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Major fieldwork for this soil survey was done in the period 1961-1967. Soil names and
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tion refer to conditions in the county in 1967. This survey was made cooperatively by the
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Station, Cooperative Extension Service, lowa State University, and the Department of
Soil Conservation, State of Iowa. It is part of the technical assistance furnished to the

Either enlarged or reduced copies of the soil map in this publication can be made by
commercial photographers, or they can be purchased on individual order from the
Cartographic Division, Soil Conservation Service, United States Department of Agri-

HOW TO USE THIS SOIL SURVEY

HIS SOIL SURVEY contains infor-

mation that can be applied in man-
aging farms and woodlands; in selecting
sites for roads, ponds, buildings, and other
structures; and in judging the suitability
of tracts of land %or farming, industry,
and recreation.

Locating Soils

All the soils of Webster County are
shown on the detailed map at the back of
this publication. This map consists of
many sheets made from aerial photo-
graphs. Each sheet is numbered to corre-
spond with a number on the Index to
Map Sheets.

On each sheet of the detailed map, soil
areas are outlined and are identified by
symbols. 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. This guide lists
all the soils of the county and gives the
capability classification of each. It also
shows the page where each soil is described
and the page for capability unit and wood-
land suitability group in which the soil has
been placed.

Individual colored maps showing the
relative suitability or degree of limitation
of soils for many specific purposes can be

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

Farmers and those who work with
farmers can learn about use and manage-
ment of the soils from the soil deserip-
tions and from the discussions of the
capability units and woodland suitability
groups.

Foresters and others can refer to the
section “Use of the Soils for Woodland,”
where the soils of the county are grouped
according to their suitability for trees.

Game managers, sportsmen, and others
can find information about soils and wild-
life in the section “Use of the Soils for
Wildlife and Recreation.”

Engineers and builders can find, under
“Engineering Uses of the Soils,” tables
that contain test data, estimates of soil
properties, and information about soil
features that affect engineering practices.

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

Newcomers in Webster County may be
especially interested in the section “(Gven-
eral Soil Map,” where broad patterns of
soils are deseribed. They may also be
interested in the section “General Nature
of the County.”
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W EBSTER COUNTY is in the north-central part of
Iowa (fig. 1). It has an area of about 459,520 acres.
Fort Dodge, the county seat, is about 70 miles northwest
of Des Moines, the State capital. The county is bounded on
the north by Humboldt County, on the east by Hamilton
and Wright Counties, on the west by Calhoun and Poca-
hontas Counties, and on the south by Boone and Greene
Counties.

Most of the acreage is in farms. Corn, soybeans, oats,
hay, and pasture are the main crops, and corn and soybeans
are the principal grain crops. The raising of hogs and
the feeding of beef cattle are the principal livestock
enterprises.

Most of the soils in Webster County formed under
prairie vegetation, and they are dark and fertile. The
soils near the larger rivers formed under trees, and they
are lighter colored. The climate is subhumid and conti-
nental. Winters are cold, summers are warm, and the
growing season is long enough for crops grown in the
county to mature.
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Figure 1.—Location of Webster County in Iowa,

How This Survey Was Made

Soil scientists made this survey to learn what kinds of
soil are in Webster County, where they are located, and
how they can be used. The soil scientists went into the
county knowing they likely would find many soils they
had already seen and perhaps some they had not. They
observed the steepness, length, and shape of slopes; the
size of streams; the kinds of native plants or crops; the
kinds of rock; and many facts about the soils. They dug
many holes to expose soil profiles. A profile is the sequence
of natural layers, 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 the action of plant
roots.

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. The soil series and the soil phase
are the categories of soil classification most used in a local
survey. )

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 thickness, arrangement, and other important charac-
teristics. Each soil series is named for a town or other
geographic feature near the place where a soil of that
series was first observed and mapped. Webster and
Clarion, for example, are the names of two soil series. All
the soils in the United States having the same series name
are essentially alike in those characteristics that affect
their behavior in the undisturbed landscape.

Soils of one series can differ in texture of the surface
layer and in slope, stoniness, or some other characteristic
that affects use of the soils by man. On the basis of such
differences, a soil series is 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, 1s
one of several phases within the Clarion series.

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-
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2 SOIL SURVEY

graphs show woodlands, buildings, field borders, trees,
and other details that help in drawing boundaries ac-
curately. The soil map at the back of this publication was
prepared from aerial photographs.

The areas shown on a soil map are called mapping
units. On most maps detailed enough to be useful in plan-
ning the management of farms and fields, a mapping
unit is nearly equivalent to a soil phase. 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 phase.

Some mapping units are made up of soils of different
series, or of different phases within one series. Two such
kinds of mapping units are shown on the soil map of
Webster County: the soil complex and the undifferen-
tiated group.

A soil complex consists of areas of two or more soils,
so intermingled or so small in size that they cannot be
shown separately on the soil map. Each area of a com-
plex contains some of each of the two or more dominant
soils, and the pattern and relative proportions are about
the same in all areas. The name of a soil complex con-
sists of the names of the dominant soils, joined by a
hyphen. An example is Storden-Hayden loams, 25 to 70
percent slopes.

An undifferentiated group is made up of two or more
soils that could be delineated individually but are shown
as one unit because, for the purpose of the soil survey,
there is little value in separating them. The pattern and
proportion of soils are not uniform. An area shown on
the map may be made up of only one of the dominant
soils, or two or more. The name of an undifferentiated
group consists of the names of the dominant soils joined
by “and.” Rock land and Steep sandy land, 20 to 40 per-
cent slopes, is an example.

In most areas surveyed there are places where the soil
material is so rocky, so shallow, or so severely eroded that
it cannot be classified by soil series. These places are
shown on the soil map and are described in the survey,
but they are called land types and are given descriptive
names. Alluvial land, 2 to 5 percent slopes, is a land type
in Webster County.

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 soil 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 soil. Yields under defined management are esti-
mated 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 as-
sembled. The mass of detailed information then needs to
be organized in such a way as to be readily useful to
different groups of users, among them farmers, managers
of woodland, and engineers.

On the basis of yield and practice tables and other
data, the soil scientists set up trial groups. They test
these groups by further study and by consultation with
farmers, agronomists, engineers, and others, then 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 be-
havior 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 Webster County. A soil
association is a landscape that has a distinctive propor-
tional 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 another, 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 use. Such a map is a useful general guide in
managing a watershed, a wooded tract, or a wildlife area,
or in planning engineering works, recreational facilities,
and community developments. It is not a suitable map
for planning the management of a farm or field, or for
selecting the exact location of a road, building, or similar
structure, because the soils in any one association ordi-
narily differ in slope, depth, stoniness, drainage, and other
characteristics that affect management.

The five soil associations in Webster County are dis-
cussed in the following pages. The terms for texture used
in the descriptive heading for each association apply to
the surface layer. For example, in the heading for asso-
ciation 1, the word “clayey” refers to the texture of the
surface layer.

1. Marna-Guckeen association

Nearly level to gently sloping, poorly drained and some-
what poorly drained, loamy and clayey soils on uplands

This association is in the southern part of Webster
County. Tt is mainly in the bottom tier of townships, but
one area, southwest of the town of Callender, is in the
second tier of townships north of the county line. The
soils are mainly nearly level or gently sloping, but they are
steeper in some places, mostly near streams (fig. 2). A
few small rivers and creeks extend into this association,
but the drainage pattern is not well established in most
places. Some areas contain closed depressions.

This association occupies about 8 percent of the county.
Marna soils make up about 56 percent of the association;
Guckeen soils, about 25 percent; and minor soils, the re-
maining 19 percent.

The nearly level Marna soils are poorly drained. The
slopes are long and in most places are slightly convex.
These soils have a surface layer of black heavy silty clay
loam about 14 inches thick. The subsoil is mainly olive
gray. It is firm or very firm silty clay or clay in the
upper part and is friable or firm clay loam or loam in
the lower part.

The Guckeen soils have slopes of 1 to 3 percent and
are somewhat poorly drained. These soils are on rises,
generally at a slightly higher elevation than the Marna
soils. They have a black surface layer, about 16 inches
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Figure 2.—Relationship of slope and parent material to soils of the Marna-Guckeen soil association.

thick, that is clay loam in the upper part and silty clay
or clay in the lower part. The subsoil is mainly firm, dark
grayish-brown light clay in the upper part and is firm,
mottled, light olive-brown, olive-gray, yellowish-brown,
and light-gray clay loam in the lower part.

Both the Marna and Guckeen soils formed partly in
lacustrine sediment and partly in the underlying glacial
till.

Minor soils in this association are mostly the Kamrar,
Canisteo, Iarps, Okoboji, Lanyon, and Rolfe soils, but
they include a few areas of Muck. The Kamrar soils are
gently sloping and are on knobs and rises upslope from
the Marna and Guckeen soils. The Guckeen, Kamrar, and
Marna soils formed in similar material, but the Guckeen
soils are somewhat poorly drained, the Kamrar soils are
moderately well drained, and the Marna soils are poorly
drained. The Canisteo soils are nearly level and are in
shallow swales. The Harps soils are on the narrow rims of
closed depressions in most places, and they surround the
soils that are in depressions. The Okoboji and Lanyon
soils, both very poorly drained, and the few areas of
Muck are in depressions that are commonly called pot-
holes. The Rolfe soils generally are in small areas, typi-
cally within areas of Marna soils.

Artificial drainage is needed for many of the soils in
this association. In most places tile drains are used to
remove excess water, but open ditches are used in some
places. Erosion is a hazard, mainly on the Kamrar soils,
in a few sloping areas near streams and on a few of the

longest slopes and steepest areas of Guckeen soils. In
places contour tillage is used to help control erosion. Ter-
races are generally not built.

This association is used mostly for field crops. Corn and
soybeans are the main crops, but oats, alfalfa, and alfalfa-
grass mixtures are also grown to some extent (fig. 3).
Much of the grain is sold for cash, but some farmers keep
livestock, mainly hogs and beef cattle, and they use at
least part of the grain they produce for livestock feed.

This association is served by a system of hard-surfaced
and graveled roads that are mainly on section lines. Most
of the farm fields have a rectangular shape. In recent
years the trend has been to remove fences between fields
so that fields are larger and rows are longer.

2. Le Sueur-Luther-Hayden association

Nearly level to moderately sloping, somewhat poorly
drained and well drained, loamy soils on uplands

This association occupies a number of small areas on
uplands near the valley of the Des Moines River. These
areas are south of Fort Dodge. The topography of this
association is undulating. This association consists of
nearly level to moderately sloping soils on convex rises
or on low hills and in numerous swales. The swales con-
nect with deep gullies that extend from the sides of the
valley of the Des Moines River. Some steep soils are
along the drainageways and gullies that extend into areas
of this association in places.

This association occupies about 3 percent of the county.
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Figure 3.—Corn growing on Marna and Guckeen soils.

The Le Sueur soils make up about 33 percent of the asso-
ciation; Luther soils, about 33 percent; Hayden soils,
about 22 percent; and minor soils, the remaining 12
percent.

The Le Sueur soils are somewhat poorly drained and
mainly have slopes of 1 to 3 percent on slight rises. These
soils have a surface layer of very dark gray loam about
7 inches thick. The subsurface layer is very dark grayish-
brown loam about 5 inches thick. The subsoil is dark
grayish-brown and grayish-brown, firm clay loam. These
soils formed in glacial till under grass and trees.

The Luther soils are somewhat poorly drained and
mainly have slopes of 1 to 8 percent on slight rises but
are also on some slightly concave areas. These soils have
a surface layer of very dark grayish-brown loam about
6 inches thick. The subsurface layer is dark grayish-
brown loam about 4 inches thick. The subsoil is dark
grayish-brown and brown, firm clay loam in the upper
part and olive-gray, friable loam in the lower part.

The gently sloping to moderately sloping Hayden soils
are well drained and are on the more abrupt rises in the
association. These soils have a surface layer of very dark
gray loam about 3 inches thick. The subsurface layer is
dark grayish-brown to brown loam about 7 inches thick.

The subsoil is mainly dark yellowish-brown and yellowish-
brown firm clay loam.

Both Luther and Hayden soils formed in glacial till
under trees.

Among the minor soils in this association are Cordova
and Dundas soils in swales. The gently sloping to mod-
erately sloping Lester soils are on rises and low knolls
in association with the Le Sueur soils.

Erosion is a hazard on the sloping soils in this associa-
tion. Contour tillage is the most common method used to
control erosion. Providing drainage for the poorly drained
soils in the swales is the most important concern in man-
aging the soils in this association for crops. Tile drains
are used and outlets generally are readily available.

Some areas of these soils are used for crops. Corn, soy-
beans, oats, and hay are the main crops. Other areas are
in permanent bluegrass pasture or timbered pasture. A
few areas are wooded and are used for wildlife habitat.
The use of these soils generally depends, at least in part,
on whether they are adjacent to steep soils on the valley
sides or near intensively farmed, nearly level soils farther
from the stream valley. Some areas are inaccessible be-
cause of gullies that extend into this association.

Many farms in this association consist partly of steeper
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soils near the river or partly of undulating soils on up-
lands some distance from the stream valley. This gen-
erally influences the type of farming practiced. Some
farms are of the cash-grain type, but most have livestock.
Cow-calf herds are kept on some farms. Feeding beef
cattle and raising hogs are also important enterprises.
Poultry or sheep are raised on some farms, or dairying
is practiced.

Roads have been built to serve farmsteads in this asso-
ciation or to lead to bridges over the Des Moines River.
They are mainly surfaced with gravel. They commonly
are on half- or quarter-mile lines as well as section lines
and are routed to avoid steep soils. Where possible, fields
are rectangular or square, but in places they are irreg-
ularly shaped. On the average, the fields in this associa-
tion are not so large as those in other associations, except
those in association 3.

3. Storden-Hayden-Wadena association

Nearly level to very steep, well-drained, loamy soils on
bottom lands, benches, and valley sides

This association is mainly along the Des Moines River,
but it extends along some of the larger tributaries, in-
cluding Brushy Creek, Skillet Creek, and Lizard Creek,
and also a short distance along a few smaller streams.
This association consists mainly of very steep soils on
valley sides, nearly level to gently sloping soils on benches,
and nearly level soils on bottom lands. The very steep
soils have many ravines and gullies that cut back into
the upland. A distinct feature of the association is the
contrast in relief between the valley sides and the ad-
jacent benches and bottom lands (fig. 4).
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This association occupies about 11 percent of the county.
Storden and Hayden soils are closely intermingled and
make up about 40 percent of the association; Wadena
soils, about 10 percent; and minor soils, the remaining
50 percent.

The very steep Storden and Hayden soils occupy most
of the valley sides. These soils occur together in intricate
patterns on the landscape. Storden soils have a surface
layer of very dark grayish-brown loam about 7 inches
thick. The underlying material is yellowish-brown to
light olive-brown, friable loam. These soils are calcareous
throughout. Hayden soils have a surface layer of very
dark gray loam about 3 inches thick. The subsurface
layer is dark grayish-brown to brown loam about 7 inches
thick. The subsoil is mainly dark yellowish-brown and
yellowish-brown, firm clay loam. These soils formed in
glacial till.

The nearly level to moderately sloping Wadena soils
are well drained and are on benches along the streams.
These soils have a surface layer of very dark brown loam
about 12 inches thick. The subsoil is mainly dark yellow-
ish-brown and brown loam that, in places, grades to sandy
loam in the lower part. Wadena soils are underlain by
sand and gravel at a depth of 24 to 40 inches.

Among the minor soils in this association are the Han-
lon and Buckney soils and Sandy alluvial land on bottom
lands and generally fairly close to the streams. Also on
bottom lands are the Dorchester, Spillville, Colo, and
Calco soils. The Biscay, Cylinder, and Estherville soils
are on benches and are underlain by sand and gravel. The
Ankeny, Spillville, Terril, and Turlin soils are on low
benches and foot slopes. In places the Gosport and Boone

Figure 4—Relationship of slope and parent material to soils of the Storden-Hayden-Wadena soil association.
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soils are on the lower parts of the valley sides. The Gos-
port soils formed in material weathered from shale, and the
Boone soils formed in material weathered from sandstone.

Erosion is a hazard on the sloping soils in this associa-
tion. Contour tillage and, in places, terraces are used to
control erosion. Many of the soils that are underlain by
sand and gravel have limited availlable water capacity.
Some areas of the soils are wet because of seepiness or a
high water table and need artificial drainage if culti-
vated. Some areas of the soils on bottom lands are sub-
ject to flooding when streams overflow. Some farmers
leave a strip of trees and brush between the Des Moines
River and cultivated land to lessen flooding. Others at-
tempt to stabilize the river bank by using rubble, and
then grow crops to the edge of the river bank.

A large part of this association is wooded. It generally
is used for pasture rather than as woodland, but a few
areas are managed as woodland, and wood products are
the major source of income. Other soils in this association
are used for field crops or permanent bluegrass pasture.
Corn, soybeans, oats, and hay, generally alfalfa or alfalfa-
grass mixtures, are the main crops. A few truck gardens
and apple orchards are also in this association. Some areas
are a source of sand and gravel for roads and construc-
tion. A plant for the manufacture of clay products is
near Lehigh.

Some farms are wholly in this association, but many
consist partly of areas in this association and partly of
areas on adjacent uplands. The farms differ widely. Some
are general farms that generally have beef cattle or cow-
calf herds to use the pasture. On others hogs, poultry, or
sheep are raised or dairying is practiced. A number of
people own homesites and small farms or acreages in this
association. Many of these commute to jobs in nearby Fort
Dodge. The output of these small farms is varied: apples
are grown, and turkeys, mink, horses, and ponies are
raised.

Most roads in this association provide access to bridges
that cross the Des Moines River and other streams. Some
are on foot slopes in the stream valley. These roads gen-
erally are crooked and seldom are on section lines. Fields
and pastures in this association are irregular in shape
and variable in size.

4. Webster-Clarion-Nicollet association

Nearly level to moderately steep, poorly drained, well-
drained, ond somewhat poorly drained, loamy soils on
uplands

This association is mainly in the northern two-thirds
of the county, but it is also in the southern and south-
western parts. The topography of much of this associa-
tion is undulating. The well-drained and somewhat poorly
drained soils in this association are nearly level to mod-
erately sloping and are on convex rises, knolls, and low
hills. The poorly drained or very poorly drained soils
are nearly level and are on flats and in swales and de-
pressions. In these areas the natural drainage system is
not well established. In places drainage ditches have
been dug to provide outlets for tile drains. In other places
creeks and small streams extend into this association.
Here the natural drainage pattern is better established,
and in many places soils are steeper, especially in areas
adjacent to the streams (fig. 5).

This association occupies about 56 percent of the county.
Webster soils make up about 26 percent of the associa-
tion ; Clarion soils, about 24 percent; Nicollet soils, about
15 percent; and minor soils, the remaining 35 percent.

The poorly drained Webster soils are mainly in swales
and draws that are generally slightly concave. Some areas
are on flats. These soils have a surface layer of black,
gritty silty clay loam about 18 inches thick. The subsoil
is mainly olive-gray clay loam. It is firm in the upper
part and friable in the lower part. These soils formed in
glacial till and in sediment from glacial till.

The well-drained Clarion soils are mainly gently slop-
ing and are on knolls and rises, but they are also mod-
erately sloping to moderately steep in some areas. These
soils have a surface layer of very dark brown loam about
11 inches thick. The subsoil is dark-brown, brown, and
dark yellowish-brown, friable loam.

The somewhat poorly drained Nicollet soils mainly
have slopes of 1 to 3 percent and are on convex rises.
These soils have a surface layer of black heavy loam and
light clay loam about 15 inches thick. The subsoil is
mainly very dark grayish-brown and dark grayish-brown,
friable light clay loam.

Both Clarion and Nicollet soils formed in glacial till.

Among the minor soils in this association are the Canis-
teo soils that are poorly drained and calcareous through-
out. These soils occupy positions on the landscape similar
to Webster soils and are the most extensive of the minor
soils. Okoboji and Wacousta soils and Muck, shallow, are
in the closed depressions. Harps soils are highly calcareous
and are mainly on narrow rims around the depressions.
Talcot and Biscay soils are nearly level and are in valley-
or basin-like areas drained by small streams. The Storden
soils are calcareous. In many places in this association,
they are moderately sloping to steep.

Erosion is a hazard on the sloping soils in this asso-
ciation. The irregular pattern and short length of many
slopes complicate the application of such conservation
practices as contour farming or terracing, but these prac-
tices are used. The poorly drained and very poorly
drained soils need artificial drainage. Tile lines and
drainage ditches are used.

Most of the acreage in this association is used for crops.
Some areas are in permanent pasture. Corn, soybeans,
oats, and hay are the main crops. The hay is generally
alfalfa, alfalfa-grass mixtures, or clover. Most areas of
the nearly level to gently sloping soils are used for row
crops.

A large amount of grain is sold for cash in this area,
but most farms are diversified and have livestock. On
these farms, part of the grain and most of the forage
produced is fed to livestock. Raising and fattening hogs
and feeding beef cattle are the most important livestock
enterprises. Beef cow-calf herds, dairying, and the raising
of sheep and poultry are of less importance. On a few
farms turkeys are raised as a major enterprise.

This association is served by a network of hard-sur-
faced and graveled roads. Asphalt-surfaced roads connect
most towns with major highways. Most roads are on
section lines. Fields are mainly square or rectangular in
shape. They are generally large, and the trend is to re-
move fences so that they can be made larger. In more
rolling parts of the association there is more variation
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Figure 5—Relationship of slope and parent material to soils of the Webster-Clarion-Nicollet soil association.

in the size and shape of fields. The few trees in this asso-
ciation are mainly windbreaks and ornamentals around
farmsteads. A few are along fence lines or in small stream
valleys.

5. Webster-Nicollet-Canisteo association

Nearly level, poorly drained and somewhat poorly
drained, loamy soils on uplands

This association occupies a large acreage in the southern
part of the county. The topography is mainly nearly
level, but it is slightly undulating in many places. Most
of this association consists of nearly level soils in wide, very
shallow swales or on flats, but there are many slight con-
vex rises and many large and small depressions (fig. 6).
The natural drainage pattern in most of the association 1s
indistinct and not well established. In places, however,
small, sluggish streams in indistinct valleys extend into
the association. In places drainage ditches have been dug
in these valleys to provide outlets for tile drains (fig. 7).
The ditches generally begin in a large depression and
eventually empty into larger, well-defined streams.

This association occupies about 22 percent of the county.
Webster soils make up about 35 percent of the associa-
tion; Nicollet soils, about 30 percent ; Canisteo soils, about
15 percent; and minor soils, the remaining 20 percent.

The poorly drained Webster soils have a surface layer
of black gritty silty clay loam about 18 inches thick. The
subsoil is mainly olive-gray clay loam. Tt is firm in the
upper part and friable in the lower part.

The somewhat poorly drained Nicollet soils mainly

488-962—73—2

have slopes of 1 to 8 percent and are on slight convex
rises. These soils have a surface layer of black heavy loam
and light clay loam about 15 inches thick. The subsoil
is mainly very dark grayish-brown and dark grayish-
brown, friable light clay loam. These soils formed in gla-
cial till.

The poorly drained Canisteo soils are similar to the
Webster soils in most profile characteristics but are cal-
careous at the surface and-thronghout the profile. Web-
ster and Canisteo soils formed in glacial till and in sedi-
ment from glacial till, and they are in wide swales and
on flats. Canisteo soils generally are at a slightly lower
elevation than Webster soils.

Among the minor soils in this association are the gently
sloping to moderately sloping Clarion soils on knolls or
low hills and sides of stream valleys. The highly cal-
careous Harps soils are on narrow rims around depres-
sions. The very poorly drained Okoboji and Wacousta
soils and Muck, shallow, are in these depressions.

Much of this association needs artificial drainage. Most
areas are drained by tile lines, but shallow drainage
ditches are used to drain some depressions, and large
drainage ditches are used in places.

Water erosion is a hazard in a few areas. These soils
commonly are plowed in fall, and large areas are then
left bare. If the surface is dry in spring and other weather
conditions are right, soil blowing is a serious hazard in
places. Soil blowing causes road ditches on the windward
side of some fields to fill with soil, and clearing these
ditches generally is expensive.
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Figure 6.—Relationship of slope and parent material to soils of the Webster-Nicollet-Canisteo soil association.

The soils of this association are mainly used intensively
for corn and soybeans. Oats and hay—generally alfalfa,
alfalfa-grass mixtures, or clover—are also grown, but the
acreage 1s minor compared to that used for row crops.

Many farmers in this association derive most of their

Figure 7.—Drainage ditch in the Webster-Nicollet-Canisteo soil
association. Canisteo soils are adjacent to the ditch.

income from the sale of corn and soybeans, but others
also keep livestock and feed part of the corn and all of
the forage they produce to livestock. Raising and fatten-
ing hogs and feeding beef cattle are the most important
livestock enterprises. Only a few farmers keep such other
types of livestock as sheep, poultry, or dairy herds.

The trees in this association are mainly in windbreaks
or are ornamentals that have been planted around farm-
steads. A few trees grow along drainage ditches or fence
lines. Fields are large and generally are square or rec-
tangular in shape. The trend is to remove fences so that
fields can be made larger and rows of row crops longer.
Graveled roads are on most section lines in this associa-
tion. Hard-surfaced roads connect towns with major
highways.

Descriptions of the Soils

This section describes the soil series and mapping units
in Webster County. Each soil series is described in con-
siderable detail, and then each mapping unit in that
series is briefly described. Unless it is specifically men-
tioned otherwise, it is to be assumed that what is stated
about the soil series holds true for the mapping units in
that series. Thus, to get full information about any one
mapping unit, it is necessary to read both the description
of the mapping unit and the description of the soil series
to which it belongs.
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An important part of the description of each soil series
is the soil profile, that is, the sequence of layers from the
surface downward to rock or other underlying material.
Each series contains two descriptions of this profile. The
first is brief and in terms familiar to the layman. The
second, detailed and in technical terms, is for scientists,
engineers, and others who need to make thorough and
precise studies of soils. Unless it is otherwise stated, the
colors given in the descriptions are those of a moist soil.

As mentioned in the section “How This Survey Was
Made”, not all mapping units are members of a soil series.
Sandy alluvial land, for example, does not belong to a soil
series, but nevertheless, it is listed in alphabetic order
along with the soil series.

Following the name of each mapping unit is a symbol
in parentheses. This symbol identifies the mapping unit
on the detailed soil map. Listed at the end of each de-
scription of a mapping unit is the capability unit and
woodland suitability group in which the mapping unit
has been placed. The page for the description of each
capability unit and woodland suitability group can be
found by referring to the “Guide to Mapping Units” at
the back of this survey.

The acreage and proportionate extent of each mapping
unit are shown in table 1. Many of the terms used in
describing soils can be found in the Glossary at the end
of this survey, and more detailed information about the
terminology and methods of soil mapping can be obtained
from the Soil Survey Manual (16).*

Alluvial Land

Alluvial land, 2 to 5 percent slopes (315B), consists of
sandy and loamy material deposited by overflowing
streams. This soil is mainly in the valleys of small tribu-
tary streams that flow into the larger streams of the
county. Almost half of it is similar to Hanlon sandy
loam, but more variable in texture.

Most areas are in pasture. In most places the vegeta-
tion is grass, brush, and willows. This land is well suited
to pasture. It is also suited to wildlife habitat. Many
areas flood whenever streams overflow. Many areas have
limited available water during dry periods, but a water
table generally is below the water level of the streams.
Plants that are deep-rooted enough to reach this water
table grow well. Capability unit Vw-1; woodland suit-
ability group 5w2.

Ankeny Series

The Ankeny series consists of dark-colored, well-
drained soils that formed in loamy alluvium. These soils
are on foot slopes, low benches, and bottom lands. In
places they have been affected by materials deposited by
wind. They are nearly level to gently sloping. Foot slopes
are concave, and rises on the benches and bottom lands
are convex and elongated. These soils are mainly in the
Storden-Hayden-Wadena soil association. Size of indi-
vidual areas is generally 5 to 50 acres. The native vege-
tation was mainly grass, brush, and trees.

In a representative profile, the surface layer is fine
sandy loam about 28 inches thick. It is black in the upper

* Italic numbers in parentheses refer to Literature Cited, p. 119.

part and very dark grayish brown in the lower part. The
subsoil is brown, very friable fine sandy loam to a depth
of about 52 inches. The underlying material is brown
sand.

The available water capacity is low or moderate, per-
meability is moderately rapid or rapid, and the content
of organic matter is moderate. The surface layer is gen-
erally neutral. The subsoil is very low in available phos-
phorus and available potassium.

Ankeny soils are mostly cultivated. In some areas they
are subject to erosion.

Representative profile of Ankeny fine sandy loam, 0 to
3 percent slopes, in a cultivated field 200 feet east and
400 feet north of the southwest corner of NE14,NW1/,
sec. 31, T. 90 N., R. 28 W.

Ap—oO to 6 inches, black (10YR 2/1) fine sandy loam, very
dark brown (10YR 2/2) when kneaded; very weak,
fine, subangular blocky structure; very friable when
moist, slightly hard when dry; neutral; gradual,
smooth boundary.

A12—6 to 18 inches, black (10YR 2/1) fine sandy loam, very
dark brown (10YR 2/2) when kneaded; very weak,
medium, subangular blocky structure; very friable
when moist, slightly hard when dry ; neutral; gradual,
smooth boundary.

A13—18 to 24 inches, very dark brown (10YR 2/2) fine
sandy loam, very dark grayish brown (10YR 3/2)
when dry; weak, fine, subangular blocky structure;
very friable when moist, slightly hard when dry;
neutral ; gradual, smooth boundary.

A3—24 to 28 inches, very dark grayish-brown (10YR 3/2)
fine sandy loam, dark grayish brown (10YR 4/2)
when dry; weak, very fine, subangular blocky struc-
ture; very friable when moist, slightly hard when
dry; neutral; gradual, smooth boundary.

B1-—28 to 34 inches, dark-brown (10YR 3/3) fine sandy loam,
faces of peds very dark grayish brown (10YR 3/2);
weak, very fine, subangular blocky structure; very
friable when moist, slightly hard when dry; mildly
alkaline ; gradual, smooth boundary.

B2—34 to 40 inches, brown (10YR 4/3) fine sandy loam,
faces of peds dark brown (10YR 3/3); very weak,
fine, subangular blocky structure; very friable when
moist, slightly hard when dry; mildly alkaline;
gradual, smooth boundary.

B3—40 to 52 inches, brown (10YR 4/3) light sandy loam,
brown (10YR 5/3) to yellowish brown (10YR 5/4)
when dry; very weak, fine, subangular blocky struc-
ture; very friable when moist, slightly hard when
dry; mildly alkaline; gradual, smooth boundary.

C—52 to 62 inches, brown (7.5YR 4/4) sand, yellowish brown
(10YR 5/4) when dry; single grain; loose; mildly
alkaline.

The A horizon ranges from black (10YR 2/1) to very dark
grayish brown (10YR 3/2) in color and from 24 to 36 inches
in thickness. The B horizon ranges from dark brown (10YR
3/3) to brown (10YR 4/3 and 5/3) or dark yellowish brown
(10YR 4/4). In many places it is loamy sand or sand in the
lower part. The B horizon generally extends to a depth of
about 4 to 5 feet. The C horizon is brown (10YR 4/3 or
5/8 to 7.5Y 4/4), dark yellowish-brown (10YR 4/4), or
yellowish-brown (10YR 5/4) loamy fine sand or sand. Re-
action of the A horizon is slightly acid to neutral. The B
horizon is slightly acid to mildly alkaline, but this horizon
is not calcareous. The C horizon is neutral to moderately alka-
line. In places where it is mildly alkaline or moderately
alkaline it generally is calcareous.

Ankeny soils formed in parent material similar to the
Hanlon and Buckney soils. Ankeny soils are browner in the
B horizon and better drained than the Hanlon soils. They
are less stratified and have a thicker, darker colored A horizon
than the Buckney soils, and unlike the Buckney soils, they
are not calcareous.
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TABLE 1.—Approximate acreage and proportionate extent of the soils

Soil Area Extent Soil Area | Extent
Acres Percent . Acres Percent

Alluvial land, 2 to 5 percent slopes. . ________ 517 0.1 || Okoboji mueky silt loam___._________________ 3,719 0.
Ankeny fine sandy loam, 0 to 3 percent slopes. 254 .1 || Okobojisilty clay loam______________________ 20, 526 4.5
Billett fine sandy loam, 1 to 5 percent slopes___ 173 O] Rock land and Steep sandy land, 20 to 40 per-
Billett fine sandy loam, 5 to 10 percent slopes__ 284 .1 cent slopes________ . _________ 203 ®
Biscay clay loam, deep__ ____________________ 1, 530 .3 || Rockton loam, 2 to 5 percent slopes__________ 166 )
Boone loamy fine sand, 25 to 45 percent slopes.| 1, 960 .4 | Rolfesiltloam_____________________________ 560 .1
Buckney fine sandy loam, 0 to 2 percent slopes_ 348 .1 || Sandy alluvialland_________________________ 5, 338 1.2
Buckney fine sandy loam, 2 to 6 percent slopes._ 221 ) Spillville loam, 0 to 2 percent slopes_ - _.______ 973 .2
Calamine silty clay loam, 2 to 5 percent slopes_ 140 O] Spillville loam, 2 to 5 percent slopes__________ 1, 161 .3
Calamine silty clay loam, 5 to 14 percent slopes. 120 O] Storden loam, 5 to 9 percent slopes, moderately
Calco silty elay loam._.______________________ 221 ® eroded_ _ - ______ . _____ 527 .1
Canisteo silty clay loam_____________________ 54, 089 11. 8 || Storden loam, 9 to 14 percent slopes, mod-
Clarion loam, 0 to 2 percent slopes_ . _________ 247 .1 erately eroded_._________________________._ 1, 032 .2
Clarion loam, 2 to 5 percent slopes_ .. ________ 54, 121 11. 8 || Storden loam, 14 to 18 percent slopes, mod-
Clarion loam, 5 to 9 percent slopes_ _.________ 769 .2 erately eroded____________________________ 361 .1
Clarion loam, 5 to 9 percent slopes, moderately Storden loam, 18 to 25 percent slopes, mod-

eroded _ . - __ 7, 677 L7 erately eroded_____________________ ______ 686 1
Clarion loam, 9 to 14 percent slopes, moderately Storden loam, 25 to 45 percent slopes, mod-

eroded _ _ _ _ __ _ o _____ 464 .1 erately eroded_ . ___ . __ __________.__________ 1, 736 .4
Clarion loam, 14 to 18 percent slopes, mod- Storden-Hayden loams, 25 to 70 percent slopes_| 20, 052 4.4

erately eroded_._.________________________ 118 O] Talcot clay loam, deep__ . ___________________ 963 .2
Colosilty elay loam________________________ 4, 997 1.1 || Talcot clay loam, moderately deep_____.._____ 125 O]
Colo-Spillville complex, 2 to 5 percent slopes___ 630 .1 || Terril loam, 5 to 9 percent slopes_.___________ 476 .1
Cordova silty elay loam_____________________ 824 .2 || Terril loam, 9 to 14 percent slopes_______._.____ 193 O]
Cylinder loam, deep. - _________________._____ 1,119 .2 || Terril loam, sandy substratum, 2 to 5 percent
Cylinder loam, moderately deep___.._________ 699 .2 slopes._ o o___ 421 .1
Dorchester silt loam_ _______________________ 359 .1 || Terril loam, thin surface variant, 5 to 9 percent
Dorchester silt loam, frequently flooded. ______ 169 ) slopes__ - . _______. 617 .1
Dundas silt loam___________________________ 528 .1 || Terril loam, thin surface variant, 9 to 14 per-
Estherville sandy loam, 0 to 2 percent slopes___ 183 o cent slopes._____________________________ 193 O]
Estherville sandy loam, 2 to 5 percent slopes___| 1, 624 .4 || Terril loam, thin surface variant, 14 to 18 per-
Estherville sandy loam, 5 to 9 percent slopes___ 380 .1 cent slopes_____ ___ . o __ 171 o
Estherville sandy loam, 9 to 14 percent slopes_ . 346 .1 || Turlin loam, 2 to 5 percent slopes____________ 729 .2
Gosport silt loam, 25 to 45 percent slopes_ _ - __ 518 .1 || Wacousta silt loam_________________________ 5, 214 1.2
Guckeen clay loam, 1 to 3 percent slopes__.____ 8, 620 1.9 || Wadena loam, deep, 0 to 2 percent slopes.__.__ 350 .1
Hanlon fine sandy loam, 0 to 3 percent slopes_.| 1, 830 .4 || Wadena loam, deep, 2 to 5 percent slopes______ 494 .1
Harps clay loam____________________________ 14, 683 3.2 || Wadena loam, moderately deep, 0 to 2 percent
Hayden loam, 2 to 5 percent slopes___._______ 4, 352 1.0 slopes._ _ e 2, 287 .5
Hayden loam, 5 to 9 percent slopes._ ._._______ 274 .1 || Wadena loam, moderately deep, 2 to 5 percent
Jacwin loam, 1 to 3 percent slopes____._____.__ 151 ® slopes_ _ . e 1, 860 .4
Kamrar clay loam, 2 to 5 percent slopes_._____ 467 .1 || Wadena loam, moderately deep, 5 to 9 percent
Lanyon silty elay__________________________. 1, 442 .3 slopes._ e 176 O]
Lester loam, 2 to 5 percent slopes_ _ - _________ 2, 237 .5 || Wadena loam, thin surface variant, deep, 2 to
Lester loam, 5 to 9 percent slopes_ - __________ 204 .1 5 percent slopes - _ . ___.____. 195 ®
Lester loam, 9 to 14 percent slopes_. ... _.____. 223 ® Wadena loam, thin surface variant, moderately
Lester loam, 14 to 18 percent slopes_ . . _______ 203 ®) deep, 2 to 5 percent slopes__ .. _____________ 188 O]
Lester loam, 18 to 35 percent slopes__ .- ______ 390 .1 || Webster silty clay loam_ ____________________ 113, 321 24. 6
Le Sueur loam, 1 to 3 percent slopes. _________ 4, 313 .9 || Webster silty clay loam, benches, 0 to 3 percent
Luther loam, 1 to 3 percent slopes____________ 4, 229 .9 slopes - e 640 .1
Marna silty elay loam_______________________ 19, 580 4.3 Gravel pits and quarries_________________ 3, 047 .7
Minnetonka silty clay loam____.______________ 346 .1 Water, borrow pits, and miscellaneous
Muck, shallow_ . __________ . ______________. 1, 631 .4 land - oo eo- 1,127 .3
Muck, shallow, 5 to 14 percent slopes__._____._ 86 ®
Nicollet loam, 1 to 3 percent slopes_.____.____ 68, 362 14.9 Total . - - 459, 520 100. 0
Nicollet loam, benches, 3 to 6 percent slopes.__ 351 .1

! Less than 0.05 percent.

Ankeny fine sandy loam, 0 to 3 percent slopes
(136A).—This soil is on low benches and bottom lands, on
convex elongated rises, and on foot slopes. In many places
it is associated with the Hanlon soils and is commonly
downslope from Hayden or Storden soils.

Included with this soil in mapping are areas of a soil

that has slopes up to about 5 percent.

Most areas of this soil are in crops. Some areas are in
grass, trees, and weeds. Areas that are not cultivated are

generally the long, narrow strips between very steep soils
and the river. These areas are small and are generally
managed with the steeper soils. This soil is only mod-
erately suited to row crops because of limited available
water capacity. Some areas of the more sloping soils,
especially those on foot slopes, are subject to erosion and
to rilling by water that flows across them. Soil blowing
is a hazard if this soil is not protected by a cover of
plants. Tilth is generally good. Capability unit IIIs-1;

woodland suitability group 5w2.
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Billett Series

The Billett series consists of moderately dark colored,
well-drained soils that formed in loamy and sandy ma-
terial deposited by water and wind. These soils are mainly
on high benches, but they occupy short escarpments in
some places. The areas are long and narrow and are along
the Des Moines River in the Storden-Hayden-Wadena
soil association. Slopes are convex to concave and range
from 1 to 10 percent. Size of the individual areas is gen-
erally 2 to 20 acres. The native vegetation was grasses
and trees.

In a representative profile, the surface layer is very
dark grayish-brown fine sandy loam about 10 inches
thick. The subsurface layer, about 12 inches thick, is
very dark grayish-brown and dark grayish-brown, very
friable fine sandy loam in the upper part and dark
grayish-brown, very friable loamy fine sand in the lower
part. The upper part of the subsoil, to a depth of about
46 inches, is brown, very friable and friable fine sandy
loam and fine sandy clay loam. The lower part of the
subsoil, to a depth of about 52 inches, is brown, loose
fine sand. Below that depth and extending to a depth of
60 inches or more, it 1s dark reddish-brown, slightly
cemented fine sand.

The available water capacity is low or moderate, per-
meability is moderately rapid or rapid, and the content
of organic matter is low. The surface layer and the sub-
surface layer are generally neutral or slightly acid. The
most acid part of the subsoil is medium acid, and the
rest of the subsoil is slightly acid or neutral. The sub-
soil is low in available phosphorus and very low in
available potassium.

Billett soils are used for cultivated crops to some ex-
tent, but some areas are too droughty for cultivated crops.
Other areas are managed along with steeper soils or with
other soils that are not well suited to crops. Billett soils
are subject to water erosion. They are also subject to
soil blowing if they are cultivated and left bare. In many
places available water is insufficient for good crop growth
during dry periods. .

Representative profile of Billett fine sandy loam, 5 to
10 percent slopes, in an idle area that has a cover of blue-
grass; 400 feet west and 500 feet north of the southeast
corner of NE14,SE1, sec. 21, T. 86 N., R. 27 W.

A1—O0 to 10 inches, very dark grayish-brown (10YR 3/2) fine
sandy loam; very weak, medium, subangular blocky
structure that has a tendency to part into thin
plates; very friable when moist; neutral; clear,
smooth boundary.

A21—10 to 16 inches, very dark grayish-brown (10YR 3/2)
and dark grayish-brown (10YR 4/2) fine sandy loam,
light brownish gray (2.5Y 6/2) when dry; very
weak, medium, subangular blocky structure that has
a tendency to part into thin plates; very friable
when moist; abundant uncoated sand grains; slightly
acid; gradual, smooth boundary.

A22—16 to 22 inches, dark grayish-brown (10YR 4/2) loamy
fine sand, light brownish gray (2.5Y 6/2) when dry;
very weak, medium, subangular blocky structure;
very friable when moist; abundant uncoated sand
grains; slightly acid; clear, smooth boundary.

B21t—22 to 30 inches, brown (7.5YR 4/4) fine sandy loam;
weak, medium, subangular blocky structure; very
friable when moist; thin, discontinuous, dark reddish-
brown (5YR 3/3 and 5YR 3/4) clay films; abundant
uncoated sand grains; medium acid; gradual, smooth
boundary.

B22t—30 to 46 inches, brown (7.5YR 4/4) fine sandy clay
loam; weak, medium, subangular blocky structure;
friable when moist; thin, discontinuous clay films;
common uncoated sand grains; slightly acid; abrupt,
smooth boundary.

IIB31—46 to 52 inches, brown (7.5YR 4/4) fine sand; single
grain; loose; neutral; abrupt, smooth boundary.

IIB32t—52 to 60 inches, dark reddish-brown (5YR 3/4)
medium loamy sand and sand; massive; slightly
cemented ; thick, discontinuous clay films; neutral.

The Al horizon ranges from very dark gray (10YR 3/1) to
very dark brown (10YR 2/2) or very dark grayish brown
(10YR 38/2) in color and from 6 to 10 inches in thickness.
It has granular or subangular blocky structure, but the
structure tends toward platy. The A2 horizon is very dark
grayish brown (10YR 3/2) or dark grayish brown (10YR
4/2), and it ranges from 4 to 12 inches in thickness. The B
horizon is brown (7.5YR 4/4 to 10YR 4/3) to yellowish
brown (10YR 5/4 or 10YR 5/6). It is very friable or friable
fine sandy loam or fine sandy clay loam in the upper part and
grades gradually or abruptly to fine sand or loamy medium
sand or sand in the lower part. In places the B horizon is
dark reddish brown (5YR 3/3) to strong brown (7.5YR 5/8)
in the lower part. The B horizon is 20 to 40 inches thick.
The C horizon, which is not included in the description of
the representative profile, is loose fine or medium loamy
sand or sand that is similar in color to the B horizon.,
Reaction of the A horizon is slightly acid to neutral. The
B horizon is medium acid to slightly acid. The C horizon is
neutral to moderately alkaline, and in places it is cal-
careous.

Billett soils in Webster County have a texture finer than
loamy fine sand to a greater depth than is recognized for the
Billett series. This difference does not markedly affect the
loamy fine sand to a greater depth than is recognized for the
use and management of these soils.

Billett soils have a grayer Al horizon that the Wadena
soils. Also, unlike the Wadena soils, they have a dark grayish-
brown and grayish-brown A2 horizon, and they are not
underlain by calcareous sand and gravel as are the Wadena
soils. The Billett soils and soils of the Wadena series, thin
surface variant, formed under similar vegetation, but the
Billett soils are underlain by fine and medium sand instead
of by sand and gravel. The Billett soils are finer textured
in the upper part of the profile than the Boone soils, and
they are not underlain by sandstone as are the Boone soils.

Billett fine sandy loam, 1 to 5 percent slopes {7758).—
This soil is on benches. Included with it in mapping are
areas of a soil that is underlain by coarse sand. Also in-
cluded are areas in which the surface layer is light colored
and thinner than is typical for Billett soils.

This Billett soil generally occurs with the more sloping
soils, and it is commonly used for the same crops as the
associated soils. Nearly all of the acreage is in permanent
bluegrass pasture, other kinds of pasture, or hay crops.
A limited available water capacity makes this soil only
moderately well suited to row crops. Soil blowing is a
hazard at times, and areas of the steeper soils are subject
to water erosion if row crops are grown. This soil is
generally in good tilth. Capability unit I1Is-1; woodland
suitability group 3sl.

Billett fine sandy loam, 5 to 10 percent slopes (775C).—
This soil is on benches. It has the profile described as
representative for the Billett series.

Included with this soil in mapping are areas of a soil
that is underlain by coarse sand, and other areas in which
the surface layer is light colored and thinner than is
typical for Billett soils. Also included are a few areas of
a soil on foot slopes in Washington, Otho, and Pleasant
Valley Townships, below areas of Boone soils. In these
areas the surface layer is thicker than is typical for
Billett soils.
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Nearly all of the acreage is in permanent bluegrass
pasture, other kinds of pasture, or hay crops. In many
places inadequate available water is a severe limitation
if row crops are grown on this soil. Soil blowing is also
a hazard at times, and water erosion is a hazard where
row crops are grown. Tilth is generally good. Capability
unit ITTe-3; woodland suitability group 3sl.

Biscay Series

The Biscay series consists of dark-colored, poorly
drained soils that formed in loamy alluvium. These soils
are underlain by calcareous sand and gravel at a depth
of about 32 to 40 inches. They are mainly on benches but
also are on uplands. They are generally nearly level but
In places are in slight depressions. Most of these soils
are in the Webster-Clarion-Nicollet and Storden-Hayden-
Wadena soil associations. A few small areas are in the

Webster-Nicollet-Canisteo soil association. Individual -

areas are 2 to more than 100 acres in size, but most are
less than 20 acres. The native vegetation was sedges
and prairie grasses tolerant of wetness.
_In a representative profile, the surface layer is black
light clay loam about 19 inches thick. The subsoil is about
20 inches thick. It is very dark gray and dark-gray, fri-
able light clay loam in the upper part and olive-gray,
friable sandy clay loam in the lower part. The underly-
ing material is loose olive-gray sand and gravel.
_ The available water capacity is moderate. Permeability
1s moderate to moderately slow in the upper part of the
soil and rapid or very rapid in the underlying sand and
gravel. The content of organic matter is high. The sur-
face layer and the upper part of the subsoil are generally
neutral. The subsoil is very low in available phosphorus
and available potassium. Biscay soils are wet because of
the high water table.

Representative profile of Biscay clay loam, deep, in a
cultivated field 75 feet south and 600 feet west of the
northeast corner of the NE1j sec. 22, T. 89 N., R. 29 W.

Ap—oO to 8 inches, black (N 2/0) light clay loam ; weak, fine,
granular structure; friable; neutral; abrupt, smooth
boundary.

Al12—8 to 14 inches, black (10YR 2/1) light clay loam; weak,
fine, granular and very fine, subangular blocky struc-
ture; friable; neutral; gradual, smooth boundary.

A3—14 to 19 inches, black (10YR 2/1) light clay loam; few,
medium, dark olive-gray (5Y 3/2) mottles; weak,
fine, granular and very fine, subangular blocky struc-
ture; friable; neutral; gradual, smooth boundary.

B1—19 to 23 inches, very dark gray (10YR 3/1) light clay
loam ; common, medinm, olive-gray (5Y 4/2) mottles;
weak, fine and medium, subangular blocky structure
parting to weak, very fine, subangular blocky struc-
ture; friable; neutral; clear, smooth boundary.

B21g—23 to 27 inches, dark-gray (5Y 4/1) and olive-gray
(5Y 4/2) light clay loam, dark gray (5Y 4/1) when
kneaded; weak, fine, prismatic structure parting to
weak, very fine, subangular blocky structure; friable;
mildly alkaline; clear, wavy boundary.

B22g—27 to 36 inches, olive-gray (5Y 4/2) light sandy clay
loam; weak, medium, prismatic structure; worm
channels filled with dark-gray (5Y 4/1) material;
friable ; mildly alkaline; abrupt, wavy boundary.

B3g—36 to 39 inches, olive-gray (5Y 4/2) light sandy clay
loam; weak, medium, prismatic structure; worm
channels filled with dark-gray (5Y 4/1) material;
friable; mildly alkaline; clear, wavy boundary.

IIC1g—39 to 47 inches, olive-gray (5Y 5/2) gravelly loamy
sand; structureless; loose; 20 percent gravel; mildly

alkaline ; effervescent; clear, smooth
: boundary.

IIC02g—47 to 54 inches, olive-gray (5Y 5/2) sand and gravel;
single grain; loose; 30 percent gravel; moderately
alkaline; strongly effervescent; gradual, smooth
boundary.

1IC3g—54 to 60 inches, olive-gray (5Y 4/2) sand and gravel;
single grain; loose; 15 percent gravel; moderately

alkaline ; strongly effervescent.

The A horizon ranges from black (10YR 2/1 or N 2/0) to
very dark gray (10YR 3/1) in color, from friable heavy
loam to clay loam in texture, and from 16 to 22 inches in
thickness. The B horizon ranges from very dark gray (10YR
3/1 to 5Y 3/1) to olive gray (5Y 4/2 or 5Y 5/2) or grayish
brown (2.5Y 5/2) in color and from friable heavy loam to
light clay loam or sandy clay loam in texture. In many
places grayish-brown, yellowish-brown, or strong-brown mot-
tles are common in the B2 horizon. Depth to the IIC horizon
is about 32 to 40 inches. This horizon is loose, calcareous,
olive-gray (5Y 4/2 or 5/2) or gray (5Y 5/1) sand and
gravel. In a few places it is loamy sand or sand and con-
tains little gravel. Reaction of the A horizon is slightly acid
to mildly alkaline, but this horizon is not calcareous. The B
horizon is neutral to mildly alkaline. In some places the
lower part of the B horizon is calcareous. The IIC horizon
is mildly alkaline or moderately alkaline, and it is calcareous.

Biscay soils differ from Talcot soils in being noncalcareous
in the A and B horizons. Biscay soils are poorly drained
and have a somewhat thicker A horizon and grayer colors
in the B horizon than the Cylinder soils. All of these soils
formed in similar parent material.

Biscay clay loam, deep (0 to 2 percent slopes) (259).—
This soil occupies nearly level or slightly concave, irreg-
ularly shaped, swalelike areas on benches and uplands.
It is at a slightly lower elevation than the associated
Cylinder and Wadena soils.

Included with this soil in mapping are about 60 acres
of soils that have sand and gravel at a depth of about
24 to 32 inches. In a few areas the sand and gravel is at
depths between 40 and 50 inches. Also included are a few
areas that have glacial till at a depth of about 4 feet or
less.

This soil has a high water table unless drained. Most
areas are drained and are cultivated. This soil is well
suited to row crops if artificial drainage is provided and
other management practices are good. If tilled when wet,
this soil tends to dry out cloddy and hard, and tilth is
poor. Some areas are large enough to manage separately,
but most are managed along with the associated soils.
Capability unit ITw-1; woodland suitability group 5w3.

slightly

Boone Series

The Boone series consists of light-colored, excessively
drained soils that formed in material weathered from
sandstone. These soils are steeply sloping and are on
bench escarpments or on the lower parts of hillsides on
uplands. They are in the Storden-Hayden-Wadena soil
association along the valley of the Des Moines River
south of Fort Dodge. Size of individual areas is 2 to
more than 100 acres, but most areas are less than 40 acres.
The native vegetation was mainly trees.

In a representative profile, the surface layer is very
dark grayish-brown loamy fine sand about 2 inches thick.
The subsurface layer is dark grayish-brown, very friable
loamy fine sand about 4 inches thick. The subsoil is
grayish-brown, very friable loamy sand about 10 inches
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thick. The underlying material is pale-brown sand that
is underlain, at a depth of about 25 inches, by weathered
sandstone.

The available water capacity is very low, permeability
is rapid, and the content of organic matter is very low.
The surface and subsurface layers and subsoil are gen-
erally slightly acid to medium acid. The subsoil is very
low 1n available phosphorus and potassium.

Most areas of Boone soils are in scrub timber and are
used for pasture. Some areas are in Dolliver State Park.
Boone soils have a shallow root zone and normally lack
adequate water for good plant growth. They are subject
to severe erosion if they are cleared of trees and brush.

Representative profile of Boone loamy fine sand, 25 to
45 percent slopes, In a wooded pasture 2,820 feet east and
300 feet north of the southwest corner of sec. 1, T. 87 N.,
R. 28 W.

Al1—0 to 21% inches, very dark grayish-brown (10YR 3/2)
loamy fine sand ; weak, fine, subangular blocky struec-
ture parting to weak, fine, granular structure; very
friable when moist; glightly acid; abrupt, smooth
boundary.

A2--215 to 6 inches, dark grayish-brown (10YR 4/2) loamy
fine sand; few, fine, faint, dark-gray (10YR 4/1) and
brown (10YR 5/3) mottles on plates ; moderate, thin,
platy structure parting to weak, fine, subangular
blocky structure; very friable when moist; slightly
acid; abrupt, smooth boundary.

B2—6 to 16 inches, grayish-brown (10YR 5/2) loamy sand;
weak, thick, platy structure parting to weak, medium,
subangular blocky structure; very friable when
moist ; common sandstone fragments and mica flecks;
many fine tubular pores; slightly acid; gradual,
smooth boundary.

C—16 to 25 inches, brownish sand, pale brown (10YR 6/3)
when dry; very weak, thick, platy structure parting
to single  grain; many mica flecks; common fine
tubular pores; few medium iron concretions that are
3 to 4 millimeters by 1 to 2 millimeters in size;
medium acid; gradual, smooth boundary.

R—25 to 31 inches, weathered sandstone, pale brown (10YR
6/3) when dry; prominent, weak, horizontal cleavage
plates that are 14 to 3% inch thick; large brown
(10YR 5/3 and 4/3) when dry mottles on plates ;
plates are weakly cemented; hard and poncrushable
when dry; abundant mica flecks ; medium acid.

The A horizon ranges from very dark gray (10YR 3/1)
to dark grayish brown (10YR 4/2) in color and from about
2 to 5 inches in thickness. It is loamy fine sand or fine sand.
The A2 horizon ranges from dark grayish brown (10YR 4/2)
or grayish brown (10YR 5/2) to brown (10YR 4/3 or 10YR
5/3). It is very friable loamy fine sand or fine sand, and it
ranges from 2 to about 8 inches in thickness. The B horizon,
which is lacking in some profiles, ranges from light gray
(10YR 6/1 to 2.5Y 7/2) to grayish brown (10YR 5/2), light
olive brown (2.5Y 5/4), or light yellowish brown (2.5Y 6/4)
in color. It is generally loamy sand in texture but ranges to
sand. It is about 4 to 16 inches thick. The C horizon ranges
from light gray (10YR 7/2 or 2.5Y 7/2) to brown (10YR 5/3),
pale brown or very pale brown (10YR 6/3 or 10YR 7/3)
when dry. It is underlain, at a depth of 20 to 30 inches,
by light-gray (10YR 7/2 or 2.5Y 7/2) to brown (10YR 5/3),
light yellowish-brown (10YR 6/4), or pale-brown to pale-
yellow (10YR 6/3 to 2.5Y 7/4), weakly cemented sandstone.
Reaction is slightly acid to strongly acid throughout.

Boone soils are coarser textured in the upper part than
Billett soils. Also, unlike the Billett soils, they are underlain
by sandstone. In places these soils are associated on the
landscape.

Boone loamy fine sand, 25 to 45 percent slopes

(210G).—This soil is mainly on the lower part of uplands
or on bench escarpments. It is commonly downslope from

Storden and Hayden loams, which are mapped together
as a soil complex. It is commonly upslope from Hanlon
and Spillville soils.

Included with this soil in mapping are a few areas of
a similar soil that has slopes of as little as 14 percent.

This soil has a shallow root zone and lacks adequate
‘water for good plant growth. It erodes easily if vegeta-
tion is sparse. Nearly all areas of this soil are in trees
and brush, and most are used for pasture. A few areas
have been cleared and are used for permanent pasture.
This soil is suited to very limited grazing, woodland, wild-
life habitat, or recreation. Capability unit VIIe-1; wood-
land suitability group 5sl.

Buckney Series

The Buckney series consists of moderately dark colored
or dark colored, well-drained soils that formed in loamy
alluvium deposited by floodwaters. These soils are on
bottom lands of the Des Moines River. They are nearly
level to gently sloping. Areas are elongated and generally
are at a slight angle to the depositing stream. These soils
are mostly in an area that extends from just above the
junction of the Des Moines and Boone Rivers to the
Boone County line. Size of individual areas is 2 to 30
acres. Generally the larger areas occur as long, narrow
strips.

In a representative profile, the surface layer is very
dark brown and very dark grayish-brown fine sandy
loam about 12 inches thick. The underlying material is
mainly dark grayish-brown stratified sandy loam, but
there are lenses of loamy sand, loam, and sand.

The available water capacity is moderate or low, per-
meability is rapid, and the content of organic matter is
moderate. These soils are generally mildly alkaline. The
subsoil is very low in available phosphorus and avail-
able potassium.

Most areas of Buckney soils are cultivated, but some
areas have trees, brush, and weeds. Buckney soils lack
adequate available water capacity for good plant growth
in years when rainfall is sparse. Most areas are subject
to occasional flooding.

Representative profile of Buckney fine sandy loam, 0
to 2 percent slopes, in a cultivated field 260 feet south of
the edge of the Des Moines River, or 200 feet south and
60 feet east of the northwest corner of the SW1 sec. 2, T.
86 N., R. 27 W.

Ap—O0 to 8 inches, very dark brown (10YR 2/2) fine sandy
loam ; cloddy parting to very weak, fine, subangular
blocky and moderate, fine, granular structure; very
friable; mildly alkaline ; slightly effervescent; abrupt,
smooth boundary.

A12—S8 to 12 inches, very dark grayish-brown (10YR 3/2) fine

sandy loam; very weak, fine, subangular blocky and

moderate, fine, granular structure; very friable;
mildly alkaline; slightly effervescent; gradual,
smooth boundary.

to 27 inches, stratified very dark grayish-brown

(10YR 3/2) and dark grayish-brown (10YR 4/2)

fine sandy loam; very friable; thin band of grayish-

brown (10YR 5/2) loamy sand at a depth of 16

inches; some horizontal cleavage; mildly alkaline;

slightly effervescent; diffuse, smooth boundary.

(02—27 to 37 inches, dark grayish-brown (10YR 4/2) strati-
fied loamy fine sand that has few thin lenses of very
dark grayish-brown (10YR 3/2) loam and sandy
loam; massive but has some horizontal cleavage;

C1—12
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very friable to loose; mildly alkaline; slightly ef-
fervescent ; gradual, smooth boundary.

C3—37 to 54 inches, stratified dark grayish-brown (10YR
4/2) and grayish-brown (10YR 5/2) sandy loam that
has some loam strata; few, fine, dark yellowish-
brown (10YR 4/4) mottles; massive; very friable;
few very dark grayish-brown (10YR 3/2) lenses;
mildly alkaline; slightly effervescent.

The A horizon is very dark brown (10YR 2/2) or very
dark grayish brown (10YR 8/2) in color and ranges from
10 to 18 inches in thickness. The C horizon is very dark
grayish-brown (10YR 3/2) to grayish-brown (10YR 5/2),
very friable, stratified sandy loam or loamy sand that has
thin lenses of loam or sand.

Buckney soils in Webster County are calcareous through-
out, which is not within the defined range of the Buckney
series. This difference does not affect the use and manage-
ment of the soils.

Buckney soils are associated with Dorchester soils, but
they differ from the Dorchester soils in having more sand
and less silt and clay. They are similar in texture to the
Hanlon soils, but they differ from the Hanlon soils in being
mildly alkaline and calcareous.

Buckney fine sandy loam, 0 to 2 percent slopes
(636A).—This nearly level soil is on small to large drifts or
bars that have been deposited at a slight angle to the
nearby streams. It has the profile described as represen-
tative for the series. It is associated with silty Dorchester
soils and with Sandy alluvial land.

Included with this soil in mapping are a few areas that
have a thin, fresh deposit of sand on the surface.

Crops that have shallow or medium root depths are
commonly stunted because of the lack of available mois-
ture. In places deep-rooted crops can reach the water
table of the nearby river. This soil is subject to soil blow-
ing if vegetation is sparse, and blowing sand injures
young plants in places. Tilth is good.

Cultivated areas of this soil are used for row crops,
small grains, and hay and pasture. They are only mod-
erately suifed to row crops because available water capac-
ity is inadequate during dry periods. Because they are
near the river, these soils are well suited to recreational
uses or wildlife habitat. Some areas are used for pasture
and support grasses, brush, or weeds. Capability unit
ITIs-1; woodland suitability group 3sl.

Buckney fine sandy loam, 2 to 6 percent slopes
(636B).—This gently sloping soil is on small to large drifts
or bars that have been deposited at a slight angle to the
nearby stream. It is associated with the silty Dorchester
soils and with Sandy alluvial land.

Included with this soil in mapping are a few areas that
have a thin, fresh deposit of sand on the surface.

The use and management of this soil is influenced by
hazards that are similar to those of the less sloping
Buckney soil. There is a greater hazard of water erosion,
however, and slightly less hazard of flooding. Capability
unit I1Is-1; woodland suitability group 3sl.

Calamine Series

The Calamine series consists of dark-colored, poorly
drained soils that formed in glacial till sediment and
residuum from the underlying shale. These soils are on
benches and foot slopes below Gosport soils or outcrops
of shale. They are gently sloping to strongly sloping.
They are in the Storden-Hayden-Wadena soil associa-
tion, mainly south of Fort Dodge. Individual areas are

generally from 2 to 20 acres in size. The native vegeta-
tion was water-tolerant sedges and prairie grasses.

In a representative profile, the surface layer is black
silty clay loam about 20 inches thick. The upper part of
the subsoil, to a depth of about 32 inches, is black to very
dark gray and dark olive-gray silty clay loam. The lower
part of the subsoil is firm, dark-gray heavy silty clay
loam. The underlying material, at a depth of about 60
inches, is firm, laminated, very dark gray and dark-gray,
weathered heavy silty clay loam.

The available water capacity is moderate to high, and
permeability is very slow in the underlying. material.
The content of organic matter is high. These soils are
neutral to mildly alkaline in the upper part, but they are
moderately alkaline and caleareous in the underlying
shaly material. The subsoil is very low in available phos-
phorus and available potassium.

These soils are wet and seepy. Some areas of these soils
are cultivated, but most areas are used for pasture.

Representative profile of Calamine silty clay loam, 2 to
5 percent slopes, in a brome and alfalfa pasture 400 feet
east and 410 feet south of the northwest corner of the
NEYNW1, sec. 35, T. 88 N., R. 28 W.

Ap—0 to 9 inches, black (10YR 2/1) silty clay loam; weak,
fine, granular and very fine subangular blocky struc-
ture ; friable; neutral; abrupt, smooth boundary.

A1—9 to 20 inches, black (N 2/0) silty clay loam ; moderate,
fine, granular and very fine subangular blecky struc-
ture; firm; neutral; clear, smooth boundary.

Blg—20 to 24 inches, black (10YR 2/1) silty clay loam; few,
fine, olive-gray (5Y 4/2) mottles; moderate, fine,
granular and very fine subangular blocky structure;
firm; few, very fine, reddish oxides; neutral; clear,
smooth boundary.

B21g—24 to 32 inches, very dark gray (5Y 3/1) and dark
olive-gray (5Y 3/2) silty clay loam, dark olive gray
(5Y 3/2) when kneaded; moderate, very fine, sub-
angular blocky structure; firm; few, very fine, red-
dish oxides; few stones and pebbles; mildly alkaline;
abrupt, smooth boundary.

1IB31g—32 to 42 inches, dark-gray (5Y 4/1) silty clay loam,
very dark grayish brown (2.5Y 3/2) when kneaded;
many, fine, olive-brown (2.5Y 4/4) mottles; moderate,
fine and medium, angular blocky structure; firm;
moderately alkaline; strongly effervescent; gradual,
smooth boundary.

IIB32g—42 to 60 inches, dark-gray (5Y 4/1) heavy silty
clay loam; weak platy structure; firm; many, me-
dium, olive-brown (2.5Y 4/4) oxides oriented to faces
of laminations; moderately alkaline; strongly ef-
fervescent ; gradual, smooth boundary.

IIC1g—60 to 68 inches, very dark gray (N 3/0) and dark-
gray (N 4/0) heavy silty clay loam ; laminated ; weak
platy structure; firm; many, medium, olive-brown
(2.5Y 4/4) oxides oriented to faces of laminations;
moderately alkaline; strongly effervescent.

The A horizon ranges from black (N 2/0 or 10YR 2/1) to
very dark gray (N 3/0 or 10YR 3/1) in color. It is friable to
firm silty clay loam about 15 to 24 inches thick. The upper
part of the B horizon ranges from black (N 2/0 or 10YR
2/1) olive gray (5Y 4/2) in color and is silty clay loam or
clay loam in texture. Depth to the IIB horizon is commonly
24 to 36 inches. The IIB horizon, which formed in material
weathered from shale, ranges from very dark gray (N 3/0)
to olive gray (5Y 5/2) in color and is silty clay loam or
silty clay in texture. It has angular or subangular blocky
structure, or it is laminated. The IIC horizon is firm,
laminated, black (10YR 2/1) to light gray (5Y 6/1) and
calcareous. Reaction above the IIB horizon is generally neu-
tral to mildly alkaline, and the IIB and IIC horizons are
mildly alkaline or moderately alkaline and are calcareous.

Calamine soils have less clay increase from the A horizon
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to the B horizon than is recognized in the defined range
of the Calamine series. They also have dark ecolors to a
greater depth than is recognized in the defined range of the
gseries, and in places they have more sand in the A and B
horizons. These differences do not affect the use and man-
agement of the soils.

Calamine soils are associated with Gosport soils on the
landscape. They differ from Gosport soils in that the A
horizon and the upper part of the B horizon formed in
glacial sediment rather than shale. Calamine soils have a
much thicker and darker A horizon than Gosport soils.

Calamine silty clay loam, 2 to 5 percent slopes
{551B).—This soil is in long narrow areas on foot slopes. It
has the profile described as representative for the series.
This soil is generally downslope from Gosport soils or
outcrops of shale. It is generally upslope from soils on
bottom lands and benches, such as the Hanlon, Buckney,
and Spillville soils.

Included with this soil in mapping are some areas that
have shale at a depth of 48 to 60 inches. Also included
are a few areas that have limestone rather than shaly
material in the substratum.

This soil is seepy and wet. Most areas are in pasture
and have a few scattered trees. This soil is suited to cul-
tivation if it is adequately drained. Areas of this soil
are also suitable for wildlife habitat. Providing drainage
is generally difficult because the water that keeps these
areas wet needs to be intercepted upslope before it can
seep into the root zone. This soil absorbs moisture slowly.
The substratum of shale is generally too shallow for the
use of drain tile. Capability unit IITw-3; woodland suit-
ability group 5wl.

Calamine silty clay loam, 5 to 14 percent slopes
(551D).—This soil is in narrow areas on foot slopes, gen-
erally below areas of Gosport soils or shale outcrops. Soils
on benches or bottom lands, such as the Buckney, Hanlon,
and Spillville soils, are generally downslope. This soil
has a profile similar to the one described as representa-
tive for the series, except that it has a surface layer that
is generally a few inches thinner.

Included with this soil in mapping are some areas that
are similar but that have shale in the substratum at a
depth of 48 to 60 inches. Also included are a few areas
that have slopes of as much as 18 percent.

This soil is wet and seepy. It is subject to erosion if it
is tilled. Most areas are in pasture and have a few scat-
tered trees. This soil is suited to limited cultivation if it
is protected from erosion and adequately drained. It is
moderately suited to pasture if water-tolerant plants are
grown. Providing drainage is generally difficult because
the water that keeps these areas wet needs to be inter-
cepted upslope before it can seep into the root zone. This
soil absorbs moisture slowly. The underlying shaly ma-
terial is generally too shallow for the use of drain tile.
Capability unit IVe-2; woodland suitability group 5wl.

Calco Series

The Calco series consists of dark-colored, calcareous,
poorly drained soils that formed in silty alluvium. These
soils are nearly level. They are on bottom lands along
streams and creeks and along some drainage ditches. They
also are in a few slightly depressed areas on low benches
along the Des Moines River. These areas tend to pond
after rains. Individual areas are generally from 5 to 25
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acres in size. The native vegetation was water-tolerant
sedges and prairie grasses.

In a representative profile, the surface layer is black
gritty silty clay loam about 26 inches thick. The subsoil
1s very dark gray and dark-gray, firm gritty silty clay
loam about 11 inches thick. The underlying material, to
a depth of 43 inches, is dark-gray light clay loam. Below
this, to a depth of 60 inches, it is gray and olive-gray
heavy loam and sandy loam.

The available water capacity is high, permeability is
moderately slow, and the content of organic matter is
high. These soils are mildly alkaline or moderately alka-
line and calcareous throughout. The subsoil is very low in
available phosphorus and available potassium.

These soils are wet because of a high water table and
flooding. Most areas are cultivated, but some areas are in
pasture.

Representative profile of Calco silty clay loam, in a
cultivated field 355 feet east and 60 feet south of the north-
west corner of the NE14NW1/ sec. 7, T. 87 N., R. 30 W.

Ap—O0 to 7 inches, black (N 2/0) gritty light silty clay loam;
cloddy parting to very weak, medium and fine, sub-
angular blocky structure; friable; mildly alkaline;
abrupt, smooth boundary.

Al12—7 to 13 inches, black (N 2/0) gritty light silty clay
loam ; weak, medium, fine and very fine, subangular
blocky structure; friable; very few, coarse, sand-size,
black oxides; mildly alkaline; slightly effervescent;
gradual, smooth boundary.

A13—13 to 20 inches, black (N 2/0) gritty silty clay loam;
weak, medium, prismatic structure parting to weak,
very fine, subangular blocky structure; friable; few
roots; very few, fine, black oxides; mildly alkaline;
slightly effervescent; gradual, smooth boundary.

A3—20 to 26 inches, black (N 2/0) gritty silty clay loam,
very dark gray (N 3/0) when kneaded; moderate,
weak and medium, prismatic structure parting to
very fine subangular blocky structure; firm; very
few, coarse, sand-size, black oxides; mildly alkaline;
gradual, smooth boundary.

B22g—26 to 31 inches, very dark gray (N 8/0) gritty medium
silty clay loam; weak, medium, prismatic structure
parting to weak, very fine, subangular blocky struc-
ture; firm; few, coarse, sand-size, black oxides; dark
grayish-brown (2.5Y 4/2) fillings and coatings in
root and worm channels; mildly alkaline; weakly
calcareous; clear, wavy boundary.

