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Consult **Contents®* for parts of the publication that will meet your specific needs,
This survey contains useful information for farmers or ranchers, foresters or

7_ agronomists; for planners, community decision makers, engineers, developers,
builders, or homebuyers; for conservationists, recreationists, teachers, or
students; 1o specialists in wildlife management, waste disposal, or pollution cantrol.



This is a publication of the National Cooperative Soil Survey, a joint effort
of the United States Department of Agriculture and agencies of the States,
usually the Agricultural Experiment Stations. In some surveys, other Federal
and local agencies also contribute. The Soil Conservation Service has leader-
ship for the Federal part of the National Cooperative Soil Survey. In line with
Department of Agriculture policies, benefits of this program are available to
al], regardless of race, color, national origin, sex, religion, marital status, or age.

Major fieldwork for this soil survey was completed in the period 1965-1975.
Soil names and descriptions were approved in 1975. Unless otherwise indicated,
statements in the publication refer to conditions in the survey area in 1975.
This survey was made cooperatively by the Soil Conservation Service and the
Kansas Agricultural Experiment Station. It is part of the technical assistance
furnished to the Jackson County Conservation District.

Soil maps in this survey may be copied without permission, but any enlarge-
ment of these maps can cause misunderstanding of the detail of mapping and
result in erroneous interpretations. Enlarged maps do not show small areas of
contrasting soils that could have been shown at a larger mapping scale.

Cover: Harvested hay in an area of Pawnee clay loam, 3 to 7 percent
slopes. Strips of grass have been left to provide cover for wildlife.
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Foreword

The Soil Survey of Jackson County, Kansas contains much information
useful in any land-planning program. Of prime importance are the predictions
of soil behavior for selected land uses. Also highlighted are limitations or
hazards to land uses that are inherent in the soil, improvements needed to
overcome these limitations, and the impact that selected land uses will have on
the environment.

This soil survey has been prepared for many different users. Farmers,
ranchers, foresters, and agronomists can use it to determine the potential of
the soil and the management practices required for food and fiber production.
Planners, community officials, engineers, developers, builders, and homebuyers
can use it to plan land use, select sites for construction, develop soil resources,
or identify any special practices that may be needed to insure proper per-
formance. Conservationists, teachers, students, and specialists in recreation,
wildlife management, waste disposal, and pollution control can use the soil sur-
vey to help them understand, protect, and enhance the environment.

Great differences in soil properties can occur even within short distances.
Soils may be seasonally wet or subject to flooding. They may be shallow to
bedrock. They may be too unstable to be used as a foundation for buildings or
roads. Very clayey or wet soils are poorly suited to septic tank absorption
fields. A high water table makes a soil poorly suited to basements or un-
derground installations.

These and many other soil properties that affect land use are described in
this soil survey. Broad areas of soils are shown on the general soil map; the lo-
cation of each kind of soil is shown on detailed soil maps. Each kind of soil in
the survey area is deseribed, and much information is given about each soil for
specific uses. Additional information or assistance in using this publication can
be obtained from the local office of the Soil Conservation Service or the
Cooperative Extension Service.

This soil survey can be useful in the conservation, development, and
productive use of soil, water, and other resources.

W@éf%

Robert K. Griffin
State Conservationist
Soil Conservation Service
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By Howard V. Camphbell, assisted by
Harold P. Dickey and Harold T. Rowland,
Soil Conservation Service

United States Department of Agriculture, Soil Conservation Service,
in cooperation with Kansas Agricultural Experiment Station

JACKSON COUNTY is in the northeastern part of
Kansas (see facing page). It has a total area of 656 square
miles, or 419,712 acres. Holton, in the central part of the
county, is the county seat. The county was organized in
1887 and Holton in 1870 (3).

The population of Jackson County is about 11,245, of
which 5,314 .live in towns and 5,931 in rural areas (4).
More than 500 commute to work from Jackson County to
Topeka.

Farming and related services are the most important
enterprises in the county. Corn, wheat, sorghum,
soybeans, and alfalfa are the main crops. Beef cattle and
swine are the main kinds of livestock. Dairy cattle, sheep,
and poultry also are raised.

General nature of the county

This section gives general information concerning the
county. It describes the physiography, drainage, and re-
lief; the water supply; the natural resources; the climate;
and farming.

Physiography, drainage, and relief

Jackson County lies within the Dissected Till Plains
section of the Central Lowlands Physiographic Province
and the Natural Land Resource Area known as the
Nebraska and Kansas Loess-Drift Hills (11). The land-
scape is one of strongly rolling plains that are thoroughly
dissected by numerous streams. The surface slopes gently
to the southeast. The larger streams in the eastern part
of the county flow in a general southeast direction,
whereas those in the western and southern parts flow
nearly straight south.

Big Soldier Creek is the longest stream in the county.
Cross Creek is in the southwestern part. Walnut and Lit-
tle Soldier Creeks have their headwaters in the Pot-
tawatomie Indian Reservation. Mud Creek or South
Muddy Creek drains the southeast corner of the county.
Elk Creek, Spring-Straight Creek, North Muddy Creek,
and Cedar Creek are tributaries to the Delaware River,
which flows through the northeast corner.

