gradual, smooth boundary.

A13—12 to 20 inches, very dark brown (10YR 2/2) loam with
some black (10YR 2/1) peds; weak, medium and
coarse, subangular blocky structure that breaks to
weak, fine and very fine, subangular blocky and weak,
fine, granular; friable; slightly acid; diffuse, smooth
boundary.

A14-—20 to 30 inches, very dark brown (10YR 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 (10YR 2/2) and dark-
brown (10YR 3/3) heavy loam; ped interiors mostly
dark brown (10YR 3/3) : weak, fine and medium, sub-
angular blocky structure; friable; neutral; gradual,
smooth boundary.
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C—39 to 50 inches, dark-brown (10YR 3/3) and brown (10YR
4/8) heavy loam; few very dark brown (10YR 2/2)
streaks; few, fine, faint mottles of yellowish brown
(10YR 5/4 to 5/6) ; very weak, fine and medium, 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 (10YR 2/1) to very dark
brown (10YR 2/2) in the upper part and from very dark brown
(10YR 2/2) to very dark grayish brown (10YR 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 (10YR 3/3 or 4/3).
The color may be dark grayish brown (10YR 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 dark-
brown ped exteriors and peds are fairly common to a depth of
36 inches. Typically, however, color grades to brown (10YR
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 18 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.

_ If this soil is protected by contour tillage or terracing,
it can be used for row crops much of the time. Because it
commonly 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 lying areas. Gullies may form in
shallow drainageways, and shaping and seeding these for
waterways are needed. (Capability unit ITe-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
drainageways, and shaping and seeding of these for water-
ways are needed. (Capability unit ITTe-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 I1Te-2)

Tripoli Series

The Tripoli series consists of mnearly 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 structure. 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 olive-gray
mottles. The subsoil is caleareous below a depth of about 24
inches. It has subangular blocky structure. The substratum
begins at a depth of about 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
reaction.

Representative profile of a Tripoli clay loam, 550 feet
west and 147 feet north of the southeast corner of the
SW1, of section 20, T. 96 N., R. 36 W., 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—S8 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 (10YR 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
moderate, fine, granular; friable; neutral; gradual,
smooth boundary.

B21g—19 to 23 inches, black (10YR 2/1) clay loam; common,
fine, faint mottles of very dark gray (10YR 3/1) and
many, medium, distinet mottles of olive gray (5Y 4/2)
and olive (5Y 4/3); weak, fine, subangular blocky
structure; friable; common, medium, inped, tubular
pores; few, fine, dark concretions of oxide; neutral;
clear, smooth boundary.

1&I1B22g—23 to 32 inches, dark 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 kneaded; com-
mon, fine, distinct mottles of strong brown (7.5YR
5/8) and many, fine, distinct mottles of olive gray
(5Y 5/2); weak, fine, subangular blocky structure;
few pebbles; friable to firm; many black (10YR
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2/1) worm casts that decrease in number with depth ;
few, soft concretions of oxide; abundant, fine and
very fine pores and common, medium pores; mildly
alkaline; calcareous; clear, smooth boundary.

1IB3—32 to 40 inches, mixed light olive-brown (2.5Y 5/4)
and yellowish-brown (10YR 5/6) light clay loam;
few, fine, distinet mottles of strong brown (7.5YR 5/8)
and common, fine, distinct mottles of gray (5Y 5/1)
or olive gray (5Y 5/2); few very dark gray (10YR
3/1) streaks; weak, fine and medium, subangular
blocky structure; friable to firm; few pebbles; abun-
dant fine pores; some carbonate concretions; moder-
ately alkaline; calcareous; clear, smooth boundary.

II1C—40 to 52 inches, light olive-gray (5Y 6/2) light clay loam;
common, medium, distinct mottles of yellowish brown
(10YR 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 carbonate; moderately
alkaline; calcareous.

The A horizon ranges from 14 to 20 inches in thickness and
from silty clay loam to clay loam in texture. The upper part
of the B horizon ranges from black (10YR 2/1) or very dark
gray (10YR 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
(5Y 4/1) or grayish brown (2.5Y 4/2) to olive (5Y 4/3) or
olive brown (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.

The Tripoli soils are less deep to glacial till than the Marcus
soils and contain more sand. The subsoil of Tripoli soils is
somewhat finer textured than that of the Webster soils. Also
the colors in the lower part of the B horizon and the C hori-
zon of Tripoli soils have higher chroma than those in Webster
soils.

Tripoli clay loam (0 to 2 percent slopes) (Tr).—This soil
is nearly level, but slopes range from slightly convex to
slightly concave. It generally is adjacent to the somewhat
poorly drained Nicollet or the well-drained Everly soils.
Included with this soil in mapping were a few areas where
the depth to caleareous glacial till is about 40 inches. Also
included were small areas that are calcareous throughout
their profile.

Most areas of this soil are cultivated, and row crops can
be grown much of the time. Artificial drainage is needed,
and tile drains function well. Good tilth is fairly easy to
maintain, but if this soil is worked when wet, it becomes
cloddy and hard when it dries. Preparing a good seedbed
is easler where this soil is plowed in fall. If this soil is
adequately drained and managed well, growth of crops is
good. (Capability unit ITw-2)

Wabash Series

The Wabash series consists of deep, poorly drained or
very poorly drained, nearly level soils 1n slight depressions
or on low bottom lands along the Little Sioux River. These
soils developed in fine-textured alluvium under native
swamp grasses and sedges.

In a typical profile, the surface layer is black, friable to
firm silty clay about 13 inches thick. It has granular and
subangular blocky structure. The subsoil extends to a
depth of about 36 inches. It is black, firm to very firm silty
clay that has subangular blocky structure. The substratum
is very dark gray, firm silty clay that has subangular
blocky structure or is massive.

SOIL SURVEY

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 phosphorus
is very low, and that of potassium generally is medium.
The surface layer is neutral or slightly acid in reaction.

Representative profile of a Wabash silty clay, 240 feet
west. and 405 feet north of the southeast corner of the
SW14SE1, of section 11, T. 95 N., R. 36 W., on a nearly
level slope, in a cultivated field:

Ap—0 to 7 inches, black (10YR 2/1) light silty clay; cloddy
but breaks to weak, fine, granular structure ; friable to
firm ; slightly acid ; gradual, smooth boundary.

A12—7 to 13 inches, black (N 2/0) silty clay; very weak, fine
and medium, subangular blocky structure that breaks
to moderate, very fine and fine, granular; friable to
firm ; neutral ; diffuse, smooth boundary.

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

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

C1g—36 to 40 inches, very dark gray (N 3/0) silty clay; very
weak, fine, subangular blocky structure; firm; neu-
tral ; diffuse, smooth boundary.

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

The A horizon ranges from 12 to 20 inches in thickness. The B
horizon ranges from black (10YR 2/1 or 5Y 2/1) to very dark
gray (10YR 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 occurs at a depth
of 35 to 45 inches.

‘Wabash soils are finer textured, are more poorly drained, and
have stronger structure 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 1s nearly at the same level as the
water in nearby streams. In these places tile drains do
not function. In areas where 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-
proved, this soil is suited to cultivated crops. The culti-
vated areas generally are used for row crops, for which
they are well suited. 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 water is restricted. The frequency of flooding varies,
depending on how far this soil is from the streams. (Capa-
bility unit TITw-3)

Wacousta Series

The Wacousta series consists of very poorly drained
soils in large depressions in the uplands. These depressions
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are the beds of former shallow lakes. These soils develo_ped
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 subangular blocky structure. The subsoil is olive-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 Wacousta 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 slightly acid in reaction.

Representative profile of Wacousta silty clay loam,
510 feet west and 80 feet south of the northeast corner of
the NE1/ of section 4, T. 96 N., R. 35 W., in a nearly
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—S8 to 15 inches, black (N 2/0) silty clay loam, with some
olive gray (5Y 4/2) in the lower part; weak, medium
and coarse, 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 (10YR 5/8) and strong-
brown (7.5YR 5/8) streaks in small, old root chan-
nels; very weak, fine and medium, subangular blocky
structure; friable; few black (N 2/0) worm casts;
moderately alkaline; noncalcareous; clear, smooth
boundary.

C1g—23 to 30 inches, gray (5Y 5/1) or olive-gray (5Y 5/2)
silty clay loam; common, fine, faint mottles of olive
(5Y 5/8), few, fine, distinet mottles of yellowish brown
(10YR 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 (10YR 5/8) and strong brown
(7.5YR 5/8); few very dark brown (10YR 2/2)
streaks; weak, fine and medium, subangular blocky
structure; friable; many, very fine and few, fine,
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 (10YR 4/4) ; weak, fine and medium,
subangular blocky structure in the upper part and
massive in the lower part; common, fine, soft and
hard concretions of carbonate; moderately alkaline;
calcareous.

The A horizon ranges from heavy silt loam to light silty
clay loam in texture and from 8 to 18 inches in thickness. The
B2¢g horizon ranges from very dark gray (10YR 3/1) to olive
gray (5Y 5/2) in color and has mottles of olive brown and
strong brqwn. Depth to the caleareous C horizon ranges from
20 to_ 25 inches. In many places the C horizon is somewhat
stratified. This horizon ranges from silt loam to silty clay loam
-in.texvture, and in many places it contains enough sand to feel
gritty. Secondary carbonates occur in the B horizon or upper
part of the C horizon, but the amount is only slightly more
than the amount in the lower part of the C horizon.

The Wacousta soils have a thinner surface layer and solum
than the Glencoe or Okoboji soils.

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 the 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 crops much of the time.
Growth of crops is fairly good if drainage is adequate. Un-
der good management, good tilth is easy to maintain.
(Capability unit IT1Tw-1)

Wadena Series

The Wadena series consists of well-drained, nearly level
to moderately steep soils in outwash areas and stream
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.

In a typical profile, the surface layer is very dark brown,
friable 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 sandy loam. The subsoil has very weak pris-
matic or subangular blocky structure. The underlying
material is brown and dark yellowish-brown, loose, cal-
careous sand and gravel.

The available moisture capacity of the Wadena 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 rapid. The supply of nitrogen and phosphorus gener-
ally is low, and the supply of potassium is medium. The
surface layer of the Wadena soils is medium acid to neutral
in reaction.

Representative profile of a Wadena loam, 80 feet east of

-a point in the center of a road 0.1 mile south of the north-

west corner of the SW1/ of section 9, T. 96 N, R. 37T W,
on a slope of less than 1 percent, in a cultivated field :

Ap—0 to 8 inches, very dark brown (10YR 2/2) loam, very
dark grayish brown (10YR 3/2) when dry: cloddy
but breaks to weak, fine, granular structure; friable;
sand grains not coated ; medium acid ; gradual, smooth
boundary.

A3—S8 to 11 inches, very dark brown (10YR 2/2) loam; very
dark grayish brown (10YR 3/2) with small spots of
dark grayish brown (10YR 4/2) when dry; nearly
massive in place but breaks readily to weak, fine,
granular structure; friable; common, dark, spherical
worm casts; few dark-brown spots approximately 0.5
centimeter in diameter of color from horizon below ;
horizontal parting in the upper part indicates a plow-
sole; medium acid; gradual, smooth boundary.

B1—11 to 15 inches, about 65 percent very dark grayish-brown
(10YR 3/2) and about 85 percent very dark brown
(10YR 2/2) loam; dark grayish brown (10YR 4/2)
and brown (10YR 4/3) when dry ; nearly massive but
breaks to very weak, subangular blocky structure;
cleavage more evident along horizontal and vertical
planes than along diagonal ones; friable; medium
acid; gradual, smooth boundary.
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B2—15 to 22 inches, dark-brown (10YR 3/3) to brown
(10YR 4/3) loam; brown (10YR 4/3) when kneaded;
vertical cleavage indicates very weak, prismatic struc-
ture; horizontal cleavage very weak; friable to firm
in place, friable when disturbed ; smooth, patchy, dark-
brown to 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 part; slightly acid; gradual
to clear, smooth boundary.

I&IIB31—22 to 26 inches, dark-brown (10YR 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.

1IB32—26 to 35 inches, dark-brown (10YR 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 probably slightly finer
textured than the lower half; mildly alkaline; cal-
careous ; clear, smooth boundary.

I1C—35 to 55 inches, dark yellowish-brown (10YR 4/4) and
brown (10YR 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 krotovina occurs in the B2 and B3 horizons. It is about
18 inches long and 12 inches across at the 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 (10YR 2/1) to very dark gray-
ish brown (10YR 3/2). The B horizon ranges from dark brown
(10YR 3/3) or brown (10YR 4/3) to dark yellowish brown
(10YR 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 42 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.

The Wadena soils have 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 slopes (WdA).—This
nearly level, well-drained soil is in 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 gravel typically is 36 to 42 inches. Included
with this soil in mapping were areas where the depth to
gravel is slightly Jess than 36 inches and areas where it is
as much as 48 inches.

This soil generally is cultivated. Row crops can be grown
much of the time, and growth of crops ismoderate to good
under a high level of management. Some areas are slightly
droughty in seasons when rainfall is average, but in most
areas the available moisture capacity is adequate. Erosion
isnot a hazard. (Capability unit I-2)

Wadena loam, deep, 2 to 5 percent slopes (WdB).—This
well-drained, gently undulating soil is in outwash areas
and on stream benches. It generally occurs with other Wa-
dena soils. Included 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 in 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-
racing and a high level of fertility is maintained, row
erops can be grown much of the time. Growth of crops is
moderate to good if management is good. (Capability unit
ITe-1

Wa)dena loam, moderately deep, 0 to 2 percent slopes
(WmA).—This 1s the most extensive Wadena soil in the
county, and the areas generally are large. It is the main
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 peorly drained Cylin-
der and the poorly drained Biscay soils. In a few places
this soil occupies 75 percent or more of a section. In other
areas, however, 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 normal. Row crops can be grown
much of the time, but growth of crops is only moderate,
even if management is good. This soil is well suited to irri-
gated crops, and sprinklers are used by a few farmers in
the county. (Capability unit ITs-1)

Wadena loam, moderately deep, 2 to 5 percent slopes
(WmB).—This gently sloping to gently undulating soil is
mainly in outwash areas and on stream benches, but small
areas are in glacial outwash in the uplands. It generally
occurs with the Cylinder or other Wadena 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 benches, 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. In many places
it is droughty, even in years when rainfall is normal. The
hazard of erosion is slight.

Most areas of this soil are cultivated, but some are in
permanent pasture. Row crops can be grown 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. The growth of crops
is very poor on this material. (Capability unit ITe-2)

Wadena loam, moderately deep, 5 to 9 percent slopes,
moderately eroded (WmC2.~—This soil generally occurs
in outwash areas on breaks between one level and another
or between these areas and bottom lands. In a few places
it occurs as knobs or low hills, This soil generally occurs
with the other Wadena soils or Cylinder soils. The Colo
soils or the Colo-Terril complex of soils are on bottom
lands. In 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 soil described as typical for
the series because some of the subsoil material has been
mixed into this layer. A few areas were included with this
Sﬁill lin 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 cultivated crops and can be used for
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row crops part of the time. Growth of crops generally is
poor. Contour farming is needed to reduce runoff and to
control erosion. Terracing is likely to expose the droughty
underlying material in the terrace channels. The growth
of crops on this material is very poor. (Capability unit
I1Te-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 of outwash and another or between the outwash areas
and bottom lands. Tt is generally with other Wadena soils,
Colo soils, or the Colo-Terril complex of soils. The surface
layer is only 2 to 7 inches thick and is somewhat lighter
colored and thinner than that of 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
sand 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 of 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 series consists of 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 of 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
dark brown, friable to firm loam about 11 inches thick. It
has granular structure. The subsoil is very dark brown
to brown, friable loam to a depth of 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 Waukegan 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 1s slightly acid or medium acid.

Representative profile of a Waukegan loam, 285 feet
east and 27 feet south of the northwest corner of the SW1/
of section 4, T. 97 N., R. 38 W, on an east-facing slope of
about 1 or 2 percent, in a cultivated field :

Ap—O0 to 7 inches, black (10YR 2/1) to very dark brown
(10YR 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 (10YR 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.

B1-—11 to 16 inches, loam ; ped exteriors are mainly very dark
brown (10YR 2/2) and dark brown (10YR 3/3) in
the upper part and dark brown (10YR 3/3) and brown
(10YR 4/3) in the lower part; ped interiors are dark
brown (10YR 3/3) and brown (10YR 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 (10YR 4/3) loam; few very dark
brown (10YR 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.

ITB22—24 to 30 inches, dark yellowish-brown (10YR 4/4)
sandy loam, yellowish brown (10YR 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 (10YR 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 (10YR 2/1) to very dark brown (10YR 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 Waukegan soils. In places it is adjacent to
areas of the Fostoria soils. A few small areas were included
with this soil in mapping that are only about 18 inches deep
to the underlying sandy loam.

This soil has medium available moisture capacity. It is
droughty, especially in years when rainfall is below
average. In years when rainfall is above average, growth
of crops is good. Most areas of this soil are cultivated.
If adequate fertility is maintained, row crops can be
grown much of the time. (Capability unit ITs-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 of this
soilis a few inches thinner than that in the profile described
as typical for the Waukegan 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 of the areas of this soil are used
for cultivated crops. Row crops can be grown much of the
time if erosion is controlled and fertility-is maintained.
(Capability unit ITe-2)

Webster Series

The Webster series consists of nearly level, poorly
drained, dark-colored soils. These soils are mainly on the
undulating till plain in the eastern part of the county,
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but some areas are in the uplands and outwash areas in
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 Webster 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
NW34 of section 19, T. 94 N., R. 35 W., on a slope of about
1 percent, in a cultivated field :

Ap—oO0 to 8 inches, black (N 2/0) silty clay loam; cloddy but
breaks to weak, fine, granular structure; firm; neu-
tral; clear, smooth boundary.

Al12—8 to 15 inches, black (N 2/0) silty clay loam ; very weak,
medium, subangular blocky structure that breaks
to moderate, fine, granular and moderate, very fine,
subangular blocky ; friable; neutral ; gradual, smooth
boundary.

A13—15 to 21 inches, about 60 percent black (10YR 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; meutral; gradual, smooth
boundary.

B21g—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; noncalecar-
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) ;
weak, medium to coarse, subangular blocky structure ;
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 boundary.

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 (10YR 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 (10YR 5/6), few, fine, distinct mottles of
yellowish brown (10YR 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; eal-
careous; clear, smooth boundary.

C3—50 to 58 inches, gray (5Y 5/1), light olive-brown (2.5Y
5/4 and 5/6), and yellowish-brown (10YR 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
strong brown (7.5YR 5/8) ; massive ; friable ; common,

fine, very dark brown concretions of soft oxide; mod-
erately alkaline; caleareous.

The A horizon generally is black (N 2/0) but ranges to very
dark gray (10YR 3/1) in the lower part. This layer typically is
silty clay loam in texture 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 caleareous
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 drained
Nicollet, or the well-drained Clarion soils. In some places,
however, it occurs with the Fostoria, Ocheyedan, Wauke-
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 ITw-2)

Use and Management of the Soils

This section is designed 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
works. Specific management is not suggested in this sec-
tion for each soil. Suggestions for the use of each soil are
given in the section “Descriptions 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 Groups 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 according 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 subeclass, and the unit. These
are discussed in the following paragraphs.

Carariniry Crasses, the broadest groupings, are desig-
nated by Roman numerals I through VIII. The larger the
numerals, the greater the limitations and the narrower the
choices 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
management, or both.

Class V. Soils 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 VI1I. 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 SUBCLASSES are soil groups within one class;
they are designated by adding a small letter, ¢, 0, s, or ¢, to
the class numeral, for example, ITe. The letter ¢ 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-
ficial drainage); s shows that the soi%r is limited mainly
because it is shallow, droughty, or stony; and ¢ 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 ¢, because the soils in
it are subject to little or no erosion, though they have other
limitations that restrict their use largely to pasture, range,
woodland, wildlife, or recreation.
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Figure 10.—Profile of Webster silty clay loam. The dark-colored
thick surface layer is typical.

CaramiLiTy Unrrs are soil groups within the subclasses.
The soils in one capability unit are enough alike to be suited
to the same crops and pasture plants, to require similar
management, and to have similar productivity and other
responses to management. Thus, the capability unit is a
convenient grouping for making many statements about
management of soils. Capability units are generally desig-
nated by adding an Arabic numeral to the subclass symbol,
for example, IIe-1 or IITe-3. Thus, in one symbol, the
Roman numeral designates the capability class, or degree
of limitation, and the small letter indicates the subclass, or
kind of limitation, as defined in the foregoing paragraph.
The Arabic numeral specifically identifies the capability
unit within each subclass.

Management of soils by capability units

On the following pages the capability units, or groups of
soils that have similar management requirements, are de-
scribed ; some limitations are given; and suitable manage-
ment is briefly discussed. The names of soil series
represented are mentioned in the description of each capa-
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bility unit, but this does not mean that all soils of a given
series appear in the unit. To find the names of all the soils
in any given capability unit, refer to the “Guide to Map-
ping Units” at the back of the survey. The groupings of
soils shown in this guide are subject to change as new meth-
ods are discovered or new information becomes available.

CAPABILITY UNIT I-1

This unit consists of nearly level, well drained, moder-
ately well drained and somewhat poorly drained, dark-
colored soils that have a high available moisture capacity.
They are in the Cylinder, Fostoria, Galva, Nicollet, and
Primghar series. Movement of air and water through these
soils 1s generally good. The organic-matter content is me-
dium to high. These soils are generally in good tilth and
are easy to work.

The soils in this unit are used mostly for cultivated
crops, for which they are well suited. Corn and soybeans
are the major crops, but these soils are also suited to grain
sorghum and oats and to alfalfa, red clover, bromegrass,
and other hay and pasture plants, Crops grow well on these
soils. The soils in this unit can be used for row crops much
of the time. Some of these soils are wet when rainfal] is
above average, and they benefit from tile drainage. Al-
though erosion ordinarily is not a hazard, contour farming
may be desirable on long slopes where row cropping is in-
tensive. An occasional year of meadow improves tilth and
helps to control weeds and insects.

‘Where corn is to be planted in spring, some farmers plow
these soils the preceding fall. 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 this 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 high in available potassium. The re-
sponse of plants to added fertilizer is good. Normally, ni-
trogen and phosphate are needed for corn that does not
follow a legume.

CAPABILITY UNIT I-2

This unit consists of nearly level, well-drained, dark-
colored soils that are moderately permeable and have a
high available moisture capacity. They are in the Galva,
Ladoga, Ocheyedan, and Wadena series. Tilth and
aeration generally are good, and the soils are easy to work.
These soils 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 grown in the county, especially corn and soybeans.
Although erosion ordinarily is not a hazard, the Galva
soils have long slopes in places, and contour farming is
needed for row crops. The Wadena soils are only about 36
inches deep to sandy or gravelly material, and they are
somewhat more droughty in dry years than the other soils
in this unit. Their available moisture capacity is about
medium.

If 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.

SOIL SURVEY

Lime is needed on some of the soils in this unit because
they are slightly acid or medium acid. The supply of
available nitrogen and phosphorus is generally low, and
that of available potassium is 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 legume. The response of crops to fertilizer is
good.