B3g—31 to 37 inches, dark-gray (5Y 4/1) gritty medium silty
clay loam; weak, medium, prismatic structure part-
ing to weak, very fine, subangular blocky structure;
firm; few, coarse, sand-size, black oxides; very few,
fine, distinct, light olive-brown (2.5Y 5/4) oxides;
very dark gray (5Y 3/1) coatings on prism faces;
very dark gray (85Y 3/1) fills in crawfish holes;
common, soft, white accumulations of lime; mod-
erately alkaline; strongly effervescent; clear, wavy
boundary.

C1g—37 to 43 inches, dark-gray (5Y 4/1) light clay loam;
massive but has some weak vertical cleavage; fri-
able; few, coarse, sand-size, black oxides; few,
medium, distinct, light olive-brown (2.5Y 5/4) oxide
stains; very dark gray (5Y 3/1) coatings on prism
faces; very dark gray (5Y 3/1) Mlls in crawfish
holes; common, soft, white accumulations of lime;
few, medium, dark-colored oxides; moderately alka-
line; strongly effervescent; clear, wavy boundary.

(C2g—43 to 53 inches, gray and olive-gray (5Y 5/1 and 5/2)
heavy loam ; massive; friable; few, fine, tubular pores
and worm channels; few, coarse, sand-size, black
oxides; few, medium, distinct, light olive-brown
(2.5Y 5/4) oxide stains; very dark gray (5Y 3/1)
coatings on prism faces; very dark gray fills in
crawfish holes; common, soft, white accumulations
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of lime; moderately alkaline; strongly effervescent;
gradual, smooth boundary.

(C3g—53 to 60 inches, gray and olive-gray (5Y 5/1 and 5/2)
sandy loam; massive; very friable; few, medium,
light olive-brown (2.5Y 5/4) oxide stains; few, me-
dium, strong-brown (7.5Y 5/8) oxides; moderately
alkaline; strongly effervescent.

The A horizon ranges from 24 to 36 inches in thickness.
The B horizon ranges from very dark gray (N 3/0 or
10YR 3/1) to dark gray (10YR 4/1 or N 4/0) in color. It
is gritty silty clay loam or clay loam about 12 to 24 inches
thick. The B horizon is not recognized in all profiles. The
C horizon is very dark gray (10YR 3/1 or N 3/0), dark
gray (10YR 4/1 to 5Y 4/1), gray (10YR 5/1 to 5Y 5/1), or
olive gray (5Y 4/2 or 5/2). 1t is gritty silty clay loam, clay
loam, or loam. In some places sandy material is below a
depth of 50 inches. Mottles and oxide stains of brown, yellow-
ish brown, olive brown, grayish brown, and strong brown are
below a depth of 30 inches in many places. Reaction is mildly
alkaline to moderately alkaline. These soils are calcareous
throughout.

In Webster County Calco soils contain more sand than is
typical for the Calco series, and in places they contain more
sand than is recognized in the defined range of the series. This
difference does not affect the use and management of the
soils.

Calco soils differ from Colo soils in that they are calcareous
throughout. They have more clay and somewhat less sand
in the surface layer and subsoil than the Spillville soils, and
unlike the Spillville soils they are calcareous. These soils
formed in similar parent material.

Calco silty clay loam (0 to 2 percent slopes) (733).—
This nearly level soil is mainly in narrow areas on bottom
lands adjacent to streams. A few areas of this soil that
are slightly depressed are on low benches. This soil is
adjacent to the Colo soils in places. In other places it is
adjacent to the Wadena or other soils on benches. In a
few places it is adjacent to soils on foot slopes, such as
Terril soils, or to soils on uplands, such as Storden or
Clarion soils.

This soil has a high water table, and some areas flood
during periods of high rainfall. Areas of this soil on
benches tend to pond after rains. The surface layer tends
to dry out cloddy and hard if it is tilled when wet. Most
areas are cultivated, but a few areas are used for pasture.
This soil is used mainly for row crops and is well suited
to this use if drainage is adequate. Some areas are cropped
without drainage, but most areas are drained. Generally
flooding is not severe enough to seriously hinder field
operations. Capability unit ITw-2; woodland suitability
group 5w3.

Canisteo Series

The Canisteo series consists of dark-colored, poorly
drained soils that formed in glacial till and sediment from
glacial till. These soils are nearly level. They are on up-
lands, occupying wide swales in the indistinet upland
drainage system. They are in the Webster-Clarion-Nicol-
let, the Webster-Nicollet-Canisteo, and, in some places,
the Marna-Guckeen soil associations. Canisteo soils oc-
cupy a large acreage, and individual areas vary widely in
size. Some areas are as small as 2 acres, and some areas
are as large as several hundred acres, but most are from
25 to 200 acres in size. The native vegetation was water-
tolerant prairie grasses and sedges.

In a representative profile, the surface layer is about
17 inches thick. It is black gritty silty clay loam in the
upper part and black clay loam in the lower part. The
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subsoil is very dark gray, dark-gray, and olive-gray,
friable clay loam about 19 inches thick. The underlying
material 1s mottled olive-gray and yellowish-brown loam.

The available water capacity is high, and permeability
is moderate to moderately slow. The subsoil is very low
in available phosphorus and potassium. Available iron
is low in places.

Canisteo soils are wet because of a high water table,
and they contain excess lime. Most areas of these soils
are cultivated.

Representative profile of Canisteo silty clay loam, in a
cultivated field 440 feet south and 350 feet east of the
northwest corner of the SW1,NW1; sec. 24, T. 87 N, R.
29 W.

Ap—O0 to 7 inches, black (N 2/0) light gritty silty clay loam;
cloddy parting to weak, fine, granular structure;
friable; moderately alkaline; strongly effervescent;
clear, smooth boundary.

A1—7 to 13 inches, black (N 2/0) gritty silty clay loam or
clay loam; weak, coarse, blocky structure parting to
weak, fine, granular and weak, very fine, subangular
blocky structure; friable; moderately alkaline;
strongly effervescent; gradual, smooth boundary.

A3—13 to 17 inches, black (N 2/0) clay loam, few fine peds
of very dark gray (5Y 3/1) to dark gray (5Y 4/1);
weak, coarse, blocky structure parting to weak, fine,
granular and weak, very fine, subangular blocky
structure ; friable; moderately alkaline; strongly ef-
fervescent ; gradual, smooth boundary.

Blg—17 to 24 inches, very dark gray (N 3/0) clay loam, com-
mon peds of gray (5Y 5/1) and olive gray (5Y 5/2),
very dark gray (5Y 3/1) to dark gray (5Y 4/1) when
kneaded; weak, coarse, blocky structure parting to
weak and moderate, very fine, subangular blocky
structure; friable; few, soft, calcium carbonate ac-
cumulations as much as 5 millimeters in diameter;
moderately alkaline; strongly effervescent; gradual,
smooth boundary.

B21g—24 to 30 inches, about 60 percent dark-gray (5Y 4/1)
and about 40 percent gray (5Y 5/1) and olive-gray
(5Y 5/2) clay loam; weak and moderate, very fine,
subangular blocky structure that has a few, fine,
subangular blocky peds; friable; few worm casts of
very dark gray (N 3/0) ; few, soft, calcium carbonate
accumulations as much as 5 millimeters in diameter;
moderately alkaline; strongly effervescent; gradual,
smooth boundary.

B22g—30 to 36 inches, olive-gray (5Y 5/2) light clay loam,
some peds of dark gray (5Y 4/1) and gray (5Y
5/1) ; weak, very fine and fine, subangular blocky
structure; friable; few worm holes filled with very
dark gray (N 3/0) material; common, soft, dark-
colored oxides; several, coarse (5 millimeters in
diameter) and common, fine, soft calcium carbonate
accumulations; small animal burrow filled with
black (N 2/0) material vertical through the horizon;
moderately alkaline; strongly effervescent; gradual,
smooth boundary.

Clg—36 to 48 inches, olive-gray (5Y 5/2) heavy loam; com-
mon, fine, prominent, yellowish-brown (10YR 5/6
and 10YR 5/8) and strong-brown (7.5YR 5/8) mot-
tles; weak, medium, subangular blocky structure to
massive; friable; few, soft, dark-colored oxides;
common, fine, soft, calcium carbonate accumulations;
animal burrow in B22g horizon extends into this
horizon ; moderately alkaline; strongly effervescent;
gradual, smooth boundary.

C2g—48 to 60 inches, mottled olive-gray (5Y 5/2) and yel-
lowish-brown (10YR 5/6 and 10YR 5/8) loam; mas-
gsive; friable; common, soft, dark-colored oxides;
common, soft, fine, calcium carbonate concretions;
moderately alkaline; strongly effervescent.

The A horizon ranges from black (10YR 2/1 or N 2/0) to

very dark gray (10YR 3/1). 1t is light silty clay loam or
clay loam about 14 to 24 inches thick. The B2 horizon is
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olive gray (5Y 4/2 or 5Y 5/2), dark gray (5Y 4/1), or
gray (5Y 5/1). In places the lower part of the B horizon
is sandy loam. In places the B2 horizon has mottles of yel-
lowish brown, strong brown, or olive brown. The C horizon
varies in texture. It is generally loam, but in places it con-
tains strata of silt loam, sandy loam, or loamy sand. This
horizon is generally similar in color and in pattern of mot-
tling to the lower part of the B horizon. Reaction is mildly
alkaline to moderately alkaline. The soils are calcareous
throughout.

Canisteo soils are associated with Webster and Harps soils
on the landscape. They differ from Webster soils in that they
are calcareous throughout. They have less calcium carbonate
in the A and B horizons than Harps soils. Canisteo soils
are similar in texture of the A and B horizons to Biscay
soils, but they lack the sand and gravel that underlies these
soils, and unlike Biscay soils, Canisteo soils are calcareous
throughout.

Canisteo silty clay loam (0 to 2 percent slopes) (507).—
This nearly level soil is in swales on uplands, similar in
position to the associated Webster soils. Areas are wide
and irregularly shaped. This soil commonly borders
Okoboji soils that are in definite depressions, or the Harps
soils that surround the Okoboji soils. In many places it
is associated with and downslope from Nicollet and
Clarion soils. In a few places it is associated with Guec-
keen and Marna soils.

Included with this soil in mapping are a few small
areas that have sand and gravel in the underlying ma-
terial.

This soil is wet because of a high water table, and it
contains excess lime. Some areas receive runoff water from
adjacent soils on higher elevations. The surface layer
tends to dry out cloddy and hard if it is tilled when wet,
but generally tilth is fair or good. If left without vegeta-
tive cover in the winter, it is subject to soil blowing,
especially if areas are large.

Nearly all of this soil is cultivated. It is used mainly
for row crops and is well suited to this use if it is ade-
quately drained. Some areas are large enough to manage
separately ; others are managed along with the associated
solls. Capability unit ITw-1; woodland suitability group
5w3.

Clarion Series

The Clarion series consists of dark-colored, well-drained
soils that formed in glacial till. These soils are on up-
lands on small, low rises or knolls, on irregular convex
ridgetops, and on side slopes adjacent to streams. They
are nearly level to moderately steep. They are mostly in
the Webster-Clarion-Nicollet soil association in the
northern two thirds of the county, but they also are in
other associations. Clarion soils occupy a large acreage
in the county. Most areas are irregular in shape and size.
Individual areas range from about 2 to more than 100
acres in size, but most areas are less than 20 acres. The
native vegetation was prairie grasses.

In a representative profile, the surface layer is very
dark brown loam about 11 inches thick. The subsoil is
dark-brown, brown, and dark yellowish-brown, friable
loam about 21 inches thick. The underlying material is
yellowish-brown to light olive-brown loam that has mot-
tles of yellowish brown and light brownish gray. There
are pebbles, small stones, and a few boulders in the
profile.

The available water capacity is high, permeability is

moderate, and the content of organic matter is moderate
or moderately low. The surface layer and subsoil are
generally neutral. The subsoil is very low in available
phosphorus and available potassium.

Clarion soils are subject to erosion. They are generally
cultivated. Some areas, especially of the steeper soils, are
used for pasture.

Representative profile of Clarion loam, 5 to 9 percent
slopes, in a cultivated field 40 feet east and 40 feet north
of the v‘srouthvvest corner of the SE1j sec. 19, T. 90 N.,
R.29 W. .

Ap—O0 to 9 inches, very dark brown (10YR 2/2) loam; weak,
fine, subangular blocky and weak, fine, granular
structure; friable; few small stones; neutral;
abrupt, smooth boundary.

A12--9 to 11 inches, very dark brown (10YR 2/2) loam;

weak, fine, subangular blocky and weak, fine, granu-

lar structure; friable; common small stones; neu-
tral; clear, smooth boundary.

to 17 inches, dark-brown (10YR 3/3) loam, some

mixing of very dark grayish brown (10YR 3/2) and

brown (10YR 4/3); weak and moderate, fine, sub-
angular blocky structure; friable; very dark brown

(10YR 2/2) fills in worm channels; common small

stones; neutral; gradual, smooth boundary.

B21—17 to 22 inches, brown (10YR 4/3) loam ; faces of peds
dark brown (10YR 3/3); weak, medium, prismatic
structure parting to weak, fine, subangular blocky
structure; friable; very dark grayish-brown (10YR
3/2) fills in root and worm channels; few small
stones ; neutral; clear, smooth boundary.

B22—22 to 27 inches, dark jyellowish-brown (10YR 4/4)
loam; faces of peds brown (10YR 4/3); weak, me-
dium, prismatic structure parting to weak, fine,
subangular blocky structure; friable; few, very dark
grayish-brown (10YR 3/2) fills in worm channels;
common small stones; mneutral; clear, smooth
boundary.

B3—27 to 32 inches, dark yellowish-brown (10YR 4/4) and
brown (10YR 4/3) loam; weak, medium, prismatic
structure parting to fine, subangular blocky struc-
ture; friable; very few, fine, dark-colored oxides;
common small stones; mildly alkaline; clear, smooth
boundary.

C1—82 to 40 inches, yellowish-brown (10YR 5/4) to light
olive-brown (2.5Y 5/4) loam; very few, fine, light
brownish-gray (2.5Y 6/2) mottles; few, fine, dark-

B1—11

colored oxides; common small stones; moderately
alkaline; strongly effervescent; gradual, smooth
boundary.

C2—40 to 55 inches, yellowish-brown (10YR 5/4) to light
olive-brown (2.5Y 5/4) loam; few, fine, yellowish-
brown (10YR 5/8) and few, fine, light brownish-
gray (2.5Y 6/2) mottles; massive; friable; common,
fine, dark-colored oxides; coatings of lime in root
channels; common small stones; moderately alka-
line; strongly effervescent.

The A horizon is black (10YR 2/1), very dark brown
(10YR 2/2), or very dark grayish brown (10YR 3/2). It is
10 to 14 inches thick unless it is eroded. The B2 horizon
is brown (10YR 4/3), dark yellowish brown (10YR 4/4),
or yellowish brown (10YR 5/4). It is friable loam or light
clay loam. The total thickness of the B horizon ranges from
12 to about 30 inches. The C horizon is predominantly yel-
lowish brown (10YR 5/4 or 5/6) and light olive brown
(2.5Y 5/4), but there are some gray colors in places. In
some places this horizon has reddish and dark oxides and
accumulations of white or light-gray lime. The entire soil
profile has few to common pebbles and stones and, in places,
boulders. Reaction of the A horizon and the upper part of
the B horizon is generally slightly acid or neutral. The lower
part of the B horizon is neutral to mildly alkaline and it
is calcareous in places. The C horizon is moderately alkaline,
and it is calcareous.

Clarion and Wadena soils are similar in texture in the
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upper part, but Clarion soils are not underlain by sand and
gravel as are the Wadena soils. Clarion and Lester soils
formed in similar parent material, but Clarion soils differ
from the Lester soils in lacking a grayish-colored A2 horizon
and in having somewhat less clay in the subsoil. They
generally have a thicker, darker Al horizon and are less
acid than the Lester soils.

Clarion loam, 0 to 2 percent slopes (138A).—This soil
is on all or part of low rises that range from small to
large in size or on irregular convex ridges. It is asso-
ciated mainly with Nicollet and Webster soils. The pro-
file of this soil is similar to the one described as repre-
sentative for the series, but the surface layer is a few
inches thicker and the soil tends to be leached more
deeply.

This soil has no serious hazards to its use. Soil tilth is

generally good. If it is left barren in winter, there is
some danger of soil blowing in spring if the surface
material is dry. Nearly all areas are cultivated. It is well
suited to row crops. Capability unit I-2; woodland suit-
ability group 2ol. '
_ Clarion loam, 2 to 5 percent slopes (1388).—This soil
1s mainly on low rises or knolls that range from small
to large in size or on irregular convex ridgetops. It is
generally upslope from and associated with the Nicollet,
Webster, and Canisteo soils. In a few places it is asso-
ciated with the Storden soils. Most areas are irregular in
size and shape, and slopes are generally short. This soil
is the most extensive Clarion soil in the county.

Included with this soil in mapping are some areas in
which the underlying material is stratified silt loam or
sandy loam and a few eroded areas in which the surface
layer is less than 7 inches thick. Also included are a few
areas in which the surface layer and subsoil are sandy.
Thease areas are shown on the soil map by a symbol for
sand.

This soil is subject to erosion. Generally tilth is good,
and the soil is easy to till. If it is left barren in winter
and if soil conditions are unfavorable in spring, this soil
is subject to soil blowing.

Nearly all areas are cultivated. This soil is well suited
to row crops most of the time if erosion is controlled. In
places the use of practices to control erosion is difficult
because of the undulating topography, the size and shape
of areas, or the way this soil is associated with other
soils. Generally this soil is managed along with the ad-
jacent soils. Capability unit IJe~1; woodland suitability
group 2ol.

Clarion loam, 5 to 9 percent slopes {138C).—This soil
is on undulating knolls and on convex side slopes that
border streams and upland drainageways. It is generally
adjacent to and upslope from Nicollet, Webster, and other
Clarion soils, or in places it is associated with Colo and
Spillville soils that are mapped as a soil complex. It is
also associated with Storden soils and is commonly up-
slope from them. This soil has the profile described as
representative for the series. Most areas are irregular in
shape, and slopes are generally short.

Included with this soil in mapping are a few areas in
which the underlying material is silty or sandy in texture.

This soil is subject to erosion, and water runs off fairly
quickly if plant cover is sparse. Tilth is generally good.
This soil is mainly in pasture, but some areas are culti-
vated. Tt is moderately suited to row crops if erosion is

controlled. In places the use of practices to control erosion
is difficult because of the undulating topography and
short slopes. Capability unit IITe-1; woodland suitability
group 2ol.

Clarion loam, 5 to 9 percent slopes, moderately
eroded (138C2).—This soil is on undulating knolls and on
convex side slopes that border streams or upland drain-
ageways. It is generally adjacent to and upslope from
Nicollet, Webster, or other Clarion soils, or in places it
is associated with Colo and Spillville soils that are
mapped as a soil complex. It is also associated with
Storden soils and is commonly upslope from them. The
profile of this soil is similar to the one described as rep-
resentative for the series, but the surface layer is very
dark grayish brown and is thinner. Plowing has exposed
the subsoil in places. In places the depth to calcareous
material is about 24 to 30 inches.

Included with this soil in mapping are some small
areas of Storden soil. These areas are shown on the soil
map by a symbol for a calcareous spot.

Most areas of this soil are cultivated, but a few areas
are used for pasture. This soil is moderately suited to
row crops if erosion is controlled. In places the use of
practices to control erosion is difficult because of undu-
lating topography and short slopes. This soil generally
needs more nitrogen than Clarion soils that are less
eroded. Capability unit IIIe-1; woodland suitability
group 2o0l.

Clarion loam, 9 to 14 percent slopes, moderately
eroded {138D2).—This soil is mainly on convex side slo
that border stream valleys or upland drainageways, but
in places it is on knolls or ridgelike areas. Slopes are gen-
erally short. Generally this soi1l is downslope from Clarion
soils that are less sloping and is upslope from Colo soils
or Colo and Spillville soils that are mapped as a soil
complex. The profile of this soil is similar to the one
described as representative for the series, but the surface
layer is very dark grayish brown and is thinner. In most
places the depth to calcareous material is 20 to 30 inches.
Plowing has exposed the brownish subsoil in a few places.

Included with this soil in mapping are some small areas
of Storden soils. These areas are shown on the soil map
by a symbol for a calcareous spot. Also included are
about 80 acres of a soil in which the surface layer is
very dark brown and about 7 to 12 inches thick.

This soil is subject to erosion, and water runs off fairly
rapidly if there is no plant cover. Tilth is generally fair.
If it is left barren in winter and if conditions are un-
favorable in spring, this soil is subject to soil blowing.

Most areas of this soil are cultivated, but some areas
are in pasture. This soil is moderately suited to row
crops if erosion is controlled. This soil generally needs
more nitrogen than Clarion soils that are less eroded.
Generally it is managed along with the associated soils.
Capability unit I1Te-2; woodland suitability group 2ol.

Clarion loam, 14 to 18 percent slopes, moderately
eroded (138E2).—This soil is mainly on convex side slopes
adjacent to stream valleys. It is generally downslope from
Clarion soils that are less sloping and upslope from soils
on bottom lands and benches. The profile of this soil is
similar to the one described as representative for the
series, but the surface layer of this soil is very dark
grayish brown or dark brown and is thinner. In a few



WEBSTER COUNTY, IOWA 19

places plowing has mixed the subsoil in the surface layer.
In most places the depth to calcareous material is be-
tween 20 and 30 inches.

Included with this soil in mapping are some areas in
which the surface layer is very dark brown and about
7 to 12 inches thick. Also included are some small areas
of Storden soils. These areas are shown on the soil map
by a symbol for a severely eroded spot.

Erosion is a serious hazard on this soil. Most areas are
in pasture, but some areas are cultivated. It is moderately
suited to row crops, but is mainly left in hay or rotation
pasture much of the time. Those areas associated with
Clarion soils that are less sloping are more likely to be
used for row crops. Capability unit IVe-1; woodland
suitability group 2ol.

Colo Series

The Colo series consists of dark-colored, poorly drained
soils that formed in silty alluvium. These soils are nearly
level. They are on bottom lands and are also in a com-
plex with Spillville soils in narrow drainageways. They
are along some of the larger dredged ditches and along
streams 1n all parts of the county. Individual areas gen-
erally are 5 to 50 acres in size. The native vegetation was
water-tolerant prairie grasses and sedges.

_In a representative profile, the surface layer is black
silty clay loam about 39 inches thick. The subsoil is very
dark gray, firm silty clay loam about 12 inches thick.
The underlying material is dark-gray and gray gritty
silty clay loam.

The available water capacity is high, permeability is
moderately slow, and the content of organic matter is
high. The surface layer and subsoil are generally neutral.
The subsoil is low in available phosphorus and very low
in available potassium.

Colo soils are wet because of a high water table and
are subject to flooding. Most areas of these soils are cul-
tivated. They are well suited to this use if they are ade-
quately drained and if they are not flooded too frequently.

Representative profile of Colo silty clay loam, in a
pasture 170 feet west and 400 feet south of the northeast
corner of the NW14,NE1/ sec. 21, T. 86 N., R. 30 W.

A11—0 to 11 inches, black (N 2/0) silty clay loam ; moderate,
very fine and fine, granular structure; friable; neu-
tral; clear, smooth boundary.

A12—11 to 19 inches, black (N 2/0) silty clay loam; weak,
very fine, subangular blocky and moderate, fine,
granular structure ; friable ; neutral ; gradual, smooth
boundary.

A13—19 to 36 inches, black (N 2/0) silty clay loam; weak,
medium, prismatic structure parting to weak, very
fine, subangular blocky structure; friable; neutral;
diffuse, smooth boundary.

A14—36 to 39 inches, black (10YR 2/1) silty clay loam;
moderate, medium, prismatic structure parting to
weak, fine, subangular blocky structure; friable;
common fine sand grains; neutral; diffuse, smooth
boundary.

Bg—39 to 51 inches, very dark gray (N 3/0) silty clay loam;
moderate, medium, prismatic structure parting to
weak, fine, angular and subangular blocky structure;
firm; common fine sand grains; neutral; abrupt,
smooth boundary.

Cg—51 to 56 inches, dark-gray (5Y 4/1) and gray (5Y 5/1)
light gritty silty clay loam; weak, medium, pris-
matic structure; firm; olive (5Y 5/3) oxide stains;

very dark gray (5Y 3/1) crawfish fill; mildly alka-
line.

The A horizon is 24 to 40 inches thick. The Bg horizon,
which does not occur in some profiles, ranges from very
dark gray (10YR 38/1 or N 3/0) to gray (10YR 5/1 to 5Y
5/1) in color and from 10 to 15 inches in thickness. Colors of
2 or 3 value extend to a depth of 36 inches or more. The
C horizon ranges from very dark gray (N 3/0 or 10YR 3/1)
to gray (5Y 5/1) and is silty clay loam or clay loam. This
horizon has mottles of brown, olive, olive brown, or yellow-
ish brown in places. Sandy strata are below a depth of 50
inches in places. Reaction of the A horizon and B horizon
is slightly acid or neutral. The C horizon is neutral to
mildly alkaline.

Colo soils are associated with Calco and Spillville soils
on the landscape. Colo soils differ from the Calco soils in
that they are not calcareous to a depth of about 3 feet or
more. They are more poorly drained and are finer textured
and lower in content of sand than Spillville soils.

Colo silty clay loam (0 to 2 percent slopes) (133).—
This nearly level soil is on narrow and wide bottom
lands in all parts of the county. It is commonly the
only soil on the narrow bottom lands, and here it is ad-
jacent to soils on foot slopes, such as Spillville or Terril
soils, or to soils on uplands, such as Clarion or Storden
soils. In other places it is on wider bottom lands and is
associated with Spillville, Calco, and other bottom-land
soils. This soil has the profile described as representative
for the series.

Included with this soil in mapping are a few areas that
have glacial till at a depth of about 40 inches and a few
areas that have more sand throughout the profile than
thifs soil and have sandy material at a depth of about
3 feet. "

This soil is subject to flooding and wet unless it is
drained. Generally tilth is good, but this soil tends to
dry out cloddy and hard if tilled when wet. This soil is
used mainly for row crops, and it is well suited to this use
if it is adequately drained. Some areas that are inaccess-
ible or frequently flooded are in pasture. In places areas
are large enough to be managed separately, and in other
places areas are managed along with the associated soils.
Capability unit ITw—2; woodland suitability group 5w3.

Colo-Spillville complex, 2 to 5 percent slopes (585B).—
This complex consists of soils that are in narrow drain-
ageways, generally along small streams that eventually
flow into larger creeks and into the Des Moines River.
Individual areas occur as narrow strips that are bordered
by moderately steep or steep soils on uplands. Colo soils
make up about 60 percent of this complex and Spillville
soils about 40 percent. Colo soils are nearly level and
generally are closest to the waterway or intermittent
stream. Spillville soils are mainly gently sloping soils on
foot slopes adjacent to much steeper soils that occupy the
sides of small valleys on uplands. The area of each soil
in any one place is too small to map separately.

About 65 acres of this complex are badly channeled.
There are a few gullies in other places. In places the
meandering channels hinder cultivation. The Colo soils
in the complex are wet and subject to flooding in places.
The Spillville soils are subject to erosion and to rilling
and gullying from runoff water from the uplands.

Areas are mostly in grass and pasture. Some areas are
cultivated. The use of soils in this complex depends on the
steepness of other soils on the valley sides. If the soils on
the valley sides are strongly sloping, this complex is
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generally cultivated along with them. If the adjacent soils
are moderately steep or steep, this complex is commonly
used for pasture. Cultivated areas are well suited to row
crops if they are drained. Capability unit IIw-2; wood-
land suitability group 5w3.

Cordova Series

The Cordova series consists of dark-colored, poorly
drained soils that formed in glacial till and glacial sedi-
ment that is underlain by glacial till. These soils are in
nearly level to slightly concave swales on uplands. Sur-
face water generally drains from these soils into a sta-
bilized, deep gully that penetrates into the uplands.
Cordova soils are in the Le Sueur-Luther-Hayden soil as-
sociation near the valley of the Des Moines River. Indi-
vidual areas are generally 2 to 10 acres in size. The native
vegetation was trees and prairie grasses that are tolerant
to wetness.

In a representative profile, the surface layer is black
gritty silty clay loam about 15 inches thick. The subsoil
is about 33 inches thick. The upper part is mainly olive-
gray, firm clay loam. The lower part is loam and has
few to common mottles of light olive brown. The under-
lying material is friable loam that is mottled light olive
brown and light olive gray. Few to common pebbles and
stones are throughout the profile.

The available water capacity is high, permeability is
moderately slow, and the content of organic matter is
high. The surface layer is generally slightly acid. The
subsoil is very low or low 1n available phosphorus and
very low in available potassium.

Cordova soils are generally cultivated, but a few areas
are in trees and grasses. They are wet because of the high
water table.

Representative profile of Cordova silty clay loam, in a
cultivated field 250 feet north and 15 feet east of the
i%)ut};v%e‘azst corner of the NW14,NW1/, sec. 22, T. 87 N.,

.2 .

Ap—O0 to 7 inches, black (10YR 2/1) light gritty silty clay
loam; cloddy parting to weak, fine, granular and
very fine, subangular blocky structure; friable;
slightly acid; abrupt, smooth boundary.

Al—7 to 10 inches, black (10YR 2/1) light gritty silty clay
loam; weak, medium, subangular blocky and mod-
erate, fine, granular structure; friable; slightly acid;
clear, smooth boundary.

A3g—10 to 15 inches, black (10YR 2/1) gritty silty clay
loam, very dark gray (10YR 3/1) when kneaded,
dark gray (5Y 4/1) when dry; weak, very fine,
subangular blocky structure; friable; slightly acid;
clear, smooth boundary.

B21tg—15 to 22 inches, very dark gray (10YR 3/1) medium
to heavy clay loam; faces of peds black (10YR
2/1) and very dark gray (10YR 3/1); weak, me-
dium, prismatic structure parting to moderate, fine
and medium, subangular blocky structure; firm; few
dark-gray (5Y 4/1) peds in lower part; thick, dis-
continuous clay films; few small pebbles; slightly
acid; clear, smooth boundary.

B22tg—22 to 30 inches, olive-gray (5Y 5/2) clay loam; faces
of peds dark gray (5Y 4/1) and olive gray (5Y
5/2); very few, fine, light olive-brown (2.5Y 5/4)
mottles; moderate, medium, prismatic structure part-
ing to moderate, medium, subangular blocky struc-
ture; firm; common pebbles; thick, nearly continu-
ous, dark-gray clay films; neutral; clear, smooth
boundary.

B31tg—30 to 37 inches, olive-gray (5Y 5/2) medium clay

loam; few, fine, light olive-brown (2.5Y 5/4) mot-
tles; moderate, medium and coarse, prismatic struec-
ture parting to weak, medium, subangular blocky
structure; friable; thick, discontinuous, very dark
gray clay films; common pebbles; few, fine, hard
carbonate concretions; mildly alkaline; gradual,
smooth boundary.

B32tg—37 to 48 inches, olive-gray (5Y 5/2) loam; common,
fine, light olive-brown (2.5Y 5/4) mottles; weak,
coarse, prismatic structure; friable; thick, discon-
tinuous, black to very dark gray clay films; com-
mon fine pebbles; moderately alkaline; strongly ef-
fervescent; clear, smooth boundary.

C1—48 to 58 inches, mottled light olive-gray (5Y 6/2) and
light olive-brown (2.5Y 5/6) loam ; massive; friable;
common fine pebbles; moderately alkaline; strongly
effervescent.

The A horizon ranges from friable to firm, light gritty
silty clay loam to clay loam in texture and from 10 to 20
inches in thickness. It has granular or subangular blocky
structure. The B horizon is very dark gray (10YR 3/1) to
dark gray (10YR 4/1) or olive gray (5Y 4/2) in the upper
part and olive gray (5Y 5/2) and light olive gray (5Y 6/2)
in the lower part. This horizon is generally mottled olive
brown or light olive brown. In places the finest part of the
B horizon is light clay. The C horizon, which is at a depth
of 24 to 50 inches, is olive-gray to light olive-brown loam
or light clay loam. Reaction of the A horizon is slightly acid
to medium acid. The B2 horizon is generally slightly acid
to medium acid, but in places it ranges to neutral in the
lower part. The B3 horizon is neutral to moderately alka-
line, and it is calcareous.

Cordova soils generally have a thinner A horizon and have
more clay in the B horizon than the Webster soils. Cordova
soils do not have a distinct grayish subsurface layer as do
the Dundas soils, and they have a thicker surface layer than
the Dundas soils. These soils formed in similar parent
material.

Cordova silty clay loam (0 to 2 percent slopes) (384).—
This soil is in nearly level to slightly concave swalelike
areas on uplands near the valley of the Des Moines River.
It is generally adjacent to and downslope from Lester or
Le Sueur soils.

Unless this soil is drained, it is wet because of a high
water table. Most areas are cultivated. They are used
mainly for row crops and are well suited to these crops
if drained (fig. 8). Tilth is generally good, but this soil
tends to dry out cloddy and hard if it is tilled when wet.
Capability unit ITw-1; woodland suitability group 5w3.

Cylinder Series

The Cylinder series consists of dark-colored, somewhat
poorly drained soils that formed in loamy alluvium that
1s underlain by sand and gravel. These soils are nearly
level. They are mainly on benches along the larger rivers
and streams, but a scattering of these soils is in places on
uplands. Areas are generally slightly convex but range
to slightly concave. Individual areas are from 2 to 30
acres in size. The native vegetation was prairie grasses.

In a representative profile, the surface layer is black
loam about 14 inches thick. The subsoil is about 15 inches
thick. It is dark grayish-brown, friable heavy loam in
the upper part and sandy clay loam in the lower part.
The underlying material is grayish-brown and yellowish-
brown, loose sand and gravel that ranges from a few feet
to as much as 30 or 40 feet in thickness.

The available water capacity is low to moderate, and
permeability is moderate in the upper part but rapid or
very rapid in the sand and gravel. The content of organic
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Figure 8.—Corn growing in a field of Cordova and Le Sueur soils. The Cordova soeils are in the foreground, and the Le Sueur soils are
in the background.

matter is moderate to high. The surface layer and upper
part of the subsoil are neutral to slightly acid. The sub-
soil is very low in available phosphorus and available
potassium.

Most areas of Cylinder soils are cultivated and a few
areas are in pasture. The sand and gravel that underlies
these soils is saturated during some parts of the year,
but this is not for long periods during the growing sea-
son. Cylinder soils, especially the moderately deep ones,
do not have adequate available water capacity for good
plant growth in dry years.

Representative profile of Cylinder loam, moderately
deep, in a cultivated field 1,850 feet east and 50 feet south
of the northwest corner of SW1j, sec. 10, T. 89 N.,
R. 29 W.

Ap—0 to 7 inches, black (10YR 2/1) loam; cloddy parting
to very weak, fine, granular and subangular blocky
structure ; friable; neutral; gradual, smooth bound-
ary.

Al12—7 !‘,o 14 inches, black (10YR 2/1) heavy loam; very
weak, fine, subangular blocky and moderate, fine,
granular structure; friable; neutral; clear, smooth
boundary.

B1t—14 to 18 inches, very dark gray (10YR 3/1) and dark
grayish-brown (2.5Y 4/2) heavy loam, very dark
grayish-brown (2.5Y 3/2) when kneaded; weak, me-
dium, subangular blocky structure; friable; thin, dis-

continuous clay films; neutral; gradual, smooth
boundary.

B2t—18 to 24 inches, dark grayish-brown (2.5Y 4/2) heavy
loam ; few, fine, faint, dark yellowish-brown (10YR
4/4) mottles; weak, medium, prismatic structure
parting to weak, medium, subangular blocky struc-
ture; friable; few, very dark grayish-brown (10YR
3/2) clay films; slightly acid; clear, smooth bound-
ary.

B3t—24 to 29 inches, dark grayish-brown (10YR 4/2) sandy
clay loam; common, fine, distinct, dark yellowish-
brown (10YR 4/4) and yellowish-brown (10YR 5/6)
mottles ; weak, medium, prismatic structure parting
to weak, medium, subangular blocky structure; fri-
able; very few, thin, discontinuous clay films; hard
black iron concretions 3 and 4 millimeters in diam-
eter; neutral; clear, smooth boundary.

IIC1—29 to 39 inches, grayish-brown (2.5Y 5/2) and yellow-
ish-brown (10YR 5/4) gravelly loamy sand; single
grain with very weak cementation in places; loose;
neutral ; abrupt boundary.

IIC2—39 to 52 inches, grayish-brown (2.5Y 5/2) and yellow-
ish-brown (10YR 5/6) sand and fine gravel; single
grain; loose; mildly alkaline; slightly effervescent.

The A horizon is black (10YR 2/1), very dark brown
(10YR 2/2), and very dark gray (10YR 3/1) and is 10 to
24 inches thick. The B horizon is generally dark grayish
brown (2.5Y 4/2), but it ranges to very dark gray (10YR
3/1) or very dark grayish brown (2.5Y 3/2 or 10YR 3/2)
in the upper part and to grayish brown (2.5Y 5/2), olive
brown (2.5Y 4/4), or light olive brown (2.5Y 5/4) in the
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lower part. It is mottled yellowish brown or olive brown in
many places. The B horizon is loam or light clay loam, but
in most places grades to sandy clay loam, loam, or sandy
loam in the lower part. The IIC horizon is grayish brown
(2.5Y 5/2) and yellowish brown (10YR 5/4 and 10YR 5/6),
but the grayish colors range to light brownish gray (2.5Y
6/2) or olive gray (5Y 5/2) in places. The underlying sand
and gravel is at a depth of about 24 to 32 inches in the
moderately deep soils and at a depth of 32 to 40 inches
in the deep Cylinder soils. In a few places the underlying
material is loamy sand or sand without much gravel. It is
generally calcareous, but in some places the upper few inches
are leached. Reaction of the A horizon and the upper part
of the B horizon is generally slightly acid or neutral, but
it grades to neutral as depth increases. The A horizon ranges
to medium acid in places. The IIC horizon is mainly mildly
alkaline or moderately alkaline and calcareous, although in
places it is neutral and is noncalcareous in a few inches in
the upper part.

Cylinder soils differ from the Biscay and Wadena soils in
being somewhat poorly drained. Cylinder soils are grayer
in the B horizon than the Wadena soils, but they are not
so gray as the Biscay soils. Biscay and Wadena soils formed
in similar parent material. Cylinder and Nicollet soils have
similar drainage, but Cylinder soils differ from the Nicollet
soils in being underlain by sand and gravel.

Cylinder loam, deep (0 to 2 percent slopes) (203).—
This nearly level soil is mainly on benches along streams,
but it is also in a few places on uplands. Generally it is
adjacent to and associated with Wadena, Biscay, or mod-
erately deep Cylinder soils. The profile of this soil is
similar to the one described as representative for the
series, except that sand and gravel are at a depth of
about 32 to 40 inches.

Included with this soil in mapping are a few areas of
gently sloping soils and a few areas that have glacial till
at a depth of about 42 to 48 inches. Most of these included
areas are in the valley of Lizard Creek. Also included
are some areas where the sand and gravel are at a depth
of about 40 to 48 inches.

This soil is slightly wet in some years, but the growth
of crops is seldom seriously affected. It has adequate
available water capacity for good plant growth except in
very dry years. Tilth is generally good. Most areas of
this soil are cultivated. It is well suited to row crops.
A few areas are large enough to be managed separately,
but most areas are managed along with the associated
soils. Capability unit I-1; woodland suitability group
3wl.

Cylinder loam, moderately deep (0 to 2 percent
slopes) (202).—This soil i1s mainly on benches along
streams, but it is also in a few places on uplands. Gen-
erally it is adjacent to and associated with the Wadena,
Biscay, or deep Cylinder soils. This soil has the profile
described as representative for the Cylinder series. The
depth to sand and gravel is about 24 to 32 inches.

Included with this soil in mapping are a few areas
of gently sloping soils and a few areas where glacial till
is at a depth of about 42 to 48 inches. Most of these in-
cluded areas are in the valley of Lizard Creek.

This somewhat poorly drained soil is slightly wet iIn
years of above average rainfall, but crop growth is gen-
erally not seriously affected. Plant growth is hindered by
lack of available water in dry years. Tilth is usually good.
Most areas of this soil are cultivated. It is well suited
to row crops, but in some years droughtiness is a limita-
tion. A few areas are large enough to manage separately,
but most areas are managed along with the associated

soils. Capability unit IIs-1; woodland suitability group
3wl.

Dorchester Series

The Dorchester series consists of moderately dark
colored, moderately well drained or somewhat poorly
drained soils that formed in silty alluvium deposited by
flood waters. These soils are nearly level. They are on
bottom lands, mainly in elongated areas that are gen-
erally at a slight angle to the depositing stream. Most
areas are in the valley of the Des Moines River south
of Fort Dodge (fig. 9). Individual areas are generally
2 to 30 acres in size.

In a representative profile, the surface layer is very
dark gray and very dark grayish-brown silt loam about
31 inches thick. The underlying material, to a depth of
about 59 inches, is friable, dark grayish-brown silt loam.
Below this, to a depth of 76 inches, it is dark grayish-
brown sandy loam and loamy sand. The surface layer
and underlying material tend to be stratified, and hori-
zontal cleavage is evident.

The available water capacity is high, permeability is
moderate, and the content of organic matter is moderately
low or moderate. These soils are mildly or moderately
alkaline and they are calcareous throughout. The subsoil
is low in available phosphorus and very low in available
potassium.

Dorchester soils are subject to flooding. In some places
bayoulike areas need to be drained to allow surface water
to run off. Most areas are cultivated, but a few are in
permanent pasture or are idle.

Representative profile of Dorchester silt loam, in a
cultivated field 400 feet west and 400 feet south of the
northeast corner of the SW14,SE1; sec. 25, T. 87 N,
R. 27 W.

Ap—O to 8 inches, very dark gray (10YR 3/1) silt loam;
weak, medium, subangular blocky and fine, granular
structure; friable; moderately alkaline; slightly ef-
fervescent ; abrupt, smooth boundary.

A12—8 to 14 inches, very dark grayish-brown (10YR 3/2)
silt loam ; weak, medium, subangular blocky and fine
granular structure; friable; moderately alkaline;
slightly effervescent; gradual, smooth boundary.

A13—14 to 22 inches, very dark grayish-brown (10YR 3/2)
silt loam; weak, fine, granular and weak, fine, sub-
angular blocky structure; friable; horizontal cleav-
age attributed to sedimentation; moderately alka-
line; slightly effervescent; gradual, smooth bound-
ary.

A14—22 to 31 inches, very dark grayish-brown (10YR 3/2)
silt loam; weak, fine, granular and weak, fine, sub-
angular blocky structure; mainly horizontal cleavage

attributed to sedimentation; friable; moderately
alkaline; slightly effervescent; gradual, smooth
boundary.

C1—31 to 48 inches, dark grayish-brown (10YR 4/2) silt
loam: very weak, fine and medium, subangular
blocky structure to massive; friable; calcareous;
gradual, smooth boundary.

C2—48 to 59 inches, dark grayish-brown (2.5Y 4/2) silt

loam; massive; friable; moderately alkaline; slight-

ly effervescent; abrupt, smooth boundary.
03—59 to 65 inches, dark grayish-brown (2.5Y 4/2) very
fine sandy loam ; massive; friable; moderately alka-
line; slightly effervescent; abrupt, smooth boundary.
to 76 inches, dark grayish-brown (2.5Y 4/2) fine
loamy sand; friable; moderately alkaline; slightly
effervescent.

C4—65
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Figure 9.—Area of Dorchester silt loam and of Dorchester silt loam, frequently flooded, in the valley of the Des Moines River about
4 miles southeast of Dayton.

The A horizon is very dark gray (10YR 3/1) or very
dark grayish brown (10YR 3/2). In some places the A
horizon is about 10 to 20 inches thick; in other places, it
is as thick as 31 inches. In places there is an AC horizon
that ranges from very dark grayish brown to dark grayish
brown (10YR 3/2 to 10YR 4/2). The. C horizon ranges from
dark grayish brown (10YR 4/2 or 2.5Y 4/2) to grayish
brown (10YR 5/2 or 2.5Y 5/2). This horizon has yellowish-
brown or strong-brown mottles or oxide stains in places.
Generally these soils are stratified. They are mainly friable
silt loam to a depth of 40 inches, but thin strata of sandier
materials are in many places. A sandy layer is below a depth
of 40 inches in some profiles and is below a depth of 50
inches in many places. Reaction of Dorchester soils is mildly
alkaline to moderately alkaline, and these soils are calcar-
eous throughout.

In Webster County Dorchester soils have a thicker and
darker A horizan than is recognized in the defined range for
the series and a higher content of sand that is coarser than
very fine sand. They tend to be somewhat less stratified than
Dorchester soils in other survey areas. These differences do
not affect the use and management of the soils. Dorchester
soils differ from the Buckney soils in being dgminantly silt
loam rather than sandy loam to a depth of 40 inches. They
differ from the Spillville soils in being lighter colored,
siltier, and calcareous between depths of 0 to 40 inches.
These soils are associated on the landscape.

Dorchester silt loam (0 to 2 percent slopes) (158).—
This nearly level soil is in areas that are generally at a
slight angle to the nearby stream, mainly the Des Moines
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River. It is commonly associated with the Buckney soils,
which are generally between the river and this Dor-
chester soil, and with the Spillville soils. This soil has
the profile described as representative for the Dorchester
series. Individual areas are variable in shape, but most
areas are long and narrow.

Included with this soil in mapping are areas of soils
that are similar, except that the soils are gently sloping.

This soil is subject to flooding. Much depends on its
position on the bottom lands, but flooding generally oc-
curs early enough in the year or is not severe enough to
seriously hinder cultivation or to damage crops. Most
areas are cultivated, and row crops are grown most of
the time. This soil is well suited to this use if the hazard
of flooding is not too severe. A few bayoulike areas are
in this mapping unit. Some of these areas are wet unless
an outlet is provided for surface water. A few areas are
In pasture or are idle. These areas generally have trees,
brush, and weeds. Tilth in cultivated areas is good. Capa-
bility unit ITw-3; woodland suitability group 5w2.

Dorchester silt loam, frequently flooded (0 to 2
percent slopes) (815).—This soil generally is in old stream
cutoffs or bayoulike areas, mainly near the Des Moines
River. These areas are generally concave and are
flooded sooner than areas of other Dorchester soils be-



24 SOIL SURVEY

cause they are at an elevation that is a few feet lower.
This soil is generally ponded after it is flooded, and sedi-
ments from the floodwaters gradually fill in the ponded
areas. The profile of this soil is similar to the one de-
scribed as representative for the series, but it generally
is grayish brown at a depth below 15 to 50 inches and
ranges from silt loam to light silty clay loam in the
surface layer. It also tends to be more stratified.

Included with this soil in mapping are some areas of
a soil that ranges from dark gray to olive gray in color.

Many areas of this soil are cultivated along with other
Dorchester soils. Floodwaters that generally recede from
other Dorchester soils remain ponded in many places on
this soil. Sometimes this water soaks away before killing
the crop, but the crop is generally stunted. Tilth is fair
or good. This soil generally is moderately suited to row
crops if ponded areas are drained. Some areas have a
growth of trees, brush, and weeds and are in pasture or
are idle. Capability unit ITIw-2; woodland suitability
group 5w2.

Dundas Series

The Dundas series consists of moderately dark colored,
poorly drained soils that formed in glacial till and sedi-
ment from glacial till. These soils are in nearly level
areas or in slight depressions on uplands. They are in
the Le Sueur-Luther-Hayden soil association near the
valley of the Des Moines River extending from Fort
Dodge to the south county line. Areas are generally 2 to
15 acres in size. The native vegetation was trees and
grass.

In a representative profile, the surface layer is very
dark gray silt loam about 9 inches thick. The subsurface
layer is very dark grayish-brown and dark grayish-
brown, friable silt loam about 8 inches thick. The subsoil
is about 28 inches thick. It is dark-gray and olive-gray,
firm heavy clay loam that has black to dark-gray coatings
on the individual soil aggregates. The underlying ma-
terial is yellowish-brown and olive-gray light clay loam
that contains a few pebbles or stones.

The available water capacity is high, and permeability
is moderately slow or slow. The content of organic matter
is moderate. Most of the surface and subsurface layer
and the subsoil is slightly acid or medium acid. The sub-
soil is low in available phosphorus and very low in avail-
able potassium.

Dundas soils are wet, and water tends to pond on the
surface In some areas. Some areas are cultivated and used
for row crops, small grains, or forage crops. Other areas
are in wooded pasture.

Representative profile of Dundas silt loam, in a culti-
vated field 400 feet east and 10 feet south of the north-
east corner of the SW1,NW1/, sec. 22, T. 87 N, R. 27 W.

Al—0 to 9 inches, very dark gray (10YR 3/1) silt loam,
gray (5Y 5/1) when dry; weak, fine and very fine,
subangular blocky structure; friable; slightly acid;
abrupt, smooth boundary.

A2—9 to 12 inches, very dark grayish-brown (10YR 3/2) and
dark grayish-brown (10YR 4/2) heavy silt loam,
light gray (10YR 6/1) when dry; weak, thin,
platy structure parting to moderate, very fine, sub-

angular blocky structure; friable; medium acid;
abrupt, smooth boundary.

B1—12 to 17 inches, dark grayish-brown (10YR 4/2) and
some very dark grayish-brown (10YR 3/2) light
clay loam, light gray (10YR 6/1) when dry; strong,
fine, subangular blocky structure; firm; strongly
acid; abrupt, smooth boundary.

B21tg—17 to 25 inches, dark-gray (5Y 4/1) heavy clay loam;
common, fine, faint, dark grayish-brown (10YR 4/2)
mottles; weak, fine, prismatic structure parting to
moderate, fine, subangular blocky structure; firm;
thin discontinuous clay films; medium acid; gradual,
smooth boundary.

B22tg—25 to 34 inches, olive-gray (5Y 4/2) heavy clay loam;
common, fine, distinct, olive-brown (2.5Y 4/4) mot-
tles; weak, fine, prismatic structure parting to mod-
erate, medium, subangular blocky structure; firm;
very dark gray (5Y 4/1) coatings on peds; black
(5Y 2/1) coatings on prism faces; common, fine
concretions of a yellowish-brown and black oxide;
thick, discontinuous clay films; slightly acid; grad-
ual, smooth boundary.

B3—34 to 40 inches, yellowish-brown (10YR 5/6) and olive-
gray (5Y 5/2) medium clay loam; moderate, me-
dium, prismatic structure; firm; very dark gray
(5Y 3/1) and black (5Y 2/1) clay films and clay
fillings in pores; mildly alkaline; clear, smooth
boundary.

C—40 to 58 inches, yellowish-brown (10YR 5/6) and olive-
gray (6Y 5/2) light clay loam; weak, coarse, pris-
matie structure; friable; few, fine, dark-colored, soft
oxides; abundant accumulations of white, soft lime;
black (5Y 2/1) coatings on cleavage faces and pores;
moderately alkaline; slightly effervescent.

The Al horizon ranges from 5 to 10 inches in thickness
and from loam or silt loam to light clay loam or light silty
clay loam in texture. It has weak, very fine or fine, granular
or subangular blocky structure. The A2 horizon ranges from
2 to 6 inches in thickness, from very dark grayish brown
(10YR 3/2) to dark gray (10YR 4/1) or dark grayish brown
(10YR 4/2) in color, and is friable silt loam or loam in
texture.

The B horizon commonly extends to a depth of 36 to 48
inches. It is dark gray (10YR 4/1) or dark grayish brown
(10YR 4/2) in the upper part and gray (5Y 5/1) or olive
gray (5Y 4/2 or 5/2) to grayish brown (2.5Y 5/2) in the
lower part. Generally black to grayish coatings are on ped or
prism faces, and brownish or olive mottles are in many
places in this horizon. The texture is firm heavy clay loam
or light clay in the finest textured part of the B horizon.
In places the upper part of the B horizon is gritty silty
clay loam. In places yellowish-brown colors are in the B3
horizon, and in places the texture is loam.

The C horizon is mottled yellowish-brown and olive-gray,
calcareous, friable loam or light clay loam. It has other
closely related colors in places. Small stones and pebbles are
throughout the profile in many places, and in some places
there are larger stones or boulders. Reaction of the solum
is slightly acid to strongly acid in the upper part, but it is
neutral or mildly alkaline, but noncalcareous, in the lower
part.

Dundas soils in Webster County tend to have an A2
horizon that is less prominent and that has a higher content
of organic matter than is recognized in the defined range
of the Dundas series. These soils also tend to be somewhat
finer textured in the finest part of the B horizon. These
differences do not affect the use and management of the soils.

Dundas soils typically have a somewhat lighter colored Al
horizon and a somewhat more prominent A2 horizon than
Rolfe soils. They are not so dark colored in the upper part
of the B horizon. These soils formed in similar parent
material.

Dundas silt loam (0 to 2 percent slopes) (307).—This
soil is in nearly level to slightly depressed areas on up-
lands. Tt is associated with Luther, Le Sueur, and Cor-
dova soils.

Included with this soil in mapping are a few areas
where the underlying material is stratified silt loam and
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sandy loam. Also included are about 80 acres of a soil
that has a lighter colored, thinner surface layer and a
somewhat less gray subsoil.

This soil is wet, and water ponds on the surface in
places. This soil is used for timber, pasture, and culti-
vated crops. It is moderately suited to row crops if ade-
quately drained. Tilth is generally fair or good in culti-
vated areas. Capability unit I1Iw-1; woodland suit-
ability group 5w3.

Estherville Series

The Estherville series consists of dark-colored, some-
what excessively drained soils that formed in loamy
alluvium that is underlain by sand and gravel, generally
at a depth of 15 to 30 inches. These soils are nearly level
to strongly sloping and are on benches and bench escarp-
ments mainly along the Des Moines River and its larger
tributaries in the Storden-Hayden-Wadena soil associa-
tion. A few scattered areas are in other soil associations.
Individual areas generally are 2 to 30 acres in size. The
native vegetation was prairie grasses.

In a representative profile, the surface layer is very
dark brown sandy loam about 14 inches thick. The sub-
soil, to a depth of 24 inches, is dark-brown and brown,
very friable sandy loam. Below this, to a depth of 35
inches, the subsoil is very friable, brown, coarse sandy
loam that has some gravel. The underlying material is
grayish-brown and dark yellowish-brown, loose sand and
gravel.

The available water capacity is low or very low. Per-
meability is moderately rapid in the upper part, but it is
rapid or very rapid in the sand and gravel. The content
of organic matter is moderately low. The subsoil is very
low in available phosphorus and available potassium. The
surface layer and subsoil are slightly acid to neutral.

Estherville soils lack adequate available water for good
plant growth during dry periods. Sloping areas are sub-
ject to water erosion, and soil blowing is a hazard in
places. Some areas are cultivated, but most areas of mod-
erately sloping or strongly sloping soils are in pasture.
A few areas have been cultivated but are now idle.

Representative profile of Estherville sandy loam, 0 to
2 percent slopes, in a cultivated field 45 feet south and
780 feet east of the northwest corner of the SW1j sec.
10, T. 89 N., R. 29 W.

Ap—O0 to 7 inches, very dark brown (10YR 2/2) sandy loam;

very weak, fine, granular structure; friable; slightly
acid; abrupt, smooth boundary.

A12—7 to 10 inches, very dark brown (10YR 2/2) sandy
loam; very weak, medium, subangular blocky and
moderate, fine, granular structure; friable; slightly
acid; gradual, smooth boundary.

A3—10 to 14 inches, very dark brown (10YR 2/2) to very
dark grayish-brown (10YR 3/2) sandy loam; very
weak, medium, subangular blocky structure; friable;
neutral ; clear, smooth boundary.

B1l—14 to 18 inches, dark-brown (7.5YR 3/2) and very dark
brown (10YR 2/2) sandy loam ; weak, medium, sub-
angular blocky structure; very friable; neutral;
gradual, smooth boundary.

B2—18 to 24 inches, brown (10YR 4/3 to 7.5YR 4/4) sandy
loam; medium, subangular, blocky structure; very
friable; thin discontinuous clay films; neutral;
gradual, smooth boundary.

B3—24 to 35 inches, brown (7.5YR 4/4) coarse sandy loam
that has some gravel; weak, medium, subangular
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blocky structure; very friable; some clay-iron bridg-
ing; neutral; clear, smooth boundary.

IIC—35 to 52 inches, mixed grayish-brown (10YR 5/2) and
dark yellowish-brown (10YR 4/4) fine sand and
gravel ; single grain; loose; mildly alkaline; slightly
effervescent at a depth of 48 inches.

The A horizon is 8 to 16 inches thick. The Al horizon
ranges from black (10YR 2/1) to very dark brown (10YR
2/2). The A3 horizon is very dark brown (10YR 2/2), very
dark gray (10YR 3/1), very dark grayish brown (10YR
3/2), or dark brown (10YR 3/3) in color. The B horizon is
dark brown (7.5Y 3/2 or 10YR 3/3) to brown (10YR 4/3
or 7.5Y 4/4), strong brown (7.5Y 5/6), or yellowish brown
(10YR 5/6) and is very friable or friable sandy loam that
ranges to loamy sand in the B3 horizon. The content of
sand-size material and gravel generally increases with depth.
A considerable amount of gravel is in the profile, beginning
at a depth of 15 to 30 inches. The IIC horizon is mildly alka-
line to moderately alkaline, loose, dark yellowish-brown or
yellowish-brown (10YR 4/4 or 5/4) or grayish-brown (10YR
5/2 or 2.5Y 5/2) sand and gravel. In many places this
horizon is calcareous throughout. In others it is mnot cal-
careous in the upper part.

Estherville soils in Webster County are more deeply
leached of free carbonates and have less difference in texture
between the material in the B horizon and in the IIC horizon
than is recognized in the defined range of the Estherville
series. These differences do not affect the use and man-
agement of the soils.

Bstherville soils are associated with Wadena soils on the
landscape. They differ from Wadena soils in being sandy
loam rather than loam in texture in the A and B horizons.

Estherville sandy loam, 0 to 2 percent slopes (34A).—
This nearly level soil is on benches. It generally is asso-
ciated with Wadena and Cylinder soils. It has the profile
described as representative for the series.

Included with this soil in mapping are a few areas of
soils that have a surface layer and a subsoil that are
loam in texture to a depth of about 18 inches.

This soil has low available water capacity and in most
years this limits crop growth. Soil blowing is a hazard
at times, and blowing sand injures young plants in some
places. Many areas of this soil are cultivated. Some are
in pasture. This soil generally is managed along with
surrounding soils. It is moderately suited to row crops,
but plant populations need to be limited to the number
that can be supported by available water. Tilth is good.
Capability unit IITs-1; woodland suitability group 4sl.

Estherville sandy loam, 2 to 5 percent slopes (34B).—
This gently sloping soil is mainly on low knolls on
benches and generally is associated with Wadena, Cylin-
der, or other Estherville soils. The profile of this soil is
similar to the one described as representative for the
series, but the surface layer generally is thinner and
the depth to sand and gravel generally is about 24 inches.

Included with this soil in mapping are a few areas of
soils that are similar to this soil and that have glacial
till at a depth of 42 to 48 inches. A few areas that have
bedrock at a depth of 30 to 50 inches are shown on this
soil map by a special symbol for rock. Also included are
a few areas that have fine and medium sand as the under-
lying material. About 55 acres are gravelly and calcareous
throughout. These areas are similar to Salida soils mapped
in other places in Towa. A few areas are loam in texture
to a depth of about 18 inches. Most of the included soils
are in the valley of Lizard Creek.

This soil is subject to soil blowing, and at times blowing
sand injures young plants. The hazard of water erosion
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is slight, but it occurs in places if vegetation is sparse.
Some areas of this soil are cultivated ; others are in pas-
ture. The soil is moderately suited to row crops, but plant
populations need to be limited to the amount that can
be supported by available water. Lack of adequate avail-
able water limits crop growth in most years. Tilth is
good. Capability unit IITe-3; woodland suitability
group 4sl.

Estherville sandy loam, 5 to 9 percent slopes (34C).—
This soil is mainly on knolls or on escarpments between
bench levels. It is generally in association with Wadena,
Cylinder, or other Estherville soils. The profile of this
soil is similar to the one described as representative for
the series, but the surface layer generally is about 10
inches thick. It is very dark brown or very dark grayish
brown. The depth to sand and gravel is generally about
20 to 24 inches.

Included with this soil in mapping are a few areas
where the underlying material is fine to medium sand.
Also included are about 90 acres of a soil that is gravelly
and calcareous throughout. It is similar to Salida soils
mapped in other counties in Towa. Most of these included
soils are in the valley of Lizard Creek.

This soil is subject to soil blowing and water erosion.
The low available water capacity is a severe limitation
during dry periods. A few areas are cultivated, but most
areas are in pasture that has scattered brush and trees.
A few areas have been cultivated but are now idle and
used as wildlife habitat. This soil is moderately suited
to row crops, but inadequate available water limits crop
growth in most years. This soil is also suited to pasture or
to use as wildlife habitat. If row crops are grown, plant
populations need to be limited to the number that can be
supported by available moisture. Capability unit I1Te-3;
woodland suitability group 4sl.

Estherville sandy loam, 9 to 14 percent slopes (34D).—
This soil is mainly on short escarpments between benches.
Wadena, Cylinder, or other Estherville soils generally
are upslope on the benches. Cylinder, Biscay, or bottom-
land soils, such as Spillville or Colo soils, generally are
downslope. The profile of this soil is similar to the one
described as representative for the series, but the surface
layer generally is 8 to 12 inches thick. It is very dark
brown or very dark grayish brown in color. The depth to
sand and gravel is generally about 15 to 24 inches. Areas
are generally long and narrow in shape, but relatively
small in size.

Included with this soil mapping are a few areas that
have slopes of as much as 18 percent, a few areas where
the underlying material is fine to medium sand, and a
few areas that are gravelly and calcareous throughout.
Most of these included soils are in the valley of Lizard
Creek.

This soil is subject to erosion if vegetation is sparse.
The low available water capacity severely limits plant
growth in most years. A few areas are cultivated, but
most areas are in pasture that has scattered brush and
trees. A few areas have been cultivated but are now idle
and used as wildlife habitat. Cultivated areas are better
suited to forage crops than to row crops, but row crops
are grown in a few areas in some years. Capability unit
IVe-1; woodland suitability group 4sl.

Gosport Series

The Gosport series consists of moderately dark colored,
steep, moderately well drained soils that formed in ma-
terial weathered from shale. These soils are on the lower
parts of side slopes on uplands. They are below soils that
formed in glacial till. In a few places they are steep and
are on escarpments of benches. These soils are in the
valley of the Des Moines River and extend a short dis-
tance up the valley of Lizard Creek. They are mostly
between Deception Hollow State Park and about one-
half mile north of Lehigh, and from the mouth of Holi-
day Creek to a short distance north of Fort Dodge. Areas
range from 2 to 50 acres in size and generally are long
and narrow in shape. The native vegetation was trees
and forest plants.

In a representative profile, the surface layer is very
dark gray silt loam about 5 inches thick. The subsurface
layer 1s friable, light brownish-gray silt loam about 2
inches thick. The subsoil is firm, olive-gray silty clay
about 11 inches thick. The underlying material is dark
grayish-brown and light olive-brown silty clay.

The available water capacity is low or moderate, and
permeability is very slow. The content of organic matter
1s low. The surface and subsurface layers are generally
medium acid to strongly acid, and the subsoil and sub-
stratum are strongly acid or very strongly acid? The sub-
soil is very low in available phosphorus and available
potassium.

Gosport soils are subject to erosion if vegetation is
sparse. They absorb water very slowly. Runoff is rapid.
Most areas of these soils are in second-growth timber and
are used as wooded pasture. A few areas are not in pas-
ture and are used as woodland.

Representative profile of Gosport silt loam, 24 to 45
percent slopes, in a timber pasture 700 feet east and 1,000
feet north of the southwest corner of the NE1/ sec. 12,
T. 87 N, R. 28 W.

A1—0 to 3 inches, very dark gray (10YR 3/1) silt loam,
gray (5Y 5/1) when dry; weak, thin, platy structure
parting to weak, fine, granular and very fine sub-
angular blocky structure; friable; common light-gray
silica particles; abundant roots; neutral; abrupt,
smooth boundary. )

A12—3 to 5 inches, very dark gray (10YR 3/1) and grayish-
brown (2.5Y 5/2) silt loam, gray (10YR 5/1) and
light gray (10YR 6/1) when dry; weak, thin and
medium, platy structure parting to moderate, very
fine and fine, subangular blocky structure; friable;
abundant roots; medium acid; abrupt, smooth
boundary.

A2—5 to 7 inches, light brownish-gray (2.5Y 6/2) silt loam,
light gray (10YR 7/1) when dry; moderate, thin
and medium, platy structure parting to weak, fine,
subangular blocky structure; friable; many, hard,
unweathered oxides; few hard ferromagnesium
plates; many roots; strongly acid; abrupt, smooth
boundary.

B21—7 to 9 inches, olive-gray (5Y 5/2) silty clay, light gray
(5Y 7/1) when dry; strong, very fine, angular and
subangular blocky structure; firm; hard oxides, 2
inches in diameter, at a depth of 7 to 9 inches;
common roots; common, moderately hard, cemented
oxides; very strongly acid; clear, smooth boundary.

B22—9 to 14 inches, olive-gray (5Y 5/2) silty clay; strong,
very fine and fine, subangular blocky structure; firm;
abundant light-gray silica particles; common, ce-
mented, moderately hard oxides; many hard shale
fragments; very strongly acid; clear, smooth bound-
ary.
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B3—14 to 18 inches, olive (5Y 5/3), olive-gray (5Y 5/2),
and light olive-brown (2.5Y 5/4) silty clay; weak,
fine, prismatic structure parting to moderate, very
fine and fine, angular and subangular blocky struc-
ture; firm; few roots; common, light olive-brown,
cemented oxides; few, cemented, soft shale frag-
ments; very strongly acid; abrupt, smooth boundary.

C—18 to 28 inches, dark grayish-brown (5Y 4/2) and light
olive-brown (2.5Y 5/4) silty clay; weak, medium,
prismatic structure parting to very weak, very fine
and fine, angular and subangular blocky structure;
firm; few roots; common, light olive-brown, ce-
mented oxides; few soft shale fragments; hard,
cemented, concentric oxides 8 inches in diameter
at a depth of 18 inches; very strongly acid.

R—28 to 60 inches, olive-gray (5Y 6/2) shale; massive;
very hard.

The Al horizon is 3 to 9 inches thick. This horizon is very
dark gray (10YR 3/1) or very dark grayish brown (10YR
3/2) and is silt loam or silty clay loam. In places this
horizon is dark grayish brown (10YR 4/2). The A2 horizon
is 2 to 7 inches thick. This horizon ranges from dark gray
(10YR 4/1) to light brownish gray (2.5Y 6/2) and is silt
loam or silty clay loam. The B horizon is 8 to 10 inches
thick. It is olive gray (5Y 5/2) to pale olive (5Y 6/3),
grayish brown (2.5Y 5/2), or olive brown (2.5Y 5/4) and is
firm silty clay or clay. This horizon has strong angular or
subangular blocky structure. The C horizon is firm silty clay
or clay in texture and has colors similar to those in the B
horizon. In places yellowish-brown, strong-brown, and brown
mottles are in the B and C horizons. Reaction of the B
and C horizons is strongly acid to extremely acid.

Gosport soils in Webster County tend to have a thinmer
solum than recognized in the defined range for the Gosport
series, and the chroma in the upper part of the B horizon
tends to be lower. These differences do not affect the use
and management of the soils.

Gosport soils differ from Calamine soils in that they
formed entirely in shale rather than in glacial sediment
over shale. They have less sand and more clay than Cala-
mine soils.

Gosport silt loam, 25 to 45 percent slopes (313G).—
This steep soil is in the valleys of the Des Moines River
and Lizard Creek. It is generally below Storden-Hayden
loams and upslope from bottom-land soils. Individual
areas are long and narrow.

Included with this soil in mapping are small acreages
where as much as 40 inches of glacial till covers the
shale. Also included are a few areas that have slopes of
9 to 25 percent.

Nearly all areas of this soil are in woodland. Most are
used as wooded pasture, but the production of forage is
low. Grazing livestock, in some places, establishes trails
that erode and cause gullies. It is not practical to clear
most areas of this soil to establish more productive pas-
ture plants, because the soil is steep and topography is
rough. Many areas would be more productive if managed
as woodland or used for wildlife habitat or recreation.

Capability unit VIIe-1; woodland suitability group 5wl.

Guckeen Series

The Guckeen series consists of dark-colored, somewhat
poorly drained soils that formed in clayey lacustrine
sediment and underlying glacial till. These soils are
nearly level to gently sloping. They are on uplands. They

are mainly in the Marna-Guckeen soil association that is

mostly in the southern tier of townships in the county.
Individual areas range from 2 to about 50 acres, but most

are larger than 20 acres in size. The native vegetation
was prairie grasses.

In a representative profile, the surface layer is black
and is about 16 inches thick. It is clay loam in the upper
part and silty clay and clay in the lower part. The sub-
soil is about 44 inches thick. The upper part is very dark
gray, very dark grayish-brown, and dark grayish-brown,
firm heavy clay loam and light clay. The lower part is
mottled light olive-brown, olive-gray, yellowish-brown,
and light-gray, firm light clay loam. The underlying
material is mottled yellowish-brown and light-gray, fri-
able light clay loam glacial till that contains a few
pockets and seams of coarse sandy loam.

The available water capacity is high, and permeability
is slow in the most clayey layers. The content of organic
matter is moderate or high. The surface layer and the
upper part of the subsoil are typically medium acid or
slightly acid. The subsoil is very low in available phos-
phorus and very low or low in available potassium.

Representative profile of Guckeen clay loam, 1 to 3
percent slopes, in a cultivated field 857 feet south and
1,120 feet east of the northwest corner of sec. 26, T. 86
N, R. 28 W.

Apl—0 to 5 inches, black (10YR 2/1) clay loam, black (10YR

2/1) when crushed, very dark gray (10YR 3/1)

when dry; cloddy parting to weak, fine, granular

structure; friable; medium acid; abrupt, smooth
boundary.

to 9 inches, black (10YR 2/1) clay loam, black

(10YR 2/1) when crushed, very dark gray (10YR

3/1) when dry; moderate, fine and medium, angular

blocky and fine subangular blocky structure; friable;

slightly acid; clear, smooth boundary.

Al12—9 to 16 inches, black (10YR 2/1) light silty clay and
clay, dark gray (10YR 4/1) when dry; moderate,
fine, subangular blocky and very fine granular struc-
ture; friable; few very dark grayish-brown (2.5Y
3/2) peds in lower part; few 1/8-inch pebbles;
slightly acid; gradual, smooth boundary.

B1-—16 to 21 inches, very dark gray (10YR 3/1) and about
25 percent very dark grayish brown (25Y 3/2)
heavy clay loam, faces of peds black (10YR 2/1)
and about 20 percent very dark gray (10YR 3/1);
moderate, fine and very fine, subangular blocky
structure; friable; few pebbles; slightly acid; clear,
smooth boundary.

B21—21 to 28 inches, dark grayish-brown (2.5Y 4/2) light
clay, faces of peds very dark grayish brown (2.5Y
3/2) and very dark gray (10YR 3/1), some peds
very dark gray (10YR 3/1) throughout; weak, medi-
um, prismatic and moderate, fine and medium, sub-
angular blocky structure; firm; thin, distinct clay
films; few, very fine, soft, dark yellowish-brown ox-
ides; some root hole fillings are black (10YR 2/1) ;
few small shale and quartz pebbles; few pebbles as
much as about 1 inch in diameter; medium acid;
clear, smooth boundary.

B22—28 to 36 inches, dark grayish-brown (2.5Y,4/2) light
clay, faces of peds dark gray (10YR 4/1) and dark
grayish brown (2.5Y 4/2) ; few, fine, yellowish-brown
(10YR 5/6) mottles; moderate, fine, prismatic struc-
ture parting to strong, medium, subangular blocky
structure; firm; thin discontinuous clay films on
smaller peds; common fine tubular pores; few black
(10YR 2/1) fillings in root channels and pores; few
stones and shale fragments; common concretions of
dark-brown oxide; slightly acid; clear, smooth
boundary.