Nearly level and gently sloping soils are adjacent to the
major streams. Gently sloping to moderately sloping soils
that formed in loess are on ridgetops and high benches.
The largest areas of these soils are in the vicinity of
Netawaka and Whiting. The glacial areas cover about a
third of the county. Soils are gently sloping on ridgetops
to very steep next to the wide, round valleys. The
average local relief is less than 40 feet. Bedrock crops out
in the western, southern, and eastern parts of the county;
hills have flat tops and steep sides; and relief is more
pronounced than in the glacial areas.

Water supply

The water supply in most of Jackson County varies.
Most of the county derives water from wells that yield 1
gallon to 15 gallons per minute. Underlying alluvial
deposits provide a fair supply of water for wells. In some
areas ground water is not available or is in limited supply.
An impoundment reservoir, in addition to wells, provides
water to Holton.

Surface water is impounded by dams on streams that
flow through many farms. This impounded water helps to
supply water for livestock and, if a filter system is used,
can supply water to farm homes. Rural water districts
supply water to farms throughout most of the county.

Natural resources

Soil is the most important natural resource in the coun-
ty. Livestock that graze the grassland and crops produced
on farms are marketable products that are affected by
the soil. .

Limestone in Jackson County is suitable for many uses.
It has been quarried and used as building stone or
crushed for use as road-building material or agricultural
lime. Several large quarries are in the county. No build-
ing-stone quarries are operated.

Sand and gravel pits provide a source of road-surfacing
material. These deposits are of glacial origin and consist
of unsorted sand and gravel mixed with clay and boul-
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ders. These deposits of sand and gravel are in Shelby
soils.

Very little coal has been mined in Jackson County. The
supply of natural gas and oil is not large enough to be
significant.

Climate

By L. DEAN BARK, climatologist, Kansas Agricultural Experiment
Station, Manhattan, Kans.

The climate of Jackson County is typical continental, as
would be expected of a location in the interior of a large
land mass in the middle latitudes. Such a climate is
characterized by large daily and annual variations in tem-
perature. Winters are cold because of frequent advances
of polar .air. Winter conditions prevail in December,
January, and February. Warm temperatures last for
about 6 months every year, and spring and fall are short.
The warm weather provides a long growing season for
crops. '

Jackson County is in the path of a fairly dependable
current of moisture-laden air from the Gulf of Mexico.
Precipitation is heaviest late in spring and early in
summer. Much of it occurs as late-evening or nighttime
thunderstorms. -Although the total precipitation is
generally adequate for any crop, its distribution can cause
problems in many years. Prolonged dry periods of several
weeks duration are not uncommon during the growing
season. A surplus of precipitation often results in muddy
fields and a delay in planting and harvesting.

Table 1 gives data on temperature and precipitation for
Jackson County, as recorded at Holton for the period
1941 to 1970. Table 2 shows probable dates of the first
freeze in fall and last freeze in spring. Table 3 provides
data on length of the growing season.

In winter the average temperature is 30.4 degrees F,
and the average daily minimum is 19.7 degrees. The
lowest temperature on record, which occurred at Holton
in January 1915, is minus 22 degrees. In summer the
average temperature is 76.0 degrees, and the average
daily maximum is 87.8 degrees. The highest recorded tem-
perature is 110 degrees, which occurred in August 1913.
Temperature records were not kept at Holton during the
1930’s, when most of the high temperature records in
Kansas were set.

The annual precipitation is 35.28 inches. Of this annual
total, 26.13 inches, or 74 percent, usually falls in April
through September, which includes the growing season
for most crops. In 2 years out of 10, the rainfall in April
through September is less than 19.61 inches. The heaviest
1-day rainfall during the period of record was 8.37 inches
at Holton on October 11, 1973.

Average annual snowfall is 20.9 inches. The greatest
snow depth, which occurred during the winter of 1914-15,
is 54 inches. On the average, 23 days per year have at
least 1 inch of snow on the ground, but the snow rarely
covers the ground for more than 7 days in succession.

The prevailing wind, recorded at nearby Topeka, is
from the south. Average annual windspeed is 10 miles per
hour; it is highest, 13 miles per hour, in March and April
The percent of possible sunshine averages 67 in summer
and 52 in winter.

Tornadoes and severe thunderstorms occur occasionally
in Jackson County. These storms are usually local in ex-
tent and of short duration so that the risk of damage is
small. Hail falls during the warmer part of the year, but
it is infrequent and of local extent. Crop damage by hail
is less in this part of the State than it is in western Kan-
sas.

Farming

Tall native prairie grasses originally covered most of
Jackson County. Deciduous trees grew on the bottom
land. In a few upland areas, mixed trees and native
grasses were the original vegetation.

The main crops are corn, wheat, grain sorghum,
soybeans, and, in a few areas, oats. Forage corn, forage
sorghum, alfalfa, and bromegrass are also grown. In 1974,
about 35,000 acres was in corn, 26,000 acres in wheat,
24,000 acres in grain sorghum, 16,000 acres in soybeans,
and 4,000 acres in oats. These acreages fluctuate accord-
ing to market prices. In 1974, there were 12,000 acres of
alfalfa, 18,000 acres of wild hay, and 13,000 acres of
pasture hay (5).