CAPABILITY UNIT I-3

This unit consists of nearly level, somewhat poorly
drained and moderately well drained, dark-colored soils
in the Guckeen series. They have high available moisture
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 when 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 of 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 nitrogen and phosphorus generally are low, and
available potassium is low or medium. Fertilizer is needed
where these soils are under intensive row cropping. Nitro-
gen and phosphate are needed where corn does not follow
a Jegume. Small grains respond well to phosphate.

CAPABILITY UNIT Ile-1

This unit consists of gently sloping and undulating,
well-drained, dark-colored soils that have high available
moisture capacity. They are in the Clarion, Everly, Ocheye-
dan, Sac, Terril, and Wadena 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 occur 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 soils, row crops can be grown much of the
time. Where only contour farming is used to control
erosion, more close-growing crops and fewer row crops
need to be grown.

The need for lime on the soils in this unit varies because
reaction ranges from medium acid to neutral. These soils
generally are low in available nitrogen and phosphorus,
but available potassium ranges from low to high. Phos-
phate 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 residue, but moderately
eroded areas benefit from added manure.

CAPABILITY UNIT IIe-2

This unit consists of gently sloping, well-drained soils in
the Wadena and Waukegan series. They are sandy or
gravelly in the subsoil or underlying material. They are
friable and easy to till. 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
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warm early in spring and can be tilled 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 enough to be farmed separately in only a few
places. These soils are suited to corn, soybeans, grain
sorghum, and oats and to alfalfa and other hay and pas-
ture plants. Growth of crops generally is moderate because
of droughtiness and low fertility. Stands of corn should
be thinner on these soils than on the less 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. Where 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 nitrogen and phosphorus and
low or medium in potassium. Organic matter, either as
barnyard manure or crop residue, lime, and fertilizer are

Figure 11.—Parallel terraces on Clarion loam, 2 to 5 percent slopes. This soil is in capability unit ITe-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.

CAPABILITY 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 range 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 asthat
of the soils in capability unit ITe-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 ITe-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, grain sorghum, and oats, and to alfalfa, bromegrass,
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 spreading 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 some 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 1s 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 IIw-1

This unit consists of Caleo, 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 gramns 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 managed in the same way as the
surrounding soils. The soils of this unit 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 1n spring, these soils are plowed the preceding
fall.

A high water table, flooding, or both keep these soils
wet 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. Except
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 are 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
soils ean 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 wooded or in brushy pasture or bluegrass can be
cleared, drained, and protected from flooding; then, they
can be used for crops.

Lime generally 1s 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 under intensive row cropping. Where corn
does not follow a legume, nitrogen is needed. 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 A fton,
Canisteo, Colo, Marcus, Tripoli, and Webster 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 when
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
Webster soils generally are in fields with one or more
other soils.

If the soils in this unit are managed well 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 wetness may delay plowing in
spring, these soils are generally plowed in fall. If plowing
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. Larger amounts of phosphate and pot-
ash are needed on calcareous soils than on the noncalcare-
ouse ones.

CAPABILITY UNIT Iw-3

This unit consists of nearly level, poorly drained, dark-
colored sotls in the Biscay and Talcot series. These soils
overlie sand and gravel. They have a thick silty clay loam
surface layer. Permeability 1s 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 available 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 1n 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
sandy or gravelly substratum.

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
all 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 cultivated. Growth of
crops is restricted on undrained areas, but it is good where
these soils are adequately drained, fertilized, and managed
well. Row crops can be grown on these soils much of the
time. An occasional year of meadow improves tilth, and
returning all crop residue helps to maintain the organic-
matter content.

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

ing in spring may be delayed by wetness, 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 an
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. Where row crops
are grown frequently, fertilizer is needed to maintain fer-
tility. Fertilizer 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 IIw—+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 of 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. Large amounts
of phosphate are needed where this soil is under intensive
row cropping. Nitrogen is especially needed for corn that
does not follow a legume. Lime is not needed, but legumes
respond well to phosphate. Because this soil is deficient
in iron, the leaves 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 IIw-5

This unit consists of nearly level, poorly 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 high. The water table
commonly is high.

These soils generally are in poor tilth. They become
puddled if worked 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 when rain-
fall is heavy, planting is delayed.

The soils in this unit are used mostly for row crops. Corn,
soybeans, grain sorghum, and oats and the most common
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hay and pasture plants are suited. Undrained areas can be
used for pasture. Although natural fertility is high, the
growth of plants varies, depending on drainage. This
growth is moderate in most years but is poor in wet 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 effective, and the lines 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 are slightly
acid or mildly alkaline. Nitrogen and phosphate are needed
if these soils are used intensively 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 Wadena and Waukegan series that are shallow to sand
or gravel. The Wadena soils overlie sand and gravel, and
the Waukegan soils overlie loamy sand or sandy loam. The
texture generally is loam to a depth of 24 to 30 inches.
These soils 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 clover, 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, however, because the soils are droughty,
but the response of crops to moderate amounts is fairly
good.

CAPABILITY UNIT Is-2

Cylinder loam, moderately deep, is the only soil in this
unit. It is nearly level, is somewhat poorly drained, and
overlies sand or gravel at a depth of 2 to 8 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
heavy rainfall, however, some areas are somewhat wet and
would benefit from tile drains. The organic-matter content
is fairly high. Erosion isnot 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-
erally 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 improves tilth and
helps to control insects and diseases.

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

medium, and available phosphorous generally is low. 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 12 percent, and most areas
are moderately eroded. These soils generally have 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 layers of
silty clay or clay. The organic-matter content of most of
the soils in this unit is medium, but it is generally low in
some of the moderately eroded soils.

These soils are used mainly for erops, but a fairly large
acreage is used for permanent 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.

Where erosion is controlled by terracing, row crops can
be grown much of the time. Where only contour 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.
Where 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
wet, but artificial drainage is seldom installed. Grassed
waterways are needed in many places to control runoff.

The soils in this unit range from medium acid to moder-
ately alkaline in reaction, but most areas are slightly acid.
Lime is never needed on the Storden soils and is seldom
needed on the Clarion soils; it may be needed on other soils.
Fertilizer is needed for good growth of crops. The supply
of available plant nutrients varies, but generally these
soils are low in available nitrogen and phosphorus and low
to high in available potassium. The Storden soils are very
low, however, in available nitrogen and phosphorus. Crops
on the soils in this unit generally respond to added fertil-
izer. Where corn does not follow a legume, nitrogen is
needed. Phosphate is generally needed for corn, oats, and
legumes. The moderately eroded soils especially benefit
from added barnyard manure, which improves tilth and
adds organic matter.

CAPABILITY UNIT Ille-2

This unit consists of strongly sloping and rolling, well-
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 soils have high available moisture capacity. Per-
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meability is moderate. The organic-matter content of most
of these soils generally is low or medium, but in the un-
eroded Terril soils it 1s high. The soils in this unit warm
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, bromegrass,
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 waterways 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.

CAPABILITY 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-
lJain by sand and gravel, but at a depth generally more
than 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 unit are
susceptible to erosion, but the soils that have slopes of 5
to 9 percent are especially susceptible.

The soils of this unit are used mainly for crops, but a
few areas are in permanent pasture. They are suited to
corn, 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
when rainfall is above average, it is not good. Where these
soils are used for row crops, terracing or contour farming
is needed to control erosion and conserve moisture. In ter-
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 are managed in
the same way as larger areas of surrounding soils.

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

The soils in this unit are slightly acid or medium acid.
They are generally low in available 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 IIle-4

This unit consists of gently sloping and moderately
sloping sandy and gravelly soils in the Dickinson and
Salidu 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 are
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. Where
row crops are grown, contour farming or terracing is
needed. In building terraces on the Dickinson soils, deep
cuts are to be avoided because the sandy underlying ma-
terial is very droughty and has low fertility.

Where erosion is 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 available
nitrogen and phosphorus and low or medium in available
potassium. Because these soils are droughty, adding large
amounts of fertilizer is not economical, but crops respond
well 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 improves tilth and fer-
tility and increases the organic-matter content.

CAPABILITY UNIT IIIw-1

This unit consists of poorly drained or very poorly
drained soils in the Glencoe, Okoboji, Rolfe, Sperry, 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 is thick and very black,
but that of the other soils is thinner. The Sperry and Rolfe
soils have a leached subsurface layer that grades to a clayey
subsoil. This clayey subsoil is slowly or very slowly perme-
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able, but the subsoil of the other soils in this unit is moder-
ately slowly or slowly permeable. The Glencoe soils that
have a gravelly substratum are rapidly or very rapidly
permeable in the substratum. The movement of air and
water through the soils of this unit is restricted. The avail-
able moisture capacity and organic-matter content are
high,

Unless drainage is improved, these soils normally are
too wet for cultivation. Tile drains generally do not drain
these soils well. Shallow ditches or open inlets to tile lines
are often needed in addition to tile drains, especially to
reduce ponding. In some places the outlets to tile drains
must be placed very deep. In Glencoe soils that have a
gravelly substratum, tile generally is difficult to install. 1f
these soils are cultivated when wet, they become puddled,
and they are cloddy and hard when they dry.

Drained soils of this unit are suited to corn, soybeans,

small grains, grasses, and other farm crops commonly

grown. Because they are damaged by wetness or winterkill-
ing, alfalfa and clover ordinarily do not grow well. These
soils generally are in small areas that are cropped in the
same way as the surrounding soils. Undrained areas gen-
erally are suited only to pasture plants. In areas that are
not drained well enough for cultivated crops, reed canary-
grass is well suited and provides much hay and pasture.
The growth of crops on the soils of this unit varies, depend-
ing on how well the soils are drained, but growth is gen-
erally good where drainage is improved.

These soils can be used much of the time for row crops.
An occasional year of meadow or a crop plowed under as
green manure improves tilth and helps to control weeds
and insects.

Lime is not needed on the Glencoe, Okoboji, and Wa-
cousta soils, because they are neutral to mildly alkaline.
The Sperry and Rolfe soils are slightly acid to strongly
acid. In the soils of this unit, the available nitrogen is gen-
erally medium or low. The available phosphorus is low or
very low, and available potassium is generally low or
medium, The response of crops to fertilizer is moderate to
good. Where corn does not follow a legume, nitrogen nor-
mally is needed. These soils dry slowly and warm late in
spring, and crops on them generally respond well to fer-
tilizer added at planting time as a starter.

CAPABILITY UNIT IITw-2

Only Muck, a very poorly drained organic soil, is in this
unit. Three kinds were mapped in the county. They are
Muck, moderately shallow ; Muck, moderately shallow, cal-
careous; and Muck, shallow.

The Muck soils are in depressions that formerly were
marshes, swamps, or shallow lakes. Runoff is slow, and
these soils are very poorly drained. Permeability of ma-
terial underlying Muck is moderate to slow except in areas
where the Muck is calcareous. Where the underlying ma-
terial in these areas is sand, permeability is moderately
rapid or rapid. The Muck soils are high in organic-matter
content. and natural fertility. The surface layer is friable
and in good tilth.

Where Muck soils are drained, they are generally used
most of the time for row crops. They are well suited to corn,
soybeans, and some truck crops. These soils are slow to
warm in spring. Because crops are susceptible to damage
from frost early in fall, early maturing varieties of crops
are desirable. Partially drained areas that are not drained

well enough for cultivated crops can be used for permanent
pasture, but undrained areas are suitable mainly for wild-
life. Growth of crops ranges from poor to good, depending
on the season, efficient drainage, and kind of management.

Muck can be used for row crops almost continuously if
it is adequately drained and fertilized. The proportion of
plant nutrients is poor, and in places trace elements are
deficient and must be supplied. Small grains on these soils
tend to lodge badly. In undrained or partially drained
areas that are used for pasture, seeding reed canarygrass
improves the amount and quality of the forage. The soil
should be worked during the dry season, fertilized, and
then seeded. Reed canarygrass is more palatable than wild
marsh grasses. Most of the larger areas of Muck have been
drained by tile drains, open ditches, or both. If suitable
outlets are available, tile drains normally function well,
but open ditches or intake drains leading to tile lines may
be needed to prevent ponding.

For good growth of crops, phosphate and potash are
needed. These nutrients, as well as the trace elements, are
especially low in the muck that is calcareous. In Clay
County, however, lime is seldom needed on Muck.

CAPABILITY UNIT IIIw-3

Wabash silty clay is the only soil in this unit. It is a
nearly level, poorly drained or very poorly drained soil on
bottom lands. This soil has a dark-colored, firm, thick sur-
face layer and a dark-colored, firm subsoil. The texture is
generally silty clay throughout the profile. Permeability is
very slow. The water table is generally high in spring and
in other periods when rainfall is above average. Available
moisture capacity is moderately high. This soil is generall
in poor tilth. Even where drainage is improved, the soil
tends to become puddled, is cloddy and hard when it dries,
and is difficult to work into a good seedbed. It cracks deeply
in midsummer. Runoff is slow. This soil tends to warm
slowly in spring, and in most places tillage is delayed by
wetness in spring and after rains.

Most areas of this soil are in crops, though areas are
large enough to be farmed separately in only a few places.
Row crops are grown most of the time. Corn and soybeans
are the crops most commonly grown. In some years crops
on this soil do not mature before the first freeze in fall.
Growth of crops is poor to medium, depending on rainfall
and the frequency of flooding.

This soil can be used for row crops much of the time if
it is adequately drained. Undrained areas are suited to
pasture, but excess water severely limits their use. This
excess water 1s from a seasonal high water table, from
floodwater of streams, and from runoff from nearby up-
lands. In places shallow ditches can be used to improve
drainage, and land grading may also be useful. In some
places dikes can be used to protect this soil from flooding.
Tile drains function poorly in the clayey, very slowly per-
meable subsoil and generally are not used. Fall plowing
improves the workability because of freezing and thawing
through the winter. Even when this soil is plowed in fall,
planting is generally delayed in spring because the soil
stays wet and cold.

This soil is slightly acid or neutral in reaction. Where
lime is needed, the amount is small, This soil is generally
medium or low in available nitrogen, very low in avail-
able phosphorus, and medium in available potassium.
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Where this soil is used for row crops, nitrogen and phos-
phate are needed. Potash is needed but in smaller amounts
than nitrogen and phosphate.

CAPABILITY UNIT IlIw—4

This unit consists of poorly drained to moderately
well drained soils. They are on first bottoms and low foot
slopes. These soils are in the Colo and Terril series.

The Colo soils are poorly drained, and the Terril soils
are moderately well drained. The Colo and Terril soils in
this unit are mapped in a complex. The Colo soils are in
the nearly level middle part of narrow drainageways, and
the Terril soils are on the more sloping outer parts.

The soils in this unit have a dark-colored, thick surface
layer that is high in organic-matter content and generally
friable. Permability is moderate to moderately slow, and
available mosture capacity is high. These soils are suscep-
tible to erosion, but wetness is the main concern of man-
agement. In most places these soils are susceptible to
flooding.

The soils of the Colo-Terril complex in this unit gen-
erally occur between areas of steep soils that are not suited
to cultivated crops, and they are generally used for perma-
nent pasture. Some areas can be improved by straightening
the stream channels and by installing tile drains. These
improved areas can then be used for crops, but they
are generally small and the improvement may not be
economical.

If diversion terraces and contour farming are used, the
cultivated areas of soils in this unit can be kept in row crops
much of the time. Where these soils are in permanent pas-
ture, birdsfoot trefoil, reed canarygrass, and other legumes
and grasses are suitable plants for improving the pasture.

CAPABILITY UNIT IIIs-1

This unit consists of nearly level well-drained and some-
what excessively drained soils in the Dickinson series.
These soils are in the uplands and on benches. They have
a dark or moderately dark colored, friable fine sandy loam
or loam surface layer that is easy to work. The subsoil
ranges from sandy loam to loamy sand in texture. In
places the soils on benches overlie sand and gravel at a
depth of 3 to 4 feet. Permeability is moderately rapid, and
available moisture capacity is low. These soils absorb rain-
water readily, but they do not retain enough for good
growth of plants and are droughty. They are low in
organic-matter content. Erosion by water is not a hazard
on these soils, but soil blowing can be severe. In addition,
sand blown against young plants may damage them.

Most of these soils are used for crops. They are suited
to corn, grain sorghum, and oats, and to the common hay
and pasture plants. On these soils, corn is generally more
profitable as a cash crop than soybeans. Growth of crops
generally is only moderate, and a thinner stand ot corn is
needed on these soils than on less droughty soils.

The soils in this unit can be used for row crops much of
the time. Crop residue left on the surface helps to control
soil blowing. Adding barnyard manure improves tilth and
fertility and increases the organic-matter content.

These soils are generally slightly acid to medium acid.
They are generally low in available nitrogen, phosphorus,
and potassium. Adding large amounts of fertilizer is not
economical, because the soils are droughty, but the re-
sponse of crops to small amounts is good.

CAPABILITY UNIT IVe-1

Storden loam, 15 to 20 percent slopes, moderately
eroded, is the only soil in this unit. Areas of this soil range
from small and knoblike to narrow strips along stream
valleys. The surface layer is fairly thin and moderately
dark colored. Tilth and workability are generally good
except in some severely eroded areas. Permeability 1s mod-
erate, and the available moisture capacity is high. Runoff
is moderately rapid to rapid. In dry weather this soil is
more droughty than less sloping similar soils. This soil is
susceptible to sheet and gully erosion. The organic-matter
content is low.

Some areas of this soil are used for crops, but most areas
are in permanent pasture. Corn, oats, hay, and pasture are
grown. This soil is poorly suited to cultivated crops, and
hay or pasture is a better use. Where this soil is cultivated,
corn is generally grown for a year, and the soil is then re-
seeded to meadow or pasture plants. An alfalfa-brome-
grass mixture is suitable for hay or pasture. Birdsfoot
trefoil is suitable for seeding in renovated bluegrass pas-
ture. Orchardgrass and other hay and pasture plants are
also grown. Growth of corn on this soil is generally poor,
and growth of hay and pasture plants is moderate if man-
agement is good.

A good use for this soil is to establish a good stand of
alfalfa or of an alfalfa-bromegrass mixture and leave the
stand until it becomes thin. Then, a row crop can be grown
on the contour in re-establishing the meadow. Because
slopes are moderately steep and are generally short and ir-
regular, building terraces on this soil is difficult. Occasional
gullies that have formed can be shaped, seeded, and used as
grassed waterways.

This soil is generally low in available nitrogen, phos-
phorus, and potassium, but lime is not needed. Legumes
and grasses respond well to added phosphate and potash.
Where this soil is used for row crops, manure and fertilizer
are needed. Pasture that consists mainly of grass responds
well to a mixed fertilizer that contains nitrogen.

CAPABILITY UNIT IVe-2

This unit consists of strongly sloping to steep, moder-
ately eroded, well-drained to excessively drained soils.
These soils are in the Dickinson, Salida, and Wadena series.
In texture of their surface layer, the Dickinson soils are
fine sandy loam, the Salida soils are gravelly sandy loam,
and the Wadena soils are loam. The subsoil of Dickinson
soils is sandy loam or loamy sand, and that of Salida soils
is sand or gravel. In the Wadena soils, loam extends to a
depth of 24 to 36 inches and overlies sand and gravel. The
available moisture capacity of these soils is low, and they
are droughty. Permeability is generally moderately rapid
to rapid, especially in the subsoil, but permeability of the
‘Wadena soils is only moderate above the sand and gravel.
The soils in this unit are low in organic-matter content and
in plant nutrients. They are susceptible to serious erosion
by water. Soil blowing 1s severe in places on the Dickinson
soils, and sand blown against young plants may damage
them.

Some areas of these soils are used for crops, and some are
used for permanent pasture. Because the areas generally
are small, in most places they are used in the same way as
the surrounding soils. Corn, grain sorghum, oats, alfalfa,
red clover, bromegrass, and orchardgrass are suited to these
soils, but soybeans are not suited. Droughtiness and erodi-
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bility limit the use of these soils for row crops. Growth of
corn and grain sorghum is generally poor, and that of oats
and of hay and pasture plants is poor to moderate.

Keeping these soils in a grass-legume meadow most of
the time is a good practice. A row crop can be grown in the
cropping sequence when the meadow becomes poor and
reseeding is needed. If a row crop is grown, contour farm-
ing or terracing is needed. Because the gravelly subsoil of
Salida soils interferes with the construction of terraces and
is exposed in terrace channels, terracing these soils gener-
ally 1s not feasible. Terraces can be built on the Dickinson
and Wadena soils, but deep cuts should be avoided because
the subsoil and underlying material of these soils have a
very low capacity to hold water and very low fertility.

Lime is not needed on the Salida soils, because they are
generally netural or mildly alkaline. The other soils in this
unit are generally slightly acid or medium acid. All these
soils are generally low in available nitrogen, phosphorus,
and potassium. Adding large amounts of fertilizer, how-
ever, is not economical. Crop residue left on the surface
Lelps to control soil blowing. Adding barnyard manure im-
proves tilth and fertility and adds organic matter to the
soils. CAPABILITY UNIT IVs-1

Hagener loamy sand, 4 to 8 percent slopes, moderately
eroded, is the only soil in this unit. This soil has a thin,
moderately dark colored, friable surface layer. The under-
lying material is loose loamy fine sand or sand. Permea-
bility is very rapid. This soil absorbs rainwater readily,
but it holds little moisture available to plants and 1s
droughty. It has a small amount of plant nutrients. This
soil is susceptible to both soil blowing and sheet erosion.
In places the wind blowing over the sandy surface picks up
and moves enough sand grains to damage young plants on
this soil or on nearby soils.

Droughtiness and the hazard of erosion limit the use of
this soil. It generally occurs in the same field with more
productive soils and 1n places is cultivated along with those
soils, but most other areas are used for permanent plants.
Growth of all cultivated crops on this soil is poor, and a
better use is for hay or pasture. Planting a crop for winter
cover, using stubble-mulch tillage, and adding manure are
practices that help to prevent soil blowing. Where row
crops are grown, planting on the contour helps to control
erosion and conserve moisture. Because it is sandy and
unstable, this soil is not generally terraced.

This soil is slightly acid to medium acid and is low to
very low in available nitrogen, phosphorus, and potassium.
Additions of fertilizer are needed, but because the soil is
droughty and growth of plants is poor, large additions are
not economical. Where legumes are seeded, lime, phosphate,
and potash are needed.

CAPABILITY UNIT Vw-1

This unit consists of channeled Colo soils and Alluvial
land, channeled. These soils are on bottom land and are
frequently flooded. They are so cut by stream channels or
so frequently flooded that use is limited largely to pasture,
woodland, or wildlife food and cover. Most areas are poor-
ly drained. Alluvial land, channeled, varies in texture
but is sandy in most places. Some places receive deposition
from each flood. In general, the surface layer is dark col-
ored and high in organic-matter content. Except for some

areas of the Alluvial land, available moisture capacity and
natural fertility of these soils are high. Reaction is slightly
acid or neutral.