I&IIB31—36 to 40 inches, light olive-brown (2.5Y 5/4) and
and about 20 percent olive-gray (5Y 5/2) clay loam;
weak, fine, prismatic structure parting to weak, me-
dium, subangular blocky structure; firm; some peds
are dark gray (10YR 4/1) on the vertical faces; dis-

Ap2—5
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tinet clay flows and pure fillings of very dark gray
(10YR 3/1) to dark gray (10YR 4/1); many, fine,
inped tubular pores; common, very fine, yellowish-
brown (10YR 5/8), soft oxides; mildly alkaline;
clear, wavy boundary.

IIB32—40 to 48 inches, mottled light olive-brown (2.5Y 5/4)
and light-gray (5Y 6/1) light clay loam; weak, me-
dium, subangular blocky structure that has some
vertical cleavage; friable; some dark-gray (10YR
4/1) lime coatings on vertical faces and some lime
segregated in pores; common lime rock pebbles and
other pebbles 15 to 1 inch in diameter; few, fine,
red and strong-brown oxides; few shale fragments;
moderately alkaline; slightly effervescent; gradual,
smooth boundary.

IIB33—48 to 60 inches, mottled yellowish-brown (10YR 5/4)
and light-gray (5Y 6/1) light clay loam; very weak
subangular blocky structure that has some vertical
faces; friable; many fine pores; segregated lime in
pores; many, fine, strong-brown and red oxides;
common pebbles and stones; moderately alkaline;
strongly effervescent; diffuse, smooth boundary.

IIC—60 to 72 inches, mottled yellowish-brown (10YR 5/4)
and light-gray (5Y 6/1) light clay loam; very weak
subangular blocky structure that has some vertical
faces; friable; many fine pores; few pockets and
seams of coarse sandy loam; many, fine, strong-
brown and red oxides; many pebbles and stones;
accumulations of lime; moderately alkaline; strongly
effervescent.

The A horizon ranges from 10 to 20 inches in thickness and
from black (10YR 2/1) to very dark brown (10YR 2/2)
and very dark gray (10YR 3/1) in color. The texture is
commonly silty clay loam or clay loam, but it ranges to clay
in the lower part. This horizon generally has granular
or subangular blocky structure, but in places it has an-
gular blocky structure in the plow layer. The B horizon
is mainly dark grayish brown (2.5Y 4/2), but colors in the
upper part range to very dark gray (10YR 3/1), and the
lower part is mottled with olive brown (2.5Y 5/4), grayish
brown (2.5Y 5/2), olive gray (5Y 5/2), light gray (5Y 6/1),
and yellowish brown (10YR 5/4). In places mottles of these
colors are in the upper part of the B horizon. The texture
in the upper part is heavy clay loam or silty clay loam to
light clay. The depth to glacial till is typically 24 to 36
inches. In places a thin I&IIB3 horizon is below this depth.
Reaction of the A horizon and the upper part of the B
horizon is neutral to medium acid. The B2 horizon is neutral
or slightly acid in the lower part.

Guckeen soils are not so poorly drained as Marna soils
and are not so gray in the B horizon. Guckeen soils are not
so well drained as Kamrar soils and lack brown and yellow-
ish-brown colors in the upper part of the B horizon. They
are more clayey in the B horizon than Nicollet soils. Marna
and Kamrar soils are associated on the landscape. Nicollet
soils have similar drainage.

Guckeen clay loam, 1 to 3 percent slopes (385A).—
This soil is on slight rises on uplands. It is mainly at
slightly higher elevations than the associated Marna
soils and slightly lower than the similar but better drained
Kamrar soils. In some places it is associated with Canis-
teo, Webster, Harps, Okoboji, and Lanyon soils.

Included with this soil in mapping are a very few areas
of soils that have slopes of as much as about 5 percent.

Nearly all areas of this soil are cultivated. This soil is
used mainly for row crops, and it is well suited to this
use. It slopes enough for surface water to run off, but
erosion is not a serious hazard. In wet springs or when
rainfall is above average, some areas are somewhat wet,
but most areas are not tile drained. Tilth generally is
satisfactory, but the surface layer tends to dry out cloddy
and hard if tilled when wet. Capability unit I-1; wood-
land suitability group 3wl.

Hanlon Series

The Hanlon series consists of dark-colored, somewhat
poorly drained soils that formed in loamy alluvium. These
soils are nearly level to gently sloping and are mainly
near the Des Moines River and its larger tributaries.
They are high enough that they do not flood every time
the river overflows, but they are covered with water dur-
ing the more severe floods. Individual areas vary widely
in size but are generally from 5 to 30 acres. The native
vegetation was grass, brush, and trees.

In a representative profile, the surface layer is very
dark brown fine sandy loam about 27 inches thick. The
subsoil is very dark grayish-brown to dark grayish-brown,
very friable fine sandy loam about 19 inches thick. The
und;rlying material is grayish-brown medium and coarse
sand.

The available water capacity is low or moderate, and
permeability is moderately rapid. The content of organic
matter is moderate. The surface layer and the upper part
of the subsoil are neutral. The subsoil is very low in avail-
able phosphorus and available potassium.

Most areas of Hanlon soils are cultivated, but some
are in pasture. They lack adequate available water for
good plant growth during dry periods. They are subject
to flooding and are subject to soil blowing if left bare of
vegetation.

Representative profile of Hanlon fine sandy loam, 0 to
3 percent slopes, in a cultivated field 15 feet west and
%%25 ge% north of the southeast corner of sec. 7, T. 89 N.,

.2 .

Ap—0 to 9 inches, very dark brown (10YR 2/2) fine sandy
loam, very dark grayish brown (10YR 3/2) when
dry; very weak, medium, subangular blocky struc-
ture; very friable; weak platiness caused by com-
paction; neutral; abrupt, smooth boundary.

A12—9 to 20 inches, very dark brown (10YR 2/2) fine sandy
loam, very dark grayish brown (10YR 3/2) when
dry; very weak, fine and medium, subangular blocky
structure; very friable; neutral; gradual, smooth
boundary.

A13—20 to 27 inches, very dark brown (10YR 2/2) to very
dark gray (10YR 3/1) fine sandy loam, very dark
grayish brown (10YR 3/2) when dry; very weak,
fine and medium, subangular blocky structure; very
friable; neutral; gradual, smooth boundary.

B1—27 to 35 inches, very dark grayish-brown (10YR 3/2)
fine sandy loam, dark grayish brown (10YR 4/2)
when dry; very weak, medium, subangular blocky
structure; very friable; neutral; gradual, smooth
boundary.

B2—35 to 46 inches, very dark grayish-brown (10YR 3/2) to
dark grayish-brown (10YR 4/2) fine sandy loam,
grayish brown (10YR 5/2) when dry; very weak,
medium, subangular blocky structure; very friable;
mildly alkaline; slightly effervescent; clear, smooth
boundary.

IIC—46 to 60 inches, grayish-brown (10YR 5/2) medium
and coarse sand; single grain; loose; moderately
alkaline; slightly effervescent.

The A horizon is 24 to 30 inches thick. This horizon is
black (10YR 2/1), very dark gray (10YR 3/1), or very
dark brown (10YR 2/2) in color and is friable or very fri-
able in consistence. It has very weak or weak, very fine or
fine, granular or subangular blocky structure. The B horizon
is very dark grayish brown (10YR 3/2) or dark grayish
brown (10YR 4/2) in color, is friable or very friable in
consistence, and has very weak or weak subangular blocky
structure. This horizon generally extends to a depth of
about 40 to 50 inches. The C horizon is dark grayish brown
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(10YR 4/2) or grayish brown (10YR 5/2), friable to loose
sandy loam, loamy sand, or sand. Reaction generally is
neutral in the A horizon and neutral or mildly alkaline in
the B horizon. In some places the lower part of the B
horizon is calcareous. The € horizon is neutral to moderately
alkaline, and it is calcareous.

Hanlon soils in Webster County are shallower to free
calcium carbonates than is recognized in the defined range
for the series, and the thickness of the dark-colored surface
layer is minimal for the series. These differences do not
affect the use and management of the soils.

Hanlon and Turlin soils are associated on the landscape.
Hanlon soils are sandy loam in texture, but Turlin soils are
loam. Hanlon and Ankeny soils formed in similar parent
material. Hanlon soils are not so well drained as Ankeny
soils and have dark grayish brown rather than brown colors
in the B horizon.

Hanlon fine sandy loam, 0 to 3 percent slopes (536A).—
This nearly level to gently sloping soil is on bottom lands
(fig. 10). It is generally associated with Turlin or Spill-
ville soils, Sandy alluvial land, or Alluvial land.

Included with this soil in mapping are about 75 acres
of a similar soil that is slightly sandier. It is mostly in
section 1 of Douglas Township and section 7 of Cooper
Township. Also included are about 15 acres, mostly in
section 12 of Deer Creek Township, of a soil that has a
thinner surface layer and browner colors in the subsoil.
Also included, mostly in sections 12 and 13 of Deer Creek
Township, are about 30 acres of similar soils that have
fragmented limestone bedrock at a depth of 30 to 50
inches. These areas, underlain by bedrock, are indicated
on the soil map by a special symbol.

Inadequate available water is a limitation during dry
periods. This soil is subject to flooding, and, if left bare
of vegetation, is subject to soil blowing. Most areas of
this soil are cultivated. Some of the very steep soils on
uplands and escarpments above them are inaccessible to
machinery. These areas are managed as pasture. This soil
is well suited to row crops, but inadequate available
water limits crop growth. The amount of available water
in the soil depends on timeliness of rains and whether
the plant roots can grow deep enough to reach a water
table. This soil absorbs rainfall at a moderately rapid
rate, so there is little runoff. Some areas are subject to
soil blowing, and young plants are damaged by blowing
sand in places. Factors affecting the use of this soil are
the hazard of flooding and the occurence of a possible
perched water table. Tilth generally is good. Capability
unit IIs-1; woodland suitability group 5w2.

Harps Series

The Harps series consists of dark-colored, highly cal-
careous, poorly drained soils that formed in glacial till
and glacial sediment. These soils occur almost entirely as
narrow convex rims around depressions or potholes on
uplands. Individual areas are narrow in shape and gen-
erally are small in size. The native vegetation was swamp
grasses, sedges, and prairie grasses tolerant of wetness.

In a representative profile, the surface layer is light
clay loam about 16 inches thick. It is black in the upper
part and very dark gray in the lower part. The subsoil
is light olive-gray, olive-gray and gray, calcareous, fri-
able loam about 26 inches thick. The underlying material
is mottled, dark-gray, gray, and dark yellowish-brown
loam.

The available water capacity is high, and permeability
is moderate. The content of organic matter is high. These
soils are moderately alkaline and calcareous throughout.
The subsoil is very low in available phosphorus and
available potassium.

Harps soils are wet because of a high water table. If
the surface layer is laid bare by plowing, soil blowing is
a hazard. Fertility is low enough that special treatment
is used in many places. Minor elements are deficient for
some crops. Most areas of these soils are cultivated.

Representative profile of Harps clay loam, in a culti-
vated field 225 feet west and 125 feet south of the north-
east corner of the SE1 sec. 23, T. 89 N., R. 27 W.

Apca—0 to 8 inches, black (10YR 2/1) light clay loam, dark
gray (5Y 4/1) when dry; moderate, fine, granular
structure; friable; some pebbles; violently efferves-
cent; moderately alkaline; abrupt, smooth boundary.

Alca—8 to 12 inches, black (10YR 2/1) light clay loam,
very dark gray (10YR 3/1) when kneaded, dark
gray (10YR 4/1) when dry; moderately fine granu-
lar structure; friable; moderately alkaline; vio-
lently effervescent; clear, smooth boundary.

A3ca—12 to 16 inches, very dark gray (N 3/0) and 20
percent dark-gray (5Y 4/1) light clay loam, very
dark gray (10YR 3/1 to 5Y 3/1) when kneaded,
gray (10YR 5/1) when dry; weak, fine and very
fine, subangular blocky structure; friable; some
pebbles; moderately alkaline; violently effervescent;
clear, wavy boundary.

Blgca—16 to 26 inches, light olive-gray (5Y 6/2) and gray
(5Y 5/1) loam; common, fine, dark yellowish-brown
(10YR 4/4) mottles; weak, fine, subangular blocky
structure; very friable; few very dark gray (10YR
3/1) krotovinas; some pebbles; moderately alkaline;
violently effervescent; clear, smooth boundary.

B2g—26 to 34 inches, olive-gray (5Y 5/2) and gray (5Y
5/1) loam; many, fine, light olive-brown (2.5Y 5/6)
mottles; weak, medium, prismatic structure parting
to very weak, medium, subangular blocky structure;
friable; very dark gray (10YR 3/1) krotovina 1
inch in diameter; some pebbles ; moderately alkaline ;
strongly effervescent; gradual, smooth boundary.

B3g—34 to 42 inches, olive-gray (5Y 5/2) and gray (5Y
5/1) loam; many, fine, dark yellowish-brown (10YR
4/4) mottles; few dark-gray (5Y 4/1) and very
dark gray (N 3/0) prism faces; weak, medium,
prismatic structure parting to very weak, medium,
subangular blocky structure; friable; very dark gray
(N 3/0) krotovina 1 inch in diameter ; some pebbles;
moderately alkaline; strongly effervescent; diffuse,
smooth boundary.

Cg—42 to 60 inches, mottled gray (5Y 5/1), dark-gray (5Y
4/1), and dark yellowish-brown (10YR 4/4) loam;
massive, some vertical cleavage at a depth of 42
to 48 inches; friable; some pebbles, moderately alka-
line; strongly effervescent.

The A horizon ranges from 10 to 18 inches in thickness,
from black (10YR 2/1) to very dark gray (10YR 3/1) or
(N 38/0) in color, and is light clay loam or heavy loam in
texture. Snail shell fragments are in this horizon in many
places. This horizon is generally granular in structure, but
it is subangular blocky in the lower part. The B horizon
ranges from gray (5Y 5/1) to light olive gray (5Y 6/2)
or light grayish brown (2.5Y 6/2) in color, and from light
clay loam to heavy loam in texture. In places in the lower
part the texture is sandy clay loam, and in places thin strata
of sandy loam occur. This horizon has granular or sub-
angular blocky structure and in places has prismatic struc-
ture in the lower part. This horizon generally has yellowish-
brown, olive-brown, or olive mottles in the lower part. It
generally extends to a depth of about 30 to 48 inches. The
C horizon generally is dark gray (5Y 4/1), gray (5Y 5/1),
or olive gray (5Y 5/2) in color and is mottled with colors
similar to those in the B horizon. Reaction is moderately
alkaline, and these soils are calcareous throughout. The sur-
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Figure 10.—Area of bottom land comsisting mainly of Hanlon fine sandy loam, 0 to 3 percent slopes. Storden-Hayden loams, 25 to
70 percent slopes, are on the side slopes of hills in the background.

face layer and the upper part of the subsoil are especially
high in calecium carbonate.

Harps soils are associated with Canisteo soils on the
landscape. These soils contain a greater amount of lime
and generally have somewhat less clay in the A horizon
and the upper part of the B horizon than Canisteo soils.
Harps and Talcot soils are calcareous throughout, but Harps
soils have more lime than Talcot soils and are not under-
lain by sand and gravel.

Harps clay loam (0 to 2 percent slopes) (95.—This
nearly level soil is generally on narrow rims surrounding
depressions or potholes occupied by Okoboji, Wacousta,
Lanyon, or Muck soils (fig. 11). Webster or Canisteo soils
generally are in large areas surrounding this soil.

Included with this soil in mapping are a few areas of
soils around larger depressions that are similar to this
soil but that are sandier throughout. Small areas of this
included soil are indicated on the soil map by a symbol
for a calcareous spot.

This soil is wet unless tile drained. Special treatment
1s needed in many places to maintain fertility and obtain
satisfactory crop growth. Available phosphorus, potas-

sium, or minor elements limit plant growth in many
places.

Nearly all areas of this soil are cultivated and are
managed along with the associated soils. They are used
mainly for row crops. The soil is well suited to this use
if drainage is provided and fertility is maintained. Tilth
generally is fair or good. Capability unit ITw-1; wood-
land suitability group 5w3.

Hayden Series

The Hayden series consists of light-colored, well-
drained soils that formed in glacial till. The gently slop-
ing or moderately sloping soils are on ridges and side
slopes on uplands, and the steep or very steep soils are
on sides of the valley of the Des Moines River in a com-
plex with Storden soils. Individual areas of Hayden soils
are generally 2 to 30 acres in size, but the areas that are
in complex with Storden soils are much larger. The
native vegetation was trees.

In a representative profile, the surface layer is very
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Figure 11.—Area of Harps, Okoboji, and Muck soils. The Harps soil
is in the light-colored, higher areas, and the Okoboji and Muck soils
occupy the lower areas.

dark gray loam about 8 inches thick. The subsurface
layer is dark grayish-brown to brown, friable loam about
7 inches thick (fig. 12). The subsoil is mainly dark
yellowish-brown, firm clay loam about 42 inches thick.
Strong-brown and grayish mottles are in the lower part
of the subsoil. The underlying material is yellowish-
brown and light olive-brown loam that is mottled with
strong brown and grayish brown.

The available water capacity is high, and permeability
is moderate. The content of organic matter is low. The
surface and subsurface layers and the upper part of the
subsoil generally are slightly acid or medium acid. The
subsoil is medium in available phosphorus and very low
in available potassium.

Hayden soils are subject to erosion if cultivated. Some
areas of the gently sloping and moderately sloping Hay-
den soils are in cultivation and some are in trees or wooded
pasture. The steep and very steep soils are almost en-
tirely wooded, and most areas are in pasture.

Representative profile of Hayden loam, 2 to 5 percent
slopes, in a wooded pasture 300 feet west and 650 feet
south of the northeast corner of the NW1LNEY, sec. 15,
T. 88 N, R. 28 W.

A1—0 to 3 inches, very dark gray (10YR 3/1) loam; weak,
fine, granular structure; friable; slightly acid;
abrupt, smooth boundary.

A2—3 to 10 inches, dark grayish-brown (10YR 4/2) to brown
(10YR 4/3) loam, pale brown (10YR 6/3) when
dry; weak, thin, platy structure parting to weak,
very fine, subangular blocky structure; friable;
slightly acid; clear, smooth boundary.

B1—10 to 15 inches, brown (10YR 4/3) loam, pale brown
(10YR 6/3) when dry; moderate, fine, subangular
blocky structure; friable; many silt coatings when
dry; light gray (10YR 7/1) when dry; few fine peb-
bles; medium acid; clear, smooth boundary.

B21t—15 to 21 inches, dark yellowish-brown (10YR 4/4)
clay loam, faces of peds dark brown (10YR 3/3) and
brown (10YR 4/3) ; strong, medium, prismatic struc-
ture parting to moderate, fine, subangular blocky
structure; firm; thin, discontinuous, dark-brown clay
films; common silt coatings, light gray (10YR 6/1)

488-962—73——5

Figure 12.—Profile of a Hayden loam. The grayish subsurface layer
is distinctly visible when this soil is dry.

when dry; few fine pebbles; slightly acid; gradual,
smooth boundary.

B22t—21 to 28 inches, dark yellowish-brown (10YR 4/4) and
yellowish-brown (10YR 5/6) clay loam, faces of peds
dark yellowish brown (10YR 4/4); weak, medium,
prismatic structure parting to strong, fine to me-
dium, angular and subangular blocky structure;
firm; thick, nearly continuous, dark-brown (10YR
3/8) clay films; few silt coatings, light gray (10YR
6/1) when dry; few fine pebbles; slightly acid;
gradual, smooth boundary.

B23t—28 to 35 inches, yellowish-brown (10YR 5/4) clay
loam, faces of peds dark yellowish brown (10YR
4/4) ; few, very fine, strong-brown (7.5YR 5/8) mot-
tles ; moderate, medium, prismatic structure parting
to moderate, medium, angular and subangular blocky
structure ; firm,; few silt coatings, pale brown (10YR
6/3) when dry; few, thick, discontinuous clay films
on prisms, on peds, and in pores; few, fine, dark-
colored iron and manganese concretions; few fine
pebbles; slightly acid; gradual, smooth boundary.

B31t—35 to 42 inches, yellowish-brown (10YR 5/4 and 5/6)
and light olive-brown (2.5Y 5/4) clay loam; com-
mon, very fine, strong-brown (7.5YR 5/8) mottles;
moderate, coarse to medium, angular and subangular
blocky structure; firm; few fine pebbles; thick, dis-
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continuous, dark-brown (7.5YR 3/2 and 10YR 3/3)
clay films on prisms and peds and in pores and root
channels; common, medium, dark-colored iron and
manganese concretions; neutral; clear, smooth
boundary.

B32t—42 to 52 inches, yellowish-brown (10YR 5/4 and 5/6)
and light olive-brown (2.5Y 5/4) loam; common,
fine, strong-brown (7.5YR 5/8) and few, fine, gray-
ish-brown (2.5Y 5/2) mottles; medium, coarse, pris-
matic structure; friable; very few, thick, discon-
tinuous, dark-brown (7.5YR 3/2 and 10YR 3/3) clay
films on prisms; common fine pebbles; few, medium
concretions of a hard, dark-colored oxide; accumu-
lations of white lime in root channels; moderately
alkaline; strongly effervescent; gradual, smooth
boundary.

C—52 to 60 inches, yellowish-brown (10YR 5/6) and light
olive-brown (2.5Y 5/4) loam; common, fine, strong-
brown (7.5YR 5/8) and few, fine, grayish-brown
(2.5Y 5/2) mottles; weak, coarse, prismatic struc-
ture; friable; medium, hard concretions of a dark-
colored oxide; intermittent white accumulations of
lime in pores; common small pebbles; moderately
alkaline; strongly effervescent.

An A1l horizon, 2 to 4 inches thick, is in noncultivated or
uneroded areas. It ranges from very dark gray (10YR 3/1)
to dark gray (10YR 4/1) in color. The A2 horizon ranges
from 4 to 9 inches in thickness and from dark grayish brown
(10YR 4/2) or grayish brown (10YR 5/2) to brown (10YR
4/3 or 5/3) in color. In cultivated areas the Ap horizon
generally is dark grayish brown (10YR 4/2). The B horizon
ranges from 24 to 44 inches in thickness and from brown
(10YR 4/3) to yellowish brown (10YR 5/4) or light olive
brown (2.5Y 5/4) in color. It is friable or firm in consistence.
This horizon commonly has strong-brown, grayish-brown, or
olive-brown mottles in the lower part. The C horizon is
brown (10YR 4/3) to yellowish brown (10YR 5/4 or 5/6)
or light olive brown (2.5Y 5/4) in color and is clay loam
or loam in texture. Mottles, especially those that have a
lower chroma, are more abundant in this horizon than in
the B horizon. The Al and A2 horizons and the upper part
of the B horizon are slightly acid to strongly acid. The B3
horizon ranges from slightly acid to moderately alkaline.

Hayden and Lester soils formed in similar parent ma-
terial. Hayden soils have a thinner and generally lighter
colored Al horizon and generally have a lighter colored,
somewhat more prominent A2 horizon than Lester soils.
They generally have a somewhat finer textured, stronger
structured B horizon than these goils.

Hayden'loam, 2 to 5 percent slopes (1488).—This
gently sloping soil is on low rises or convex ridges. It is
associated with the Dundas, Luther, and other Hayden
soils. It has the profile described as representative for the
series. In cultivated areas the plow layer generally is
dark grayish brown.

. Some areas of this soil are cultivated. The rest is mainly
in wooded pasture. Areas are small enough that their
use generally depends on the associated soils. This soil
1s well suited to row crops if erosion is controlled. Tilth
in cultivated areas generally is fair to good. Capability
unit ITe-1; woodland suitability group 2ol.

. Hayden loam, 5 to 9 percent slopes (168C).—This soil
is on side slopes and irregular convex ridges. It is asso-
ciated with Dundas, Luther, and other Hayden soils. In
cultivated areas the plow layer generally is dark grayish
brown.

This soil is subject to erosion. A few areas of this soil
are cultivated. Most cultivated areas are associated with
less sloping soils. Most other areas are in wooded pasture.
This soil is moderately suited to row crops if erosion is
controlled. Tilth in cultivated areas generally is fair to
good. Capability unit ITTe-1; woodland suitability group
20l.

Jacwin Series

The Jacwin series consists of dark-colored, somewhat
poorly drained soils that formed in loamy alluvium about
8 feet thick and in material weathered from underlying
shale. These soils are nearly level to gently sloping and
are on benches along the Des Moines River north of Fort
Dodge and near the Humbolt County line. Individual
areas range from 2 to 50 acres in size. The native vegeta-
tion was prairie grasses.

In a representative profile, the surface layer is black
loam about 12 inches thick. The subsoil is about 36 inches
thick. The upper part, to a depth of about 24 inches, is
mainly dark grayish-brown, brown, and olive-brown, fri-
able light clay loam. Below this, to a depth of 36 inches,
the subsoil is yellowish-brown, very friable cobbly loam.
The lower part of the subsoil, to a depth of 48 inches, is
yellowish-brown and greenish-gray, laminated silty clay
shale and heavy loam. The underlying material is yellow-
ish-brown and greenish-gray laminated shale that has
many fragments of limestone and standstone.

The available water capacity is moderate or high. Per-
meability is moderate in the loamy soil material and very
slow in the underlying shale. The content of organic
matter is high. The surface layer and the upper part of
the subsoil generally are neutral or slightly acid. The
subsoil is very low or low in available phosphorus and
available potassium.

Most areas of Jacwin soils are cultivated, but a few
areas are in pasture. In some seasons a perched water
table is above the shale, but crop growth generally is
not seriously affected.

Representative profile of Jacwin loam, 1 to 3 percent
slopes, in a cultivated field 500 feet east and 30 feet south
of the northwest corner of the NE1,NW1; sec. 13, T. 90
N, R. 29 W.

Ap—O0 to 7 inches, black (10YR 2/1) heavy loam, dark gray
(10YR 4/1) when dry; cloddy; friable; slightly
acid; abrupt, smooth boundary.

A3—T to 12 inches, black (10YR 2/1) to very dark gray
(10YR 3/1) heavy loam; common, fine, faint, very
dark grayish-brown (10YR 3/2) mottles; weak, fine,
subangular blocky structure; friable; slightly acid;
clear, smooth boundary.

B1—12 to 17 inches, very dark grayish-brown (10YR 3/2)
and very dark gray (10YR 3/1) light clay loam,
dark gray (10YR 4/1) and dark grayish brown
(10YR 4/2) when dry; few, fine, faint, brown
(10YR 4/3) mottles; weak, very fine and fine, sub-
angular blocky structure; friable; neutral; clear,
smooth boundary.

B21—17 to 20 inches, dark grayish-brown (2.5Y 4/2) and
brown (10YR 4/8) light clay loam, grayish brown
(2.5Y 5/2) and light olive brown (2.5Y 5/4) when
dry, dark grayish brown to olive brown (2.5Y 4/3)
when kneaded; moderate, very fine and fine, sub-
angular blocky structure; friable; neutral; clear,
smooth boundary.

B22—20 to 24 inches, olive-brown (2.5Y 4/4) light clay loam
to loam, dark yellowish brown (10YR 4/4) when
kneaded; common, fine, distinct, yellowish-brown
(10YR 5/6) mottles; moderate, fine, subangular
blocky structure; friable; mildly alkaline; abrupt,
wavy boundary.

B23— 24 to 36 inches, yellowish-brown (10YR 5/4 and 5/6)
cobbly loam ; moderate, fine, subangular blocky s.truc-
ture; very friable; common dark-colored concretions;
mildly alkaline; gradual, smooth boundary.

IIB3—36 to 48 inches, yellowish-brown (10YR 5/4) and
greenish-gray (5GY 6/1) laminated silty clay shale
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and heavy loam; firm; moderately alkaline; slightly
effervescent ; abrupt, wavy boundary.

JIC—48 to 54 inches, yellowish-brown (10YR 5/4) and
greenish-gray (5GY 6/1) shale that has many frag-
ments of limestone and sandstone; very firm; mod-
erately alkaline; strongly effervescent.

The A horizon ranges from 10 to 20 inches in thickness.
The A3 horizon ranges from black (10YR 2/1) to very dark
grayish brown (10YR or 2.5Y 3/2). The B2 horizon ranges
from dark grayish brown (10YR 4/2 or 2.5Y 4/2) to yellowish
brown (10YR 5/6) in color and is loam or light clay loam
in texture. In places, strata of sandy clay loam or sandy
loam are above the IIB horizon. The depth to the IIB3
horizon is 30 to 40 inches in most places. The A horizon and
Bl and B2 horizons are neutral or slightly acid. The IIB3
horizon is neutral to moderately alkaline and is calcareous.

Jacwin soils are associated with Rockton soils. They differ
from these soils in having grayish-brown colors in the upper
part of the B horizon and in being underlain by shale rather
than limestone. Jacwin soils are similar to Cylinder soils,
but they are underlain by shale rather than sand and gravel.

Jacwin loam, 1 to 3 percent slopes (444A).—Nearly all
areas of this soil are nearly level to gently sloping and
are on benches. This soil is assoctated with Rockton soils.

Included with this soil in mapping are a few areas of
soils that are shallower to shale. Also included are areas
of soils that have slopes of as much as about 5 percent.

This soil is somewhat poorly drained, but it is seldom
wet enough to seriously hinder crop growth. In very dry
years lack of adequate moisture is a limitation, but in
most years available water is adequate.

This soil is cultivated or is In permanent pasture.
Large boulders are common in some areas. This soil is
well suited to row crops if the large boulders are re-
moved. Tilth in cultivated areas generally is good. Capa-
bility unit I-1; woodland suitability group 5wil.

Kamrar Series

The Kamrar series consists of dark-colored, moderately
well drained soils that formed in lacustrine sediment,
about 24 to 48 inches thick, and underlying glacial till.
These gently sloping soils are on rises or knolls on up-
lands. They are mainly in the southeastern part of the
county in the Marna-Guckeen soil association. Individual
areas generally are only 2 to 10 acres in size. The native
vegetation was prairie grasses.

In a representative profile, the surface layer is black
clay loam about 12 inches thiek. The subsoil js about 19
inches thick. It is mainly brown and dark yellowish-
brown, firm heavy clay loam, but it is friable light clay
loam in the lower part. The underlying material is fri-
able, yellowish-brown and light olive-brown loam to light
clay loam that has dark yellowish-brown and olive-gray
mottles. A few small pebbles are in the lacustrine sedi-
ment; pebbles are common at the area of contact between
sediment and till; and a few pebbles, stones, and boulders
are in the glacial till.

The available water capacity is high, and permeability
is moderately slow. The content of organic matter is mod-
erate. The surface layer and the upper part of the subsoil
are medium acid to slightly acid. The subsoil is low in
available phosphorus and very low or low in available
potassium.

Kamrar soils are subject to erosion, but the hazard
generally is not serious. Most areas are cultivated.

Representative profile of Kamrar clay loam, 2 to 5

percent slopes, in a cultivated field 90 feet west of fence
and 450 feet south of northeast corner of SE1,SW1, sec.
12, T. 86 N., R. 27 W.

Ap—0 to 7 inches, black (10YR 2/1) medium clay loam;
weak, fine, subangular blocky structure; friable;
few small pebbles; medium acid; abrupt, smooth
boundary.

A3—7 to 12 inches, black (10YR 2/1) heavy clay loam, very
dark brown (10YR 2/2) when kneaded; weak, very
fine, subangular blocky structure; friable; few small
pebbles; slightly acid; clear, smooth boundary.

B1—12 to 16 inches, very dark grayish-brown (10YR 3/2)
heavy clay loam, faces of peds very dark brown
(10YR 2/2) and very dark grayish brown (10YR
3/2) ; moderate, very fine, subangular blocky struc-
ture; firm; few brown (10YR 4/3) peds; few, thin,
discontinuous clay films; few small pebbles; slightly
acid; clear, smooth boundary.

B21t—16 to 20 inches, brown (10YR 4/3) and dark yellowish-
brown (10YR 4/4) heavy clay loam, faces of peds
mostly very dark grayish brown (10YR 3/2) ; mod-
erate, very fine, subangular blocky structure; firm;
thin, nearly continuous clay films; few small peb-
bles; slightly acid; clear, smooth boundary.

B22t—20 to 26 inches, brown (10YR 4/38) and dark yellowish-
brown (10YR 4/4) clay loam, faces of peds very
dark grayish brown (10YR 3/2) and brown (10YR
4/3) ; weak, fine, prismatic structure parting to
moderate, fine, subangular blocky structure; firm;
thin, nearly continuous clay films; few small peb-
bles; neutral; gradual, smooth boundary.

ITB3t—26 to 31 inches, yellowish-brown (10YR 5/4) to light
olive-brown (2.5Y 5/4) light clay loam; weak, fine,
prismatic structure parting to weak, fine, sub-
angular blocky structure; friable; thin, discontinu-
ous, very dark grayish-brown clay films; few small
pebbles, distinet pebble band; mildly alkaline;
slightly effervescent; clear, smooth boundary.

IIC1—31 to 48 inches, yellowish-brown (10YR 5/4) to light
olive-brown (2.5Y 5/4) loam to light clay loam;
common, fine, olive-gray (5Y 5/2) and few, medium,
dark yellowish-brown (10YR 4/4) mottles; weak,
medium, prismatic structure parting to very weak,
fine, subangular blocky structure; friable; few yel-
lowish-brown oxide stains; abundant accumulation
of lime; common small pebbles; common soft and
hard oxides; moderately alkaline; slightly efferves-
cent; gradual, smooth boundary.

IIC2—48 to 56 inches, light olive-brown (2.5Y 5/4) loam;
many, fine, olive-gray (5Y 5/2) and common, fine,
dark yellowish-brown (10YR 4/4) mottles; weak,
fine and medium, prismatic structure parting to
weak, fine, subangular blocky structure; friable;
common small pebbles; moderately alkaline ; strongly
effervescent.

The A horizon ranges from 8 to 15 inches in thickness.
In places it is very dark gray (10YR 3/1) in the lower
part and is light clay in texture. It has granular or sub-
angular blocky structure. The B horizon ranges from 15 to
48 inches in thickness and generally is brown (10YR 4/3)
or dark yellowish brown (10YR 4/4) in color. It ranges to
very dark gray (10YR 3/1) or very dark grayish brown
(10YR 3/2) in the upper part and to mottled yellowish brown
(10YR 5/4) and light olive brown (2.5Y 5/4) in the lower
part. The B2 horizon is friable or firm clay loam or light
clay in texture. The B horizon contains more clay and less
sand than the IIC horizon, which is glacial till. The IIC
horizon is friable, calcareous glacial till that is mottled with
colors of brown to yellowish brown (10YR 4/3 to 5/6), dark
grayish brown to light olive brown (2.5Y 4/2 to 5/4), and
olive gray to light olive gray and gray (5Y 4/2 to 6/2 and
5/1). The lacustrine material is 24 to 48 inches thick. The A
horizon and most of the B horizon are slightly acid to
neutral. The lower part of the B horizon ranges from neutral
and noncalcareous to moderately alkaline and calcareous.

Kamrar soils are associated with Guckeen soils on the
landscape. These soils are better drained, have browner
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colors in the B horizon, and generally have a thinner sur-
face layer than Guckeen soils.

Kamrar clay loam, 2 to 5 percent slopes (3878).—This
gently sloping soil is on rises and knolls. Slopes are gen-
erally short and irregular. It generally is upslope from
poorly drained Marna and somewhat poorly drained
Guckeen soils.

Included with this soil in mapping are a few moderately
eroded areas where the surface layer is thinner and is
very dark brown or very dark grayish brown in color.

Nearly all areas of this soil are cultivated and managed
along with the associated soils. This soil is used mainly
for row crops and is well suited to this use if erosion is
controlled. Tilth is generally good, but the plow layer
dries out cloddy and hard in places if tilled when wet.
Capability unit ITe-1; woodland suitability group 2ol.

Lanyon Series

The Lanyon series consists of dark-colored, very poorly
drained soils that formed in clayey lacustrine sediment.
These soils are in depressions on uplands. They are mainly
in the Marna-Guckeen soil association in the southern
part of the county. Individual areas range from 5 to 50
acres in size. The native vegetation was swamp grasses
and sedges.

_In a representative profile, the surface layer is black
light silty clay about 13 inches thick. The subsoil is very
dark gray, dark grayish-brown, dark-gray, and olive-
gray, firm light silty clay about 7 inches thick. It is
calcareous. The underlying material is mostly dark-gray
silty clay and silty clay loam that has mottles of olive,
light olive brown, and yellowish brown.

_ The available water capacity is high, and permeability
is moderately slow or slow. The content of organic matter
1s high. The surface layer is neutral to mildly alkaline,
and the soil is moderately alkaline and calcareous below.
The subsoil is very low in available phosphorus and avail-
able potassium.

Lanyon soils are very wet. They have a high water
table, and runoff from surrounding soils ponds in places.
The surface layer puddles easily if worked when wet.
Most areas of these soils are artificially drained and are
cultivated.

Representative profile of Lanyon silty clay, in a large
depression, in a cultivated field 15 feet west and 200 feet
north of the center of east side of NE1, sec. 31, T. 86
N, R.28 W.

Ap—O0 to 7 inches, black (N 2/0) light silty clay; weak to
moderate, fine, granular and very fine subangular
blocky structure; friable; neutral; abrupt, smooth
boundary.

A1—7 to 13 inches, black (5Y 2/1) light silty clay; few, fine,
very dark grayish-brown (2.5Y 3/2) and dark-gray
(N 4/0) mottles; moderate, very fine, subangular
blocky struecture; firm; mildly alkaline; abrupt,
smooth boundary.

Blg—13 to 16 inches, very dark gray (5Y 3/1) and dark
grayish-brown (2.5Y 4/2) light silty clay, dark olive
gray (5Y 3/2) when kneaded; common, medium,
olive (5Y 4/3) mottles; weak, medium, prismatic
structure parting to weak, fine, subangular blocky
structure; firm; abundant very fine bits of snail
shells; moderately alkaline; strongly effervescent;
clear, smooth boundary.

B2g—16 to 20 inches, very dark gray (5Y 3/1), dark-gray
(5Y 4/1), and olive-gray (5Y 4/2) light silty clay,

olive gray (5Y 4/2) when kneaded; weak, medium,
prismatic structure parting to weak, fine, subangular
blocky structure; firm; common snail shells; few,
large, light olive-brown (2.5Y 5/4) oxides; mod-
erately alkaline; strongly effervescent; gradual,
smooth boundary.

Clg—20 to 25 inches, dark-gray (5Y 4/1) and olive-gray
(5Y 4/2) light silty clay; weak, fine and medium,
prismatic structure parting to weak, fine, sub-
angular blocky structure; firm; few, medium, brown
(7.5YR 4/4) oxides; few, hard concretions of a
dark-colored oxide; moderately alkaline; strongly
effervescent; gradual, smooth boundary.

C2g—25 to 37 inches, dark-gray (5Y 4/1) silty clay; com-
mon, fine, olive (5Y 4/3) mottles; weak, fine and
medium, prismatic structure parting to weak, fine,
angular blocky structure; firm; common snail shells;
few, hard concretions of a dark-colored oxide; large,
soft, white accumulations of lime; moderately alka-
line; strongly effervescent; gradual, smooth bound-
ary.

C3g—37 to 46 inches, gray (5Y 5/1) silty clay; common,
large, yellowish-brown (10YR 5/6) mottles; weak,
fine and medium, prismatic structure parting to weak,
fine, subangular blocky structure; friable; very few,
hard concretions of a dark-colored oxide; few, me-
dium, hard, light-gray concretions of lime; mod-
erately alkaline; strongly effervescent; gradual,
smooth boundary.

C4g—46 to 52 inches, dark-gray (5Y 4/1) silty clay loam;
common, medium, light olive-brown (2.5Y 5/4) mot-
tles; weak, fine, subangular blocky structure; friable;
few, hard, dark-colored oxides; few, medium, hard,
light-gray concretions of lime; moderately alkaline;
strongly effervescent; abrupt, smooth boundary.

Chg—52 to 70 inches, dark-gray (5Y 4/1) light clay loam;
many, medium, light olive-brown (2.5Y 5/4) mottles;
weak, fine and medium, subangular blocky structure
to massive; friable; numerous small stones; com-
mon concretions of a dark-colored oxide, moderately
alkaline ; strongly effervescent.

The Ap or Al horizon ranges from 8 to 16 inches in thick-
ness. This horizon is black (10YR 2/1 or N 2/0) or very
dark gray (N 3/0 to 5Y 3/1) in color and is heavy silty
clay loam or silty clay in texture. An intermediate layer,
2 to 8 inches thick, is in most places and is designated as
an ABg, Bg, or ACg horizon. This horizon ranges from dark
grayish brown (2.5Y 4/2) to colors that have a hue of 5Y,
a value of 3 to 6, and a chroma of 1 or 2. Faint to
prominent mottles of 10YR and 5Y hue are common. The
texture of this horizon is similar to that of the horizon
above. The Cg horizon is dark gray (5Y 4/1) to light olive
gray (5Y 6/2) in color and has mottles of high chroma
and 10YR and 2.5Y hue. Above a depth of 40 inches the
texture of this horizon generally is light silty clay but
ranges to heavy silty clay loam and silty clay. In places,
below a depth of 40 inches, this horizon is loam or clay
loam in texture. Sandy loam strata are in a few places.
The Ap and Al horizons are neutral or mildly alkaline.
Beginning at a depth of 12 to 20 inches this soil is mod-
erately alkaline and calcareous.

Lanyon and Marna soils formed in similar parent ma-
terial. Lanyon soils have a thicker Al horizon and are not
so deep to carbonates as Marna soils. Lanyon and Wacousta
soils are in similar landscape positions. Lanyon soils have
a higher clay content to a depth of 40 inches or more than
Wacousta soils.

Lanyon silty clay (0 to 1 percent slopes) (606).—This
soil is in shallow depressions that generally are sur-
rounded by Marna soils. It is also associated with Guec-
keen and Kamrar soils and, in a few places, with Webster
or Canisteo soils.

Included with this soil in mapping are a few areas of
similar soils that have a few inches of muck or mucky
silt loam on the surface.

This soil is wet. It has a high water table, and water
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tends to pond after heavy rains. In some years crops are
severely damaged or drowned out. Almost all of this soil
is drained or partly drained and is cultivated. This soil is
mainly used for row crops. It is well suited to this use if
drainage is adequate. Even if this soil is drained, tillage
commonly is delayed in spring and after heavy rains.
The surface layer tends to dry out cloddy and hard if
worked when wet, therefore tilth is poor at times. A few
areas are large enough to be managed as a separate field,
but most are managed along with the surrounding soils.
Capability unit ITIw-2; woodland suitability group 5ws3.

Lester Series

The Lester series consists of moderately dark colored,
well-drained soils that formed in glacial till on uplands.
These are gently sloping soils on knolls and ridges and
moderately sloping to steep soils on side slopes. They are
mainly in the Le Sueur-Luther-Hayden soil association
near the Des Moines River. Individual areas range from
2 to 30 acres in size. The native vegetation was grasses
and trees.

In a representative profile, the surface layer is black
and very dark grayish-brown loam about 5 inches thick.
The subsurface layer is friable, very dark gray loam
about 4 inches thick. The subsoil is mainly brown and
dark yellowish-brown, firm clay loam about 39 inches
thick. It has a few olive-gray and yellowish-brown mot-
tles in the lower part. The underlying material is cal-
careous, olive-brown loam. The soils contain small pebbles
and a few stones and boulders throughout.

. The available water capacity is high, and permeability
1s moderate. The content of organic matter is moderately
low. Most of the surface layer and subsoil are generally
slightly acid or medium acid. The subsoil is medium in
available phosphorus and very low in available potassium.

Lester soils are subject to erosion. Sidehill drainage-
ways are common on the more sloping Lester soils, and
these soils are subject to gullying unless erosion is con-
trolled. Steep Lester soils are in timbered pasture or
woods. Some areas of less sloping soils are cleared and
cultivated, and some are in pasture or woods.

Representative profile of Lester loam, 2 to 5 percent
slopes, in a pasture 385 feet south and 45 feet east of the
Iﬁorgl%\wt corner of the NE1,NE1, sec. 20, T. 87 N.,

Al—0 to 5 inches, black (10YR 2/1) and very dark grayish-
brown (10YR 38/2) loam, very dark gray (10YR
3/1) when kneaded, dark gray (10YR 4/1) when
dry; very weak, thin, platy structure parting to
weak, fine, granular and very fine subangular blocky
structure ; friable; neutral; clear, smooth boundary.

A2—5 to 9 inches, very dark gray (10YR 3/1) loam, very
dark gray (10YR 3/1) when kneaded, gray (10YR
5/1) and grayish brown (10YR 5/2) when dry, few
dark grayish-brown (10YR 4/2) peds, abundant silty
coatings on peds; very weak, thin, platy structure
parting to weak, fine, granular and very fine sub-
angular blocky structure; friable; slightly acid;
clear, smooth boundary.

B11—9 to 12 inches, 70 percent dark grayish-brown (10YR
4/2), 15 percent brown (10YR 4/3), and 15 percent
very dark gray (10YR 3/1) loam, dark grayish
brown (10YR 4/2) when kneaded, gray (10YR 5/1)
and grayish brown (10YR 5/2) when dry; abundant
silt coatings on peds; moderate, very fine, subangular
blocky structure; friable; slightly acid; clear,
smooth boundary.

B12—12 to 17 inches, brown (10YR 4/3) loam, pale brown
(10YR 6/3) when dry; few very dark grayish-brown
(10YR 3/2) peds, abundant silt coatings on peds;
moderate, very fine and fine, subangular blocky struec-
ture; friable; medium acid; gradual, smooth bound-
ary.

B21t—17 to 22 inches, dark yellowish-brown (10YR 4/4) light
clay loam, brown (10YR 4/3) when kneaded, pale
brown (10YR 6/3) and yellowish brown (10YR 5/4)
when dry ; many silty coatings on peds; moderate, fine,
subangular blocky structure; firm; thin, discontinu-
ous clay films on peds; medium acid; gradual,
smooth boundary.

B22t—22 to 28 inches, dark yellowish-brown (10YR 4/4)
medium clay loam ; moderate, fine, subangular blocky
structure; firm; common silty coatings on peds; thin,
nearly continuous, dark yellowish-brown (10YR 3/4)
clay films on peds; medium acid; gradual, smooth
boundary.

B23t—28 to 34 inches, dark yellowish-brown (10YR 4/4)
light clay loam ; weak, fine, prismatic structure part-
ing to moderate, fine and medium, subangular blocky
structure; firm; common silty coatings on peds and
prisms; dark-colored coatings in pore channels;
medium acid; gradual boundary.

B31t—34 to 41 inches, dark yellowish-brown (10YR 4/4)
light clay loam; few, very fine, distinct, olive-gray
(5Y 5/2) and yellowish-brown (10YR 5/8) mottles;
weak, fine, prismatic structure; friable; thick dark
yellowish-brown (10YR 3/4) clay films on prism
faces; dark-colored coatings in pore channels;
slightly acid; gradual, smooth boundary.

B32t—41 to 48 inches, olive-brown (2.5Y 4/4) light clay
loam; weak, medium, prismatic structure; friable;
thick clay films on prisms and vertical cleavage
faces; neutral; clear, smooth boundary.

C—48 to 72 inches, olive-brown (2.5Y 4/4) loam; massive
but has tendency to horizontal cleavage; friable;
thin oxide coatings on cleavage faces; pores coated
in upper few inches; common light-gray accumula-
tions of lime; common dark-colored oxides; mod-
erately alkaline; strongly effervescent; diffuse
boundary.

The Al horizon ranges from 4 to 8 inches in thickness and
from black (10YR 2/1) to very dark grayish brown (10YR
3/2) in color. This horizon generally has granular to sub-
angular blocky structure, but it has very weak platy struc-
ture in places. The A2 horizon ranges from 2 to 8 inches in
thickness and from very dark gray (10YR 3/1) to dark
grayish brown (10YR 4/2) in color. This horizon generally
has weak platy structure parting to granular and subangular
blocky structure. In eroded or cultivated areas much of this
horizon is mixed with the Al horizon. The B horizon is
friable or firm, loam to medium clay loam in texture, and is
mostly brown (10YR 4/3), dark yellowish brown (10YR
4/4), or yellowish brown (10YR 5/4) in color. Strong-brown,
olive-brown, grayish-brown, or olive-gray mottles are in the
lower part of this horizon. It extends to a depth of 30 to
48 inches in most places. The C horizon generally is ecal-
careous, friable, dark yellowish-brown (10YR 4/4) to light
olive-brown (2.5Y 5/4) loam that has mottles similar to those
in the B horizon. The A1l horizon is slightly acid or me-
dium acid unless limed. The A2 horizon and the upper part
of the B horizon are medium acid. The B3 horizon is slightly
acid to neutral or mildly alkaline. The C horizon generally
is mildly alkaline or moderately alkaline and calcareous, but
in places it is neutral and noncalcareous in the upper part.

Lester soils differ from Hayden soils in having a darker
and thicker A1l horizon; a generally somewhat darker, less
prominent A2 horizon; and a somewhat less clayey B horizon
that has weaker structure. They differ from Clarion soils
in having a thinner A horizon and a greater increase in
clay content from the A to the B horizon. Clarion soils
also have an A2 horizon unless cultivated. All of these soils
are well drained and formed in glacial till.

Lester loam, 2 to 5 percent slopes (236B).—This soil
is mainly on knolls and ridgetops in association with the
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Le Sueur, Cordova, and steeper Lester soils. It has the
profile described as representative for the series.

Included with this soil in mapping are about 50 acres
of a similar soil that is on a similar landscape position
but that formed in about 24 to 30 inches of loamy glacial
sediment underlain by firm clay loam glacial till. This
included soil generally lacks a grayish subsurface layer.
The underlying material of these included areas has a
stronger brown color than this Lester loam.

This soil is subject to erosion if cultivated. Many areas
of this soil have been cleared and are cultivated along
with the surrounding soils. Other areas are in grass and
trees. The soil is well suited to row crops if erosion is
controlled. Tilth generally is good. Capability unit ITe~1;
woodland suitability group 2ol.

Lester loam, 5 to 9 percent slopes {236C).—This soil
is on knolls and ridgetops and generally is upslope from
more sloping Lester soils. In places it is on side slopes.
The profile of this soil is similar to the one described as
representative for the series, but in most places the sub-
surface layer of this soil has been incorporated into a very
dark grayish-brown plow layer. In some places the sur-
face layer is thinner.

Included with this soil in mapping are about 40 acres
of a similar soil on a similar landscape position that
formed in about 20 inches of loamy glacial sediment
underlain by firm clay loam glacial till. This included
soil generally lacks a grayish subsurface layer. The under-
lying material of this included soil has a stronger brown
color than the typical Lester loam.

Most areas of this soil are cultivated. If this soil is
associated with less productive soils, it generally is in
trees and grass and is used for pasture. This soil is sub-
ject to erosion if cultivated, but it is moderately suited
to row crops if erosion is controlled. Tilth generally is
fair or good. Capability unit I1Te-1; woodland suitability
group 2ol.

Lester loam, 9 to 14 percent slopes (234D).—This soil
is on side slopes, generally below less sloping Lester soils
and above steeper Lester soils. In places it is upslope from
areas of Hayden soils or Storden-Hayden complex. Many
areas of this soil have a profile similar to the one described
as representative for the series, but in places the com-
bined thickness of the surface and subsurface layers is
less, and in most places the combined thickness of the
surface and subsurface layers and the subsoil is less and
depth to calcareous material is less.

Included with this soil in mapping, in almost half of
the areas, are areas of a Hayden soil. Also included are
a few areas that are similar to this Lester soil, but that
generally lack a subsurface layer and that formed in
loamy glacial sediment about 20 inches thick and the
underlying firm clay loam glacial till.

This soil is subject to erosion and gullying if cultivated.
Most areas are in trees and grass and are used for pas-
ture. Cleared areas are moderately suited to row crops.
Tilth generally is fair or good. Capability unit I11e-2;
woodland suitability group 2ol.

Lester loam, 14 to 18 percent slopes (234F).—This soil
is mainly on side slopes. It generally is associated with
other Lester soils, but in places Hayden soils or Storden-
Hayden complex are below this soil. The profile of this
soil is similar to the one described as representative for

the series, but the combined thickness of the surface
layer, subsurface layer, and subsoil is less and depth to
calcareous material is less.

Included with this soil in mapping are about 60 acres
of a soil that has a thinner, somewhat lighter colored
surface layer and that is similar to Hayden soils mapped
in other places in the county. Also included are about
80 acres of a soil that generally lacks a grayish subsur-
face layer and that formed in about 20 inches of loamy
glacial sediment underlain by firm clay loam glacial till.

Most areas of this soil are in trees and grass and are
used for pasture along with the associated soils. A few
areas are cultivated. This soil is moderately suited to row
crops if erosion is controlled, but most areas are left in
hay or rotation pasture most of the time. Capability unit
IVe-1; woodland suitability group 2ol.

Lester loam, 18 to 35 percent slopes (236F).—This steep
soil is on side slopes. Less sloping Lester soils generally
are upslope and Terril or Spillville soils are downslope.
Some areas of this soil have a profile similar to the one
described as representative for the series, except that the
combined thickness of the surface layer, subsurface layer,
and subsoil is less and the depth to calcareous material
is less.

Included with this soil, in almost half of the area, are
areas of a soil that is similar to this soil but that generally
lacks a grayish subsurface layer and that formed in about
20 inches of loamy glacial sediment that is underlain by
firm clay loam glacial till.

Most areas of these soils are in trees and grasses and
are used for pasture. This soil is poorly suited to row
crops because it is so steep and is subject to erosion. It
is better suited to pasture. Some arcas could be cleared
and renovated so that more productive pasture plants
could be grown, but most soils are so steep or so irregular
that usual tillage implements can not be used. This soil
is also suited to use as woodland or for wildlife habitat.
Capability unit VIe-1; woodland suitability group 3rl.

Le Sueur Series

The Le Sueur series consists of moderately dark
colored, somewhat poorly drained soils that formed in
glacial till. These soils are on gentle rises on uplands.
Slopes are 1 to 3 percent. They are mainly in the Le
Sueur-Luther-Hayden soil association in the central and
southern part of the county near the valley of the Des
Moines River. Individual areas range from about 2 to
50 acres in size. The native vegetation was grasses and
trees.

In a representative profile, the surface layer is very
dark gray loam about 7 inches thick. The subsurface
layer is very dark grayish-brown, friable loam about 5
inches thick. The subsoil is about 30 inches thick. It is
dark grayish-brown and grayish-brown, firm clay loam
that has grayish-brown and yellowish-brown mottles.
The underlying material is mottled light brownish-gray
and yellowish-brown loam. Small pebbles and a few
stones or boulders are throughout.

The available water capacity is high, and permeability
is moderate. The content of organic matter is moderately
low. The surface layer and subsurface layer and the upper
part of the subsoil are medium acid to slightly acid. The
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subsoil is medium in available phosphorus and very low
in available potassium.

Le Sueur soils have no serious limitations to their use
for crops. These soils generally are used for crops, but
a few areas are in pasture and grow trees and grass.

Representative profile of Le Sueur loam, 1 to 3 percent
slopes, in a cultivated field 600 feet west of road center
and 1,690 feet north of the southeast corner of sec. 2,
T. 87 N., R. 28 W.

Ap—0 to 7 inches, very dark gray (10YR 3/1) loam; cloddy
parting to weak, fine, granular structure; friable;
common clear sand grains; medium acid; abrupt,
smooth boundary.

A2—7 to 12 inches, very dark grayish-brown (10YR 3/2)
loam; few, fine, yellowish-brown (10YR 5/4) mot-
tles on plates; weak, thick, platy structure parting
to weak, fine, subangular blocky structure; friable;
few, thin, very dark gray (10YR 3/1) streaks;
abundant dark grayish-brown (10YR 4/2) silt coat-
ings; common clear sand grains; slightly acid; clear,
smooth boundary.

B1t—12 to 17 inches, dark grayish-brown (10YR 4/2) light
clay loam; few, fine, yellowish-brown (10YR 5/4)
mottles; moderate, fine and medium, subangular
blocky structure; friable; few, thin, discontinuous
clay films; few clear sand grains; abundant light-
gray silt coatings when dry; few small pebbles;
slightly acid; clear, smooth boundary.

B21t—17 to 26 inches, dark grayish-brown (10YR 4/2) and
yellowish-brown (10YR 5/4) clay loam ; faces of peds
dark grayish brown (10YR 4/2) and very dark gray
(10YR 3/1), dark grayish brown (10YR 4/2) when
kneaded ; few, fine, grayish-brown (10YR 5/2) and
common, fine, yellowish-brown (10YR 5/6) mottles;
weak, medium, prismatic structure parting to mod-
erate and strong, fine and medium, subangular and
angular blocky structure; firm; common shale frag-
ments; thick, discontinuous clay films; abundant
light-gray silt coatings when dry; few small peb-
bles; medium acid; clear, smooth boundary.

B22t—26 to 31 inches, dark grayish-brown (2.5Y 4/2) clay
loam; faces of peds very dark gray (10YR 3/1) and
dark grayish brown (2.5Y 4/2) ; common, fine, gray-
ish-brown (2.5Y 5/2) and few, fine, yellowish-brown
(10YR 5/6) mottles; moderate, medium, prismatic
structure parting to strong, medium, angular and

subangular blocky structure; firm; thick, continuous ’

clay films; common dark-colored oxides; few small
pebbles; slightly acid; clear, smooth boundary.

B23t—31 to 38 inches, grayish-brown (2.5Y 5/2) light clay
loam ; many, fine, yellowish-brown (10YR 5/6) mot-
tles; moderate, medium, prismatic structure part-
ing to weak, medium, subangular blocky structure;
firm; black (10YR 2/1) and very dark gray (10YR
3/1) clay flows and thick, discontinuous clay films;
many, soft, dark-colored oxides; few small pebbles;
few shale fragments; slightly acid; clear, smooth
boundary.

B3t—38 to 42 inches, mottled grayish-brown (2.5Y 5/2)
and yellowish-brown (10YR 5/6) light clay loam;
weak, medium, prismatic structure parting to weak,
medium, subangular blocky structure; friable; thick,
discontinuous, black (10YR 2/1) and very dark gray
(10YR 3/1) clay films; root channels coated with
black (10YR 2/1) clay flows; abundant soft car-
bonate concretions; few shale fragments; common
small pebbles; mildly alkaline; clear, smooth bound-
ary.

C—42 to 52 inches, mottled yellowish-brown (10YR 5/6) and
light brownish-gray (2.5Y 6/2) loam; massive but
has some vertical cleavage; friable; few clay flows
in root channels; numerous, soft, dark-colored
oxides; few, fine, soft carbonate concretions; mod-
erately alkaline; strongly effervescent.

The Al or Ap horizon ranges from 6 to 10 inches in
thickness and from black (10YR 2/1) to dark gray (10YR

3/1) in color. The A2 horizon ranges from 2 to 6 inches
in thickness, from very dark gray (10YR 3/1) to dark
grayish brown (10YR 4/2) in color, and from loam to silt
loam in texture. The B horizon is mainly dark grayish
brown (10YR or 25Y 4/2), but it ranges to very dark
grayish brown (10YR 3/2) in the upper part and to brownish
gray (25Y 6/2) in the lower part. Dark yellowish-brown
to strong-brown mottles increase in number with depth. The
C horizon is friable, calcareous loam or light clay loam in
texture and is yellowish brown (10YR 5/4) to light olive
gray (5Y 6/2) in color. In a few places strata of other
materials are in this horizon. The A horizon is slightly acid
to medium acid, and the B2 horizon is slightly acid to
strongly acid.

Le Sueur soils differ from Nicollet soils in having a
lighter colored, thinner A1l horizon, in having an A2 horizon,
and in having a larger increase in clay content from the
A to the B horizon. Le Sueur soils have grayish-brown
colors in the B horizon and are not so well drained as the
Lester soils.

Le Sueur loam, 1 to 3 percent slopes (325A).—This soil
is on gentle rises that commonly are upslope from Cor-
dova soils and downslope from Lester soils.

Included with this soil in mapping are areas of soils
that have strata of silt loam or sandy loam in the under-
lying material. Also included are a few areas in the
Marna-Guckeen association in which the upper 18 to 30
inches is finer textured.

Nearly all areas of this soil are cultivated. This soil is
used mainly for row crops and is well suited to this use.
The hazard of erosion is slight, but the most sloping
areas are subject to some sheet erosion. In periods of
above average rainfall, a few of the more level areas are
slightly wet, but artificial drainage generally is not
needed. Tilth generally is good. Capability unit I-1;
woodland suitability group 3wl.

Luther Series

The Luther series consists of light-colored, somewhat
poorly drained soils that formed in glacial till on up-
lands. These soils are nearly level to gently sloping and
are on knolls or rises. They are in the Le Sueur-Luther-
Hayden soil association near the Des Moines River be-
tween Fort Dodge and the southern county line. Indi-
vidual areas are gemerally 2 to 20 acres in size. The
native vegetation was mainly trees.

In a representative profile, the surface layer is very
dark grayish-brown loam about 6 inches thick. The sub-
surface layer is dark grayish-brown, friable loam about
4 inches thick. The subsoil is about 38 inches thick. It is
dark grayish-brown and brown, firm clay loam in the
upper part and is olive-gray light clay loam in the lower
part. The underlying material is yellowish-brown and
olive-gray loam glacial till. Pebbles and a few stones or
boulders are throughout.

The available water capacity is high, and permeability
is moderately slow. The content of organic matter is low.
The surface layer and subsurface layer and the upper
part of the subsoil are generally slightly acid or medium
acid unless limed. The subsoil is medium in available
phosphorus and very low in available potassium.

Most areas of Luther soils are used for crops, but some
areas are in native trees and forest plants. They have no
serious limitations to their use for crops.

Representative profile of Luther loam, 1 to 3 percent
slopes, in a cultivated field 40 feet north and 8 feet west
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of the southeast corner of the SW1,NE1,SW1/ sec. 23,
T. 88 N., R. 28 W. :

Ap—0 to 6 inches, very dark grayish-brown (10YR 3/2)
loam, very dark grayish brown (10YR 3/2) when
kneaded, light gray (10YR 6/1) when dry; weak,
fine, granular structure to fine subangular blocky
structure; friable; few small pebbles; neutral;
abrupt, smooth boundary.

A2—6 to 10 inches, dark grayish-brown (10YR 4/2) loam,
dark grayish brown (10YR 4/2) when kneaded, light
gray (5Y 6/1) when dry; weak, medium, platy
structure parting to weak, fine, granular and very
fine subangular blocky structure; friable; common,
fine, dark-colored oxides; few small pebbles; slightly
acid; clear, smooth boundary.

B1t—10 to 14 inches, dark grayish-brown (10YR 4/2) and
brown (10YR 4/3) light clay loam, faces of peds
dark grayish brown (10YR 4/2), dark grayish brown
(2.5Y 4/2) when kneaded, light gray (10YR 7/1)
and light brownish gray (10YR 6/2) when dry;
weak, very fine, subangular blocky structure; fri-
able; thin, discontinuous clay films; few small peb-
bles; slightly acid; clear, smooth boundary.

B21t—14 to 20 inches, dark grayish-brown (10YR 4/2) and
brown (10YR 4/3) clay loam, faces of peds dark
grayish brown (10YR 4/2), dark grayish brown
(10YR 4/2) to brown (10YR 4/3) when Kkneaded,
light brownish gray (10YR 6/2) and some light
gray (10YR 7/1) when dry; moderate, very fine and
fine, subangular blocky structure; firm; few small
pebbles ; thin, discontinuous clay films; slightly acid;
gradual, smooth boundary.

B22t—20 to 26 inches, dark grayish-brown (10YR 4/2) and
brown (10YR 4/3) clay loam, faces of peds dark
grayish brown (10YR 4/2), dark grayish brown
(10YR 4/2) and brown (10YR 4/3) when kneaded,
pale brown (10YR 6/3) when dry; moderate, fine,
subangular blocky structure; firm; thin, discontinu-
ous clay films; few small pebbles; slightly acid;
gradual, smooth boundary.

B23t—26 to 31 inches, dark grayish-brown (10YR 4/2) clay
loam, dark grayish brown (10YR 4/2) when kneaded,
light brownish gray (10YR 6/2) when dry; few,
very fine, yellowish-brown (10YR 5/8) mottles; mod-
erate, fine and medium, subangular blocky struc-
ture; firm; common, fine, distinct, dark-colored
oxides; thin, discontinuous clay films on peds; thick
clay flows in voids; few small pebbles; medium acid;
gradual, smooth boundary.

B31t—31 to 36 inches, olive-gray (5Y 4/2 and 5/2) and dark
grayish-brown (2.5Y 4/2) light clay loam; very fine,
strong-brown (7.5YR 5/8) mottles; weak, fine, pris-
matic structure parting to weak, medium, suban-
gular blocky structure; firm; common, fine, dark-
colored oxides; thin, discontinuous clay films on
peds; thick clay films in voids; thick dark-colored
coatings in pores; few small pebbles; medium acid;
gradual, smooth boundary.

B22t—36 to 42 inches, olive-gray (5Y 5/2) light clay loam;
many, medium, distinet, yellowish-brown (10YR 5/8)
mottles; weak, medium, prismatic structure parting
to weak, medium, subangular blocky structure; firm;
common, fine, dark-colored oxides; thick dark-colored
coatings in pores; thick clay accumulations in voids;
thin discontinuous clay films on peds and prisms;
few small pebbles; neutral; gradual, smooth bound-
ary.

B33t—42 to 48 inches, olive-gray (5Y 5/2) loam; many,
medium, yellowish-brown (10YR 5/8) mottles; weak,
medium, prismatic structure parting to weak, me-
dium, subangular blocky structure; friable ; few, fine,
dark-colored oxides; thin coatings in pores; thick
clay accumulations in voids; few small pebbles;
mildly alkaline; noncalcareous; clear, smooth bound-
ary.

C—48 to 72 inches, yellowish-brown (10YR 5/8) and olive-
gray (5Y 5/2) loam; massive but has some vertical
cleavage; friable; few, fine, dark-colored oxides;

very thin coatings in pores to a depth of 60 inches;
few small pebbles; moderately alkaline; strongly
effervescent.

The Al or Ap horizon ranges from 2 to 6 inches in thick-
ness and from very dark gray (10YR 8/1) to dark grayish
brown (10YR 4/2) in color. In cultivated areas the Ap
horizon is mainly dark grayish brown (10YR 4/2) or dark
gray (10YR 4/1). In places, it is very dark gray (10YR
3/2) or very dark gray (10YR 3/1) when moist but is light
gray (10YR 6/1) or light brownish gray (10YR 6/2) when
dry. The A2 horizon ranges from 4 to 10 inches in thick-
ness. This horizon is dark gray (10YR 4/1) to grayish brown
(10YR 5/2) in color. Texture is loam or silt loam that has
a high sand content. The Bt horizon is mostly dark grayish
brown (10YR 4/2 or 2.5Y 4/2) or grayish brown (2.5Y 5/2
or 10YR 5/2), but some ped interiors have a chroma of 3,
but are not dominant, in some horizons. In places the B3t
horizon is olive gray (5Y 6/2). Few to many, yellowish-
brown to brown or strong-brown mottles are in this horizon.
The B horizon generally extends to a depth of about 36 to
60 inches. The C horizon is light brownish gray (2.5Y 6/2),
yellowish brown (10YR 5/6), grayish brown (2.5Y 5/2), and
olive gray (5Y 5/2) in color and is loam to light clay loam
in texture. Reaction of the A horizon or upper part of the
B horizon is generally slightly acid to medium acid. It is
neutral or slightly acid in the lower part of the B horizon.

Luther and Le Sueur soils both formed in glacial till and
are in similar positions on the landscape. Luther soils differ
from Le Sueur soils in having a lighter colored, thinner A
horizon and a lighter colored, more prominent A2 horizon.
They also lack the very dark gray colors on the faces of
peds in the upper part of the B horizon.

Luther loam, 1 to 3 percent slopes (355A).—This nearly
level to gently sloping soil is on knolls or rises in asso-
ciation with the Hayden soils and, in places, with the
Dundas soils.

Included with this soil in mapping are a few areas of
a soil that is similar to this soil, except that the subsoil
is about 10 percent higher in clay content and is less
permeable. These included areas are adjacent to areas of
Marna, Guckeen, or Kamrar soils.

Many areas of these soils are cultivated and are man-
aged along with the surrounding soils, but some are in
native vegetation of trees. Some areas have not been
cultivated, because deep natural ravines prevent the use
of large farm machinery. The more sloping areas erode
if rain is intense. Some areas are somewhat wet in Wgt
years, but artificial drainage generally is not needed. This
soil is well suited to row crops. Tilth generally is good.
Capability unit I-1; woodland suitability group 3wl.

Marna Series

The Marna series consists of dark-colored, poorly
drained soils that formed in clayey, lacustrine sediment
and underlying glacial till. These soils are nearly level
and are on uplands. They are mainly in the southern
part of the county in the Marna-Guckeen soil association.
The native vegetation was sedges and prairie grasses
tolerant of wetness.

In a representative profile, the surface layer is black
heavy silty clay loam about 14 inches thick. The subsoil
extends to a depth of about 60 inches. It is dark gray and
olive gray and contains mottles of yellowish brown and
light olive brown. The upper part of the subsoil is firm
or very firm silty clay or clay lacustrine sediment and
the lower part is heavy loam or light clay loam glacial
till. The underlying material is yellowish-brown and
gray heavy loam. A few pebbles and stones occur through-
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out the profile but are more common in the glacial till.
The available water capacity is high, and permeability
is slow. The content of organic matter is high. The surface
layer and the upper part of the subsoil are generally
slightly acid or neutral. The subsoil is very low in avail-
able phosphorus and available potassium. These soils are
wet because of a high water table and slow permeability.
The Marna soils are generally cultivated. These soils
are difficult to till, and tilth generally is poor.
Representative profile of Marna silty clay loam, in a
cultivated field 1,041 feet south and 790 feet east of the
northwest corner of sec. 25, T. 86 N., R. 28 W.

Apl—O0 to 6 inches, black (N 2/0) heavy silty clay loam,
) black (10YR 2/1) when crushed, black (10YR 2/1)
to very dark gray (10YR 3/1) when dry; strong,
medium, angular blocky structure parting to mod-
erate, fine, subangular blocky structure, has some
vertical orientation, probably caused by drying; firm;
clean sand grains are evident; slightly acid; clear,

smooth boundary.

Ap2—6 to 10 inches, black (N 2/0) heavy silty clay loam,
black (10YR 2/1) when crushed, very dark gray
(10YR 3/1) when dry; strong, medium and some
coarse, angular blocky structure parting to mod-
erate, fine, angular blocky structure caused by plow
layer compaction and drying; firm ; clean sand grains
are evident ; slightly acid; abrupt, smooth boundary.

Al12—10 to 14 inches, black (N 2/0) light silty clay, black
(10YR 2/1) when crushed, very dark gray (10YR
3/1) to dark gray (10YR 4/1) when dry; moderate,
very fine, granular and some very fine subangular
blocky structure; friable; few Zl4-inch or smaller
pebbles ; slightly acid; clear, smooth boundary.

B1—14 to 20 inches, black (N 2/0) silty clay, black (10YR
2/1) when crushed, dark gray (10YR 4/1) when
dry; moderate, fine and very fine, subangular blocky
structure; friable to firm; very few, very fine, soft,
dark-brown to brown (7.5YR 4/4) oxides; few very
dark gray (5Y 3/1) peds in lower part of horizon;
a few l4-inch and smaller pebbles; sand grains are
evident; neutral; clear, smooth boundary.

B21—20 to 26 inches, olive-gray (5Y 5/2) and dark-gray
(5Y 4/1) silty clay to clay, faces of peds very dark
gray (10YR 3/13 to black (10YR 2/1); strong,
coarse, prismatic structure parting to medium pris-
matic structure, then parting to strong, fine and
very fine, subangular blocky structure; very firm;
distinct, discontinuous clay films; few very fine clay
peds; very few, very fine, soft, dark-brown (7.5YR
3/2) oxides; very few 14-inch pebbles and some
sand grains; neutral; gradual, smooth boundary.