Beef cattle herds and hog farms are the main kinds of
livestock enterprises. There are several dairy herds and a
few sheep or chicken farms. -

In 1948, the Jackson County Conservation District was
organized. Its purpose is to promote soil and water con-
servation.

How this survey was made

Soil scientists made this survey to learn what kinds of
soil are in the survey area, where they are, and how they
can be used. The soil scientists went into the area know-
ing they likely would locate many soils they already knew
something about and perhaps identify some they had
never seen before. They observed the steepness, length,
and shape of slopes; the size of streams and the general
pattern of drainage; 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 ex-
tends from the surface,down into the parent material,
which has been changed very little by leaching or by the
action of plant roots. . '

The soil scientists recorded the characteristics of the
profiles they studied, and they compared those profiles
with others in counties nearby and in places more distant.
Thus, through correlation, they classified and named the
soils according to nationwide, uniform procedures.
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After a guide for classifying and naming the soils was
worked out, the soil scientists drew the boundaries of the
individual soils on aerial photographs. These photographs
show woodlands, buildings, field borders, roads, and other
details that help in drawing boundaries accurately. The
soil map at the back of this publication was prepared
from aerial photographs.

The areas shown on a soil map are called soil map units.
Some map units are made up of one kind of soil, others
are made up of two or more kinds of soil, and a few have
little or no soil material at all. Map units are- discussed in
the sections “General soil map for broad land-use
planning” and “Soil maps for detailed planning.”

While a soil survey is in progress, samples of soils are
taken as needed for laboratory measurements and for en-
gineering tests. The soils are field tested, and interpreta-
tions of their behavior are modified as necessary during
the course of the survey. New interpretations are added
to meet local needs, mainly through field observations of
different kinds of soil in different uses under different
levels of management. Also, data are assembled from
other sources, such as test results, records, field ex-
perience, and information available from state and local
specialists. For example, data on crop yields under
defined practices are assembled from farm records and
from field or plot experiments on the same kinds of soil.

_But only part of a soil survey is done when the soils
have been named, described, interpreted, and delineated
on aerial photographs and when the laboratory data and
other data have been assembled. The mass of detailed in-
formation then needs to be organized so that it is readily
available to different groups of users, among them far-
mers, managers of rangeland and woodland, engineers,
planners, developers and builders, homebuyers, and those
seeking recreation.

General soil map for broad land-use
planning

The general soil map at the back of this publieation
shows, in color, map units that have a distinct pattern of
soils and of relief and drainage. Each map unit is a unique
natural landscape. Typically, a map unit consists of one or
more major soils and some minor soils. It is named for
the major soils. The soils making up one unit can oceur in
other units but in a different pattern.

The general soil map provides a broad perspective of
the soils and landscapes in the survey area. It provides a
basis for comparing the potential of large areas for
general kinds of land use. Areas that are, for the most
part, suited to certain kinds of farming or to other land
uses can be identified on the map. Likewise, areas of soils
having properties that are distinctly unfavorable for cer-
tain land uses can be located.

Because of its small scale, the map does not show the
kind of soil at a specific site. Thus, it is not suitable for
planning the management of a farm or field or for select-

ing a site for a road or building or other structure. The
kinds of soil in any one map unit differ from place to
place in slope, depth, stoniness, drainage, or other charac-
teristics that affect their management.

1. Kennebec-Zook-Wabash

Deep, mearly level, moderately well drained, poorly
drained, and very poorly drained soils that have a silt
loam or silty clay subsoil and formed in alluvium

This map unit is on the alluvial plains that are along
the larger streams and are subject to flooding. It occupies
about 6 percent of the county. It is about 31 percent Ken-
nebec soils, 27 percent Zook soils, 24 percent Wabash
soils, and 18 percent soils of minor extent (fig. 1).

The moderately well drained Kennebec soils are on the
flood plains next to the streams. They are subject to
flooding. They have a silt loam surface layer about 36
inches thick. The poorly drained Zook soils are on the low
flood plains adjacent to foot slopes and bench escarp-
ments away from the main stream channel. The upper
part of the surface layer is silty clay loam. The lower part
of the surface layer and the subsoil are silty clay. The
very poorly drained Wabash soils are in backwater areas
on flood plains. They are silty clay from the surface to a
depth of 60 inches or more.

Of minor extent in this map unit are Chase, Reading,
and Olmitz soils. Chase soils are somewhat poorly drained
to moderately well drained, Olmitz soils are well drained
and moderately well drained, and Reading soils are well
drained. Chase and Olmitz soils are next to the uplands
on benches or foot slopes and are nearly level and gently
sloping. Reading soils are on high bottoms or terraces.