These soils are seldom cultivated. Nearly all areas are
in pasture or in trees and brush. The wooded areas have
poor stands and generally are managed in the same way
as the surrounding pasture. A few areas are used as wild-
life habitat and for recreation. Some areas could be re-
claimed and cultivated if fences were relocated, trees
cleared, old bayous and channels straightened and filled,
and flooding controlled. For most areas, however, a better
use is pasture or woodland.

In some areas it is worthwhile to improve the pasture by
adding fertilizer. Fertilizer normally is not added to un-
improved pasture. Canarygrass is suitable where silt is
deposited and where water is likely to stand for several
days. Birdsfoot trefoil is suitable in most places, but not
among trees, in very wet areas, or in silted areas. A mix-
ture of birdsfoot trefoil and bluegrass provides excellent
pasture in some places. Heavy mowing machines or disk
harrows can be used in some places for thinning or elimi-
nating brush and encouraging the growth of desirable
plants. In a few wooded areas, it may be feasible to fence
out livestock and manage the area as woodland. A mixed
stand of conifers, shrubs, sedges, and grasses that tolerate
wetness and flooding is needed 1f areas of these soils are
to be developed for wildlife shelters.

CAPABILITY UNIT VIe-1

Storden loam, 20 to 30 percent slopes, moderately eroded,
is the only soil 1n this unit. It has a moderately dark col-
ored surface layer. The subsoil is generally loam. Avail-
able moisture capacity is high, and permeability is moder-
ate. Because runoff is rapid, this soil is generally droughty.
It is low in natural fertility. This soil is calcareous at or
near the surface and throughout the rest of the profile.

Nearly all of this soil is in permanent pasture, but a few
areas are in trees. The growth of plants on unimproved
pasture is generally moderate to poor. Permanent pasture
can be improved in many places by renovating and reseed-
ing. Preparing a seedbed in the steeper areas is difficult,
and careful operation of farm machinery is needed. An
alfalfa-bromegrass mixture or a birdsfoot trefoil-blue-
grass mixture 1s good for reseeding pasture. Phosphate is

enerally needed, but lime is not. Closely controlled graz-
ing allows the new seedlings to get a good start. In some
places there are gullies that need shaping and seeding for
use as grassed waterways.

Most areas of this soil that have stands of trees are
pastured. Some of these wooded areas could produce more
income if they were managed as woodland. This manage-
ment includes protecting the woodland from grazing and
cutting undesirable species to allow for better growth of
the desirable trees. For information on suitable trees for
planting, refer to the section in this survey on woodland.

CAPABILITY UNIT VIe-2

This unit consists of moderately steep soils in the Dick-
inson and Salida series. They are on benches and on knobs
and hills. Slopes range from 15 to 20 percent. Runoff is
medium.

These soils have a moderately dark or dark colored fine
sandy loam or gravelly sandy loam surface layer and are
moderately eroded. The subsoil of the Dickinson soils is
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sandy loam or loamy sand, and that of Salida soils is sand
or gravel. Movement of water through these soils is moder-
ately rapid or rapid. The soils cannot hold much water,
and their available moisture capacity is low. They are
droughty and are low in organic-matter content and plant
nutrients. They are susceptible to serious erosion by water,
and soil blowing is severe in places on the Dickinson soils
where those soils are not protected by vegetation.

These soils are limited by moderately steep slopes and
droughtiness. They are not suited to grain crops. A better
use is for permanent pasture. Small areas are used in the
same way as the surrounding soils. A few areas in fields
with better soils are cultivated. Some areas are suitable for
trees or as wildlife habitat.

Areasnow in bluegrass can be improved by seeding other
grasses and legumes in the pasture. Birdsfoot trefoil is
adapted to seeding in old bluegrass pastures. Alfalfa and
bromegrass are also adapted. Establishing new plants is
difficult in places because the soils are sandy and gravelly.
In many places tillage of the Salida soils is difficult. Add-
ing strawy manure to seeded areas helps to protect the
young plants from damage by blown sand and temporarily
Increases the moisture-holding capacity of the soils. Con-
trolled grazing helps to insure the establishment and main-
tenance of a good stand.

The Dickinson soils are slightly acid or medium acid,
and additions of lime are needed in places. Lime is not
needed on the Salida soils. The soils of this unit are gen-
erally low in available nitrogen, phosphorus, and potas-
sium. Additions of phosphate are especially needed in
most places.

CAPABILITY UNIT VIs-1

Only Sandy lake beaches, a miscellaneous land type, is

in this unit. This land type consists of narrow, nearly level

to gently sloping sandy beaches around the edge of an old .

lakebed in Garfield Township and areas bordering Trum-
bull Lake. The old lakebed was left after the lake, which
was in sections 25 and 26 of Garfield Township, was
drained. This land is very sandy throughout the profile,
but in places the profile contains some gravel. Perme-
ability is rapid or very rapid, and little moisture is stored
for plants. Because these areas are droughty and low in
fertility, however, they are suitable only for pasture, wild-
life habitat, or recreation.

Most areas of Sandy lake beaches are in permanent pas-
ture. Some areas bordering Trumbull Lake, however, are
owned by the State and have been designated recreation
areas and wildlife habitat. One small area in section 25 of
Garfield Township is cultivated.

Sandy lake beaches can be plowed, the old sod torn up,
and better plants seeded. Because these areas are droughty,
growth of plants is poor, seedings are hard to establish,
and reclamation may not be economical. Controlled graz-
ing helps to maintain present pasture plants and to estab-
lish any new seedings that are made.

CAPABILITY UNIT VIIe-1

This unit consists of steep and very steep, well-drained
soils in the uplands. Slopes range from 20 to 50 percent.
These soils are in the Clarion and Storden series.

The surface layer is dark colored or moderately dark
colored loam. The underlying material of the Storden
soils is loam, and that of the Clarion soils in this unit is
clay loam. The available moisture capacity is high, and

permeability is moderate. These soils are seldom saturated,
because runoff is rapid. Because they commonly do not
store enough water for good plant growth, they are
droughty. The organic-matter content and fertility are
low. Unless these soils are protected by vegetation, they are
susceptible to severe erosion.

Use of these soils is limited by steep slopes, erosion, and
gullies. They are not suited to cultivated crops and are
poorly suited to pasture. All the acreage of Clarion soils
in this unit is in trees. Most areas of Storden soils are in
permanent pasture, but a few are in trees. Most of the
wooded areas are pastured, but the growth of pasture
plants is poor.

The soils of this unit are suited mainly to permanent
pasture, as woodland, or as wildlife habitat. Because the
slopes are steep and irregular and the soils are gullied in
places, the use of ordinary farm machinery to renovate
pastures is nearly impossible. A crawler-type tractor can
be used in some areas. A mixture of alfalfa and brome-
grass or of birdsfoot trefoil and bluegrass is suitable for
seeding in permanent pasture, but some tillage is generally
required to disturb the existing vegetation and allow the
new plants to become established.

If areas now in trees are to be managed as woodland,
they need to be protected from grazing. Undesirable trees
can be cut to permit better growth of desirable ones, and
adapted trees can be planted in other areas of these soils.
Trees suitable for planting are shown in the section on
woodland in this survey.

CAPABILITY UNIT VIIe-2

Salida sandy loam, 20 to 30 percent slopes, moderately
eroded, is the only soil in this unit. It has a dark-colored
sandy loam surface layer and generally gravelly underly-
ing material. Permeability is rapid, and the available
moisture capacity is low. This soil is very droughty and is
low in organic-matter content and plant nutrients. Runoff
is rapid, and the hazard of erosion is high. Some areas are
gullied.

Use of this soil is severely limited by steepness and
droughtiness. Nearly all areas are in permanent pasture.
This soil is suited to pasture or as wildlife habitat. Where
slopes are not too steep to use tillage machinery, pastures
can be renovated by destroying the old bluegrass sod and
seeding more desirable grasses and legumes. Alfalfa,
bromegrass, birdsfoot trefoil, orchardgrass, and bluegrass
are pasture plants suited to this soil. In some places the
surface layer is so gravelly or stony that farm machinery
cannot be used. Controlled grazing helps in establishing
and maintaining good stands of pasture plants.

Lime is not needed on this soil. The soil is generally low
in available nitrogen, phosphorus and potassium. Addi-
tions of phosphate are especially needed in renovating
pastures.

CAPABILITY UNIT VIIw-1

Only Marsh is in this unit. Marsh consists of areas that
are covered by water most of the time. These areas are unfit
for most agricultural uses. Waterfowl, muskrats, and up-
land game animals find food and nesting places in areas of
Marsh and around its edges. These areas can be improved
as habitat by providing controls so that a more constant
water level can be maintained. Marsh can provide income
and recreation through the trapping of muskrats and the
sale of hunting privileges.
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Table 2 gives the predicted average acre yields of the
principal crops grown in Clay County under a high level
of management. The predictions are useful to farmers in
choosing a suitable cropping sequence or in determining
the value of farmland. A high level of management in-

cludes the following:

1. Controlling erosion and flooding where needed.

2. Planting the amount of seed that can produce the
greatest number of plants that the available soil
moisture can support.

3. Applying fertilizer and lime in the kinds and
amounts indicated by soil tests so as to raise the
soil to levels of fertilization and reaction ap-
proaching those suggested by the soil testing lab-
oratory of the Towa State University.

4. Using the soils as suggested in the subsection
“Management by capability units.”

5. Draining wet soils adequately by using tile or
surface drains.

6. Using suitable varieties of crops.

1.

8.
9.

fectively.

Tilling and harvesting at the proper time.
Planting alfalfa or bromegrass on suitable soils,

Controlling weeds, insects, and plant diseases ef-

and cutting these plants for hay three times a year.

For making the predictions in table 2, it is assumed that
the practices listed for high-level management have been
used for at least 10 years. Yields therefore reflect the long-

time effect of these practices.

The yields predicted in table 2 are fairly reliable ap-
praisals of those that can be expected under this manage-
ment. These yields are based on research data for several
years from experimental farms and from corn-yield studies
made on the soils of Clay County by the Iowa State Uni-
versity Agricultural Experiment Station and the Soil Con-
servation Service; on the experience of farmers in the
county ; and on the judgment of soil scientists and members
of the agronomy staff of the Iowa State University. Yields
normally fluctuate from year to year. Ifarmers who use
the best techniques and management may exceed the yields
predicted in table 2 by 10 to 15 percent; and by using im-
proved crop varieties, better fertilization, or other im-
proved methods they may further increase these yields.

TaBLE 2.—Fredicted average acre yields of principal crops
[Absence of data indicates that the crop is not ordinarily grown on the soil]

Predicted yields under
high-level management

Predicted yields under
high-level management

Soil 1 Soil 1
Corn| Soy-| Oats | Hay | Pas- Corn; Soy- | Oats | Hay ‘ Pas-
beans ture beans ture
Animal- Animal-
unit- unit-
Bu. Buy. Bu. | Tons | days? Bu. Buy. Buy. | Tons | days?
Afton silty celay loam____ . ____. 75 30 521 3.0 150 || Dickinson fine sandy loam, 5 to
Alluvial land, channeled_.._______|_____{ ___ | ____|.____ 25 9 percent slopes, moderately
Biscay silty clay loam, deep_ ____. 85 30 59 1 3.5 175 eroded . _____________________ 45 18 311 1.5 75
Calco silty elay loam_ ___________ 82 35 57 | 3.5 175 || Dickinson fine sandy loam,
Canisteo silty clay loam__________ 85 35 59 | 40 200 benches, 0 to 2 percent slopes.__| 55 25 38| 2.0 100
Canisteo silty clay loam, gypsic Dickinson fine sandy loam,
variant_ . ____________ ________ 85| 35 59 1 3.5 175 benches, 2 to 5 percent slopes___| 50| 20 35120 100
Clarion loam, 2 to 5 percent slopes_| 85 30 59| 3.5 175 || Dickinson fine sandy loam,
Clarion loam, 5 to 9 percent slopes, benches, 5 to 9 percent slopes,
moderately eroded_____________ 78| 25| 551 3.3 165 moderately eroded_____________ 45 18| 31 (L5 75
Clarion loam, 9 to 15 percent Dickinson fine sandy loam,
slopes, moderately eroded_ _____ 70 .- 49 | 3.0 150 benches, 9 to 15 percent slopes,
Clarion loam, heavy subsoil vari- moderately eroded_____________ 40 {_____ 28 | 1.5 75
ant, 20 to 40 percent slopes_____\___ .| ____|.___.|.-.__ 40 || Dickinson fine sandy loam,
Clarion-Storden complex, 5 to 9 benches, 15 to 20 percent slopes,
percent  slopes, moderately moderately eroded_._.________ | ____|.____|.___.l___.. 45
eroded_______ . ___________.____ 72 25 501 3.0 150 || Dickinson loam, 0 to 2 percent
Clarion-Storden complex, 9 to 15 slopes_ .. _______________ 65 25 45| 2.5 125
percent  slopes, moderately Dickinson loam, 2 to 5 percent
eroded_______________________ 62 | ____ 43| 2.5 125 slopes. .o o ___ 60 | 23 42125 125
Colo silty clay loam_____________ 85 35 59 | 3.5 175 || Everly clay loam, 2 to 5 percent
Colo silty clay loam, 2 to 4 percent ) slopes___ . _____.__________ 80| 35| 56| 3.5 175
slopes_______________________ 80 35 56 ) 3.5 175 || Everly clay loam, 5 to 9 percent
Colo silty clay loam, channeled. _ _|_.___| . ___|_____|.____ 125 slopes, moderately eroded _____ 731 30| 5133 165
Colo-Terril complex, 2 to 5 percent Everly-Storden complex, 9 to 15
slopes_._________ .. ______ 750 25 510 3.5 150 percent slopes, moderately eroded-_| 60 |___ . 40| 2.5 125
Colo-Terril complex, 5 to 9 percent Fostoria elay loam__ . ___._______ 8| 30| 59130 150
slopes_ - ___.___ 70| 22 49 | 3.0 150 || Fostoria loam___________._______ 85 30| 59| 3.0 150
Cylinder loam, deep_____________ 85 30 59 1 3.0 150 || Galva silty clay loam, 1 to 3 per-
Cylinder loam, moderately deep___| 75| 25| 521! 2.5 125 cent slopes_ _ oo ____ 8| 35| 591 3.5 175
Dickinson fine sandy loam, 0 to 2 Galva silty clay loam, benches, 0
percent slopes_________________ 60| 25| 42| 2.0 100 to 2 percent slopes_ _ . ________ 83| 35| 5735 175
Dickinson fine sandy loam, 2 to 5 Glencoe silty elay loam___ _______ 80 30| 56 3.0 150
percent slopes_ _ _ _ .. ________. 50 21 381 2.0 100

See footnotes at end of table
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Predicted yields under
high-level management

Predicted yields under
high-level management

Soil ! Soil 1
Corn| Soy-| Oats | Hay | Pas- Corn | Soy- | Oats | Hay | Pas-
beans ture beans ture
Animal- Animal-
unit- umnit-
Bu. Bu. Bu. | Tons | days? Biu. Bu. Bu. Tons | days?2
Glencoe silty clay loam, gravelly Salida gravelly sandy loam, 5 to
substratum___________________ 78 30 55 0 150 9 percent slopes, moderately
Guckeen silty clay loam, 0 to 2 eroded_ . ____________________ 35 15 25| 1.5 75
percent slopes______.__________ 90 35 63| 3.5 175 || Salida gravelly sandy loam, 9 to
Guckeen silty clay loam, 2 to 5 15 percent slopes, moderately
percent slopes___._____________ 851 35| 59135 175 eroded___._________________._ 35 |----- 24| 1.5 75
Gueckeen silty clay loam, 5 to 9 Salida gravelly sandy loam, 15 to
percent  slopes, moderately 20 percent slopes, moderately
eroded_ . ______________.__._. 80 30| 56| 3.0 150 eroded_ . ______ ||l |- 45
Guckeen elay loam, silty clay Salida sandy loam, 20 to 30 per-
substratum, 0 to 2 percent cent slopes, moderately eroded__|_____{_____\_____|_____ 40
SlOPeS_ oo e 85 35 59 | 3.5 175 || Sandy lake beaches___ . _ . _______ | ____{ ____|-____|-____ 25
Guckeen clay loam, silty clay Sperry silty clay loam___________ 80 30 56 | 3.0 150
substratum, 2 to 5 percent Spillville loam _ _ . _____ . .______ 85 35 591 3.5 175
slopes_ ... 80| 30| 56 35 175 || Storden loam, 5 to 15 percent
Hagener loamy sand, 4 to 8 per- slopes, moderately eroded.______ 62 |_____ 43 1 2.5 125
cent slopes, moderately eroded_} 45 15 30| 1.5 75 || Storden loam, 15 to 20 percent
Harps loam__._______________.__ 750 25| 52130 150 slopes, moderately eroded_____ | ____|_____|_____ 2.0 100
Ladoga silt loam, 1 to 3 percent Storden loam, 20 to 30 percent
SlOPeS_ oo 78 30 54 | 3.5 175 slopes, moderately eroded _ . ____{_____|_____\_____j_____ 50
Marecus silty elay loam___________ 85| 35 591 3.5 175 || Storden loam, 30 to 50 percent
Marna silty elay - _____.__ 75 28 521 3.0 150 slopes, moderately eroded _ ____ _{ . ___|_____|-____{____. 40
Marna silty clay loam, calcareous Taleot silty clay loam, deep__ ____ 82 30 57 | 3.5 175
variant. _ _______ .. _____.____ 75| 281 521 3.0 150 || Terril loam, 2 to 5 percent slopes-.| 85| 30| 59| 3.5 175
Muck, moderately shallow________| 60 25 42 | 3.0 150 || Terrilloam, 5 to 9 percent slopes._| 80 23 56 | 3.5 175
Muck, moderately shallow, cal- Terril loam, 9 to 15 percentslopes._| 65 |[_____ 45 | 3.0 150
CATEOUS - _ oo mmmmo e 65| 25| 35| 3.0 150 || Tripoli clay loam_____ . _________ 90| 35| 63|40 200
Muek, shallow_________ . _______ 80 30 35| 3.0 150 || Wabash silty elay____ . ________ 55 25 38130 150
Nicollet elay loam_.______.______ 95| 35| 66| 4.0 200 || Wacousta silty elay loam___.______ 85 30| 5930 150
Nicollet loam_ . _ .. ___________ 95| 35| 67| 4.0 200 || Wadena loam, deep, 0 to 2 percent
Ocheyedan loam, 0 to 2 percent slopes_ ... __ 80| 30| 56| 3.0 150
SIOPeS_ oo oo 80| 30| 56| 3.0 150 || Wadena loam, deep, 2 to 5 percent
Ocheyedan loam, 2 to 5 percent slopes_ .. 80 | 30 56 | 3.0 150
SlOPeS_ o o 80| 30| 56| 3.0 150 || Wadena loam, moderately deep, 0
Ocheyedan loam, 5 to 12 percent to 2 percent slopes._ . _____.._.__ 65 25 45 | 2.5 125
slopes, moderately eroded______ 70 25 50 2.5 125 || Wadena loam, moderately deep, 2
Okoboji silt loam________________ 80 30 56 | 3.0 150 to 5 percent slopes_ __________. 60 25 42 | 2.5 125
Primghar silty elay loam._.________ 95 35 66 | 3.5 175 || Wadena loam, moderately deep, 5
Primghar silty clay loam, benches_| 95 35 66 | 3.5 175 to 9 percent slopes, moderately
Rolfe silt loam. _________________ 65 25 45| 2.5 125 eroded_______________________ 50 21 35| 2.0 100
Sac silty clay loam, 2 to 5 per- Wadena loam, moderately deep, 9
cent slopes_ - . __________._ 83 35 58 | 3.5 175 to 15 percent slopes, moderately
Sac silty clay loam, 5 to 9 per- eroded___ . ___________________ 40 |- __ 28 | 1.5 75
cent slopes_ _ ... _____._____. 751 30| 52| 3.0 150 || Waukegan loam, moderately deep,
Sac silty clay loam, 5 to 9 per- 0 to 2 percent slopes___.________ 70 25 49 | 2.5 125
cent slopes, moderately eroded__| 72| 30| 50| 3.0 150 || Waukegan loam, moderately deep,
Salida gravelly sandy loam, 2 to 2 to 5 percent slopes______.___.. 65 22 45| 2.5 125
5 percent slopes_______________ 40| 20| 28| L5 75 || Webster silty clay loam__________ 90| 35| 63| 4.0 200

1 Because it is not suited to the uses specified, Marsh is not

shown.

2 Animal-unit-days is the number of days that 1 acre will provide grazing for 1 animal unit, or 1,000 pounds of live weight, without

damage to the pasture.

Use of Soils for Wildlife and Recreation

Clay County supports many kinds of wildlife that con-
tribute to its income and recreation facilities. The kinds
and numbers of wildlife that can be produced and main-
tained are determined largely by the kinds and amounts of
plants that the soils can produce and the distribution of

these plants.

The number and kinds of wildlife are influenced by to-
pography and by fertility and other characteristics of the
soils. Topography affects wildlife mainly through its ef-

fect on land use. For example, extremely rough, irregular
areas may be a hazard to livestock and be unsuited to crops.
If these areas are left undisturbed, the plants are often
valuable as food or cover for wildlife. Suitable vegetation
can be provided where it is lacking and the areas developed
for desirable kinds of wildlife. Fertile soils are capable of
producing more wildlife than infertile soils.

The wetness of soils and their water-holding capacity
are important in selecting sites for fishponds and in main-
taining aquatic or semiaquatic habitat for waterfowl and
some kinds of furbearing animals.
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The wildlife of Clay County provide many opportuni-
ties for recreation. Many kinds of wildlife are also bene-
ficial because they eat harmful insects and rodents. Many
kinds of birds eat insects; hawks, 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 game species that provide
much of the hunting in the county. The distribution of
pheasants, partridges, and rabbits is fairly uniform
throughout the county. The Marcus and Primghar soils in
soil association 3, however, are used intensively for row
crops, and the cover needed for shelter and nesting is lim-
ited. Cover is somewhat limited in the nearly level areas of
the other soil associations. Squirrels and deer occur in
greatest numbers in soil association 7, which consists
mainly of Storden and Clarion soils, and in association 6,
which consists of Colo, Spillville, and Wabash soils and
Alluvial land. In these associations the kinds of trees, food
supply, and cover favor these animals. Opossums, raccoons,
weagels, badgers, foxes, and skunks occur in variable num-
bers throughout the county.

Soil association 1 is most favorable for muskrats and
minks, though these animals inhabit areas of Marsh and
are along the streams and drainage ditches throughout the
county (fig. 12). The Clarion, Webster, and Nicollet are
the major soils in this association, but Canisteo and Stor-
den soils also occur. Many of the drainage ditches in this
association serve as outlets for tile drainage systems and
provide water most, if not all, of the year.

Figure 12—Muskrat houses in an area of Marsh. Marsh provides
a natural habitat for waterfowl and other wetland wildlife.

The many small, shallow lakes and marshes in soil as-
sociation 1 include Dan Green Slough, Barringer Slough,
Trumbull Lake, Mud Lake, Round Lake, Elk Lake, and
parts of Lost Island Lake and Pickerel Lake. Also in this
association are many smaller undrained depressions that
support marsh vegetation and that hold water part, if not
all, of the year. These areas are used by muskrats and
minks and are also used intensively by migrating water-
fowl for feeding and nesting. Mallard, teal, and other ducks
nest and raise their young in these areas.