B22g—26 to 32 inches, olive-gray (5Y 5/2) silty clay, faces
of peds about 70 percent very dark gray (5Y 8/1)
and about 30 percent black (10YR 2/1); strong,
coarse, prismatic structure parting to moderate, fine
and medium, subangular blocky structure; very firm ;
thick, continueous clay films on prisms and sub-
angular blocks; very few, very fine, light olive-
brown (2.5Y 5/4) to dark yellowish-brown (10YR
4/4), soft oxides; few, fine, black, soft oxides; few
fragments of shale and rotted stones; few sand
grains; prism faces are about 30 degrees from hori-
zontal and have fewer pores than vertical faces;
neutral; gradual, smooth boundary.

B23g—32 to 40 inches, olive-gray (5Y 5/2) heavy silty clay
loam, faces of peds about 50 percent olive gray (5Y
5/2), about 30 percent very dark gray (5Y 3/1),
and about 20 percent black (10YR 2/1); common,
fine, light olive-brown (2.5Y 5/4) to yellowish-brown
(10YR 5/6) mottles; moderate, coarse, prismatic
structure parting to moderate, medium, subangular
structure; firm; prism faces are 30 degrees from
horizontal and have thick, continuous clay films;
vertical faces have thin clay films and a somewhat
grainy appearance; some of the larger prism ex-
teriors are very dark gray (5Y 3/1) and black
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(10YR 2/1) ; smaller faces are olive gray (5Y 5/2)
and very dark gray (10YR 3/1); few, fine concre-
tions of a black oxide; few 4-inch pebbles; mildly
alkaline; clear, wavy boundary.

1IB31g—40 to 45 inches, olive-gray (5Y 5/2) light clay loam,
faces of peds dark gray (5Y 4/1) and olive gray
(5Y 5/2); common, fine, yellowish-brown (10YR
5/6) and few, fine, light olive-brown (2.5Y 5/4)
mottles; weak, coarse, prismatic structure parting
to weak, medium to coarse, subangular blocky struc-
ture; firm; few pores coated with very dark gray
(10YR 3/1) clay; some 1- to 13%-inch lime rocks;
few pebbles; few shale rocks; common black oxide
concretions ; horizon appears to be glacial till; verti-
cal faces are high in lime; moderately alkaline;
strongly effervescent; gradual, wavy boundary.

IIB32g—45 to 49 inches, olive-gray (5Y 5/2) heavy loam,
vertical faces of larger peds are dark gray (5Y
4/1) to gray (5Y 5/1); many, medium, yellowish-
brown (10YR 5/6) mottles; weak, coarse, pris-
matic structure parting to very weak, medium, sub-
angular blocky structure; hard when dry, friable
when moist; few dark-gray (10YR 4/1) coatings on
prism faces and few very dark gray (10YR 3/1)
coatings in pores; few, fine concretions of a black
oxide; some pebbles; some lime segregated along
pores, roots, and large prism faces; several old
krotovinas in the pit at this depth and below;
moderately alkaline; strongly effervescent; gradual,
wavy boundary.

IIB33—49 to 55 inches, mottled olive-gray (5Y 5/2) and
yellowish-brown (10YR 5/6) heavy loam ; weak, very
coarse, prismatic structure or vertical faces; friable;
few very dark gray (10YR 3/1) coatings in some
pores; distinct lime on large vertical faces; prom-
inent filament lime along pores; some pebbles; mod-
erately alkaline; strongly effervescent, higher in lime
than IIB32g horizon; gradual, smooth boundary.

IIB34—55 to 61 inches, mottled olive-gray (5Y 5/2) and
yellowish-brown (10YR 5/6) heavy loam ; weak, very
coarse, prismatic structure or vertical faces; friable;
some prism faces are dark gray (5Y 4/1); some
pores are coated with dark gray (10YR 3/1) ; lime
on the vertical faces less distinet than in IIB33
horizon, but 4-inch concretions of lime are com-
mon; prominent filament lime along pores; kroto-
vinas are as in the IIB33 horizon; moderately
alkaline; strongly effervescent; gradual, smooth
boundary.

IIC1—61 to 67 inches, about 70 percent yellowish-brown
(10YR 5/6) and about 30 percent gray (5Y 5/1)
heavy loam; massive but has some vertical faces
with thin coatings of gray (5Y 5/1); friable;
some very dark gray (10YR 3/1) coatings on few
vertical pores; few lime nodules; few, yellowish-red
(5YR 4/6), soft oxides; moderately alkaline; strong-
ly effervescent; gradual, smooth boundary.

IIC2—67 to 72 inches, about 70 percent yellowish-brown
(10YR 5/6) and about 30 percent gray (5Y 5/1)
heavy loam; massive but has some vertical faces
with thin coatings of gray (5Y 5/1); vertical faces
less distinet than in IIC1 horizon; friable; some
very dark gray (10YR 3/1) coatings on few verti-
cal pores; few lime nodules; few, yellowish-red
(5YR 4/6), soft oxides; moderately alkaline; strong-
ly effervescent.

The A horizon ranges from 12 to 24 inches in thickness.
This horizon is heavy silty clay loam or light silty clay
in texture. It has granular or angular or subangular blocky
structure. The B horizon, in most places, is black (10YR
2/1) or very dark gray (10YR 3/1) in the upper part but
grades to dark gray (5Y 4/1), gray (5Y 5/1), or olive gray
(5Y 4/2 or 5/2). Mottles of brown, yellowish brown, olive
brown, or olive are in this horizon. Coatings on the exterior
of peds in the upper part of the B horizon commonly are
black to gray. The lacustrine sediment of the Bl and B2
horizons generally ranges from 24 to 42 inches in thickness
but is as much as 48 or more inches in places. The Bl and
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B2 horizons are heavy silty clay loam to silty clay or clay
in texture. The boundary between lacustrine sediment and
glacial till ranges from clear to diffuse and generally has
few to common small stones. The IIB horizon is light clay
loam to loam in texture. The IIC horizon is loam to light
clay loam glacial till. It is mottied yellowish brown (10YR
5/4 or 5/6) or light olive brown (25Y 5/4) and gray
(5Y 5/1) or olive gray (5Y 5/2). It has some oxide con-
cretions and lime accumulations. Reaction of the A horizon
ranges from neutral to slightly acid. The lacustrine sediment
in the upper part of the B horizon is slightly acid to
mildly alkaline, and the glacial till in the lower part of
the B horizon and the C horizon is mildly alkaline or mod-
erately alkaline and calcareous.

Marna, Webster, and Canisteo soils are poorly drained
and occupy similar positions on the landscape. Marna soils
differ from Webster and Canisteo soils in being finer tex-
tured in the A and B2 horizons and in having stronger
structure in these horizons. These soils differ from Canisteo
soils in not being calcareous in the surface layer and the
upper part of the subsoil.

Marna silty clay loam (0 to 2 percent slopes) (383).—
This soil is nearly level. Tt generally is associated with
Guckeen soils that are on low rises upslope. In many
places Webster, Canisteo, Okoboji, or Lanyon soils are
near by and generally are in somewhat lower areas.

Included with this soil in mapping are areas of soils
in which the underlying material has a zone of stratified
loam, silt loam, or sandy loam soil material in the upper
part. Also included are areas that have many stones be-
tween the lacustrine sediment and the glacial till.

This soil tends to remain cold and wet in spring. Slow
permeability restricts water movement and aeration. Most
areas of this soil are cultivated. This soil is used mainly
for row crops, and it is well suited to this use if drainage
is provided. This soil tends to dry out cloddy and hard
if tilled when wet, so tilth is poor at times. Power re-
quirements for tillage operations are high. Capability
unit ITw-1; woodland suitability group 5w3.

Minnetonka Series

The Minnetonka series consists of dark-colored, poorly
drained soils that formed in clayey lacustrine sediment
and underlying glacial till. These soils are on uplands.
They are nearly level to slightly concave and are in swales
in the southeastern part of the county near the Des
Moines River. In places the surface water is drained from
these soils by a rapidly deepening, steep-sided, stabilized
gully. Individual areas generally are small, and many are
2 to 10 acres in size. The native vegetation was trees and
prairie grasses tolerant of wetness.

In a representative profile, the surface layer is black
silty clay loam about 14 inches thick. The subsoil extends
to a depth of about 43 inches. The upper part of the sub-
soil is dark grayish-brown, firm light silty clay; the
middle part is olive-gray, firm silty clay that contains
enough sand to have a gritty feel; and the lower part is
olive-gray, friable loam. The underlying material is
yellowish-brown and light olive-gray loam.

The available water capacity is high, and permeability
is slow. The content of organic matter is high. The sur-
face layer and the upper part of the subsoil are slightly
acid or medium acid. The subsoil is low in available phos-
phorus and very low in available potassium.

The Minnetonka soils are generally managed along
with other soils. These soils are used for trees, pasture,

or cultivated crops. They are wet because of a high water
table and slow permeability.

Representative profile of Minnetonka silty clay loam,
in a cultivated field 300 feet south and 175 feet west of
%m Iéortheast corner of the NW1,SE1, sec. 11, T. 86 N,,

. 2T WL

Ap—0 to 7 inches, black (10YR 2/1) light silty clay loam;
cloddy parting to weak, fine, subangular blocky and
weak, fine, granular structure ; friable ; medium acid;
gradual, smooth boundary.

A1—7 to 14 inches, black (10YR 2/1) silty clay loam; mod-
erate and weak, fine and very fine, subangular blocky
structure; friable; slightly acid; gradual, smooth
boundary.

B1-—14 to 22 inches, black (10YR 2/1) light silty clay; com-
mon, fine, distinet, very dark grayish-brown (2.5Y
3/2) mottles; moderate, fine and very fine, sub-
angular blocky structure; firm; common fine and
very fine pores; thin, continuous clay films on ped
faces; common manganese and iron oxide concre-
tions ; slightly acid; gradual, smooth boundary.

B21—22 to 27 inches, dark grayish-brown (2.5Y 4/2) light
silty clay loam; common very dark (10YR 3/1 or
N 3/0) mottles; faces of peds are very dark gray
(N 3/0 and 10YR 3/1) and some dark grayish brown
(2.5Y 4/2) ; weak, medium, prismatic structure part-
ing to moderate, fine, subangular blocky structure
that has a few angular blocky peds; firm; common
fine and very fine tubular pores; thick, continuous
clay films on ped surfaces; some concretions of
iron oxide and manganese oxide; neutral; gradual,
smooth boundary.

B22—27 to 33 inches, olive-gray (5Y 5/2) gritty silty clay;
few, very fine, distinct, yellowish-brown (10YR 5/6)
mottles; weak, coarse, prismatic structure parting
to weak and moderate subangular blocky structure;
firm; common fine tubular pores; some soft con-
cretions of iron oxide and manganese oxide; very
dark gray (10YR 8/1) organic streaks on ped faces;
moderately thick clay films on faces of peds; neu-
tral; clear, smooth boundary.

IIB3—33 to 43 inches, olive-gray (5Y 5/2) loam; common,
medium, distinct, yellowish-brown (10YR 5/6) mot-
tles; weak, coarse, prismatic structure to massive;
friable; organic matter and clay movement in root
channels and tubular pores; pores abundant; mildly
alkaline; gradual boundary.

IIC—43 to 52 inches, mottled, yellowish-brown and light
olive-gray (10YR 5/6 and 5Y 6/2) loam; friable ;
massive; few pores; moderately alkaline; slightly
effervescent.

The Al horizon ranges from 10 to 20 inches in thickness.
It hag weak to moderate, very fine and fine, subangular
blocky or fine granular structure. The Bl horizon is black
(10YR 2/1) or very dark gray (10YR 3/1) in color. The
B2 horizon is dark grayish brown (2.5Y 4/2) to olive gray
(5Y 5/2) in color and has gray, light olive-brown, yellowish-
brown, or strong-brown mottles in the lower part. Colors
of black (N 2/0 or 10YR 2/1) or very dark gray (N 3/0
or 10YR 3/1) extend well into the B horizon on faces of
peds. The B horizon extends to a depth of about 28 to 52
inches. The upper part of the solum generally ranges from
about 30 to 42 inches in thickness in most places, but it is
thicker in some places. It formed in lacustrine sediment and
ranges from silty clay loam to silty clay in texture. The
IIB horizon formed in glacial till and is clay loam or loam
in texture. The IIC horizon is calcareous, mottled, light
olive-gray (5Y 6/2), olive-gray (5Y 5/2), gray (5Y 5/1),
yellowish-brown (10YR 5/4 to 5/8), and strong-brown (7.5YR
5/6 or 5/8&) light clay loam or heavy loam. Reaction of the
A horizon and B2 horizon is neutral to strongly acid. The
IIB3 horizon is neutral to moderately alkaline.

Minnetonka soils differ from Marna soils in that they are
somewhat less fine textured in the A horizon. Dark colors
are on faces and interiors of peds deeper into the B horizon
than in the Marna soils. Minnetonka soils tend to have a
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somewhat thinner A horizon and to be somewhat more acid
in the A horizon and the upper part of the B horizon. These
soils formed in similar parent material,

Minnetonka silty clay.loam (0 to 1 percent slopes)
(583).—This soil is nearly level to slightly concave and is
in swales in association with the Luther and Dundas soils.

This soil is wet and has slow permeability. Some areas
are cultivated, but most are in woods. This soil is well
suited to row crops if drained. Areas are so small that
they are managed along with associated soils. Capability
unit ITw-1; woodland suitability group 5w3.

Muck

Muck consists of dark-colored, very poorly drained,
organic soils that formed in a buildup of dead vegetation.
These soils are in depressions on uplands or in shallow
lakebeds in the Marna-Guckeen, the Webster-Nicollet-
Canisteo, and the Webster-Clarion-Nicollet soil associa-
tions. One Muck soil is in seepy areas on side slopes.
Individual areas generally are 5 to 75 acres in size. The
native vegetation was swamp grasses and sedges.

In a representative profile, the surface layer is black
muck about 15 inches thick. The underlying material is
black to gray silt loam to clay loam glacial sediment.
Thick red coatings are on old root channels in many
places.

The available water capacity is high or very high. Per-
meability is variable and depends on the texture of the
underlying mineral soil. The content of organic matter
is very high. The subsoil is low in available phosphorus
and very low in available potassium.

Muck soils are used for crops if drainage is provided.
Partly drained areas are generally used for pasture, and
undrained areas are generally used for pasture or wild-
life habitat. Muck soils are wet because of a high water
table, and they tend to pond in spring and after heavy
rains. These soils are in low areas, and crops are subject
to frost damage earlier than on surrounding soils. Trace
elements are lacking for some crops.

Representative profile of Muck, shallow, in a depression,
in a cultivated field 4 feet west of the fence line and 40
feet south of the northeast corner of the SE1j sec. 23,
T.8 N, R. 2T W.

0O—0 to 15 inches, black (N 2/0) muck; massive but slightly
laminated ; friable; moderately alkaline; slightly
effervescent ; abrupt, smooth boundary.

IIC1—15 to 19 inches, very dark gray (5Y 8/1) loam; mas-
sive but slightly laminated ; friable ; moderately alka-
line; abrupt, smooth boundary.

IIC2—19 to 25 inches, black (5Y 2/1) silt loam; weak,
medium, prismatic structure; firm; few, thin coat-
ings of a red oxide in root channels and pores;
grayish-brown (2.5Y 5/2) fills in prism cracks; mod-
erately alkaline; slightly effervescent; abrupt,
smooth boundary.

ITC3—25 to 33 inches, black (N 2/0) silty clay loam; weak,
medium, prismatic structure; firm; common, thick
coatings of a red oxide in pores and root channels;
moderately alkaline; abrupt, smooth boundary.

I1C4g—33 to 43 inches, gray (5Y 5/1) clay loam, streak of
sandy clay loam is at a depth of 33 to 35 inches;
weak, medium, prismatie structure; firm; common,
thick coatings of a red oxide in root channels and
pores; moderately alkaline; slightly effervescent;
clear, smooth boundary.

IIC5g—43 to 48 inches, gray (5Y 5/1) and brown (7.5YR
4/4) heavy loam; massive; firm; few small pebbles;

moderately alkaline; slightly effervescent;
smooth boundary.

I11Cg—48 to T2 inches, olive-gray (5Y 4/2) clay loam
glacial till; massive; firm; brown (7.5YR 4/4) and
yellowish-brown (10YR 5/4) oxide stains; few small
pebbles; moderately alkaline; slightly effervescent.

abrupt,

The O horizon ranges from 10 to 20 inches in thickness
and from black (10YR 2/1 or N 2/0) to very dark brown
(10YR 2/2) in color. The IIC horizon consists of glacial sedi-
ment. It ranges from black (N 2/0 or 10YR 2/1) to gray
(5Y 5/1) or olive gray (5Y 4/2 or 5/2) in color and from
silt loam to silty clay loam, loam, or clay loam in texture.
In a few places this horizon has sandy layers. The IIIC
horizon is glacial till. In some places it is at a depth as
shallow as about 314 feet, but in other places it is much
deeper. It is clay loam or loam in texture. Reaction is
slightly acid to moderately alkaline throughout.

Muck soils differ from the Okoboji soils in having at least
10 inches of muck over the underlying mineral material.
Muck and Okoboji soils occupy similar positions on the
landscape.

Muck, shallow (21).—This soil is in depressions that
formerly contained water. It is surrounded in some places
by narrow areas of highly calcareous Harps soils. In other
places it is surrounded by Canisteo or Webster soils.

Included with this soll in mapping are areas where
the muck is about 20 to 30 inches thick. Also included
are a few areas that are highly calcareous. These areas
are shown on the soil map by a symbol for calcareous soil.

This soil is very poorly drained. Unless it is artificially
drained, it is ponded, and most areas tend to pond, even
if drained. Small grains generally lodge badly, and the
quality of the grain generally is poor. In places trace
elements are needed. Crop damage because of early frost
is a hazard.

Most areas of Muck soils are cultivated and are used
mainly for row crops. This soil is moderately suited to
row crops. Partly drained areas are suited to pasture.
Undrained areas are generally suited only to wildlife
habitat. This soil is easy to till, and tilth is good. A few
areas are cropped separately, but most are managed along
with the associated soils. Capability unit ITIw—2; wood-
land suitability group 5w4.

Muck, shallow, 5 to 14 percent slopes (21D).—This
soil is gently sloping to strongly sloping and generally is
on the lower parts of escarpmentlike areas between
benches or between benches and bottom lands. Tt consists
of seepy areas where mucky soil material has accumulated.
These areas formed because of a difference in permeability
of two geological strata. Water percolates through a per-
meable upper layer faster than through the less per-
meable material beneath. A perched water table builds
up and overflows to an outlet. The outlet is these wet,
seepy areas. A few of these areas are in the valley of
the Des Moines River, but most are in the lower part of
the valley of Lizard Creek. Individual areas are generally
2 to 10 acres in size, and the total acreage is small.

Nearly all of this soil is in native vegetation of sedges,
swamp grasses, and cattails. One area, in the north-
western part of the county, has been tile drained and is
cultivated. The organic material is spread over other
soils. Draining these areas is very difficult. The water
causing the seepiness must be intercepted before it emerges
on the landscape. The perched water table generally is
too deep to be reached for drainage by normal means.
Some areas have been tapped for a water supply for live-
stock, but in most areas it is hard to intercept enough
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water to provide much volume. Some types of wildlife use
these areas. Capability unit VIIw-1; woodland suitability
group 5wi.

Nicollet Series

The Nicollet series consists of dark-colored, somewhat
poorly drained soils that formed in glacial till. These
soils are on uplands. They are nearly level to gently slop-
ing and are on rises in the Webster-Clarion-Nicollet and
the Webster-Nicollet-Canisteo soil associations. Individual
areas are irreguiar in shape and range from about 3 to
100 acres or more in size. These soils occupy a large
acreage in the county. The native vegetation was prairie
grasses. .

In a representative profile, the surface layer is black
heavy loam and light clay loam about 15 inches thick.
The subsoil extends to a depth of about 32 inches. It is
friable clay loam. It is very dark grayish brown in the
upper part, dark grayish brown in the middle part, and
grayish brown and light olive brown in the lower part.
It has yellowish-brown and strong-brown mottles in the
lower part. The underlying material is mottled light-gray,
grayish-brown, and yellowish-brown loam. Pebbles and
a few stones or boulders are in these soils.

The available water capacity is high, and permeability
is moderate. The content of organic matter 1s high. The
surface layer and subsoil are neutral or slightly acid. The
subsoil is very low in available phosphorus and available
potassium.

Most areas of Nicollet soils are cultivated. Limitations
to their use for crops are slight.

Representative profile of Nicollet loam, 1 to 3 percent
slopes, in a cultivated field 200 feet west and 230 feet
south of the northeast corner of sec. 4, T. 89 N., R. 28 W.

Ap—O0 to 6 inches, black (10YR 2/1) heavy loam; cloddy
parting to weak, fine, subangular blocky structure;
friable; few pebbles; slightly acid; abrupt, smooth
boundary.

A12—6 to 11 inches, black (10YR 2/1) light clay loam; weak,
fine, subangular blocky structure; friable; few peb-
bles; slightly acid; gradual, smooth boundary.

A3—11 to 15 inches, black (10YR 2/1) light clay loam; weak
and moderate, fine, subangular blocky structure;
friable; few dark grayish-brown (10YR 3/2) peds;
few pebbles; slightly acid; gradual, smooth bound-
ary.

B1—15 to 20 inches, very dark grayish-brown (10YR 3/2)
light clay loam; moderate, fine, subangular blocky
structure; friable; nearly continuous black (10YR
2/1) coatings on peds and fills in worm channels;
few pebbles and stones; neutral; gradual, smooth
boundary.

B2—20 to 26 inches, dark grayish-brown (2.5Y 4/2) light
clay loam, faces of peds very dark grayish brown
(2.5Y 3/2) ; weak, medium, prismatic structure part-
ing to moderate, fine, subangular blocky structure;
friable; very dark gray (10YR 3/1) coatings and
fillings in worm channels; few pebbles and stones;
neutral; gradual, smooth boundary.

B3—26 to 32 inches, grayish-brown (2.5Y 5/2) to light olive-
brown (2.5Y 5/4) light clay loam; few, distinct,
strong-brown (7.5Y 5/6) and yellowish-brown (10YR
5/6 and 10YR 5/8) mottles; weak, medium, prismatic
structure parting to weak, fine, subangular blocky
structure; friable; few, fine, very dark gray (10YR
3/2) coatings in root channels; few, soft, black
oxides; few pebbles and stones; mildly alkaline;
clear, smooth boundary.

C1g—32 to 42 inches, gray (5Y 5/1) and light-gray (5Y

6/1) loam; few to common, fine, distinct, yellowish-
brown (10YR 5/6 and 10YR 5/8) mottles; massive
with some vertical cleavage; friable; few, soft,
black oxides; few pebbles and stones; moderately
alkaline; slightly effervescent; gradual, smooth
boundary.

C2g—42 to 60 inches, grayish-brown (2.5Y 5/2) and yellow-
ish-brown (10YR 5/6) loam; very few, fine, faint,
olive-brown (2.5Y 4/4) oxides; massive; friable;
common black oxides; many soft accumulations of
lime ; few vertical faces of gray (5Y 5/1) and light
gray (5Y 6/1); moderately alkaline; strongly ef-
fervescent.

The A horizon ranges from 12 to 24 inches in thickness
and from loam to light clay loam in texture. This horizon
has granular or subangular blocky structure. The Al horizon
is black (10YR 2/1) or very dark gray (10YR 3/1) in
color. The A3 horizon is black (10YR 2/1) to very dark
grayish brown (10YR 3/2) in color. The B horizon generally
ranges from 12 to 20 inches in thickness. This horizon is
mainly light clay loam in texture, but it ranges to loam
and medium clay loam. The lower part of the B2 horizon
or the B3 horizon is dark grayish brown (10YR 4/2 or
2.5Y 4/2) to light olive brown (2.5Y 5/4) in color. Grayish-
brown (10YR 5/2 or 2.5Y 5/2) to yellowish-brown (10YR
5/6 or 5/8) or strong-brown (7.5YR 5/6) mottles are in the
lower part of the B horizon. The C horizon is mottled olive
gray (BY 5/2), gray (5Y 5/1), grayish brown (2.5Y 5/2),
and olive brown (2.5Y 4/4) or yellowish brown (10YR
5/4 or 5/8) in color. Reaction of the A and B2 horizons
is slightly acid or neutral. The B3 horizon is neutral or
mildly alkaline, and the C horizon is mildly alkaline or
moderately alkaline and is calcareous.

Nicollet and Le Sueur soils formed in similar parent
material. Nicollet soils lack a grayish A2 horizon, have a
somewhat thicker, darker colored Al horizon, and have
less clay in the B horizon than Le Sueur soils. Nicollet
and Cylinder soils have similar drainage, and Nicollet soils
are not underlain by sand and gravel as are Cylinder soils.

Nicollet loam, 1 to 3 percent slopes (55A),—In most
places, this soil is on slightly convex areas below Clarion
soils on knolls and above nearly level Webster or Canisteo
soils. In some places, however, it is associated mainly with
Webster or Canisteo soils. This soil has the profile
described as representative for the series. In a few places,
below areas of undulating Storden or Clarion soils, slopes
are concave.

Nearly all areas of this soil are cultivated and are used
mainly for row crops. Erosion is a slight hazard on long
slopes. Soil blowing is a hazard if large areas of this
soil are plowed in fall. In years of above-average rainfall,
some areas of this soil that border Webster or Canisteo
soils are slightly wet. Some areas are artificially drained
to improve timeliness of field operations. Tilth generally
is good. Capability unit I-1; woodland suitability group
3wl.

Nicollet loam, benches, 3 to 6 percent slopes (55B).—
This soil is on benches, generally between uplands and
flood plains along the Des Moines River. It generally is
below Storden-Hayden soils and above Hanlon or Spill-
ville soils on bottom lands. The profile of this soil is sim-
ilar to the one described as representative for the series,
but it is leached more deeply in many places. Individual
areas are long and narrow and are generally less than 20
acres in size. Most areas are in the valley of the Des
Moines River, but some are along the larger creeks.

Included with this soil in mapping are a few areas of a
similar soil on a similar landscape that has a less perme-
able, gray and yellowish-brown clay loam underlying
layer at a depth of 30 to 50 inches. These areas are wetter
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and are indicated on the soil map by a symbol for a wet
spot. Also included are areas of soils that have slopes of
1 to 9 percent.

Many areas of this soil are cultivated. Other areas are
in permanent pasture. This soil is subject to erosion. Be-
cause it receives runoff from upslope, it is subject to
rilling and, in places, to gullying. This soil is well suited
to row crops if erosion 1s controlled. Tilth generally is
good. Some larger areas are managed alone in small fields,
and other areas are managed along with adjacent soils.
Capability unit ITe-1; woodland suitability group 3wl.

Okoboji Series

The Okoboji series consists of very poorly drained soils
that formed in alluvial sediment derived from glacial
till. These soils are in small to large depressions on up-
lands. These depressions vary from small potholes, just
large enough to be shown on the soil map by a special
symbol, to former small, shallow lakes. These areas are
mostly in the Webster-Clarion-Nicollet and the Webster-
Nicollet-Canisteo soil associations that occupy much of
the county. Individual areas are less than an acre to
about 50 acres in size. The native vegetation was swamp
grasses and sedges.

In a representative profile, the surface layer is black
silty clay loam about 32 inches thick. The subsoil is
mainly dark-gray and olive-gray silty clay loam about
22 inches thick. It is firm in the upper part and friable
in the lower part. The underlying material is dark-gray
and gray, friable light silty clay loam.

Available water capacity is high, and permeability is
slow. The content of organic matter is high or very high.
The surface layer is neutral or mildly alkaline. The sub-
soil is very low in available phosphorus and available
potassium.

Okoboji soils generally are drained and used for crops.
A few areas are in grass and are used for pasture. These
soils are wet. They have a high water table, and runoff
from surrounding soils ponds on these soils in places.

Representative profile of Okoboji silty clay loam, in a
depression, in a cultivated field 220 feet east and 10 feet
north of the north gate post that is approximately one-
fourth mile south of the northwest corner of sec. 26, T.
88 N.,R.29W.

Ap—0 to 6 inches, black (N 2/0) medium silty clay loam;
cloddy parting to weak, fine, granular and very fine sub-
angular blocky structure; friable; mildly alkaline; abrupt,
smooth boundary.

A12—6 to 16 inches, black (N 2/0) medium silty clay loam;
weak, fine, granular and very fine subangular blocky
structure; friable; mildly alkaline; gradual, smooth
boundary.

A13--16 to 26 inches, black (10YR 2/1) heavy silty clay loam;
few, very fine, olive (5Y 4/3) mottles; weak, fine, granu-
lar and very fine subangular blocky structure; friable;
mildly alkaline; gradual, smooth boundary.

A14—26 to 32 inches, black (10YR 2/1) heavy silty clay loam;
very few, fine, olive (5Y 4/3) and few, medium, olive-
gray (5Y 5/2) mottles; weak, very fine, subangular blocky
structure; firm; mildly alkaline; gradual, smooth bound-
ary.

Blg—32 to 36 inches, very dark gray (10YR 3/1 to N 3/0)
heavy silty clay loam; common, fine, olive-gray (5Y 5/2)
mottles ; very weak, very fine, prismatic structure parting
to weak, very fine, subangular blocky structure; firm;
very few, fine, dark-colored oxides; mildly alkaline; clear,
smooth boundary, .

B2g—36 to 48 inches, dark-gray (5Y 4/1) and olive-gray (5Y
5/2) medium silty clay loam; very weak, fine, prismatic
structure parting to weak, very fine, subangular blocky
structure; firm; common, medium, dark-colored oxides;
few dark krotovinas; mildly alkaline; slightly efferves-
cent; gradual, smooth boundary.

B3g—48 to 56 inches, dark-gray (5Y 4/1) and olive-gray
(5Y 5/2) light silty clay loam; common, coarse, olive-
brown (2.5Y 4/4) mottles; very weak, medium, prismatic
structure parting to very weak, medium, subangular
blocky structure; friable; few, very fine, dark-colored ox-
ides; few krotovinas; mildly alkaline; slightly efferves-
cent; clear, smooth boundary.

Cg—56 to 60 inches, dark-gray (5Y 4/1) and gray (5Y 5/1)
light silty clay loam; few, medium, olive-brown (2.5Y
4/4) mottles; some vertical cleavage; friable; few, very
fine, dark-colored oxides; moderately alkaline; strongly
effervescent.

The A horizon ranges from 24 to 36 inches in thickness.
Grayish-brown to olive-gray mottles are in this horizon in
places. In some places the upper part of this horizon is silt
loam in texture. About 8 inches of mucky silt loam or muck
is on the surface of the Okoboji mucky silt loam. The Bg
horizon ranges from black (IN 2/0 or 10 YR 2/1) to very dark
gray (10YR to 5Y 38/1) in color in the upper part and is dark
gray (5Y 5/1), olive gray (5Y 5/2), or olive (5Y 5/4) in the
lower part. In many places yellowish-brown to light olive-
brown mottles are in this horizon. This horizon is generally
medium to heavy silty clay loam in texture, but ranges to
light silty clay. The solum ranges from 40 to 60 inches in
thickness. The C horizon is dark gray (5Y 4/1) to olive gray
(5Y 5/2) in color, Mottles range from brown (10YR 4/3) to
strong brown (7.5YR 5/8) and to light olive brown (2.5Y 5/4).
This horizon is light silty clay loam or silt loam in texture,
but in places it ranges to loam or clay loam. The A horizon
is neutral to mildly alkaline, and it is calcareous at a depth
of 20 to about 48 inches.

Okoboji soils are on similar positions on the landscape to
Wacousta and Lanyon soils. They have a thicker A horizon
and solum than Wacousta and Lanyon soils. Okoboji soils
are similar to Colo soils in having a thick, dark-colored A
horizon and in forming in alluvial material. They are finer
textured in the 10- to 40-inch zone than Colo soils.

Okoboji mucky silt loam (0 to 1 percent slopes) (90.—
This soil is in depressions that in many places are sur-
rounded by narrow areas of highly calcareous Harps
soils. In other places Canisteo or Webster soils surround
these areas. The profile of this soil is similar to the one
described as representative for the series, except that it
has about 8 inches of muck or mucky silt loam on the
surface. ,

Included with this soil in mapping are a few areas of
soils that are calcareous at the surface and throughout.

This soil is wet. It has a high water table, and after
heavy rains water tends to pond in the depressions. Till-
age commonly is delayed, and plants are damaged in
many places by wetness or standing water.

Nearly all areas of this soil are cultivated and are used
mainly for row crops. The soil is moderately suited to
row crops if drained. Partly drained areas are suited to
pasture. Undrained areas are generally suited only to
wildlife habitat. Tilth generally is fair or good. Nearly
all areas are managed along with the surrounding soils.
Capability unit TITw-2; woodland suitability group 5w3.

Okoboji silty clay loam (0 to 1 percent slopes) (6).—
This soil is in depressions that in many places are sur-
rounded by narrow areas of highly calcareous Harps
soils. In other places Canisteo or Webster soils are asso-
ciated with it. In some places Marna soils are adjacent
to this soil. This soil has the profile described as repre-
sentative for the series.
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Included with this soil in mapping are depressional
areas in the Marna-Guckeen association that are some-
what higher in clay content than this soil. Also included
are areas of soils that have a surface layer of heavy
silt loam and some areas that are calcareous at the sur-
face and throughout the profile.

This soil is wet. It has a high water table, and water
tends to pond in the depressions after heavy rains. Till-
age commonly is delayed, and plants are damaged in
many places by wetness or standing water.

Nearly all areas of this soil are cultivated and are used
mainly for row crops. The soil is moderately suited to
row crops if drained. Partly drained areas are suited to
pasture, and undrained areas are generally suited only
to wildlife habitat. This soil is easily puddled by tilling
it when it is wet. It dries out cloddy and hard, and tilth
is poor. Most areas are managed along with the associated
goils. Capability unit ITIw-2; woodland suitability group

w3.

Rock Land and Steep Sandy Land

Rock land and Steep sandy land, 20 to 40 percent slopes
(478G), is a steep land type that consists of some sandy
soils and some loamy soils. Also in the unit are about 70
acres of strongly sloping to steep soils that are underlain
by limestone bedrock at a depth of less than 20 inches.
This land type is mainly on side slopes adjacent to the
valleys of Lizard Creek and the Des Moines River.

This soil to too steep, too cut up by gullies, or too
shallow to bedrock to cultivate. The available water ca-
pacity is variable, depending upon the texture of the soil
or the depth to bedrock, but it is very low in many areas.
Water runs off fairly rapidly in most places. This land
is subject to erosion if vegetation is sparse.

If this land type is in a field, it generally determines
the management of that particular field. Most areas are
in grass and are used for pasture. This land is suited to
this use. It is also suited to use as woodland or as wild-
life habitat. Capability unit VIIe-1; woodland suitability
group 5sl.

Rockton Series

The Rockton series consists of dark-colored. well-
drained soils that formed in loamy alluvium that is
underlain by fractured limestone at a depth of 20 to 40
inches. These gently sloping soils are on benches, mainly
along the Des Moines River north of Fort Dodge and
near the Humboldt County line. Individual areas are
generally 2 to 30 acres in size. The native vegetation was
prairie grasses and a few scattered trees.

In a representative profile, the surface layer is very
dark grayish-brown loam about 13 inches thick. The sub-
soil is friable loam about 11 inches thick. It is dark brown
in the upper part and yellowish brown in the lower part.
The underlying material is yellowish-brown, fragmented
limestone. Some loam and clay loam is intermingled with
the fragments.

The available water capacity is low or moderate, and
permeability is moderate. The content of organic matter
is low. The surface layer and the upper part of the
subsoil generally are medium acid. The subsoil is very
low in available phosphorus and available potassium.

SOIL SURVEY

Most areas of Rockton soils are cultivated, but a few
are used for pasture. These soils are subject to erosion.

Representative profile of Rockton loam, 2 to 5 percent
slopes, in a cultivated field 150 feet south of the road
fence and 100 feet west of the northeast corner of the
NWL,NW1, sec. 13, T. 90 N, R. 29 W.

Ap—0 to 8 inches, very dark grayish-brown (10YR 3/2) loam;
slightly cloddy to very fine granular structure; friable;
medium aecid; abrupt, smooth boundary.

A3—8 to 18 inches, very dark grayish-brown (10YR 3/2) to
dark-brown (10YR 3/3) loam, dark grayish brown (10YR
4/2) when dry; weak, thick, platy structure parting to
fine granular and very fine subangular blocky structure;
friable; common uncoated sand grains; medium acid;
clear, smooth boundary,

B1—13 to 17 inches, dark-brown (10YR 3/3) loam, very dark
grayish brown (10YR 3/2) and brown (10YR 5/3) when
dry; common, fine, distinct, dark yellowish-brown (10YR
4/4) mottles; weak, fine, subangular blocky structure;
friable; medium acid; clear, smooth boundary.

B2—17 to 21 inches, yellowish-brown (10YR 5/4) loam, brown
(10YR 5/3) when dry; common, fine, distinct, yellowish-
brown (10YR 5/8) mottles; moderate, fine, subangular
blocky structure; friable; few, small, unweathered resid-
ual fragments; slightly acid; clear, smooth boundary.

B3—21 to 24 inches, yellowish-brown (10YR 5/6 and 5/8)
Joam; moderate, fine, subangular blocky structure; fri-
able; common, small, brownish-yellow (10YR 6/6) resid-
ual fragments; slightly acid; abrupt boundary.

TIC—24 to 40 inches, yellowish-brown (10YR 5/6) fragmented
limestone, contains variable material including loam and
clay loam textures and silty clay shale intermingled with
the fragments ; slightly acid.

The A horizon ranges from 10 to 18 inches in thickness and
from black (10YR 2/1) to very dark grayish brown (10YR
3/2) in color. The B horizon is dark brown (10YR 3/3) to
brown (10YR 4/3) in the upper part. The middle and lower
parts of the B horizon are dark yellowish brown (10YR 4/4)
to yellowish brown (10YR 5/6) in color. In places the lower
part of the B horizon has common to many pebbles and stones
just above the IIC horizon. In other places the texture of the
lower part of the B horizon is sandy clay loam just above
the IIC horizon. Limestone is at a depth of 20 to 40 inches.
Reaction of the A and B horizons is medium aeid to neutral.

The Rockton soils in Webster County do not have the clay
increase from the A to the B horizon that is recognized in
the defined range of the Rockton series, and they lack a layer
of clayey limestone residuum above the limestone. These dif-
ferences do not affect the use and management of the soils,

Rockton soils are on similar landscape positions to Jaewin
and Wadena soils, and all of these soils have layers of con-
trasting underlying material. The Rockton soils are better
drained than Jacwin soils and have browner colors in the B
horizon. They are underlain by limestone, but Wadena soils
are underlain by sand and gravel.

Rockton loam, 2 to 5 percent slopes (214B).—This soil
is on benches along the Des Moines River. It is associated
with the Jacwin soils that have shale in the substratum.
The total acreage is small.

Included with this soil in mapping are a few areas of
soil that have slopes of as much as 9 percent. Also in-
cluded are a few areas of soil that have limestone at a
depth of 40 to 48 inches. A few areas of soil have similar
slopes but are underlain by sandstone. These areas are
shown on the soil map by a symbol for rock outcrop.
They are associated with the steeper Boone soils.

Areas of this soil are partly cultivated and partly in
permanent pasture. This soil is subject to erosion. This
soil is well suited to row crops if erosion is controlled,
but lack of adequate available water is a limitation to
crop growth. Tilth ‘generally is good. Capability unit
ITe-2; woodland suitability group 38sl.



WEBSTER COUNTY, IOWA 45

Rolfe Series

The Rolfe series consists of dark-colored, poorly
drained soils that formed in glacial sediment and glacial
till. These soils are in slight depressions on uplands and
generally are at slightly higher elevations than other
poorly drained soils. They are in the Marna-Gukeen, the
Webster-Clarion-Nicollet, and the Webster-Nicollet-Ca-
nisteo associations. Individual areas are as much as 5
acres in size. Many areas are so small that they are located
by a special symbol on the soil map. The native vegetation
was swamp grasses and sedges.

In a representative profile, the surface layer is black
silt loam about 9 inches thick. The subsurface layer is
very dark gray, friable silt loam about 5 inches thick.
The subsoil extends to a depth of about 42 inches. It is
mainly very dark gray, firm heavy silty clay loam in the
upper part; dark-gray, firm heavy silty clay loam in the
middle part; and olive-gray, friable clay loam in the
lower part. The underlying material is olive-gray light
clay loam that has yellowish-brown mottles. A few stones
and pebbles are in the lower part of the subsoil and in
the underlying material in places.

The available water capacity is high, and permeability
is slow. The content of organic matter is high. The sur-
face layer and subsurface layer are generally slightly
acid, the subsoil is neutral or slightly acid. The subsoil
generally is very low in available phosphorus and avail-
able potassium.

Most areas of Rolfe soils are cultivated. These soils
are wet and tend to pond surface water after rains.

Representative profile of Rolfe silt loam, in a small
depression, in a cultivated field 400 feet west and 300 feet
north of the southeast corner of the SW14SE1 sec. 19,
T.87N,R.2TW.

Alp—0 to 9 inches, black {10YR 2/1) heavy silt loam, dark
gray (10YR 4/1) when dry; cloddy parting to weak, fine,
granular structure; friable; slightly acid; abrupt, smooth
boundary.

A2—9 to 14 inches, very dark gray (10YR 3/1) heavy silt
loam, very dark grayish brown (10YR to 2.5Y 3/2) when
kneaded, gray (5Y 5/1) and light gray (10YR 6/1) when
dry; light gray (10YR 6/1) silt coatings; weak, medium,
platy structure parting to weak, fine, subangular blocky
structure; friable; common, fine, soft, light olive-brown
(2.5Y 5/4) oxides; slightly acid; clear, smooth boundary.

Blg—14 to 19 inches, very dark gray (10YR to 2.5Y 3/1) silty
clay loam, faces of peds very dark gray (10YR 3/1) and
black (10YR 2/1) ; moderate, very fine, subangular blocky
structure; friable; slightly acid; clear, smooth boundary.

B21tg—19 to 25 inches, black (10YR 2/1) to very dark gray
(10YR 3/1) heavy silty clay loam, very dark gray (10YR
3/1) when kneaded; weak, fine, prismatic structure part-
ing to strong, very fine, subangular blocky structure; firm;
thick, continuous clay films on peds and prisms; neutral;
clear, smooth boundary.

B22tg—25 to 30 inches, dark-gray (5Y 4/1) and very dark
gray (10YR 3/1) heavy silty clay loam, dark gray (5Y
4/1) when kneaded; weak, medium, prismatic structure
parting to moderate, fine, subangular blocky structure;
firm ; thin, nearly continuous clay films; neutral; gradual,
smooth boundary.

B31tg—30 to 35 inches, olive-gray (5Y 5/2) and dark-gray
(5Y 4/1) clay loam, olive gray (5Y 5/2) when kneaded;
few, fine, yellowish-brown (10YR 5/6) mottles; moderate,
medium, prismatic structure parting to moderate, fine,
subangular blocky structure; firm, thin, discontinuous
clay films on peds and thick clay films on prisms; dark
crawfish hole fills ; few pebbles; neutral; gradual, smooth
boundary.

B32t—35 to 42 inches, olive-gray (5Y 5/2) light clay loam;
common, very fine, light olive-brown (2.5Y 5/4) and
yellowish-brown (10YR 5/6) mottles; weak, medium,
prismatic structure parting to weak, medium, subangular
blocky structure; friable, thin, discontinuous clay films
on some prisms ; few pebbles; few, fine and medium, hard,
carbonate concretions; mildly alkaline; gradual boundary,

C—A42 to 60 inches, olive-gray (5Y 5/2) light clay loam; com-
mon, fine, yellowish-brown (10YR 5/6) and light olive-
brown (2.5Y 5/4) mottles; massive, some vertical cleav-
age; friable, fine, soft, light-gray accumulations of lime;
few pebbles; moderately alkaline; slightly effervescent to
a depth of 53 inches and strongly effervescent below.

The Al horizon ranges from 6 to 12 inches in thickness,
from black (10YR 2/1) to very dark gray (10YR 3/1) in
color, and is silt loam or loam in texture. The A2 horizon is
very dark gray (10YR 3/1) to dark grayish brown (10YR
4/2) in color when moist and is gray (10YR 5/1) or light
gray (10YR 6/1) in color when dry. This horizon ranges from
2 to 6 inches in thickness and is friable silt loam or loam in
texture. The B2 horizon ranges from dark gray (5Y 4/1) to
olive gray (5Y 5/2) in color, but the upper part of the horizon
has very dark gray (N 3/0 or 10YR 3/1) colors as part of
the matrix or on faces of peds. The upper part of the B hori-
zon ranges from heavy silty clay loam to light clay in texture,
and the B3 horizon ranges from clay loam to loam in texture.
The C horizon ranges from olive gray (5Y 5/2) to light gray
(10YR 6/1 to 5Y 6/1) or light olive gray (5Y 6/2) in color
and is light clay loam or heavy loam in texture. Yellowish-
brown (10YR 5/6) to olive-brown (2.5Y 4/4) mottles are in
this horizon. Reaction of the A horizon and the upper part of
the B horizon is slightly acid to neutral. The lower part of the
B3 horizon is neutral to mildly alkaline. The C horizon ranges
from neutral and noncalcareous to moderately alkaline and
calcareous,

The Rolfe soils in Webster County in most places have a
darker and less prominent A2 horizon than is recognized in
the defined range of the Rolfe series, and they tend to be
less acid. These differences do not affect the use and manage-
ment of the soils.

Rolfe and Okoboji soils occupy similar positions on the
landsecape. Rolfe soils have an A2 horizon that is lacking in
Okoboji soils, and black or very dark gray colors do not ex-
tend so deep as in Okoboji soils. Rolfe and Dundas soils
formed in similar parent material, but Rolfe soils have a
less prominent A2 horizon, are less acid, and are typically
darker colored in the upper part of the subsoil than Dundas
soils.

Rolfe silt loam (0 to 1 percent slopes) (274).—This soil
ig in small depressions that generally are surrounded by
Webster or Nicollet soils. ,

Included with this soil in mapping are about 60 acres
of soils similar to Rolfe soils but that are on high benches
near the lower end of North Lizard Creek. These areas
have a thicker and grayer subsurface layer than this Rolfe
soil. Their subsoil has more sand, and they are underlain,
at a depth of 24 to 30 inches, by sand and gravel. These
included soils are associated with Cylinder and Biscay
soils.

This soil is wet, and water ponds on the surface. The
major concern of management is to remove excess mois-
ture from the surface layer and subsoil before crops are
stunted or drowned out. The areas are so small that this
soil is managed along with the surrounding soils. Wetness
of this soil commonly affects the timeliness of field opera-
tions on the surrounding soils.

Nearly all areas of this soil are cultivated. They are
used mainly for row crops and are moderately suited to
this use if adequately drained. Capability unit I1Iw-1;
woodland suitability group 5w3.
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Sandy Alluvial Land

Sandy alluvial land (0 to 2 percent slopes) (715) con-
sists of sandy material deposited by stream overflow. It
is mainly loamy sand or sand in texture, but some areas
are sandy loam. Most areas are along the major streams
(fig. 13), and these areas are ponded by flood waters.

Included with this land type in mapping are areas of
old cutoff channels.

Most areas of this soil are in native vegetation. Some
are in pasture. The vegetation of trees and weeds controls
the flood waters and helps to prevent excessive stripping
away of soil material or excessive deposition of new
material. Removing trees and using this soil for crops
generally allows the flood waters to increase their speed
and strip away much of the soil material. These areas
are better suited to deep-rooted, close-growing plants that
can tolerate flooding or to suitable trees than to other
uses. Well-managed pasture, wildlife habitat, or recrea-
tion areas are suitable uses for this land. Capability unit
Vw-1; woodland suitability group 5w2.

Spillville Series

The Spillville series consists of dark-colored, moder-
ately well drained to somewhat poorly drained soils that
formed in loamy alluvium. These soils are on bottom
lands, low benches, and foot slopes. They are nearly level
or gently sloping, and the gently sloping soils generally
are on concave foot slopes. These soils are in the valleys
of all large rivers and streams in the county. Individual
areas are mostly 5 to 50 acres in size. The native vegeta-
tion was trees and grasses.

In a representative profile, the surface layer is loam
about 40 inches thick. It is black in the upper part and
very dark brown in the lower part. The underlying ma-
terial is very dark gray and very dark grayish-brown,
friable sandy loam.

The available water capacity is high, and permeability
is moderate. The content of organic matter is high. Re-
action is neutral throughout. The subsoil is low in avail-
able phosphorus and very low in available potassium.

Most areas of Spillville soils are used for crops, but a
few areas are in trees and grasses and generally used for
pasture. Nearly level Spillville soils generally are subject
to some degree of flooding. The areas on foot slopes are
subject to erosion, rilling, and gullying caused by runoff
water from upslope.

Representative profile of Spillville loam, 0 to 2 percent
slopes, in a cultivated field west of the farm lane about
300 feet north and 700 feet east of the southwest corner
of the SE1/ sec. 30, T. 90 N,, R. 30 W.

Ap—0 to 9 inches, black (10YR 2/1) loam; cloddy parting to
very weak, fine, subangular blocky structure; friable;
neutral; gradual, smooth boundary.

A12—9 to 26 inches, black (10YR 2/1) loam; very weak,
medium, subangular blocky structure; neutral; gradual,
smooth boundary.

A13—26 to 85 inches, black (10YR 2/1) loam, very dark
brown (10YR 2/2) to very dark gray (10YR 3/1) when
kneaded ; very weak, medium, subangular blocky strue-
ture; friable; neutral; gradual, smooth boundary.

A14—35 to 40 inches, very dark brown (10YR 2/2) to very
dark gray (10YR 8/1) loam, very dark brown (10YR
2/2) when kneaded; very weak, medium, subangular
blocky structure ; friable ; neutral ; gradual, smooth bound-
ary.

AC—40 to 60 inches, very dark gray (10YR 3/1) and very
dark grayish-brown (10YR 3/2) sandy loam; very weak,
medium, subangular blocky structure; friable; neutral,

The A horizon ranges from 36 to 48 inches in thickness. It
is black (10YR 2/1) and very dark brown (10YR 2/2) in
color and in places is very dark gray (10YR 3/1) or very
dark grayish brown (10YR 3/2) in the lower part. This hori-
zon has granular or subangular blocky structure that is weak
or very weak. The AC horizon, or the C horizon if present,
generally is loam or sandy loam in texture but in places is
light clay loam. In places sand or gravel is below a depth of
50 inches. This horizon is very dark gray (10YR 3/1) to dark
grayish brown (10YR 4/2 or 2.5Y 4/2) in color. In places a
few dark-brown, brown, and yellowish-brown mottles are
below a depth of 40 inches. Reaction is neutral to slightly
acid to a depth of 40 inches or more. These soils generally are
not ealeareous within a depth of 48 inches.

Spillville soils formed in parent material similar to that
in which Turlin and Terril soils formed, and all of these soils
are in similar positions on the landscape. Spillville soils are
slightly better drained than Turlin soils and lack the dark
grayish-brown color in the subsoil that is in Turlin soils. They
are darker colored to a greater depth and are not so well
drained as Terril soils.

Spillville loam, 0 to 2 percent slopes (485A).—This soil
has the profile described as representative for the series.
Tt is nearly level and is on bottom lands and low benches.
Tt is generally associated with the Colo or Hanlon soils
on bottom lands and with Turlin soils on low benches.

This soil generally is subject to some degree of flood-
ing, but in many places the flooding occurs early in spring
or 18 of short duration so that crops are not seriously
damaged. The risk involved in using this soil for crops
generally is not great enough to discourage cultivation.

Most of the areas of this soil are cultivated and used
for row crops. This soil is well suited to this use. A few
of the smaller areas are in permanent pasture or trees and
are managed along with less productive solls as pasture.
Tilth generally is very good. Capability unit ITw-3;
woodland suitability group 5w2.

Spillville loam, 2 to 5 percent slopes (4858).—This soil
is gently sloping and is mainly on foot slopes, but 1t is
also rises on bottom lands and low benches. Clarion or
Storden soils generally are upslope, but in places Terril
soils are upslope. Colo or other Spillville soils generally
are downslope.

This soil is subject to erosion and to rilling and gully-
ing where runoff water from upslope concentrates. Some
areas are subject to flooding of short duration, but damage
generally is slight and is not great enough to discourage
cultivation.

Most areas of this soil are cultivated. This soil is well
suited to row crops if erosion is controlled. A few smaller
areas are in permanent pasture or trees and are managed
along with less productive soils as pasture. Tilth gen-
erally is very good. Capability unit ITe-3; woodland suit-
ability group 2ol.

Storden Series

The Storden series consists of moderately dark colored,
well-drained soils that formed in glacial till. These soils
are on uplands. They commonly are the steepest soils on
a knoll or hill or on the sides of a valley. The soils are
moderately sloping to very steep. The very steep soils are
in a complex with Hayden soils and occupy sides of
valleys along the Des Moines River and tributary streams.
Individual arcas are mainly 5 to 20 acres in size. The
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Figure 13.—Area of Sandy alluvial land along the Des Moines River.

native vegetation was mainly prairie grasses, but a few
trees and some brush were near streams,

In a representative profile, the surface layer is very
dark grayish-brown loam about 7 inches thick. The un-
derlying material is friable, yellowish-brown to light
olive-brown loam.

The available water capacity is high, and permeability
is moderate. Runoff is rapid, however, and these soils
are commonly below their full moisture capacity. The
content of organic matter is very low or low. The surface
layer is calcareous and mildly alkaline or moderately
alkaline in reaction. It is very low in both available
phosphorus and available potassium.

Many areas of the moderately sloping to moderately
steep Storden soils are cultivated or have been cultivated
in the past. Most areas of the steep or very steep Storden
soils are in permanent pasture. The soils are subject to
erosion and gullying. Water runs off rapidly, especially on
the steeper soils.

Representative profile of Storden loam, 18 to 25 per-
cent slopes, moderately eroded, in a cultivated field 150
feet east and 200 feet north of the southwest corner of the
SE1/4 sec. 1, T. 90 N., R. 29 W.

Ap—0 to 7 inches, very dark grayish-brown (10YR 3/2) loam,
some dark grayish brown (10YR 4/2) and grayish brown
488-962—73——17

(10YR 5/2); weak, fine, subangular blocky structure;
friable; common small pebbles; moderately alkaline;
strongly effervescent; abrupt, smooth boundary,

C1—7 to 21 inches, yellowish-brown (10YR 5/4) loam ; weak,
medium, subangular blocky structure; friable; common
small pebbles; moderately alkaline; strongly effervescent;
gradual, smooth boundary. '

C2—21 to 34 inches, yellowish-brown (10YR 5/4) to light
olive-brown (2.5Y 5/4) loam; very weak, fine and medium,
subangular blocky structure with elongated peds; friable;
common small pebbles; common, soft, small, light-gray
accumulations of lime; few red and dark-colored oxides;
moderately alkaline; strongly effervescent; gradual,
smooth boundary.

C3—34 to 58 inches, yellowish-brown (10YR 5/4) to light
olive-brown (2.5Y 5/4) loam; very weak, fine and
medium, subangular blocky structure; friable; common
small pebbles; few, soft, small, light-gray accumulations
of lime; few red and dark-colored oxides; moderately
alkaline; strongly effervescent.

The A horizon generally ranges from very dark brown
(10YR 2/2) to very dark grayish brown (10YR 3/2) in color,
but in places it is dark brown (10YR 3/3). This horizon is
about 7 inches thick in most places, but in some areas it is
as much as about 10 inches thick. In places there is an AC
horizon that is brown (10YR 4/3), dark grayish brown (10YR
4/2), or dark yellowish brown (10YR 4/4). This horizon is
as much as 6 inches thick. The C horizon ranges from dark
yellowish brown (10YR 4/4) to light olive brown (2.5Y 5/4)
in color and is loam in texture. Below a depth of about 24
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to 36 inches, mottles that range from grayish brown to gray,
olive gray, or strong brown are in many places. Storden soils
are mildly alkaline or moderately alkaline, and they are gen-
erally caleareous in all layers. In places they are leached and
are neutral in the upper few inches of the A horizon.

Storden soils are associated on the landscape with Clarion
soils and formed in similar parent material. Storden soils are
calcareous at or near the surface, but Clarion soils are leached
to a depth of 2 feet or more.

Storden loam, 5 to 9 percent slopes, moderately
eroded (62C2)..—This soil is mainly on knolls and on the
upper parts of steeper side slopes. Slopes are generally
short and irregular. Clarion, Nicollett, Webster, or other
Storden soils are the main associated soils (fig. 14).

Included with this soil in mapping are a few areas that
are leached to a depth of about 18 inches. Also included
are a few calcareous, gravelly areas that have similar
slopes. These areas are indicated on the soil map by a
symbol for gravel.

Most areas of this soil are cultivated. Some areas are
in pasture. Controlling erosion, improving fertility, and
getting as much moisture as possible into the soil are the
main concerns of management. The soil is moderately
suited to row crops if erosion is controlled. Tilth is gen-
erally fair. In many places the irregular slopes make
control of erosion difficult. Capability unit ITIe-1; wood-
land suitability group 5t1.

Storden loam, 9 to 14 percent slopes, moderately
eroded (62D2).—This soil is mainly on short, convex side
slopes. Individual areas generally are less than 10 acres
in size, but some areas are larger. This soil generally is
adjacent to Clarion soils. Steeper Storden soils and Spill-
ville soils are downslope.

Included with this soil in mapping are a few severely
eroded areas in which the surface layer is dark brown to
yellowish brown. These areas are indicated on the soil
map by a symbol for severe erosion. Also included are a
few pastured areas of soils that have a thicker, darker
surface layer. A few calcareous, gravelly areas that have
similar slopes are also included and are indicated on the
soil map by a symbol for gravel.

In most areas this soil is cultivated. It is moderately
suited to row crops if erosion is controlled and fertility
is improved. Some areas are used for permanent pasture.
Most of the rainfall from intense rains runs off unless a
plant cover is present. Crops grow poorly in many places
because moisture is not adequate in dry periods. Tilth is
generally fair. Capability unit ITIe-2; woodland suit-
ability group 5t1.

Storden loam, 14 to 18 percent slopes, moderately
eroded (62E2).—This soil is mainly on short convex side
slopes. Individual areas are generally 5 to 20 acres in
size. This soil generally is downslope from Clarion soils
and upslope from Spillville or Colo soils.

Included with this soil in mapping are severely eroded
areas where the yellowish-brown underlying material is
exposed on the surface. These areas are indicated on the
soil map by a symbol for severe erosion. A few calcareous.
gravelly spots are also included, and these are indicated
on the soil map by a symbol for gravel. Also included
are a few areas where the surface layer is somewhat
thicker and darker.

Most areas of this soil have been or are cultivated, but
some areas have always been in pasture. This soil is sub-
Ject to erosion and gullying, and rainfall tends to run off

rapidly unless there is adequate plant cover. This soil
is moderately suited to row crops 1if erosion is controlled,
but most farmers grow a row crop only when grasses and
legumes used for hay and pasture need reseeding. Be-
cause of rapid runoff, this soil lacks adequate available
water for good plant growth in periods of low rainfall.
Capability unit IVe-1; woodland suitability group 5t1.

Storden loam, 18 to 25 percent slopes, moderately
eroded (62F2).—This soil is on short, convex side slopes.
It has the profile described as representative for the
series. Individual areas generally are 5 to 20 acres in
size. This soil is generally downslope from Clarion soils
or less sloping Storden soils and upslope from Spillville
or Colo soils.

Included with this soil in mapping are a few areas
where the yellowish-brown underlying material is ex-
posed on the surface. These areas are indicated on the soil
map by a symbol for severe erosion. Also included are a
few calcareous, gravelly areas, and these are indicated on
the soil map by a symbol for gravel.

A few acres of this soil have been cultivated, but most
areas are now in permanent pasture that has a few scat-
tered trees. This soil is poorly suited to row crops. It
is better suited to pasture. It is subject to severe erosion.
Because much of the rainfall runs off rapidly, this soil
lacks adequate available water for good plant growth in
periods of low rainfall. Low fertility also limits plant
growth. In some areas_tillage equipment can be used to
renovate pastures and seed more productive pasture
plants. In others, uneven slopes and gullies prevent the
safe use of equipment. Capability unit VIe-1; woodland
suitability group 5t1.

Storden loam, 25 to 45 percent slopes, moderately
eroded (62G2).—This steep soil is on short, convex side
slopes along stream valleys (fig. 15). It is generally down-
slope from less sloping Storden soils and upslope from
Terril or Spillville soils.

Included with this soil in mapping are a few acres of
a gravelly, calcareous soil. These areas are indicated on
the soil map by a symbol for gravel.

Areas of this soil are in permanent pasture that has
scattered trees. This soil is suited to limited pasture or
to wildlife habitat. It is too steep and too erodible to be
used for cultivated crops or unlimited grazing. Runoff
is rapid, and this soil lacks adequate available water for
good plant growth in periods of low rainfall. Low fer-
tility also limits plant growth. This soil is too steep for
tillage equipment to be used safely. Capability unit
VIle-1; woodland suitability group 5t1.

Storden-Hayden loams, 25 to 70 percent slopes
(356G).—This complex consists of very steep soils in the
Storden-Hayden-Wadena soil association, mainly in the
southeastern part of the county. These soils are on side
slopes in the valley of the Des Moines River and in deep,
V-shaped, actively eroding, short, side valleys. Slopes are
irregular. Storden loam makes up 65 to 70 percent of the
complex, and Hayden loam makes up the remaining 30 to
35 percent. Storden loam is on most of the side slopes
in the valleys of the tributaries. Individual areas are
large and are long and narrow. In places they extend
for several miles along the river. '

Most areas of these soils are in trees, but these areas
are idle or used for pasture rather than for timber pro-
duction. A few areas have been cleared of trees and are
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Figure 14—Field of Storden and Clarion soils. The Storden soils are in the small light-colored areas on the crests of the knolls.

used as permanent pasture. These soils are suited to lim-
ited pasture or to timber production. They are also suited
to recreational uses or to wildlife habitat. Capability unit
VIIe-1; woodland suitability group 5t1.

Talcot Series

The Talcot series consists of dark-colored, poorly
drained, calcareous soils that formed in loamy alluvium
that is underlain by sand and gravel at a depth of 24
to 40 inches. These soils are on benches and in some low
areas on uplands. They are mostly in the Webster-Clar-
ion-Nicollet and Storden-Hayden-Wadena soil associa-
tions. Individual areas range from as small as 2 acres to
as large as 100 acres, but most are between 5 and 30 acres
in size. The native vegetation was prairie grasses tolerant
of wetness.

In a representative profile, the surface layer is black
light clay loam about 15 inches thick. The subsoil is
friable clay loam about 22 inches thick. It is very dark
gray in the upper part, dark gray in the middle part, and
gray and olive gray in the lower part. It has few to
common light olive-brown and gray mottles. The under-
lying material is olive-gray, loose sand and gravel.

The available water capacity is low or moderate.
Permeability is moderate in the upper part and rapid or
very rapid in the underlying sand and gravel. The con-
tent of organic matter is high. Reaction generally is
moderate, and this soil is calcareous throughout. The sub-

soil is very low in available phosphorus and available
potassium.

Most areas of Talcot soils are cultivated. These soils are
poorly drained and commonly are wet because of a high

water table and slow runoff.

Representative profile of Talcot clay loam, deep, in a
cultivated field 288 feet east and 135 feet south of the
northwest corner of the SW1,NW1; sec. 32, T. 90 N.,
R. 29 W. /

Ap—O to 8 inches, black (N 2/0) light clay loam; cloddy
parting to weak, fine, granular structure; friable; moder-
ately alkaline; slightly effervescent; abrupt, smooth
boundary.

A1—S8 to 15 inches, black (N 2/0) light clay loam ; moderate,
fine, granular structure; friable; moderately alkaline;
slightly effervescent; gradual, smooth boundary.

B1—15 to 23 inches, very dark gray (N 3/0) light clay loam,
black (N 2/0) peds in upper part, few dark-gray (5Y 4/1)
peds in lower part; weak, very fine, subangular blocky
structure; friable; moderately alkaline; strongly effer-
vescent ; gradual, wavy boundary.

B2g—23 to 28 inches, dark-gray (5Y 4/1) light clay loam;
few, fine, light olive-brown (2.5Y 5/4) and common, fine,
gray (5Y 5/1) mottles; weak, medium, prismatic struc-
ture parting to weak, very fine, subangular blocky struc-
ture; friable; few very dark gray (5Y 3/1) peds; mod-
erately alkaline; strongly effervescent; clear, smooth
boundary.

B3g—28 to 37 inches, gray (5Y 5/1) to olive-gray (5Y 5/2)
sandy clay loam; common, medium, light olive-brown
(2.5Y 5/4) mottles; weak, medium, prismatic structure;
friable; black krotovina at a depth of 34 to 36 inches;
moderately alkaline; strongly effervescent; abrupt,
smooth boundary,
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Figure 15—Areas of Storden loam, 25 to 45 percent slopes, moderately eroded, on side slopes along the edges of the valley of the Des
Moines River north of Fort Dodge.

IICg—37 to 52 inches, olive-gray (5Y 5/2) coarse sand and
fine gravel ; distinct strong-brown (7.5YR 5/6 to 5/8) iron
band at a depth of 45 to 48 inches; single grain; loose;
moderately alkaline; slightly effervescent.

The A horizon ranges from 12 to 24 inches in thickness.
This horizon has granular or subangular blocky structure.
The B horizon is very dark gray (10YR 3/1 or N 3/0) to
gray (5Y 4/1) in the upper part and is gray (5Y 4/1) to olive
gray (5Y 4/2 or 5/2) in the lower part. The B3 horizon
ranges from clay loam to loam, sandy clay loam, or sandy
clay in texture. Dark yellowish-brown to light olive-brown
and strong-brown mottles are in the B3 horizon in many
places. The IIC horizon is generally at a depth of 24 to 40
inches. It ranges from olive gray (5Y 4/2 or 5/2) to gray
(5Y 5/1) or grayish brown (2.5Y 5/2) in color. In many
places this horizon has bands of dark yellowish brown (10YR
4/4) to strong brown (7.5YR 5/6). This horizon is sand and
gravel. In some areas the IIC horizon consists mainly of
sand-sized material, It is mildly alkaline or moderately alka-
line and calcareous throughout.

Talcot soils are similar in drainage to Biscay and Canisteo
soils. Talcot soils differ from Biscay soil$ in being caleareous
throughout. They differ from Canisteo soils in being under-
lain by sand and gravel.

Talcot clay loam, deep (0 to 2 percent slopes) (559).—
This soil is on benches and in some low areas on uplands.
This soil has the profile described as representative for
the series. Most areas are nearly level to slightly concave.
This soil generally is associated with Wadena, Cylinder,
Biscay, or moderately deep Talcot soils.

Included with this soil in mapping are a few areas
that are similar but that are 40 to 50 inches deep to sand

and gravel. Also included are a few areas, mostly near
Lizard Creek, that are underlain by sand and gravel but
that have glacial till within a depth of 48 inches. Also
included are a few areas of similar soils in or near section
1 of Douglas Township that are highly calcareous.

This soil is wet because of a high water table and slow
runoff. Most areas are cultivated. This soil is used mainly
for row crops. It is well suited to this use if adequately
drained. Tilth generally is fair to good. Capability unit
IIw-1; woodland suitability group 5w3.

Talcot clay loam, moderately deep (0 to 2 percent
slopes) (558).—This soil is on benches and in some low
areas on uplands. Most areas are nearly level to slightly
concave. This soil is mainly associated with Wadena,
Cylinder, Biscay, or deep Talcot soils. The profile is
similar to that described as representative for the series,
but this soil is underlain by sand and gravel at a depth
of about 24 to 32 inches.

Included with this soil in mapping are similar soils
that are highly calcareous. These highly calcareous areas
are mostly in or near section 1 of Douglas Township.

This so1l generally is wet because of a high water table
or slow runoff. In very dry years plant growth is limited
more severely by inadequate available water on this soil
than on deep Talcot soils. Most areas are cultivated and
used for row crops. This soil is well suited to this use if
drainage is adequate. Tilth generally is fair to good.
Capability unit ITw-1; woodland suitability group 5w3.
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Terril Series

The Terril series consists of dark-colored, moderately

well drained soils that formed in loamy local alluvium.
These soils are moderately to strongly sloping and are
on concave foot slopes. They are mainly in the Storden-
Hayden-Wadena soil association in the valley of the Des
Moines River. Individual areas are generally 2 to 10
acres in size and are long and narrow in shape. The
native vegetation was prairie grasses.
_ In a representative profile, the surface layer, about 31
inches thick, is loam. It is black in the upper part and
very dark grayish brown in the lower part. The subsoil
extends to a depth of about 56 inches. It is brown, friable
loam, except in the lower few inches where it is light
izla,y loam. The underlying material is brown light clay
oam.

The available water capacity generally is high, but it is
moderate in the Terril soil that has a sandy substratum.
Permeability generally is moderate, but it is rapid in
the substratum of the Terril soil that has a sandy sub-
stratum. The content of organic matter is high. The sur-
face layer is neutral or slightly acid. The subsoil is very
low or low in available phosphorus and very low in avail-
able potassium.

Some areas of Terril soils are cultivated, but in many
places they are managed along with the steeper soils on
uplands and are in pasture. These soils are subject to
erosion and to rilling and gullying caused by runoff
waters from upslope that are concentrated as they run
across these soils.

Representative profile of Terril loam, 9 to 14 percent
slopes, in a bluegrass pasture 200 feet west and 400 feet
north of the southeast corner of sec. 28, T. 88 N., R. 27 W.

A1—0 to 15 inches, black (10YR 2/1) loam, black (10YR 2/1)
when kneaded; weak, fine, granular structure; friable;
neutral ; gradual, smooth boundary.

A12—15 to 21 inches, black (10YR 2/1) loam, black (10YR
2/1) when kneaded; weak, fine, granular structure; fri-
able; slightly acid; gradual, smooth boundary.

A3—21 to 31 inches, very dark grayish-brown (10YR 3/2)
loam, very dark grayish brown (10YR 8/2) when knead-
ed; weak, fine, granular and very fine subangular blocky
structure; friable; few brown (10YR 4/3) peds; few
small pebbles; slightly acid; clear, smooth boundary.

B1—31 to 36 inches, brown (10YR 4/3) loam, faces of peds
dark grayish brown (10YR 4/2), brown (10YR 4/3) to
dark grayish brown (10YR 4/2) when kneaded; weak,
fine, subangular blocky structure; friable; few small
pebbles ; slightly acid; gradual, smooth boundary.

B2-—36 to 42 inches, brown (10YR 4/3) loam, brown (10YR
4/3) when kneaded; weak, fine, subangular blocky struc-
ture; friable; thin coats on peds; slighily acid; gradual,
smooth boundary.

B31—42 to 48 inches, brown (10YR 4/3) loam ; weak, medium,
subangular blocky structure; friable; thin, discontinuous
coatings on peds; few small pebbles; slightly acid; grad-
ual, smooth boundary.

B32—48 to 56 inches, brown (10YR 4/3) light clay loam;
weak, medium, prismatic structure; friable; thin, dis-
continuous coatings on peds; few small pebbles; neutral ;
gradual, smooth boundary,

C—56 to 72 inches, brown (10YR 4/3) light clay loam; mas-
sive but some weak vertical cleavage; friable; few small
pebbles ; neutral.

The A horizon ranges from 24 to 36 inches in thickness.
This horizon is black (10YR 2/1) or very dark brown (10YR
2/2) in the upper part and very dark brown (10YR 2/2)
or very dark grayish brown (10YR 3/2) in the lower part.
In places a dark grayish-brown (10YR 4/2) transitional layer

is between the A and B horizons. These soils are within the
defined range for the Terril series if the chroma increases
with depth and if mottles are lacking.