Most of the acreage is in cultivated farm crops. Some
tracts are in trees or grass. Stream channels and adjacent
areas are not arable, and most are wooded. The main con-
cerns in managing these soils are flooding and the slow
drainage in Wabash and Zook soils. _

This map unit has good potential for cultivated farm
crops, grassland, and woodland. Flooding is such a severe
limitation and is so difficult to overcome that the poten-
tial for residential and other urban uses is poor. The
potential for development of wetland wildlife habitat is
good. Vegetables and other specialty crops are uniquely
suited to this unit if a proper drainage system is installed
and protection against flooding is provided.

2. Pawnee-Shelby-Burchard

Deep, gently sloping to steep, well drained and moderate-
ly well drained soils that have a clay or clay loam sub-
sotl and formed in glacial material; on uplands

This map unit is on upland ridgetops and side slopes. It
occupies about 40 percent of the county. It is about 42
percent Pawnee soils, 17 percent Shelby soils, 13 percent

Burchard soils, and 28 percent soils of minor extent (fig.
2). '
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The well drained and moderately well drained, gently
sloping to moderately sloping Pawnee soils are on
ridgetops and the higher side slopes. They have a clay
loam surface layer and a clay subsoil. The moderately
well drained Shelby soils and well drained Burchard soils
are on the lower side slopes. They have a clay loam sur-
face layer and a clay loam subsoil. Shelby soils are
moderately sloping to steep, and Burchard soils are
strongly sloping to steep. In this survey area, Burchard
soils are mapped only with Shelby soils.

Of minor extent in this map unit are the moderately
well drained Kennebec soils and the moderately well
drained and well drained Olmitz and Wymore soils. Olmitz
soils are on foot slopes. Kennebec soils are on flood plains.
Wymore soils are on the higher ridgetops.

Nearly all the acreage is in the cultivated crops com-
monly grown in the county. Many areas are in tame grass,
and a few are in range or trees. Controlling erosion and
maintaining tilth and fertility are concerns in managing
these soils.

If erosion is controlled, this map unit has good potential
for cultivated crops. It also has good potential for tame
pasture and range. It has poor potential for woodland.
The potential for residential and other urban uses is fair
to poor because of the steep slopes and the content of
clay.

3. Martin-Pawnee-Sogn

Deep and shallow, moderately well drained to somewhat
excessively drained, gently sloping to steep soils that
dominantly have a silty clay or clay subsoil and formed
in residuum derived from shale, limestone, or glacial
material; on uplands

This map unit is on upland ridgetops and side slopes. It
occupies about 43 percent of the county. It is about 36
percent Martin soils, 27 percent Pawnee soils, 5 percent
Sogn soils, and 32 percent soils of minor extent (fig. 3).

Martin soils are deep, are moderately well drained, and
formed in material weathered from shale and clay beds.
They are moderately sloping and strongly sloping and
have a silty clay loam surface layer and a silty clay or
silty clay loam subsoil. Pawnee soils are deep, are well
drained and moderately well drained, and formed in gla-
cial material. They are gently sloping and moderately
sloping and have a clay loam surface layer and a clay sub-
soil. Sogn soils are shallow, are somewhat excessively
drained, and formed in material weathered from
limestone. They are moderately sloping to steep and have
a silty clay loam surface layer. In this survey area, they
are mapped only with Clime or Vinland soils.

Of minor extent in this map unit are the deep,
somewhat poorly drained to moderately well drained
Chase soils on benches or terraces next to the uplands;
the moderately deep, moderately well drained Clime soils
on upland side slopes; the deep, moderately well drained
Kennebec soils on flood plains; the shallow, somewhat ex-

cessively drained Vinland soils on upland side slopes; and
the deep, moderately well drained Wymore soils on
upland ridgetops.

About 60 percent of the acreage is in cultivated field
crops. The rest is mostly in pasture and range, but some
areas along drainageways and some areas where slopes
are steep support trees. Measures that control runoff and

-erosion and maintain tilth and fertility are needed.

This map unit has good potential for grasses and good
to poor potential for cultivated farm crops. Because
slopes are steep, the subsoil is clayey, and the soils are
shallow, the unit has fair to poor potential for residential
and other urban uses. It has good potential for openland
and rangeland wildlife habitat.

4. Pawnee-Wymore

Deep, moderately well drained and well drained, gently
sloping and moderately sloping soils that have a clay,
silty clay, or silty clay loam subsoil and formed in gla-

" ctal material and loess; on uplands

This map unit is on broad ridges that are higher than
the surrounding areas. It occupies about 11 percent of the
county. It is about 48 percent Pawnee soils, 37 percent
Wymore soils, and 15 percent soils of minor extent (fig.
4).

Wymore soils generally are slightly higher in elevation
than Pawnee soils. Both soils are gently sloping to
moderately sloping and are moderately well drained and
well drained. Pawnee soils have a clay loam surface layer
and a clay subsoil. Wymore soils have a silty clay loam
surface layer and a silty clay and silty clay loam subsoil.

Of minor extent in this map unit are the somewhat
poorly drained and moderately well drained Chase soils,
the well drained Burchard soils, and the moderately well
drained Kennebec, Martin, and Shelby soils. Chase soils
are on benches and terraces. Kennebec soils are on flood
plains, and Burchard, Martin, and Shelby soils are on the
lower side slopes in the uplands. ‘

Most of the acreage is cropped, but some areas are in
tame pasture or range. Measures that control erosion and
maintain tilth and fertility are needed.