The Little Sioux River and Lost Island and Trumbull
Lakes provide sport fishing. A few farm ponds have been
stocked with fish, Farm ponds provide excellent fishing if
properly managed. The Storden soils provide good con-
struction material for ponds, and frequently suitable sites
are available. The Clarion, Everly, and many other soils
also provide suitable material but seldom have good sites
for ponds. Soil associations 1, 2, and 7 have more good sites
than the other associations, though suitable sites and ma-
terial occur in some of the others.

The soils, topography, and vegetation favor the develop-
ment of facilities for many kinds of recreation in Clay
County. Many areas that are of little value for farming can
be used for developing these facilities. In Wanata State
Park, near Peterson, the steep Clarion soils provide hiking,
nature study, and bridle trails. The adjacent Terril soils
on foot slopes provide sites for picnicking. Other develop-
ments that have been made recently on these and similar
soils include facilities for winter sports and for motor-
cycle racing. In soil association 1 several marshy areas have
been developed as wildlife refuges and as public shooting
areas. Many other areas are suitable for developing these
refuges and selling shooting rights.

Many areas that cannot be used for crops are well suited
to the production of useful wildlife. On most farms are
odd areas that can be developed as habitat for wildlife.
The Salida, Storden, or Clarion soils are most likely to
have areas of this kind. Also suitable as wildlife habitat
are small, steep, eroded, or gravelly parts of cropland;
gravel pits; railroad rights-of-way; or tracts of land cut
off from the rest of a field by a stream or drainage ditch.
Even on soils that are suitable for use as cropland, wildlife
can be produced as a secondary source of income or for
recreation. ’

Use of Soils for Woodland

Only a small percentage of Clay County is wooded. Most
areas of woodland border the Little Sioux River, but a
few small woodlots are on farms. Trees and shrubs are
commonly planted around farmsteads. They are generally
planted to provide protection from wind or in landscape
gardening.

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

The amount of woodland in the county has changed
little in recent years. Some woodland, mostly along
streams, has been cleared for use as cropland. Woodlots
of vacant farmsteads generally are cleared, the buildings
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 woodland. 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 landscape. One is in the gently rolling to steep
uplands, and the other is on the nearly level bottom lands.

Oak-hickory 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 growing 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, Sae, 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 cak and some
white oak and northern red oak. The species of hickory are
the shagbark and bitternut.

Soft maple-elm-cottonwood type—This type occurs on
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. Willow 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 following 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 wood-
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 characteristics similar to
those of soils on uplands. The soils in this group are
mainly deep, medium textured or moderately 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 permeable.

The soils in this group are the most tavorable in 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 Wadena 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-
wood, 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-
deg{“osa 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, hackberry, 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 gravel.
They are the Dickinson, Hagener, and Salida soils; the
moderately deep Cylinder, Wadena, and Waukegan 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 Wabash 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 structures, irrigation systems, drainage sys-
tems, building foundations, and sewage disposal systems.
The properties most important are permeability to water,
shear strength, compaction characteristics, soil drainage, 3,
shrink-swell potential, grain size, plasticity, and pH. Depth
to the water table, depth to bedrock, and topography also

are important.

The information in this soil survey can be used by 4.

engineers to—

1. Make soil and land use studies that will aid in 5.
selecting and developing industrial, business,
residential, and recreational sites.

9. Make preliminary estimates of the engineering

S0IL SURVEY

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

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.

Locate probable sources of gravel, sand, or other
construction materials.

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

properties of soils that will help in the planning structures.
TABLE 3.—Estimated engineering
Depth Classification
Soil series and map symbol from
surface i
USDA textures 1 Unified AASHO
i
Inches
Afton (Af). 0-26 | Silty elay loam_______.________ OH or CH A-7-6 or A-7-5
26-51 | Silty clay loam_______________. CH ~7-6
51-65 | Clay loam ____________________ CH to CL A-6 or A-7-6
Alluvial land, channeled (Au).!
Biscay, deep (Bs). 0-11 | Silty clay loam________..____._. CL to OH A-7-6 or A-7-5
11-40 | Clay loam and heavy loam___ __ CL A-6 or A-7-6
40-48 | Sand and gravel.._ ____________ SP-SM A-1or A-2
Calco (Ca). 0-36 | Silty clay loam__ .. ___.________ OL or CH A-7-6 or A-7-5
36-50 | Clay loam _____________.______._ CL A-7-6
Canisteo (Ce). 0-19 | Silty elay loam______.____._____ OH to CL A-7-6 or A-7-5
19-39 | Silty elay loam______________.__ CL A-6 or A-7-6
39-48 | Loam .- __ - CL A-6 or A-7-6
Canisteo, gypsic variant (Cg). 0-26 | Silty elay loam__ .. ___.._____. OH to CL A-7-6 or A-7-5
26-32 | Silty clay loam____ . ___________ CL A-6 or A-7-6
32-48 | Clay loam __ . __________._.___ CL A-6 or A-7-6
Clarion:
Loam (CIB, CiC2, CID2, CmC2, CmD2). 0-14 | Loam - oo .. CL A4 or A-6
(For properties of Storden soils in 1434 | Clayloam______ .. _________. CL A-6
mapping units CmC2 and CmD2, 34-48 | Loam________ ... CL A6
refer to the Storden series.)
Loam, heavy subsoil variant (CIF). 0-12 | Loam __ __ . __________._ ML-CL or CL A-4 to A-6
12-33 | Clay loam __ .- ________________ CL A-6 to A-7-6
33-52 | Clay loam __ .. _____..__________ CL A-6
Colo (Co, CoB, Cs, CtB, CtC). 0-36 | Silty clay loam_______.________ OL or CH A-7-6
(For properties of Terril soils in map- 36-52 | Silty clay loam________________ CH A-7-6
ping units CtB and CtC, refer to the
Terril series.)
Cylinder, deep (Cu). 0-15 | Loam__ . ______ ML-CL A-4or A6
15-38 | Loam __ .. CL A-4 or A-6
38-50 | Sand and gravel__ ____._________ SP-SM A-1or A-2
Cylinder, moderately deep (Cy). 0-18 | Loam . oL CL or ML-CL A-4 to A-6
18-28 | Loam to clay loam____ ________ SC to CL A-6
28-58 | Sand and gravel .______________ SP-SM A-1or A-2

See footnote at end of table.
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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-
lished maps and reports and aerial photographs
to make maps and reports that can be used readily
by engineers.

8. Develop other preliminary estimates for construc-
tion purposes pertinent to the particular area.

The engineering interpretations reported 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 heavy loads or where the excavations are deeper
than the depth of the layers reported. Even in these situ-
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ations, however, the soil map is useful for planning more
detailed field investigations 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 that 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 meaning to engineers. Many of these terms are
defined in the Glossary at the back of this survey.

295-993—69—35

i
Percentage passing sieve— 5‘ Available
I Permeability water Reaction Shrink-swell potential
capacity
No. 4 No. 10 No. 200
Inches per hour Inches per inch of soil PH value
______________ 100 90-98 0.2-0. 8 0. 21 6. 6-7. 3 | High.
______________ 100 90-98 0.2-0. 8 .19 7.4-7.8 | High.
100 95-100 60-80 0.2-0.8 .16 7. 8-8. 4 | Moderate to high.
______________ 100 75-85 0.8-2.5 .21 6. 6-7. 3 | Moderate to high.
100 95-100 75-85 0.2-0. 8 .17 6. 6-8. 4 | Moderate to high.
70-90 65-75 3-15 >10 .02 7.4-8 4 | Low.
______________ 100 80-90 0.2-0. 8 .21 7.4-8. 4 | High.
______________ 100 70-80 0.2-0. 8 .18 7.4-7.8 | Moderate to high.
100 95-100 70-90 0.82.5 .21 7. 9-8. 4 | Moderate to high.
100 95-100 60-80 0.2-0.8 .17 7. 9-8. 4 | Moderate to high.
100 95-100 60-80 0.2-0. 8 .17 7. 9-8. 4 | Moderate.
100 95-100 70-90 0.82.5 .21 7.4-7. 8 | Moderate to high.
100 95-100 60-80 0.2-0.8 .17 7.9-8. 4 | Moderate to high.
100 95-100 60-80 0.2-0. 8 .17 7. 9-8. 4 | Moderate.
98-100 96-100 60-80 0.82.5 .19 6. 1-6. 5 | Moderate.
94-99 88-98 55-75 0.82.5 .17 6. 6-7. 3 | Moderate.
94-99 85-95 55-75 0.82.5 .16 7.9-8. 4 | Moderate.
98-100 95-100 60-80 0.8-2.5 .21 5.6-6. 5 | Moderate.
98-100 90-98 60-80 0.8-2.5 .17 5. 6-6. 5 | Moderate to high.
93-100 90-98 60-80 0.8-2.5 .16 7. 9-8. 4 | Moderate.
______________ 100 80-90 0.2-0. 8 .21 6. 6-7. 3 | High.
______________ 100 75-90 0.2-0. 8 .19 6. 6-7. 3 | High.
100 95-100 60-70 0.8-2.5 .18 6. 1-6. 5 | Moderate.
100 95-100 55—65 0.8-2.5 .16 6.1-7. 3 | Moderate.
70-90 35-45 3-20 >10 . 03 6. 6-8. 4 | Low.
100 95-100 55-70 0.8-2.5 .18 6. 1-6. 5 | Moderate.
98-100 90-100 45-60 0.82.5 .16 6. 6-7. 3 | Moderate.
70-90 60-80 3-10 >10 . 03 6. 6-8. 4 | Low.
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TasLE 3.—Estimated engineering

Depth Classification
Soil series and map symbol from
surface | I
USDA textures Unified AASHO
Dickinson: Inches
Fine sandy loam (DcA, Dc¢B, DcC2). 0-7 | Fine sandy loam____ __________ SM-SC or SC A-4 or A-2
7-20 | Sandy loam___________________ SM to SC -4
20-60 | Loamysand__ _.._____________ SM A-2-4
Fine sandy loam, benches (DkA, DkB, 0-6 Fine sandy loam__ .. __________ SM-SC A-4 or A-2
DkC2, DkD2, DkE2). 6-30 | Sandy loam___________________ SM-SC or SC A-4
30-60 | Loamysand__ ________________ SM A-2-4
Loam (DIA, DIB). 0-14 | Loam ______ . ________________ ML to CLor SM | A-4 or A-6
14-30 | Fine sandy loam______________ SM to SC A4
30-45 | Loamy sand.____.______._______ SM A-2-4
Everly (EcB, EcC2, EsD2). 0-12 | Clayloam . ._____.__________._ ML-CL A-6
(For properties of Storden soil in map- 12-26 | Clay loam _ _____.____________. CL A-6 to A-7-6
ping unit EsD2, refer to the Storden 2660 | Loam_.__________________.____ CL A-6 to A-7-6
series.)
Fostoria:
Clay loam (Fo). 0-14 | Clay loam__ __________________ CL A-6
14-29 | Clay loam____________________ CL A-6
29-46 | Sandy clayloam._______________ SC A-6
46-53 | Sandy loam or sandy clay loam_| SM or SM-SC A-2-4 to A-4
Loam (Fs). 0-19 | Loam.___________.____________ ML or CL A-4 or A-6
19-34 | Loam ________________________ ML or CL A-6
34-50 | Silt loam______ . _____________. ML-CL or CL A-6to A-7T-6
Galva:
Silty clay loam (GaA). 0-12 | Silty elay loam________________ ML or ML-CL A-7-6 or A-7-5
12-39 | Silty elayloam________________ ML-CL A-7-6
39-57 | Siltloam___ ________ _________ ML-CL A-6 to A-T-6
Silty clay loam, benches (GbA). 0-12 | Silty clay loam_.______________ MLor ML-CL A-7-6 or A-7-5
12-48 | Silty clay loam________________ ML-CL A-7-6
48-55 | Sandy loam mixed with some SP-SM or SM A-2
gravel.
55-60 | Sand and gravel_______________ SP-SM A-1or A-2
Glencoe:
Silty clay loam (Ge). 0-25 | Silty elay loam___._______.______ OH to CH A-7-6 or A-7-5
25-46 | Silty clay loam________________ CH to CL A-7-6 or A-7-5
Silty clay loam, gravelly substratum (Gg). 0-7 Silty elay loam________________ CL to OH A-6, A-7-6, or
‘ A-T7-5
7-43 | Clay loam____________________ CL A-6, A-7-6 or
A-7-5
43-60 | Sand and gravel_______________ SP-SM A-1or A-2
Guckeen:
Silty clay loam (GkA, GkB, GkC2). 0-6 | Silty elay loam________________ CL to CH A-7-6
6-28 | Siltyelay___._________________ CH A-7-6
28-36 | Silty elay loam________________ CL to CH A-7-6
36-50 | Loam and silt loam____________ CL A-6
Clay loam, silty clay substratum (GuA, 0-16 | Clay loam____________________ CL to CH A-6 or A-7-6
GuB). 16-34 | Sityelay_ . ________________ CH A-7-6
34-60 | Silty clay_________________ —.-.| CH A-7-6
i
Hagener (HaC2). 0-13 | Loamysand ... ____________.___ SM A-2
13-48 | Sand__._______________________ SP A-3
Harps (Hr). 0-14 | Loam________________________ OL to CL A-6 or A-7-6
14-24 | Clay loam____________________ CL A—-6 or A-7-6
24-50 | Loam.________________________ CL to ML A-6
Ladoga (LaA). 0-14 | Silt loam . __________________ ML or ML-CL A-6 or A-7-6
14-36 | Silty clay loam________________ ML-CL | A-7-6
36-48 | Silty clay loam________________ ML-CL | A-7-6

See footnote at end of table.
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properties of sotls—Continued
Percentage passing sieve— Available
Permeability water Reaction Shrink-swell potential
capacity
No. 4 No. 10 No. 200
Inches per hour Inches per inch of soil pH value
_____________ 100 35-45 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 35-45 2.5-5.0 .10 6.1-6. 5 | Low.

100 96-100 35-50 2. 5-5.0 . 06 6.1-6. 5 | Low.

100 96100 15-30 5. 0-10. 0 .04 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 | Moderate.

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 | Moderate.

100 98-100 65-80 0.8-2.5 .17 5.6-6. 0 | Moderate.

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 0.8-2.5 .18 7. 9-8. 4 | Moderate.
______________ 100 9098 0.8-2.5 .21 6. 1-6. 5 | Moderate to high.
_____________ 100 90-98 0.8-2.5 .19 6. 1-6. 5 | Moderate to high.
_____________ 100 90-95 0.82.5 .18 6. 6-7. 3 | Moderate.
_____________ 100 90-98 0.8-2.5 .21 5.6-6. 0 | Moderate to high.
______________ 100 87-97 0.82.5 .19 6. 0-6. 5 | Moderate to high.

75-95 35-45 10-25 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 0.2-0. 8 .21 6. 6-7. 8 | High.
______________ 100 80-90 0.2-0. 8 .19 6. 6-8. 4 | High.
______________ 100 75-85 0.2-0. 8 .21 6. 6-7. 3 | Moderate to high.

100 95-100 75-85 0.2-0. 8 .17 6. 6-7. 3 | Moderate to high.

70-90 65-75 5-25 >10 .04 6.6-7.8 | Low.

100 98-100 80-90 0.8-2.5 .21 6.1-6. 5 | Moderate to high.
______________ 100 90-100 0. 05-0. 2 .17 6. 5-7. 0 | High.
,,,,,,,,,,,,,, 100 90-100 0.2-0. 8 .19 7. 9-8. 4 | Moderate to high.

100 98-100 60-80 0.8-2.5 16 7. 9-8. 4 | Moderate.
,,,,,,,,,,,,,, 100 65-85 0.8-2.5 .18 6. 6-7. 3 | Moderate to high.
,,,,,,,,,,,,,, 100 85-100 <0. 05 .17 6. 6-8. 4 | High.
______________ 100 85-100 <0.05 16 7.9-8 4 | High.
______________ 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 0.82.5 18 7. 9-8. 4 | Moderate to high.

100 98-100 65-80 0.82.5 17 7. 9-8. 4 | Moderate to high.

95-100 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.
______________ 100 90-98 0.82.5 .19 6. 6~7. 3 | Moderate to high.

100 90-98 0.82.5 16 6. 6-7. 3 | Moderate to high.
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TasLE 3.—Estimated engineering

Depth Classification
Soil series and map symbol from
surface
USDA textures | Unified AASHO
\
Inches ‘
Marcus (Ma). 0-17 | Silty elay loam___._____________ | OH or CL-CH A-7-6 or A-7-5
17-29 | Silty elay loam________________ - CH A-7-6
29-50 | Siltloam_ . ___.______________ ‘ CL A-7-6
Marna (Mc, Me). 0-17 | Silty elay - oo oo | OH-CH A-7-6
17-50 | Silty elay. - oo . CH A-7-6
Marsh (Mbh). L ______ Peat_ __ _______________._. Pt Muck
Muck:
Moderately shallow (Mm), 0-28 | Muek__ . _______ ... ___. Pt Muck
28-50 | Silt loam to silty clay loam_ ____ ML-CL or CL A-7-6
Moderately shallow, calcareous (Mr); 0-29 | Muek__ . o ____. Pt Muck
2948 « Mucky silt loam_______________ OL A-7-6
Shallow (Ms). 0-12 | Muek__ . ______ Pt Muck
12-50 | Silty clay loam and silt loam_._..| ML to CL A-7-6
Nicollet:
Clay loam (Ng¢). 0-19 | Clayloam_______..______._____ CL A-4 or A6
19-45 | Clay loam___________________ CL A6
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 (OcA, OcB, 0cC2). 021 | Loam_ _ . oo .. ML to CL A-4 or A-6
21-34 | Sandy clay loam and fine sandy | SC or CL A-4or A-6
loam.
34-48 | Siltloam. . ______________ ML to CL A-6
Okoboji (Ok). 0-14 | Silt loam_ .. ________________ OH to CL A-7-6 or A-7-5
14-45 | Silty elay loam____ _________.___ CH to CL A-7-6 or A-7-5
45-50 | Silty clay loam__ _____________. CH to 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.________________ CLor 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 elay loam________________ MH or CH A-7-6 or A-7-5
19-49 | Silty elay loam__ . ____________ CLor CH A-7-6
49-56 | Sandy loam to loamy sand and | SP-SM A-1or A-2
gravel.
Rolfe (Ro). 0-14 | Siltloam_ . __________________ OH or CL A-6
14-28 | Clay or silty elay__ . _____._ CH A-7-6
28-50 | Clay loam .- __ .. ______________ CL A-6
Sac (SaB, SaC, SaC2). 0-11 | Silty elay loam____ .. ________ ML or MI-CL A-7-5 or A-7-6
11-28 | Silty elay loam_.______________ ML-CL A-7-6
28-57 | Clayloam .. _____.______._._. CL A-6 to A-7T-6
Salida (SgB, SgC2, SgD2, SgE2, SIF2), 0-7 Gravelly sandy loam___________ SM-SC or SM A-1or A-2
7-11 | Loamy sand mixed with gravel .| SM A-1or A-2
11-44 ; Sand and gravel _______.________ SP-SM A-1-, A-1-b
or A-2
Sandy lake beaches (Sn). 0-11 | Sandy loam or loamy sand__.___ SM or SM-SC A-2 to A4
11-45 | Sand and gravel.__ ____________ | SP-SM A-1 or A-2
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Percentage passing sieve— Available
Permeability water Reaction Shrink-swell potential
capacity
No. 4 No. 10 No. 200
Inches per hour Inches per inch of soil pH value
______________ 100 90-98 0. 2~ .21 6.1-6. 5 | High.
______________ 100 90-98 0.2-0. 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 <0.05 .17 6. 6-8. 4 | High.
______________ 100 95-100 5.0-10. 0 .25 6. 6-7. 3 | Moderate.
______________ 100 85-95 0.82.5 .20 7. 4-8. 4 | Moderate to high.
______________ 100 95-100 5.0-10. 0 .25 7. 9-8. 4 | Moderate.
______________ 100 85-95 0.82.5 .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 0.82.5 .18 6. 1-6. 5 | Moderate.

97-100 85-95 60-80 0.82.5 .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 0.82.5 .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 0.82.5 .14 6. 6-7. 3 | Moderate

100 95-100 75-90 0.82.5 .18 7.9-8. 4 | Moderate.
______________ 100 80-90 0.82.5 .23 6. 6-7. 3 | Moderate to high,
______________ 100 80-90 0.2-0. 8 .20 7.4-7. 8 | High.
______________ 100 75-90 0.2-0. 8 .19 7.4-8. 4 | High.
______________ 100 94-100 0.8-2.5 .21 5. 6-6. 0 | High.
______________ 100 94-100 0.82.5 .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 0.82.5 .16 7.9-8. 4 | Moderate to high.
______________ 100 90-98 0.8-2.5 .21 5. 6-6. 5 | High.
______________ 100 85-95 0.2-2. 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 0.82.5 .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 0.82.5 .21 5.6-6. 0 | Moderate to high.
______________ 100 90-98 0.82.5 .19 5.6-6. 5 | Moderate to high

97-100 90-97 65-80 0.82.5 .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 >10 .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 >10 .02 7.4-7.8 | Low.
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TaBLE 3.—Estimated engineering

1

Depth 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 | Sity elay.__ . ____________ CH A-7-6
36-50 | Silty clay loam_. .. ____________ CH A-7-6
Spillville (Sp). 0-28 | Loam ______ .. _____ . ________ OL or ML to CL. | A-4 or A-6
28-50 | Loam _________________._____- CL A-4 or A-6
Storden (StD2, StE2, StF2, StG2). 06 | Loam________ .. ______.____.___ CL A-4 or A-6
6-36 | Loam ____________________.___. CL A-6
Talcot (Ta). 0-19 | Silty elay 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 elay.__ - .. ____. OH to CH A-7-6
36-50 | Silty elay. .. _________ CH A-7-6
Wacousta (Wa). 0-15 | Silty elay loam________________ OL or ML A-6 to A-7-6
15-48 | Silty elay loam__ .- _____.______ CL to CH A-6 to A-7-6
Wadena:
Loam, deep (WdA, WdB). 0-12 | Loam_____________________.__ ML to CL A-4 to A6
12-38 + Loam ______ . ________._____.. ML to CLor 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—4to A6
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 | oam._. _______________.______ 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-2-40r A4
30-55 | Loamy sand_ . _______________. SM A-2-4
Webster (Wy). 0-21 | Silty elay loam.________________ OH to CL A-7-6 or A-7-5
21-35 | Silty elay loam__ .. ____________ CL A6 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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Percentage passing sieve— Available
Permeability water Reaction Shrink-swell potential
capacity
No. 4 No. 10 No. 200
Inches per hour Inches per inch of soil pH value
______________ 100 90-98 0.8-2.5 .21 6. 1-6. 5 | Moderate to high.
______________ 100 90-98 <0. 05 .17 6. 6-7. 3 | High.
______________ 100 85-95 0.2-0. 8 .18 6. 6-7. 3 | High.
100 95-100 70-85 0.82.5 .19 6. 6—7. 3 | Moderate.
100 95-100 65-80 0.82.5 .17 6. 6-7. 3 | Moderate.