The B horizon generally is at a depth of about 36 inches
and extends to a depth of more than 48 inches. Peds that
have very dark grayish brown (10YR 3/2) or dark brown
(10YR 3/3) colors on the faces are common to a depth of
40 inches. Ped interiors have colors of dark brown (10YR
3/3) or brown (10YR 4/3) within a depth of 40 inches. The
B horizon ranges from loam to light clay loam in texture. It
generally has subangular blocky structure but in places is
prismatie.

The C horizon is brown (10YR 4/3) to dark yellowish brown
(10YR 4/4) in color. It is loam to light clay loam in texture,
except in Terril loam, sandy substratum, where it is loamy
sand or sand below a depth of about 40 inches, Faint mot-
tles are in the lower part of the B horizon and C horizon
in places. Reaction if the A and B horizons is neutral or
slightly acid.

Terril, Spillville, and Terril, thin surface variant, soils
have similar drainage and texture and formed in similar
parent material. Terril soils differ from Spillville soils in
having a higher chroma in colors above a depth of 40 inches.
They differ from Terril, thin surface variant, soils in having
a much thicker surface layer.

Terril loam, 5 to 9 percent slopes (27C).—This soil is
in long, narrow areas on foot slopes. Storden or Storden-
Hayden soils are generally upslope. In a few places more
sloping Terril soils are upslope. Spillville or Colo soils
on bottom lands are generally downslope. This soil has
a profile similar to the one described as representative
for the series, but the dark-colored surface layer is a few
inches thicker and depth to brown colors generally is a
few inches greater. ] ]

Included with this soil in mapping are soils that have
similar slopes but that are somewhat poorly drained.
These inclusions have a dark grayish-brown subsoil and
are moderately eroded in places. Some of these inclusions
are on escarpments adjacent to other less sloping soils
rather than on foot slopes. )

Some areas of this soil are cultivated. Other areas are
in permanent pasture. A few trees and some brush are
in some areas. The areas in pasture generally are managed
along with the steeper soils upslope. This soil is subject
to erosion. In places runoff water from upslope concen-
trates and causes rilling and gullying. This soil is mod-
erately suited to row crops if erosion is controlled. Tilth
generally is good. Capability unit IITe-1; woodland suit-
ability group 2o01. o

Terril loam, 9 to 14 percent slopes (27D).—This soil
has the profile described as representative for the series.
It is in long, narrow areas on foot slopes. Storden or
Storden-Hayden soils generally are downslope, but in
places less sloping Terril soils are downslope.

Included with this soil in mapping are areas of soils
that have similar slopes but that are somewhat poorly
drained. These included soils have a dark grayish-brown
subsoil and are moderately eroded in a few places. They
are generally on escarpments of benches rather than on
foot slopes.

A few areas of this soil are cultivated. Most areas are
in permanent pasture and are managed with the steeper
soils upslope. This soil is subject to erosion. In places
runoff water from upslope concentrates and causes rilling
and gullying. This soil 1s moderately suited to row crops
if erosion is controlled. Tilth generally is good. Capa-
bility unit ITTe-2; woodland suitability group 2ol.
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Terril loam, sandy substratum, 2 to 5 percent slopes
{323B).—This soil is on foot slopes of benches. It is down-
slope from Clarion and Storden soils. It is also associated
with the Wadena and Estherville soils that are down-
slope on the benches. This soil has a profile similar to the
one described as representative for the series, except that
it is underlain by loamy sand at a depth of about 40
inches.

Some areas of this soil are cultivated. Some areas are in
pasture, and these areas have a few scattered trees. The
soil is subject to erosion, and in places runoff water from
upslope causes gullying. This soil is well suited to row
crops if erosion is controlled. Tilth generally is good.
Capability unit ITe-1; woodland suitability group 2sl.

Terril Series, Thin Surface Variant

Soils of the Terril series, thin surface variant, are dark
colored and well drained. They formed in loamy alluvium
on foot slopes. These soils are moderately sloping to mod-
erately steep and are on benches in the valleys of the
major streams of the county. Individual areas are 2 to 30
acres in size. The native vegetation was prairie grasses.

In a representative profile, the surface layer is very
dark grayish-brown loam about 15 inches thick. The sub-
soil is brown, friable loam that extends to a depth of
about 58 inches. The underlying material is brown loam.

The available water capacity is high, and permeability
is moderate. The surface layer is medium acid, and the
subsoil is slightly acid. The subsoil is very low or low
in available phosphorus and very low/in available potas-
sium.

The Terril, thin surface variant, soils generally are
cultivated, but some areas, especially the steeper areas,
are in pasture. These soils are subject to erosion.

Representative profile of Terril loam, thin surface vari-
ant, 5 to 9 percent slopes, in a cultivated field 150 feet
east and 200 feet south of the northwest corner of the
SW1,SW1; sec. 22, T. 86 N., R. 27 W.

Ap—O0 to 7 inches, very dark brown (10YR 2/2) loam, dark
gray (10YR 4/1) when dry; cloddy parting to weak,
fine, subangular blocky to weak, fine, granular structure;
friable; few, clear, uncoated sand grains; medium acid;
clear, smooth boundary.

A3—T7 to 15 inches, very dark grayish-brown (10YR 3/2)
heavy loam. grayish brown (10YR 5/2) when dry; mod-
erate, medium, subangular blocky structure; friable:
common, clear, uncoated sand grains on faces of peds;
medium acid ; gradual, smooth boundary.

B1t—15 to 22 inches, brown (10YR 4/3) heavy loam, faces
of peds dark brown (10YR 3/3); moderate, medium,
subangular blocky structure; friable; very few, clear,
uncoated sand and silt grains on faces of peds; thin,
continuous clay films on faces of peds; slightly acid;
gradual, smooth boundary.

B21t—22 to 30 inches, brown (10YR 4/3) heavy loam; mod-
erate and strong, fine, subangular blocky structure; fri-
able; thin, continuous clay films on faces of peds; slightly
acid ; gradual, smooth boundary.

B22t—30 to 40 inches, brown (10YR 4/3) heavy loam, faces
of peds dark brown (10YR 3/3); weak and moderate,
coarse, prismatic structure parting to weak and moderate,
coarse, subangular blocky structure; friable; faint, dis-
continuous clay films on faces of peds; neutral; gradual,
smooth boundary.

B31t—40 to 50 inches, brown (10YR 4/3) heavy loam ; weak,
coarse, prismatic structure parting to weak, medium, sub-
angular blocky structure; friable; very dark gray (10YR
3/1) clay flows in root channels and cleavage faces; few
clay films on faces of peds; gradual, smooth boundary,

B32—50 to 58 inches, brown (10YR 4/3) heavy loam ; massive;
friable; neutral.

The A horizon ranges from 10 to 24 inches in thickness.
This horizon is black (10YR 2/1), very dark brown (10YR
2/2), or very dark gray (10YR 3/1) in color. The B horizon
is dark brown (10YR 3/3), brown (10YR 4/3), or dark yellow-
ish brown (10YR 4/4) in color. It extends to a depth of 40
to 70 inches. In places the B3 horizon is sandy clay loam in
texture. The C horizon is brown (10YR 4/3), dark yellowish
brown (10YR 4/4), or yellowish brown (10YR 5/4) in color.
It is loam, light clay loam, or sandy clay loam in texture
and is calcareous. Reaction of the A horizon and the upper
part of the B horizon is medium acid to neutral. The B3
horizon is neutral to mildly alkaline. The C horizon is mod-
erately alkaline and is calcareous.

Terril, thin surface variant, soils are similar in drainage
to Clarion soils, but they formed in local alluvium rather
than glacial till and are somewhat more acid than Clarion
goils. Terril, thin surface variant, and normal Terril soils
formed in similar parent material, but these soils have a
thinner A horizon than normal Terril soils,

Terril loam, thin surface variant, 5 to 9 percent
slopes (566C).—This soil is mainly on foot slopes in the
valley of the Des Moines River between the uplands or
high benches and the flood plain of the nearby Des
Moines River. A few areas are in the valleys of large
creeks that are tributaries of the Des Moines River. This
soil has the profile described as representative for the
series. Areas of this soil generally are long and narrow
in shape. Storden or Storden-Hayden soils generally are
upslope. Spillville and Colo soils generally are down-
slope.

Included with this soil in mapping are about 100 acres
of a similar soil that has slopes of 2 to 5 percent and a
few acres that formed under trees and prairie grasses.
The soils in these areas have grayish grainy coatings on
soil aggregates in the surface layer and upper part of the
subsoil, and they have other characteristics that were in-
fluenced by forming partly under trees.

This soil is subject to erosion. In places runoff water
from upslope concentrates and causes rilling and gully-
ing. Some areas are in pasture. This soil is moderately
suited to row crops if erosion is controlled. Soils upslope
generally are in pasture, and in many places this soil is
managed along with them. In other places it is managed
along with adjacent bottom lands and is cultivated. Tilth
generally is good. Capability unit ITTe-1; woodland suit-
ability group 2ol.

Terril loam, thin surface variant, 9 to 14 percent
slopes (566D).—This soil is mainly on foot slopes in the
valley of the Des Moines River between the uplands or
high benches and the flood plains of the Des Moines
River. A few areas are in the valleys of large creeks that
are tributaries of the Des Moines River. Areas of this
soil generally are long and narrow. Storden or Storden-
Hayden soils generally are upslope. Colo or Spillville
soils on bottom lands generally are downslope.

Included with this soil in mapping are about 70 acres
of a soil that has similar slopes but that has a grayish-
brown subsoil.

Some areas of this soil are cultivated, and other areas
are in pasture. This soil is subject to erosion. In places
runoff water from upslope concentrates and causes rilling
and gullying. This soil is moderately suited to row crops
part of the time if erosion is controlled. In many places
this soil is managed along with soils upslope as pasture.
In other places it is managed along with the soils down-
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slope and is cultivated. Tilth generally is good. Capability
unit I1Te-2; woodland suitability group 2ol.

Terril loam, thin surface variant, 14 to 18 percent
slopes (566E).—This soil is mainly in the valley of the
Des Moines River. It is on foot slopes between the uplands
and the flood plain of the river. Areas of this soil gen-
erally are long and narrow in shape. Storden or Storden-
Hayden soils generally are upslope. Such soils as Colo
or Spillville generally are downslope. This soil has a
profile similar to the one described as representative for
the series, but the surface layer is a few inches thinner
in most places.

Most areas of this soil are in permanent pasture. These
areas have a few scattered trees. A few areas are culti-
vated. This soil is subject to erosion. In places runoff
water from upslope causes rilling and gullying. If erosion
is controlled, this soil is moderately suited to row crops,
but these areas generally are used for hay. Most areas
are managed along with the soils upslope. Capability unit
IVe-1; woodland sunitability group 2ol.

Turlin Series

The Turlin series consists of dark-colored, somewhat
poorly drained soils that formed in loamy alluvium. These
soils are on low benches and are mostly gently sloping in
nearly level or convex areas. They are in the Storden-
Hayden-Wadena soil association along the valleys of the
Des Moines River and Lizard Creek. Individual areas
generally are 5 to 30 acres in size. The native vegetation
was prairie grasses and a few trees. )

In a representative profile, the surface layer is loam
about 34 inches thick. It is black, but is very dark grayish
brown in the lower few inches. The subsoil is dark
grayish-brown, friable loam about 20 inches thick. The
underlying material is dark grayish-brown loam.

The available water capacity is high, and permeability
is moderate. The content of organic matter is high. The
surface layer and subsoil generally are neutral. The sub-
soil is low in available phosphorus and available potas-
sium.

Most areas of Turlin soils are cultivated. Some areas
are small and are managed with less productive soils.
Some areas are inaccessible. These soils are subject to
erosion, but the hazard is not severe.

Representative profile of Turlin loam, 2 to 5 percent
slopes, in a cultivated field 850 feet east and 400 feet
south of the center of sec. 16, T. 88 N., R. 28 W.

Ap—O to 8 inches, black (10YR 2/1) loam, very dark gray
(10YR 3/1) when dry; cloddy parting to weak, fine,
granular and very fine subangular blocky structure; fri-
able; neutral; abrupt, smooth boundary.

A12—8 to 19 inches, black (10YR 2/1) loam, very dark gray
(10YR 3/1) to dark gray (10YR 4/1) when dry; weak,
fine, granular and very fine subangular blocky structure;
friable ; neutral; gradual, smooth boundary.

Al13—19 to 29 inches, black (10YR 2/1) loam, dark gray
(10YR 4/1) when dry; weak, very fine, subangular blocky
structure; friable: neutral; gradual, smooth boundary.

A3-—29 to 34 inches, very dark grayish-brown (10YR 3/2)
loam ; weak, very fine, subangular blocky structure; fri-
able: neutral; gradual, smooth boundary.

A3—29 to 34 inches, very dark grayish-brown (10YR 3/2)
loam; weak, very fine, subangular blocky structure; fri-
able; neutral; gradual. smooth boundary.

B2—34 to 44 inches, dark grayish-brown (10YR 4,/2) loam,
faces of peds very dark grayish brown (10YR 3/2);
weak, fine, prismatic structure parting to weak, fine, sub-
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angular blocky structure; gradual,
smooth boundary.

B3—44 to 54 inches, dark grayish-brown (10YR 4/2) loam;
weak, medium, prismatic structure; friable; neutral;
gradual, smooth boundary.

C—b4 to 66 inches, dark grayish-brown (10YR 4/2) loam:
massive but has some weak vertical cleavage; friable;
neutral.

friable; mneutral;

The A horizon ranges from 24 to 36 inches in thickness.
The Al horizon is black (10YR 2/1) or very dark brown
(10YR 2/2) in color. The A3 horizon is very dark gray (10YR
3/1) or very dark grayish brown (10YR 3/2). The B horizon
generally is dark grayish brown (10YR 4/2 or 2.5Y 4/2), but
the chroma is as much as 3 if mottles are common or if
exteriors of peds are gray or olive gray. This horizon has
weak subangular blocky structure or, in places, weak pris-
matic structure. In places mottles of dark brown (10YR 3/3)
to yellowish brown (10YR 5/6) or strong brown (7.5Y 5/6)
are in the B horizon. The C horizon is dark grayish brown
(10YR 4/2 or 2.5Y 4/2), dark brown (10YR 3/3), or brown
(10YR 4/3) in color. In places sandy strata occur at a depth
of more than 4 feet. Reaction of the A and B horizons is
neutral or slightly acid.

Turlin, Spillville, and Terril soils all have similar texture
and formed in similar parent material. Turlin soils have
grayish-brown colors in the B horizon that are lacking in
Spillville and Terril soils. Turlin soils are somewhat poorly
drained, but Terril soils are moderately well drained.

Turlin loam, 2 to 5 percent slopes (96B).—This soil
is mainlv on low benches. Areas are slightly convex and
border the nearby stream. They are generally adjacent to
and associated with the Spillville or Hanlon soils.

Included with this soil in mapping are areas of soils
that have stratified fine sandy soil material in the lower
part of the subsoil and the underlying material. Also in-
cluded are soils that have slopes of as little as 1 percent.

Most, areas of this soil are cultivated. This soil is sub-
ject to erosion. It has no other serious hazards. It is well
suited to row crops if erosion is controlled. Tilth gen-
erally is good. Capability unit ITe-3; woodland suit-
ability group 2ol.

Wacousta Series

The Wacousta series consists of dark-colored, very
poorly drained soils that formed in silty lacustrine sedi-
ment. These soils are in large depressions on uplands.
These depressions were once shallow lakebeds. These areas
are mostly in th Webster-Clarion-Nicollet and the Web-
ster-Nicollet-Canisteo soil associations that occupy a large
part of the county. Individual areas vary widely in size
and range from about 5 acres to as large as 500 acres in
size. The native vegetation was swamp grasses and sedges.

In a representative profile, the surface layer is black
silt loam about 14 inches thick. The subsoil is gray and
light-gray, friable silty clay loam about 14 inches thick.
The underlying material is olive-gray and yellowish-
brown loam.

The available water capacity is high, and permeability
is moderate or moderately slow. The content of organic
matter is high. The surface layer is neutral or mildly
alkaline, and the subsoil and underlying material are
moderately alkaline and are calcareous. The subsoil is
very low in available phosphorus and available potas-
sium.

Most areas of Wacousta soils are drained and used for
crops. A few undrained areas are in native grass and
are used for pasture. These soils are very wet because of
a high water table and ponded surface water.
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Representative profile of Wacousta silt loam, in a de-
pression, in a cultivated field 30 feet east of road fence, 5
feet north of a tile intake that is 105 feet north of the
sout’}zlv%vest corner of the NW1,SW1, sec. 29, T. 89 N,,
R.2TW.

Apl1—O0 to 4 inches, black (N 2/0) silt loam, very dark gray
(10YR 3/1) when dry; cloddy parting to weak, fine,
granular structure; friable; neutral; abrupt, smooth
boundary.

Ap2—4 to 8 inches, black (N 2/0) silt loam, very dark gray
(10YR 3/1) when dry: cloddy parting to weak, fine,
granular structure; friable; mildly alkaline; abrupt,
smooth boundary.

A3—8 to 14 inches, black (5Y 2/1) medium silty clay loam,
dark gray (10YR 4/1) when dry; weak, medium, sub-
angular blocky structure; friable; common red (2.5YR
4/8) organic coatings in old root channels; mildly alka-
line ; abrupt, smooth boundary.

Bg—14 to 28 inches, gray (5Y 5/1) and light-gray (5Y 6/1)
light silty clay loam ; weak, medium, prismatic structure;
friable; few, large, olive-brown (2.5Y 4/4) oxides; cal-
careous; 1%%-inch lens of sandy loam that has large
amount of stones at bottom of horizon; moderately alka-
line; strongly efferverscent; abrupt, smooth boundary.

Clg—28 to 39 inches, olive-gray (5Y 5/2) and yellowish-
brown (10YR 5/8) loam; massive but has some vertical
cleavage; friable; common, thin, yellowish-red (35YR 4/6)
organic coatings in old root channels; common pebbles;
moderately alkaline; strongly effervescent; gradual,
smooth boundary.

C2g—39 to 48 inches, olive-gray (5Y 5/2) and yellowish-
brown (10YR 5/8) loam; massive but has some vertical
cleavage; friable; common pebbles; very thin coatings in
old root channels; fine sand in cleavage voids ; mnderately
alkaline; strongly effervescent; gradual, smooth bound-

ary.

C3g—48 to 56 inches, gray (5Y 5/1) and yellowish-brown
(10YR 5/8) loam; massive; friable; few dark-colored
oxides; moderately alkaline; strongly effervescent.

The A horizon ranges from 10 to 18 inches in thickness. It
is silt loam or silty clay loam in texture. The B horizon is
not in all places. If present it ranges from 2 to 15 inches in
thickness, from dark gray (5Y 4/1) to light olive gray in
color, and is silty clay loam in texture. The C horizon is
caleareous silty clay loam, silt loam, or loam. In places, strata
of fine sandy loam are in this horizon. It generally is olive
gray (5Y 5/2) or light olive gray (5Y 6/2) in color. High-
chroma mottles, oxides, and coatings in old root channels are
in the B and C horizons. Reaction generally is neutral to
mildly alkaline above the calcareous material that is at a
depth of 14 to 20 inches.

Wacousta soils have a thinner A horizon and solum than
Okoboji soils. They are not as clayey to a depth of 40 inches
or more as Lanyon soils.

Wacousta silt loam (0 to 1 percent slopes) (506).—This
soil is in large depressions. Tt generally is surrounded by
narrow areas of the highly calcareous Harps soils or by
Canisteo soils.

Included with this soil in mapping are areas of soils
that have a thinner surface layer than this soil. Plowing
mixes the underlying material with the surface layer and
causes these areas to be calcareous at the surface. Also
included are a few areas that have about 8 inches of muck
or mucky silt loam on the surface. Some areas that have
strata of moderately coarse textured material in the
underlying material are also included.

This soil is wet because of a high water table and pond-
ing of surface water from surrounding soils. Crops are
damaged in many places. Nearly all areas of this soil are
cultivated. They are used mainly for row crops and are
well suited to this use. The main concern of management
1s to provide adequate drainage. Tilth generally is fairly
good. Some areas are large enough to be managed sep-

arately, but most are managed along with the surround-
ing soils. Capability unit IITw-2; woodland suitability
group 5w3.

Wadena Series

The Wadena series consists of dark-colored, well-
drained soils. These soils formed in loamy alluvium that
is underlain by sand and gravel at a depth of 24 to 40
inches. These nearly level to moderately sloping soils are
on benches, mainly along the Des Moines River and
Lizard Creek in the Storden-Hayden-Wadena soil associ-
ation. A few scattered areas are in other associations.
Individual areas generally range from 2 to 20 acres in
size. The native vegetation was prairie grasses.

In a representative profile, the surface layer is black
and very dark brown loam about 12 inches thick. The
subsoil 1s about 22 inches thick. It is very dark grayish-
brown and dark yellowish-brown loam in the upper part.
The middle part is brown sandy clay loam and sandy
loam. The lower part of the subsoil is dark yellowish-
brown loamy sand and gravel. The underlying material
is brown sand and gravel.

The available water capacity is low or moderate. Per-
meability is moderate in the upper part and rapid or very
rapid in the underlying sand and gravel. The content of
organic matter is moderate. The surface layer and subsoil
generally are neutral. The subsoil is very low in available
phosphorus and available potassium.

Most areas of Wadena soils are cultivated. Some areas
are in pasture and are managed with steeper or sandier,
less productive soils. The Wadena, moderately deep, soils
generally lack adequate available water for good plant
growth 1n dry years. Wadena, deep, soils have the same
limitation, but to a lesser degree. The sloping soils are
subject to erosion if vegetation is sparse.

Representative profile of Wadena loam, moderately
deep, 2 to 5 percent slopes, in a pasture 400 feet south and
300 feet east of the northwest corner of the SE14NW1,
sec. 24, T. 90 N., R. 29 W.

Al1—0 to 8 inches, black (10YR 2/1) loam; weak, fine, gran-
ular and very fine subangular blocky structure; friable;
neutral ; gradual, smooth boundary.

A3—S8 to 12 inches, very dark brown (10YR 2/2) loam; weak,
fine, granular and weak, very fine, subangular blocky
structure; friable; neutral; gradual, smooth boundary.

B1—12 to 16 inches, very dark grayish-brown (10YR 3/2)
loam; weak, fine, subangular blocky structure; friable;
neutral ; clear, smooth bounddry.

B21—16 to 21 inches, dark yellowish-brown (10YR 4/4) loam,
faces of peds brown (7.5Y 4/4); weak, fine, subangular
blocky structure; friable; few gravel-size pebbles; neu-
tral ; gradual, smooth boundary.

B22—21 to 26 inches, brown (7.5YR 4/4) sandy clay loam:;
weak, fine and medium, subangular blocky structure;
friable; some clay bridging: common gravel-size pebbles;
neutral ; abrupt, smooth boundary.

B23—26 to 30 inches, brown (7.5YR 4/4) coarse sandy loam ;
weak, fine and medium, subangular blocky structure:
friable; abundant clay bridging; mildly alkaline; abrupt,
wavy boundary.

ITIB3—30 to 34 inches, dark yellowish-brown (10YR 4/4)
loamy sand and gravel; mostly structureless but some
cementing; loose; mildly alkaline; abrupt, wavy boun-
dary.

IIC—34 to 52 inches, brown (10YR 5/3) sand and gravel:
loose ; moderately alkaline; weakly effervescent.

The A horizon ranges from 10 to 16 inches in thickness in
most places. The Al horizon is black (10YR 2/1) or very
dark brown (10YR 2/2) in color. In places a very dark brown
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(10YR 2/2) or very dark grayish-brown (10YR 3/2) A3 hori-
zon occurs. The B horizon is brown (10YR 4/3 or V.5YR 4/4)
to yellowish brown (10YR 5/6) in color. The texture of this
horizon is loam that in many places grades to sandy clay
loam or sandy loam in the lower part. In places the B3 hori-
zon contains gravel, and in places the Bl horizon is dark
brown (10YR 3/3) or very dark grayish brown (10YR 3/2)
in color. The IIC horizon is at a depth of 24 to 40 inches.
This horizon is loamy sand, sand, and gravel. It generally
ranges from brown (10YR 5/3) to yellowish brown (10YR
5/4) or grayish-brown in places. Reaction of the solum is
neutral or slightly acid. The IIC horizon is mildly alkaline or
moderately alkaline and is caleareous.

Wadena soils differ from Estherville soils in having a loam
rather than a sandy loam B horizon and in generally being
deeper to calcareous sand and gravel. They are better drained
and have a browner B hLorizon than Cylinder soils. These
soils formed in similar parent material and are associated
on the landscape.

Wadena loam, deep, 0 to 2 percent slopes (308A).—
This soil is mainly on benches. It generally is associated
with moderately deep Wadena or Cylinder scils. The
profile of this soil is similar to the one described as rep-
resentative for the series, but, the underlying sand and
gravel is at a depth of 32 to 40 inches.

Included with this soil in mapping are areas of soils
that have sand and gravel at a depth of about 40 to 48
inches. Also included are a few small areas that have
glacial till at a depth of about 40 to 48 inches.

Most areas of this soil are cultivated. The soil is used
mainly for row crops, and it is well suited to this use.
This soil has no serious limitations to its use. It is some-
what low in available water during prolonged dry per-
iods. Tilth generally is good. Capability unit I-2; wood-
land suitability group 2sl.

Wadena loam, deep, 2 to 5 percent slopes (308B).—
This soil is generally on benches. Slopes are short and
convex, It is generally associated with other Wadena soils
or Cylinder. In places Biscay or Estherville soils are
nearby. The profile of this soil is similar to the one de-
scribed as representative for the series, but the under-
lying sand and gravel is at a depth of about 32 to 40
inches.

Included with this soil in mapping are areas, mostly in
section 6 of Cooper Township, that are stratified, very
fine sandy loam and silt loam in the underlying material.
These areas have a few pockets of gravel within this fine
sandy loam and silt loam material. A few acres of this
included soil have slopes of 5 to 9 percent. In places the
sand and gravel is at a depth of about 40 to 48 inches.

Most areas of this soil are cultivated. This soil is sub-
ject to erosion. In very long, dry periods crops are dam-
aged by lack of available water. This soil is well suited
to row crops if erosion is controlled. Tilth generally is
good. Capability unit ITe-1; woodland suitability group
2s1. :

Wadena loam, moderately deep, 0 to 2 percent slopes
(108A).—This soil is mainly on benches, but it is on uplands
in a few places. It is generally associated with and at a
slightly higher elevation than Cylinder, Biscay, and Tal-
cot soils. In some places more sloping Wadena soils are
downslope. This soil has the profile described as repre-
sentative for the series. Sand and gravel generally is at
a depth of 24 to 32 inches.

Included with this soil in mapping are a few areas of
soils that have glacial till at a depth of 42 to 48 inches.
Most of these included areas are in the valley of Lizard

Creek. Also included are a few areas of soils that have
sandy loam or loamy sand underlying material.

Crops are commonly stunted on this soil because of
limited available water capacity. Even in years when
rainfall is normal, moisture limits plant growth in places
late in July and in August.

Most areas of this soil are cultivated. This soil is well
suited to row crops, but plant population needs to be
limited to anticipated moisture supply. The growth of
crops is only moderate in many places. Tilth is good.
Capability unit IIs-1; woodland suitability group 3sl.

Wadena loam, moderately deep, 2 to 5 percent slopes
(108B).—This sloping soil is mainly on stream benches.
Slopes are generally short. This soil generally is adjacent
to other Wadena soils but is also assoctated with Cylinder,
Biscay, and Talcot soils. In some places Estherville soils
are nearby. The profile of this soil is similar to the one
described ‘as representative for the series, except that in
many places the surface layer is slightly thinner. In most
places sand and gravel are at a depth of 24 to 32 inches.

Included with this soil in mapping are a few areas of
soils that have glacial till at a depth of 42 to 48 inches.

This soil is subject to erosion. Crops are generally
stunted because of limited available water capacity. Even
in years when rainfall is normal, moisture limits plant
growth in places late in July and in August.

Most areas of this soil are cultivated. It is well suited
to row crops if erosion is controlled, but plant popula-
tion needs to be limited to anticipated moisture supply.
Crop growth is only moderate in many places. Most areas
are managed along with the surrounding soils. Tilth is
good. Capability unit ITe-2; woodland suitability group
3sl.

Wadena loam, moderately deep, 5 to 9 percent slopes
(108C).—This soil is on side slopes that border stream
benches. Slopes are short and convex. In places this soil
is on breaks or escarpments between bench levels. Less
sloping Wadena soils or Cylinder soils generally are
upslope. In places Spillville or Colo soils on bottom lands
are downslope. In other areas, Cylinder, Biscay, or Talcot
soils are downslope. The profile of this soil is similar to
the one described as representative for the series, but the
surface layer generally is a few inches thinner. Also, the
depth to sand and gravel generally is slightly less.

Tncluded with this soil in mapping are areas of soils
that are similar to Estherville soils but that are shallower
to sand and gravel. Also included are a very few small
areas of soils that have glacial till at a depth of about 42
to 48 inches. Also included are a few areas of soils that
have slopes of as much as 11 percent.

This soil is subject to erosion. Crops are subject to
damage because of limited available water capacity and
rapid runoff.

Some areas of this soil are cultivated, and some are in
permanent pasture. A few areas are idle. This soil is
moderately suited to row crops if erosion is controlled,
but the growth of crops generally is only moderate. Tilth
is good. Capability unit ITTe-1; woodland suitability
group 3sl.

Wadena Series, Thin Surface Variant

Soils of the Wadena series, thin surface variant, are
moderately dark colored and well drained. They formed
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in loamy alluvium and are underlain by sand and gravel
at a depth of 24 to 40 inches. These soils are gently slop-
ing and are on high and medium benches in the Storden-
Hayden-Wadena soil association. They are along the
valley of the Des Moines River, mainly south of Fort
Dodge. Individual areas generally are only 2 to 10 acres
in size. The native vegetation was trees and grasses.

In a representative profile, the surface layer is very
dark brown loam about 8 inches thick. The subsoil is
brown, friable loam, light clay loam, and sandy clay loam
about 20 inches thick. The underlying material is loose
gravelly sand.

The available water capacity is low or moderate. Per-
meability is moderate in the upper part and is rapid or
very rapid in the underlying sand and gravel. The con-
tent of organic matter is low. The surface layer and the
upper part of the subsoil generally are slightly acid or
neutral. The subsoil is low or medium in available phos-
phorus and very low in available potassium.

Some areas of these soils are cultivated and used for
crops. Some areas have been cleared of trees but are in
permanent pasture. Some are in native vegetation of
grasses and trees. These soils are suited to cultivation if
erosion is controlled. Moderately deep Wadena, thin sur-
face variant, soils generally lack adequate available water
for good plant growth in dry years. Deep Wadena, thin
surface variant soils have the same limitation, but to a
lesser degree.

Representative profile of Wadena loam, thin surface
variant, moderately deep, 2 to 5 percent slopes, on the
edge of a gravel pit, 150 feet south and 300 feet west of
the northeast corner of the NW14,SE1, sec. 22, T. 88 N,,
R.28W.

Ap—O0 to 8 inches, very dark brown (10YR 2/2) loam; weak,
fine, granular structure; friable; few small pebbles;
neutral ; abrupt, smooth boundary.

B1—8 to 10 inches, brown (10YR 4/3) loam; weak, very
fine, subangular blocky structure; friable; silt coatings
on peds; common small pebbles; neutral; clear, smooth
boundary.

B21t—10 to 16 inches, brown (7.5YR 4/4) light clay loam;
weak, very fine, subangular blocky structure; friable;
thin clay films on peds; common small pebbles; neutral;
gradual, smooth boundary.

B22t—16 to 24 inches, brown (7.5YR 4/4) sandy clay loam;
weak, very fine, subangular blocky structure; friable;
many small pebbles; thin clay films on peds; neutral;
gradual, wavy boundary.

B3t—24 to 28 inches, brown (7.5YR 4/4) and dark reddish-
brown (5YR 3/4) sandy clay loam; weak, very fine,
subangular blocky structure; very friable; clay bridging
between sand grains; neutral; abrupt, wavy boundary.

ITIC—28 to 60 inches, brown (10YR 4/3) gravelly sand;
structl}:reless; loose; moderately alkaline; weakly effer-
vescent.

The Al or Ap horizon ranges from 6 to 10 inches in thick-
ness and from very dark brown (10YR 2/2) to very dark
grayish brown (10YR 3/2) in color. In places an A2 horizon
occurs that ranges from 2 to 6 inches in thickness and from
very dark gray (10YR 3/1) to dark grayish brown (10YR

- 4/2) in color. The B horizon ranges from friable to firm in
consistence and is heavy loam, clay loam, or sandy clay loam
in texture. It is brown (10YR 4/3 to 7.5YR 4/4) or dark
vellowish brown (10YR 4/4) in color and has weak to mod-
grate subangular blocky structure. Clay films and clay bridg-
ing between sand grains are evident in this horizon. The IIC
horizon is at a depth of 24 to 40 inches. It is sand and gravel
that varies considerably in the depth to carbonates. In some
places this horizon is ealcareous throughout. In other areas
tongues of leached sand and gravel extend several feet into
the IIC horizon. This horizon ranges from dark grayish

brown (10YR 4/2) to strong brown (7.5YR 5/6) in color.
Reaction of the solum ranges from neutral to medium acid.

Wadena, thin surface variant, soils differ from normal
Wadena soils in having a thinner A horizon. They have a
somewhat more strongly developed B horizon and are more
variable in the depth of leaching the sand and gravel. These
soils formed in similar parent material.

Wadena loam, thin surface variant, deep, 2 to 5 per-
cent slopes (7788).—This soil is in narrow areas on benches
along the valley of the Des Moines River. It generally is
downslope from Flayden soils, and it generally is upslope
from steep Storden and Hayden soils that are mapped as
a complex or, in a few places, is upslope from Boone soils.
The profile of this soil is similar to the one described as
representative for the series, except that sand and gravel
is at a depth of about 32 to 40 inches. Also, a grayish
subsurface layer is in places.

Included with this soil in mapping are a few areas of
similar soils that are nearly level and a few soils that are
moderately to strongly sloping. Also included are a few
areas of soils that are underlain by fine sand rather than
by sand and gravel.

This soil is subject to erosion. In prolonged dry periods
the underlying sand and gravel causes it to be more
affected by low available water than are similar soils on
uplands. Some areas are cultivated and used for row
crops, and other areas are in wooded pasture. This soil
is well suited to row crops if erosion is controlled. Tilth
is good. Capability unit ITe-1; woodland suitability
group 2s1.

Wadena loam, thin surface variant, moderately deep,
2 to 5 percent slopes (7778).—This soil is on benches
along the valley of the Des Moines River. It generally
is downslope from Hayden or Storden soils. It generally
is upslope from areas of Gosport or Boone soils. This
soil has the profile described as representative for the
series. Some areas, however, have a thinner surface layer,
and in places a grayish subsurface layer is present.

Included with this soil in mapping are a few areas of
similar soils that are nearly level and a few that are
moderately sloping.

This soil lacks adequate available water capacity and
is subject to erosion, Some areas are cultivated and used
for row crops, small grain, and hay. Other areas are In
wooded pasture. This soil is well suited to row crops if
erosion is controlled, but plant growth is limited in man
places in dry periods. Plant population needs to be ad-
justed to anticipated moisture supply. Tilth is good.
Capability unit ITe-2; woodland suitability group 3sl.

Webster Series

The Webster series consists of dark-colored, poorly
drained soils that formed in loamy glacial till sediment
and glacial till. These nearly level soils are in irregular-
shaped swales, draws, and flats on uplands. They are mn
the Webster-Clarion-Nicollet and the Webster-Nicollet-
Canisteo soil associations that occupy a large part of the
county. Individual areas generally range from 10 to 200
acres in size. The native vegetation was sedges and prairie
grasses tolerant of wetness. oo

In a representative profile, the surface layer 1is silty
clay loam that contains enough sand to have a gritty feel.
Tt is about 18 inches thick. The subsoil is mainly olive-
gray clay loam that has olive, yellowish-brown, and
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strong-brown mottles. It is about 18 inches thick. Tt is
firm in the upper part and friable in the lower part. The
underlying material is mottled light olive-gray and
yellowish-brown loam. A few pebbles, stones, or boulders
are throughout.

The available water capacity is high, and permeability
is moderate to moderately slow. The content of organic
matter is high. The surface layer and subsoil are neutral.
The subsoil is very low in available phosphorus and
available potassium.

Most areas of Webster soils are cultivated. They are
wet unless artificially drained. In spring and in wet
periods they have a high water table. Areas that are
plowed in the fall are subject to soil blowing.

Representative profile of Webster silty clay loam, in a
cultivated field 500 feet west of the east fence and 160 feet
south of the north fence in the northeast corner of sec.
4, T.87N,,R.28 W.

Ap—0 to 7 inches, black (N 2/0) gritty silty clay loam;
cloddy parting to weak, fine, subangular blocky structure:
friable ; few pebbles; neutral; clear, smooth boundary.

A12—7 to 13 inches, black (N 2/0) gritty silty clay loam;
moderate, very fine, subangular blocky and moderate, fine,
granular structure; friable; few pebbles; neutral; grad-
ual, smooth boundary.

A3—13 to 18 inches, black (10YR 2/1) gritty silty clay loam;
few olive-gray (5Y 5/2) mottles; weak and moderate,
very fine, subangular blocky structures; friable; few
pebbles; neutral; gradual, smooth boundary.

B1—18 to 24 inches, very dark gray (N 3/0) gritty silty clay
loam; common, fine, faint, olive (5Y 4/3) mottles or
mixings from below; weak, medium, prismatic structure
parting to moderate, very fine, subangular blocky struc-
ture; firm; few pebbles; neutral; smooth, gradual bound-
ary.

B2g—24 to 30 inches, olive-gray (5Y 4/2) clay loam; few,
very fine, yellowish-brown (10YR 5/6) mottles; weak,
medium, prismatic structure parting to weak, fine, sub-
angular blocky structure; firm; few very dark gray
(N 3/0) ped faces; few pebbles and stones; many, soft,
dark-colored oxides; neutral; gradual, smooth boundary.

B3g—30 to 36 inches, olive-gray (5Y 5/2) light clay loam;
many, medium, distinct, strong-brown (7.5YR 5/6)
mottles and coatings in root channels; weak, medium,
prismatic structure; friable; few pebbles and stones;
neutral ; clear, smooth boundary.

C1g—36 to 50 inches, olive-gray (5Y 5/2) to light olive-gray
(5Y 6/2) loam; common, fine, distinct, yellowish-brown
(10YR 5/6) mottles; massive but some weak vertical
cleavage; friable; many white concretions of lime:; few
pebbles and stones; moderately alkaline; weakly effer-
vescent ; gradual, smooth boundary.

C2g—50 to 65 inches, light olive-gray (5Y 6/2) loam; many,
medium, prominent, yellowish-brown (10YR 5/6) mottles:
massive; friable; few black iron-manganese concretions;
few pebbles and stones; moderately alkaline; strongly
effervescent.

The A horizon ranges from 12 to 24 inches in thickness,
from friable to firm in consistence, and from light to medium
gritty silty clay loam or clay loam in texture. In places the
lower part of this horizon is very dark gray (10YR 3/1) in
color. The B horizon ranges from 16 to 24 inches in thickness,
and it is gritty silty clay loam or clay loam in texture. The
B1 horizon ranges from very dark gray (N 3/0 or 10YR 3/1)
to very dark grayish brown (2.5Y 3/2) in color. The rest of
the B horizon ranges from dark gray (5Y 4/1) to gray
(5Y 5/1) or olive gray (5Y 4/2 or 5Y 5/2) in color. Olive
(6Y 5/3) to yellowish-brown (10YR 5/6) and strong-brown
(7.5YR 5/6) mottles are in the B horizon. The C horizon is
typically loam in texture, but it ranges to light clay loam in
places. It is pale olive (5Y 6/3), light olive gray (5Y 6/2),
olive gray (5Y 5/2), gray (5Y 5/1), or light gray (5Y 6/1)
in color. Mottles in this horizon are similar to those in the B

horizon, but they are more common. Thin strata of silty or
sandy material are in the underlying material in places. Re-
action of the A horizon and the upper part of the B horizon
js neutral. The B3 horizon is mildly alkaline and is calcar-
eous. The C horizon is mildly or moderately alkaline and is
calcareous. The depth to carbonates generally ranges from 24
to 40 inches.

Webster soils differ from Biscay soils in not being under-
lain by sand and gravel. They differ from Canisteo soils in
not being calcareous throughout. These soils are similar in
drainage. Webster and Canisteo soils formed in similar parent
material.

Webster silty clay loam (0 to 2 percent slopes) (107).—
This soil is in swales, draws, and flats on uplands. It
generally is associated with Nicollet or Clarion soils at a
higher elevation and with Canisteo and Harps soils at a
lower elevation. Areas genevally are large in size. This
soil occupies the largest acreage of any soil in the county.
It has the profile described as representative for the
series. :

Nearly all of this soil is cultivated. It is used mainly
for row crops. It is well suited to row crops if artificial
drainage is provided. If tilled when wet, this soil tends
to dry out cloddy and hard and to have poor tilth, but
tilth generally is fair or good. Many areas are subject to
soil blowing 1n spring, especially if areas are large and
relatively level. Some areas are large enough that they
occupy all or most of a field and can be managed sep-
arately. Others are managed along with associated soils.
Capability unit ITw—1; woodland suitability group 5w3.

Webster silty clay loam, benches, 0 to 3 percent
slopes {107B).—This soil is on benches between uplands or
between higher benches and the flood plain of the nearby
Des Moines River. The profile of this soil is similar to
the one representative for the series, except that it is
underlain by firm, less permeable clay loam glacial till at
a depth of 4 feet or more. Individual areas generally are
long and narrow in shape and range from 5 to 30 acres
in size. Small to large boulders are on the surface. Slopes
are straight or slightly convex and incline toward the
nearby stream. ‘

Included with this soil in mapping are areas of soils
that have less permeable glacial till at a depth of 2 to 4
feet. Also included are some areas that are calcareous at
the surface and throughout. These areas are indicated on
the soil map by a symbol for calcareous spots. Also in-
cluded are some areas a few miles upstream and down-
stream from the Badger Bridge on the Des Moines River
that are underlain by shaly limestone or limestone at a
depth of 30 to 50 inches. These areas are indicated on the
soil map by a symbol for bedrock in the subsoil. In a few
included spots limestone outerops on the surface.

This soil is wet. The rocks on the surface limit cultiva-
tion. Some areas of this soil have been cleared of rocks
and are cultivated. Many others are in permanent pasture.
Many of these areas have enough slope that surface water
runs off, but wetness is a limitation, even though the less
permeable layer is at a depth of 4 to 5 feet. Tile or inter-
ceptor tile installed at the contact of the underlying, less
permeable layer generally are used to achieve drainage.
If drainage is adequate, this soil is moderately well
suited to row crops. The nature of the associated soils and
the difficulties in providing drainage generally determine
the use of this soil. Capabiilty unit ITXw-3; woodland
suitability group 5w3.
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Use and Management of the Soils

This section discusses use and management of the soils
for crops and pasture. It explains the system of capability
classification used by the Soil Conservation Service, dis-
cusses the use and management of groups of soils, or capa-
bility units, and provides a table showing predicted
yields of the major crops for the soils in the county. It
also gives facts about uses of the soils for woodland, for
wildlife habitat and recreation, and for engineering con-
struction and land use planning.

Use of the Soils for Crops and Pasture

In Webster County about 326,000 acres, or about 71
percent of the county, is used for crops, mainly corn, soy-
beans, oats, and legume and grass-legume hay. A large
acreage is used intensively for row crops, but acreage of
other crops is minor. Minor crops include such grasses
as sudangrass, which is used for pasture, and sorghum,
which is mainly harvested for silage. Rye, flax, barley, and
wheat are also grown on small acreages, but some of these
Crops are not grown every year.

Many soils in the county are wet, and artificial drainage
is needed if these soils are cultivated. Among these are
soils of the Webster, Canisteo, Talcot, Biscay, Okoboji,
Wacousta, and Lanyon series and the shallow land type,
Muck. Installing tile drains is the main drainage prac-
tice. Shallow surface ditches are used to drain some soils
in depressions, and large drainage ditches are commonly
used to provide tile outlets.

Erosion is a hazard on the sloping soils in the county.
These are mainly the Clarion, Storden, Lester, and Hay-
den soils. On these soils, contour tillage and terracing
are conservation practices used to control erosion. The
practice commonly called minimum tillage, or mulch till-
age, has received considerable interest in recent years as
a means of controlling erosion on sloping soils and cutting
down the number of tillage operations for growing row
crops on all soils. At this time, however, this practice
is used on only a minor acreage in the county.

Gully control structures and grassed waterways are
used to control gullying in water courses. Farm ponds
provide water for livestock and recreation. Levees have
been built in only a few places to protect soils from
flooding.

About 50,000 acres, or about 11 percent of the county,
is in pasture. Most of this is bluegrass pasture, but a large
acreage of timbered pasture is included. The timbered
pastures are mainly on steep soils along the sides of the
valley of the Des Moines River and in areas that extend
a short distance up some of the major tributaries of this
river. Grass-legume mixtures, such as alfalfa-bromegrass,
are also used for pasture. A few permanent pastures have
been renovated, and such plants as birdsfoot trefoil have
been introduced in these areas.

Capability grouping

Capability grouping shows, in a general way, the suit-
ability of soils for most kinds of field crops. The soils are
grouped according to their limitations when used for field
crops, the risk of damage when they are used, and the way
they respond to treatment. The grouping does not take
into account major and generally expensive landforming
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that would change slope, depth, or other characteristics
of the soils; does not take into consideration possible but
unlikely major reclamation projects; and does not apply
to rice, cranberries, horticultural crops, or other crops
requiring special management.

Those familiar with the capability classification can
infer from it much about the behavior of soils when used
for other purposes, but this classification is not a sub-
stitute for interpretations designed to show suitability
and limitations of groups of soils for range, for trees, or
for engineering uses. .

In the capability system, the kinds of soil are grouped
at three levels: the capability class, the subclass, and
the unit. These are discussed in the following paragraphs.

CapapiLiTy Crasses, the broadest groups, are desig-
nated by Roman numerals I through VIII. The numerals
indicate progressively greater limitations and narrower
choices for practical use, defined as follows:

Class T soils have few limitations that restrict their
use.

Class IT soils have moderate limitations that reduce
the choice of plants or that require moderate con-
servation practices.

Class TIT 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-
duce the choice of plants, require very careful
management, or both.

Class V soils are subject to little or no erosion but
have other limitations, impractical to remove,
that limit their use largely to pasture, range,
woodland, or wildlife habitat.

(Class VT soils have severe limitations that make them
generally unsuited to cultivation and limit their
use largely to pasture, range, woodland, or wild-
life habitat.

Class VII soils have very severe limitations that
make them unsuited to cultivation and that re-
strict their use largely to pasture, range, wood-
land, or wildlife habitat.

Class VIIT soils and landforms have limitations that
preclude their use for commercial plants and re-
strict their use to recreation, wildlife habitat, or
water supply, or to esthetic purposes. (None in
Webster County.)

CAPABILITY SUBCLASSEs are soil groups within one class;
they are designated by adding a small letter, ¢, w, s, or ¢,
to the class numeral, for example, ITe. The letter e shows
that the main limitation is risk of erosion unless close-
growing plant cover is maintained; w0 shows that water
in or on the soil interferes with plant growth or cultiva-
tion (in some soils the wetness can be partly corrected
by artificial drainage); s shows that the soil is limited
mainly because it is shallow, droughty, or stony; and e,
used in only some parts of the United States, but not n
Webster County, shows that the chief limitation is a
climate that is too eold or too dry.

Tn class T there are no subclasses, because the soils of
this class have few limitations. Class V can contain, at
the most, only the subclasses indicated by w, s, and ¢, be-
cause the soils in class V are subject to little or no erosion,
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though they have other limitations that restrict their use
largely to pasture, range, woodland, wildlife habitat, or
recreation. )
Capapiurry UNITs 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 state-
ments about management of soils. Capability units are
generally designated by adding an Arabic numeral to
the subclass symbol, for example, IIe-1 or I1le-3. Thus,
in one symbol, the Roman numeral designates the capa-
bility class, or degree of limitation; the small letter indi-
cates the subclass, or kind of limitation, as defined in the
foregoing paragraph ; and the Arabic numeral specifically
identifies the capability unit within each subclass.

Management of the soils by capability units

In the following pages, the capability units, or groups
of soils that have similar management requirements, are
described ; some soil limitations are given; and suitable
management is briefly discussed. The names of soil series
represented are mentioned in the description of each capa-
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
Mapping Units” at the back of this survey. The practical
grouping of soils shown in this guide are subject to
change as new methods are discovered or new information
becomes available.

CAPABILITY UNIT I-1

This capability unit consists of somewhat poorly
drained, nearly level and gently sloping soils that are
loamy. These soils are of the Cylinder, Guckeen, Jacwin,
Le Sueur, Luther, and Nicollet series. They are on up-
lands and benches.

These soils have a thin to moderately thick surface layer
of loam or clay loam. Their subsoil 1s mainly friable to
firm clay loam and loam, but the Guckeen subsoil con-
tains some layers of silty clay or clay. The Cylinder soil
has sand and gravel in its substratum at a depth of about
32 to 40 inches, and the Jacwin soil is underlain by shale
at a depth of about 30 to 40 inches.

Most soils of this unit have moderate or moderately
slow permeability, but some horizons in the Guckeen soil
are slowly permeable. All of the soils, except those of
the Cylinder series, have high available water capacity,
but the Cylinder soil has moderate available water ca-
pacity. In all of the soils, the subsoil is very low in avail-
able potassium. In most of them, the subsoil is very low
in available phosphorus, but the Luther and Le Sueur
soils are medium in available phosphorus. For soils of this
unit, the content of organic matter ranges from low to
high. Reaction ranges from neutral to medium acid in
the surface layer and in the upper part of the subsoil.

Soils of this unit have no serious limitations to use for
crops. Some of the soils contain areas that tend to be
somewhat wet during wet periods, but drainage is gen-
erally not needed. Also, the Cylinder soil tends to lack
adequate available water for good plant growth in some
years. Soils of this unit generally are in good tilth.

Most of these soils are cultivated, but some areas,
especially of Le Sueur and Luther soils, are in timbered
pasture or woods. The soils are well suited to corn and
soybeans, and these are the main crops grown. The soils
are also suited to oats and to such plants grown for hay
and pasture as alfalfa, clover, and mixtures of alfalfa or
clover with grasses. In a few places, gravel pits are partly
or wholly within areas of the Cylinder soil.

In most places soils of this capability unit are only
slightly susceptible to erosion. Contour tillage is desirable
on long slopes, however, if row crops are grown inten-
sively. Generally, available water is adequate. Seeding
a high population of plants, using a high rate of fertiliza-
tion, and chemically controlling weeds and insects are
practices that are likely to be profitable.

Additions of fertilizer, especially nitrogen and phos-
phorus, are needed when the cropping system consists
mostly of row crops. Lime is needed for some of the soils,
especially for the Luther and Le Sueur soils.

CAPABILITY UNIT I-2

This capability unit consists of well-drained, nearly
level soils that are loamy. These soils are of the Clarion
and Wadena series. They are on uplands and benches.

These soils have a surface layer and subsoil of friable
Joam. The Wadena soil has sand and gravel at a depth
of about 32 to 40 inches.

The soils in this unit have moderate permeability. The
Clarion soil has high available water capacity, but the sand
and gravel that underlies the Wadena soil reduces the root
zone and available water capacity. The available water
capacity is about moderate for the Wadena soil. In both
of these soils, the subsoil is generally very low in available
phosphorus and available potassium. The content of or-
ganic matter in these soils is moderate. Reaction generally
ranges from slightly acid to neutral in the surface layer.

The soils of this unit have no serious limitations to use
for crops. The hazard of erosion is slight in most places,
but erosion can occur on very long slopes of the Clarion
soil. The Wadena soil of this unit lacks adequate available
water for good plant growth in some years, because the
underlying sand and gravel does not hold much available
water. Soils of this unit generally are in good tilth and
are easy to work.

These soils are mostly cultivated. The soils are well
suited to corn and soybeans, and these are the main crops.
They are suited to oats and to such plants grown for hay
and pasture as alfalfa, clover, and mixtures of alfalfa or
clover with grass. Grain sorghum is grown occasionally,
especially on the Wadena soil. In a few places, gravel
pits are within areas of the Wadena soil.

In most places these soils are only slightly susceptible

“to erosion. Coontour tillage, however, is desirable on long

slopes of the Clarion soil if row crops are grown inten-
sively. Generally, available moisture 1s adequate, but it is
limited in some years in the Wadena soil. Seeding a mod-
erately high or high population of plants, using a high
rate of fertilization, and chemically controlling weeds
and insects are practices that are likely to be profitable.

Additions of fertilizer, especially nitrogen and phos-
phorus, are needed when the cropping system consists
mostly of row crops. Lime is needed for some of the soils,
generally in small amounts.
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CAPABILITY UNIT Ile-1

This capability unit consists of well-drained to some-
what poorly drained, gently sloping soils. These soils are
of the Clarion, Hayden, Kamrar, Lester, Nicollet, Terril,
and Wadena series and Wadena series, thin surface vari-
ant. These soils are on uplands and benches.

These soils have a thin to moderately thick surface
layer of loam or clay loam. Uncultivated areas of Hay-
den, Lester, and Wadena, thin surface variant, soils have
a thin grayish subsurface layer of similar texture be-
tween the surface layer and subsoil. Their subsoil is fri-
able or firm loam to heavy clay loam. The Wadena, thin
surface variant, and Wadena soils have sand and gravel
at a depth of about 32 to 40 inches, and the Terril soil
has loamy sand or sand at about the same depth.

Most of the soils in this unit have moderate to moder-
ately slow permeability, but the underlying layers of the
Wadena, thin surface variant, Wadena, and Terril soils
have rapid or very rapid permeability. Most of the soils
have high available water capacity, but the Terril, Wa-
dena, thin surface variant, and Wadena soils have mod-
erate available water capacity. In all of the soils, the sub-
soil is mainly very low in available potassium. In most
of them, the subsoil is very low in available phosphorus,
but the Hayden and Lester soils are about medium in
available phosphorus, and the thin surface variant of the
Wadena soil is low or medium. The content of organic
matter in all of these soils is low to moderate. Reaction
ranges from neutral to medium acid in the surface layer
and in the upper part of the subsoil.

The soils of this unit are subject to erosion. The Terril
soil is on foot slopes and is subject to rilling and gullying
where water from upslope runs off and concentrates. The
Terril, Wadena, and Wadena, thin surface variant, soils
lack adequate available water for good plant growth in
some years. The Nicollet soil is somewhat wet in very wet
periods. These soils generally dry out fairly soon after
rains, have good tilth, and are easy to till.

These soils are mostly cultivated, but some areas are in
permanent pasture. Many areas of Lester, Hayden, and
Wadena, thin surface variant, soils are wooded but are
used for pasture. A few areas are managed as woodland.
The soils in this unit are well suited to row crops if ero-
sion is controlled. In cultivated areas corn and soybeans
are the main crops, but oats are grown and alfalfa, clover,
or alfalfa-grass mixtures are used for hay or pasture.

Terracing and contour tillage are suitable practices for
controlling erosion (fig. 16). Contour tillage generally
is used, without terracing, on Wadena, Terril, and Wa-
dena, thin surface variant, soils because they are under-
lain by sand and gravel, and in terrace channels their
available water capacity and productivity are reduced.
In places regular or diversion terraces can be used in
soils upslope from the Terril soils to divert runoff and
reduce rilling and gullying.

Corn and other crops generally respond well to appli-
cations of fertilizer. Liarge amounts of nitrogen and phos-
phorus and smaller amounts of potassium are generally
needed. Lime is commonly needed, especially for Lester,
Hayden, and Wadena, thin surface variant, soils.

CAPABILITY UNIT Ile-2

This capability unit consists of well-drained, gently
sloping soils that have sand and gravel or limestone in

Figure 16.—Grassed back-slope terraces established in a field of
Clarion soils to protect them from erosion.

their substratum. These soils are of the Rockton and
Wadena series and Wadena series, thin surface variant.
They are on benches.

These soils have a surface layer of friable loam and a
subsoil of friable loam or clay loam. They have sand and
gravel in their substratum at a depth of about 24 to 32
inches, except for the Rockton soil, which is underlain
by limestone at about the same depth.

These soils have moderate permeability in the surface
layer and subsoil. They have low to moderate available
water capacity. In all of the soils, the subsoil is very low
in available potassium. In most of them, the subsoil is
generally very low in available phosphorus, but in the
thin surface variant of the Wadena series it is low or
medium. The content of organic matter in all the soils
is generally moderate. Reaction ranges from neutral to
medium acid in the surface layer and in the upper part
of the subsoil. ’

The soils of this unit have limited available water
capacity and are subject to erosion, but they absorb water
readily, dry out soon after rains, and generally are in
good tilth and easy to till.

Some of the soils are cultivated, and others are in
pasture. Many areas of Wadena, thin surface variant,
soil are wooded but are used for pasture. Corn, soybeans,
oats, and plants used for hay and pasture, such as alfalfa
and clover and mixtures of alfalfa or clover with grasses,
are generally the main crops. Grain sorghum is grown in
some places. The soils are well suited to other row crops
if erosion is controlled. In places, gravel pits are within
areas of Wadena or Wadena, thin surface variant, soil.
Crop growth, however, is commonly only moderate be-
cause of lack of adequate available water and the limited
root zone. Plant growth needs to be adjusted to the antici-
pated water supply.

Contour tillage is generally used to control erosior.
Terraces are not constructed on these soils because the cuts
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made during construction further reduce the available
water capacity.

Crop response to applications of fertilizer is generally
fair to good, depending upon the water available. Large
amounts of nitrogen and phosphorus and smaller amounts

of potassium are generally needed. Lime is needed in some’

areas.

CAPABILITY UNIT He-3

This capability unit consists of moderately well drained
and somewhat poorly drained, gently sloping soils that
are loamy. These soils are of the Spillville and Turlin
series. They are on benches and bottom lands.

These soils have a thick surface layer of friable loam.
Their subsoil is loam.

These soils have moderate permeability and high avail-
able water capacity. In all of the soils, the subsoil is gen-
erally very low in available potassium and available
phosphorus. The content of organic matter in these soils
1s high. Reaction is neutral or nearly neutral in the sur-
face layer and subsoil.

The soils of this unit are subject to slight sheet erosion
and to gullying where runoff from adjacent slopes con-
centrates. A few areas flood for short periods, but dam-
age to crops is generally slight and not enough to dis-
courage cultivation. Sediment from upslope collects in
some areas and is a hazard to young plants. In places
there is slight wetness because of seepiness or local runoff.
These soils generally are in very good tilth.

Areas of these soils are generally long and narrow in
shape and are small in size. They are generally managed
along with adjacent soils on the bottom lands or benches.
They are commonly used for corn and soybeans. In some
places the soils are in pasture along with steeper or less
productive soils. Oats and rotation hay and pasture are
also commonly grown.

These soils are well suited to row crops if they are
protected from sheet erosion, gullying, and sedimenta-
tion. Where adjacent uplands are used for crops, contour
tillage and terracing help to protect these soils from
runoff and sedimentation. In places diversion terraces at
the base of the adjacent slopes on uplands can be used
to protect these soils. Where runoff concentrates, grassed
W‘(}};erways need to be constructed across areas of these
soils.

_Crops_generally respond well to applications of fer-
tilizers. Nitrogen and phosphorus are most likely to be
needed, but potassium is also needed in places. Lime is
generally not needed, or it is needed only in small
amounts.

CAPABILITY UNIT Hw-1

This capability unit consists of poorly drained, nearly
level soils. These soils are of the Biscay, Canisteo, Cor-
dova, Harps, Marna, Minnetonka, Talcot, and Webster
series. They are on uplands and benches.

These soils have a thick surface layer of light clay
loam to heavy silty clay loam that is friable or firm.
Their subsoils are mainly friable or firm clay loam.
Marna and Minnetonka soils, however, are firm silty clay
in some layers, and Harps soils are loam in the subsoil.
Biscay and the deep Talcot soils are underlain by sand
and gravel at a depth of about 32 to 40 inches. The mod-
erately deep Talcot soil has sand and gravel at a depth
of about 24 to 32 inches.

These soils mainly have moderate or moderately slow
permeability, but the Marna and Minnetonka soils have
slow permeability, and the Biscay and Talcot soils have
rapid or very rapid permeability in the underlying gravel.
Most of the soils have high available water capacity, but
the Biscay and Taleot soils have moderate to low avail-
able water capacity. In all of the soils, the subsoil gen-
erally is very low in available potassium and low or very
low in available phosphorus. The content of organic
matter in these soils is high. The range in reaction is
wide. Reaction for some of the soils is neutral to slightly
acid. Minnetonka soil, however, ranges up to strongly
acid in the surface layer and in the upper part of the
subsoil. In addition, the Canisteo and Talcot soils are
calcareous throughout, and the Harps soil is very calcare-
ous throughout.

The soils of this unit are wet unless they are artificially
drained, and they generally have a seasonal high water
table at a depth of about 4 feet or less. Runoff is slow,
and a few soils in slightly depressed areas tend to pond
during periods of heavy rainfall. These soils tend to dry
out slowly after rains and warm up slowly in spring.
They tend to dry out cloddy and hard if they are worked
when wet.

The soils are mostly cultivated. Corn and soybeans are
the main crops grown, but oats and forage crops are
grown in places. These soils are well suited to row crops
if they are drained. Seeding a high population of plants,
using a high rate of fertilization, and chemically controll-
ing weeds and insects are among the practices that are
likely to provide good crop growth on the soils in this
unit.

In most areas of these soils tile drainage systems are
needed (fig. 17) to enhance the timeliness of field opera-
tions, prevent crop damage because of excess wetness, and
improve development of roots and aeration of the soils.
Satisfactory crop growth is difficult to obtain without the
use of artificial drainage. Tile drains work well in most
of these soils, but slow permeability limits their use in
Marna and Minnetonka soils. Tile ditches are subject to
cave-in while tile is being installed in Biscay and Talcot
soils, which are underlain by sand and gravel. Drainage
ditches are also used to help drain these and other soils
in many parts of the county. Soils of this unit are com-
monly plowed in fall so that freezing and thawing in
winter can help to improve soil tilth and allow more
timely operations in spring.

Crops respond well to applications of fertilizer if
drainage is adequate. Potassium is especially needed on
Canisteo, Talcot, and Harps soils. Harps soils need the
addition of minor nutrients, such as iron, to obtain proper
growth of some crops. Only the Minnetonka and Cor-
dova soils in this unit generally need additional lime.

CAPABILITY UNIT Ilw-2

This capability unit consists of poorly drained, nearly
level and gently sloping soils. These soils are of the
Calco, Colo, and Spillville series. They are on bottom
lands and low benches and in drainageways on uplands.

These soils have a thick surface layer of loam or silty
clay loam. They have similar textures in the underlying
layer and are generally friable throughout.

These soils have moderate to moderately slow permea-
bility and high available water capacity. In these soils,
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Figure 17.—Tile drainage system installed to drain soils of capability unit Ilw-1.

the subsoil is very low in available potassium and very
low in available phosphorus. The content of organic
matter is high. Reaction of Colo soils is generally neutral,
but Calco soils are mildly alkaline to moderately alkaline.
Calco soils are calcareous.

The soils of this unit are wet because of a high water
table or flooding, or both. Commonly, flooding is of short
duration, or it occurs early in spring. In most places this
hazard is not great enough to hinder growing crops. In
places water ponds and stands in old channels, and in
places streambank cutting occurs. The soils in this unit
generally are in good tilth, but the Colo and Caleo soils
tend to dry out cloddy and hard if they are tilled when
wet. These soils generally dry out fairly slowly, and till-
age is generally delayed in spring and during rainy
seasons.

These soils are mostly cultivated, but some of the most
frequently flooded or inaccessible areas are in pasture.
Areas of Colo and Spillville soils that are mapped in a
complex generally occur with steeper soils, and many
areas are in pasture. In some places Colo soils are in
areas that are large enough to be managed separately, but
most soils in this unit are managed along with other
soils. Cultivated areas are generally used for row crops,
and they are well suited to this use if drainage is adequate

and if the hazard of flooding is not too severe. Corn and
soybeans are the main crops, but occasionally oats or
forage crops, such as alfalfa, red clover, or mixtures of
alfalfa or red clover with grasses are grown.

Tile drains are commonly used in areas of Calco and
Colo soils if adequate outlets are available, but some areas
are farmed without artificial drainage. Generally crops
grow better and soils are easier to manage if the soils are
drained. In some places dikes or improved channels can
be used to protect the soils from flooding. Installing
surface drains and leveling and filling old channels re-
duces wetness and ponding in some depressed areas. In
some places diversion terraces can be used upslope from
these soils to prevent runoff from uplands from spreading
across areas of these soils. Grassed waterways are used
in some areas of the Colo and Spillville soils that are
mapped as a complex. Soils of this unit are commonly
plowed in fall so that freezing and thawing in winter
can help to improve tilth and reduce the need for tillage
early in spring.

Crops respond well to applications of fertilizer if
drainage is adequate and if damage from flooding is
minimal. Nitrogen, phosphorus, and potassium are gen-
erally needed. Lime is not needed for soils in this unit.
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CAPABILITY UNIT IIw-3

This unit consists of moderately well drained to some-
what poorly drained, nearly level soils that are loamy
and silty. These soils are of the Dorchester and Spillville
series. They are mainly on bottom lands, but some areas
of Spillville soil are on low benches.

These soils have a surface layer of friable silt loam
or loam and are similar in texture to a depth of 40
inches or more.

These soils have moderate permeability and high avail-
able water capacity. In these soils, the subsoil is low in
available potassium and available phosphorus. The con-
tent of organic matter in the Dorchester soils is mod-
erately low to moderate. The Spillville soil is dark-colored
to a depth of 40 inches or more and is high in content
of organic matter. Reaction is neutral in the Spillville
soil. Tt is mildly alkaline to moderately alkaline in the
Dorchester soils, and they are calcareous.

The soils of this unit are subject to flooding when snow
melts and runs off in spring or when rainfall is excessive.
Flooding generally occurs early in spring before crops
are planted, or it is of short duration. In some places,
however, it causes crops to be damaged or drowned out.
These soils have enough slope that water does not gen-
erally pond, but it does collect in old oxbows or bayous
in places. These soils are easy to till and are generally in
good tilth.

These soils are mostly cultivated, but some areas are in
pasture. There are scattered trees and brush in places.
These soils are well suited to corn and soybeans, and these
are the main crops.

Seeding a high population of plants, using a high rate
of fertilization, and chemically controlling weeds are
practices that are likely to obtain good crop growth on
these soils. Generally, available moisture is adequate. In
places old bayous can be filled to reduce ponding.

Additions of fertilizer, especially nitrogen and phos-
phorus, are needed where the cropping system consists
mostly of row crops. Lime is seldom needed on the Spill-
ville soil and is never needed on Dorchester soils.

CAPABILITY UNIT Hs-1

This capability unit consists of well-drained to some-
what poorly drained, nearly level soils that are loamy
and sandy. Some of these soils are underlain by sand
and gravel. These soils are of the Cylinder, Hanlon, and
Wadena series. They are on benches and bottom lands.

The Cylinder and Wadena soils have a surface layer
of friable loam and a subsoil of heavy loam. They are
underlain by sand and gravel at a depth of about 24 to
32 inches. The Hanlon soil has a thick surface layer of
sandy loam and is similar in texture to a depth of 40
inches or more.

These soils have low or moderate available water ca-
pacity. Cylinder and Wadena soils have moderate perme-
ability in the upper part and rapid or very rapid perme-
ability in the underlying sand and gravel. Hanlon soils
have moderately rapid or rapid permeability. In all of
the soils, the subsoil is generally very low in available
potassium and in available phosphorus. The content of
organic matter in these soils is about moderate. Reaction
generally ranges from slightly acid to neutral in the
surface layer.

In many places crops are damaged by lack of available
water. The Cylinder soil is somewhat wet in places dur-
ing wet periods, but drainage is seldom needed. Areas
of Hanlon soil are subject to flooding, and, if barren of
vegetation, they are subject to soil blowing. Young plants
are subject to damage by blowing sand. Some Hanlon
soils have slopes of up to about 3 percent and are subject
to slight erosion. Generally these soils have good tilth.

Most of the soils of this unit are used to grow field
crops, but some areas, especially of the Hanlon soil, are in
pasture. Corn, soybeans, oats, alfalfa, red clover, or mix-
tures of alfalfa or clover with grasses are the main crops.
Grain sorghum is grown in places. The soils in this unit
are well suited to row crops, but because they have limited
available water capacity they are not so well suited to
high stand levels of corn or to heavy fertilization as some
of the other nearly level soils in the county. Gravel pits
are in some areas of the Cylinder and Wadena soils.
These are a source of sand and gravel for roads and con-
struction.

The response of crops to additions of fertilizer is
limited in some years by the lack of available moisture.
Nitrogen and phosphorus are likely needed, and some
potassium is generally needed. Lime is generally not
needed, or it is needed only in small amounts.

CAPABILITY UNIT Ille-1

This capability unit consists of well-drained, moder-
ately sloping soils that are loamy. These soils are of the
Clarion, Hayden, Lester, Storden, Wadena, and Terril
series and Terril series, thin surface variant. They are
mainly on uplands, but some are on foot slopes and
benches.

These soils have a surface layer of friable loam. Un-
cultivated areas of Lester and Hayden soils have a thin,
grayish subsurface layer of similar texture. The subsoil
of soils in this unit is friable or firm loam and clay loam.
The Wadena soil has sand and gravel at a depth of about
24 to 32 inches.

Most of these soils have high available water capacity,
but the Wadena soil has low or moderate available water
capacity. These soils have moderate permeability, but the
sand and gravel that underlies the Wadena soil has rapid
or very rapid permeability. In most of the soils the sub-
soil is very low in available phosphorus and in available
potassium, but the Hayden and Iester soils are about
medium in available phosphorus. The content of organic
matter in the Hayden and Lester soils and in the mod-
erately eroded soils in the unit ranges from low to mod-
erately low. The content of organic matter in the other
soils is about moderate, except for the Terril soil, in which
it is high. Reaction in the Storden soil is moderately
alkaline, and it is calcareous throughout. All the other
soils are neutral to medium acid in the surface or sub-
surface layer and in the upper part of the subsoil.

Soils of this unit are subject to erosion. In a few places
gullies have formed. The Wadena soil, on benches, is
underlain by sand and gravel and has a limited available
water capacity. The Terril soils are subject to sedimen-
tation, rilling, and gullying where water from upslope
runs off and concentrates. The moderately eroded soils
are generally in fair tilth, and the other soils are in good

tilth.
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Most of these soils are cultivated, but some areas, es-
pecially of the Hayden, Storden, Lester, and slightly
eroded Clarion soils, are in pasture. The Lester and Hay-
den soils are commonly wooded, but they are generally
used as pasture. Corn, soybeans, oats, alfalfa, red clover,
and mixtures of alfalfa and red clover with grasses are
the main crops. These soils are suited to row crops if
erosion is controlled. The frequency with which row crops
can be safely grown without excessive soil loss depends
on the conservation practices used. Terracing, contour
tillage, and shaping and seeding existing gullies for
waterways are suitable practices for controlling erosion.
Terraces are not generally constructed on the Wadena
soil because cuts made during terrace construction reduce
the available water capacity. In places diversion terraces
can be used to protect the Terril soils. Additions of or-
ganic matter, such as green manure, crop residue, or
animal manure, help to protect erosion and to maintain
or improve the organic matter content and tilth of the
soil. This practice is especially suitable for moderately
eroded soils in the unit.

Corn and other crops generally respond well to appli-
cations of fertilizer, but on the Wadena soil the response
is commonly only moderate because of limited available
water. Nitrogen and phosphorus are especially likely to
be needed for row crops. Some potassium is generally
needed, especially on Storden soils. Storden soils do not
need lime, but many areas of the other soils need lime.

CAPABILITY UNIT Ile-2

This capability unit consists of well-drained, strongly
sloping soils that are loamy. These soils are of the Clar-
ion, Lester, Storden, and Terril series and Terril series,
thin surface variant. They are mainly on side slopes on
uplands, but some are on foot slopes between the uplands
and bottom lands or benches.