If the soils are properly protected, this map unit has
good potential for cultivated farm crops, pasture, and
range. The clayey subsoil is a severe limitation that is so
difficult to overcome that the potential for residential and
other urban uses is poor. The potential for development
of -openland and rangeland wildlife habitat is fair to good.

Soil maps for detailed planning

The map units shown on the detailed soil maps at the
back of this publication represent the kinds of soil in the
survey area. They are described in this section. The
descriptions together with the soil maps can be useful in
determining the potential of a soil and in managing it for
food and fiber production; in planning land use and
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developing soil resources; and in enhancing, protecting,
and preserving the environment. More information for
each map unit, or soil, is given in the section “Use and
management of the soils.”

Preceding the name of each map unit is the symbol that
identifies the soil on the detailed soil maps. Each soil
description ‘includes general facts about the soil and a
brief deseription of the soil profile. In each description,
the principal hazards and limitations are indicated, and
the management concerns and practices needed are
discussed.

The map units on the detailed soil maps represent an
area on the landscape made up mostly of the soil or soils
for which the unit is named. Most of the delineations
shown on the detailed soil map are phases of soil series.

Soils that have a profile that is almost alike make up a
soil series. Except for allowable differences in texture of
the surface layer or of the underlying substratum, all the
soils of a series have major horizons that are similar in
composition, thickness, and arrangement in the profile. A
soil series commonly is named for a town or geographic
feature near the place where a soil of that series was
first observed and mapped. The Pawnee series, for exam-
ple, was named for the town of Pawnee City in Pawnee
County.

Soils of one series can differ in texture of the surface
layer or in the underlying substratum and in slope, ero-
sion, stoniness, salinity, wetness, or other characteristics
that affect their use. On the basis of such differences, a
soil series is divided into phases. The name of a soil phase
commonly indicates a feature that affects use or manage-
ment. For example, Pawnee clay loam, 1 to 3 percent
slopes, is one of several phases within the Pawnee series.

Some map units are made up of two or more dominant.

kinds of soil. Such map units are called soil complexes.

A soil complex consists of areas of two or more soils
that are so intricately mixed or so small in size that they
cannot be shown separately on the soil map. Each area in-
cludes some of each of the two or more dominant soils,
and the pattern and proportion are somewhat similar in
all areas. Burchard-Shelby clay loams, 7 to 12 percent
slopes, is an example. :

Most map units include small, scattered areas of soils
other than those that appear in the name of the map unit.
Some of these soils have properties that differ substan-
tially from those of the dominant soil or soils and thus
could significantly affect use and management of the map
unit. These soils are described in the description of each
map unit. Some of the more unusual or strongly contrast-
ing soils that are included are identified by a special sym-
bol on the soil map.

Most mapped areas include places that have little or no
soil material and support little or no vegetation. Such
places are called miscellaneous areas; they are delineated
on the soil map and given descriptive names. Pits, quar-
ries, is an example. Areas too small to be delineated are
identified by a special symbol on the soil map.

The acreage and proportionate extent of each map unit
are given in table 4, and additional information on proper-
ties, limitations, capabilities, and potentials for many soil
uses is given for each kind of soil in other tables in this
survey. (See “Summary of tables.”) Many of the terms
used in describing soils are defined in the Glossary.

Ba—Burchard-Shelby clay loams, 7 to 12 percent
slopes. These deep, strongly sloping, well drained and
moderately well drained soils are on narrow ridges and
side slopes along drainageways in the uplands. Areas are
long and irregularly shaped. They are 40 to 50 percent
Burchard soils and 35 to 45 percent Shelby soils. The two
soils are so similar and so intricately mixed that it is not
practical to separate them in mapping.

Typically, the Burchard soil has a surface layer of very
dark brown clay loam about 8 inches thick and a subsur-
face layer of very dark grayish brown clay loam about 6
inches thick. The subsoil is dark yellowish brown, firm
clay loam about 17 inches thick. Pockets and streaks of
soft lime are below a depth of 26 inches. The underlying
material to a depth of about 60 inches is brown clay loam
with pockets and streaks of soft lime. In places soft lime
is within a depth of 15 inches.

Typically, the Shelby soil has a surface layer of very
dark brown clay loam about 15 inches thick. The subsoil is
about 28 inches thick. The upper part is dark brown, fria-
ble clay loam; the lower part is brown, firm clay loam.
Yellowish brown mottles are in the lower part. The un-
derlying material to a depth of about 60 inches is yel-
lowish brown clay loam with numerous accumulations of
soft lime. In places the colors are redder. In some areas
sand or gravel pockets are below a depth of 30 inches.