95-100 85-95 50-70 0.8-2. 5 .17 7.9-8.4 | Moderate.

95-100 85-95 50-70 0.82.5 .16 7. 9-8. 4 | Moderate.
______________ 100 70-85 0.8-2.5 .21 7. 4-8. 4 | Moderate 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 65-80 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 0. 5-2. 0 .17 6. 6-8. 4 | Moderate to high.
______________ 100 90-97 <0. 05 .18 6. 1-7. 3 | High.
______________ 100 85-95 <0. 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 95-99 40-55 0.82.5 .16 6. 6-7. 3 | Moderate.

70-90 60-80 3-15 >10 . 03 7.4-8. 4 | Low.

100 95-100 55-70 0.82.5 .17 5.6-6. 0 | Moderate.

98-100 90-100 45-60 0.82.5 .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 0.8-2. 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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TABLE 4.—Engineering

[Because Marsh (Mh) is wet or water stands on it most of the time, it generally is not suitable

Suitability as a source of— Soil features that affect
suitability for—
Soil series and I
map symbol Farm pond
Impermeable Highway
Topsoil Sand Gravel Road fill material location
Reservoir
areas

Afton (Af)eo . Fair_______ Not suitable__| Not suitable__| Very poor; rich | Poor;richin | Frequent high| Frequent high
in organic organic water table; water table;
matter to a matter to a rich in level slopes;
depth of 2 depth of 2 organic some areas
feet or more; feet or matter to a suitable for
frequent high more; ma- depth of 2 dugout
water table; terial below feet or ponds.
high shrink- semipervi- more.
swell poten- ous to im-
tial. pervious

when
compacted.

Alluvial land, chan- | Mostly Not suitable_ .| Not suitable__| Variable; wet Variable_.____ Subject to Nearly level;

neled (Au). poor; and hard to frequent no suitable
variable, excavate in flooding;; gites.
places. frequent
high water
table.

Biscay (Bs)eocoaoo-o Fair__.____ Suitable Suitable Poor above a Poor; upper Seasonal high | Coarse, porous
below a below a depth of 3 part rich in water substratum.
depth of 36 depth of 36 feet, good to organic table; rich
inches or inches or excellent be- matter; in organic
more; gen- more; low; rich in substratum matter in
erally mixed sand organic mat- pervious upper 2
mixed sand and gravel; ter to a when feet; good
and gravel; high water depth of compacted. borrow
high water table may about 2 feet. material
table may hinder ex- below a
hinder ex- cavation. depth of 3
cavation, feet.

Caleo (Ca) oo Fair_______| Not suitable .| Not suitable__| Very poor; poor | Poor; rich in | Seasonal high | Nearly level;
bearing ca- organic water seasonal
pacity and matter to table; sub- high water
shear a depth of jeet to table; some
strength ; sea- about 3 flooding; areas suit-
sonal high feet or poor foun- able for
water table; more. dation for dugout
high com- high fills. ponds.
pressibility;
rich in or-
ganic matter
to a depth of
3 feet or
more.

Canisteo (Ce, Cg).--| Fair__.___. Not suitable._| Not suitable__| Very poor; rich | Poor; rich in | Seasonal high | Nearly level;
in organie organie water table; seasonal
matter to a matter to rich in or- high water
depth of 1% a depth of ganic table; no
to 2 feet; wet 1% to 2 matter in suitable
in places; feet; mate- the upper sites for
seasonal high rial below 1% to 2 conventional
water table. generally feet. ponds.

impervious
when com-
pacted.




CLAY COUNTY, IOWA 71

interpretations of soils

for the engineering purposes listed; therefore, interpretations were not made]

Degree of limitation for—

Soil features that affect suitability for—Continued

Farm pond—Con.

Embankments

Agricultural
drainage

Irrigat’on

Terraces and
diversions

Waterways

Foundations of
low buildings

Septic tank
disposal fields

Rich in organie
matter to a
depth of 2 feet
or more; wet
in places; high
shrink-swell
potential;
fairly stable,

Features vari-
able; not used
for embank-
ments.

Rich in organic
matter to a
depth of about
2 feet; sub-
stratum is
stable but
pervious.

Rich in organic
matter to a
depth of 3 feet
or more; fair
to poor stabil-
ity; poor work-
ability ; poor for
foundations.

Fair stability and
compaction
below surface
layer; low per-
meability when
compacted.

Poorly drained;

tile functions
well.

Variable drain-

age; outlets
difficult to
obtain; fre-
quently flooded.

Poorly drained;
moderately slow
permeability
above coarse
substratum;
tile functions
well but sand
and gravel in
substratum
may hinder
installation.

Poorly drained;

moderately slow
permeability;
tile functions
well but in
places outlets
submerged;
frequently
flooded in
places.

Poorly drained;
tile functions
well if outlets
are adequate.

295-993—69——6

High available

water capac-
ity; medium
to slow in-
take rate;
seasonal high
water table;
drainage
needed.

Features vari-
able; fre-
quently
flooded.

Medium to
high available
water capac-
ity; medium
intake rate.

High available
water capac-
ity; medium
intake rate;
frequently
flooded in
places.

High available
water capac-
ity; medium
intake rate.

i

| Nearly level;
terraces not
needed.

Nearly level;
terraces not
needed.

Nearly level;
terraces not
needed.

Nearly level;
terraces not
needed.

Nearly level;
terraces not
needed.

Seasonal high
water table;
too wet for
construction
in some
places.

Nearly level;
waterways
not needed.

Too wet for
construction
in some
places.

Nearly level;
waterways
not needed.

Too wet for
construction
at times;
features
favorable.

Severe; fair to
poor bearing
capacity;
medium to
high compres-
sibility; fre-
quent high
water table.

Severe; subject to
frequent flood-
ing; frequent
high water
table.

Moderate;
seasonal high
water table;
good bearing
capacity and
slight compres-
sibility in the
substratum.

Severe; seasonal
high water
table; subject
to flooding in
places; high
compressibility
with uneven
consolidation.

Severe; fair bear-
ing capacity;
seasonal high
water table;
medium to high
compressibility.

Severe; mod-
erately slow
permeability;
frequent high
water table.

Severe; subject
to frequent
flooding; fre-
quent high
water table.

Severe; seasonal
high water
table; poor
drainage.

Severe; seasonal
high water
table; subject
to flooding
in some
places; mod-
erately slow
permeability.

Severe; seasonal
water table
is above a
depth of 4
feet; moder-
ately slow to
moderate per-
meability.
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TaBLE 4.—Engineering

Soil series and

Suitability as a source of—

Soil features that affect
suitability for—

symbol Farm pond
Impermeable Highway
Topsoil Sand Gravel Road fill material location
Reservoir
areas
Clarion:

Loam (CIB, CIC2, | Good______ Not suitable_ .| Not suitable..| Good; good Good; imper- | Nearly level Moderate
CID2, CmC2, bearing ca- vious when to strong permeabil-
CmD2). pacity and compacted. slopes; ity unless

(For interpre- shear good em- compacted;
tations of strength; bankment occasional
Storden good work- material. pockets of
soils in ability; good sand or
mapping compaction. gravel.
units CmC2
and CmD2,
refer to the
Storden
series.)

Loam, heavy sub- | Good to Not suitable__| Not suitable__| Good; good Good; imper- | Steep slopes; | Moderate
soil variant the bearing ca- vious when good em- permeabil-
(CIF). depth of pacity and compacted. bankment ity unless

the loam shear material. compacted;
surface strength; seepage
layer. good work- generally
ability; easily low if bot-
compacted to tom is
high density; searified
moderate and com-
shrink-swell pacted;
potential. occasional
pockets of
sand or
gravel.
Colo {Co, CoB, Cs, Fair_______ Not suitable. | Not suitable__{ Very poor; poor | Poor; rich in | Seasonal high | Nearly level;

CtB, CtC). bearing ca- organic water table;|  seasonal

(For inter- pacity and matter to subject high water
pretations shear a depth of to flooding; table; some
of Terril strength; about 3 poor foun- areas suit-
soils in seasonal high feet or dation for able for
mapping water table; more. high fills. dugout
units CtB high com- ponds.
and CtC, pressibility:
refer to the rich in or-

Terril ganic matter
series.) to a depth of
about 3 feet
or more.
Cylinder:

Deep (Cu) oo Good._.___ Suitable be- Suitable be- Fair to a depth | Poor; upper Features fa- Nearly level;
low a low a of 3 feet, 3 feet or vorable; porous sub-
depth of 3 depth of 3 good to ex- more semi- good bor- stratum.
feet; mixed feet; gener- cellent below; pervious row ma-
sand and ally mixed good bearing when com- terial.
gravel. sand and capacity and pacted;

gravel. shear substratum
strength; pervious.
slight com-
pressibility.

Moderately deep Good_ . -.__ Suitable be- Suitable be- Good to excel- Poor; sub- Features fa- Nearly level;

(Cy) low a low a lent below a stratum vorable; porous sub-
depth of 2 depth of 2 depth of 2 to pervious good bor- stratum.
to 3 feet; to 3 feet; 3 feet; good when com- row ma-
generally generally bearing ca- pacted. terial.
mixed sand mixed sand pacity and
and gravel; and gravel; shear strength;
quality quality slight com-
variable. variable. pressibility.
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Soil features that affect suitability for—Continued

Degree of limitation for—

Farm pond—Con.

Embankments

Agricultural
drainage

Irrigation

Terraces and
diversions

Waterways

Foundations of
low buildings

Septic tank
disposal fields

Good stability;
good for imper-
vious cores
when com-
pacted; occa-
sional stones
or boulders;
moderate
shrink-swell
potential.

Good stability;
good for imper-
vious cores;
occasional
stones or
boulders; good
resistance to

piping.

Rich in organic
matter to a
depth of 3 feet
or more; fair to
poor stability;
poor workabil-
ity; poor em-
bankment
foundation.

Good stability,
especially in
substratum;
substratum
pervious when
compacted.

Good stability,
especially be-
low a depth of
2 feet; substra-
tum pervious
when com-
pacted.

Well drained;

drainage not
needed.

Well drained;

drainage not
needed.

Poorly drained;

moderately
slow permea-
bility; tile func-
tions well; out-
lets submerged
in some places;
subject to
flooding.

Somewhat poorly

drained; tile
drains not gen-
erally needed;
sand and gravel
at a depth of 3
feet or more.

Somewhat poorly

drained; tile
drains generally
not needed;
sand and gravel
at a depth of 2
to 3 feet.

Medium intake
rate; high
available
water capac-
ity; gravity
system not
suitable on
strong slopes.

Steep slopes.

Medium intake
rate; high
available wa-
ter capacity;
subject to
flooding.

Medium avail-
able water
capacity;
medium in-
take rate.

Low available
water capac-
ity; rapid
permeability
in substratum
limits effec-
tive irrigation
to a depth of 2
to 3 feet.

Complex slopes
in places;
features
favorable
except for
occasional
stones or
boulders.

Steep slopes;
nonarable.

Nearly level or
gently slop-
ing; terraces
not needed.

Nearly level;
terraces not
needed.

Nearly level;
terraces not
needed.

Nearly level to
strongly slop-
ing; easy to
establish
plants; occa-
sional stones
or boulders.

Steep slopes;
nonarable.

Nearly level;
waterways
not needed.

Nearly level;
features fa-
vorable.

Nearly level;
features fa-
vorable.

Slight; good shear
strength;
medium com-
pressibility;
deep to water
table.

Slight; good bear-
ing capacity
and shear
strength; low
compressibility;
moderate
shrink-swell
potential.

Severe; seasonal
high water ta-
ble; subject to
flooding; high
compressibility
with uneven
consolidation.

Slight ; good bear-
ing capacity
and shear
strength;
glight com-
pressibility in

the substratum.

Slight; good bear-
ing capacity;
slight compres-
sibility; low
shrink-swell
potential.

Slight except for
slopes; mod-
erate per-
meability;
water table
generally
below a depth
of 4 feet.

Slight except for
slopes; steep
slopes hinder
layout and
installation.

Severe; seasona
high water-%
table; subject
to flooding;
moderately
slow permea-
bility.

Slight to mod-
erate; occa~
sional high
water table;
contamination
of streams |
or water sup-
plies possible.

Slight; contam-
ination of
streams or
water supplies
possible.
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Soil series and

Suitability as a source of—

Soil features that affect
suitability for—

symbol Farm pond
Impermeable Highway
Topsoil Sand Gravel Road fill material location
Reservoir
areas
Dickinson:

Fine sandy loam Fair to Substratum Not suitable__| Good; fair bear- | Poor; semi- Erodibility Rapid per-
(DcA, D¢B, good. suitable for ing capacity; pervious in embank- meability
DcC2). road sub- slight eom- when com- ments and in sub-

grade but pressibility; pacted. cuts; some stratum;
not for good work- heavy seep- compaction
subbase; ability and age in or sealing
high in compaction deep cuts. material
fines. character- needed;
istics. few suit-
able sites.

Fine sandy loam, Fair to Fair; gener- Fair to poor; | Good,; fair bear- | Poor; semi- Erodibility Rapid per-
benches (DKkA, good. ally under- generally ing capacity; pervious in embank- meability
DkB, DkC2, lain below underlain slight com- when com- ments. in sub-
DkD2, DkE2). a depth of below a pressibility; pacted. stratum;

4 feet or depth of 4 good work- compaction
more by feet by ability and or sealing
sand mixed sand mixed compaction material
with some with some character- needed;
gravel. gravel. istics. few suit-
able sites.
Loam (DIA, DIB)..| Good. _.___._ Substratum Not suitable_ | Good; good Poor; semi- Erodibility Rapid per-
suitable for bearing pervious in embank- meability
road sub- capacity; when com- ments and in sub-
grade but slight com- pacted. cuts; some stratum;
not for pressibility; heavy seep- compaction
subbase; generally low age in or sealing
high in shrink-swell deep cuts. material
fines. potential; needed;
good work- few suit-
ability and able sites.
compaction.
Everly (EcB, EcC2, Fair. . __._ Not suitable_ .| Not suitable. .| Good; good Good; imper- | Features Moderate

EsD2). shear vious when favorable; permeabil-

(For inter- strength and compacted. good for ity but
pretations bearing ca- embank- slow when
of the pacity; good ment disturbed
Storden workability material. and com-
soil in map- and com- pacted;
ping unit paction char- generally
EsD2, refer acteristics; low seep-
to the moderate age; occa-
Storden shrink-swell sional
series. ) potential. pockets of

sand or
gravel.
Fostoria:
Clay loam (Fo)..._| Fair__._.___| Not suitable__| Not suitable__| Fair; fair to Poor to fair; Nearly level; | Nearly level;

good bearing
capacity; fair
workability
and compac-
tion.

semiper-
vious to
impervious
when com-
pacted.

fair for
borrow ma-
terial; oc-
casional
high water
table.

no suitable
sites.
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Soil features that affect suitability for—Continued

Degree of limitation for—

Farm pond—Con.

Good stability;
good for im-
pervious cores
when com-
pacted; occa-
sional stones
or boulders;
moderate
shrink-swell
potential ; good
resistance to
piping.

Fair to good sta-
bility; fair to
good compac-
tion and work-
ability.

Well drained;

drainage not
needed.

Somewhat poorly

drained; tile
drains gener-
ally not needed;
sandy substra-
tum.

High available
water capac-
ity ; medium
intake rate;
rapid runoff;
erodibility.

High available
water capac-
ity ; medium
intake rate.

Features favor-
able; occa-
sional stones
or boulders.

Nearly level;
terraces not
needed.

Features favor-
able; occa-
sional stones
or boulders.

Nearly level;
waterways
not needed.

Slight; good

shear strength
and bearing
capacity ; mod-
erate shrink-
swell potential;
deep to water
table.

Slight ; generally

good bearing
capacity and
shear strength;
slight compres-
sibility; occa-
sional high
water table.

Agricultural Terraces and Foundations of Septic tank
drainage Irrigation diversions Waterways low buildings disposal fields
Embankments

Fair stability; Somewhat exces- Low available Erodibility; Erodibility; Slight; low Slight; con-
good work- sively drained; water capac- sandy sub- low available shrink-swell tamination
ability and drainage not ity; rapid in- stratum; water capac- potential; fair of streams or
compaction; needed. take rate; difficult to ity; difficult bearing capac- water sup-
erodible on requires establish to establish ity; consoli- plies possible.
slopes; poor frequent plants in plants. dation rapid
resistance to irrigation; channels. and possibly
piping. erodibility. uneven; sub-

ject to liqui-
fying and
piping.

Fair stability; Somewhat exces- Low available Erodibility; Erodibility; Slight; low Slight ; contam-
slight com- sively drained; water capac- sandy sub- sandy sub- shrink-swell ination of
pressibility; drainage not ity; rapid in- stratum; stratum; low potential; fair streams and
moderate per- needed. take rate; difficult to available bearing capac- water sup-
meability when requires establish water capac- ity; consoli- plies possible.
compacted. frequent plants in ity; difficult dation rapid

irrigation; channels. to establish and possibly

erodibility. plants. uneven;
becomes un-
stable and
liquifies when
saturated.

Fair stability; Somewhat exces- Low available Erodibility; Erodibility; low | Slight; low Slight; contam-
good work- sively drained; water capac- difficult to available shrink-swell ination of
ability and drainage not ity; rapid in- establish water capac- potential; fair streams or
compaction; needed. take rate; plants in ity; difficult bearing capac- water sup-
erodibility on requires channels. to establish ity; consoli- plies possible.
slopes; poor frequent plants. dation rapid
resistance to irrigation; and possibly
piping. erodibility. uneven.

Slight ;
moderate per-
meability;
water table
generally
below a
depth of 4
feet.

Slight to mod-
erate; occa-
sional high
water table.
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TABLE 4.—Engineering

Soil series and

Suitability as a source of—

Soil features that affect
suitability for—

symbol Farm pond
Impermeable Highway
Topsoil Sand Gravel Road fill material location
Reservoir
areas
Fostoria—Continued
Loam (Fs)___-_.___ Good._____. Not suitable._{ Not suitable__| Fair; fair to Poor to fair; Nearly level; | Nearly level;
poor bearing semiper- fair for no suitable
capacity; fair vious when borrow sites.
workability compacted. material;
and compac- occasional
tion. high water
table.
Galva:
Silty clay loam Fair_______ Not suitable_ .| Not suitable__| Fair; fair to Fair; semi- Nearly level; | Nearly level;
(GaA). poor shear pervious to fair em- low perme-
strength and impervious bankment ability
bearing ca- when com- material. when dis-
pacity; me- pacted. turbed and
dium to high compacted;
compressibil- few suit-
ity and com- able sites.
paction char-
acteristics.
Silty clay loam, Fair_ . __.__ Suitable be- Suitable be- Fair above a Fair above a | Nearly level; | Porous sub-
beneches (GbA): low a low a depth of 3% depth of good bor- stratum;
depth of depth of feet; fair to 3% feet; row mate- not suit-
3% feet; 3% feet; poor bearing poor below rial below able.
generally generally capacity and 314 feet. a depth of
mixed sand mixed sand shear 3% feet.
and gravel. and gravel. strength;
good below
3% feet; good
shear
strength
and slight
compressi-
bility.
Glencoe:
Silty clay loam Fair_______| Not suitable._| Not suitable._| Very poor; rich | Very poor; Frequent Frequent high
(Ge). in organie rich in " high water water table;
matter to a organic table; sub- some areas
depth of 2 to matter to a ject to suitable for
3 feet; fair to depth of 2 ponding; dugout
poor shear to 3 feet. wet, plastic ponds.
strength; material.
poor bearing
capacity;
high compres-
sibility.
Silty clay loam, Fair. . _..__ Suitable be- Suitable be- Poor above a Poor; upper Seasonal high | Coarse, porous

gravelly sub-
stratum (Gg).

low a
depth of 36
inches or
more; gen-
erally
mixed sand
and gravel;
high water
table may
hinder ex-
cavation.

low a
depth of 36
inches or
more; gen-
erally
mixed sand
and gravel;
high water
table may
hinder ex-
cavation.

depth of 3
feet; good to
excellent be-
low; rich in
organic mat-
ter to a
depth of
about 2 feet
or more.

part rich
in organic
matter;
substratum
pervious
when com-
pacted.

water
table; some
ponding
after heavy
rains or in
wet
periods.

substratum.
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Soil features that affect suitability for—Continued

Degree of limitation for—

Farm pond-—Con.

Septic tank
disposal fields

workability,
and compac-
tion.

Fair stability,
workability,
and compac-
tion; medium
compressibility.

Fair stability;
fair workabil-
ity and com-
paction to a
depth of 314
feet; good sta-
bility below
314 feet; per-
vious.

Rich in organic
matter to a
depth of 2 to 3
feet; fair to
poor stability;
poor compac-
tion; high com-
pressibility.

Rich in organic
matter to a
depth of about
2 feet; sub-
stratum stable
but pervious.

Well drained

drained; tile
drains generally
not needed; tile
functions well.

Well drained;

drainage not
needed.

Very poorly

drained; mod-
erately slow
permeability;
tile functions
fairly well;
French drains,
open ditches, or
surface intake
needed; outlets
may require
deep cuts.

Very poorly

drained; mod-
erately slow
permeability
above the
coarse sub-
stratum; tile
functions well;
the sand and
gravel in the
substratum
may cause
installation
difficulties.

water capac-
ity; medium
intake rate.

High available

water capac-
ity; medium
intake rate.

Medium to

high avail-
able water
capacity; me-
dium intake
rate.

Very poorly

drained;
irrigation
seldom
needed.

Medium to

high available
water capac-
ity ; medium
intake rate.

Nearly level;
features fa-
vorable.

Nearly level;
features
favorable.

Depressions;
terraces not
needed.

Nearly level;
terraces not
needed.

waterways
not needed.

Nearly level;
features fa-
vorable.

Nearly level;
features
favorable.

Depressions;
waterways

not needed.

Nearly level;
waterways
generally
needed.

o Agricultural Terraces and Foundations of
drainage Irrigation diversions Waterways low buildings
Embankments
Fair stability, Somewhat poorly | High available Not needed.___. Nearly level; Slight to moder-

ate; fair to poor

bearing capac-
ity and shear
strength; me-
dium to high
compressibility;
occasional high
water table.

Moderate; gener-

ally poor bear-
ing capacity
and shear
strength; me-
dium compres-
sibility ; moder-
ate shrink-
swell potential.

Slight; slight com-

pressibility and
good bearing

capacity in sub-

stratum.

Severe; frequent

high water
table; subject
to ponding;
high compres-
sibility and
uneven con-
solidation;
poor bearing
capacity.

Severe; seasonal

high water
table; some
ponding after
heavy rains or
in wet periods.

Slight to mod-

erate; occa-
sional high
water table.

Slight ; moder-

ate permea-
bility; deep
to water
table.