These soils have a surface layer of friable loam. In
most places the Lester soil has a thin, grayish subsurface
layer of similar texture that is between the surface layer
and subsoil. The subsoil is mostly friable loam, but the
Lester soil has firm clay in some layers.

These soils have moderate permeability and high avail-
able water capacity. Rain runs off rapidly, however, if
the surface has no plant cover. This is especially true of
the moderately eroded Storden and Clarion soils. So in
dry seasons some of the soils are not at water capacity in
places, and crops grow poorly from lack of moisture.
In most of these soils the subsoil is very low in available
phosphorus and in available potassium, but the Lester
soil is medium in available phosphorus. The centent of
organic matter is low to moderately low in most of the
soils, but the Terril soils are moderate to high. Reaction
in the Storden soil is moderately alkaline, and it is cal-
careous throughout. Reaction in the other soils is neutral
or slightly acid or medium acid in the surface layer and
in the upper part of the subsoil.

Some of these soils are moderately eroded. but they all
are subject to erosion. Soil losses are likely to be excessive
if they are not protected by vegetation or conservation
measures. In some places gullying is a hazard. The Terril
soils are subject to rilling and gullying where water from
upslope runs off and concentrates. If left barren in win-
ter, some areas are subject to soil blowing in spring. The
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tilth of moderately eroded soils is generally fair and of
the other soils is generally good.

These soils are used for crops and pasture. In places
the Lester soils are wooded but are generally managed as
pasture. In cultivated areas corn, oats, alfalfa, red clover,
or mixtures of alfalfa or clover with grasses are the main
crops. These soils are moderately suited to row crops if
erosion is controlled. The frequency with which crops
can safely be grown without excessive soil loss depends on
the conservation practices used. Terracing, contour till-
age, and shaping and seeding existing gullies for water-
ways are suitable practices for controlling erosion. In
places diversion terraces can be used to protect areas of
the Terril soils. Additions of organic matter, such as
green manure, crop residue, or animal manure, help to
prevent erosion and maintain or improve the content of
organic matter and soil tilth. This practice is especially
suitable for the moderately eroded soils in the unit.

Corn and other crops generally respond well to addi-
tions of fertilizer. Nitrogen, phosphorus, and some potas-
sium are generally needed for row crops. Crops grown on
Storden soils generally respond well to phosphorus. Stor-
den soils are calcareous and do not need lime. Of the other
soils, only Lester soils generally need lime in substantial
amounts.

CAPABILITY UNIT Ille-3

This capability unit consists of well-drained, gently
sloping to moderately sloping soils that are loamy. These
soils are of the Billett and Estherville series. They are on
benches and on escarpments between benches, but they
are also on knobs and low hills.

These soils have a surface layer of friable sandy loam
or fine sandy loam. Their subsoils are similar to the sur-
face layer in texture. The Estherville soil is underlain by
sand and gravel, generally at a depth of 15 to 30 inches.

These soils have low to moderate available water capa-
city. The Billett soil has moderately rapid permeability.
The Estherville soil has moderately rapid permeability
in the upper part and rapid or very rapid permeability
in the underlying sand and gravel. In most of these soils
the subsoil is very low in available phosphorus and in
available potassium, but the Billett soil is low in avail-
able phosphorus. The content of organic matter in all of
these soils is low to moderately low. Reaction ranges from
neutral to slightly acid in the surface layer. The subsoil
is generally slightly acid, but ranges to neutral in the
Estherville soil and to medium acid in the Billett soil.

These soils have limited available water capacity and
are subject to erosion. Crop growth is poor if rainfall is
not timely, because these soils do not store enongh water
to supply plants during extended dry periods. These soils
dry out and can be tilled fairly soon after rains. Tilth is
generally good. In places soil blowing is a hazard.

These soils are mostly in permanent pasture, but a few
areas are cultivated and used for growing corn, oats, and
alfalfa, or other forage crops for hay or pasture. A few
areas that were formerly cultivated are now idle and are
used for wildlife habitat or pasture. The use of these
soils is often affected by the accessibility of the areas, the
suitability of the associated soils for growing crops, and
the size of areas and length of slopes. Many of the areas
are small, and many of the slopes are short and irregular.
These soils are moderately well suited to row crops, but
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because production is commonly poor, forage crops are
generally grown.

Contour tillage is generally used to control erosion.
Terraces are not generally built in these sandy and
gravelly soils because of the difficulties involved in con-
struction and maintenance and because of the very low
available water capacity and low productivity in areas
where cuts are made during construction. When row
crops are grown, plant population needs to be adjusted
to the available moisture.

Because these soils lack adequate available water, the
response of crops to additions of fertilizer is generally
only moderate. Heavy rates of application are seldom
economical. Some areas need lime in places.

CAPABILITY UNIT IlIw-1

This capability unit consists of poorly drained soils in-

nearly level areas or in depressions. These soils are of the
Rolfe and Dundas series. They are on uplands.

These soils have a surface layer of friable silt loam and
a thin subsurface layer of grayish, friable silt loam.
Their subsoil is firm heavy silty clay loam or clay loam.

These soils have moderately slow or slow permeability
and have high available water capacity. The content of
organic matter is moderate or high. The subsoil is very
low or low in available phosphorus and very low in avail-
able potassium. Reaction generally is slightly acid or
medium acid in the surface layer and subsurface layer.

These soils are wet. In some areas, especially in the
Rolfe soil, water tends to pond in spring or after heavy
rains. Crops are damaged in places if drainage is not
adequate. These soils warm up slowly in spring, and
tillage operations are delayed in these and surrounding
soils 1n places.

Most areas of these soils are small enough that the use
made of the associated soils determines the use of these
soils. Most of the areas of the Rolfe soil are cultivated.
The Dundas soil is partly cultivated, but some areas are
in timber or timbered pasture. Undrained areas are better
suited to pasture than to crops. Corn and soybeans are
the major crops, but oats and alfalfa and other hay and
pasture plants are also grown. Alfalfa and clover do not
grow well in many places, because of wetness or winter-
killing. These soils are moderately well suited to row
crops if they are adequately drained. Tile drains gener-
ally remove excess water fairly well, but they generally
do not work so well as in more permeable soils. In places
surface intakes are used in addition to tile drains or shal-
low drainage ditches to improve drainage and remove
ponded water.

The response of crops to additions of fertilizer gener-
ally is good if drainage is adequate. Lime is needed in
some places.

CAPABILITY UNIT IIw-2

This capability unit consists of very poorly drained
soils on uplands. These soils are in shallow depressions,
They are of the Dorchester, Okoboji, Lanyon, and Wa-
cousta series and Muck. The Dorchester soil and the areas
of Muck are on bottom lands in bayous.

The Okoboji soils in the unit have a thick surface layer
that is mainly silty clay loam, but one Okoboji soil has a
few inches of mucky silt loam on the surface. Lanyon
and Wacousta soils have a thinner surface layer. Lanyon
soils are light silty clay, and Wacousta soils are silt loam

in this layer. Muck soil has about 15 inches of muck on
the surface. Beneath the surface layer of the soils, the
texture ranges from silty clay in the Lanyon soil to silty
clay loam or silt loam in the others.

These soils have moderate to slow permeability and
have very high or high available water capacity. The
content of organic matter is high, except in Muck, shal-
low, where it 1s very high, and in Dorchester soil, where
it is about moderate. The subsoil generally is low or very
low in available phosphorus and very low in available
potassium. Trace elements are low for some crops in the
Muck, shallow, soil. Reaction is mainly neutral in the
surface layer and becomes mildly alkaline or moderately
alkaline with depth. The Dorchester soil is calcareous
throughout.

These soils are wet because of a high water table and
ponding of surface runoff from surrounding soils. This
ponding generally occurs in spring or after heavy rains.
The Dorchester soil is wet because of flooding. Crops are
damaged or drowned out in places. The soils warm up
slowly in spring, and tillage operations are delayed in
many places in these and surrounding soils. These soils
are in low areas where crop damage caused by early
frosts is a hazard. Some areas, especially of the Lanyon
soils, tend to have poor tilth if tilled when wet.

Most areas of these soils are small and are used and
managed with the surrounding soils. Most areas are cul-
tivated. Corn and soybeans are the major crops and are
grown most of the time, but oats and crops for hay or
pasture are grown occasionally. Alfalfa and red clover
commonly are not well suited, because of wetness or
winterkilling. The soils are moderately well suited to
row crops if they are adequately drained. Partly drained
areas are suited to pasture. Undrained areas are generally
suitable only for wildlife habitat. Tile drains, open in-
takes to tile drains, and shallow drainage ditches are
used to achieve drainage and remove ponded water. In
places large open ditches, which are used as outlets for
tile drains, cross areas of these soils. These soils com-
monly are plowed in fall to allow freezing and thawing
in winter to improve soil tilth and to allow more timely
tillage operations in spring.

The response of crops to additions of fertilizer is gen-
erally good if drainage is adequate. Phosphorus is espe-
cially likely to be needed. Muck, shallow, soil needs addi-
tions of trace elements for some crops in places. Lime is

not needed.
CAPABILITY UNIT IlIw-3

This capability unit consists of poorly drained, nearly
level to gently sloping soils on foot slopes and benches.
These soils are of the Calamine and Webster series.

These soils have a thick surface layer of silty clay
loam. Their subsoil is clay loam or silty clay loam in tex-
ture and is friable or firm in consistence. The Calamine
soil has firm silty clay loam shale at a depth of about 3
feet. The Webster soil is underlain by firm clay loam
glacial till at a depth of about 4 feet.

These soils have moderate or high available water
capacity. Permeability is restricted in the underlying
shale or firm glacial till. The content of organic matter is
high. The subsoil generally is very low in available phos-
phorus and available potassium. Reaction is generally
neutral in the surface layer.
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These soils are wet because of a high water table and
seepiness. Unless these soils are artificially drained, crops
generally do not grow well. Undrained areas are boggy
and hummocky in many places. Some areas have scat-
tered stones and boulders. These areas generally are in
permanent pasture. The hazard of erosion is slight on the
gently sloping soils. The surface layer tends to dry out
cloddy and hard and have poor tilth if it is tilled when
wet.

Most areas of these soils are in permanent pasture. In
some areas drainage has been improved and rocks have
been removed, and these areas are cultivated. These soils
are used for all crops commonly grown in the county,
but corn and soybeans are the main crops. These soils are
moderately suited to row crops if drainage is adequate.
Providing drainage for the Calamine soil is difficult be-
cause the water that keeps these soils wet needs to be
intercepted upslope. The shale in the substratnm is too
shallow for tile drains to function effectively. Tile is dif-
ficult to install in places in the Webster soil because of
the boulders and stones in the substratum. The hazard of
erosion is slight, and it genrally can be controlled by
tilling across the slope.

The response of crops to additions of fertilizer and
other good management is variable and depends on how
well drainage has been achieved. Lime is not needed.

CAPABILITY UNIT IlIs-1

This capability unit consists of nearly level to gently
sloping, well-drained, loamy soils on benches. These soils
are of the Ankeny, Billett, Buckney, and Estherville
series.

These soils have a surface layer of friable fine sandy
loam or sandy loam. The texture in the subsoil is similar.
The Estherville soils in the unit are underlain by sand
and gravel, generally at a depth of 15 to 30 inches.

These soils have low or moderate available water capa-
city. Permeability generally is moderately rapid or
rapid, but it is rapid or very rapid in the underlying
sand and gravel in the Estherville soils. The content of
organic matter is about medium. The subsoil generally is
very low or low in available phosphorus and low in avail-
able potassium. Reaction is mainly neutral or slightly
acid in the surface layer, but Buckney soils are mildly
alkaline and are calcareous.

Crop growth is poor if rainfall is not timely, because
these soils do not store enough water to supply plants
during extended dry periods. In places on the Buckney
soils, very deep-rooted ¢rops, such as alfalfa, can reach
the water table that is fairly close to the surface because
of the nearby river. Water erosion is a hazard on the
gently sloping soils. At times, in some places, soil blowing
is a hazard, and blowing sand injures young plants. The
nearly level Buckney soil in the unit is subject to occa-
sional flooding. These soils dry out and can be tilled soon
after rains. Tilth is generally good.

These soils are used for field crops but are also used
for pasture. In cultivated areas corn, oats, and alfalfa or
alfalfa-grass mixtures are the main crops. Grain sorghum,
soybeans, and other hay and pasture plants are also
suited to these soils. Soybeans are generally not so profit-
able as other row crops. Row crops can be grown often,
but plant population needs to be adjusted to the available
moisture. The gently sloping areas need to be tilled on

the contour. Crop residue left on the surface helps to
control soil blowing. Additions of organic matter in the
form of green manure or animal manure helps improve
fertility, increase the content of organic matter, and pre-
vent so1l blowing.

Because these soils lack adequate available water, the
response of crops to additions of fertilizers is generally
only moderate. Heavy rates of application generally are
not economical. Buckney soils do not need lime, but the
other soils need lime in places.

CAPABILITY UNIT IVe-1

This capability unit consists mainly of moderately
steep, well-drained, loamy soils on uplands. These soils
are of the Clarion, Lester, and Storden series. Also in the
unit are a moderately steep Terril, thin surface variant,
soil on foot slopes and a strongly sloping Estherville soil
on short escarpments between benches.

These soils generally have a surface layer and subsoil
of friable loam, but the Lester soil is firm clay loam in
some layers, and in most places it has a thin subsurface
layer of grayish, friable loam. Also, the Estherville soil
has a surface layer and subsoil of sandy loam. This
Estherville soil is underlain by sand and gravel, generally
at a depth of about 15 to 30 inches.

These soils generally have moderate permeability, but
the Estherville soil has rapid or very rapid permeability
in the underlying sand and gravel. The available water
capacity generally is high, but it is low in the Estherville
soil. In cultivated areas runoff is rapid if plant cover is
sparse. Some of these areas are not at water capacity in
dry periods, and crops grow poorly from lack of mois-
ture in places. The content of organic matter generally is
low or moderately low. The subsoil generally is very low
in available phosphorus and potassium, but the subsoil
of the Lester soil is about medium in potassium. The
Storden soil is moderately alkaline and calcareous
throughout. Reaction in the other soils is neutral to
medium acid in the surface layer and the upper part of
the subsoil.

The Clarion and Storden soils in this unit are moder-
ately eroded. All of the soils are subject to erosion, and
soil losses are likely to be excessive if these soils are not
protected by plant cover or conservation measures. In
places gullying is a hazard. The thin surface variant of
the Terril soil is subject to rilling and gullying caused by
water from soils upslope that runs off and concentrates.
The Fstherville soil has limited available water capacity.
The tilth of the moderately eroded soils is generally fair.
The other soils generally have good tilth.

Part of the soils of this unit are cultivated. Some areas
are in permanent pasture. Lester soils are wooded in many
places but generally are used for pasture. Some formerly
cultivated areas have been allowed to revert to bluegrass
and are used for pasture. A few areas are idle or are used
mainly as wildlife habitat. These soils are moderately
suited to row crops if erosion is controlled, but they are
left in hay or pasture much of the time. Row crops are
grown when stands of hay or pasture plants become poor
and need reseeding. Terracing and contour tillage are
suitable practices to control erosion. The Estherville soil
is not suited to terracing, however, because of the under-
lying sand and gravel. In places gullies need to be filled,
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shaped, and seeded for grassed waterways. These soils
are also suited to permanent pasture, and in a few places
woodland or wildlife habitat are better uses.

Crops generally respond fairly well to additions of
fertilizers. Large amounts generally are not economical on
the Estherville soil, because it has limited available water
capacity. The response of legumes to additions of phos-
phorus generally is good. Storden soils are calcareous and
do not need lime, but the other soils need additions of
lime in places.

CAPABILITY UNIT IVe-2

Calamine silty clay loam, 5 to 14 percent slopes, is the
only soil in this capability unit. It is a poorly drained
soil and is in long, narrow areas of foot slopes.

This soil has a thick surface layer of friable and firm
silty clay loam. It is underlain, at a depth of about 2 to
8 feet, by dark-gray, silty clay loam shale.

Permeability is severely restricted in the underlying
shale. The content of organic matter is high. Natural
fertility is medium to low. Reaction generally is about
neutral in the surface layer.

This soil is subject to erosion if cultivated. The differ-
ence in the permeability of the upper part of the profile
and the underlying shale generally causes a perched
water table in many places and a tendency for the soil to
be seepy and wet. This soil is also subject to gullying if
water from soils upslope runs off and concentrates.

Most areas of this soil are in permanent pasture and
have a few scattered trees. This soil is suited tc limited
use for crops if it is protected from erosion and ade-
quately drained. It is generally difficult to provide drain-
age because the shale is generally too near the surface for
tile to be effective. This soil is better suited to permanent
or semipermanent pasture, woodland, or wildlife habitat
than to field crops. Soils that are upslope generally are
not suited to crops.

Controlling brush, removing trees, planting mere pro-
ductive grasses and legumes, and adding fertilizer help
to improve pasture on this soil. Combinations of legumes
and grasses tolerant of wetness are better than other
grasses for pasture renovation.

CAPABILITY UNIT Vw-1

This capability unit consists of nearly level to gently
undulating areas of Alluvial land and Sandy alluvial
land. These areas are on bottom lands near streams.

Sandy alluvial land is mainly loamy sand or sand in
texture, but some areas are sandy loam. Alluvial land
consists of loamy or sandy material deposited by over-
flowing streams. Almost half of Alluvial land is similar
to Hanlon soil, but it is more variable in texture than
this soil.

These lands generally have low available water capa-
city and shallow-rooted plants do not grow well. A
water table is generally near the level of nearby stream
channels. Some species of trees and plants that have root
systems that are deep enough to reach this water table
can be very productive. These lands are subject to flood-
ing when the adjacent streams overflow, and this gener-
ally occurs frequently.

Most areas are in pasture. In places the vegetation is
mainly grass, brush, and willows. In some places it serves

little use other than as wildlife habitat. It is suited to
pasture and to wildlife habitat or woodland. Attempts to
clear these areas, fill channels, and use the land for culti-
vated crops generally cause increased velocity of the
floodwaters and cause stripping of soil material and
gouging of holes and channels. Stream-channel straight-
ening generally results in increasing the gradient and
causes rapid widening and deepening of the channel.
Pastures commonly can be improved by planting deep-
rooted legumes and grasses that can tolerate some flood-
ing and by removing brush and trees. The value of exist-
ing timber in these areas is generally low, but most areas
have potential for producing trees of commercial value.
These areas can also be used for recreation or wildlife
habitat. Plantings or improvements generally can be made
that enhance the usefulness of the soils for these purposes.

CAPABILITY UNIT VIe-1

This capability unit consists of steep, loamy soils. These
soils are of the Lester and Storden series. They generally
are on sides of the valleys of rivers and creeks on up-
lands.

These soils have a surface layer of friable loam. The
texture of the Storden soil is similar below the surface
layer, but Lester soils have firm clay loam in some layers
of the subsoil and in most places have a thin, grayish,
friable loam subsurface layer between the surface layer
and the subsoil.

These soils have moderate permeability and have high
available water capacity. Much of the rain runs off, so the
amount of moisture available for use of plants commonly
is limited. The content of organic matter generally is low
or moderately low. In all of the soils, the subsoil is very
low in available potassium. In the Storden soil, the sub-
soil is very low in available phosphorus, and in the
Lester soil 1t is medium.

The soils of this unit are poorly suited to row crops.
They are better suited to hay or pasture. A few areas of
the Storden soil have been cultivated, but almost all areas
are now in permanent pasture. The Lester soil is used
mainly for pasture and generally is in trees and grass.
These soils are suited to pasture. They are also suited to
woodland or wildlife habitat. Inaccessible areas that are
of little value for other purposes are especially suitable
for use or improvement as wildlife habitat. These soils
have properties suitable for construction, and they com-
monly are in areas that have sites suitable for ponds.
These ponds are used to supply water for livestock, to
control gullying, or for recreation.

On some sloping areas, tillage equipment can be used
to fertilize and renovate pasture and seed more produc-
tive pasture plants, but most areas are too steep, irregular,
or gullied to use ordinary farm equipment. In some
places, brush and trees can be removed to improve pas-
ture. Good management of grazing is also important to
increase the growth of pasture. In places existing gullies
need to be shaped and seeded to grass for waterways. 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. Names of trees suitable for
planting are given in the section “Use of the Soils for
Woodland.”



68 SOIL SURVEY

CAPABILITY UNIT VIIe-1

This capability unit consists of steep and very steep
soils that vary greatly in texture and drainage. These
soils are of the Boone, Gosport, Storden, and Hayden
series and the land types. Rock land and Steep sandy land.
They are mainly on sides of the valleys of the Des Moines
River and Lizard Creek.

The Boone soil is very sandy in texture and is under-
lain by sandstone bedrock at a depth of about 24 inches.
Tt is excessively drained. The Gosport soil is silty clay in
texture and is underlain by shale. The Storden and Hay-
den soils are mainly loam in texture but range to clay
loam. They are well drained. Rock land and Steep sandy
land consist partly of soils that have limestone at shallow
depths and partly of land that is variable in texture but
that is generally sandy.

Permeability is rapid in the Boone soil, very slow in
the Gosport soil, and moderate in the other soils. Avail-
able water capacity ranges from low in the Boone soil to
high in the Storden and Hayden soils. Runoff is rapid
in all of these soils, however, so that moisture available
for use of plants commonly is limited. Natural fertility
of these soils is low. Reaction ranges from moderately
alkaline to strongly acid. These soils are calcareous in
areas that are moderately alkaline.

Most areas of these soils are in permanent pasture or
woodland. Most of the woodland is used for pasture
rather than being managed as woodland, but production
of forage is low. A few areas are idle and are used mainly
for wildlife habitat. A few areas are in recreational areas,
such as Dolliver State Park.

These soils are not suited to cultivation. Some areas are
suited to pasture. Many areas are poorly suited to pasture
and are better suited to woodland, wildlife habitat, or
recreation. The Storden and Hayden soils in this unit
have properties favorable for pond construction for water
supply, gully control, or recreation. There are suitable
sites in many places. Many areas of these soils are large
and can be managed separately from other soils.

Steepness, rough topography, and gullies make the use
of farm machinery hazardous. Renovation of pasture gen-
erally is impractical without special machinery. Bull-
dozers can be used, however, to remove brush and scat-
tered trees to increase the growth of forage in some
places. Control of grazing is an important management
practice. Grazing animals establish trails in places that
later erode and become gullies. 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. Names of trees suitable for planting are given
n the section “Use of the Soils for Woodland.”

CAPABILITY UNIT ViIw-1

Muck, shallow, 5 to 14 percent slopes, is the only soil
in this capability unit. It i1s generally on the lower parts
of areas that resemble escarpments and that are between
benches or between benches and areas of bottom land.
This gently sloping to strongly sloping soil has an accu-
mulation of mucky organic matter of variable thickness
on the surface. It is wet and seepy. Areas gencrally are
2 to 10 acres in size.

Nearly all of this soil has a natural vegetation of
sedges, cattails, and swamp grasses. Most areas are in

permanent pasture, but a few are used for crops. This
soil, however, provides little or no usable forage, and it
generally is idle except for providing habitat for certain
kinds of wildlife. A few areas have been tapped for a
water supply for livestock, but in most places it is difficult
to intercept enough water to provide a satisfactory vol-
ume. Attempts to drain these areas are expensive and only
partly successful. Generally, leaving these areas in
natural vegetation for wildlife habitat is a better use.

Predicted yields

In table 2 the average yields per acre of the principal
crops are predicted for soils of the county under a high
level of management. Under this level of management,
seedbed preparation, planting, and tillage practices pro-
vide for adequate stands of adapted varieties; erosion is
controlled ; the organic-matter content and soil tilth are
maintained; the level of fertility for each crop is main-
tained (as indicated by soil tests and field trials); the
water level in wet soils is controlled ; excellent weed and
pest control are provided; and operations are timely.

Yield estimates were based on information obtained
from the Federal census, the Towa farm census, data from
experimental farms and cooperative experiments with
farmers, and from on-farm experience by soil scientists,
extension workers, and others.

Predictions of yields are only approximate and are
meant to serve only as a guide. Of more value than actual
vield figures are the comparative yields between soils.
These relationships are likely to remain consistent over
a period of years. On the other hand, actual yields have
been increasing in recent years. If they continue to in-
crease as expected, predicted yields in this table will soon
be too low.

Use of the Soils for Woodland

Most wooded areas in Webster County are along the
Des Moines River and its larger tributaries. In 1954 about
96,000 acres was in woodland (2). This acreage has not
changed significantly in recent years. Some woodland,
mainly in bottom lands, has been converted to use for
crops, and some woodlots and windbreaks associated with
vacant farmsteads have been cleared and used for crops.
Most farmers are concerned with the planting of trees
for windbreaks and landscaping, rather than for the pro-
duction of wood.

Much of the existing woodland is subjected to grazing
and is used as timbered pasture rather than being man-
aged as woodland. Many timbered pastures produce little
grazing for livestock and are generally no more than a
source of shade for livestock or a habitat for wildlife.
Some timbered areas might produce more income if they
were managed properly as woodland. Proper manage-
ment includes protection from livestock and fire, improv-
ing the composition of the woodland by removing infer-
jor trees, and regulating the harvest of trees to balance
the growth.

Assistance in managing new or old stands of trees can
be obtained from farm foresters of the State Conserva-
tion Commission and from technicians of the Webster
County Soil Conservation District.
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TaBLE 2.—Predicted average yields per acre of principal crops under a high level of management
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[Dashes indicate that the crop is not suited to the soil or is not generally grown on it. Corn yields are omitted for soils where the predicted
yields are less than 40 bushels]

Alfalfa-
Soil Corn Soybeans Oats Hay grass
pasture
Bu. Bu. Bu. Tons Ani;n“al-almit-
8

Alluvial land, 2 to 5 percent slopes-_ - e || i 50
Ankeny fine sandy loam, 0 to 3 percent slopes____________________________ 80 30 64 2.9 145
Billett fine sandy loam, 1 to 5 percent slopes______ . ______________________ 75 29 60 2.7 135
Billett fine sandy loam, 5 to 10 percent slopes_ ______ . _ . ___ .. _.________ 70 27 56 2.5 125
Biscay clay loam, deep_ _ _ e 100 38 80 4.0 200
Boone loamy fine sand, 25 to 45 percent slopes_ _ _ . ___ .. . |oeme | e 230
Buckney fine sandy loam, 0 to 2 percent slopes_ . _______________ ... _______ 80 30 64 2.9 145
Buckney fine sandy loam, 2 to 6 percent slopes_ __ . __ ... _____________ 78 30 62 2.8 140
Calamine silty clay loam, 2 to 5 percent slopes_ _ _ _ ___ ____________________ 75 29 60 3.0 150
Calamine silty clay loam, 5 to 14 percent slopes_._ __ _ . __ .. _.______________ 60 23 48 2.4 120
Calco silty elay loam_ . - . eeeo_ 99 38 80 4.0 200
Canisteo silty clay loam_ . _______________ e _ 105 40 84 4.2 210
Clarion loam, 0 to 2 percent slopes__ __ __ __ _____ . __________________. 112 43 90 4.7 235
Clarion loam, 2 to 5 percent slopes.__ __ . . __ __ o ______ 110 42 88 4.6 230
Clarion loam, 5 to 9 percent slopes__ . ___________ ____ .. ____ 105 40 84 4.4 220
Clarion loam, 5 to 9 percent slopes, moderately eroded_ .. __________________ 102 39 82 4.3 215
Clarion loam, 9 to 14 percent slopes, moderately eroded._ - _ _______.___._____ 93 35 74 3.9 195
Clarion loam, 14 to 18 percent slopes, moderately eroded .. ________________ 78 30 60 3.3 160
Colo silty clay loam__ - __ oo 104 40 83 4.2 210
Colo-Spillville complex, 2 to 5 percent slopes__ __ .. ... _____________._____ 108 41 86 4.3 215
Cordova silty clay loam. _ . 104 40 78 4,2 210
Cylinder loam, deep__ - - e 103 39 82 4.3 2156
Cylinder loam, moderately deep_ _______________________________________ 88 33 70 3.7 185
Dorchester silt loam____ o __ 106 40 85 4.4 220
Dorchester silt loam, frequently flooded__________________________________ 86 33 69 3.6 180
Dundas silt loam _ _ e __- 98 37 78 3.8 190
Estherville sandy loam, 0 to 2 percent slopes. _ . __ . _ . ____________.._____. 44 17 35 1.7 85
Estherville sandy loam, 2 to 5 percent slopes. . __________ . _______._______ 42 16 34 1.7 85
Estherville sandy loam, 5 to 9 percent slopes_ .. ___ || 25 1.2 60
Estherville sandy loam, 9 to 14 percent slopes. . _________________.________ [N PR IRIRIP IR 1.0 50
Gosport silt loam, 25 to 45 percent slopes. .- - - .| e | 225
Guckeen clay loam, 1 to 3 percent slopes________________________________ 104 40 83 4.4 220
Hanlon fine sandy loam, 0 to 3 percent slopes_ . __________________________ 80 30 64 2.9 145
Harps clay loam_ - __ e 95 36 76 4.0 200
Hayden loam, 2 to 5 percent slopes_ . . _________________________.___.__..__ 98 37 78 4.1 205
Hayden loam, 5 to 9 percent slopes_ . ______ . _..____ 92 35 74 3.7 185
Jacwin loam, 1 to 3 percent slopes_ _ - .. 103 39 82 4.3 215
Kamrar clay loam, 2 to 5 percent slopes_______________________ . ___._.___ 96 36 77 4.0 200
Lanyon silty clay_ - - 80 30 64 3.2 160
Lester loam, 2 to 5 percent slopes____ _ .. 104 40 83 4.4 220
Lester loam, 5 to 9 percent slopes_ - __ ... 95 36 76 4.0 200
Lester loam, 9 to 14 percent slopes._ . ___________________________._____.__ 86 33 69 3.6 180
Lester loam, 14 to 18 percent slopes___ . ______ . __________ 71 27 57 2.9 145
Lester loam, 18 to 35 percent slopes_ .. || e 2 50
Le Sueur loam, 1 to 3 percent slopes_ . .. _____________________._ . ___.___. 112 45 90 4.7 235
Luther loam, 1 to 3 percent slopes. - _ . __._. 106 40 85 4.5 225
Marna silty clay loam . _ .. 96 36 77 4.0 200
Minnetonka silty clay loam_ - __________________________________________ 90 35 75 3.8 190
Muck, shallow._ . e 104 40 83 3.9 190
Muck, shallow, 5 to 14 percent slopes_ - - - .| e | e 2 30
Nicollet loam, 1 to 3 percent slopes_ . - .. _______________________.____. 118 45 94 5.0 250
Nicollet loam, benches, 3 to 6 percent slopes_ _ - ___ .. ____________________ 116 44 93 4.9 245
Okoboji mueky silt loam.____ ... 86 33 69 3.4 170
Okoboji silty clay loam___________ o eaoo- 84 32 67 3.4 170
Rockton loam, 2 to 5 percent slopes_. - __________________________._______ 78 30 62 3.2 155
Rock land and Steep sandy land, 20 to 40 percent slopes.- - oo i e 235
Rolfe silt loam _ _ e ieceean 86 33 69 3.0 150
Sandy alluvial land - - _ _ . oo e e e 2 30
Spillville loam, 0 to 2 percent slopes_ _ - - - oo 116 44 93 4.9 245
Spillville loam, 2 to 5 percent slopes. . __ o _____ 114 43 91 4.8 240
Storden loam, 5 to 9 percent slopes, moderately eroded .. _________________ 92 35 74 3.9 195
Storden loam, 9 to 14 percent slopes, moderately eroded.. - __ . ______________ 83 32 66 3.5 175
Storden loam, 14 to 18 percent slopes, moderately eroded . _________________ 68 26 54 2.9 145
Storden loam, 18 to 25 percent slopes, moderately eroded . ______ | i | e |eemaas 2 50
Storden loam, 25 to 45 percent slopes, moderately eroded _ _______ .. ___ | | | cemoo|ameeeooo 2 40
Storden-Hayden loams, 25 to 70 percent slopes._ _ - - - ool oo e 2 40

See footnotes at end of table.
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TaBLE 2.—Predicted average yields per acre of principal crops under a high level of management—Continued

Alfalfa-
Soil Corn Soybeans Oats Hay grass
pasture
Bu Bu. Bu. Tons Ani;nal-afnit-
ays

Talcot clay 10810, de€D_ - - oo ae 95 36 76 3.8 " 190
Talcot clay loam, moderately deep_ - - - oo 85 32 68 3.4 190
Terril loam, 5 to 9 percent slopes_ _ _ - _ o 107 41 86 4.5 225
Terril loam, 9 to 14 percent slopes_ _ e 98 37 79 4.1 205
Terril loam, sandy substratum, 2 to 5 percent slopes_ - ___ ... 90 34 72 3.6 180
Terril loam, thin surface variant, 5 to 9 percent slopes__._____._______.__.. 107 41 86 4.5 225
Terril loam, thin surface variant, 9 to 14 percent slopes_..._______________- 98 37 79 4.1 205
Terril loam, thin surface variant, 14 to 18 percent slopes._.. ... 73 28 58 3.1 155
Turlin loam, 2 to 5 percent slopes_ . __ . e 116 43 90 4.7 235
Wacousta silt 10am e 100 38 80 4.0 200
Wadena loam, deep, 0 to 2 percent slopes_ . __ . oo 92 35 74 3.7 185
Wadena loam, deep, 2 to 5 percent slopes_ . _ . oo 90 34 72 3.6 180
Wadena loam, moderately deep, 0 to 2 percent slopes._ - .. 72 27 61 2.9 145
Wadena loam, moderately deep, 2 to 5 percent slopes_ .- - 70 27 60 2.8 140
Wadena loam, moderately deep, 5 to 9 percent slopes_____ . _._____ 65 25 55 2.6 130
Wadena loam, thin surface variant, deep, 2 to 5 percent slopes_______.____. 84 32 67 3.4 170
Wadena loam, thin surface variant, moderately deep, 2 to 5 percent slopes. - 64 24 51 2.6 130
Webster silty clay loam__ e 110 42 88 4.4 220
Webster silty clay loam, benches, 0 to 3 percent slopes_ - .. _____.____- 100 38 80 4.0 200

1 A term used to express the carrying capacity of pasture. It is the
number of animal units carried per acre multiplied by the number
of days the pasture is grazed during a single grazing season without
injury to the sod. Animal-unit-days are based on the a sumption

Woodland suitability groups

The soils in Webster County have been placed in wood-
land suitability groups to assist owners in properly man-
aging their woodland and in selecting trees and shrubs
suited to various kinds of plantings. Each suitability
group is made up of soils that have about the same
available water capacity and other characteristics that
influence the growth of trees. Soils in a woodland suit-
ability group also have similar limitations and are sub-
ject to the same hazards when used for trees. All of the
soils in a group, therefore, support similar kinds of trees,
have about the same potential productivity, and require
similar kinds of management.

For most of the woodland suitability groups, the site
index is provided for trees that grow in Webster County.
Site index is the height, in feet, of dominant and co-
dominant trees in the stand at 50 years of age. It is a
rating of potential soil productivity for trees. United
States Department of Agriculture Technical Bulletin No.
560 (72) was used to classify trees into site index classes
and to convert site index classes into board foot pro-
duction.

Of the species listed as suitable for windbreak plant-
ings, the conifers are especially well suited to farmstead
windbreaks and the hardwoods are especially well suited
to field windbreaks.

The mention of soil series in the description of a wood-
land suitability group does not mean all the soils in that
series are in the group. To determine the soils in a wood-
land suitability group, refer to the “Guide to Mapping
Units” at the back of this survey.

Woodland suitability groups are identified according
to a nationwide system of connotative symbols, made up
of three parts or elements. The first part, or element, of

that one mature animal will consume 40 pounds of dry matter per
acre per year.
2 Yield is based on permanent bluegrass pasture.

the symbol is an Arabic numeral that represents the rela-
tive productive potential of soils for growing wood crops.
The numeral 1 indicates very high productivity potential.
The numerals 2, 3, 4, and 5 represent classes of decreasing
productivity potential.

The second part of the symbol is a small letter indi-
cating the soil or physiographic characteristic that is the
primary cause of moderate to severe hazards to woodland
management. Letters have the following meanings: w,
excess wetness; ¢, toxic substances such as excess alkalinity
in the soil; ¢, clayey material in the soil; s, sandy soil; 7,
relief or slope; o, no significant soil-related hazards or
limitations; and sm, moisture deficiency in the soil.

The third part of the symbol is also an Arabic numeral,
and it indicates the degree of hazards or limitations, and
the general suitability of the soils for stated types of
trees.

Each woodland suitability group in the county is rated
for various management hazards or limitations. Ratings
are slight, moderate, or severe, and they are defined in the
following paragraphs:

Seedling mortality refers to the expected loss of seed-
lings as a result of unfavorable soil characteristics or
topographic features when plant competition is assumed
not to be a factor. Slight means a loss of less than 25 per-
cent; moderate means a loss of 25 to 50 percent; and se-
vere means a loss of more than 50 percent of the seedlings
normally planted for adequate stocking.

Plant competition is the degree to which undesirable
plants invade when openings are made in the canopy.
Competition is slight if it does not prevent adequate
natural regeneration and early growth or interfere with
the normal development of planted seedlings; it is mod-
erate if it delays, but does not prevent, the growth and
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development of fully stocked, normal stands; it is severe
if it prevents adequate natural or artificial restocking,
without intensive preparation of the site and the use of
special maintenance practices.

Equipment limitations are soil characteristics that re-
strict the use of conventional machinery for planting and
harvesting, for building roads, for controlling brush, and
for controlling fires. The limitation is slight if there is
minimal restriction of the type of equipment or the time
of year that it can be used; it is moderate if the use of
equipment is restricted by one or more unfavorable soil
characteristics, such as slope, stones, wetness, or instabil-
ity ; it is severe if special equipment is needed or if use of
equipment is restricted for long periods.

Erosion hazard refers to the expected erosion that re-
sults from the cutting and removal of trees. It is slight if
potential erosion is unimportant; it is moderate if some
practices, such as those for diverting water, are needed to
prevent accelerated erosion; it is severe if intensive treat-
ment is needed to control soil loss.

WOODLAND SUITABILITY GROUP 201

This group consists of well-drained to somewhat poorly
drained, medium-textured and moderately fine textured
soils that are nearly level to moderately steep. Permea-
bility is moderate to moderately slow. Available water
capacity is high. In this group are soils of the Clarion,
Hayden, Kamrar, Lester, Spillville, Terril, and Turlin
series, and a thin surface variant of the Terril series.

Suitability of the soils for upland oaks and conifers is
high and for cottonwoods, very high. The site index for
upland oaks ranges from 66 to 75. Estimated annual
growth of existing trees on soils of this group ranges from
200 to 249 board feet per acre per year.

Trees to favor in existing woodlands are red oak, cot-
tonwood, white oak, green ash, black walnut, basswood,
hackberry, and hard maple.

Trees most suitable for open-area plantings are eastern
white pine, red pine, Scotch pine, eastern redcedar, Nor-
way spruce, European larch, Douglas-fir, black walnut,
green ash, and hackberry.

Trees suitable for interplanting in existing stands are
the conifers and hardwoods mentioned in the foregoing
paragraph and also red oak, white oak, and basswood.

Seedling mortality is slight. Plant competition from
grass is slight or moderate. Equipment limitations are
slight. The hazard of erosion is slight to moderate.

Trees most suitable for farmstead windbreaks are the
conifers, eastern white pine, red pine, Scotch pine, eastern
redcedar, Norway spruce, and Douglas-fir and the hard-
woods, Norway poplar, Siouxland poplar, Robusta pop-
lar, green ash, and hackberry.

Species suitable for wildlife plantings are honeysuckle,
viburnum, ninebark, lilac, dogwood, and cardinal au-
tumn-olive.

WOODLAND SUITABILITY GROUP 2s1

This group consists of nearly level and gently sloping
soils that are medium textured in the upper part of the
profile and that have sand and gravel at a depth of about
32 to 40 inches. Permeability i1s moderate in the upper
part and rapid or very rapid in the underlying sand and
gravel. Available water capacity is moderate to high. In
this group are soils of the Wadena series and its thin

surface variant and Terril loam, sandy substratum, 2 to
5 percent slopes.

Suitability of these soils for upland oaks, conifers, and
cottonwoods 1s high. The site index for upland oaks
ranges from 66 to 75. Estimated annual growth of exist-
ing trees on soils of this group ranges from 200 to 249
board feet or more per acre per year.

Trees to favor in existing woodlands are red oak, white
oak, green ash, black walnut, basswood, hackberry, and
hard maple.

Trees most suitable for openland plantings are eastern
white pine, red pine, Scotch pine, eastern redcedar, Nor-
way spruce, European larch, Douglas-fir, walnut, green
ash, and hackberry.

Trees suitable for interplanting in existing stands are
the conifers and hardwoods mentioned in the foregoing
paragraph and also red oak, white oak, and basswood.

Seedling mortality is slight. Plant competition from
grass is slight to moderate. Equipment limitations are
slight. The hazard of erosion ranges from slight to severe,
depending on slope.

Trees most suitable for farmstead windbreaks are the
conifers, eastern white pine, red pine, Scotch pine, eastern
redcedar, Norway spruce, and Douglas-fir and the hard-
woods, Norway poplar, Siouxland poplar, Robusta pop-
lar, green ash, and hackberry. Shrubs include honeysuckle.

Species suitable for wildlife plantings are honeysuckle,
viburnum, ninebark, lilac, dogwood, and cardinal autumn-
olive. WOODLAND SUITABILITY GROUP 3r1

The only soil in this group is Lester loam, 18 to 385
percent slopes. It is well drained, medium textured and
moderately fine textured, and steep. Permeability is mod-
erate. Available water capacity is high.

Suitability of this soil for upland oaks is moderately
high on north- and east-facing slopes, and moderate on
south- and west-facing slopes; for conifers, moderately
high; and for cottonwoods, moderately high or high. The
site index for upland oaks ranges from 56 to 65 on north-
and east-facing slopes and from 46 to 55 on south- and
west-facing slopes. Estimated annual growth of existing
trees ranges from 150 to 199 board feet per acre per year
on north- and east-facing slopes and from 100 to 149 on
south- and west-facing slopes.

Trees to favor in existing woodlands on north- and east-
facing slopes are red oak, white oak, green ash, black
walnut, basswood, hackberry, and hard maple. Black
walnut, basswood, and hard maple are not so well adapted
for south- and west-facing slopes.

Trees most suitable for openland plantings are eastern
white pine, red pine, Scotch pine, eastern redcedar, Nor-
way spruce, European larch, Douglas-fir, black walnut,
green ash, and hackberry.

Trees suitable for interplanting in existing stands are
the conifers and hardwoods mentioned in the foregoing
paragraph and also red oak, white oak, and basswood.

Seedling mortality is slight. Plant competition from
grass is moderate. Equipment limitations are moderate.
The hazard of erosion is severe.

Trees most suitable for farmstead windbreaks are the
conifers, eastern white pine, red pine, Scotch pine, eastern
redcedar, Norway spruce, and Douglas-fir and the hard-
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woods, Norway poplar, Siouxland poplar, Robusta pop-
lar, green ash, and hackberry.

Species suitable for wildlife plantings are honeysuckle,
v{})urnum, ninebark, lilac, dogwood, and cardinal autumn-
olive.

WOODLAND SUITABILITY GROUP 351

This group consists of nearly level to strongly sloping
soils that are moderately coarse textured throughout the
profile and soils that are medium textured or moderately
fine textured in the upper part of the profile and that
have sand and gravel or bedrock at a depth of 24 to 32
inches. Permeability is moderate to rapid. Available water
capacity is low to moderate. In this group are soils of
the Billett, Buckney, Rockton, Wadena, and Wadena,
thin surface variant, series.

Suitability of these soils for upland oaks, conifers,
and cottonwoods is moderately high. The site index for
upland oaks ranges from 56 to 65. Estimated annual
growth of existing trees on soils of this group ranges
from 150 to 199 board feet or more per acre per year.

Trees to favor in existing woodlands are red oak, white
oak, green ash, black walnut, basswood, hackberry, and
hard maple.

Trees most suitable for openland plantings are eastern
white pine, red pine, Scotch pine, eastern redcedar, Nor-
way spruce, European larch, Douglas-fir, walnut, green
ash, and hackberry.

Trees suitable for interplanting in existing stands are
the conifers and hardwoods mentioned in the foregoing
paragraph and also red oak, white oak, and basswood.

Seedling mortality is slight. Plant competition from
grass is slight or moderate. Equipment limitations are
slight. The hazard of erosion ranges from slight to severe,
depending on slope.

Trees most suitable for farmstead windbreaks are the
conifers, eastern white pine, red pine, Scotch pine, eastern
redcedar. Norway spruce, and Douglas-fir and the hard-
woods, Norway poplar, Siouxland poplar, Robusta pop-
lar, green ash, and hackberry. Shrubs include honeysuckle.

Species suitable for wildlife plantings are honeysuckle.
viburnum, ninebark, lilac, dogwood, and cardinal autumn-

olive.
WOODLAND SUITABILITY GROUP 3wi

This group consists of nearly level to gently sloping
soils that are moderately poorly drained and medium
textured and moderately fine textured. Permeability is
moderate to moderately slow, except in the Guckeen soil
that is slowly permeable in some layers. In this group
are soils of the Cylinder, Guckeen, Le Sueur, Luther, and
Nicollet series. Available water capacity is high, except
in the Cylinder soils that have a low to moderate available
water capacity.

Suitability of these soils for upland oaks and conifers
is moderately high and for cottonwoods, high. The site
index for the hardwood trees ranges from 56 to 65. Esti-
mated annual growth of existing trees on soils of this
group ranges from 150 to 199 board feet per acre per
year.

Trees to favor in existing woodlands are green ash,
hackberry, white oak, red oak, and cottonwood.

Trees most suitable for openland plantings are eastern
white pine, Scotch pine, red pine, Norway spruce, eastern
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{')edceda,r, European larch, green ash, walnut, and hack-
erry. :

Trees suitable for interplanting in existing stands are
the conifers and hardwoods mentioned in the foregoing
paragraph and also red oak, white oak, and basswood.

Seedling mortality is slight. Plant competition from
undesirable species is moderate. Equipment limitations
are slight. The hazard of erosion ranges from slight to
none.

Trees most suitable for farmstead windbreaks are the
conifers, eastern white pine, red pine, Scotch pine, eastern
redcedar, Norway spruce, and Douglas-fir and the hard-
woods, Norway poplar, Siouxland poplar, Robusta pop-
lar, green ash, and hackberry. Shrubs most suitable are
honeysuckle and red-osier dogwood.

WOODLAND SUITABILITY GROUP 4s1

This group consists of nearly level to strongly sloping
soils that are excessively drained, moderately coarse tex-
tured, and that have sand and gravel at a depth of 15 to
30 inches. Permeability is rapid to very rapid. Available
water capacity is low. In this group are soils of the
Estherville series.

Suitability of these soils for upland oaks is moderate
and for conifers and cottonwoods is moderately high.
The site index for upland oaks ranges from 46 to 55.
Tstimated annual growth of existing trees on soils of this
group ranges from 100 to 149 board feet per acre per
year.

Trees to favor in existing woodlands are red oak, white
oak, green ash, hackberry, and cottonwood.

Trees most suitable for openland plantings are eastern
white pine, red pine, Scotch pine, Kuropean larch, and
eastern redcedar.

Trees suitable for interplanting in existing stands are
the conifers and hardwoods mentioned in the foregoing
paragraph and also red oak, white oak. and basswood.

Seedling mortality is severe in some dry vears. Plant
competition from grass is slight to moderate. Equipment
limitations are slight. The hazard of erosion ranges from
slight to severe, depending on slope.

Trees most suitable for farmstead windbreaks are the
conifers, eastern white pine. red pine. Scotch pine, eastern
redcedar. Norway spruce. and Douglas-fir and the hard-
woods. Norway poplar, Siouxland poplar, Robusta pop-
lar, green ash, and hackberry. Suitable shrubs for plant-
ing include honeysuckle.

Species suitable for wildlife plantings are honevsuckle,
viburnum, ninebark, lilac, dogwood, and cardinal autumn-

olive.
WOODLAND SUITABILITY GROUP 5sl

This group consists of excessively drained and well-
drained. coarse-textured and medinm-textured soils that
are shallow to sand and bedrock. Permeability is mostly
very rapid. In this group are Boone loamyv fine sand, 25
to 45 percent slopes, and Rock land and Steep sandy
land. Available water capacity is very low for the Boone
soil and variable but mainly very low for the Rock land
and Steep sandy land.

Suitability of these soils for upland oaks, conifers, and
cottonwoods is Jow. The site index for upland oaks is less
than 45. Estimated annual growth of existing trees on
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soils of this group is less than 100 board feet per acre per
year.

Trees to favor in existing hardwood woodlands are
green ash, hackberry, red oak, and white oak.

Trees suitable for openland noncommercial plantings
are eastern white pine, Scotch pine, red pine, Jluropean
larch, eastern redcedar, and cottonwood.

Trees suitable for interplanting in existing stands are
the conifers and hardwoods mentioned in the foregoing
paragraph and also red oak, white oak, and basswood.

Seedling mortality is slight to severe on these soils,
depending on the amount of competition from grass and
variation in moisture supply. Equipment limitation is
slight on slopes of 0 to 18 percent and moderate or severe
on slopes of more than 18 percent. The hazard of erosion
ranges from slight to severe, depending on slope.

Trees most suitable for farmstead windbreaks are the
conifers, eastern white pine, Scotch pine, red pine, and
eastern redcedar.

Species most suitable for wildlife plantings are honey-
suckle and ninebark.

WOODLAND SUITABILITY GROUP 5t1

This group consists of moderately sloping to very steep
soils that are well drained and medium textured. Avail-
able water capacity is high. In this group are soils of the
Storden series and a Hayden soil that is mapped in a
complex with the Storden soils. Storden soils are calcare-
ous at or near the surface.

Suitability of these soils for upland oaks and conifers
is low and for cottonwoods, moderate. The site index for
upland oaks is less than 45. Estimated annual growth
of existing trees on soils of this group is less than 100
board feet per acre per year.

Trees most suitable for noncommercial plantings are
ponderosa pine, Austrian pine, Scotch pine, hackberry,
cottonwood, and green ash.

Seedling mortality is moderate to severe. Plant com-
petition from grass is severe. Equipment limitations are
moderate to severe. The hazards of erosion and climate
are severe. Alkalinity is severe.

Trees most suitable for farmstead windbreaks are the
conifers, ponderosa pine, Austrian pine, and Scotch pine
and the hardwoods, Norway poplar, Siouxland poplar,
Robusta poplar, green ash, hackberry, and Russian-olive.

Species suitable for wildlife plantings are wild plum,
honeysuckle, aromatic sumac, Russian-olive, and redcedar.

WOODLAND SUITABILITY GROUP 5wi

This group consists of nearly level to steep, moderately
well drained to poorly drained soils that have shale in
the substratum. Permeability is very slow. Awvailable
water capacity is low to high. Runof? is slow to rapid. In
this group are soils of the Calamine, Gosport, and J acwin
series.

Suitability of these soils for upland oaks, conifers, and
cottonwoods is low. The site index for upland hardwoods
is less than 45. Estimated annual growth of existing trees
on soils of this group is less than 100 board feet per acre
per year.

Trees to favor in existing hardwood woodlands are
green ash, hackberry, and cottonwood.

Trees most suitable for openland noncommercial plant-
ings are redcedar, Scotch pine, green ash, hackberry, and
cottonwood.

Seedling mortality is slight. Plant competition from
undesirable species 1s slight. Equipment limitations are
moderate. The hazard of erosion ranges from slight to
moderate.

Trees most suitable for farmstead windbreaks are the
conifers, redcedar and Scotch pine and the Aardwoods,
green ash, hackberry, and cottonwood. The quality of the
windbreak site is good for green ash, hackberry, and cot-
tonwood and poor for redcedar and Scotch pine.

WOODLAND SUITABILITY GROUP 5w2

This group consists of nearly level to gently sloping
soils that are well drained to somewhat poorly drained
and moderately coarse textured and medium textured.
These soils are on bottom lands. Permeability is moderate
to rapid. Available water capacity ranges from high to
very low. Runoff is slow to medium. Most areas of these
soils are subject to flooding. In this group are soils of
the Ankeny, Dorchester, Hanlon, and Spillville series and
Alluvial land and Sandy alluvial land.

Suitability of these soils for upland oaks and conifers
is low; for bottomland hardwoods, moderately high to
high.

Trees to favor in existing woodlands are cottonwood,
soft maple, and green ash. These soils are not well suited
to upland hardwoods or conifers.

Seedling mortality is slight to moderate. Plant compe-
tition from undesirable species is moderate to severe.
Equipment limitations are slight. The hazard of erosion
is slight.

Trees most suitable for windbreaks are cottonwood,
soft maple, and green ash. The quality of the windbreak
site is high for cottonwood and soft maple.

WOODLAND SUITABILITY GROUP 5w3

This group consists of nearly level to gently sloping
soils that are poorly drained and medium textured to
fine textured. They are in depressions. Permeability is
moderate to very slow. In this group are soils of the
Biscay, Calco, Canisteo, Colo, Cordova, Dundas, Harps,
Lanyon, Marna, Minnetonka, Okoboji, Rolfe, Spillville,
Talcot, Wacousta, and Webster series. Available water
capacity is high for most of the soils, but it is moderate
for the Biscay soil and low to moderate for the Talcot
soil.

Suitability of these soils for upland oaks and conifers
is low and for cottonwoods, moderate to high. These soils
are not well suited to commercial wood crop production.

Trees most suited to these soils are soft maple, cotton-
wood, sycamore, willow, green ash, and hackberry.

Trees less suited to these soils are redcedar, eastern
white pine, Scotch pine, Norway spruce, and European
larch. These conifers are suited mainly to soils on up-
lands and terraces.

WOODLAND SUITABILITY GROUP 5w4

This group consists of very poorly drained Muck soils.

Suitability of these organic soils for cottonwood and
willow is moderate to high.
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Species suitable for wildlife plantings are red-osier
dogwood and buttonball bush.

Use of the Soils for Wildlife and Recreation

Webster County supports a number of types of wildlife
that contribute to its economy and recreation. The kinds
and amounts of wildlife that can be produced and main-
tained in the county are largely determined by the kinds
and amounts of vegetation the soils can support and by
the manner in which this vegetation is distributed. Wild-
life is influenced by topography and by such soil char-
acteristics as fertility (fertile soils are capable of sup-
porting more wildlife than infertile soils). Extremely
rough, irregular areas are hazardous to livestock and are
unsuited to the production of crops. In such areas the
undisturbed vegetation is often valuable to wildlife. If
not, suitable vegetation can be developed to attract desir-
able kinds of wildlife in many places.

Wetness and available water capacity of the soils are
important in selecting sites for fish ponds and in main-
taining aquatic or semi-aquatic habitat suitable for water-
fowl and for some species of furbearing animals.

The wildlife resources of Webster County are im-
portant mainly for the opportunities they provide for
recreation. Many species of wildlife, however, are also
beneficial in the control of undesirable insects and rod-
ents. Many species of birds are highly beneficial because
they eat harmful insects. Hawks, owls, and other avian
predators help to keep undesirable rodents within toler-
able numbers, as do shrews, skunks, foxes, and snakes.

Pheasant, cottontail rabbit, jackrabbit, squirrel, and
deer provide much of the recreational hunting in Web-
ster County. Pheasant and rabbit have a fairly uniform
distribution throughout the county. However, soils in soil
associations 1, 4, and 5 are often used so intensively for
row crops that the cover needed for wildlife shelter and
nesting is limited. This is also true to a lesser extent in
nearly level areas of soil association 2. Squirrel and deer
are most numerous in soil association 3 because trees, the
food supply, and the cover favor these species. Opossum,
raccoon, weasel, badger, muskrat, mink, fox, and skunk
are present in varying numbers throughout the county.
Beaver live along some streams (fig. 18).

Sloughs and depressions are abundant in Webster
County, but nearly all of them have been drained and
provide very little benefit to migrating waterfowl. Most
of the waterfowl land near a river, stream, or ditch and
feed in nearby cornfields.

The Des Moines River, Lizard Creek, and Badger Lake

provide some fishing. A few farm ponds in the county
have been stocked with fish, and these provide excellent
fishing if properly managed. The Storden soils and soils
of the Storden-Hayden complex are well suited to farm
ponds so far as site and soil material are concerned. Most
of the better sites are in soil association 8.
_ The combination of soils, topography, and vegetation
in Webster County favors the development of facilities
for outdoor recreation. Many areas that are of no great
value for farming are suitable for such developments.

Dolliver State Park near Lehigh, Deception Hollow
State Park southeast of Lehigh, Woodman Hollow State
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Park near Coalville, and Kennedy County Park north
of Fort Dodge are examples of recreational developments.
In these places the Boone, Gosport, and Storden soils and
soils of the Storden-Hayden complex provide sites for
recreation for many people in the form of hiking, pic-
nicking, and nature study. The adjacent Nicollet and
Clarion soils on uplands, Terril and Spillville soils on
foot slopes, and Hanlon soils on bottom lands provide
sites for picnic areas.

Many areas that cannot be used economically to pro-
duce crops are well suited to wildlife. On most farms
there are areas that are better suited to the development
of wildlife habitat than to other uses. Most of the soils in
the county are suited to wildlife habitat and recreation,
but Estherville, Storden, and Wadena soils, Rock land
and Steep sandy land, or bottomland areas of Alluvial
land, Sandy alluvial land, or Buckney soils are better
suited than other areas. Such small areas as gravel spots,
sand spots, old quarries, borrow pits, or gravel pits are
also suitable.

Engineering Uses of the Soils®

This section is useful to those who need information
about soils used as structural material or as foundations
upon which structures are built. Among those who can
benefit from this section are planning commissions, town
and city managers, land developers, engineers, contrac-
tors, and farmers.

Among properties of soils highly important in engi-
neering are permeability, strength, compaction character-
istics, soil drainage condition, shrink-swell potential,
grain size, plasticity, and soil reaction. Also important
are depth to the water table, depth to bedrock, and slope.
These properties, in various degrees and combinations,
affect construction and maintenance of roads, airports,
pipelines, foundations for small buildings, irrigation sys-
tems, ponds and small dams, and systems for disposal of
sewage and refuse.

Information in this section of the soil survey can be
helpful to—

1. Select potential residential, industrial, commer-
cial, and recreational areas.

9. FEvaluate alternate routes for roads, highways,
pipelines, and underground cables.

3. Seek sources of gravel, sand, or clay.

4. Plan farm drainage systems, irrigation systems,
ponds, terraces, and other structures for controll-
ing water and conserving soil.

5. Correlate performance of structures already built
with properties of the kinds of soil on which they
are built, for the purpose of predicting perform-
ance of structures on the same or similar kinds
of soil in other locations.

6. Predict the trafficability of soils for cross-country
movement of vehicles and construction equip-
ment.

7. Develop preliminary estimates pertinent to con-
struction in a particular area.

2 Tables 3 and 4 were prepared with the help of D. A. ANDERSON,
soils engineer, Towa State Highway Commission.
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Figure 18.—Dam built by beaver in Lizard Creek.

Most of the information in this section is presented in
tables 3, 4, and 5.

This information, along with the soil map and other
parts of this publication, can be used to make interpreta-
tions in addition to those given in tables 3 and 4, and it
also can be used to make other useful maps.

Engineering classification systems

The two systems most commonly used in classifying
samples of soils for engineering are the Unified system
(19) used by the SCS engineers, Department of Defense,
and others, and the AASHO system (7) adopted by the
American Association of State Highway Officials,

In the Unified system soils are classified according to
particle-size distribution, plasticity, liquid limit, and or-
ganic matter. Soils are grouped in 15 classes. These are
eight classes of coarse-grained soils, identified as GW,
GP, GM, GC, SW, SP, SM, and SC; six classes of fine-

grained soils, identified as ML, CL, OL, MH, CH, and
OH; and one class of highly organic soils, identified as
Pt. Soils on the borderline between two classes are desig-
nated by symbols for both classes; for example, ML~CL.

This information, however, does not eliminate the need
for further investigations at sites selected for engineering
works, especially works that involve heavy loads or that
require excavations to depths greater than those shown in
the tables, generally depths greater than 6 feet. Also,
inspection of sites, especially small ones, is needed because
many delineated areas of a given soil mapping unit may
contain small areas of other kinds of soil that have
strongly contrasting properties and different suitabilities
or limitations for engineering.

Some of the terms used in this soil survey have special
meaning to soil scientists that is not known to all engi-
neers. The Glossary defines many of these terms.
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TaBLE 3.—Estimated soil properties

[An asterisk in the first column indicates that at least one mapping unit in this series is made up of two or more kinds of soil, which may

of this table. The symbol > means

Depth to Classification
seasonal | Depth .
Soil series and map symbol high water| from
table surface Dominant USDA Unified AASHO
texture
Alluvial land: 3158B. Feet Inches
Soil properties too variable for valid
estimates.
Ankeny: 136A_ - >5 0-28 | Fine sandy loam______ SM or SC A-4 (0-3)
28-52 | Fine sandy loam______ SM or SC A—z—i Eg) 39)1'
52-62 | Sand.___ ... __________ SM or SP-SM A-2-4 (0) or A-3 (0)
Billett: 775B, 775C e >5 0-22 | Fine sandy loam______ SM or SC A—§—4 2(1)) 3?)1'
—4 )
22-46 | Fine sandy loam and SM or SC A-2-4 (0) or
fine sandy clay loam. A-4 (1-4)
46-60 | Sand_ ... ________ SM or SP-SM A-2-4 gg; or
Biseay: 259 .. 1-3 0-19 | Clay loam___._________ OL or CL A—(7—5 OI) A-7-6
10-1
19-39 | Clay loam and sandy CL A-6(4) to A-7-6(14)
clay loam.
39-60 | Sand and gravel_______ SP-SM or SM A-1-b or A-2-4 (0)
Boone: 210G ... >5 0-16 | Loamy fine sand and sSM A-2-4 (0)
loamy sand.
16-25 | Sand__._______.______ SP-SM or SM A-2-4 (0) or A-3(0)
25-31 | Sandstone_ _ - o | e
Buckney: 636A,636B_________ . ________ 13-5 0-12 | Fine sandy loam___ ___ SM A-2-4 (0) to A-4 (4)
12-54 | Fine sandy loam and SM A-2 or A-4 (0)
loamy fine sand.
Calamine: 551B, 551D .. __________ 0-3 0-20 | Silty clay loam_____.___ CH A—(7—5 or) A-7-6
10-14
20-32 | Silty clay loam________ CLor CH A-7-6 (10-16)
32-68 | Silty clay loam shale_._| CH A-7-6 (14-20)
Caleo: 733 . 11-3 0-20 | Silty elay loam________ OHor CHor CL | A-7-50or
A-7-6 (14-18)
20-37 | Silty clay loam________ CH or CL A-7-6 (14-18)
37-60 | Clay loam, loam, and CL or SM A-4 (6) to
sandy loam. A-2-4 (0)
Canisteo: 507 oo __ 1-3 0-17 | Silty clay loam and OL or CL, OH or | A-7-5 or
clay loam. CH A-7-6 (14-19)
17-38 | Clay loam____________ CL A-6 (10) to
A-7-6 (14)
3860 | Loam.______._________ CL A-6 (6) to
A-7-6 (14)
Clarion: 138A, 138B, 138C, 138C2, >5 0-11 | Loam___.._____.___.__ CL A-4 (4) o
138D2, 138E2. A-6 (9
11-55 | Loam________________ CL A-4 (4) to
A-6 (9)
*Colo: 133, 585B_ . ________ 11-3 0-39 | Silty clay loam________ OHor CHor CL | A-7-5or
For properties of Spillville part of 5858B, A-7-6 (14-19)
see the Spillville series. 39-51 | Silty clay loam._.___.._ CH or CL A-7-6 (14-19)
51-56 | Silty clay loam__.______ CL A-7-6 (12-18)
Cordova: 386 . _ .o ____ 1-3 0-15 | Silty clay loam________ OL or CL A—(7—5 or) A-7-6
14-19
15-37 | Clay loam_ .._._______ CL or CH A-7-6 (14-18)
37-58 | Loam__.______________ CL A—(61 4(;1) to A-7-6

See footnotes at end of table.
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Percentage passing sieve—

Available Shrink-swell
Permeability water Reaction potential
No. 4 No. 10 No. 200 capacity
(4.7 mm.) (2.0 mm.) (0.074 mm.)
Inches per hour Inches per inch of soil pH value

100 95-100 35-45 2. 0-6. 3 0. 15 6. 6-7.3 | Low.

100 95-100 25-45 2. 0-6. 3 0. 12 7.4-7.8 | Low.

100 95-100 5-25 6. 3-20. 0 0. 04 7.4-7.8 | Low.

100 90-100 30-50 2.0-6. 3 0.12 6. 1-7. 3 | Low.

100 90-100 30-45 2.0-6. 3 0. 13 5. 6—6. Low.

100 100 5-30 6. 3-20. 0 0. 04 6. 6-7.3 | Low.

100 95-100 70-85 0. 63-2.0 0. 21 6. 6-7. 3 | Moderate or high.

100 95-100 50-75 0.2-2.0 0. 17 6. 6-7. 8 | Moderate.

75-95 60-80 5-25 6. 3-20. 0+ 0. 03 7. 4-8. 4 | Very low or none.

100 100 15-30 6. 3-20. 0 0. 08 6. 1-6. 5 | Low.

100 100 5-15 6. 3-20. 0 0. 04 5.6-6. 0 | Low.

_______________________________________________________________________________ 5.6-6. 0 | None.

100 100 30-50 2.0-6.3 0. 14 7.4-7.8 | Low.

100 100 15-50 6. 3-20. 0 0. 04-0. 12 7.4~7.8 | Low.

100 95-100 85-100 0. 2-0. 63 0. 20 6. 6-7. 3 | Moderate or high.
95-100 90-100 65-85 0. 2-0. 63 0. 15 6. 6-7. 8 | High.

100 95-100 90-100 <0. 06 0. 10 7. 9-8. 4 | High.

100 100 80-95 0. 2-0. 63 0.21 7.4-7.8 | High.

100 100 75-90 0. 2-0. 63 0.18 7.4-8.4 | High.

100 95-100 30-80 0.63-2.0 0.12-0. 16 7.9-8.4 Moderate.

100 95-100 70-90 0.63-2.0 0. 21 7. 9-8. 4 | Moderate or high.
95-100 90-100 60-80 0. 2-0. 63 0.17 7. 9-8. Moderate or high.
95-100 90-100 50-75 0.63-2. 0 0.17 7. 9-8. 4 | Moderate.

95-100 95-100 50-75 0.63-2.0 0.18 6. 6-7. 3 | Moderate.
90-100 85-100 50-75 0.63-2.0 0.16 6. 6-8. 4 | Moderate.

100 100 80-95 0. 2-0. 63 0. 21 6. 6-7.3 | High.

100 100 75-90 0. 2-0. 63 0. 18 6. 6-7. 3 | High.

100 100 70-90 0. 63-2. 0 0. 18 7. 4-7. 8 | Moderate or high.

100 95-100 70-90 0. 2-0. 63 0.21 6. 1-7. 3 | Moderate or high.
95-100 95-100 60-80 0. 2-0. 63 0. 17 7.3-7.8 | Moderate or high.
95-100 90-100 50-80 0. 63-2. 0 0. 17 7. 9-8.4 | Moderate.
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TaBLE 3.—Estimated soil properties
Depth to Classification
seasonal | Depth
Soil series and map symbol high water | from
table surface Dominant USDA Unified AASHO
texture
Feet Inches
Cylinder:
203 . e 2-4 0-14 | Loam______________._. CL A-6 (8) to A-7-6
12
14-38 | Loam_________.._____._ CL or SC A-4 (3) to A-6 (8)
38-50 | Sand and gravel _____._ SP-SM or SM A-1-b (0) or
A-2-4 (0)
202 e 2-4 0-14 | Loam._ . __________.__ CL A—(6 ()8) to A-7-6
12
14-29 Lo]am and sandy clay CL or SC A-4 (1) to A-6 (8)
oam.
29-48 | Sand and gravel_______ SP-SM or SM A~1-b (0) or
A-2-4 (0)
Dorchester: 158, 815 - 10-4 0-31 | Silt loam___._____.____ ML or CL A4 (6) to A-6 (10)
31-59 | Silt loam_______.______ ML or CL A-4 (6) to A-6 (10)
59-76 | Very fine sandy loam SM or ML A-4 (1-4) or
to loamy fine sand. A-2-4 (0)
Dundas: 307 e 2 0-3 0-12 | Silt loam_ ... _______ CL A—(G ()6) to A-7-6
12
12-40 | Clay loam___.________ CH A-7-6 (15-20)
40-58 | Clay loam___________ CL A-6 (8) to A-7-6
(14)
Estherville: 34A, 34B, 34C, 34D . _______. >5 0-14 | Sandy loam____..__..__ SM A-2-4 (0)
14-35 | Sandy loam______ SM A-2-4 (0)
35-48 | Sand and gravel SP-SM or SM A-1-b (0) or
: A-2-4 (0)
Gosport: 313G.____ . _____ >5 0-7 | Siltloam_ .. oe.._.__ ML or CL A-6 (8-12)
7-28 | Silty clay_ oo _ CH A-7-6 (20)
28-60 | Shale_ ____._.___..____ CH A-7-6 (20)
Guckeen: 385A_ ... 2-4 0-16 | Clay loam____________ CL or CH A-6 (10) to
A-7-6 (16)
16-36 | Light clay____________ CH A-7-6 (16-20)
36-72 | Clay loam____________ CL A-6 (8) to
A-7-6 (13)
Hanlon: 536A_ o _____ 12-5 0-27 | Fine sandy loam______ SM A-4 (0-4)
27-46 | Fine sandy loam______ SM A-4 (0-4)
46-60 | Medium and coarse SM-SP or SM A-1-b (0) or
sand. A-2-4 (0)
Harps: 95 e 1-3 0-16 | Clay loam___.________ OL or CL A6 (8) to
A-7-5 (13)
16-42 | Loam.________________ CL A-6 (8) to
A-7-6 (13)
42-60 | Loam________________ CL A-6 (8-12)
Hayden: 168B, 168C._ . _ oo ____ >5 0-15 | Loam_______._._______ ML-CL or CL A-4 (4-8)
15-42 | Clay loam____________ CL A-6 (5-10)
42-60 | Loam.__.____________ CL A-4 (4) to A-6 (9)
Jacwin: 444 A_____ . 2-4 0-12 A-6 (6-12)
12-24 A-6 (8-12)
24-36 A-4 (0-4)
36-54 A-6 (6) to A-7-6
of limestone and (16)
sandstone.
Kamrar: 387B______ . >5 0-12 | Clay loam..__________ CL A—(G ()8) to A-7-6
14
1226 | Clay loam____________ CL or CH A—(ﬁ é)lZ) to A-7-6
1
26-56 | Clay loam and loam___| CL A—(6 2()6) to A-7-6
1

See footnotes at end of table.
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Percentage passing sieve—
Available Shrink-swell
Permeability water Reaction potential
No. 4 No. 10 No. 200 capacity
(4.7 mm.) (2.0 mm.) (0.074 mm.)
Inches per hour Inches per inch of soil pH value

100 90-100 50-75 0.63-2.0 0.18 6. 6-7. 3 | Moderate.

95-100 80-100 40-60 0.63-2.0 0. 15 6. 1-7. 3 | Moderate.

75-95 60-80 5-25 6. 3-20. 04+ 0. 03 7.4-8.4 | Very low or none.
100 90-100 50-75 0.63-2.0 0.18 6. 6-7.3 | Moderate.

95-100 80-100 35-60 0. 63-2.0 0.15 6. 1-7. 3 | Moderate.

75-95 60-80 5-25 6. 3—-20. 04 0. 03 6. 6-7. 8 | Very low or none.
100 95-100 80-95 0.63-2.0 0.18 7.8-8.4 | Low or moderate.
100 95-100 70-90 0.63-2.0 0.18 7. 8-8.4 | Low or moderate.
100 90-100 30-60 2.0-6.3 0. 10 7.8-8.4 | Low.