Included with these soils in mapping are small areas of
Pawnee, Kennebec, and Olmitz soils. These included soils
make up about 10 percent of the unit. The Pawnee soils
are more clayey and the Kennebec soils less clayey than
the Burchard and Shelby soils. The Pawnee soils are on
ridgetops, and the Kennebec soils are along drainageways.
The Olmitz soils have a thicker surface layer than the
Burchard and Shelby soils. They are on concave foot
slopes. In places numerous, scattered, large glacial boul-
ders are on the surface.

Permeability in the Burchard and Shelby soils is
moderately slow, runoff is rapid, and available water
capacity is high. Reaction in the upper part of both soils
is medium acid to neutral. It varies in the surface layer as
a result of local liming practices. The Burchard soil is cal-
careous within 15 to 30 inches of the surface. Natural fer-
tility in both soils is high, and organic-matter content is
moderate. The surface layer can be easily tilled
throughout a fairly wide range in moisture content. Both
soils are erodible. The shrink-swell potential is moderate
in the subsoil.

About half of the acreage is in the cultivated crops
commonly grown in the county. The rest is mostly grass-
land. These soils have fair to good potential for cultivated
crops and good potential for range, pasture, and hay.
They have poor potential for most engineering uses, fair
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potential for most recreation uses, and good to fair poten-
tial for openland and rangeland wildlife habitat.

These soils are suited to the crops commonly grown in
the county. Water erosion is a severe hazard on these
strongly sloping soils. Fertility, tilth, and organic-matter
content can be maintained or improved by growing cover
crops, applying barnyard manure, applying a proper
amount of commercial fertilizer, and returning crop
residue to the soil. Minimum tillage, terraces, grassed
waterways, and contour farming help to protect the soil.
Cultivated crops and tame grasses respond to needed ap-
plications of fertilizer and lime. In some areas slopes are
so steep or irregular that terracing is not practical. In
these areas minimum tillage and a cropping system that
provides substantial plant cover are needed to control
erosion.

These soils are well suited to pasture and range.
Grasses help to control erosion. If the pasture or range is
overgrazed, however, the soils are subject to erosion
because of a poor plant cover and a less desirable plant
community. An adequate plant cover helps to prevent ex-
cessive soil losses and improves moisture relationships.
Proper stocking rates, uniform grazing distribution, defer-
ment of grazing, and weed and brush control keep the
grass and the soil in good condition. Potential pond reser-
voir sites are plentiful. If sand and gravel pockets are
evident, however, the sand or gravel should be removed
or bedded over with a clay layer or an alternative site
should be selected.

These soils are well suited to windbreaks. Considerable
care is needed if young trees are to grow well. Rainfall is
likely to be limited and irregular. Cultivating young wind-
breaks to control weeds reduces the competition for soil
moisture. Windbreaks should be protected from livestock,
fire, and rodents.

The slope and the moderate shrink-swell potential
moderately limit building site development. Special care is
needed in the design and construction of houses to avoid
the damage caused by shrinking and swelling and slope.
Enlarging footings and foundations and adding steel rein-
forcement reduce the risk of damage caused by shrinking
and swelling. If drain tiles that are surrounded by a sand
or gravel envelope are installed around footings, the
moisture level can be controlled and the damage caused
by shrinking and swelling lessened. Buildings should be
constructed in the less sloping areas. Consideration of the
design and location of structures is needed in planning
footings and foundations. Retaining walls or piers help to
support footmgs and foundations. A plant cover is needed
to control erosion on building sites.

The moderately slow absorption of effluent is a severe
limitation if these soils are used as a septie tank absorp-
tion field. Other methods of sewage disposal, such as a
sewage lagoon or a sanitary sewer, should be considered.
Enlargement of the absorption field helps improve the
functioning of septic tank systems. Onsite investigation is
needed to determine whether or not sand or gravel
pockets are in the soil. These pockets can cause the ef-

fluent to be inadequately filtered and to thus contaminate
the ground water supply.

The slope is a severe limitation if these soils are used
for sewage lagoons. Lagoons can be built in the less slop-
ing areas or, if embankments are used, in the steeper
areas. Sand or gravel pockets can cause seepage. They
can be removed by excavation or sealed with impervious
material. Capability subclass IIle; Loamy Upland range
site.

Bb—Burchard-Shelby clay loams, 7 to 12 percent
slopes, eroded. These deep, strongly sloping, well drained
and moderately well drained soils are on narrow ridges
and along drainageways in the uplands. Areas are long
and irregularly shaped. They are 40 to 50 percent
Burchard soils and 35.to 45 percent Shelby soils. The two
soils are so similar and so intricately mixed that it is not
practical to separate them in mapping.

Typically, the Burchard soil has a surface layer of very
dark brown and very dark grayish brown clay loam about
5 inches thick. The subsoil is dark yellowish brown, firm
clay loam about 17 inches thick. Pockets and streaks of
soft lime are between depths of 15 and 30 inches. The un-
derlying material is brown eclay loam with pockets and
streaks of soft lime. In places the depth to lime is less
than 15 inches. In areas where plowing has mixed the
upper part of the subsoil with the surface soil, the surface
layer is dark yellowish brown clay loam. ‘

Typically, the Shelby soil has a surface layer of very
dark brown clay loam about 5 inches thick. The subsoil is
about 25 inches thick. The upper part is dark brown, fria-
ble clay loam; the lower part is brown, firm clay loam.
Yellowish brown mottles are in the lower part. The un-
derlying material is yellowish brown clay loam. In some
areas sand or gravel pockets are below a depth of 30
inches, and in places the soil is redder. In areas where
plowing has mixed the upper part of the subsoil with the
surface layer, the surface layer is dark brown clay loam.