Slight; moder-

ate permea-
bility in the
upper part,
rapid below
a depth of
314 feet; con-
tamination of
streams and
water sup-
plies possible.

Severe; frequent,

high water
table; subject
to ponding;
moderately
slow to slow
permeability.

Severe; seasonal

high water
table; some
ponding after
heavy rains
and in wet
periods.
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TaBLE 4.—Engineering

Suitability as a source of—

Soil features that affect
suitability for—

Soil series and

symbol Farm pond
Impermeable Highway
Topsoil Sand Gravel Road fill material loeation
Reservoir
areas

Guckeen:

Silty clay loam Fair_______ Not suitable_ .| Not suitable__| Very poor Fair; imper- Seasonal high | Nearly level;
(GkA, GKkB, above a vious when water no suitable
GkC2). depth of 3 compacted table; very sites.

feet; high but subject plastic
shrink-swell to crack- above 3
potential and ing and feet; good
compressi- volume borrow
bility; 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 and compacted table; very permeability;
GuB). bearing ca- but subject plastic no suitable

pacity; high to cracking material. sites.
shrink-swell and volume

potential; change.

high com-

pressibility.

Hagener (HaC2)_____ Very poor._| Not suitable Not suitable_ .| Good; good Very poor; High erodi- Rapid per-
for con- bearing ca- pervious bility on meability.
crete; fair pacity; low material. embank-
for road shrink-swell ments; may
subbase, potential; liquify if

subject to moved
liquifying and when wet.
piping; high

erodibility on

embank-

ments.

Harps (Hr)- oo ___ Poor; high | Not suitable__| Not suitable__| Very poor; sea- | Fair; imper- ‘Seasonal high | Nearly level;
in cal- sonal high vious below water table. seasonal
cium car- water a depth of high water
bonate. table; high 1% feet table; no

shrink-swell when com- suitable
potential; pacted. sites.
fair bearing
capacity and
shear
strength,
Ladoga (LaA)__.____ Fair.______ Not suitable_ .| Not suitable_.| Fair; fair to Fair; semi- Fair for em- Nearly level;

poor bearing
capacity and
shear
strength;
medium to
high com-
pressibility;
fair to poor
workability
and compac-
tion charac-
teristies.

pervious to
impervious
when ecom-
pacted.

bankments;
other
features
favorable.

few suitable
sites; per-
meability
moderate
but low
when scari-
fied and
compacted.
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Soil features that affect suitability for—Continued

Degree of limitation for—

Farm pond—Con.

Embankments

Agricultural
drainage

Irrigation

Terraces and
diversions

Waterways

Foundations of
low buildings

Septic tank
disposal fields

Fair stability
above a depth
of 3 feet, good
stability below;
moderate to
high shrink-
swell potential;
excellent re-
sistance to

piping.

Fair stability on
level slopes;
poor compac-
tion; high
shrink-swell
potential;
excellent re-
sistance to

piping.

Fair stability;
slight com-
pressibility;
pervious; poor
resistance to
piping.

Not ordinarily
used.

Fair stability;
fair to poor
compaction and
workability;
medium com-
pressibility;
poor resistance
to piping.

Somewhat poorly

to moderately
well drained;
some areas
benefited from
tile drains; tile
functions well.

Somewhat poor to

moderately
good; some
areas benefited
from tile drains;
tile may not
function well.

Excessively

drained; drain-
age not needed.

Poorly drained;

tile functions
well.

Well drained;
drainage not
needed.

High available
water capac-
ity; slow
intake rate.

High available
water capac-
ity; slow in-
take rate.

Low available
water eapac-
ity; rapid
intake rate;
frequent irri-
gation
needed;
subject to
erosion.

High available
water capac-
ity; medium
intake rate;
seasonal high
water table.

High available
water capac-
ity; medium
intake rate.

Clayey subsoil;
difficult to
establish
plants in
terrace chan-
nels without
adding top-
soil.

Clayey subsoil;
difficult to
establish
plants in ter-
race channels
without add-
ing topsoil.

Sandy subsoil
and substra-
tum; high
erodibility;
difficult to
establish
plants.

Not needed. ...

Nearly level;

features
favorable.

Clayey subsoil;
difficult to
establish
plants in
channels
without add-
ing topsoil.

Clayey subsoil;
difficult to
establish
plants with-
out adding
topsoil.

High erodibil-
ity; difficult
to establish
and main-
tain plants.

Seasonal high
water table;
wetness hin-
ders construc-
tion.

Nearly level;
features
favorable.

Slight ; substratum

has good bear-
ing capacity,
moderate
shrink-swell
potential, and
slight compres-
sibility ; seasonal
high water
table.

Moderate; fair to

poor bearing
capacity; high
shrink-swell
potential; high
compressibility;
seasonal high
water table.

Slight to none;

good bearing
capacity and
shear strength;
low shrink-
swell potential;
slight com-
pressibility;
subject to liqui-
fying and
piping.

Severe; fair shear

strength; fair
bearing capac-
ity; seasonal
high water
table; moder-
ate to high
shrink-swell
potential.

Slight to moder-

ate; fair to poor
bearing capac-
ity and shear
strength; me-
dium to high
compressibility;
moderate to
high shrink-
swell potential.

Slight to mod-
erate; poor
below a depth
of 3% feet;
seasonal high
water table.

Severe; slow
permeability.

Slight; contam-
ination of
streams and
water supplies
possible.

Severe; moder-
ate permeabil-
ity; seasonal
high water
table; gen-
erally adja-
cent to very
wet soils in
depressions.

Slight; moder-
ate permeabil-
ity; deep to
water table.
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TaBLE 4.—Engineering

Soil series and

Suitability as a source of—-

Soil features that affect
suitability for—

symbol Farm pond
Impermeable Highway
Topsoil Sand Gravel Road fill material location -
Reservoir
areas

Mareus (Ma)_ -~ - Fair_______ Not suitable_ .| Not suitable__{ Very poor; fair | Poor;rich in | Seasonal high | Nearly level;
to poor bear- organic water table; seasonal
ing capacity; matter to a rich in or- high water
rich in or- depth of 2 ganic mat- table; some
ganic matter feet; semi- ter to a areas suit-
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.

Marna (Mc, Me).___| Poor_______ Not suitable. _| Not suitable_ .| Very poor; Fair; im- Seasonal high | Nearly level;
very plastic pervious water table; slow perme-
material. when com- very plastic; ability; sea-

pacted; rich in or- sonal high
subject to ganic mat- water table;
cracking and ter to a no suitable
volume depth of sites for con-
change. 1% feet. ventional
ponds.

Muck:

Moderately shallow
(Mm) oo Good if Not suitable. .| Not suitable_.| Not suitable; Not suitable_ .| Not suitable Occurs in de-

mixed with rich in or- for borrow pressions;
mineral ganic matter; material; some areas
soil. frequent frequent suitable
high water high water for dugout
table. table; sub- ponds.
ject to
ponding.

Moderately shal- Poor; Not suitable. _| Not suitable_.| Not suitable; Not suitable. .| Not suitable Occurs in de-
low, calcareous highly rich in or- for borrow pressions;
(Mr). calear- ganic matter; material; some areas

eous; low frequent high frequent suitable for
in plant water table. high water dugout
nutrients. table; sub- ponds.

ject to

ponding.

Shallow (Ms)_..___{ Fair to Not suitable_ .| Not suitable. .| Not suitable to | Very poor; Seasonal high | Seasonal high
good if a depth of muck to a water water
mixed about 1% depth of table; sub- table; some
with feet; very about 1 or ject to areas suit-
mineral poor bearing 1% feet; ponding; able for
soil. capacity; very very poor dugout

high com- pervious. as borrow ponds.
pressibility. material.
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Soil features that affect suitability for—Continued

Degree of limitation for—

Farm pond—Con.

Embankments

Agricultural
drainage

Irrigation

Terraces and
diversions

Waterways

Foundations of
low buildings

Septic tank
disposal fields

Fair stability;
poor compac-
tion; high com-
pressibility;
slow perme-
ability when
compacted.

Fair stability on
level slopes;
poor compac-
tion; high com-
pressibility and
shrink-swell
potential.

Not suitable

Not suitable

Not suitable to
a depth of 1%
feet; poor sta-
bility and
compaction;
high com-
pressibility
below 1% feet;
not ordinarily
used.

Poorly drained;

tile functions
well.

Poorly drained;

slow permeabil-
ity; tile does
not function
well; close
spacing of tile
needed; surface
drains benefi-
cial in places.

Very poorly

drained; gen-
erally moderate
permeability in
mineral part;
open intake or
surface ditches
needed in
ponded areas.

Very poorly

drained; gen-
erally moderate
permeability in
mineral part;
open intake or
surface ditches
needed.

Very poorly

drained; mod-
erately slow
permeability;
tile funetions
well but deep
cuts needed in
places for out-
lets; open in-
take or surface
ditches also
needed in
places.

High available

water capac-
ity; medium
to slow intake
rate; seasonal
high water
table.

Medium to high

available
water capac-
ity; intake
rate generally
slow.

High available

water eapac-
ity; rapid in-
take rate in
muck part,
medium in
mineral part.

High available

water ecapac-
ity; rapid in-
take rate in
muck part,
medium in
mineral part.

Very poorly

drained;
irrigation not
needed.

Nearly level;
terraces not
needed.

Nearly level;
terraces not
needed.

Depressions;
terraces not
needed.

Depressions;
terraces not
needed,

Depressions;
terraces not
needed.

Seasonal high
water table;
wetness
hinders con-
struction.

Seasonal high
water table;
wetness hin-
ders construc-
tion in
places.

Depressions;
waterways
not needed.

Depressions;
waterways
not needed.

Depressions;
waterways
not needed.

Severe; fair to
poor bearing
capacity; high
compressibility;
seasonal high
water table;
high shrink-
swell potential.

Severe; fair to
poor bearing
capacity; sea-
sonal high
water table;
high shrink-
swell potential.

Severe; frequent
high water
table; subject
to ponding.

Severe; frequent
high water
table; subject
to ponding.

Very severe; muck
extends to a
depth of about
1 or 1% feet;
poor bearing
capacity and
shear strength;
seasonal water
table near the
surface.

Severe; moder-

ately slow
permeability;
seasonal high
water table.

Severe; sea-

sonal high
water table;
slow per-
meability.

Severe; frequent

high water
table; subject
to ponding.

Severe; frequent

high water
table; subject
to ponding.

Severe; seasonal

water table
near the
surface;
moderately
slow per-
meability.
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TaBLE 4—FB'ngineering

Soil series and
map symbol

Suitability as a source of—

Soil features that affect
suitability for—

Farm pond

Impermeable Highway
Topsoil Sand Gravel Road fill material location
Reservoir
areas

Nicollet:

Clay loam (Nc¢)____| Fair________ Not suitable_ .| Not suitable__| Good; good Good; mate- High water Nearly level;
bearing ca- rial below table in slow per-
pacity; fair surface wet peri- meability
to good work- layer im- ods; rich when com-
ability and pervious in organic pacted;
compaction; when com- matter to a few suit-
moderate pacted. de/pth of able sites.
shrink-swell 1% feet.
potential;
occasional
high water
table.

Loam (No)_-._.___ Good.-_.____ Not suitable_ | Not suitable__| Fair to good; Fair to good; | High water Nearly level;
rich in or- material table in generally
ganic matter below sur- wet peri- no suitable
to a depth face layer ods; rich sites; mod-
of about 1% impervious in organic erate per-
feet; good when com- matter to a meability
bearing ca- pacted. de})th of when not
pacity; com- 1)5 feet. compacted.
pacts to high
density
below 1%
feet.

Ocheyedan (OcA, Good.-..____ Not suitable._| Not suitable__| Fair; fair bear- | Fair; semi- Features No suitable

OcB, 0cC2). ing capacity, pervious to favorable; sites.
shear impervious amount of
strength, when com- material
workability, pacted. for em-
and com- bankment
paction; fair.
medium com-
pressibility.

Okoboji (Ok) .- ____ Good_ ... _. Not suitable._| Not suitable._| Very poor; rich | Very poor; Frequent Frequent high
in organic rich in high water water table;
matter to a organic table; sub- some areas
depth of 2 or matter to a - ject to suitable for
3 feet; poor depth of 2 ponding; dugout
bearing or 3 feet. material ponds.
capacity; wet and
high com-~ plastic.
pressibility
and uneven
consolidation.

Primghar:

Silty clay loam Fair_______ Not suitable__| Not suitable__| Poor; fair to Fair; rich in Water table Nearly level;

(Pr). poor bearing organic occasion- few suitable
capacity, matter to a ally above sites.
workability, depth of a depth of
and compac- about 1% 4 feet; rich
tion charac- feet; semi- in organic
teristics; high pervious to matter to a
shrink-swell impervious depth of
potential. below 1% about 1%

feet when feet; poor
compacted. for em-

bankment.
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Soil features that affect suitability for—Continued

Degree of limitation for—

Farm pond—Con.

Embankments

Agricultural
drainage

Irrigation

Terraces and
diversions

Waterways

Foundations of
low buildings

Septic tank
disposal fields

Fair stability;
fair to good
workability
and com-
paction; slow
permeability;
good for cores
and blankets
when com-
pacted.

Fair to good
stability; rich
in organic
matter to a
depth about
134 feet; mate-
rial below 1%
feet compacts
to high density;
good for cores.

Fair stability;
fair work-
ability and
compaction;
fair to poor
resistance to
liquifying and
piping.

Rich in organic
matter to a
depth of 2 or 3
feet.

Fair stability;
slow perme-
ability when
compacted;
medium to
high compres-
sibility.

Somewhat poorly
drained; some
areas benefit
from drainage;
tile functions
well.

Somewhat poorly

drained; some
areas benefit
from tile
drains; tile
functions well.

Well drained;
drainage not
needed.

Very poorly

drained ; mod-
erately slow
permeability;
tile functions
fairly well;
surface ditches
and open
intakes needed
in places; deep
cuts needed in
places for out-
lets.

Somewhat poorly
drained; some
areas benefit
from tile drains;
tile functions
well.

High available
water capac-
ity ; medium
intake rate.

High available
water capac-
ity; medium
intake rate.

High available
water capac-
ity ; medium
intake rate.

Very poorly
drained ; irri-
gation not
needed.

High available
water capac-
ity; medium
intake rate.

Nearly level;
terraces not
generally
needed; fea-
tures favor-
able; occa-
sional stones
or boulders
may hinder
construction.

Nearly level;
terraces gen-
erally not
needed; fea-
tures favor-
able; occa-
sional stones
or boulders
may hinder
construction.

Features favor-
able.

Nearly level;
terraces not
needed.

Nearly level;
terraces not
generally
needed.

Features favor-
able; occa-
sional stones
or boulders
may hinder
construction.

Features favor-
able; occa-
sional stones
or boulders
may hinder
construction.

Features favor-
able,

Nearly level;
waterways
not needed.

Features favor-
able.

Moderate; fair
shear strength;
good bearing
capacity;
slight com-
pressibility
below a depth
of 1% feet;
high water
table in wet
periods.

Moderate; fair
shear strength;
good bearing
capacity;
slight com-~
pressibility
below a depth
of 1% feet;
high water
table in wet
periods.

Slight to mod-

erate; fair bear-
ing capacity
and shear
strength; mod-
erate shrink-
swell potential;
medium to high
compressibility.

Severe; frequent

high water
table, high
compressibility
and uneven
consolidation;
poor bearing
capacity.

Slight to moder-

ate; fair to good
shear strength
and bearing
capacity; high
shrink-swell
potential; oc-
casional high
water table.

Moderate; mod-
erate per-
meability ;
high water
table in wet
periods.

Moderate; high
water table
in wet peri-
ods; moderate
permeability.

Slight; moderate
permeability;
deep to
water table.

Severe; frequent
high water
table; subject
to ponding.

Moderate; mod-
erately slow
to moderate
permeability;
water table
is within 4
feet of the
surface at
times.
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Soil series and
map symbol

Suitability as a source of—-

Soil features that affect
suitability for—

Farm pond

Impermeable Highway
Topsoil Sand Gravel Road fill material location
Reservoir
areas

Primghar—Continued

Silty elay loam, Fair_______ Fair to good Fair to poor Poor in the Fair above Nearly level; Nearly level;
benches (Ps). in the sub- in the sub- upper part, the sub- rich in few suitable
stratum; stratum; good in the stratum; organic sites; sub-
generally generally substratum. rich in matter to a stratum
mixed sand mixed sand organic depth of rapidly
and gravel. and gravel. matter to a about 1% permeable.
depth of feet; oc-
about 1% casional
feet; sub- high water
stratum table.
pervious
when com-
pacted.
Rolfe (Ro) - _____. Fair to Not suitable__| Not suitable._.| Very poor; fre- | Fair; mostly Occurs in Occurs in
good. quent high impervious depressions; depressions;
water table; when com- very poorly some areas
subject to pacted. drained; may be
ponding; subject to suitable for
medium to ponding; dugout
high compres- frequent ponds.
sibility. high water
table.

Sac (SaB, SaC, Fair___ ____ Not suitable__| Not suitable._| Fair in mate- Good; mate- Long gentle Moderate

SaC2). rial above till; rial above slopes; fair permeabil-
fair to poor till semi- borrow ity when
bearing ca- pervious to material. not com-
pacity; mod- impervious pacted,
erate to high when com- slow when
shrink-swell pacted; scarified
potential; underlying and com-
good in un- till imper- pacted; not
derlying till; vious when ordinarily
good bearing compacted. used.
capacity and
good compae-
tion.

Salida (SgB, SgC2, Very poor; | Poor.____.___ __Fair to good;| Good; good Poor; semi- Gentle to Pervious sub-
SgD2, SgE2, thin top mixed sand bearing ca- pervious to steep stratum ; ex-
SIF2). layer and gravel. pacity; low pervious slopes: cess seep-

suitable. shrink-swell when com- good for age.
potential; pacted. embank-
slight com- ment ma-
pressibility. terial.

Sandy lake beaches Fair to Sandy mate- | Not suitable._| Good; fair shear | Poor; semi- Generally Nearly level,;
(Sn). very rial suit- strength and pervious or adjacent to no suitable

poor; able for bearing ca- pervious water or sites.
content road sub- pacity; slight when com- drained de-

of or- base in compressibil- pacted. pressions.

ganic some ity; saturated

matter places. and hard to

variable. excavate in

places.
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Soil features that affect suitability for—Continued

Degree of limitation for—

Farm pond—Con.

Embankments

Agricultural
drainage

Irrigation

Terraces and
diversions

Waterways

Foundations of
low buildings

Septic tank
disposal fields

Substratum
stable but
somewhat
pervious.

Features favor-
able; not used
for embank-
ments.

Poor stability to
a depth of 2 or
3 feet, good
stability below
3 feet; gener-
ally slow per-
meability when
compacted;
some stones
and boulders
in the under-
lying till.

Fair stability;
good strength
and compac-
tion character-
istics; some-
what pervious
layers; some
stones and
boulders.

Stable; pervious._.

Somewhat poorly
drained; drain-
age not gener-
ally needed.

Very poorly
drained; slow
permeability;
tile drains
needed; open
ditches or in-
takes also
needed in
places.

Well drained,;
drainage not
needed.

Excessively
drained; drain-

age not needed.

Excessively
drained; drain-

age not needed.

High available
water capac-
ity; medium
intake rate.

Medium to
slow intake
rate; subject
to ponding.

High available
water capac-
ity; medium
intake rate;
subject to
runoff and
erosion.

Very low avail-
able water
capacity; ra-
pid intake
rate; short,
uneven slopes.

Low available
water capac-
ity; rapid
intake rate.

Nearly level;
terraces not
needed.

Depressions;
terraces not
needed.

Features favor-
able.

Gently sloping
to steep; shal-
low to sand
and gravel;
high erodi- .
bility on
steeper
slopes; diffi-
cult to estab-
lish plants.

Nearly level;
terraces not
needed.

Features favor-
able.

Depressions;
waterways
not needed.

Features favor-
able.

Shallow to
sand and
gravel; diffi-
cult to con-
struct water-
ways and to
establish
plants.

Low available
water capac-
ity; difficult
to establish
plants.

Slight to mod-

erate; good
shear strength
and bearing
capacity; low
compressibility;
occasional high
water table.

Severe; frequent

high water
table; subject
to ponding;
medium to high
shrink-swell
potential.

Slight; good bear-

ing capacity
below a depth
of 2 or 3 feet;
slight compres-
sibility; deep to
water table.

Slight; good bear-

ing capacity;
low shrink-
swell potential;
good shear
strength.

Moderate to

severe; fair
shear strength
and bearing
capacity; low
shrink-swell
potential; poor
resistance to

piping.

Slight ; ocea-
sional high
water table;
contamina-
tion of streams
and water
supplies
possible.

Severe; frequent
high water
table; subject
to ponding.

Slight; moder-
ate permea-
bility; deep
water table.

Slight; rapid
permeability;
contamina-
tion of streams
or water sup-
plies possible.

Slight; con-
tamination of
streams and
water sup-
plies possible.
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Soil series and
map symbol

Suitability as a source of—

Soil features that affect
suitability for—

Farm pond

Impermeable Highway
Topsoil Sand Gravel Road fill material location
Reservoir
areas

Sperry (S0)ceooooo Fair___ ____ Not suitable_.| Not suitable__| Very poor; sea- | Fair; imper- Seasonal high | Oceurs in de-
sonal high vious when water ta- pressions;
water table; compacted ; ble; sub- some areas
subject to subject to ject to suitable
ponding; high cracking and| ponding; for dugout
shrink-swell volume very plas- ponds.
potential and change. tic mate-
compressi- rial.
bility.

Spillville (Sp) - ----_- Good . ___._ Not suitable_ _| Not suitable_ _| Poor; rich in Poor; rich in Subject to Nearly level;
organic mat- organic flooding; no suitable
ter to a matter to a rich in or- sites.
depth of 3 depth of 3 ganic
feet; fair feet. matter to a
bearing ca- depth of 3
pacity; high feet; poor
compressi- foundation
bility. for high

fills.
Storden (StD2, StE2, | Poor; poor | Not suitable. .i Not suitable__| Good; good Good; im- Strong to very | Occasional
StF2, StG2). in bearing ca- pervious steep slopes; pockets of
organic pacity; slight when com- some stones sand or
matter. compressi- pacted. and boul- gravel;
bility; com- ders; good scarifying,
pacts to high embank- compacting,
density. ment and sealing
material. may be
needed,
Taleot (Ta)- . __.._ Fair______. Suitable be- Suitable be- Poor to a Poor; upper Seasonal high | Coarse,
low a low a depth of 3 part rich in water porous sub-
depth of 36 depth of 36 feet, good organic table; rich stratum.
inches or inches or to excellent matter; in organic
more; more; gen- below 3 feet; substratum matter to a
mixed sand erally rich in or- pervious depth of 2
and gravel; mixed sand ganic matter when com- feet; good
high water and gravel; to a depth of pacted. borrow
table may high water 2 feet. material
hinder table may below a
excavation. hinder depth of 3
excavation. feet.
Terril (TeB, TeC, Good.__ ...} Not suitable_ .| Not suitable. .| Poor; rich in Poor; rich in | Gentle to Moderate per-
TeD). organic mat- organic strong meability
ter to a depth matter to a slopes; rich when not
of 2 feet; fair depth of 2 in organic compacted;
to poor bear- feet or matter to a scarifying
ing capacity; more; semi- depth of 2 and com-
moderate pervious to feet or more; pacting
shrink-swell impervious poor em- needed;
potential; fair when com- bankment few suit-
to good pacted. material. able sites.

workability.
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Soil features that affect suitability for—Continued

Degree of limitation for—

Farm pond—Con.