100 95-100 70-90 0.63-2.0 0. 20 5. 6-6. 5 | Moderate.
95-100 95-100 70-90 0. 06-0. 63 0. 17 5.1-7. 8 | High.

95-100 90-100 50-80 0.20-2.0 0.17 7. 9-8. 4 | Moderate.

100 80-95 20-35 2, 0-6.3 0.10 6.1-7.3 | Low.

90-100 75-95 15-35 2.0-6.3 0. 08 6.6-7.3 | Low.

70-90 60-80 5-30 6. 3-20. 04 0. 03 7.4-7.8 | Very low or none.
100 100 85-100 0. 63-2.0 0.18 5.1-7. 3 | Moderate.

100 100 90-100 <0. 06 0.12 4. 5-5. 0 | High.

100 | 95-100 90-100 <0. 06 0.08 |ocooom o High.

100 95-100 70-90 0. 2-0. 63 0.18 5.6-6. 5 | Moderate or high.

100 95-100 75-90 0. 06-0. 63 0.16 6. 1-7. 8 | High.

95-100 90-100 50-75 0.20-2.0 0.17 7. 9-8. 4 | Moderate.

100 95-100 40-50 2.0-6.3 0. 12 6. 6-7.8 | Low.

100 95-100 35-50 2.0-6. 3 0. 10 7.4-7.8 | Low.

100 90-100 5-25 6. 3-20. 0 0.03 7.9-8.4 | Low to none.

100 95-100 65-80 0. 63-2. 0 0.18 7.9-8. 4 | Moderate or high.
95-100 95-100 65-80 0.63-2.0 0.17 7. 9-8.4 | Moderate.
95-100 90-100 50-75 0. 63-2. 0 0.16 7.9-8.4 | Moderate.

100 95-100 50-75 0.63-2. 0 0.17 5. 6-6. 5 | Moderate.
95-100 90-100 50-75 0.63-2.0 0.17 6. 1-7. 3 | Moderate.
90-100 85-100 50-75 0.62-2. 0 0. 16 7. 9-8. 4 | Moderate.

100 80-100 55-75 0. 63-2.0 0.18 6. 1-6. 5 | Moderate.

100 80-100 55-75 0.63-2.0 0. 17 6. 6-7. 8 | Moderate.

50-75 45-70 35-50 2.0-6.3 0. 12 7. 4-7. 8 | Low or moderate.

25-50 25-50 50-70 <0. 06 0.10 7.9-8. 4 | High.

95-100 95-100 60-85 0. 63-2.0 0.19 5.6-6. 5 | Moderate.

95-100 90-100 60-85 0. 2-0. 63 0.17 6. 1-7. 3 | Moderate or high.

90-100 85-95 50-75 0.63-2.0 0.16 7. 4-8. 4 | Moderate.
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TABLE 3.—Estimated soil properties
Depth to Classification
seasonal | Depth
Soil series and map symbol high water | from
table surface Dominant USDA Unified AASHO
texture
Feet Inches
Lanyon: 606__ . o o 2 0-3 0-13 | Silty clay__________._. CH or OH A—(7—5 0r)A—7—6
16-20
13-52 | Silty elay_._________. CH A-7-6 (16-20)
52-70 | Clay loam____________ CL A-6 (8) to A-7-6
(14)
Lester: 236B, 236C, 236D, 236E, 236F____ >5 0-12 | Loam.________________ MIL-CL or CL A~4 (6) to A-6 (8)
12-48 | Clay loam____________ CL A-6 (5-10) or
A-7-6 (10-14)
48-72 | Loam________________ CL A-4 (4) to A-6 (12)
Le Sueur: 325A_ o ___ 2-4 0-12 | Loam____.____________ ML-CL or CL A-4 (4) to A-6 (8)
12-38 | Clay loam____________ CL A-6 (8) to A-7-6 (4)
38-52 | Loam and clay loam___| CL A-4 (4) to A-6 (12)
Luther: 355A___ . 2-4 0-10 | Loam_______.____.___. ML-CL or CL A—4 (4) to A-6 (8)
10-42 | Clay loam.___.________ CL A—(G (8) to A-7-6
14)
42-72 | Loam___ . __________. CL A-4 (4) to A-6 (12)
Marna: 383 _ e 1-3 0-14 | Silty clay loam to OH or CH A-7-5 or A-7-6
silty clay. (14-20)
14-40 | Silty clay to silty CH A-7-6 (15-20)
clay loam.
40-67 | Light clay loam and CL A-6 (6) to A-7-6
loam. (14)
Minnetonka: 583____ __________________.__ 1-3 0-14 | Silty clay loam________ OH or CH or CL A—(7—5 or A-7-6
12-17)
14-33 | Silty elay_ - ____ CH A-T7-6 (17-20)
33-52 | Loam________________ CL A-6 (6-12)
Muck: 21, 21D_ . 0-2 0-15 | Muek____.__________ Pt Muck
15-48 | Silt loam, silty clay OL to CL or CH A-7-5 or A-7-6
loam, clay loam, (10-18)
and loam.
48-72 | Clay loam. - __.______ CL A-6 (8) to A-7-6
(14)
Nicollet: 55A, 55B_ _ .. 2-4 0-11 | Loam or light clay CL or MIL-CL A—61 (8) to A-7-6
loam. 4
11-32 | Clay loam____________ CL A-6 458) to A-7-6
1
32-60 | Loam___ .. ____ CL A-4 (4) to A-6 (12)
Okoboji:
B o e 2 0-3 0-32 | Silty clay loam_.______ OH or CH A—(71;5 or)A—7—6
—20
32-60 | Silty clay loam.__._____ CH or CL A-7-6 (14-20)
90 L e 2 0-3 0-8 Mucky silt loam.._____ Pt Muck
8-32 | Silty clay loam________ OH or CH A-7-5 or A-7-6
(14-20)
32-60 | Silty clay loam________ CH or CL A-7-6 (14-20)
Rock land and Steep sandy land: 478G.
Soil properties too variable for valid
estimates.
Rockton: 214B_ _ __ . __. >5 0-13 { Loam______.___._______ CL A-4 (4) to A-6 (8)
13-24 | Loam____.___________ CL A-4 (4) to A-6 (8)
24-40 | Fragmented limestone |- . | -

See footnotes at end of table.

with shale and
loamy material.
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Percentage passing sieve— -
Available Shrink-swell
Permeability water Reaction potential
No. 4 No. 10 No. 200 capacity
(4.7 mm.) (2.0 mm.) (0.074 mm.)
Inches per hour Inches per inch of soil pH value
100 100 90-100 0. 06-0. 63 0.18 6. High.
100 95-100 80-95 0. 06-0. 63 0.16 7.9-8.4 | High.
95-100 90-100 60-80 0.63-2. 0 0. 16 7.9-8. 4 | Moderate.
95-100 95-100 60-80 0.63-2.0 0.19 6. 1-7. 3 | Moderate.
95-100 90-100 50-75 0.63-2.0 0. 17 5.6-7.3 | Moderate.
90-100 85-100 50-75 0.63-2.0 0.16 7. 9-8. 4 | Moderate.
95-100 95-100 60-80 0.63-2.0 0. 20 5.6-6. 5 | Moderate.
95-100 90-100 60-80 0. 63-2.0 0. 17 5.6-6. 5 | Moderate.
90-100 85-100 50-75 0.63-2.0 0. 16 7. 4-8. 4 | Moderate.
95-100 95-100 60-80 0.63-2.0 0.19 6. 1-7. 3 | Moderate.
95-100 90-100 60-80 0. 20-0. 63 0.17 5.6-7. 3 | Moderate.
90-100 85-100 50-75 0.63-2.0 0.16 7.4-8.4 | Moderate.

100 100 75-90 0. 06-0. 20 0.19 6. 1-6. 5 | High.

100 95-100 70-90 0. 06-0. 20 0.16 6. 6-7. 8 | High.
90-100 90-100 50-75 0. 63-2.0 0.17 7. 8-8. 4 | Moderate.

100 95-100 80-95 0. 20-0. 63 0.21 5. 6-6. 5 | Moderate or high.

100 95-100 80-95 0. 06-0. 20 0.17 5.1-6. 5 | High.
95-100 90-100 50-75 0. 20-0. 63 0. 17 6. 6-8. 4 | Moderate.

100 100 100 2. 0-6. 3+ 0.25 7.9-8. 4 | Moderate.

100 95-100 70-90 0.20-2.0 0. 20 7.9-8. 4 | Moderate or high.
95-100 90-100 50-75 0.20-2.0 0.17 7. 9-8. 4 | Moderate.
95-100 95-100 60-80 0.63-2.0 0.19 6. 1-6. 5 | Moderate.
95-100 90-100 60-80 0.63-2.0 0.17 6. 6-7. Moderate.
90-100 85-100 50-80 0.63-2.0 0.16 7. 9-8. 4 | Moderate.

100 100 80-95 0. 06-0. 20 0.21 7.4-7.8 | High.

100 95-100 80-95 0. 06-0. 20 0.19 7.4-8. 4 | High.

100 100 95-100 2.0-6. 3 0. 23 7.4-7. 8 | Moderate.

100 100 80-95 0. 06-0. 20 0.21 7.4-7.8 { High.

100 95-100 80-95 0. 06-0. 20 0.19 7.4-7.8 | High.

95-100 80-100 50-75 0.63-2.0 0.17 5.6-6. 1 | Moderate.
95-100 80-100 55-75 0.63-2. 0 0. 16 5.6-6. 5 | Moderate.
10-30 5-20 5-20 (®) ®) 6. 1-6. 5 | Low to none.
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TaBLE 3.—Estimated soil properties

Depth to Classification
seasonal | Depth
Soil series and map symbol high water| from
table surface Dominant USDA Unified AASHO
texture
Feet Inches
Rolfe: 274 e 2 -3 0-14 | Siltloam_____________ OL or CL A-6 (6-12)
14-30 | Silty clay loam_______. CL or CH A-7-6 (14-18)
30-60 | Clayloam__ . __.______ CL A-6 (8) to A-7-6
(14)
Sandy alluvial land: 715_____ . _________ 12-5 0-48 | Sandy or gravelly ____|{ SP-SM or SM A-2-4 (0) or A-3 (0)
Spillville: 485A, 485B.._____________.____ 12-5 0-40 | Loam______.__________ OL or CL A—(41 2()8) to A-7-5
40-60 | Sandy loam...________ SM or SC A-2-4 )(O) or A-4
(2-6
*Sggl(‘;dzen: 356G, 62C2, 62D2, 62E2, 62F2, >5 0-58 | Loam.______________. CL A-4 (4) to A-6 (9)
For properties of Hayden part of 356G,
see the Hayden series.
Talcot:
550 e e e 1-3 0-15 | Clayloam.___________ OL or CL A-7-5 (10) to
A-7-6 (14)
15-37 | Clay loam and sandy CL A-6 (4) to A-7-6 (14)
clay loam.
37-52 | Sand and gravel.._____ SP-SM or SM A-1-b (0) or
A-2-4 (0)
558 - e 1-3 0-15 | Clayloam._.__________ OL or CL A-T-5 (10) to
A-7-6 (14)
15-28 | Clay loam and sandy CL A-6 (4) to A-7-6
clay loam. 14
28-48 | Sand and gravel_______ SP-SM or SM A-1-b (0) or
A-2-4 (0)
Terril:
27C, 27D e >5 0-31 | Loam______._._____.__ OL or CL A-6 (5) to A-7-5
(10)
31-48 | Loam________________ CL A-6 (6-12)
48-72 | Clayloam . _.__________ CL A-6 (6-12)
323B o e >5 0-36 | Loam________________ CL A-4 (4) to A-6 (12)
36—-42 | Sandy loam___________ SM A-2-4 (0) or
A-4 (2-4)
42-50 | Loamy fine sand._____ SM or SC A-2-4 (0)
Te;éié’E thin surface variant: 566C, 566D, >5 0-15 | Loam________________ CL | A4 (4) to A-6 (12)
' 15-58 | Loam________________ CL A-4 (4) to A6 (12)
Turlin: 96B . _ e ___ 135+ 0-34 | Loam____________.___ OL or CL A-6(5) to A-7-5(10)
34-66 | Loam________________ CL A-4(4)to A-6(8)
Wacousta: 506. .. oo 2 0-3 0-8 | Siltloam_____________ OL or ML A-6 (8)to A-7-6(14)
8-28 | Silty clay loam________ CL or CH A-6(9)to A-7-6(15)
28-56 | Loam________________ CL A-6 (6-12)
Wadena:
308A, 308B e >5 0-15 | Loam_____________.___ ML-CL or CL A-4 (4)to A-6 (8)
15-38 | Loam________________ SC or CL A-4(4)to A-6 (8)
38-50 | Sand and gravel.._____ SP-SM or SM A—(l—)b (0)or A-2—4
0
108A, 108B, 108C _ _ __ ____ . __ >5 0-16 | Loam _ . ________.______ ML-CL or CL A-4 (4) to A6 (8)
16-30 | Loam, sandy clay SC or CL A4 (2) to A-6 (8)
loam, and sandy
loam.
30-52 | Sand and gravel . ______ SP-SM or SM A-1-b (0) or
A-2-4 (0)

See footnotes at end of table,
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Percentage passing sieve—
Available Shrink-swell
Permeability water Reaction potential
No. 4 No. 10 No. 200 capacity
(4.7 mm.) (2.0 mm.) (0.074 mm.)
Inches per hour Inches per inch of soil pH value
100 95-100 80-95 0.63-2.0 . 21 6. 1-6. 5 | Moderate.
100 95-100 75-95 0. 06-0. 20 0.18 6. 1-7. 3 | High.
95-100 90-100 55-75 0. 20-0. 63 0.17 6. 6-8. 4 | Moderate or high.
95-100 95-100 5-25 6. 3-20. 0+ 0. 08-0. 03 7.4-8.4 | Low.
100 95-100 65-80 0.63-2.0 0. 20 6. 6-7. 3 | Moderate.
100 90-100 25-50 2.0-6. 3 0. 10 6. 6-7. 3 | Moderate.
90-100 85-100 50-75 0. 63-2.0 0. 16 7. 9-8. 4 | Moderate.
100 95-100 70-85 0.63-2.0 0.21 7.9-8.4 | Moderate or high.
95-100 90-100 50-75 0. 20-2.0 0. 17 7.9-8. 4 | Moderate.
75-95 60-80 5-25 6. 3-20. 0-+ 0. 03 7.9-8. 4 | Very low or none.
100 95-100 70-85 0. 63-2.0 0. 21 7. 4-8. 4 | Moderate or high.
95-100 90-100 50-75 0.20-2.0 0. 17 7.9-8. 4 | Moderate.
75-95 60-80 5-25 6. 3-20. 0+ 0. 03 7.9-8. 4 | Very low or none.
100 95-100 60-80 0. 63-2.0 0.19 6. 1-7. 3 | Moderate.
95-100 95-100 60-80 0. 63-2.0 0. 17 6. 1-6. 5 | Moderate.
90-100 90-100 60-80 0. 63-2.0 0. 17 6. 6-7. 3 | Moderate.
100 100 60-75 0. 63-2. 0 0.19 6. 1-6. 5 | Moderate.
100 95-100 30-40 2.0-6.3 0.12 6. 1-6. 5 | Low.
95-100 95-100 15-30 6.3-20. 0 0. 07 6.6-7.3 | Low.
95-100 90-100 60-80 0. 63-2. 0 0.19 5.6-6. 0 | Moderate.
95-100 90-100 60-80 0. 63~2. 0 0. 16 6. 1-7. 3 | Moderate.
100 95-100 60-80 0.63-2.0 0.19 6. 6-7. 3 | Moderate.
100 95-100 55-75 0.63-2.0 0.17 6. 6-7. 3 | Moderate.
100 100 80-95 0.63-2.0 0. 23 6. 6-7. 8 | Moderate or high.
100 95-100 75-95 0.20-2.0 0. 19 7.4-8. 4 | Moderate or high.
95-100 90-100 60-80 0.63-2.0 0. 17 7.9-8.4 | Moderate.
100 90-100 50-75 0.63-2.0 0.18 6. 1-7. 3 | Moderate.
95-100 80-100 45-60 0.63-2.0 0. 17 6. 6-7. 8 | Moderate.
75-95 60-80 5-25 6. 3-20. 04 0. 03 7.4-8. 4 | Very low or none.
100 90-100 50-75 0.63-2.0 0. 18 6. 6-7. 3 | Moderate.
95-100 80-100 45-60 0.63-2.0 0.15 6. 6-7. 8 | Moderate.
75-95 6080 5-25 6. 3-20. 0+ 0. 03 7.4-8.4 | Very low or none.
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TABLE 3.—Estimated soil properties

Depth to Classification
seasonal | Depth
Soil series and map symbol high water | from
table surface Dominant USDA Unified AASHO
texture
Wadena, thin surface variant, deep: Feet Inches
7788 e >5 0-11 | Loam_________._______ ML-CL or CL A-4 (4) to A-6 (8)
11-39 | Clay loam and sandy | SC or CL A-4 (2) to A-6 (8)
clay loam.
39-48 | Sand and gravel ____._.__ SP-SM or SM A-1-b (0) or
A-2-4 (0)
T77B e e >5 0-10 | Loam________________ ML-CL or CL A-4 (4) to A-6 (8)
10-28 | Clay loam and sandy SC or CL A-4 (3) to A-6 (8)
clay loam.
28-60 | Gravellysand___.______ SP-SM A-1-b (0) to
A-2-4 (0)
Webster: 107, 107B. . .. 1-3 0-24 | Silty clay loam._______._ OL, CL, OH or A-7-5 or A-7-6
CH (14-19)
24-36 | Clayloam____________ CL A—(ﬁ 7()10) to A-7-6
1
36-65 | Loam____ ... .__.__ CL A—(Gl (gi) to A-7-6
4

1 Subject to flooding.
2 Subject to ponding of surface water.
3 Variable.

TaBLE 4.—Interpretations of

[An asterisk in the first column indicates that at least one mapping unit in this series is made up of two or more kinds of soil,ﬁwhichlmay
rst column

Suitability as a source of-— Soil features affecting—
Soil series and map
symbol Topsoil Sand Gravel Road fill Highway Foundations for
location low buildings !
Alluvial land: 315B___| Suitability Poor: Not suitable__| Variable: sub- Subject to flood- Subject to flood-
is variable. many areas ject to flood- ing; seasonal ing; seasonal
not suit- ing; material high water high water
able; gen- wet and hard table; variable table; variable
erally sand to excavate in soil materials soil material,
is variable places. for foundation but generally
and strati- for embank- fair to good
fied with ment at bridge bearing ca-
fines. sites. pacity and
shear strength.
Ankeny: 136A________ Good: Poor: Not suitable__| Good: fair Erodible where Low shrink-swell
moderately underlying bearing ca- exposed on em- potential: fair
coarse tex- sand vari- pacity; slight bankments; bearing capac-
tured; able; con- compressibil- deep cuts can ity; subject to
moderate siderable ity; good work- seep and slide. rapid and pos-
content of fines in ability; good sibily uneven
organic many compaction. consolidation.
matter. places.

See footnote at end of table.
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Percentage passing sieve—
Available Shrink-swell
Permeability water Reaction potential
No. 4 No. 10 No. 200 capacity
(4.7 mm.) (2.0 mm.) (0.074 mm.)
Inches per hour Inches per inch of so0il pH value
100 90-100 50-75 . 63-2. 0 0. 18 6. 1-6. 5 | Moderate.
95-100 90-100 40-60 0.63-2.0 0. 15 6. 1-7. 3 | Moderate.
75-95 50-80 5-25 6. 3-20. 04 0. 03 7.4-8.4 | Very low or none.
95-100 95-100 50-75 0.63-2.0 0.17 6. 6-7. 3 | Moderate.
95-100 90-100 40-60 0.63-2. 0 0. 16 6. 6-7. 3 | Moderate.
75-95 50-80 5-25 6. 3-20. 0+ 0. 03 7.9-8.4 | Very low or none.
100 95-100 70-90 0.63-2.0 0.21 6. 6-7. 3 | Moderate or high.
95-100 95-100 60-80 0.20-2. 0 0.17 6. 6-7. 3 | Moderate or high.
95-100 90-100 50-75 0.63-2. 0 0.16 7. 9-8. 4 | Moderate.

engineering properties

have different interpretations. For this reason the reader should follow carefully the instructions for referring to another series in the

of this table]

Soil features affecting—Continued

Soil limitations for use as—

Farm ponds

channels.

Agricultural Irrigation Terraces and Grassed Septic tank Sewage
drainage diversions waterways absorption field lagoon

Reservoir area | Embankment

Variable ma- Wet and hard | Subject to Variable but Nearly level Nearly level Severe: sub- Severe:
terial in to excavate flooding; generally bottom bottom jeet to permeabil-
substratum, in places; variable rapid in- land. land; var- flooding and ity variable
but moder- variable natural take rate; iable soil high water but generally
ately rapid soil ma- drainage; subject to material ; table; hazard moderately
or rapid terial. outlets flooding;; subject to of contami- rapid; sub-
permeabil- generally seldom flooding. nation to jeet to
ity in many difficult to used for streams or flooding.
places. obtain. Crops. water supplies.

Rapid perme- Fair stabil- Well drained; | Low or mod- | Nearly level Erodible; Slight: hazard | Severe: mod-
ability in ity; good drainage erate avail- to gently droughti- of contami- erately rapid
substratum. workabil- not needed. able water sloping; ness hin- nation to or rapid per-

ity; good capacity; soil features ders es- streams or meability.
compac- rapid in- favorable tablishing water sup-

tion; erodi- take rate. for construc- vegetation plies.

ble on tion; erodi- in places.

slopes; ble on

poor resist- back

ance to slopes and

piping. in
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TaABLE 4.—Interpretations of

Suitability as a source of— Soil features affecting—
Soil series and map
symbol Topsoil Sand Gravel Road fill Highway Foundations for
location low buildings !
Billett: 775B, 775C.._| Fair: mod- Poor: un- Not suitable__| Good: fair bear- | Erodible where Slight compressi-
erately derlying ing capacity; exposed on em- bility; fair
coarse tex- sand vari- slight com- bankments; shear strength;
tured; low able; con- pressibility; good worka- fair bearing ca-~
content of siderable low shrink- bility. pacity; can
organic fines inmany swell potential. liquefy and
matter. places. flow where
saturated.
Biseay: 259..__.______ Fair: mod- Good, but Fair, but Very poor to Seasonal high Seasonal high
erately fine generally mixed with depth of about water table; water table;
textured; mixed sand; high 2 feet; high content of high content of
high con- with gravel: water table very good in organic matter organic matter;
tent of high water can hinder underlying sand to depth of good bearing
organic table can excava- and gravel: about 1} to 2 capacity and
matter; hinder ex- tion. high water feet; substra- slight compress-
seasonal cavation. table can tum a good ibility in sub-
high water hinder ex- source of bor- stratum.
table. cavation. row material.
Boone: 210G.___.___. Unsuitable: Not suitable_.| Not suitable._| Poor: mostly in- | Sandstone bed- Sandstone bed-
steep place rock and rock at depth rock at depth
slopes; little available of 20 to 30 of 20 to 30
available soil material; inches; steeply inches; good
material in steeply sloping sloping and bearing capac-
a thin and rough to- rough topog- ity; slight com-
layer; low pography. raphy. pressibility;
in fertility; steep slopes
low in
available
water
capacity.
Buckney: 636A, Fair or good: | Not suitable_ .| Not suitable__| Good: fair or Gently sloping; Low compressi-
6368B. moderately good bearing subject to bility; low
coarse capacity; slight flooding; good shrink-swell
textured; compressibility; source of bor- potential; fair
moderate good workabil- row material. shear strength;
content of ity; good com- subject to
organic paction; erod- flooding.
matter. ible where
exposed on
embankments.
Calamine: 5518B, Poor: mod- | Not suitable__| Not suitable__| Very poor: very | High slide po- Seepy and wet;
551D. erately fine elastic; subject tential in slopes high shrink-
textured; to large volume of embankments swell potential;
seepy and change; poor and in back high compressi-
wet in bearing ca- slopes of cuts; bility; poor
many pacity. seepy and wet bearing capac-
places. in places. ity; poor
shear strength.

See footnote at end of table.
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Soil features affecting—Continued

Soil limitations for use as—

Farm ponds
Agricultural Irrigation Terraces and Grassed Septic tank Sewage
drainage diversions waterways absorption field lagoon

Reservoir area | Embankment

Rapid per- Fair stabil- Well drained; | Low or mod- | Soil features Low fertility | Slight: haz- Severe: mod-
meability ity; per- drainage erate favorable and ard of con- erately rapid
in substra- vious not needed. available for con- droughti- tamination or rapid
tum. where water ca- struction; ness hinder to streams or permeabil-

compacted; pacity; erodible on establish- water ity.
low shrink- rapid in- back ing vege- supplies.

swell po- take rate; slopes and tation In

tential ; erodible. in channels. places;

poor resist- erodible.

ance to

piping.

Coarse-tex- High content | Sand and Moderate Nearly level _| Nearly level; | Severe: shal- Severe: rapid
tured, porous of organic gravel in available seasonal low to sea- or very rapid
substratum; matter to substratum water high water sonal high permeability
nearly level. depth of hinders capacity; table. water table; in underlying

about 1} to installation medium poorly sand and
2 feet; of drain tile intake rate; drained; gravel.
seasonal in places; poorly hazard of

high water moderate or drained; contamina-

table; sand moderately rapid or tion to water

and gravel slow perme- very rapid supplies.

substratum ability permea-

stable but above sand bility in

pervious in and gravel. substratum.

embank-

ments.

Sandstone bed- | Sandstone Excessively Steeply slop- | Steeply slop- | Steeply slop- | Severe: steeply | Severe: steeply
rock at bedrock at drained; ing; shallow ing; shallow ing; shallow sloping; sloping;
depth of 20 depth of 20 drainage to bedrock; to sand- to sand- shallow shallow to
to 30 inches; to 30 not not used stone bed- stone bed- to sandstone sandstone
steep slopes. inches; needed. for crops. rock. rock. bedrock. bedrock.

steeply
sloping.

Rapid perme- | Fair stability; | Well drained; | Moderate or Gently slop- Soil features Moderate or Severe: rapid
ability in good work- drainage low avail- ing bottom favorable severe: ' permeability.
substratum; ability; not needed. able water land. for con- rapid per-
subject to erodible capacity; struction; meability;
flooding. on slopes; moderately erodible; hazard of

poor re- rapid in- vegetation contamina-

sistance to take rate. difficult to tion of

piping. establish. streams or
water sup-
plies; sub-
ject to
flooding.

Very slow per- | Very slow Very slow Slow intake Wet and Wet and Severe: sea- Moderate where
meability; permeabil- permeabil- rate; poorly seepy in seepy; veg- sonal high slope is less
gently or ity ; high ity in un- drained; many etation water table; than 9 per-
strongly shrink- derlying wet and places; difficult to very slow cent; severe
sloping. swell po- shale; wet- seepy. high slide establish. permeability where slope is

tential; ness due to potential in substra- more than 9
tendency seeps and in embank- tum. percent; sur-
to creep in to high ments. face layer
embank- water table. high in con-
ments. tent of or-
ganic matter;
very slow

permeability.
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TABLE 4.—Interpretations of

Suitability as a source of—

Soil features affecting—

Soil series and map
symbol

Topsoil

Sand

Gravel

Canisteo: 507..__._._.

Clarion: 138A, 138B,
138C, 138C2,
138D2, 138E2.

*Colo: 133, 585B_____

For Spillville
part of 5858,
see the Spill-

ville series.

Cordova: 386..______

See footnote at end of table,

Fair:

Fair:

thick
surface
layer; high
content of
organic
matter;
calcareous;
moderately
fine
textured.

moder-
ately fine
textured;
calcareous;
high con-
tent of
organic
matter.

Good:

medium
textured;
moderate
or moder-
ately low
content of
organic
matter.

Fair or good:

moderately
fine tex-
tured; high
content of
organic
matter.

Fair:

moderately
fine tex-
tured; high
content of
organic
matter in
surface
layer.

Not suitable__

Not suitable.. .

Not suitable__

Not suitable_ _

Not suitable_ -

Not suitable._ _

Not suitable._

Not suitable._

Not suitable._ -

Not suitable_ _

bearing capac-
ity; poor shear
strength;
seasonal high
water table;
high content
of organic
matter to
depth of about
3 feet.

Very poor:

seasonal high
water table;
high content
of organic
matter to
depth of 1%
to 2 feet.

Good: good
shear strength;
good bearing
capacity; good
workability;
good
compaction.

Very poor:

poor bearing
capacity; poor
shear strength;
seasonal high
water table;
highly com-
pressible; high
content of
organic matter
to depth of
about 3 feet
OF more.

Very poor:

seasonal high
water table;
high content of
organic matter
to depth of 1}%
to 2 feet.

water table;
subject to
flooding; poor
foundation for
high fills;
stability and
settlement
characteristics
require
investigation.

Seasonal high

water table;
high content
of organic
matter to
depth of 1%
to 2 feet.

Nearly level to

moderately
steep, undulat-
ing topography;
good source

of borrow
material.

Seasonal high

water table;
generally
subject to
flooding; poor
foundation for
high fills.

Seasonal high

water table;
high content of
organic matter
to depth of 1%
to 2 feet.

Road fill Highway Foundations for
location low buildings !
Very poor: poor | Seasonal high Seasonal high

water table;
subject to some
flooding; high
compressibility
with uneven
consolidation.

Fair bearing

capacity;
seasonal high
water table;
medium to
high

com pressibility.

Good shear

strength; mod-
erate shrink-
swell potential;
deep to sea-
sonal high
water table.

Seasonal high

water table;
generally
subject to
flooding; high
compressibil-
ity where
consolidation
is uneven.

Fair bearing

capacity;
seasonal high
water table;
medium to
high com-
pressibility.
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Soil features affecting—Continued

Soil limitations for use as—

Farm ponds

Agricultural Irrigation Terraces and Grassed Septic tank Sewage
drainage diversions waterways absorption field lagoon

Reservoir area | Embankment

Nearly level High content | Poorly Medium in- Nearly level Seasonal high | Severe: sea- Moderate:
topography; of organic drained; take rate; bottom water table sonal high high content
high in con- matter to moderately high avail- land. and wetness; water table; of organic
tent of depth of slow per- able water soil fea- subject to matter to a
organic about 3 meability; capacity; tures favor- flooding; depth of
matter to feet; fair good out- subject to able; water- moderately about 3 feet;
depth of or poor lets not flooding. ways not slow perme- subject to
about 3 feet stability; available needed in ability. flooding.
or more. generally for tile in most areas.

poor places. :
compaction.

Nearly level Fair sta- Seasonal high | High avail- Nearly level; | Sometimes too| Severe: sea- Moderate:
topography; bility and water table; able water seasonal wet for con- sonal high moderately
moderate or fair com- moderate to capacity; high water struction in water table; slow to mod-
moderately paction moderately medium in- table. places; soil moderate to erate perme-
slow perme- below the slow perme- take rate; features are moderately ability; high
ability. surface ability. drainage favorable. slow perme- content of

layer; slow needed. ability. organic mat-
permeability ter to depth

if com- of about 134

pacted. to 2 feet.

Moderate per- | Good stabil- Not needed.__| Nearly level Nearly level Soil features Slight where Moderate where
meability ; ity; slow to moder- to moder- favorable slope is less slope is less
pockets of permeabil- ately steep; ately steep; for vegeta- than 5 per- than 9 per-
sand and ity if com- undulating undulating tion and cent; mod- cent; severe
gravel in pacted; topography; topography construc- erate where where slope
places. stones and high avail- soil features tion; stones slope is 5 is more than

boulders in able water favorable and to 9 percent; 9 percent;
places; capacity; except for boulders severe where moderate
moderate medium stones and in places. slope is permeability.
shrink- intake rate. boulders in more than
swell places. 9 percent;
potential. moderate

permeability;

deep to the

water table.

Nearly level High content | Moderately Medium Nearly level Soil features Severe: Moderate:
topography; of organic slow per- intake rate; bottom favorable seasonal high high content
high content matter in meability; high avail- land. for con- water table; of organic
of organic the top 3 poorly able water struction generally matter to
matter to feet or drained; capacity; and subject to depth of
depth of more; high unsub- seasonal vegetation; flooding; about 3 feet;
about 3 feet shrink- merged high water seasonal moderately generally
or more. swell outlets not table; high water slow per- subject to

potential; available generally table. meability. flooding.
difficult to in some subject to
compact. places; flooding.

generally

subject to

flooding.

Level Not ordinar- | Moderately Medium Nearly level.__| Seasonal high | Severe: Slight or mod-
topography ily used slow per- intake water seasonal erate: high
not suited to because of meability. rate; high table. high water content of
conventional position; available table; mod- organic
pond sites; fair stabil- water erately slow matter to
moderately ity and fair capacity; permeability. depth of
slow per- compaction drainage about 1} to
meability. below sur- needed. 2 feet;

face layer; moderately
seasonal slow
high water permeability.

table.
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TaBLE 4.—Interpretations of

Suitability as a source of— Soil features affecting—
Soil series and map )
symbol Topsoil Sand Gravel Road fill Highway Foundations for
location low buildings !

Cylinder: 202, 203._..| Good: Good below Fair below Good: fair or Nearly level Good bearing
medium depth of depth of good bearing topography; capacity and
textured; about 24 to about 24 to capacity in good source of shear strength
moderate 40 inches: 40 inches: upper part; borrow mate- in substratum;
or high variable variable good bearing rial; seasonal low shrink-
content of amounts of amounts of capacity, good high water swell potential;
organic fines and gravel. shear strength, table. low com-
matter. gravels; and low pressibility;

seasonal shrink-swell seasonal high
high water potential in water table.
table. underlying

sand and

gravel.

Dorchester: 158, 815__{ Good: Not suitable_ .| Not suitable__| Poor: subject to | Subject to flood- Subject to
medium - flooding; some ing; some areas flooding; highly
textured; areas subject subject to compressible;
calcareous. to ponding; ponding; can liquefy

poor bearing seasonal high where satu-
capacity. water table; rated; some
poor source of areas subject
borrow to ponding;
material. seasonal high
water table.

Dundas: 307___._____ Good in sur- | Not suitable__| Not suitable__| Very poor: Level topography; | Fair bearing
face layer: seasonal high seasonal high capacity; high
medium water table; water table. shrink-swell
textured; high shrink- potential;
moderate swell potential; seasonal high
content of fair bearing water table;
organic capacity. poorly drained.
matter.

Estherville: 34A, 34B, | Fair: thin Good below Good below Good: good Nearly level to Good bearing

34C, 34D. layer of depth of depth of bearing capac- strongly sloping; capacity; slight
material; about 2 about 2 ity; good shear good source of compressibility;
high con- feet: feet: strength; slight borrow mate- deep to water
tent of mixed sand mixed sand compressibility; rial. table.
organic and gravel. and gravel. low or very low
matter. shrink-swell
potential.

See footnote at end of table.
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Soil features affecting—Continued

Soil limitations for use as—

Farm ponds
Agricultural Irrigation Terraces and . Grassed Septic tank Sewage
drainage diversions waterways absorption field lagoon

Reservoir area | Embankment

Underlying Good stabil- Somewhat Medium Nearly level...| Nearly level; | Moderate: Severe: rapid
sand and ity; low poorly intake sand and seasonal or very
gravel is too shrink- drained; rate; low gravel at high' water rapid per-
porous to swell underlain or moder- depth of table; meability in
hold water. potential; by sand ate avail- 24 to 40 hazard of substratum.

pervious; and gravel able water inches; contamina-
poor at depth of capacity. cuts lower tion to
resistance 24 to 40 the avail- streams and
to piping. inches. able water water
capacity. supplies.

Moderate per- | Seasonal high | Moderately High avail- Nearly level Soil features Severe: Severe:
meability; water table well able water bottom favorable subject to moderate
seasonal can hinder drained or capacity; land. for con- flooding; permeability
high water excavation; somewhat medium struction seasonal high in upper
table. low or poorly intake and water table; layers;

moderate drained; rate; vegetation. hazard of generally
shrink- subject to subject to contamina- moderately
swell flooding;; flooding tion to rapid per-
potential; some areas and to streams and meability
subject to subject to ponding of water in sandy
liquefac- ponding. surface supplies. substratum
tion and water in below depth
piping; frequently of 40 to 50
poor flooded inches;
stability areas. subject to
when wet. flooding.

Moderately Poor work- Moderately High avail- Nearly level; | Seasonal high | Severe: Slight:
slow or slow ability; slow or slow able water seasonal water table; moderately moderately
permeability; poor com- permeabil- capacity; high water poorly slow or slow slow or slow
nearly level. paction; ity; seasonal slow intake table. drained; permeability permeability ;

seasonal high water rate; nearly in subsoil; high shrink-
high water table. seasonal level. seasonal high swell potential.
table; fair high water water table.
to poor table;
stability. drainage

needed.

Very porous Good stabil- | Somewhat Low or very Shallow to Shallow to Slight where Severe: rapid
sand and ity; per- excessively low avail- sand and sand and slope is less or very rapid
gravel vious; poor drained; able water gravel; gravel; than 5 per- permeability
substratum. resistance underlain capacity; droughty droughty cent; mod- in sand and

to piping. by sand rapid intake and difficult and difficult erate where gravel

and gravel; rate. to vegetate. to vegetate. slope is 5 to substratum.
drainage 9 percent;
not needed. severe where

slope is more

than 9 per-

cent: severe

hazard of

contamination

to ground

water.
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TABLE 4.—Interpretations of
Suitability as a source of — Soil features affecting—
Soil series and map
symbol Topsoil Sand Gravel Road fill Highway Foundations for
location low buildings !

Gosport: 313G.__....- Poor: very Not suitable. | Not suitable__| Very poor: poor | Very poor for Very poor shear
thin layer bearing capac- borrow mate- strength; very
of suitable ity; poor shear rial; soil above poor bearing
material; strength; high shale subject to capacity; high
steeply shrink-swell sliding on the compressibility;
sloping. potential; high sloping shale high shrink-

compressibility. surface; steeply swell potential.
sloping.

Guckeen: 385A.______ Fair: moder-| Not suitable__| Not suitable..| Poor: fair to Seasonal high Seasonal high
ately fine poor bearing water table; water table;
textured capacity; fair nearly level to substratum has
surface to poor shear gently sloping; good bearing
layer. strength; high poor source of capacity,

shrink-swell borrow material. moderate
potential to shrink-swell
depth of about potential, and
3 feet. slight com-
pressibility.

Hanlon: 536A.__.____ Fair or good: | Poor: sand Not suitable..| Good: fair or Good foundation Seasonal high
moderately in sub- good bearing for embank- water table;
coarse stratum is capacity; low ments; seasonal subject to
textured; variable; shrink-swell high water flooding; low
moderate stratified potential; good table; subject shrink-swell
content of with fines. workability; to flooding. potential; slight
organic good com- compressibility.
matter. paction.

Harps: 95 __---- Poor: very Not suitable__| Not suitable_.| Very poor: Nearly level; Fair shear
high in seasonal high seasonal high strength; fair
calcium water table; water table; bearing capacity;
carbonate; high content of wet in many seasonal high
low in organic matter places; adjacent water table;
fertility. to depth of to depressional moderate or

about 134 feet; highly organic high shrink-
fair bearing soils. swell potential.
capacity and

fair shear

strength below

depth of 1%

feet.

See footnote at end of table.
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Soil features affecting—Continued

Soil limitations for use as—

feet.

Farm ponds
Agricultural Irrigation Terraces and Grassed Septic tank Sewage
drainage diversions waterways absorption field lagoon

Reservoir area | Embankment

Very slow Clayey sub- Moderately Steeply slop- | Steeply slop- | Steeply slop- | Severe: very Severe: steeply
permeability; soil and well ing; low ing and ing and slow perme- sloping.
steeply shaly drained; potential rough rough ability in
sloping. substratum very steeply for crops. topography; topography; subsoil and

have high sloping; low poten- vegetation substratum;
shrink-swell very slow tial for difficult to steeply
potential; permea- crops, establish on sloping.

can creep in bility. clayey clayey

embank- infertile infertile

ments; very subsoil. subsoil.

slow per-

meability.

Nearly level Clayey Somewhat High avail- Clayey sub- Seldom Moderate: Slight to
to gently material in poorly able water soil causes needed; slow perme- moderate:
sloping; upper part drained; capacity; difficulty in clayey sub- ability in nearly level
moderate of profile slow per- slow intake establishing soil causes clayey sub- to gently
uncompacted has fair meability in rate. vegetation difficulty in soil; moderate sloping; slow
permeability stability clayey in terrace establishing or moderately permeability;
in underlying and high subsoil; channels. vegetation slow perme- moderate or
material. shrink-swell moderate in water- ability in high content

potential; or moder- way chan- substratum; of organic
underlying ately slow nels. seasonal high matter.
glacial till permea- water table.

material bility in

has good substratum.

stability

and moder-

ate shrink-

swell

potential.

Subject to Fair stability; | Somewhat Rapid intake | Nearly level Soil prop- Severe: sub- Severe: mod-
flooding; erodible on poorly rate; low to to gently erties ject to erately rapid
rapid perme- slopes; drained; moderate sloping; soil favorable flooding; or rapid
ability in poor resist- moderately available properties for con- seasonal permeability.
substratum. ance to rapid per- water favorable struction high water

piping. meability. capacity; for con- and vege- table; hazard
subject to struction tation. of contami-
flooding; and vege- nation to
seasonal tation. streams and
high water water
table. supplies:

Nearly level Seasonal high | Moderate High avail- Nearly level Nearly level; | Severe: mod- Moderate:
topography; water permea- able water soil adja- seasonal erate perme- moderate
seasonal table; wet bility. capacity; cent to high water ability permeability;
high water in many medium upland de- table. seasonal high high content
table. places; h.igh intake rate; pressions. water table; of organic

content o seasonal generally madtter in
organic high water adjacent to surface layer.
matter to table. very wet,

depth of depressional

about 1% solls.
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TABLE 4.—Interpretations of

Soil series and map

Suitability as a source of—

Soil features affecting—

symbol Topsoli Sand Gravel Road fill Highway Foundations for
location low buildings !

Hayden: 168B, 168C__| Fair: thin Not suitable. .| Not suitable._{ Good: good Stones and Good bearing
surface bearing capac- boulders in capacity and
layer; low ity; good places; gently shear strength;
content of workability; or moderately moderate
organic good compac- sloping or very shrink-swell
matter. tion; stones steep. potential; slight

and boulders compressibility.
in places.

Jacwin: 444A________ Good: Not suitable__| Not suitable__| Very poor: high | Seasonal high Seasonal high
medium content of water table; water table;
textured; organic matter; nearly level underlain by
high con- underlain by topography; fragmented
tent of shale that underlain by shale that con-
organic contains vari- fragmented tains variable
matter. able amounts shale that con- amounts of

of limestone tains variable limestone and
and sandstone; amounts of sandstone.
high water limestone and

table in places. sandstone.

Kamrar: 387B___._.___ Fair: Not suitable. .| Not suitable_.| Poor in upper 2 Gently sloping; Substratum has
moderately to 3 feet: plastic in upper good bearing
fine tex- moderate or 2 to 3 feet; capacity and
tured; high shrink- good source of good shear
moderate swell potential; borrow material strength; mod-
content of good in under- below. erate shrink-
organie lying material: swell potential
matter. good bearing and slight com-

See footnote at end of table.

capacity and
good com-
paction.

pressibility.
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Soil features affecting—Continued Soil limitations for use as—
Farm ponds
Agricultural Irrigation Terraces and Grassed Septic tank Sewage
drainage diversions waterways absorption field lagoon

Reservoir area | Embankment

Moderate per- | Good sta- Well drained; | High avail- Soil features Soil features Slight where Moderate where
meability; bility; good drainage able water favorable favorable slope is less slope is less
gently or compaction; not needed. capacity; for con- for con- than 5 than 9
moderately good resist- medium struction struction percent; percent;
sloping or ance to intake rate; and vege- and vege- moderate severe where
very steep. piping. subject to tation; tation; where slope slope is more

runoff and stones or stones or is5to9 than 9
erosion. boulders boulders percent; percent:
in places. in places. severe where moderate
slope is more permeability.
than 9 per-
cent: mod-
erate per-
meability;
deep to
seasonal
high water
table.

Permeability The under- Generally not | Medium in- Nearly level Soil features Severe: Moderate:
of the lying shale needed; take rate; to gently are favor- seasonal high generally
underlying has poor underlain moderate sloping; able for water table; very slow
bedrock is stability by frag- or high underlain construc- generally permeability
generally but is mented available by shale tion; very slow in bedrock;
very slow imperme- shale that water that con- seasonal permeability, effluent can
but variable; able in contains capacity; tains vari- high water but variable travel hori-
nearly level embank- variable underlying able table; cuts permeability zontally above
to gently ments; amounts of shale has amounts of reduce in bedrock; bedrock and
sloping. variable limestone slow per- limestone available effluent can cause hazard

amounts of and meability. and water travel of contam-~
limestone sandstone. sandstone. capacity. horizontally ination to
and sand- above bed- streams or
stone in rock and water supplies;
bedrock. cause hazard high in
of contam- content of
ination to organic
streams or matter.
water
supplies.

Moderately Fair to good Drainage not | High avail- Soil features Soil features Slight: mod- Slight: mod-
slow perme- stability; needed. able water for con- for con- erately slow erately slow
ability; good re- capacity; struction struection permeability permeability;
stones and sistance to medium generally generally in subsoil, good com-
boulders in piping; intake faverable; favorable; but mod- paction.
places in stones and rate; the heavy heavy clay erate perme-
substratum, boulders in subject to clay loam loam sub- ability in

places in runoff; subsoil soil causes substratum.
sub- erodible. causes difficulty
stratum; difficulty in estab-
good com- in estab- lishing
paction. lishing vegetation
vegetation in places,
in places, especially
especially if com-~
if com- pacted.
pacted.
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Suitability as a source of— Soil features affecting—
Soil series and map .
symbol Topsoil Sand Gravel Road fill Highway Foundations for
location low buildings !

Lanyon: 606_._____.__ Poor: fine Not suitable. _| Not suitable__| Very poor: poor | Very poorly Poor bearing
textured bearing capac- drained; wet capacity; poor
surface ity; poor shear in many places; shear strength;
layer and strength; high subject to wet in many
subsoil. shrink-swell ponding; very places due to

potential; high plastic; uneven high water
content of consolidation table; subject
organic matter; likely. to ponding;
seasonal high high shrink-
water table; swell potential.
wet in many
places.
Lester: 236B, 236C, Good: me- Not suitable__| Not suitable__{ Good: good Gently sloping Good bearing
236D, 236E, 236F. dium-tex- bearing capac- to steep to- capacity; good
tured sur- ity; good pography; good shear
face layer; shear source of strength;
moderately strength; good borrow slight com-
low con- workability; material, pressibility;
tent of good compac- moderate
organic tion; mod- shrink-swell
matter. erate shrink- potential.
swell
potential.

Le Sueur: 325A_._____ Good: me- Not suitable__| Not suitable._{ Good: fair or High water Fair or good
dium-tex- good bearing table in bearing capac-
tured sur- capacity; fair places; good ity; fair or
face layer; or good shear source of good shear
moderately strength; good borrow strength;
low con- compaction; material; slight com-
tent of moderate nearly level to pressibility;
organic shrink-swell gently sloping. high water
matter. potential. table in places.

Luther: 355A_____.__ Fair: me- Not suitable__| Not suitable__| Fair or good: High water Fair or good
dium-tex- fair or good table in places; bearing capac-
tured sur- bearing capac- fair source of ity; fair or
face layer; ity; fair or borrow good shear
low con- good shear material. strength;
tent of strength; slight com-
organic good compac- pressibility;
matter. tion; mod- high water

erate shrink- table in places.
swell potential.

Marna: 383__________ Fair or poor: | Not suitable__|{ Not suitable._| Very poor: sea- Seasonal high Fair or poor shear
moderately sonal high water table; strength; fair or
fine tex- water table; very plastic; poor bearing
tured sur- high shrink- very poor for capacity; sea-
face layer; swell potential; borrow mate- sonal high
seasonal very plastic; rial; high con- water table;
high water high content of tent of organic high shrink-
table; high organic matter matter to depth swell potential
content of to depth of 1}4 of 1% to 2 feet. in surface layer
organic to 2 feet. and subsoil,
matter. moderate in

substratum.

See footnote at end of table.
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Soil features affecting—Continued

Soil limitations for use as—

Farm ponds

Agricultural Irrigation Terraces and Grassed Septic tank Sewage
drainage diversions waterways absorption field lagoon

Reservoir area | Embankment

High water Poor com- Moderately Very poorly Oceurs in Ocecurs in Severe: mod- Slight or mod-
table most paction; slow or drained; upland de- upland de- erately slow erate: mod-
of the time; poor work- slow per- wetness pressions. pressions. or slow erately slow
depressional ability; meability; and pond- perme- or slow per-
soil. high subject to ing are ability; meability;

shrink- ponding. hazards. subject to high con-

swell ponding. tent of

potential. organic
matter.

Moderate per- | Good stabil- | Well drained; | High avail- Soil features Soil features Slight where Moderate
meability; ity ; stones or moderate able water are favor- are favor- slope is less where slope
pockets of boulders in permeabil- capacity; able, ex- able, ex- than 5 per- is less than 9
sand or places; ity. medium in- cept for cept for cent; mod- percent;
gravel in good re- take rate; stones and stones erate where severe where
places. sistance to subject to boulders in and boul- slope is 5 to slope is more

piping. runoff; places. ders in 9 percent; than 9 per-

erodible. places. severe where cent; mod-

slope is more erate perme-
than 9 per- ability.
cent; mod-
erate perme-
ability ; deep
to seasonal
high water
table.

Nearly level Fair to good Moderate High avail- Nearly level High water Moderate: Moderate:
to gently stability; perme- able water to gently table in moderate moderate
sloping; mod- good com- ability. capacity; sloping; places; permea- permea-
erate perme- paction; medium high water stones or bility; high bility.
ability. stones or intake rate; | table in boulders in water table

boulders in nearly level places; places. in places.
places; to gently stones or

good re- sloping. boulders in

sistance to places.

piping.

Nearly level to | Fair to good Moderately High avail- Nearly level High water Moderate to Slight: mod-
gently stability; slow per- able water to gently table in severe: mod- erately slow
sloping; mod- good com- meability; capacity; sloping; places; erately slow permeabil-
erately slow paction; high water medium in- high water stones and perme- ity; low con-
permea- stones or table in take rate; table in boulders in ability; high tent of or-
bility. boulders in places. nearly places; places. water table ganic matter.

places; level to stones and in places.
good re- gently boulders in

sistance to sloping. places.

piping.

Nearly level; Fair stability; | Slow permea- | Slow intake Nearly level_ _| Nearly level; | Severe: sea- Slight or mod-
slow per- seasonal bility; sea- rate; needs seasonal sonal high erate: high
meability. high water sonal high drainage; high water water table; content of

table; high water table. high avail- table; sub- slow per- organic matter
shrink- able water soil clayey; meability. in the upper
swell poten- capacity. vegetation 1% to 2 feet;
tial; high difficult to slow per-
content of establish. meability;
organic poor worka-
matter to bility; poor
depth of compaction.

about 1}%
to 2 feet.
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Soil series and map

Suitability as a source of—

Soil features affecting—

symbol Topsoil Sand Gravel Road fill Highway Foundations for

location low buildings ?

Minnetonka: 583__.___ Fair: mod- Not suitable__| Not suitable__| Very poor: poor | Seasonal high Seasonal high
erately fine bearing capac- water table; water table;
textured; ity; poor shear high content high compress-
high con- strength; sea- of organic ibility; high
tent of sonal high matter to depth shrink-swell
organic water table; of about 1% potential; poor
matter. high compress- feet or more; shear strength.

ibility; high nearly level to
content of slightly
organic matter depressional.
to depth of

about 1% feet

or more.

Mueck: 21, 21D_______ Good if Not suitable__| Not suitable__| Very poor: very | High water table High water table
mixed with high content of most of the most of the
mineral organic matter; time; subject time; subject
soil. high water to ponding in to ponding in

table most of depressions; depressions;

the time; seepy and wet seepy and wet

subject to on slopes; high on slopes.

ponding and compressibility.

wetness in

depressions and

to seepiness on

slopes.

Nicollet:
55A _ _ o _o--. Good: me- Not suitable__| Not suitable__| Good: high High water table Good bearing

dium tex- content of or- in places; high capacity; fair
tured ganic matter to content of or- shear strength;
surface depth of ganic matter to slight com-
layer; high about 114 feet; de})th of about pressibility;
content of material below 1% feet; nearly high water
organic has good bear- level to gently table in places.
matter. ing capacity sloping.

and good

compaction.

55B e Good: me- Not suitable._| Not suitable__] Good: high High water table Good bearing

dium tex- content of or- in wet periods; capacity; fair
tured ganic matter to high content shear strength;
surface depth of about of organic mat- slight com-
layer; high 114 feet; mate- ter to depth pressibility;
content rial below has of about 1} high water
of organic good bearing feet. table in places.
matter. capacity and

good com-

paction.

See footnote at end of table,
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Soil features affecting—Continued

Soil limitations for use as—

Farm ponds

Agricultural Irrigation Terraces and Grassed Septic tank Sewage
drainage diversions waterways absorption field lagoon

Reservoir area | Embankment

Nearly level; High content | Seasonal high | Poorly Nearly level; | Nearly level; | Severe: sea- Moderate:
slow per- of organic water drained; seasonal seasonal sonal high slow per-
meability. matter to table; slow seasonal high water high water water table; meability;

depth of 1% permea- high water table. table. slow per- high content
feet or bility. table; slow meability. of organic
mote; high permea- matter to
shrink- bility in depth of
swell subsoil; about 1% feet
potential; drainage or more.
slow per- needed.

meability;

poor work-

ability;

poor com-

paction.

High water High water Variable, but | Very poorly Topography Topography Severe: high Severe: very
table most table most generally drained; is depres- is depres- water table high content
of the of the moderate very high sional or sional or most of the of organic
time; time; or mod- or high consists of strongly time; subject matter; high
subject to subject to erately available strongly sloping; to ponding water table
ponding in ponding in slow per- water sloping, very wet in depres- most of the
depressions ; depres- meability; capacity; very wet and seepy sions; seepy time or seepi-
seepy and sions; wetness of medium and seepy on slopes. and wet on ness and
wet on seepy and sloping intake side slopes. slopes. wetness; per-
slopes. wet on areas due rate; high meability

slopes; to seepi- water table variable, but
very high ness. most of the generally
content of time; moderate or
organic subject to moderately
matter; ponding or slow.

high com- seepiness.

pressibility.

Moderate Fair to good Moderate High avail- Nearly level High water Moderate: Moderate:
permeabil- stability; permeabil- able water to gently table in moderate high content
ity; nearly high con- ity; high capacity; sloping; places; permeability; of organic
level to tent of or- water medium high water stones or high water matter in
gently ganic table in intake table in boulders in table in upper 1%
sloping. matter to places. rate; places; places. places. feet; mod-

depth of nearly level stones or erate per-
about 1% to gently boulders in meability.
feet; mate- sloping. places.

rial below

has good

compac-

tion.

Moderate Fair to good Somewhat High avail- Soil features Soil features Moderate: Moderate:
permeability; stability; poorly able water are favor- are favor- moderate gently slop-
gently high con- drained; capacity; able; high able; high ermeability ; ing; moderate
sloping. tent of moderate medium water table water table Eigh water permeability,

organic permea- intake in places. in places. table in but slow
matter to bility. rate; sub- places; slow permeability
depth of ject to permeability in layer at
about 1% runoff; in layer at depth of 5 to
feet; mate- erodible. depth of 6 feet in

rial below about 5 to 6 places.

has good feet in places.

compac-

tion.
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Soil geries and map

Suitability as a source of—

Soil features affecting—

symbol Topsoil Sand Gravel Road fill Highway Foundations for
location low buildings 1

Okoboji: 90, 6._______ Fair: thick Not suitable. _| Not suitable__| Very poor: high | High water table Poor bearing
layer; high content of or- most of the capacity; high
content of ganic matter to time; subject compressibility
organic depth of about to ponding; that contains
matter; 3 feet; poor very poor for uneven con-
wet in bearing capac- borrow mate- solidation;
many ity; high rial; uneven high water
places. compressibility consolidation table most of

that contains likely. the time;
uneven con- subject to
solidation; wet ponding.
in many places;

subject to

ponding.

Rockton: 214B__.___. Good in sur- | Not suitable__| Not suitable__| Fair to good to Gently sloping to- | Good bearing
face layer depth of about pography; capacity; slight
and upper 2 to 3 feet; underlain by compressibility;
part of sub- poor below; limestone generally low
soil; fragmented bedrock that is shrink-swell
medium limestone bed- generally potential in
textured. rock that fragmented. substratum.

contains silty
clay shale and
other textures
below depth of
about 2 feet.

Rock land and Steep Poor: very Not suitable__| Not suitable__| Variable suita- Steeply sloping; Steeply sloping;

sandy land: 478G. thin or bility: materi- variable ma- lime rock at
sandy sur- al contains sand terial contains shallow depths
face layer; and lime rock. sand and lime in places.
low in rock.
fertility;
steeply
sloping.

Rolfe: 274___________ Good: high | Not suitable__| Not suitable__| Very poor: high | High water table High water table
water table water table most of the most of the
most of the most of the time; subject to time; subject to
time; wet time; subject to ponding; very ponding; high
in many ponding; high poorly drained. shrink-swell
places. shrink-swell potential.

potential; high
compressibility.
Sandy alluvial land: Poor: gener- | Poor: wvari- Not suitable__| Fair or poor: Subject to flood- Subject to flood-
715, ally coarse able; con- subject to ing most of the ing most of the
textured; siderable flooding; high time; very erod- time; high
low content content of water table; ible; good water table.
of organic fines; sub- very erodible; bearing
matter. ject to good bearing capacity.
flooding; capacity.
high water
table.

See footnote at end of table.
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Soil features affecting—Continued

Soil limitations for use ag—

plies.

Farm ponds
Agricultural Irrigation Terraces and Grassed Septic tank Sewage
drainage diversions waterways absorption field lagoon

Reservoir area | Embankment

High water Material high | Very poorly A very poorly | Located in Located in Severe: high Moderate or
table most in content drained; drained soil upland upland water table severe: = high
of the time; of organic slow per- in which depressions. depressions; most of the content of
depressional matter to meability; wetness high water time; subject organic matter
topography; depth of subject to and pond- table most to ponding. to depth of
slow per- about 3 ponding. ing are of the time. about 3 feet;
meability. feet; poor serious high water

workability; hazards. table most of

high com- the time;

pressibility. slow permea-
bility.

The underlying | Underlain by | Well drained; | Low or Underlain by | Limestone Severe: under- | Severe: frac-
lime rock is fragmented underlain moderate limestone bedrock at lain by frac- tured lime-
generally too lime rock by lime- available bedrock at depth of tured lime- stone bed-
fractured at depth of stone bed- water depth of about 2 or stone bed- rock at depth
and porous about 2 to rock; capacity; about 2 to 3 3 feet; low rock; hazard of about 2 to
to hold 3 feet. drainage medium feet; cuts available of contamina- 3 feet.
water. not needed. intake lower the water tion to

rate; rapid available capacity streams and
permeabil- water where cuts water

ity in capacity. are deep. supplies.
underlying

bedrock.

Steeply slop- Variable ma- | Well drained | Steeply slop- | Steeply slop- | Steeply slop- | Severe: steep- | Severe: steeply
ing; variable terial con- to exces- ing; shal- ing; shal- ing; shal- ly sloping; sloping; shal-
material tains sand sively low to bed- low to bed- low to bed- shallow to low to bed-
contains and lime drained; rock in rock in roek in bedrock in rock in places.
sand and rock. drainage places. places. places. places.
lime rock. not needed.

Slow permea- High water Slow permea- | Very poorly Located in Located in de- | Severe: high Moderate:
bility in table most bility; sub- drained; depressions pressions water table slow permea-
subsoil ; of the time; ject to subject to on uplands. on uplands; most of the bility; high
moderately subject to ponding. ponding; high water time; subject content of or-
slow perme- ponding; slow per- table most to ponding; ganic matter;
ability in fair or poor meability. of the time; slow permea- subject to
substratum; worka- subject to bility. ponding; high
located in bility; fair ponding. water table
depressions or poor most of the
on uplands. compac- time.

tion; high
shrink-
swell po-
tential.

Sandy, porous | Subject to Not used for | Low available | Nearly level Nearly level Severe: rapid Severe: too
material; flooding erops; sub- water ca- bottom bottom permeability; porous to
generally most of ject to pacity; land. land; vari- subject to prevent seep-
along larger the time; flooding rapid in- able but flooding most age; subject to
streams. high water most of the take rate; generally of the time; flooding most

table. time. not used sandy high water of the time.
for crops; material. table; hazard
subject to of contamina-
flooding tion to
most of the streams and
time. water sup-
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Soil series and map

Suitability as a source of—

Soil features affecting—

symbol Topsoil Sand Gravel Road fill Highway Foundations for
location low buildings !

Spillville: 485A, 485B.| Good: thick | Not suitable-.| Not suitable. _| Fair or poor: Subject to flood- Subject to flood-

layer of high content of ing; nearly level ing; fair bearing
medium- organic matter; or gently capacity; fair
textured fair bearing sloping; fair or shear strength;
material; capacity; fair or poor source of medium or high
high con- good worka- borrow ma- compressibility.
tent of or- bility. terial.

ganic

matter.

*Storden: 62C2, Fair: low Not suitable_ .| Not suitable._| Good: good Moderately slop- Good bearing
62D2, 62E2, 62F2, content of bearing capac- ing to very capacity; good
62G2, 356G. organic ity; easily com- steep; rolling shear strength;

For Hayden matter; low pacted. topography; slight compressi-
part of 356G, in fertility. good source of bility; deep to
see Hayden borrow ma- seasonal high
series. terial. water table.

Talcot: 558, 559.__.._ Fair: mod- Good below Fair below Very poor to Seasonal high Seasonal high

erately fine depth of 24 depth of 24 depth of about water table; water table;
textured; to 40 to 40 2 feet; very high content of substratum has
seasonal inches: inches: good in under- organic matter good bearing
high water mixed with high in lying sand and to depth of capacity and
table; high gravel; sand; high gravel; high about 1% to 2 slight compress-
content of high water water table water table can feet; substratum ibility.
organic table can can hinder hinder excava- is a good source
matter. hinder ex- excavation. tion. of borrow
cavation. material.
Terril:
27C, 27D .- Good: med- | Not suitable._| Not suitable_.{ Poor: high con- Moderately to Fair or poor
ium tex- tent of organic strongly slop- bearing capac-
tured; high matter; fair or ing; high con- ity; fair shear
content of poor bearing tent of organic strength; med-
organic capacity; med- matter; poor ium compressi-
madtter. ium compressi- source of bor- bility ; moderate
bility. row material. shrink-swell
potential.
323B. . Good: med- | Poor: con- Not suitable__| Poor above the Gently sloping on | Good bearing
ium tex- siderable substratum; foot slopes; capacity; good
tured; high fines. high content of good foundation shear strength;
content of organic matter; for embank- deep to seasonal
organic fair or poor ments. high water
matter. bearing capac- table.
ity; good in
substratum.

See footnote at end of table.
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Farm ponds
Agricultural Irrigation Terraces and Grassed Septic tank Sewage
drainage diversions waterways absorption field lagoon

Reservoir area | Embankment

Moderate per- | High in con- Moderately High avail- Nearly level Soil features Moderate or Severe: high
meability; tent of or- well drain- able water or gently favorable. severe: sub- content of or-
nearly level ganic mat- ed or some- capacity; sloping; ject to flood- ganic matter;
or gently ter; fair or what poor- medium in- soil fea- ing; high moderate per-
sloping good work- ly drained; take rate; tures favor- water table meability;

ability. subject to subject to able. in places; subject to
flooding; flooding. moderate flooding;
moderate permeability. sandy texture
permea- in substratum
ability. in places.

Pockets of Fair to good Well drained; | Moderately Stones and Moderately Moderate limi- Moderate where
sand and stability; moderately sloping to boulders in sloping to tations where slope is less
gravel in slow com- sloping to very steep; places; low very steep; slope is 5 to 9 than 9 per-
places; mod- pacted per- very steep; short ir- in fertil- stones and percent; cent; severe
erate per- meability; drainage regular ity; irregu- boulders in severe where where slope is
meability. stones or not needed. slopes in lar topog- places; low slope is more more than 9

boulders in many raphy. fertility. than 9 per- percent:

places. places. cent: mod- moderate per-
erate per- meability.
meability.

Coarse tex- High content | Sand and Low or mod- | Nearly level___| Nearly level; | Severe: sea- Severe: rapid
tured, po- of organic gravel in erate avail- seasonal sonal high or very rapid
rous substra- matter to substratum able water high water water table; permeability
tum; nearly depth of can hinder capacity; table. poorly in the under
level. about 134 the instal- medium drained; lying sand-

to 2 feet; lation of intake rate; hazard of and gravel.
seasonal drain tile; poorly contamina-
high water seasonal drained; tion to
table; sand high water rapid or streams or
and gravel table. very rapid water sup-
substratum permea- plies.

is stable, bility in

but pervi- substra-

ous in tum.

embank-

ments.

Moderate un- High content | Moderately High avail- Soil features Soil features Moderate where | Moderate where
compacted of organic well able water favorable. favorable. slope is 5 to 9 slope is less
permea- matter; fair drained; capacity; percent; than 9 per-
bility; high stability; moderately medium in- severe where cent; severe
content of fair or poor or strongly take rate; slope is more where slope is
organic mat- worka- sloping; subject to than 9 per- more than 9
ter; moder- bility; fair moderate runoff; cent: mod- percent: mod-
ately to or poor permea- erodible; erate per- erate per-
strongly compac- bility. subject to meability. meability;
sloping. tion; med- gullying in high content

ium com- places. of organic
pressibility. matter.

Rapid permea- | Fair to good Well drained; | Moderate Soil features Low avail- Slight: hazard | Severe: gently
bility in sub- stability; drainage available favorable able water of contamina- sloping; rapid
stratum. erodible on not needed. water for con- capacity tion to permeability

back capacity; struction where cuts streams and in sandy sub-
slopes; poor medium in- but cuts are deep; water sup- stratum.
resistance take rate; lower the soil features plies.
to lique- subject to available favorable
faction and runoff; water for con-
piping. erodible. capacity. struction

and vege-

tation.
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Topsoil Sand Gravel Road fill Highway Foundations for
location low buildings !

Terril, thin surface Good: Not suitable__| Not suitable__{ Good: good Moderately slop- Good shear

variant: 566C, medium workability; ing to mod- strength; mod-
566D, 566E. textured; good compac- erately steep; erate shrink-
moderate tion; fair good source of swell potential;
in content bearing borrow mate- deep to seasonal
of organic capacity. rial; good high water
matter. foundation for table.
embankments.

Turlin: 96B_________. Good: Not suitable__| Not suitable__| Fair or poor: Gently sloping; Fair or poor
medium high content of high content of bearing capac-
textured; organic matter; organic matter; ity; fair shear
high in fair or poor subject to strength;
content of bearing flooding in medium or high
organic capacity; places. compressi-
mater. medium or high bility; mod-

compressibility. erate shrink-
swell potential;
subject to
flooding in
places.

Wacousta: 506.__..-_ Fair to good, | Not suitable__| Not suitable._| Very poor: high | High water table High water table
but wet in water table most of the most of the
many most of the time; subject time; subject
places. time; subject to ponding; to ponding; fair

to ponding; erratic consol- bearing
high content idation can be capacity.
of organic mat- expected.
ter in surface
layer.
Wadena: 308A, 308B, [ Good: Good below Fair below Good: material Good source of Good bearing
108A, 108B, 108C. medium depth of 24 depth of 24 below depth of borrow mate- capacity;
textured. to 40 to 40 24 to 40 inches rial; nearly slight com-
inches: inches: has good bear- level to pressibility;
variable in variable in ing capacity, moderately deep to water
content of content of good shear sloping. table.
gravel and gravel. strength, and
fines. low shrink-

See footnote at end of table.

swell potential;
surface material
to depth of 24
to 40 inches
has fair or good
bearing capac-
ity and mod-
erate shrink-
swell potential.
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Soil features affecting—Continued

Soil limitations for use as—

Farm ponds
Agricultural Irrigation Terraces and Grassed Septic tank Sewage
drainage diversions waterways absorption field lagoon

Reservoir area | Embankment

Moderate Good sta- Not needed__.| Moderately Soil features Soil features Moderate Moderate limi-
permea- bility; good sloping to favorable. favorable. where slope tations where
bility; mod- worka- moder- is5to 9 slope is less
erately : bility; good ately percent; than 9 per-
sloping to compac- steep; high severe where cent; severe
moderately tion; mod- available slope is more where slope is
steep. erate water than 9 per- more than 9

shrink- capacity; cent: mod- percent:
swell medium erate per- moderate
potential. intake rate. meability; permeability.
deep to water
table.

Moderate High content | Somewhat High avail- Soil features Soil features Moderate or Moderate or
permea- of organic poorly able water favorable. favorable. severe: severe:
bility; high matter; drained; capacity; moderate subject to
in content of fair sta- moderate medium permea- flooding in
organic bility; fair permea- intake rate; bility; high places;
matter; or poor bility. subject to water table moderate per-
coarse worka- flooding in in places; meability;
strata below bility; places. subject to coarse strata
depth of 4 fair or poor flooding in below depth
feet in compac- places. of 4 feet in
places; tion; places.
gently medium or
sloping. high com-

pressi-
bility.

Moderately Fair or poor Moderate or Very poorly Located in Located in Severe: high Moderate:
slow or worka- moderately drained; depressions depressions water table high in
moderate bility; slow per- subject to on uplands. on uplands; most of the content of
permea- fair or poor meability; ponding; high water time; subject organic mat-
bility; high compac- subject to medium table most to ponding. ter in upper
water table tion; high ponding; intake rate; of the time; 10 to 20
most of the water table outlets high avail- wet in inches; sub-
time; most of the require able water many ject to high
located in time; sub- deep cuts capacity. places. water table
depressions jeet to in places. and ponding
on uplands. wetness. most of the

time; mod-
erate or
moderately
slow permea-
bility.

The underly- Good sta-~ Well drained; | Low or mod- | Sand and Sand and Slight where Severe: rapid
ing sand and bility; underlain erate gravel at gravel at slope is less or very rapid
gravel are underlying by sand available depth of 24 depth of 24 than 5 per- permeability
too porous sand and and gravel water to 40 to 40 cent; mod- in underlying
to hold gravel are at depth of capacity; inches; inches; erate where sand and
water; pervious 24 to 40 medium cuts lower very low slope is 5 to gravel.
nearly level and have inches; intake rate; the avail- available 9 percent:
to mod- poor re- drainage rapid or able water water porous sub-
erately sistance to not needed. very rapid capacity. capacity stratum;
sloping. piping. permea- where cuts hazard of

bility in are deep. contamina-
underlying tion of
sand and streams and
gravel. water
supplies.
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TABLE 4.—Interpretations of

Soil series and map

Suitability as a source of—

Soil features affecting—

symbol Topsoil Sand Gravel Road fill Highway Foundations for
location low buildings ?
Wadena, thin surface Fair to good: | Good below Fair below Good: material Good borrow Good shear
variant: 7778B, medium depth of depth of 24 below depth of material; strength; good
7788B. textured; 24 to 40 to 40 inches: 24 to 40 inches gently sloping. bearing capacity;
low content inches: variable has good slight com-
of organic variable content of bearing capacity pressibility;
matter. content of gravel and good shear deep to water
fines and mixed with strength; table.
gravel. sand. slight com-
pressibility;
low shrink-
swell potential.
Webster:

107 e o2 Fair: Not suitable__| Not suitable__| Very poor: high [ Nearly level; Fair or poor
moderately content of seasonal high bearing capacity;
fine organic matter water table; seasonal high
textured; in upper 1% to high content of water table;
high 2 feet; wet in organic matter medium to high
content of many places; in upper 1% to compressibility.
organic seasonal high 2 feet.
madtter; water table.
seasonal
high water
table.