Included with these soils in mapping are small areas of
Pawnee, Kennebec, and Olmitz soils and severely eroded
spots. These included areas make up 20 to 25 percent of
the unit. The Pawnee soils are more clayey and the Ken-

nebec soils less clayey than the Burchard and Shelby

soils. The Pawnee soils are on ridgetops, and the Ken-
nebec soils are on flood plains in upland drainageways.
The Olmitz soils have a thicker surface layer than the
Burchard and Shelby soils. They are on the concave foot
slopes next to the uplands. Numerous gullies or gully
scars are in the severely eroded spots. In places nu-
merous, scattered, large glacial boulders are on the sur-
face.

Air and water move through the Burchard and Shelby
soils at a moderately slow rate, and surface runeff is
rapid. Available water capacity is high. Reaction varies in
the surface layer as a result of local liming practices. It is
medium acid to neutral in the upper part of both soils.
The Burchard soil is calcareous at a depth of 15 to 30
inches. Natural fertility is medium in both soils, and or-
ganic-matter content is moderate. Tilth is fair. The soils
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can crust or puddle after hard rains. Roots can be
restricted somewhat by the compact clay loam subsoil.
The shrink-swell potential is moderate in the subsoil.

Most of the acreage is used for cultivated crops, tame
pasture, or hay. These soils have fair to good potential for
crops, native range, tame pasture, and hay. They have
fair potential for recreation uses and good to fair poten-
tial for openland and rangeland wildlife habitat. They
have poor potential for most engineering uses.

In most areas these soils are suited to cultivated field

crops, such as sorghum and small grain and legumes or
grasses grown for hay. They are eroded and are subject
to serious additional erosion damage. Minimizing tillage,
growing cover crops, applying manure, applying a proper
amount of commercial fertilizer, and returning crop
residue to the soil help to control runoff, control further
erosion, and improve fertility and tilth. Grassed water-
ways, terraces, and contour cultivation are needed to con-
trol erosion in cultivated fields. Cultivated crops and tame
grasses respond well to applications of a proper amount
of fertilizer and lime. In places slopes are so irregular and
steep that terraces are not suited. In these areas
minimum tillage and a cropping system that provides sub-
stantial plant cover are needed to control erosion.

These soils are well suited to tame pasture and native
range. Grasses help to control erosion. If the pasture or
range is overgrazed, however, the soils are susceptible to
erosion damage because plant cover is poor and the plants
are less desirable. Good management is needed to main-
tain a good plant cover, reduce the risk of erosion, and
improve moisture relationships. Proper stocking rates,
uniform distribution of grazing, and weed and brush con-
trol keep the grass and the soil in good condition. Poten-
tial pond reservoir sites are plentiful. If sand or gravel
pockets are evident, however, the sand or gravel should
be removed or bedded with a clay layer or an alternative
site should be selected. .

These soils are suited to windbreaks. Special care is
needed if young trees are to grow well. Rainfall is some-
times limited and irregular, and applying additional water
during dry periods promotes growth. Weeds and grasses
can be controlled by cultivation or by other means. Wind-
breaks should be protected from livestock, fire, and
rodents.

The slope and the moderate shrink-swell potential
moderately limit building site development. Special care is
needed in the design and construction of houses to
prevent the damage caused by shrinking and swelling and
slope. Enlarging footings and foundations and adding
steel reinforcement reduce the risk of damage caused by
shrinking and swelling. If drain tiles that are surrounded
by a sand or gravel envelope are installed around
footings, the moisture level can be controlled and shrink-
ing and swelling lessened. Buildings should be constructed
in the less sloping areas. Consideration of the design and
location of structures is needed in planning footings and
foundations. Retaining walls or piers help to support
footings and foundations. A plant cover is needed to con-
trol erosion on building sites.

The moderately slow absorption of effluent is a severe
limitation if these soils are used as a septic tank absorp-
tion field. Other methods, such as a lagoon or a sanitary
sewer, should be considered. Enlargement of the absorp-
tion field helps improve the functioning of septic tank
systems. Onsite investigation is needed to determine
whether or not sand or gravel pockets are in the soil.
These pockets can cause the effluent to be inadequately
filtered and to thus contaminate the ground water supply.

The slope is a severe limitation if these soils are used
for sewage lagoons. Lagoons can be built in the less slop-
ing areas or, if embankiments are used, in the steeper
areas. Sand or gravel pockets can cause seepage. They
can be removed by excavation or sealed with impervious
material. Capability subclass Ille; Loamy Upland range
site.