Agricultural Terraces and Foundations of Septic tank
drainage Irrigation diversions Waterways low buildings disposal fields
Embankments
Features favor- Poorly or very High available Depressions; Depressions; Severe; seasonal Severe; very
able. poorly drained; water capac- terraces not waterways high water ta- slow permea-
very slow per- ity; slow in- needed. not needed. ble; subject to bility in the

Fair stability; fair
compaction be-
low a depth of
2 or 3 feet;
poor embank-
ment founda-
tion.

Good stability;
good compac-
tion character-
istics; slow
permeability
when com-
pacted; ocea-
sional stones or
boulders.

Rich in organic
matter to a
depth of about
2 feet; sub-
stratum stable
but pervious;
not ordinarily
used for
embankment.

Rich in organic
matter to a
depth of 2 feet
or more: fair
stability; fair to
poor workability
and compaction;
medium com-
pressibility:
seldom used for
embankment.

meability in
upper part;
moderately slow
in lower part;
open intake or
surface ditches
needed.

Moderately well
or somewhat
poorly drained;
subject to
flooding;
drainage not
needed in most
places.

Well drained;
drainage not
needed.

Poorly drained;
moderately
slow permea-
bility above the
coarse sub-
stratum; tile
functions well,
but sand and
gravel in the
substratum may
hinder instal-
lation.

Moderately well
drained;
drainage not
needed.

take rate;
subject to
ponding.

High available
water capac-
ity; medium
intake rate;
subject to
flooding.

Medium avail-
able water
capacity;
medium in-
take rate;
irrigation
limited by
slope and low
fertility.

Medium to high
available
water capac-
ity; medium
intake rate.

High available
water ca-
pacity; medi-
um intake
rate; subject
to rapid
runoff and to
erosion and
gullying in
the sloping
or strongly
sloping areas.

Nearly level;
terraces not
needed.

Strongly slop-
ing to very
steep; occa-
sional stones
or boulders;
good manage-
ment needed
to establish
plants.

Nearly level;
terraces not
needed.

Features favor-
able.

Nearly level;
waterways
not needed.

Strongly slop-
ing to very
steep; ocea-
sional stones
or boulders;
good manage-
ment needed
to establish
plants.

Wetness hinders
construction
in some
periods.

Features favor-
able.

ponding; high
compressibility
and shrink-
swell potential.

Fair bearing ca-
pacity; fair
shear strength;
occasional high
water table;
subject to
flooding.

Slight; good shear
strength;
slight com-
pressibility;
deep to water
table.

Moderate; sea-
sonal high
water table;
good bearing
capacity below a
depth of 2 feet;
slight com-
pressibility in
substratum.

Moderate; fair
shear strength;
fair to poor
bearing ca-
pacity; medium
compressibility;
moderate
shrink-swell
potential.

upper layers;
moderately
slow in lower
layers; sea-
sonal high
water table;
subject to
ponding.

Severe; subject
to flooding;
occasional
high water
table.

Slight except on
slopes of
more than 10
pereent;
moderate per-
meability;
deep to water
table.

Severe; sea-
sonal high
water table.

Slight; moderate
permeability.
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Suitability as a source of —

Soil features that affect,
suitability for—

Soil series and
map symbol Farm pond
Impermeable Highway
Topsoil Sand Gravel Road fill material location
Reservoir
areas

Tripoli (Tr)ccoo.__ Fair________ Not suitable._| Not suitable._| Fair; rich in or- | Fair; under- |Seasonal high |Nearly level;
ganic matter lying till water no suitable
to a depth of impervious table; occa- sites for
1Y% feet; sea- when com- sional conventional
sonal high pacted. stones and ponds.
water table; boulders.
good bearing
capacity; me-
dium com-
pressibility.

Wabash (Wb)_______ Poor_______ Not suitable__.| Not suitable_.| Very poor; very | Fair; imper- Seasonal high | Nearly level;
plastic vious when water very slow
material. compacted; table; very permeabili-

subject to plastic; ity; sea-
cracking poor foun- sonal high
and volume dation water
change. material table; not
for high ordinarily
fills. used for
impound-
ments;
some areas
suitable for
dugout
ponds.

Wacousta (Wa)____._ Fair to Not suitable__| Not suitable._| Very poor; fre- | Fair; mate- Frequent Nearly level;

good. quent high rial below high water not suitable
water table; surface table; un- for em-
subject to layer gen- drained bankment
ponding; erally im- areas sub- ponds; some
fair bearing pervious ject to aregs suit-
capacity; when com- ponding; able for
poor work- pacted. poor em- dugout
ability and bankment ponds.
compaction. material.

Wadena:

Loam, deep Good_._..._ Suitable Suitable Fair above a Poor; upper Features Porous sub-
(WdA, WdB). below a below a depth of 3 3 feet or favorable; stratum; no

depth of 3 depth of 3 to 4 feet, more semi- good for suitable
or 4 feet; or 4 feet; good below pervious borrow sites.
generally mixed 4 feet; when com- material.
mixed sand and good bearing pacted;
sand and gravel. capacity and substratum
gravel. shear pervious.

strength;

slight com-

pressibility.

Loam, moder- Good.____._. Suitable Suitable Yery good Poor; sub- Nearly level Porous sub-
ately deep below a below a below a depth stratum to strong stratum;
(WmA, WmB, depth of 2 depth of 2 of 2 to 3 pervious slopes; few suit-
WmC2, WmD2). to 3 feet; to 3 feet; feet; good when com- good for able sites.

mixed mixed bearing ca- pacted. borrow
sand and sand and pacity and material.
gravel. gravel. shear

strength;

slight com-

pressibility
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Soil features that affect suitability for—Continued

Degree of limitation for—

Farm pond—Con.

Embankments

Agricultural
drainage

Irrigation

Terraces and
diversions

Waterways

Foundations of
low buildings

Septic tank
disposal fields

Fair stability;
fair workability
and compac-
tion; medium
compressibility;
seldom used for
embankment.

Fair stability on
flat slopes;
poor compac-
tion; high com-
pressibility;
rich in organic
matter to a
depth of 3 feet
or more.

Poor workability
and compac-
tion.

Good stability;
substratum
pervious when
compacted.

Good stability,
especially
below a depth
of 2 feet; sub-
stratum per-
vious when
compacted.

Poorly drained;
tile functions
well.

Very poorly
drained; very
slow permeabil-
ity; tile does
not function
well; surface
drainage
needed; land
grading useful
in places.

Very poorly
drained; tile
functions well;
open intake or
surface ditches
needed; deep
cuts needed in
places for
outlets.

Well drained;
drainage not
needed.

Well drained,;
drainage not
needed.

High available
water capac-
ity; medium
intake rate.

Moderately
high avail-
able water
capacity;
intake rate
generally
slow.

High available
water capac-
ity; medium
intake rate.

Medium avail-
able water
capacity;
medium
intake rate.

Medium avail-
able water
capacity;
rapid per-
meability in
the sub-
stratum;
irrigation
effective to a
depth of 2
to 3 feet.

Nearly level;
terraces not
needed.

Nearly level;
terraces not
needed.

Nearly level;
terraces not
needed.

Features
favorable.

Features favor-
able for con-
struction; ter-
race channels
may be very
droughty in
deep cuts.

Wetness hin-
ders con-
struction in
places; other
features
favorable.

Nearly level;
waterways
not needed.

Nearly level;
waterways
not needed.

Features
favorable.

Features favor-
able for con-
struction;
low available
water capac-
ity; difficult
to establish
plants.

Moderate; good
bearing capac-
ity; moderate
shrink-swell
potential; sea-
sonal high
water table.

Severe; fair to
poor bearing
capacity; high
shrink-swell
potential; sea-
sonal high
water table.

Severe; frequent
high water
table; subject
to ponding;
fair bearing
capacity.

Slight ; good bear-
ing capacity
and shear
strength below
a depth of 3 to
4 feet; slight
compressibility.

Slight; good bear-
ing capacity;
slight com-
pressibility;
deep to water
table.

Moderate to
severe; sea-
sonal high
water table;
moderately
slow to
moderate per-
meability.

Severe; very
slow per-
meability;
seasonal high
water table.

Not suitable;
frequent high
water table;
subject to
ponding.

Slight; moder-
ate perme-
ability to a
depth of 3 to
4 feet; con-
tamination of
streams or
water supplies
possible.

Slight; contam-
ination of
streams or
water sup-
plies possible.



90

SOIL SURVEY

TaBLE 4—Engineering

Suitability as a source of—

Soil features that affect
suitability for—

Soil series and
map symbol

Farm pond

Impermeable Highway
Topsoil Sand Gravel Road fill material location
Reservoir
areas
Waukegan (WuA, Good.____._ Not suitable__| Not suitable__| Good; fair bear- | Poor; semi- High erodi- Few suitable
WuB). ing capacity; pervious bility in sites.
slight com- when com- embank-
pressibility; pacted. ments in
low to mod- places.
erate shrink-
swell
potential.
Webster (Wy).______ Fair..______ Not suitable._| Not suitable__| Very poor; Poor; rich in | Seasonal high | Nearly level;
upper 1% to organic water table; seasonal
2 feet rich in matter to rich in high water
organic a depth of organic table; no
matter; wet 1% to 2 matter to suitable
in most feet; below a depth of sites for
places; sea~ 2 feet gen- 1% to 2 conven-
sonal high erally im- feet. tional
water table. pervious ponds.
when com-
pacted.

Engineering classification

Most highway engineers classify soil material accordin
to the system approved by the American Association o
State Highway Officials (AASHO) (2). In this system
soil materials are placed in seven principal groups based
on field performance. The groups range from A-1, consist-
ing of gravelly and coarse sandy soils of high bearing
capacity, to A7, consisting of clayey soils having low
strength when wet.

Some engineers prefer to use the Unified soil classifica-
tion system developed by the U.S. Army, Corps of Engin-
eers (17). This system is based on the texture and plasticity
of soils and the performance of soils as material for engin-
eering works. In this system soil materials are classified
as coarse grained (eight classes), fine grained (six classes),
or highly organic (one class). An approximate classifica-
tion can be made in the field. The soil series and land types
in Clay County have been classified by the AASHO and
Unified systems in table 3.

Engineering properties of the soils

In table 3 the soil series in Clay County are listed, and
estimates of the behavior of each soil are given. Some of
the estimates were made on the basis of tests of five samples
from four soil series. The results of those tests are shown
in table 5. For those soils not listed in table 5, properties
were estimated by comparing the soils not listed with soils
of a similar series.

Permeability is estimated for each soil as it occurs
in place. The estimates were based on soil structure and
porosity and were compared to undisturbed cores of similar
soil material.

The available water capacity is expressed in this table
in inches fper inch of soil depth. It is the approximate
amount of capillary water in the soil when 1t is wet to
field capacity. When the soil is air dry, this amount of
water will wet the material described to a depth of 1 inch
without deeper penetration.

Reaction, or pH, given in table 3 is the degree of acidity
or alkalinity. The pH of a neutra] soil is 7.0, of an acid
soil is less than 7.0, and of an alkaline soil is more than
7.0. Many soils in Clay County are neutral or alkaline.

The shrink-swell potential indicates the change in
volume that occurs with a change in moisture content. It is
estimated primarily on the basis of the kind and amount
of clay present.

Engineering interpretations of the soils

In table 4 the soils in each series are rated for their suit-
ability for use as topsoil, sand, gravel, road fill, and im-
permeable material. The suitability of soil material for
road fill largely depends on the density that can be ob-
tained by compacting the material. Density affects the
rigidity, flexibility, and load-bearing properties of the soil
as subgrade fill for paved roads and as surfacing material
for unpaved roads. Shrink-swell potential is also a factor
in evaluating material for road fill. Impermeable mate-
rial is rated as a sealer for pond floors, impervious cores,
and similar uses.

Soil features affecting the use of soils for highway loca-
tion, farm ponds, agricultural drainage, irrigation, ter-
races and diversions, and waterways are given in table 4.
Features that have an adverse effect on these practices
generally are listed, but beneficial features are listed for
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Soil features that affect suitability for—Continued

Degree of limitation for—

Farm pond—Con.

Embankments

Agricultural
drainage

Irrigation

Terraces and
diversions

Waterways

Foundations of
low buildings

Septic tank
disposal fields

Fair stability;
generally good

compaction.

Fair stability
and com-

depth of 1%
to 2 feet; slow
permeability
when com-

workability and

paction below a

Well drained;
drainage not
needed.

Poorly drained;
tile functions
well if outlets
are adequate.

Low available
water capac-
ity; medium
intake rate
to a depth of
about 2 feet,
rapid below
2 feet.

High available
water capac-
ity; medium
intake rate.

Features favor-
able for con-
struction; ter-
race channels
may be
droughty.

Nearly level,;
terraces not
needed.

Features favor-
able for con-
struction;
low available
water capac-
ity; difficult
to establish
plants.

Features favor-
able; wetness
hinders con-
struction at
times.

Slight; low
shrink-swell
potential; fair
bearing capac-
ity; consolida-
tion rapid and

possibly uneven.

Severe; fair bear-
ing capacity;
seasonal high
water table;
medium to high
compressibility.

Slight; contam-
ination of
streams or
water sup-
plies possible.

Severe; seasonal
water table
above a depth
of 4 feet;
moderately
slow to mod-

pacted.

erate permea-
bility.

some practices. Special features affecting highway con-
struction are discussed elsewhere in this subsection.

Also rated in table 4 is the degree of limitations of each
soil series for foundations of low buildings and for septic
tank disposal fields. For foundations of low buildings, the
soils are rated for bearing capacity, compressibility,
height of the water table, and other important features.
These features vary widely. Engineers and others should
not apply specific values to the estimates given for bearing
capacity. For septic tank disposal fields, the soils are rated
for their ability to absorb sewage effluent over a long per-
iod. Before a septic tank and field are installed, however,
a percolation test should be made at the site. A sewage sys-
tem that is close to a well or stream may contaminate the
water.

Engineering test data

Soil samples were taken, by horizons, from four soil
series and tested according to standard AASHO proce-
dures to help evaluate the soils for engineering purposes.
The tests were made by the Towa State Highway Commis-
sion. The data are given in table 5. Because the samples
tested were obtained at a depth of 5 feet or less, they do
not represent materials that are encountered at a greater
depth.

The relationship between the moisture content and the
density of compacted soil material, as determined by the
test explained I AASHO Designation: T 99-57 (2), is
given in table 5 in the columns headed moisture-density.
The density, or unit weight, of the compacted dry soil in-
creases as the content of moisture increases, until the opti-
mum moisture content is reached. After that, the density

decreases with each increase in moisture content. The high-
est density obtained in the test is at the optimum moisture
content and is the maximum density. As a rule, optimum
stability is obtained if the soil is compacted to about the
maximum density when the soil is at or near the optimum
moisture content.

The liquid limit and the plasticity index indicate the
effect of moisture on the consistence of the soil material. As
the moisture content of a dry clayey soil is increased, the
material changes from a semisolid state to a plastic state.
As the moisture content is further increased, the material
changes from a plastic to a liquid state. The plastic limit
is the moisture content at which the material passes from
a semisolid to a plastic state. The liquid limit 1s the mois-
ture content at which the material passes from the plastic
to the liquid state. The plasticity index is the numerical
difference between the liquid limit and the plastic limit.
It indicates the range of moisture content within which
a soil material is in a plastic condition.

Special features affecting highway construction?

The soil data listed in the engineering tables are more or
less general for a soil, a soil type, ora soil series. Some soils
in the county, however, have features that cannot be fully
accounted for in the tables. These features affect highway
construction and need further explanation.

Many of the soils in the southwestern part of Clay Coun-
ty formed in loess that was as much as 5 feet thick over
glacial till. These are nearly level to sloping soils in the

*By RoserT E. BramTeERT, soil geologist, Towa State Highway
Commission.
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[Tests performed by Iowa State Highway Commission in cooperation with U.S. Department of Commerce, Bureau of Public

Moisture-density !
Towa
report,
Soil name and location Parent material No. Depth Horizon Maximum
AADY9- dry Optimum
density moisture
Dickinson fine sandy loam: Inches Lb. per cu. ft. Percent
300 feet S. and 264 feet E. of the NW. cor. of | Stratified or wind- 8415 0-7 Ap 116 12
the NW14 of sec. 15, T. 97 N, R. 38 W. blown materials. 8416 14-20 | B2 118 13
8417 30-60 | C 120 12
1,032 feet S. and 82 feet E. of the NW. cor. of | Stratified or wind- 8418 0-6 | Ap 115 14
of NWY of sec. 21, T. 97 N., R. 37 W. blown materials 8419 22-30 | B22 118 12
over glacial out- 8420 3042 | C 120 12
wash.
Primghar silty clay loam:
360 feet S. and 320 feet W. of NE. cor.,, NW¥{ | Loess overlying 10472 0-7 Ap 86 27
NEY of sec. 14, T. 95 N., R. 38 W. glacial till. 10473 21-30 | B22 102 21
10474 47-60 | 1IC3 109 18
Sac gilty clay loam:
305 feet W. and 135 yards N. of SE. cor. | Loess overlying 10475 0-7 Ap 89 26
NEWSEY; of see. 16, T. 95 N., R. 38 W. glacial till. 10476 11-18 | Bl 93 24
10477 44-57 | 11C 108 18
Waukegan loam:
80 feet E. and 0.1 mile 8. of NW. cor., SW} | Glacial outwash. 10466 0-8 | Ap 102 19
of sec. 9, T. 96 N., R. 37 W. 10467 15-22 | B21 112 15
10468 35-55 | 1IC 123 12

1 Based on AASHO Designation: T 99-57, Method A (2).

2 Mechanical analyses according to the American Association of State Highway Officials Designation T 88-57(2). Results by this
procedure frequently may differ somewhat from results that would have been obtained by the soil survey procedure of the Soil Conser-
vation Service (SCS). In the AASHO procedure, the fine material is analyzed by the hydrometer method, and the various grain-size frac-
tions are calculated on the basis of all the material, including that coarser than 2 millimeters in diameter. In the SCS soil survey procedure,
the fine material is analyzed by the pipette method, and the material coarser than 2 millimeters in diameter is excluded from calculations
of grain-size fractions. The mechanical analysis data used in this table are not suitable for naming textural classes for soil.

uplands. On the more sloping hillsides, the loess is thinner
and may be absent in places. In these places till is at the
surface.

The nearly level soils that formed in loess on uplands,
such as the Primghar and Marcus, are classified A-7 and
OH. or CL or CH. The upper foot or so of these soils is
organic and therefore difficult to compact to good density.
The subsoil is more plastic and has high shrink-swell po-
tential. Where soils, such as the Sac, formed in loess over
till on sloping hillsides, less topsoil has developed and the
subsoil is less plastic. The soils formed in loess are readily
eroded where runoff is rapid, and sodding, paving, or
building of check dams is needed in gutters and ditches.

In soils formed in loess over till, a seasonally high water
table may be perched above the till. In the more level soils
or soils in depressions, a shallow perched water table occurs
above a plastic B horizon in places. In these areas the den-
sity of the loess in place is fairly low, and the moisture con-
tent is high. The high moisture content causes instability
of embankments unless the moisture is carefully controlled
at the time of compaction.

The soils that formed in loamy till, such as the Clarion,
Nicollet, and Storden, range from loam to clay loam in

texture and are classified A—4 or A-6 and CL. Where these
soils are in or adjacent to road grades, the material nor-
mally is placed in the upper part of the subgrade in areas
that are unstable. Pockets and lenses of sand commonly are
interspersed throughout the till and generally are water
bearing.

Where the road grade is only a few feet above the till
and the surface layer is silty, frost heaving is likely unless
the till is drained or the soil above it is replaced with a
granular backfill or clayey till. Poorly drained soils that
formed in glacial till and glacial sediments, such as the
Webster, are classified A~7 and OH to CL. These soils have
a high moisture content and low density in place. Because
good subgrade bearing capacity cannot be obtained from
material in these soils, this material should be placed at
least 3 feet below the top of the subgrade. All other soils
in the county that are highly organic and that have a top-
soil of low density should also be placed at that depth.

Soils that formed in loam and clay loam on glacial out-
wash benches are fine textured and are classified A—4 or
A—6 and ML or CL. These soils, such as the Wadena and
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test data
Roads (BPR), in accordance with standard procedures of the American Association of State Highway Officials (AASHO) (2)]
Mechanical analysis 2 Classification
Plasti-
Percentage passing sieve— Percentage smaller than— Liquid city
limit index
AASHO Unified 3
No. 4 No. 10 No. 40 No. 200 0.05 0.005 0.002 0.001
(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) SM-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) MH
___________________ 100 99 93 40 31 25 49 26 | A-7-6(16) CL
399 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
897 94 89 76 71 40 31 25 43 23 | A-7-6(14) CL
100 99 84 62 55 23 16 10 37 12 | A-6(6) ML-CL
599 97 77 47 43 23 19 15 36 16 | A-6(4) SC
683 72 26 5 4 1 .5 .2 NP NP | A-1-b(0) SP-SM

3 Based on the Unified Soil Classification System (77). The Soil Conservation Service and Bureau of Public Roads have agreed to con-
sider that all soils having plasticity indexes witl}in two points of the A-line are to be given a borderline classification. An example of a

borderline classification so obtained is “ML-CL.
4+ NP =Nonplastic.
5100 percent passes a 3-inch sieve.

699 percent passes a ¥%-inch sieve; 100 percent passes a 1}%-inch sieve.

Cylinder, are underlain by stratified sand and gravel. The
sand and gravel are classified A-1 or A-2 and SP—SM. The
gently sloping Wadena soils generally have a thin surface
layer, but sand and gravel in the underlying 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 drained.

Soils on bottom lands in the county developed in allu-
vium. The Colo soils formed in alluvium and are classified
A-7 and OL or CH. These soils are silty clay loam and have
a thick, organic surface layer that may consolidate errati-
cally under embankment loads. The Colo soils have a high
moisture content and low density in place.

The clayey Wabash soils are classified A—7 and OH to
CH and may produce differential settlement under em-
bankment loads. Embankment overloading and temporary
or delayed paving normally serve as corrective measures in
assuring a smooth grade where roads are built on these
soils.

The clayey Marna and Guckeen soils formed in lacus-
trine deposits and are classified A~6 or A-7 and CL to CH.
These soils are on uplands and glacial outwash benches.

They are generally in small areas and, in most places, can
be bypassed in highway construction. If these soils must
be crossed by a road grade, excavation to a firm subsoil
may be needed, and backfilling with granular material may
be desirable.