1078 e Fair: Not suitable__| Not suitable__{ Very poor: Seasonal high Fair bearing
moderately seasonal high water table; capacity;
fine water table; high content of seasonal high
textured; wet in many organic matter water table;
many places; many to depth of wetness; many
stones and stones and about 1}4 to 2 stones and
boulders in boulders in feet; many boulders in
places. many places; stones and many places;

underlain by boulders in underlain by

fractured lime-
stone that con-
tains some
shale at depth
of about 2%

to 4 feet in
some places.

many places.

fractured lime-
stone that con-
tains some
shale at depth
of about 215 to
4 feet in some
places.

1 Engineers and others should not apply specific values to the estimates given for bearing capacity of soils.
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engineering properties—Continued

Soil features affecting—Continued Soil limitations for use as—

Farm ponds

Agricultural Irrigation Terraces and Grassed Septic tank Sewage
drainage diversions waterways absorption field lagoon
Reservoir area | Embankment
The under- Good Well Low or Sand and Sand and Slight where Severe: rapid
lying sand stability; drained; moderate gravel at gravel at slope is less or very rapid
and gravel substratum underlain available depth of 24 depth of 24 than 5 percent; permeability
are too is pervious by sand water to 40 to 40 inches; moderate in under-
porous to and has and gravel capacity; inches; very low where slope lying sand
hold water. poor re- at depth of medium cuts lower available is5t09 and gravel.
sistance to 24 to 40 intake rate. the avail- water percent:
piping. inches; able water capacity rapid or very
drainage capacity. where cuts rapid perme-
not needed. are deep. ability in
substratum;
hazard of
contamina-~-
tion of

Nearly level
topography;
moderate or
moderately
slow perme-
ability;
seasonal
high water
table.

Nearly level
topography;
moderate or
moderately
slow perme-
ability;
seasonal
high water
table.

Fair stability
and fair
compaction
below
surface
layer; slow
permea~
bility if
compacted;
high con-
tent of
organic
matter in
upper 14
to 2 feet.

Seasonal high
water table;
wetness;
many
stones and
boulders in
many
places;
underlain

y
fractured
limestone
that con-
tains some
shale at
depth of
about 214
to 4 feet in
some
places.

Moderate or
moderately
slow perme-
ability;
seasonal
high water
table.

Moderate or
moderately
slow perme-
ability;
many
stones and
boulders in
many
places;
underlain
by
fractured
limestone
that con-
tains some
shale at
depth of
about 2%
to 4 feet in
some places.

Poorly
drained;
high avail-
able water
capacity;
medium
intake rate.

Poorly
drained;
high avail-
able water
capacity;
medium
intake rate;
many
stones and
boulders in
many
places.

Nearly level;
seasonal
high water
table.

Nearly level;
seasonal
high water
table.

Nearly level;

Many stones

seasonal
high water
table.

and
boulders
in many
places;
seasonal
high water
table.

streams and
water
supplies.

Severe:

seasonal high
water table;
moderate or
moderately
slow permea-
bility.

Severe:

seasonal high
water table;
moderate or
moderately
slow perme-
ability; |
many stones
and

boulders in
many places;
underlain by
fractured
limestone that
contains
shale at
depth of
about 2% to
4 feet in
some places.

Moderate or

severe: high
content of
organic
matter in
upper 134 to
2 feet;
seasonal high
water table;
moderate or
moderately
slow perme-
ability.

Moderate or

severe: high
content of
organic
matter; many
stones and
boulders in
many places;
fractured
limestone
that contains
shale at depth
of about 2%
to 4 feet in
some places.
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TaBLE 5.—Engineering

[Tests were performed by the Iowa State Highway Commission in accordance with

Moisture density ?
Towa
report
Soil name and location Parent material No. Depth | Maximum | Optimum
AAD6 dry moisture
density
Clarion loam: Inches Lb. per cu. ft. Percent
40 feet east and 50 feet north of southwest corner | Glacial till. 10373 0- 102 1
of SEY sec. 19, T. 90 N., R. 20 W, 10374 17-22 104 19
10375 40-55 115 14
Guckeen clay loam:
857 feet north and 1,120 feet east of northwest cor- | About 3 feet of moderately 10385 0-9 92 21
ner of sec. 26, T. 86 N., R. 28 W. fine textured lacustrine 10386 21-28 92 23
sediment over glacial till. 10387 60-72 102 21
Hayden loam:
300 feet west and 650 feet south of northeast corner | Glacial till. 10366 0-3 98 18
of NWYNEY sec. 15, T. 88 N., R. 28 W. 10367 3-10 109 16
10368 15-21 108 16
10369 52-60 107 17
Marnas silty clay loam:
1,041 feet south and 750 feet east of northwest cor- | About 40 inches of fine- 10382 0-6 90 23
ner of sec. 25, T. 86 N., R. 28 W. textured lacustrine sedi- 10383 20-26 96 16
ment over glacial till. 10384 61-67 105 18
Nicollet loam:
200 feet west and 230 feet south of the northeast | Glacial till. 10376 6-11 91 24
corner of sec. 4, T. 89 N, R. 28 W. 10377 20-26 99 20
10378 42-60 104 21
Okoboji silty clay loam:
One-fourth mile south of northwest corner of sec. 26, | Alluvial sediment of glacial 10370 7-15 82 25
T.88 N.,, R. 29 W. origin. 10371 15-30 85 27
10372 30-42 84 25
Webster silty clay loam:
500 feet west from east fence and 160 feet south | Glacial till. 10379 7-13 95 21
from north fence in northeast corner of sec. 4, 10380 24-30 107 17
T.87 N, R. 28 W. 10381 50-65 111 17

1 Based on AASHO Designation: T 99-57, Method A (I).

2 Mechanical analysis according to AASHO Designation T 88-57. Results by this procedure frequently may differ from the results
that would have been obtained by the soil survey procedure of the Soil Conservation Service (SCS). In the AASHO procedure the fine
material is analyzed by the hydrometer method and the various grain-size fractions 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

The AASHO system is used to classify soils according
to those properties that affect use in highway construc-
tion and maintenance. In this system, a soil is placed in
one of seven basic groups ranging from A-1 through A-7
on the basis of grain-size distribution, liquid limit, and
plasticity index. In group A-1 are gravelly soils of high
bearing strength, or the best soils for subgrade (founda-
tion). At the other extreme, in group A-7, are clay soils
that have low strength when wet and that are the poorest
soils for subgrade. Where laboratory data are available
to justify a further breakdown, the A-1, A-2, and A-T7
groups are divided as follows: A-1-a, A-1-b, A-2-4,
A-25, A-2-6, A-2-7, A-7-5, and A-7-6. As additional
refinement, the engineering value of a soil material can
be indicated by a group index number. Group indexes
range from O for the best material to 20 or more for the

poorest. The AASHO classification for tested soils, with
group index numbers in parentheses, is shown in table
5; the estimated classification, without group index num-
bers, is given in table 3 for all soils mapped in the survey
area.

Soil properties significant in engineering

Several estimated soil properties significant in engi-
neering are given in table 3. These estimates are made for
typical soil profiles, by layers sufficiently different to have
different significance for soil engineering. The estimates
are based on field observations made in the course of
mapping, on test data for these and similar soils, and on
experience with the same kinds of soil in other counties.

Most soils in Webster County are deep enough over
bedrock that bedrock generally does not affect their use.
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test data
standard procedures of the American Association of State Highway Officials (AASHO)]
Mechanical analysis 2
Percentage passing sieve— Percentage smaller than— Liquid | Plas- AASHO 3
limit ticity classification
index
No.4 | No. 10 { No. 40 | No. 200| 0.05 0.02 0.005 0.002
¥%-in. 3-in. (4.7 (2.0 0.42 (0.074 mm. mm. mm. mm,
mm.) mm.) mm.) mm.)

_________________________ 100 90 57 51 38 26 19 36 15 | A-6(6)
_________ 100 99 98 87 56 50 40 30 24 36 17 | A-6(7)

100 98 96 92 77 49 41 31 19 13 27 11 | A-6(3)
_________________________ 100 95 82 73 61 44 34 48 21 | A-7-6(14)
_________________ 100 99 92 79 .75 65 51 43 58 33 | A-7-6(20)

100 98 96 92 82 66 62 52 37 27 45 24 | A-7-6(13)
_________________________ 100 92 63 59 41 20 12 33 9 | A-4(6)
_________________ 100 99 88 59 54 38 18 10 23 6 | A-4(5

100 98 97 94 79 58 49 41 31 26 40 21 | A-6(8)

100 99 98 95 85 59 54 42 28 21 37 19 | A-6(8)
_________________________ 100 95 82 77 64 46 36 49 23 | A-7-6(15)
_________ 100 99 96 90 74 73 61 47 39 59 35 | A-7-6(20)

497 95 94 91 84 63 60 49 35 25 40 21 | A-6(10)
_________________________ 100 96 77 73 55 36 26 46 20 | A-7-6(13)
_________________ 100 99 95 77 71 56 37 29 43 23 § A-7-6(14)
_________________ 100 98 92 76 72 56 31 21 35 16 | A-6(10)
_________________________________ 100 96 91 77 54 42 63 33 | A-7-5(20)
_________________________________________ 97 95 82 58 46 65 37 | A-7-6(20)
_________________________________________ 98 96 83 61 47 66 39 | A-7-6(20)
_________________________ 100 95 78 74 58 41 33 56 30 [ A-7-6(19)
_________ 100 99 97 89 67 63 50 35 29 45 28 | A-7-6(14)

599 97 95 92 78 54 47 35 23 19 34 19 | A-6(7)

material coarser than 2 millimeters in diameter is excluded from calculations of grain-size fractions. The mechanical analyses used in this

table are not suitable for use in naming textural classes for soil.
3 Based on AASHO Designation: M 145-49.

4 98 percent passed the 1-inch sieve, and 100 percent passed the 1%4-inch sieve.

5 100 percent passed the 1-inch sieve.

However, Boone soils have sandstone at a depth of about
2 feet; Calamine soils have shale at a depth of about 2
to 3 feet; Jacwin and Gosport soils have shale at a depth
of about 2 feet; and Rockton soils have limestone at a
depth of about 2 feet. The Rock land in the Rock land
and Steep sandy land mapping unit has limestone at a
depth of less than 20 inches. Following are explanations
of some of the columns in table 3.

The depth to seasonal high water table is the distance
from the surface of the soil to the highest level that
ground water reaches in the soil in most years.

Soil texture is described in table 3 in the standard terms
used by the Department of Agriculture. These terms
take into account relative percentages of sand, silt, and
clay in soil material that is less than 2 millimeters in
diameter. “Loam,” for example, is soil material that con-

tains 7 to 27 percent clay, 28 to 50 percent silt, and less
than 52 percent sand. If the soil contains gravel or other
particles coarser than sand, an appropriate modifier is
added, as for example, “gravelly loamy sand.” “Sand,”
“silt,” “clay,” and some of the other terms used in USDA
textural classification are defined in the Glossary of this
soil survey.

Permeability is that quality of a soil that enables it to
transmit water or air. It is estimated on basis of those
soil characteristics observed in the field, particularly
structure and texture. The estimates in table 3 do not
take into account lateral seepage or such transient soil
features as a plowpan or a surface crust.

Available water capacity is the ability of soils to hold
water for use by most plants. It is commonly defined as
the difference between the amount of water in the soil at
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field capacity and the amount at the wilting point of
most plants.

Reaction is the degree of acidity or alkalinity of a soil,
expressed in pH values. The pH value and terms used to
describe soil reaction are explained in the Glossary.

Shrink-swell potential is the relative change in volume
to be expected of soil material as moisture content
changes, that is, the extent to which the soil shrinks as
it dries out or swells when it gets wet. Extent of shrink-
ing and swelling is ‘influenced by the amount and kind
of clay in the soil. Shrinking and swelling of soils causes
much damage to building foundations, roads, and other
structures. A high shrink-swell potential indicates a haz-
ard to maintenance of structures built in, on, or with
material having this rating.

Engineering interpretations of the soils

The estimated interpretations in table 4 are based on
the engineering properties of soils shown in table 3, on
test data for soils in Webster County, and others nearby
or adjoining, and on the experience of engineers and so1l
scientists with the soils of the county. In table 4, ratings
are used to summarize limitation or suitability of the
soils for all listed purposes other than for drainage of
cropland and pasture, irrigation, ponds and reservoirs,
embankments, and terraces and diversions. For these par-
ticular uses, table 4 lists those soil features that should
be considered in planning, installation, and maintenance.

Soil limitations are indicated by the ratings slight,
moderate, and severe. Slight means that soil properties
generally are favorable for the rated use, or in other
words, limitations that are minor and easily overcome.
Moderate means that some soil properties are unfavorable
but can be overcome or modified by special planning and
design. Severe means that soil properties are so unfavor-
able and so difficult to correct or overcome as to require
major soil reclamation and special designs. For some uses,
the rating of severe is divided to obtain ratings of severe
and very severe. Very severe means that one or more
soil properties are so unfavorable for a particular use
that overcoming the limitations is difficult and costly
and commonly not practical.

Soil suitability is rated by the terms good, fair, and
poor, which have, respectively, meanings approximately
parallel to the terms slight, moderate, and severe. Follow-
ing are explanations of some of the columns in table 4.

Topsoil is used for topdressing an area where vegetation
is to be established and maintained. Suitability is affected
mainly by ease of working and spreading the soil ma-
terial, as In preparing a seedbed ; natural fertility of the
material, or the response of plants when fertilizer is
applied; and absence of substances toxic to plants. Tex-
ture of the soil material and the content of stone frag-
ments are characteristics that affect suitability, but also
considered in the ratings is damage that results at the
area from which topsoil is taken.

Sand and gravel are used in great quantities in many
kinds of construction. The ratings in table 4 provide
guidance about where to look for probable sources. A soil
rated as a good or fair source of sand or gravel generally
has & layer at least 3 feet thick, the top of which is within
a depth of 6 feet. The ratings do not take into account
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thickness of overburden, location of the water table, or
other factors that affect mining of the materials, and
neither do they indicate quality of the deposit.

The suitability of soil material for road fill depends
largely on the density that can be obtained by com-
pacting the material. Density affects the rigidity, flexi-
bility, and load-bearing properties of the soil as sub-
grade fill for paved roads and as surfacing material for
unpaved roads. Shrink-swell potential is also a factor
in evaluating material for road fill.

Soil features affecting the use of soils for highway
location, foundations for low buildings, farm ponds, agri-
cultural drainage, irrigation, terraces 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 some practices. Special
features affecting highway construction are discussed else-
where in this section.

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, and the engineers and others should not apply
specific values to the estimates given for bearing capacity.

Pond reservoir areas hold water behind a dam or em-
bankment. Soils suitable for pond reservoir areas have
low seepage, which is related to their permeability and
depth to fractured or permeable bedrock or other perme-
able material.

Embankments, dikes, and levees require soil material
resistant to seepage and piping and of favorable stability,
shrink-swell potential, shear strength, and compactibility.
Presence of stones or organic material in a soil are two
unfavorable factors.

Drainage of cropland and pasture is affected by such
soil properties as permeability, texture, and structure;
depth to claypan, rock, or other layers that influence
rate of water movement; depth to the water table; slope;
stability in ditchbanks; susceptibility to flooding; salinity
or alkalinity; and availability of outlets for drainage.

Irrigation of a soil is affected by such features as slope;
susceptibility to flooding, water erosion, or soil blowing;
soil texture; content of stones; accumulations of salts and
alkali; depth of root zone; rate of water intake at the
surface; permeability of soil layers below the surface
Jayer and in the fragipan or other layers that restrict
movement of water; amount of water held available to
plants; and need for drainage, or depth to water table or
bedrock.

Terraces and diversions are embankments, or ridges,
constructed across the slope to intercept runoff so that
it soaks into the soil or flows slowly to a prepared outlet.
Features that affect suitability of a soil for terraces are
uniformity and steepness of slope; depth to bedrock or
other unfavorable material; presence of stones; permea-
bility; and resistance to water erosion, soil slipping, and
soil blowing. A soil that is suitable for these structures
provides outlets for runoff and is not difficult to vegetate.

Grassed waterways are natural or constructed water-
ways, generally broad and shallow, covered by erosion-
resistant grasses and used to conduct surface water from
cropland. Important features are those that affect the
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establishment, growth, and maintenance of vegetation
and those that hinder layout and construction.

Septic tank absorption fields are subsurface systems of
tile or perforated pipe that distribute effluent from a
septic tank into natural soil. The soil material is evaluated
from a depth of 18 inches to 6 feet. The soil properties
considered are those that affect both absorption of effluent
and construction and operation of the system. Properties
that effect absorption are permeability, depth to water
table or rock, and susceptibility to flooding. Slope is a
soil property that affects difficulty of layout and con-
struction and also the risk of soil erosion, lateral seepage,
and downslope flow of effluent. Large rocks or boulders
increase construction costs.

Sewage lagoons are shallow ponds constructed to hold
sewage within a depth of 2 to 5 feet long enough for
bacteria to decompose the solids. A lagoon has a nearly
level floor and sides, or embankments, of compacted soil
material. The assumption is made that the embankment
is compacted to medium density and the pond is protected
from flooding. Properties are considered that affect the
pond floor and the embankment. Those that affect the
pond floor are permeability, content of organic material,
and slope, and if the floor needs to be leveled, depth to
bedrock becomes important. The soil properties that affect
the embankment are the engineering properties of the
embankment material as interpreted from the Unified
Soil Classification and the amounts of stones, if any,
that influence the ease of excavation and compaction of
the embankment material.

Engineering test data

Table 5 contains engineering test data for some of the
major soil series in Webster County. These tests were
made to help evaluate the soils for engineering purposes.
The engineering classifications given are based on data
obtained by mechanical analyses and by tests to determine
liquid limits and plastic limits. The mechanical analyses
were made by combined sieve and hydrometer methods.

Compaction (or moisture-density) data are important
in earthwork. If a soil material is compacted at succes-
sively higher moisture content, assuming that the compac-
tive effort remains constant, the density of the compacted
material increases until the optimum moisture content is
reached. After that, density decreases with increase in
moisture content. The highest dry density obtained in
the compactive test is termed maximum dry density. As
a rule, maximum strength of earthwork is obtained if
the soil is compacted to the maximum dry density.

Liquid limit and plasticity index indicate the effect of
water on the strength and consistence of soil material.
As the moisture content of a clayey soil is increased from
a dry state, the material changes from a semisolid to
a plastic state. If the moisture content is further in-
creased, the material changes from a plastic to a liquid
state. The plastic limit is the moisture content at which
the soil material changes from the semisolid to plastic
state, and the liquid limit, from a plastic to a liquid
state. The plasticity index is the numerical difference
between the liquid limit and the plastic limit. Tt indicates
the range of moisture content within which a soil material
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is plastie. Liquid limit and plasticity index in table 5
are based on tests of soil samples.

Soil features affecting road construction?

Many of the soils in Webster County formed in glacial
till. The till has a relatively high in-place density. It is
relatively stable at a normal moisture content and can be
compacted readily to high density. The textural composi-
tion varies, but when the material is dry there are enough
fines and enough coarse material to provide a firm ridi
surface, with little rebound after loading. The glacial %
has good bearing capacity when compacted to maximum
practical density, but is reduced in bearing capacity when
moisture is absorbed.

Pockets and lenses of sand are in glacial till in places.
These are seasonally water-bearing. Frost heave is likely
if the road grade is only a few feet above such sand de-
posits and if the deposits are overlain by loamy till. To
prevent frost heave, these deposits can be drained in
places, or the soil above them can be replaced with a
backfill of coarse granular material or dense glacial till.
The Clarion, Nicollet, Lester, Le Sueur, Hayden, and
Storden soils are among those that formed in glacial till.
This till is dominantly A—4 or A6 (CL) and can typic-
ally be compacted to high density with good bearing
characteristics. The B horizon of some of the soils, how-
ever, is classified as A-7—6 and has an index number of
as much as about 15.

Webster and Canisteo soils formed in glacial sediments
and glacial till. These soils have a thick, dark-colored
surface layer that is high in organic-matter content to a
depth of about 2 feet, and it cannot be compacted to high
density. Marna, Guckeen, and Kamrar soils formed in
clayey lacustrine sediment and underlying glacial till. The
clayey sediment is classified as A-7—6 and has high index
numbers. These soils occupy a large area in the southern
part of the county.

Soils on bottom lands in the county formed in alluvium.
There is considerable variation in texture. Colo and Calco
soils are classified as A-7-6 and OL, CL, or CH. These
soils have a thick organic surface layer that, in places,
consolidates erratically under embankment load. Okoboji
and Lanyon soils that formed in silty sediments, and
areas of muck in depressions on uplands, also are high in
organic-matter content. All of these soils have a low in-
place density and a high moisture content. Therefore, if
an embankment is to be more than 15 feet high, these soils
should be carefully analyzed to be sure that they are
strong enough to support it. Excavation of the organic
layers and backfilling with more suitable material 1s de-
sirable in places. Other soils that formed in alluvium on
foot slopes and bottom lands include the loamy Terril
and Turlin and sandy Buckney, Ankeny, and Hanlon
soils.

In places along major streams, underlying strata of
glacial till, sandstone, limestone, or shale cause a perched
water table or wet, seepy spots. This is mainly along the
Des Moines River and Lizard Creek, but it is also true of
a few miles along some of the tributary creeks of the

®This section was prepared by D. A. ANDERSON, soils engineer,
Towa State Highway Commission.
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Des Moines River. An embankment constructed only a
few feet above the water table in these places is damaged
by frost heave in places. Roadways through bottom lands
should be constructed on a continuous embankment that
extends above the flood level. Because soils vary greatly
in short distances in the larger stream valleys, care should
be taken in preliminary investigation.

Water-worn gravel occurs in deposits that underlie such
soils as those of the Wadena, Cylinder, and Estherville
series. These deposits are a source of high-quality material
for construction.

A number of soils in the county formed in or are under-
lain at relatively shallow depths by residual material.
Beds of limestone, sandstone, and shale crop out along the
Des Moines River and other streams. Boone soils formed
in material weathered from sandstone. They are shallow
to sandstone bedrock. Gosport soils formed in material
weathered from shale. Unless care is taken, the soil above
the shale slides in places if the natural slope is disturbed
in construction, or if embankments are constructed on the
sloping surface. Calamine and Jacwin soils are underlain
by shale, but the material beneath Jacwin soils is variable,
and fragments of limestone and sandstone generally
occur. Rockton soils are underlain by limestone that con-
tains variable amounts of shale and other material. Cala-
mine, Jacwin, and Rockton soils are on benches near the
Des Moines River, The nature of their underlying mate-

rials needs to be taken into consideration in planning road
construction.

Formation and Classification
of the Soils

This section consists of three main parts. In the first
part, the factors of soil formation are discussed as they
relate to the soils of Webster County. The second part
discusses the processes that result in the formation of soil
horizons. In the third part, each soil series represented in
the county is placed in its respective family, subgroup,
and order in the current system for classifying soils. De-
tailed descriptions of the representative profiles of the

soils series are given in the section “Descriptions of the
Soils.” °

Factors of Soil Formation

Soil is produced by the action of soil-forming processes
on material deposited or accumulated by geologic agen-
cies. The characteristics of the soil at any given point are
determined by (1) the physical and mineralogical com-
position of the parent material, (2) the climate under
which the soil material has accumulated and existed since
accumulation, (3) the plant and animal life on and in
the soil, (4) the relief, or lay of the land, and (5) the
length of time the forces of soil development have acted
on the soil material.

Climate and vegetation are active factors of soil genesis.
They act on the parent material that has accumulated
through the weathering of rocks and slowly change it to
a natural body that has genetically related horizons. The
effects of climate and vegetation are conditioned by relief.
The parent material also affects the kind of profile that
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can be formed and, in extreme cases, determines it almost
entirely. Finally, time is needed for the changing of the
parent material into a soil profile. It may be long or short,
but some time is always required for horizon differentia-
tion. A long time generally is required for the develop-
ment of distinet horizons.

The factors of soil genesis are so closely interrelated in
their effects on the soil that few generalizations can be
made regarding the effect of any one unless conditions are
specified for the other four. Many of the processes of
soil development are unknown.

Parent material

The soils of Webster County formed in several kinds
of parent material. Among these are glacial till and sedi-
ment from glacial till, alluvium, deposits of organic
material, lacustrine sediment, material weathered from
sandstone, and material weathered from shale. These dif-
ferent kinds of parent material are discussed briefly in
the following paragraphs. Readers interested in more de-
tailed information can refer to some of the publications
listed in the Literature Cited. Soil-parent material rela-
tionships for soils in some of the soil associations in the
county are shown in the section “General Soil Map.”

Glacial till is the parent material for many of the soils
of Webster County. This county has been subjected to
three stages of glaciation—the Nebraskan, the Kansan,
and the Wisconsin. The soils formed mainly in glacial till
deposited by the most recent of these, the Wisconsin gla-
ciations. Glacial till deposited by the earliest of the other
glaciations, the Nebraskan, and by the Kansan, are ex-
posed in many places in the valley of the Des Moines
River and in the lower reaches of the valleys of a few of
its tributaries. These areas are mainly steep, and they
occupy only a small total acreage. Soils formed in this
glacial till have been included with those soils formed in
the more recently deposited Wisconsin till.

Webster County is near the center of the Des Moines
lobe of the Wisconsin glaciation. The glacial till in this
lobe was deposited by the Cary substage of this glacia-
tion (8, 10). Radiocarbon dates from the base of the till
in the southern part of the lobe indicate that this occurred
about 14,000 years ago. One evidence of the Cary sub-
stage’s geologic youth is its poorly developed surface
drainage system and numerous closed depressions.

Among the soils formed in glacial till are those of the
Storden, Clarion, Lester, Hayden, and Nicollet series. The
Webster, Canisteo, and Harps soils are in lower lyin
areas on the landscape, and they formed in glacial til
and in glacial sediment or reworked glacial till (20, 271),
The Okoboji, Wacousta, and Rolfe soils formed in allu-
vial sediment derived from till that, in many places,
washed from nearby slopes.

Alluvium consists of sediment deposited by water along
major and minor streams and drainageways. Tt is also on
benches. The texture of the alluvium varies widely be-
cause of differences in the material from which it came
and the manner in which it was deposited. Some of the
alluvium has been transported only a short distance and is
called local alluvium. Such alluvium retains many of the
characteristics of the soils from which it has washed.
Terril soils, for example, are generally at the base of
slopes, below soils that formed in glacial till. They have
a texture similar to soils farther up the slopes.
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When streams overflow their channels, the coarser tex-
tured silty or sandy material is deposited first in areas
adjacent to the stream. The flow of water is slowed as the
water spreads outward toward the uplands. Generally,
the finer particles are deposited farthest from the stream
channel, and the finer textured soils are there. This pat-
tern is demonstrated on some stream bottoms of the
county. As a rule, Alluvial land and Sandy alluvial land,
as well as Carr, Buckney, and Dorchester soils, are near-
est the streams. The finer textured soils, such as those of
the Spillville, Turlin, Colo, and Calco series, tend to be
farther from the channel. This pattern has many excep-
tions, especially along the smaller streams. In places only
one soil, such as the Spillville or Colo soils occurs. Other
soils that formed in alluvium are Ankeny and Hanlon
soils.

Some soils formed in loamy alluvium that is underlain
by sand and gravel. Among these are the Wadena, Cyl-
inder, Biscay, and Talcot soils. The soils are mainly on
benches near streams, but some are in low-lying upland
areas. The material in which they formed is presumed to
have been deposited by melt waters from the receding
Cary glacial ice.

Kamrar, Guckeen, Marna, Minnetonka, and Lanyon
soils formed in lacustrine sediment and underlying glacial
till. The lacustrine sediment is thought to have been de-
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posited by the still water of lakes associated with the
margin of the glacial ice, rather than by fast-moving
melt water. These sedimentary deposits are mainly 24 to
about 48 inches thick over the underlying glacial till. The
deposits in which Lanyon soils formed, however, tend to
be thicker than those of other soils. In many places the
underlying material is stratified sediment of variable
texture.

Ankeny and Billett soils formed in alluvium that, in
many places, has been modified by local material moved
by wind.

Material weathered from sandstone and shale is the
oldest parent material in the county. This was deposited
during the Pennsylvania and Permian periods (3). The
bedrock from which soils formed in Webster County con-
sists mainly of sandstone (fig. 19) and shale, but outcrop-
pings of limestone, conglomerate, gypsum, and coal are
also present.

The mining and processing of the gypsum (fig. 20) is an
important industry near Fort Dodge, and in the past some
coal hag been mined.

Boone soils formed in material weathered from sand-
stone. Gorsport soils formed in material weathered from
shale. Calamine soils formed in glacial sediment about
214 feet thick over shale. All of these soils are on the
lower parts of the valley sides along the Des Moines River

Figure 19.—Sandstone bluff in Dolliver State Park. The Boone soils formed in material weathered from sandstone similar to this.
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Figure 20.—Loading gypsuin in a pit near Fort Dodge.

or on lower reaches of some of its tributary streams.
Rockton and Jacwin soils formed in alluvium. This allu-
vium is underlain by limestone bedrock in the Rockton
soils and by shale in the Jacwin soils.

Deposits of organic matter consist of plant material
that has accumulated in old lakebeds or swamps that sup-
ported a thick growth of waterloving plants. These plants
have decomposed to form muck about 10 to 20 inches
thick in which Muck soils have formed. The organic
material is underlain by glacial sediment and, at a greater
depth, by glacial till.

Climate

Webster County soils, according to recent evidence (20),
formed under variable climatic conditions. In the post-
Cary glaciation period from 13,000 to 10,500 years ago
the climate was cool and conifers were the dominant vege-
tation. During the period from 10,500 to about 8,000 years
before the present time, there was a warming trend, and
the vegetation changed from conifers to a mixed hard-
wood forest. Beginning about 8,000 years ago, the climate
became warmer and drier. Herbaceous prairie vegetation
became dominant. Studies of the forest-prairie transition
area of central Towa (6) indicate that a late change in
postglacial climate from relatively dry prairie to more
moist conditions has taken place. This change may have
started about 3,000 years ago. The present climate is
midcontinental subhumid.

Nearly uniform climate prevails throughout the county.
The influence of the general climate is modified by local
conditions in or near the developing soil. For example,
south-facing slopes have a microclimate that is warmer
and less humid than the average climate of nearby areas.
North- and east-facing slopes tend to be cooler and more
moist than south-facing slopes, and, in a climate like that
in Webster County, natural stands of trees are more likely
to grow well. Low-lying or depressional, poorly drained
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or very poorly drained soils are wetter and cooler than
those in most areas surrounding them.

The general climate has had an important overall influ-
ence on the characteristics of the soils, but it has not
caused major differences among them. Local climatic dif-
ferences influence the characteristics of the soil and ac-
count for some of the differences within the same climatic
region.

Weathering of the parent material by water and air
is activated by changes in temperature. As a result of
weathering, changes caused by both physical and chemi-
cal actions take place. Rainfall has influenced the forma-
tion of the soils through its effect on the amount of leach-
ing in soils and on the kinds of plants that grow.

Some variations in plant and animal life are caused by
variations in temperature or by the action of other clima-
tic forces on the soil material. To that extent, climate
influences chan in soils that are brought about by
differences in plant and animal life.

Plant and animal life

Many kinds of living organisms are important in the
formation of soils. The activities of burrowing animals,
worms, crayfish, and micro-organisms, for example, are
reflected in soil properties. Differences in the kind of
vegetation commonly cause the most marked differences
in soils (7). The dominant kinds of plant life have
changed with time. The soils of Webster County appear
to have heen influenced in recent times by prairie grasses,
trees, or both.

In Webster County, tall prairie grasses were the dom-
inant vegetation at the time of settlement. However, trees
were near most major streams. Trees occupied about 46,-
000 acres when Webster County was settled (2).

Because grasses have many roots and tops that have
decayed in or on the soil, soils that formed under prairie
vegetation typically have a thicker, darker colored surface
layer than do soils that formed under trees. Under trees
the organic matter, derived principally from leaves, was
deposited mainly on the surface layer of the soil. Soils
that formed under trees generally are more acid and have
more downward movement of bases and clay in their
profiles. '

The Clarion and Nicollet soils are typical of the soils
that formed in glacial till under prairie vegetation in
Webster County. The Webster and Canisteo soils, which
are poorly drained, also formed under prairie, but their
native vegetation was grasses and sedges that could tol-
erate wetness. The verv poorly drained Okoboji soils had
a native vegetation of sedges, cattails, and other vegeta-
tion that was tolerant to wetness.

The Hayden and Luther soils are among those in
Webster County that formed under forest vegetation.
These soils have a thin, light-colored A1l horizon, a prom-
inent, gravish A2 horizon that is very distinct when dry,
and a B horizon that has stronger structure and more
evidence of the accumulation of clay than soils formed
under prairie.

Lester soils have properties intermediate between those
of soils that formed entirely under trees and those that
formed under grass. It is believed that these soils formed
nnder prairie and then later trees encroached on the areas.
Their morphology reflects the influence of both trees and

grass.



WEBSTER COUNTY, IOWA

Relief

Relief, or topography, refers to the lay of the land.
Slopes rz’mge fxgoom ngarly level to very steep in Webster
County. Relief is an important factor in soil formation
because of its effect on drainage, runoff, the height of the
water table, and erosion. A difference in topography is
the main reason for the differing properties of some of
the soils in the county. The influence of relief can be seen
in a number of ways in Webster County. )

The thickness and color of the A horizon and the thick-
ness of the solum are related to slope because of its effect
on erosion and the amount of water that runs off and
percolates through the soil. For example, the thickness
and color of the A horizon of Storden, Clarion, and
Nicollet soils, which formed in similar parent material,
is related to their topography. The thickness of the A
horizon increases and the color darkens as the slope de-
creases. Most arcas of Storden soils are strongly sloping
to steep ; Clarion soils are mainly gently sloping or mod-
erately sloping; and Nicollet soils are mostly nearly level.
Likewise, the thickness of the solum increases and depth
to carbonates decreases from the Storden to the thicker
Clarion and Nicollet soils. In soils that have a wide range
of slopes, the depth to carbonates and the thickness of the
solum decrease as the percentage of slope increases and
as the slopes become more convex. In Webster County this
is E)est exemplified by the gently sloping to steep Lester
soils.

Relief affects the color of the B horizon through its
effect on drainage and soil aeration. The subsoil of a soil
that has good drainage generally is brown because iron
compounds are well distributed throughout the horizon
and are oxidized. On the other hand, the subsoil of soils
that have restricted drainage or poor aeration because of
wetness and a high water table is generally grayish and
mottled. Webster and Okoboji soils are examples of
poorly drained and very poorly drained, nearly level and
depressional soils in which the evidence of wetness is ex-
pressed in the soil profile. Clarion soils are well drained
and have a brownish B horizon. Nicollet soils are some-
what poorly drained and have a gravish-brown B hori-
zon. Their profile characteristics indicate that they are
intermediate in drainage.

Time

The passage of time enables the factors of relief,
climate, and plant and animal life to bring about changes
in parent material. If these factors continue to operate
for long periods of time, very similar kinds of soils are
formed from widely different kinds of parent material.
But soil formation is generally interrupted bv geologic
events that expose new material. In Webster County new
parent material has been added to the upland at least
four times (75). The bedrock was covered by glacial drift
from two glaciers, and then loess was deposited. Another
glacier subsequently deposited the present surface mate-
rial. But geologic erosion has once again exposed shale,
sandstone, and other bedrock deposits in the valley of the
Des Moines River and other streams. These are the oldest
of the parent materials in the county. Gosport and Boone
soils formed in these materials. :

The radiocarbon technique for determining the age of
carbonaceous material found in loess and till has been
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useful in dating late Pleistocene events. Radiocarbon
dates from the base of the Cary glacial drift in the south-
ern part of the Des Moines lobe indicate that the drift
was deposited about 14,000 years ago (8); thus, all soils
formed from it are as young as or .younger than 14,000
years old. In much of Iowa, including parts of Webster
County, geologic erosion has beveled and, in places, re-
moved material from side slopes and deposited new sedi-
ment downslope (9). The surfaces of nearly level upland
divides are older than the slopes that bevel and ascend to
the divides. The side slopes, therefore, are less than 14,000
years old. In Webster County, Clarion, Hayden, and Les-
ter soils are among those soils on side slopes.

The sediment washed from side slopes has accumulated
to form local alluvium. By dating the alluvial fill at the
bases of slopes, the age of the side slopes is determined.
Some alluvium is less than 3,000 years old (20). Because
the sediment from the side slopes accumulated to form
the alluvium, the surfaces of the side slopes in these areas
are as young as or younger than 3,000 years. In Webster
County, Terril, Spillville, Ankeny, and Colo soils are
among those soils that formed in similar alluvium.

Processes of Soil Horizon Differentiation

Horizon differentiation is considered to be the result of
additions, removals, transfers, and transformations in the
soil system (13). Each of these four kinds of changes
affects many substances that make up soils. For example,
there may be additions, removals, transfers, or transfor-
mations of organic matter, soluble salts, carbonates,
sesquioxides, or silicate clay minerals.

Generally these processes promote horizon differentia-
tion, but some of the processes offset or retard it. These
processes and the resulting changes proceed simultan-
eously in soils, and the ultimate nature of the profile is
governed by the balance of these changes within the
profile.

The addition of organic matter is an early step in the
process of horizon differentiation in most soils. The
amount of organic matter that has accumulated in the A1
horizons of soils in Webster County ranges from high to
very low. Hayden and Storden soils, for example, have a
thin A1 horizon and are low in content of organic matter.
Webster and Colo soils have a thick A1 horizon and are
high in content of organic matter. Some soils that for-
merly had a high content of organic matter now have a
low content because of erosion. The accumulation of
organic matter has been an important process of soil
horizon differentiation in Webster County.

The removal of substances from parts of the soil profile
is important in the differentiation of soil horizons in
Webster County. The downward movement of calcium
carbonates and bases in soils is an example. Most of the
soils in the county have been leached free of calcium
carbonates in the upper parts of their profiles, and a few
have been so strongly leached that they are medium acid
or strongly acid in some horizons: The Harps, Canisteo,
and Storden soils are among the exceptions, for they are
calcareous throughout.

Several kinds of transfers of substances from one hori-
zon to another are evident in the soils of Webster County.
For example, phosphorus is removed from the subsoil by
plant roots and transferred to those parts of the plant
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growing above the surface. It is then added to the surface
layer in the plant residue. These processes affect the forms
and distribution of phosphorus in the profile.

The translocation of clay is an important process in
the differentiation of soil horizons. The clay is made up
mainly of silicate clay minerals in this area. It is carried
downward, suspended in percolating water, from the A
horizon to the B horizon where it accumulates in pores
and root channels and in clay films on ped faces. This
process has had an influence on the profile of many of the
soils in Webster County, examples of which are Hayden
and Dundas soils. In other soils, the content of clay in the
A and B horizons is not markedly different, and only a
minimal movement of clay is indicated.

Another kind of transfer that is minimal in most soils,
but which occurs to some extent in very clayey soils, is
that brought about by shrinking and swelling. This action
causes the formation of cracks that allow some materials
from the surface layer to be incorporated into lower parts
of the profile. Marna soil is one of the few soils in Web-
ster County with the potential for this kind of physical
transfer.

Transformations are physical and chemical. For exam-
ple, soil particles are weathered to smaller sizes. Another
example is the reduction of iron by a process called
“greying”, which involves the saturation of the soil with
water for long periods in the presence of organic matter.
This process is characterized by the presence of ferrous
iron and gray colors. Reductive, extractable iron, or free
iron, is commonly less abundant in poorly drained soils,
such as the Webster soil, than in such soils as the Nicollet
and Clarion soils (18).

Still another kind of transformation is the weathering
of the primary apatite mineral in parent material to sec-
ondary phosphorous compounds. Studies indicate that the
pH value of the soil must decline to about 7 before appre-
ciable amounts of weathering take place (4, 77). This is
exemplified in the Storden and Clarion soils of Webster
County. For example, Storden soils, which are calcareous,
are very low in available phosphorous in the subsoil.
Clarion soils, which are leached and about neutral, have
a better supply of available phosphorous, although it is
also very low.

Classification of the Soils

Soils are classified so that we can more easily remember
their significant characteristics. Classification enables us
to assemble knowledge about the soils, to see their rela-
tionship to one another and to the whole environment,
and to deevlop 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 or
other tracts of land.

The narrow categories of classification, such as those
used in detailed soil surveys, allow us to organize and
supply knowledge about soils in managing farms, fields,
and woodlands; in developing rural areas; in engineering
work; and in many other ways. Soils are placed in broad
classes to facilitate study and comparison in large areas,
such as countries or continents.

SURVEY

The system of soil classification currently used was
adopted by the National Cooperative Soil Survey in 1965.
Because the current system is under continual study (74,
17), readers interested in developments of the current
system should search the latest literature available.

The current system of classification has six categories.
Beginning with the broadest, these categories are order,
suborder, great group, subgroup, family, and series. In
this system the criteria used as a basis for classification
are soil properties that are observable and measurable.
The properties are chosen, however, so that the soils of
similar genesis, or mode of origin, are grouped. In table
6 the soll series of Webster County are placed in several
categories of the current system. Classes of the current
system are briefly defined in the following paragraphs.

Orper.—Ten soil orders are recognized. They are Enti-
sols, Vertisols, Inceptisols, Aridisols, Mollisols, Spodosols,
Alfisols, Ultisols, Oxisols, and Histosols. The properties
used to differentiate among soil orders are those that tend
to give broad climatic groupings of soils. The two excep-
tions to this are the Entisols and Histosols, which occur
in many different climates.

Table 6 shows the four orders in Webster County—
Alfisols, Entisols, Mollisols, and Inceptisols. Alfisols have
a clay-enriched B horizon that is high in base saturation.
Entisols are recent soils that do not have genetic horizons
or have only the beginnings of such horizons. Mollisols
have a thick, friable surface layer that has been darkened
by organic matter. Inceptisols are soils that contain one
or more diagnostic horizons that presumably form rather
quickly and that do not represent significant illuviation
or eluviation or extreme weathering.

SusorpEr.—Each order is subdivided into suborders
that are based primarily on those characteristics that
seem to produce classes with the greatest  genetic similar-
ity. The suborders narrow the broad climatic range per-
mitted in the orders. The soil properties used t» separate
suborders are mainly those that reflect either the presence
or absence of waterlogging, or soil differences resulting
from climate or vegetation. The names of suborders have
two syllables. The last syllable indicates the order. An
example is Aquent (A4gu meaning water or wet, and ent
for Entisol). ,

GreAT GrOUPS.—Soil suborders are separated into great
groups on the basis of uniformity in the kinds and
sequence of major soil horizons and features. The hori-
zons used to make separations are those in which clay,
iron, or humus have accumulated, or those that have a
pan that interferes with the growth of roots or movement
of water, or both, and a thick, dark-colored surface hori-
zon. The features used are the self-mulching properties
of clays, soil temperature, major differences in chemical
composition (mainly calcium, magnesium, sodium, and
potassium), dark-red and dark-brown colors associated
with basic rocks, and the like. The names of great groups
are made by adding a prefix to the name of the suborder.
An example is Haplaquents.

Suscroups.—QGreat groups are divided into subgroups,
one representing the central (typic) segment of the group
and others, called intergrades, that have properties of one
great group and also one or more properties of another
great group, suborder, or order. Subgroups may also be
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TaBLE 6.—Classification of the soil series by higher categories
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Series Family Subgroup Order
Ankeny.________.____ Coarse-loamy, mixed, mesic__._______________________ Cumulic Hapludolls_ ________________ Mollisols.
Billett 1 ____________ Coarse-loamy, mixed, mesic_________________________ Mollic Hapludalfs_ __________________ Alfisols.
Biscay. ... ___.._ Fine-loamy over sandy or sandy-skeletal, mixed, non- | Typic Haplaquolls___________________ Mollisols.

calcareous, mesic.
Boone..._.______..___ Mesic, uncoated ___ ___________ o ____ Typic Quartzipsamments______.______ Entisols.
Buckney ' _________ Coarse-loamy, mixed, mesie_________________________ Entic Hapludolls________.___.________ Mollisols.
Calamine ' _________ Fine, illitic, noncalcareous_ . ________________________ Typic Argiaquolls_ _ __ . ______________ Mollisols.
Caleo ' . ___.____ Fine-silty, mixed, calcareous, mesic__________________ Cumulic Haplaquolls_________________ Mollisols.
Canisteo__._________ Fine-loamy, mixed, calcareous, mesic_ _______________ Typic Haplaquolls___________________ Mollisols.
Clarion_____________ Fine-loamy, mixed, mesic___________________________ Typic Hapludolls__ . _________________ Mollisols.
Colo_ ______________ Fine-silty, mixed, noncalcareous, mesic_______________ Cumulic Haplaquolls_________________ Mollisols.
Cordova_._._.______ Fine, mixed, noncalcareous, mesic___________________ Typic Argiaquolls_ __________________ Mollisols.
Cylinder____________ Fine-loamy over sandy or sandy-skeletal, mixed, mesi .| Aquic Hapludolls____________________ Mollisols.
Dorchester *_________ Fine-silty, mixed, calcareous, mesic__________________ Typic Udifluvents___________________ Entisols.
Dundas !'______.____ Fine-loamy, mixed, mesic___________________________ Udollic Ochraqualfs__________._.______ Alfisols.
Estherville 1_________ Coarse-loamy over sandy or sandy-skeletal, mixed, | Typic Hapludolis____________________ Mollisols.

mesic.
Gosport 1. _______.__ Fine, illitic, mesic. . _ ______________________________ Typic Dystrochrepts_________________ Inceptisols.
Guckeen___.________ Fine, montmorillonitic, mesic_______________________ Aquic Hapludolls____________________ Mollisols.
Hanlon !'___.___.____ Coarse-loamy, mixed, mesic_________________________ Cumulic Hapludolls_._.______.________ Mollisols.
Harps_._._._______. Fine-loamy, mixed, mesic___________________________ Typic Calciaquolls____ . _____________ Mollisols.
Hayden____________ Fine-loamy, mixed, mesic___________.________________ Typic Hapludalfs_________________.__ Alfisols.
Jaewin_ .. __________ Fine-loamy over clayey, mixed, mesic______._________ Aquic Hapludolls____________________ Mollisols.
Kamrar____._______ Fine, montmorillonitic, mesic__ ... __________________ Typic Hapludolls_. __________________ Mollisols.
Lanyon____________. Fine, montmorillonitic, noncaleareous, mesic._________ Typic Haplaquolls__. . _.___________. Mollisols.
Lester_ . ___________ Fine-loamy, mixed, mesic._.________________________ Mollic Hapludalfs_ __________________ Alfisols.
Le Sueur_ . _.________ Fine-loamy, mixed, mesic.._..______________________ Aquic Argiudols_ . .. ____.___________ Mollisols.
Luther_____________ Fine-loamy, mixed, mesic_.________________________._ Aeric Ochraqualfs_ .. _.__..__________ Alfisols.
Mama_____________ Fine, montmorillonitic, noncalcareous, mesic__________ Typic Haplaquolls___ ________________ Mollisols.
Minnetonka_.____.__ Fine, montmorillonitic, noncalcareous, mesic_.________ Typic Argiaquolls_ _ _________________ Mollisols.
Nicollet . _ ... ______. Fine-loamy, mixed, mesic___________________________ Aquic Hapludolls_____________________ Mollisols.
Okoboji_________.___ Fine, montmorillonitic, noncalcareous, mesic__________ Cumulic Haplaquolls__ . _____________ Mollisols.
Rockton 1. __________ Fine-loamy, mixed, mesic___________________________ Typic Argiudolls_ _ __________________ Mollisols.
Rolfe____ . ___.____ Fine, montmorillonitic, mesic__ _____________________ Typic Argialbolls_.____ . _____.________ Mollisols.
Spillville__.__.______ Fine-loamy, mixed, mesic___________________________ Cumulic Hapludolls___.______________ Mollisols.
Storden_____________ Fine-loamy, mixed, mesic___________________________ Typic Udorthents___________________ Entisols.
Talcot______________ Fine-loamy over sandy or sandy-skeletal, mixed, cal- | Typic Haplaquolls__________________._ Muilisols.

careous, mesic.
Terril . _ . _ ... ______ Fine-loamy, mixed, mesic___________________________ Cumulic Hapludolls__________________ Mollisols.
Terril, thin surface Fine-loamy, mixed, mesic___________________________ Typic Hapludolls_______ [ Mollisols.

variant.
Turlin_______.___.____ Fine-loamy, mixed, mesic___________________________ Cumulic Hapludolls_ _ _______________ Mollisols.
Wacousta__...______ Fine-silty, mixed, noncalcareous, mesic_______________ Typic Haplaquolls___________________ Mollisols.
Wadena_ ___________ Fine-loamy over sandy or sandy-skeletal, mixed, mesic_| Typic Hapludolls____________________ Mollisols.
Wadena, thin surface | Fine-loamy over sandy or sandy-skeletal, mixed, mesic_| Mollic Hapludalfs_ ___._______________ Alfisols.
variant.

Webster_ . _________. Fine-loamy, mixed, noncalcareous, mesic_____________ Typic Haplaquolls___________________ Mollisols.

! These soils are taxadjuncts to the series. Ways in which they differ from the classified series are given in the descriptions of the soil

series.

made in those instances where soil properties intergrade
outside of the range of any other 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 Haplaquents.

Fammuy.—Soil families are separated within a sub-
group primarily on the basis of properties important to
the growth of plants or on the be}})mvior of soils used for
engineering. Among the properties considered are texture,
mineralogy, reaction, soil temperature, permeability,
thickness of horizons, and consistence. A family name~
consists of a series of adjectives that precede the sub-
group name. The adjectives are the class names for tex-
ture, mineralogy, and so on, that are used as family dif-
ferentiae. An example is fine-loamy, mixed, mesic family
of Typic Hapludolls.

General Nature of the County

This section was prepared mainly for those not familiar
with the county. It discusses the early history, climate,
topography and drainage, transportation, industries, and
markets, and farming of the county. Farm statistics used
are from the Iowa Annual Farm Census for 1969.

Prior to 1850 only a few widely scattered farms were in
the part of Towa that is now Webster County. In 1850 a
military post, Fort Clarke, was established on high
ground east of the Des Moines River and south of Soldier
Creek to provide protection for the few settlers who lived
in the area. The name of the post was changed to Fort
Dodge in the following year. It was abandoned in 1853,
but it formed the nucleus for the city of Fort Dodge.
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By 1853 the population of the area was 243, and the
need for local governmental organization was increasing.
The General Assembly of Iowa provided for organization
of Webster County on January 22, 1853, and the first
official action by the county was taken in May of 1853. A
dispute arose over the selection of a county seat, but Fort
Dodge was selected in 1856.

By 1860 the population of the county had increased to
2,504, and by 1900 it was 31,775. Since that time the
growth in population has been slower and has been
mainly in the cities and towns, especially the city of Fort
Dodge. In 1967 Fort Dodge had a population of 29,654.

Climate *

Webster County is in the northwestern part of central
Towa, and the Des Moines River crosses from the north-
central to the southeastern part of the county. The climate
data in table 7 were recorded at Fort Dodge and are rep-
resentative of the county as a whole.

Average precipitation is about 30 inches per year, of
which about 70 percent falls in the crop season of April
through September. A trace or more of rain falls on about
175 days per year. Showers of heavier intensity vary from
about 95 days with at least 0.01 inch, through 59 days
with 0.10 inch, to 19 days with 0.50 inch or more. About
80 percent of the heavier showers fall during the warm
half of the year when the hazard of soil erosion is the
greatest. The sloping areas of Webster County are subject
to sheet erosion, and the undulating areas, which are char-
acteristic of the remainder of the county, have undrained
depressions in places that become wet with standing water
in periods of heavy showers.

Snow cover of an inch or more is reported on about
77 days per year and averages about 5 inches in depth.

¢ This section was prepared by PAaur J. WArTE, climatologist for
Towa, National Weather Service, U.S. Department of Commerce.

SOIL SURVEY

Since 1942 the greatest depth of snow was 22 inches in
March 1962. Generally a snowfall of an inch or more is
first reported late in November. In an average season
about 40 inches of snow falls on Webster County. This is
about 13 percent of the total annual precipitation.
Ideally, in the crop season moisture in the subsoil is
abundant and moisture in the topsoil is moderate. Varia-
tions from optimum soil conditions are normally frequent
but generally not extreme. Generally ample rain falls in
May and June and is followed by drier weather later in
the summer. Well-developed corn needs about an inch of
moisture per week for optimum growth. The chances of
receiving this amount of rainfall in each week are about
40 percent in June and 25 percent in July and August.
Midday temperatures vary little throughout the county,
but nighttime temperatures can vary as much as 10 de-
grees between cold air sinking into the lowlands and the
relatively warmer air above the uplands and urban areas.
Optimum corn growth is normally attained when temper-
atures are warm, but below 90° F. On the average, about
23 days in summer have a temperature of 90° or higher.
Operations in winter are hampered by subfreezing tem-
peratures that occur on about 127 days per season. The
average date of last occurrence of a 32-degree tempera-
ture in spring is about May 5. The average date of first
occurrence of a 32-degree temperature in fall is about
October 4. The average length of the growing season is
152 days. Subzero days average about 20 or 25 per year.

Topography and Drainage

Most of the soils in Webster County are nearly level to
gently sloping or moderately sloping. The greatest differ-
ences in relief are in the vicinity of the Des Moines River
and near the mouths of tributary streams, where the
slopes are steep in places. Generally the elevation of the
uplands ranges from 1,100 to 1,200 feet (3). The soil sur-

TABLE 7.—Temperature and precipitation, Webster County, Iowa

Temperature Precipitation
One year in 10 will Number | Average
Month Average | Average | Average | Average | Average have— of days depth of
daily daily monthly | monthly | monthly with snow | snow on
maximum | minimum | maximum | minimum total cover of | days with
Less More 1 inch or SnoOwW
than— than— more cover
°F °F. °F °F. Inches Inches Inches Inches
28 10 48 —16 1.1 2.0 0.2 22 5
32 13 51 —10 1.0 2.3 .2 20 5
43 24 69 2 1.9 4.1 .7 14 7
60 37 82 21 2.5 5.4 1.2 1 3
72 48 89 32 3.8 7.1 2.0 0] ®)
81 58 94 43 5.1 10. 7 2.8 0 0
87 62 97 50 3.5 6.0 1.4 0 0
84 61 95 46 3.7 5.6 1.6 0 0
September__ _ _ __ ... ____..._ 77 51 91 32 3.2 5.0 .4 0 0
Qctober—__________.________ 65 41 84 23 1.7 3.5 .2 0 0
November-_...occceceao - 46 26 68 6 1.8 3.3 .1 5 3
December_____________._____ 33 15 53 -8 1.0 1.8 .3 15 4
Year. . __.__ 59 37 99 —18 30. 2 40. 9 22. 6 77 5

1 Less than one day.
% Less than 1 inch.
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face is somewhat higher in the western, northern, and ex-
treme southern parts of the county than in the central
and eastern parts. Small morainal hills of low relief ex-
tend across the county along the southern boundary and
through the northern two-thirds of the county. The
nearly level soils of the county, mainly in soil associations
4 and 5, contain depressional areas that were once wet and
swampy. Most of these areas have since been artificially
drained and are now used as cropland.

The Des Moines River flows from about the center of
the northern boundary of the county to the south and
southeastward and leaves the county near the eastern end
of the southern boundary. In most places the valley of
the Des Moines River is less than three-fourths of a mile
wide, but it is deep. This river and its tributary streams,
most of which are relatively short, provide the stream
drainage for much of the county.

Among the streams that flow into the Des Moines River
in Webster County are Der, Bass, Badger, Soldier,
Brushy, Skillett, Prairie, and Lizard Creeks and the
Boone River. Most of these smaller streams are deeply
incised near their mouths, but within 5 to 10 miles from
the Des Moines River they become sluggish streams that,
for the most part, have been straightened and deepened
artificially. These streams carry off water from tile drains
on the adjacent farms and minimize flood damage. A few
creeks in the southwestern part of the county, including
the east and west branches of Buttrick Creek and Hardin
Creek, drain into the Raccoon River. A small area in the
northeastern part of the county drains into the Boone
River.

Transportation, Industries, and Markets

U.S. Highway No. 20 serves east-west traffic and U.S.
Highway No. 169 serves north-south traffic across the
county. These highways intersect at Fort Dodge and
are connected with all parts of the county by State Routes
7, 50, and 175 and by county roads. All farms have access
to hardsurfaced or graveled roads. Three railroads serve
Fort Dodge, and most towns are served by one or more
railroads. Scheduled airline transportation is available at
Fort Dodge in the north-central part of the county. Bus
transportation is available on the main highways. Motor
freight lines serve every trading center in the county.

Farming is the main enterprise, but several industries
are in the county, mainly at Fort Dodge. Among those at
Fort Dodge are meat-packing plants and plants for
manufacturing gypsum products, livestock feed, and
farm machinery. Clay tile products are manufactured at
several plants between Lehigh and Fort Dodge. A large
limestone quarry is located at Fort Dodge, and it fur-
nishes limestone that is used as a soil amendment and for
other purposes. A large plant for manufacturing nitrogen
fertilizer is a few miles east of Fort Dodge. A large
laboratory at Fort Dodge produces vaccines and serums
for livestock.

Most grain crops are marketed at grain elevators that
are in most of the towns. Livestock are marketed at
plants in Fort Dodge or at markets in other cities, includ-
ing Sioux City and Omaha. Also numerous hog-buying
stations are in the county. Milk and milk products mar-
keted in the county and elsewhere are processed and
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packaged at a few dairies and creameries. Poultry and
eggs are marketed at numerous places in the county.

Farming

According to the Towa Annual Farm Census (5), Web-
ster County had a total of 430,561 acres in farms in 1969.
About, 307,464 acres were used for field crops, and about
49,877 acres were in pasture. The rest of the acreage,
about 73,220 acres, was used for other farm purposes, in-
cluding lots, roads, building sites, waste land, and so on.

In recent years there has been a steady decrease in the
number of farms and an increase in the size of farms. In
1969 a total of 5,968 people lived on 1,566 farms that had
an average size of 275 acres. In that year 33.8 percent of
the land was owned by the farm operators and 66.2 per-
cent was rented by the farm operators.

Many farms are of the cash-grain type, and most of
the income is derived from the sale of corn and soybeans.
Some farms are of the general type, and part of the
income is derived from the sale of livestock and part from
the sale of crops. A smaller number of farms are special-
ized, and on these farms dairying or the production or
feeding of a specific kind of livestock, such as beef cattle,
hogs, or turkeys, is the main source of farm income.

In 1969 the largest acreage of cropland in Webster
County, or 147,807 acres, was used for growing soybeans,
and the next largest acreage was used for growing corn.
Corn was harvested for grain on 136,011 acres and was
grown for silage or other purposes on about 2,600 acres.
In that year the average yield of soybeans was 29.8
bushels per acre, and the average yield of corn was 96.2
bushels per acre. A total of 10,738 acres was in oats, and
9,963 acres were in hay of all kinds,

Beef cattle and hogs are the kinds of livestock raised
most extensively in Webster County. Grain-fed catile
marketed in 1969 totaled 25,827. Sows that were farrowed
in the fall of 1969 and in the spring of 1970 totaled 16,-
033, and hogs that were marketed totaled 108,330. There
were 27,100 laying hens and 85,000 turkeys raised. Beef
cows totaled 6,223, and milk cows totaled 1,003. Lambs
born in 1969 totaled 2,308.

Literature Cited

(1) AMERICAN ASSOCIATION OF STATE HIGEWAY OFFICIALS.

1970. STANDARD SPECIFICATIONS FOR HIGHWAY MATERIALS
AND METHODS OF SAMPLING AND TESTING. Ed. 10, 2
v., Washington, D.C.

(2) DavipsoN, ROBERT R.

1961. COMPARISONS OF THE IOWA FOBEST RESOURCES IN 1832

AND 1954. Jowa State Jour. Sci, v. 36: 133-136.
(3) HALE, WIiLLIAM E.

1955. GEOLOGY AND GROUND WATER RESOURCES OF WEBSTER
COUNTY. 10WA. Iowa Geol. Surv. Bul. No. 4, 257
pp., illus,

(4) Hsvu, P., and JacksoN, M. L.

1960. INORGANIC PHOSPHATE TRANSFORMATIONS BY CHEMICAL
WEATHERING IN SOILS AS INFLUENCED BY pH. Soil
Sci. 90: 16-24.

(5) IowA DEPARTMENT OF AGRICULTURE, DIVISION OF AGRICUL-

TURAL STATISTICS.

1969. TOoWA ANNUAL FARM CENSUS. Bul. No. 92-AE.

(6) McComMe, A. L., and Loomis, W. E.

1944. SUBCLIMAX PRAIRIE. Torrey Bot. Club Bul. 71: 46-76.



120

(7) and RIEcken, F. F.

1961. EFFECT OF VEGETATION ON BOILS IN THE FOREST-PRAIRIE
REGION. Recent Adv. in Bot. Univ. of Toronto
Press, pp. 1627-1631.
(8) RuHE, R. V.,
1969. QUATERNARY LANDSCAPES IN Io0WA. Jowa State Univ.
Press, 255 pp., illus.

(9) , DANIELS, R. B,, and Capy, J. G.
1967. LANDSCAPE EVOLUTION AND SOIL DEVELOPMENT IN SOUTH-
WESTERN YowA. U.S. Dept. Agr. Tech., Bul. 1349:
231 pp., illus.
(10) and ScHOLTES, W. H.
1959. IMPORTANT ELEMENTS IN THE WISCONSIN GLACIAL
STAGE: A DISCUSSION. Jour. Geol. 67: 585-593.
(11) Rouneg, E. C. A, and RiECkEN, F. F.

1966. INFLUENCE OF NATURAL DRAINAGE ON THE DISTRIBUTION
AND FORMS OF PHOSPHORUS IN SOME IOWA PRAIRIE
sorL8. Soil Seci. Soc. Amer. Proc., v. 30, No. 5:
624-630.
SCHNUR, G. LUTHER.
1937. YIELD, STAND, AND VOLUME TABLES FOR EVEN-AGED UP-
LAND OAK FORESTS. U.S. Dept. Agr. Tech. Bul. 560,
88 pp., illus.
SiMoNsoN, Roy W.
1959. OUTLINE OF A THEORY OF SOIL GENESIS.

(12)

(13)
Soil Sci. Soc.

Amer. Proc., v. 23, No. 2: 152-156.
(14) ——
1962. SOIL CLASSIFICATION IN THE UNITED STATES. Sci. 137:
1027-1034.
(153) ——————, RIECKEN, F. F,, and SMitH, GUY D.
1952. UNDERSTANDING IOWA BOILS. 142 pp., illus.
(16) UNITED STATES DEPARTMENT OF AGRICULTURE.

1951. sorL sURVEY MANUAL. U.S. Dept. of Agr. Handbook
18, 503 pp., illus.
a7 ——

1960. SOIL CLASSIFICATION, A COMPREHENSIVE SYSTEM, 7TH
APPROXIMATION. 265 pp., illus. [Supplements is-
sued in March 1967 and September 1968]

18) ——

1966. SOIL LABORATORY DATA AND DESCRIPTIONS FOR SOME
s0ILS OF TOowWA. Soil Surv. Invest. Rept. No. 3,
Soil Conserv, Serv. in coop. with Iowa Agr. Expt.
Sta., 181 pp.

UNITED STATES DEPARTMENT OF DEFENSE.

1968. UNIFIED SOIL CLASSIFICATION SYSTEM FOR ROADS, AIR-
FIELDS, EMBANKMENTS AND FOUNDATIONS. MII~
STD-619B, 30 pp., illus.

‘WALKER, P. H.

1966. POSTGLACIAL EROSION AND ENVIRONMENTS IN RELATION
TO LANDSCAPE AND SOILS ON THE CARY DRIFT, IOWA.
Res. Bul. 549, Iowa Agr. and Home Econ. Expt.
Sta., Iowa State Univ., Ames, Iowa, pp. 838-875,
illus.

WHITE, EVERETT M.

1953. SUBSOIL TEXTURE VARIATIONS ON THE CLARION-WEBSTER
EXPERIMENT FARM AS RELATED TO THE MANEKATO
GLACIAL DEPOSIT. Iowa Acad. Sci. 60:

(19)

(20)

(21)

Glossary

Aggregate, soil. Many fine particles held in a single mass or cluster.
Natural soil aggregates, such as crumbs, blocks, or prisms, are
called peds. Clods are aggregates produced by tillage or logging.

Alluvium. Soil material, such as sand, silt, or clay, that has been
deposited on land by streams.

Alluvium, local. Soil material that has been moved a short distance
and deposited at the base of slopes and along small drainage-
ways. It includes the poorly sorted material near the base of
slopes that has been moved by gravity, frost action, soil creep,
and local wash.

Available water capacity (also termed available moisture capac-
ity). The capacity of soils to hold water available for use by
most plants. It is commonly defined as the difference between
the amount of soil water at field capacity and the amount at
wilting point. It is commonly expressed as inches of water
per inch of soil.

SOIL SURVEY

Bench position. 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 hydrochlorie 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—

Loos_e.—Noncoherent when dry or moist; does not hold together
in a mass.

Friable—When moist, crushes easily under gentle pressure be-
tv;’een thumb and forefinger and can be pressed together into
a lump.

Firm.—When moist, crushes under moderate pressure between
thumb and forefinger, but resistance is distinetly noticeable.

Plastic—When wet, readily deformed by moderate pressure but
can be pressed into a lump ; will form a “wire” when rolled
between thumb and forefinger.

Sticky—When wet, adheres to other material, and tends to
stretch somewhat and pull apart, rather than to pull free
from other material.

Hard—When dry, moderately resistant to pressure; can be
broken with difficulty between thumb and forefinger.

Soft—When dry, breaks into powder or individual grains under
very slight pressure.

Cemented.—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.

Drainage class (natural). Refers to the conditions of frequency
and duration of periods of saturation or partial saturation
that existed during the development of the soil, as opposed to
altered drainage, which is commonly the result of artificial
drainage or irrigation but may be caused by the sudden deepen-
ing of channels or the blocking of drainage outlets. Seven dif-
ferent classes of natural soil drainage are recognized.

Ewcessively drained soils are commonly very porous and rapidly
permeable and have a low water-holding capacity.

Somewhat excessively drained soils are also very permeable and
are free from mottling throughout their profile.

Well-drained soils are nearly free from mottling and are com-
monly of intermediate texture.

Moderately well drained soils commonly have a slowly permeable
layer in or immediately beneath the solum. They have uni-
form color in the A horizon and upper part of the B horizon
and have mottling in the lower part of the B and the C
horizons.

Somewhat poorly drained soils are wet for significant periods
but not all the time, and some soilg commonly have mottling
at a depth below 6 to 16 inches.

Poorly drained soils are wet for long periods and are light gray
and generally mottled from the surface downward, although
mottling may be absent or nearly so in some soils.

Very poorly drained soils are wet nearly all the time. They have
a dark-gray or black surface layer and are gray or light
grafyli with or without mottling, in the deeper parts of the
profile.

Erosion. The wearing away of the land surface by wind (sand-
blast), running water, and other geological agents.

Flood plain. Nearly level land, consisting of stream sediments, that
borders a stream and is subject to flooding unless protected
artificially.

Glacial till (geology). Unassorted, nonstratified glacial drift con-
sisting of clay, silt, sand, and boulders transported and deposit-
ed by glacial ice.

Gleyed soil. A soil in which waterlogging and lack of oxygen have
caused the material in one or more horizons to be neutral
gray in color. The term “gleyed” is applied to soil horizons
with yellow and gray mottling caused by intermittent water-
logging.

Horizon, seil. A layer of soil, approximately parallel to the sur-
face, that has distinct characteristics produced by soil-forming
processes. These are the major horizons:

O horizon.—The layer of organic matter on the surface of a
mineral soil. This layer consists of decaying plant residues.
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A horizon.—The mineral horizon at the surface or just below an
O horizon. This horizon is the one in which living organisms
are most active and therefore is marked by the accumulation
of humus. The horizon may have lost one or more of soluble
salts, clay, and sesquioxides (iron and aluminum 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 distinctive
characteristics caused (1) by accumulation of clay, sesquiox-
ides, humus, or some combination of these; (2) by prismatic
or blocky structure; (3) by redder or stronger colors than
the A horizon; or (4) by some combination of these. Com-
bined A and B horizons are usually called the solum, or true
goil. If a soil lacks a B horizon, the A horizon alone is the
solum.

O horizon.—The weathered rock material immediately beneath
the solum. In most soils this material is presumed to be like
that from which the overlying horizons were formed. If the
material 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 soils or other
material by percolating water.

Mottling, soil. Irregularly marked with spots of different colors
that vary in number and size. Mottling in soils usually in-
dicates poor aeration and lack of drainage. Descriptive terms
are as follows:
fine, medium, and coarse; and contrast—faint, distinci, and
prominent. 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.

Parent material. Disintegrated and partly weathered rock from
which soil has formed.

Ped. An individual natural soil aggregate, such as a crumb, a
prism, or a block, in contrast to a clod.

Percolation. The downward movement of water through the soil.

Permeability. The quality that enables the soil to transmit water
or air. Terms used to describe permeability are as follows:
very slow, slow, moderately slow, moderate, moderately rapid,
rapid, and very rapid.

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 aeid reaction; an
alkaline soil is one that is alkaline in reaction. In words, the
degrees of acidity or alkalinity are expressed thus:

[2:4 pH

Extremely acid._.. Below 4.5 Mildly alkaline______ 7T4t07.8

Very strongly acid-. 4.5t05.0 Moderately alkaline_ 7.9 to84

Strongly acid.____ 51to5.5 Strongly alkaline____. 8.5t09.0

Medium acid_.___ 5.6t06.0 Very strongly alka-

Slightly acid.__._. 6.1to 8.5 line . 9.1 and

Neutral _____.____ 6.6t073 higher
Relief. The elevations or inequalities of a land surface, considered

collectively.

Abundance—few, common, and many,; size—
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Sand. Individual rock or mineral fragments in a soil that range in
diameter from 0.05 to 2.0 millimeters. Most sand grains con-
sist 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 textural
class is 80 percent or more silt and less than 12 percent clay.

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
compound particles or clusters that are separated from ad-
joining aggregates and have properties unlike those of an
equal mass of unaggregated primary soil particles. The prin-
cipal forms of soil structure are—plety (laminated), prismatic
(vertical axis of aggregates longer than horizontal), columnar
(prisms with rounded tops), blocky (angular or subangular),
and granular. Structureless soils are either single grain (each
grain by itself, as in dune sand) or massive (the particles ad-
hering together without any regular cleavage, as in many clay-
pans and hardpans).

Subsoil. Technically, the B horizon ; roughly, the part of the solum
below plow depth.

Substratum. Technically, the part of the soil below the solum.

Terrace. An embankment, or ridge, constructed across sloping soils
on the contour or at a slight angle to the contour. The terrace
intercepts surface runoff so that it may soak into the soil or
flow slowly to a prepared outlet without harm., Terraces in
flelds are generally built so they can be farmed. Terraces in-
tended mainly for drainage have a deep channel that is main-
tained in permanent sod.

Terrace (geological). An old alluvial plain, ordinarily flat or un-
dulating, bordering a river, lake, or the sea. Stream tferraces
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.

Texture, soil. The relative proportions of sand, silt, and clay par-
ticles in a mass of soil. The basic textural classes, in order of
increasing proportion of fine particles, are sand, loamy sand,
sandy loam, loam, 8ilt loam, silt, sandy clay loam, clay loam,
silty clay loam, sandy clay, silty clay, and clay. The sand,
loamy sand, and sandy loam classes may be further divided by
specifying “coarse,” “fine,” or ‘“very fine.”

Tilth, soil. The condition of the so0il in relation to the growth of
plants, especially soil structure. Good tilth refers to the friable
state and is associated with high noncapillary porosity and
stable, granular structure. A soil in poor tilth is nonfriable,
hard, nonaggregated, and difficult to till.

Upland (geology). Land consisting of material unworked by water
in recent geologic time and lying, in general, at a higher eleva-
tion than the alluvial plain or stream terrace. Land above the
lowlands along rivers.

Water table. The highest part of the soil 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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