Formation and Classification of Soils

This section consists of three main parts. In the first
part, the factors of soil formation are listed and discussed
as they relate to the formation of soils in the county. The
second part discusses the formation of horizons and the
processes of their formation. In the third part, each soil
series represented in the county is placed in its respective
family, subgroup, and order of the current system for clas-
sifying soils and is also placed in its respective great soil
group of the classification system used in 1938 and later
revised.

For further information about the current system for
classifying soils, refer to “Soil Classification, a Compre-
hensive System” (14).
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Factors of Soil Formation

Soil is produced when soil-forming processes act on
materials deposited or accumulated by geologic forces. The
characteristics of the soil at any given point are determined
by (1) the physical and mineralogical composition of the
parent materials; (2) the climate under which the soil
material has accumulated and existed since accumulation;
(8) the plant and animal life on and in the soil; (4) the re-
lief, or lay of the land; and (5) the length of time the
forces of soil formation have acted on the soil material.

Climate and living organisms, chiefly vegetation, are the
active factors of soil formation. They act on the parent ma-
terial that has accumulated through the weathering of
rocks and slowly change it into a natural body with geneti-
cally related horizons. The effects of climate and vegeta-
tion are conditioned by relief. The parent material also af-
fects the kind of profile that can be formed, and, in extreme
cases, determines it almost entirely. Finally, time is needed
for changing the parent material into a soil. It may be
much or little, but some time is always required for horizon
differentiation. Usually, a long time is required for the de-
velopment of distinet soil horizons.

The factors of soil formation are so closely interrelated
in their effects on the soil that few generalizations can be
made regarding the effect of any one factor unless condi-
tions are specified for the other four. Many of the processes
of soil formation are not fully known.

Parent material

The soils of Clay County developed in glacial till, gla-
cial outwash, loess, alluvium, organic deposits, eolian sand,
and lacustrine sediments. The bedrock underlying these
materials is so deep that it has had no influence on the for-
mation of the soils.

The soils of the county have been affected by three stages
of glaciation—the Nebraskan, the Kansan, and the Wis-
consin, In this county the till from the Kansan and Ne-
braskan stages is deeply buried and is not visible.

The eastern part of the county was covered by the Des
Moines lobe of late Wisconsin glaciation (6). It was for-
merly believed that the Des Moines lobe was in two sub-
stages, the Cary and the Mankato (6, 8). According to
this view, the eastern part of the county would lie
mainly within the Cary substage, but only a mile or two of
the eastern part would be covered by the Mankato, which
is the last or most recent substage. In more recent investi-
gations, however, the evidence indicates that most, if not
all, of the Des Moines lobe is of Cary age (9). It has been
determined by radiocarbon dates that the Cary substage
occurred about 13,000 years ago. The evidence for the geo-
logic youth of the Cary substage is the lack of deep weath-
ering, the unleached calcareous till at a shallow depth, and
the poorly developed surface drainage and many closed
depressions.

In most of the western two-thirds of the county the
Tazewell substage of the Wisconsin glaciation deposited
surface drift. Radiocarbon dates of wood obtained at the
base of the till near Cherokee indicate that this substage
occurred about 20,000 years ago (19). Loess that is between
30 and 60 inches thick, except on steep, eroded slopes,
mantles much of the area. An exception is areas in the Ev-
erly-Nicollet-Tripoli soil association. In these areas the
till is covered by a thin, gritty, loesslike material of uncer-
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tain origin but presumed to be windblown. In the Qcheye-
dan-Fostoria-Webster soil association the Tazewell till is
covered 50 to about 100 inches deep by sediments that
range from moderately fine to coarse in texture.

GraciaL TiLL 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 soils developed on sandy and gravelly knobs
of moraines. The Webster soils developed in glacial till
and in glacial sediments or reworked till overlying 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, Okoboj1, Wacousta, and Rolfe soils
developed in reworked glacial till and local alluviam.

GraciaL OurwasH, 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, Wadena, 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 texture in the upper part
but of finer texture in the lower part.

Logkss consists mainly of particles of silt and clay de-
posited by wind. Loess covers extensive areas of the county,
mainly in the western part and west of the Little Sioux
River. The soils that developed in loess are the Galva, Sac,
Ladoga, Marcus, Primghar, and Sperry.

Avrvuviom 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,

Orcanic DerosrTs 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.

Eortaxn Sanp 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
sandy ridges on benches in the northwestern part of the
county, but some areas are in the uplands southeast of
Spencer. The Dickinson soils developed in this sandy ma-
terial that 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 SepiMeENTs 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 ways.
Rainfall affects the amount of leaching in soils and in-
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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. y ’
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 Walker and Brush on climate (16) corroborates the find-
ings of Lane. Some soils of Clay County, however, do not
have characteristics that indicate they were ever forested.

Plant and animal life

Plants and animals have greatly influenced the develop-
ment of soils in Clay County. Micro-organisms have
helped in the decay of organic matter. The native vegeta-
tion of Clay County at the time of settlement 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 Towa 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 formed 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 ether depressions
was sedges, cattails, rushes, and similar plants.

Under similar conditions, soils that formed under grass
are darker colored than these 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.

Webster soils are an example.
205-993—69——7 ’

The relief of the eastern part of the county is immature
geologically, 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-
mature. 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 thickness and color of the A horizon and the thick-
ness of the solum 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 decreases. Typically, the
Storden soils have steep slopes, the Clarion soils have in-
termediate 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 Wisconsin 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, Webster, and Nicollet.

The Tazewell loess, in which most soils of the uplands
in the western part of the county 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
Wadena 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
Wabash soils developed. These sediments 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 1n 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 ITC
horizon. Examples are the Wadena, 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 A1 horizon.
The A1 horizons of soils formed in organic deposits in
the county have a high organic-matter content. Some of
the mineral soils that have a high content of organic matter
are the Glencoe, Okoboji, Webster, and Colo. These soils
have a thick A1 horizon. The Hagener and Salida soils are
low in organic-matter content and have a faint, thin A1
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-
cium carbonate to a shallow depth, but little clay has been
moved downward in their profiles. The 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 ped 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 soilsis 10 to 40 percent.

Gleying, or the process of reduction and transfer of iron
(10), is evident in the poorly drained and very poorly
drained soils. The Glencoe, Webster, Biscay, Colo, Marcus,
and Harps soils have gleyed (Bg) horizons. The Bg hori-
zons are gray, which indicates 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 knowl-
edge about the soils can be organized and applied in man-
aging farms, fields, and woodlands; in developing rural
areas; in engineering work; and in many other ways. They
are placed in 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 adopted for general use by the Na-
tional Cooperative Soil Iéurvey in 1965. The current sys-
tem is under continual study (21, 74). 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
m table 6. The classes in the current system are briefly
defined in the following paragraphs.

Orper: Ten soil orders are recognized in the current
system. They are Entisols, Vertisols, Inceptisols, Aridi-
sols, Mollisols, 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, Alfisols, and Histosols. Mollisols have a thick,
soft, friable surface layer that has been darkened by or-
ganic matter. Alfisols 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.

SusorpEr: Fach 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
vegetation.

rEAT 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, magnesium, 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.

Susgrour: Great groups are subdivided into sub-
groups, 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
Hapludolls.

Famivy: 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,
mixed, mesic family of Typic Hapludolls.

Sertes: The series consists of a group of soils that
formed from a particular kind of parent material and
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TaBLE 6.—S801] series classified according to the current system of classification and the revised 1938 system

Current classification 1938 classification
Series
Family Subgroup Order Great soil group

Afton___.___________ Fine-silty, mixed, noncalcareous, mesic.__| Cumulic Haplaquolls_____ Mollisols_ __ __ Humic Gley soils.

Biscay._ ... ___.____ Fine-loamy over sandy or sandy-skeletal, | Typic Haplaquolls_______ Mollisols.. - ___ Humic Gley soils.

mixed, noncalcareous, mesic.

Caleo . ____.____ Fine-silty, mixed, calcareous, mesic_.____ Cumulic Haplaquolls._..__ Mollisols_ ____ Humic Gley soils inter-
grading to Alluvial
soils.

Canisteo_ __________ Fine-loamy, mixed, calcareous, mesic..___ Typic Haplaquolls_______ Mollisols_ ____ Humic Gley soils.

Clarion____________ Fine-loamy, mixed, mesic_______________ Typic Hapludolls._______ Mollisols_ ____ Brunizems.

Coloo oo __.__ Fine-silty, mixed, noncaleareous, mesic.__| Cumulic Haplaquolls_____ Mollisols_ _ . . Humic Gley soils inter-
grading to Alluvial
soils.

Cylinder_ . _________ Fine-loamy over sandy or sandy-skeletal, | Aquic Hapludolls________ Mollisols_ __ __ Brunizems.

mixed, mesic.

Dickinson__________ Coarse-loamy, mixed, mesic_____________ Typic Hapludolls___.____ Mollisols_ ____ Brunizems.

Everly . ____________ Fine-loamy, mixed, mesic_____ __________ Typic Hapludolls________ Mollisols_ ____ Brunizems.

Fostoria__...__._.____ Fine-loamy, mixed, mesic_______________ Aquic Hapludolls________ Mollisols_ __ __ Brunizems.

Galva____._________ Fine-silty, mixed, mesic___.____.________ Typic Hapludolls________ Mollisols_____ Brunizems.

Glencoe._..________ Fine-loamy, mixed, noncalcareous, mesic_| Cumulic Haplaquolls___ __ Mollisols_ - _. Humic Gley soils.

Guekeen_ __________ Fine, montmorillonitic, mixed, mesic.._ . __ Aquic Hapludolls________ Mollisols.. . .. Humic Gley soils.

Hagener____________ Sandy, mixed, mesie___________________ Entic Hapludolls_ _______ Mollisols_ __._ Regosols.

Harps_..___________ Fine-carbonatic, mesic_ . ______________ Typic Caleiaquolls_._____ Mollisols_ ____ Humic Gley soils.

Ladoga_ - - - ._____.__ Fine, montmorillonitic, mesie_ __________ Mollic Hapludalfs_ ______ Alfisols_______ Gray-Brown Podzolie
soils intergrad ng to
Brunizems.

Marcus__ ______._.__ Fine-silty, mixed, mesic._._____._______ Typic Haplaquolls.______ Mollisols_ _ ___ Humice Gley soils.

Marna__ .. ______. Fine, montmorillonitic, noncalearcous, | Typic Haplaquolls_______ Mollisols_____ Humic Gley soils.

mesic.

Muek. .. ____ 2) ) e __ Histosols_ __ .. Bog soils.

Nicolet____________ Fine-loamy, mixed, mesic.______________ Aquic Hapludolls________ Mollisols_ ____ Brunizems.

Ocheyedan________. Fine-loamy, mixed, mesie_______________ Typic Hapludolls_ __ ____ Mollisols_ ____ Brunizems.

Okoboji._ ... Fine-silty, mixed, nonealcareous, mesic___; Cumulic Haplaquolls_____ Mollisols. _ . . Humic Gley soils.

Primghar___________ Fine-silty, mixed, mesic________________ Aquic Hapludolls_.____ __| Mollisols____. Brunizems.

Rolfe______.___._.__. Fine, montmorillonitic, mesic__ _________ Typie Argialbolls________ Mollisols_ . __. Planosols.

Sac._ .. Fine-silty, mixed, mesic__________._____ Typic Hapludolls..______| Mollisols____. Brunizems.

Salida. .. ________. Sandy-skeletal, mixed, mesie. . __________ Entie Hapludolls________ Mollisols_ ___. Brﬁnizems intergrading to

egosols.

Sperry._ .o ______ Fine, montmorillonitie, mesic___________ Typic Argialbolls_ ______ Mollisols_ _ . __ Planosols.

Spillville_ _ ______.___ Fine-loamy, mixed, mesie__._______._____ Cumulic Hapludolls._____ Mollisols_ ____ Brunizems intergrading
to Alluvial soils.

Storden.___._______ Fine-loamy, mixed, mesic.._____________ Entic Hapludolls________ Mollisols_ . ___ Regosols.

Taleot. ... ____._. Fine-loamy over sandy or sandy-skeletal, | Typie Haplaquolls____ . __ Mollisols_ _ . __. Humic Gley soils.

mixed, caleareous, mesic.

Terril._____.________ Fine-loamy, mixed, mesie.______________ Cumulic Hapludolls._____ Mollisols___ .. Brunizems.

Tripoli-____________ Fine-loamy, mixed, noncaleareous, me:ic_| Typic Haplaquolls_._____ Mollisols_ . ___ Humic Gley soils.

Wabash____.______. Fine, montmorillonitic, noncalcareous, | Vertic Haplaquolls_______| Mollisols_____ Humic Gley soils.

mesic. .

Wacousta.__________ Fine-silty, mixed, noncalcarcous, mesic__.| Typic Haplaquolls_______ Mollisols_ ____ Humic Gley soils.

Wadena_.___________ Fine-loamy over sandy or sandy-skeletal, | Typiec Hapludolls._______ Mollisols. . ___ Brunizems.

mixed, mesic.

Waukegan____._____ Fine-silty over sandy or sandy-skeletal, | Typic Hapludolls______.__ Mollisols_ __ _. Brunizems.

mixed, mesic. .
Webster.___________ Fine-loamy, mixed, noncalearcous, mesic_| Typic Haplaquolls.______ Mollisols_ - __ Humie Gley soils.

1 Placement of some soil series in the current system of classification, particularly in families, may change as more precise informa-

tion becomes available.

2 Families and subgroups have not been developed for the Histosolsorder.
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having genetic. horizons that, except for texture of the
surface soil, ‘are similar in differentiating 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 and 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 county 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.
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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 county 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 (7), 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 about 1,000 residents in 1880; in 1960 it had
about 8,800. The population of Peterson in 1960 was 565.

Climate *

Clay 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 southwest. Sum-
mers are warm with occasional hot periods, and winters are
cold, but long periods of intense cold or heat are rare.
Summers are 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 data are fairly
representative for the county, though summer showers and
minimum temperatures are somewhat variable.-On calm

*By PavuL J. WaITE, State climatologist, U.S. Weather Bureau.

TasLe 7.—Climatological

[Elevation
Temperature in °F.

Mean Extreme Mean

heating
Month . deg ee-

Record highest Record lowest days 2

Daily Daily
maximum minimum
Monthly Degrees Year Degrees Year

26. 0 6. 2 16. 1 66 1944 —30 1936 1, 516
30. 2 9.5 19.9 63 1954 —31 1936 1, 274
40. 8 21.1 31.0 82 31943 —28 1948 1,054
59. 2 34.7 45. 5 91 1960 8 1936 585
71. 4 46. 4 58. 9 109 1934 23 1946 265
80. 6 57.0 68. 8 106 1933 32 1945 69
86. 5 61. 0 73. 8 113 1936 41 1947 28
84. 1 59. 2 717 108 1936 34 1950 31
75. 6 49. 1 62. 4 100 1939 21 1942 165
October______________ 64. 0 37.9 51. 0 91 31953 % 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 mean departure from a selected temperature base, and adding
these departures for the month and year. A base of 65° ¥. 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. The 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 11inch 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

summary at Spencer, Towa!
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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, 1986. 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
days in December to about 75 percent in July. Solar radia-
tion is about four times as much in July as 1t 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

1, 331 feet]
Precipitation in inches Mean number of days with—
Snow, sleet Temperatures
Precipi-

Mean Greatest Year tation of Maximum Minimum

daily Maximum Greatest 0.10 inch ]

Mean | monthly Year daily Year or more '

90° and | 32°and | 32°and | 0° and
above below | below below
0.75 0. 88 1944 7.6 32.0 1932 11. 0 1937 3 0 21 31 12
. 88 1. 35 1951 7.7 31.6 1936 12. 0 1939 2 0 15 28 ;)
1. 55 1. 26 1951 7.2 19. 0 1933 10. 1 1951 4 0 8 28 "0
2.24 2.78 1947 1.6 13.0 1945 7.0 1945 5 0 0 19 s 0
3. 89 3. 76 1959 .2 4.0 1938 3.0 1938 7 0 0 2 0
4. 96 4. 15 1934 0 [0 T I S 7 6 0 2 0
3. 30 2.50 | 1933 0 0 o) |ee 10 2 0 0 0
3. 67 4. 10 1939 0 0 || 6 2 0 0 0
2.91 3. 53 |. 1938 ® 1.0 1942 1.0 1942 7 0 0 3 0
1. 63 1. 98 1931 .2 7.0 1937 6.0 1937 3 0 0 9 8
1. 32 1. 93 1946 4.7 13. 5 1940 8.0 1943 3 0 3 28 .

. 82 1. 25 1931 5.7 14. 5 1935 7.0 1934 3 0 24 30 12
27.92 4. 15 1934 34. 9 32.0 1932 12. 0 1939 60 10 71 180 29

3 Also on earlier dates, months, or years.
4 Trace.
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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 %akes are In this part. The relief is stronger
and the surface rougher along the eastern edge of the
county near the Clay-Palo Alto County line. In this area
a few of the morainic hills rise 100 feet or more above the
stream valleys.

East of the Little Sioux River and south of Elk Creek
the moraine is also fairly rough, but as it extends north-
westward from the east-central part of the county toward
Langdon it is less rough. Relief in some areas of the south-
eastern part of the county more nearly resembles that re-
sulting from a ground moraine. These areas are undulating
torolling.

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 southwestward to the county
line. South of the county line it turns westward and crosses
back through the southwestern part of the county. It leaves
the county about 1.5 miles north of the southwest corner.
The main tributaries of the Little Sioux River are the
Ocheyedan River and Prairie, Willow, Montgomery, Elk,
Big Meadow, and Little Meadow Creeks. A small area in
the southeast corner of the county is drained southeastward
into the Des Moines River.

In the eastern part of the county the channels of some
of 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 acreage of each crop
grown in 1964 is shown in a list. Also discussed are the main
kinds of 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 of the data are from the
Towa Annual Farm Census (75).

Crops

Corn, soybeans, oats, and hay are the principal crops
grown in the county. Corn is grown on the largest acreage.
(3rain, especially corn and soybeans, is the main cash crop,
but much of the corn and small grains is fed on the farm to
hogs, cattle, and sheep. A few farmers grow popcorn as a
cash crop. Cropland not harvested or pastured 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
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acres used for the principal crops and for pasture in 1964
are shown in the list that follows:

Acres

Corn for all purposes.__.__ . ___ 120, 023
Oats for grain_____________ . 17, 804
Soybeans for beans_ e 76,193
POpCOYN — o 588
Sorghum —— — e 184
All hay - U, 25,140
Pasture __._______ [ 44, 089
Livestock

The raising of livestock, especially hogs, and the fatten-
ing of beef cattle are the main enterprises on many farms
in the county. Much of the income of farmers is from the
sale of these animals. The number of chickens declined
considerably since 1959, and the number of turkeys was not
reported in 1964. The number of the principal kinds of
livestock raised and sold in the county in 1964 are shown
in the list that follows:

Number
Grain-fed cattle soldee o __ 51, 521
Grain-fed sheep and lambs sold-—__________________ 18, 899
Sows farrowed__ . __ . 18, 599
Beef cows 2 years old and older________ . _________ 7,142
Milk cows 2 years old and older_______________.____ 3, 926
Chickens o e 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 in 1955 to 237 acres in 1964. Most farms are of the
cash-grain or livestock type, and a few are of the dairy,
poultry, or general type. _

The percentage of farms operated by tenants in 1964 was
about 61; full or part owners operated the remaining 39
percent. The number of persons living on farms in the
county in 1965 was 5,757,
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Glossary

Alluvium. Soil material, such as sand, silt, or clay, that has been
deposited on land by streams.

Bench. A high, shelflike 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 hold 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 “Wire”
when rolled between thumb and forefinger.

Sticky.—When wet, soil adheres to other material, and tends to
stretch somewhat and pull apart, rather than to pull free
from other material.

Hard—When 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
under very slight pressure.

Cemented.—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.
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Drift (geology). Material of any sort deposited by geologic processes
in one place after having been removed from another; includes
drift materials deposited by glaciers and by streams and lakes
associated with them.

Horizon, soil. A layer of soil, approximately parallel to the surface
that has distinet characteristics produced by soil-forming
processes. These are the major borizons:

O horizon. The layer of organic matter on the surface of a mineral
soil. This layer consists of decaying plant residues.

A horizon. The mineral horizon at the surface or just below an
O horizon. This horizon is the one in which living orga-
nisms ‘are most active and it is therefore marked by the
accumulation of humus. The horizon may have lost one or
more of soluble salts, clays, and sesquioxides (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
characteristies caused by accumulation of clay, sesquioxides,
humus, or some combination of these; (2) prismatic or
blocky structure; (3) redder or stronger colors than the A
horizon; or (4) some combination of these. The combined
A and B horizons are usually called the solum, or true soil.
If a soil lacks a B horizon, the A horizon alone is the solum.

C horizon. The weathered rock material immediately beneath
the solum. This layer, commonly called the soil parent ma-
terial, is presumed to be like that 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.

R layer. Consolidated rock beneath the soil. The rock usually
underlies a C horizon but may be immediately beneath an
A or B horizon.

Leaching. The removal 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 lack of drainage. Descriptive terms are as fol-
lows: Abundance—few, common, and many,; size—fine,
medium, and coarse; and contrast—faint, distinct, and promi-
nent. The size measurements are these: Fine, less than 5
millimeters (about 0.2 inch) in diameter along the greatest
dimension ; medium, 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.

Profile, 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
alkaline soil is one that is alkaline in reaction. In words, the
degrees of acidity or alkalinity are expressed thus:

pH pH
Extremely acid____ Below4.5 Neutral ____________ 6.6 to 7.3
Very strongly acid- 4.5 to 5.0 Mildly alkaline______ 74 to 7.8
Strongly acid_____ 51 to 5.5 Moderately alkaline. 7.9 to 84
Medium acid-_____ 5.6 to 6.0 Strongly alkaline____ 85 to 9.0
Slightly aeid______ 6.1 to 6.5 Very strongly alkaline 9.1 and
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 on the earth’s surface that
supports plants and that has properties resulting from the
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), columnar (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) massive (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. The so0il ordinarily moved in tillage, or its equivalent
in uncultivated soil, about 5 to 8 inches in thickness. The
plowed layer.
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Terrace (structural). An 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. Ter-
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 strueture. Good tilth refers to the friable
state and is associated with high noncapillary porosity and
stable, granular structure. A soil in poor tilth is nonfnable
hard, nonaggregated, and difficult to till.

Type, 5011 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.
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The U.S. Department of Agriculture (USDA) prohibits discrimination in all its
programs and activities on the basis of race, color, national origin, age, disability, and
where applicable, sex, marital status, familial status, parental status, religion, sexual
orientation, genetic information, political beliefs, reprisal, or because all or a part of an
individual’s income is derived from any public assistance program. (Not all prohibited
bases apply to all programs.) Persons with disabilities who require alternative means
for communication of program information (Braille, large print, audiotape, etc.) should
contact USDA’s TARGET Center at (202) 720-2600 (voice and TDD). To file a
complaint of discrimination write to USDA, Director, Office of Civil Rights, 1400
Independence Avenue, S.W., Washington, D.C. 20250-9410, or call (800) 795-3272
(voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and
employer.
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