Bc—Burchard-Shelby clay loams, 12 to 25 percent
slopes. These deep, moderately steep and steep, well
drained and moderately well drained soils are along
drainageways in the uplands. Areas are irregularly
shaped. They are 85 to 45 percent Burchard soils and 30
to 40 percent Shelby soils. The two soils are so similar
and so intricately mixed that it is not practical to
separate them in mapping.

Typically, the Burchard soil has a surface layer of very
dark brown clay loam about 8 inches thick and a subsur-
face layer of very dark grayish brown clay loam about 6
inches thick. The subsoil is dark yellowish brown, firm
clay loam about 17 inches thick. Streaks and pockets of
soft lime are between depths of 15 and 30 inches. The un-
derlying material to a depth of about 60 inches is yel-
lowish brown and brown, calcareous clay loam. In places
the depth to lime is less than 15 inches.

Typically, the Shelby soil has a surface layer of very
dark brown clay loam about 15 inches thick. The subsoil is
about 28 inches thick. The upper part is dark brown, fria-
ble clay loam; the lower part is brown, firm clay loam.
The underlying material to a depth of about 60 inches is
coarsely mottled, yellowish brown clay loam. In places the
soil is redder. In some areas sand or gravel pockets are
below a depth of 30 inches. ‘

Included with these soils in mapping are small areas of
Kennebec, Martin, Pawnee, and Olmitz soils and rock out-
crop. These included areas make up 10 to 15 percent of
the unit. The Kennebec soils are less clayey than the
Burchard and Shelby soils. They are along upland
drainageways. The Martin and Pawnee soils are less slop-
ing than the Burchard and Shelby soils, are higher on the
landscape, and contain more clay in the subsoil. The Ol-
mitz soils are on concave foot slopes. They have a thicker
surface layer than the Burchard and Shelby soils. The
rock outcrop is in the steeper areas. In places numerous,
scattered, large glacial boulders are on the surface.

Permeability is moderately slow in the Burchard and
Shelby soils, and runoff is rapid. Available water capacity
is high. The upper part of both soils is medium acid to
neutral. The Burchard soil is calcareous at a depth of 15
to 30 inches. Natural fertility is high, and organic-matter
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content is moderate. The clay loam subsoil somewhat
restricts roots. The shrink-swell potential is moderate.

Most of the acreage is in range, pasture, or hay. These
soils have good potential for those uses. They have poor
potential for cultivated crops, fair to poor potential for
recreational uses, and good to fair potential for openland
and rangeland wildlife habitat. They have poor potential
for most engineering uses.

These soils are well suited to pasture and range. A
grass cover helps to control erosion, but the hazard of
erosion is severe if the protective plant cover is removed.
Good grass management and preper use are needed. Mea-
sures that control brush and weeds are needed. Tame
grasses and legumes respond well to applications of a
proper amount of fertilizer and lime. Pond sites are
available. If sand or gravel pockets are evident, however,
the sand or gravel should be removed or bedded with a
clay layer or an alternative site should be selected.

These soils are suited to windbreaks. Considerable care
of young trees is needed. Applying additional water dur-
ing dry periods promotes growth. Controlling weeds and
grasses conserves moisture. Windbreaks should be pro-
tected from livestock, fire, and rodents.

The slope and the moderate shrink-swell potential
severely limit building site development. Special care in
the design and construction 'of houses can prevent
damage caused by shrinking and swelling and slope. En-
larging footings and foundations and adding steel rein-
forcement reduce the risk of damage caused by shrinking
and swelling and help to support the weight of the strue-
ture. If drain tiles that are surrounded by a sand or
gravel envelope are installed around footings, the
moisture level can be controlled and shrinking and
swelling lessened. Buildings should be constructed in the
less sloping areas. Consideration of the design and loca-
tion of structures is needed in planning footings and foun-
dations. Retaining walls or piers help to support footings
and foundations. A plant cover is needed to control ero-
sion on building sites.

The moderately slow absorption of effluent and the
steep slope are severe limitations if these soils are used
as a septic tank absorption field. Other methods, such as a
lagoon or a sanitary sewer, should be considered. Enlarg-
ing the absorption field and selecting a less sloping area
improve the functioning of septic tank systems. Onsite in-
vestigation is needed to determine whether or not sand or
gravel pockets are in the soil. These pockets can cause
the effluent to be inadequately filtered and to thus con-
taminate the ground water supply.

The slope severely limits the use of these soils for
sewage lagoons. Lagoons .can be built in the less sloping
areas or, if embankments are used, in the steeper areas.
Sand or gravel pockets can cause seepage. They can be
removed by excavation or sealed with impervious materi-
al. Capability subclass VIe; Loamy Upland range site.

Ca—Chase silty clay loam. This deep, nearly level,
somewhat poorly drained to moderately well drained soil
is on benches or terraces next to uplands. It is rarely

flooded by stream overflow but is subject to flooding by
water from the adjacent uplands. Areas are irregularly
shaped.

Typically, the surface layer is black silty clay loam
about 10 inches thick. The subsoil is about 35 inches thick.
The upper part is black, friable silty clay loam; the lower
part is very dark gray, mottled, firm silty clay. The un-
derlying material to a depth of about 60 inches is dark
gray mottled, silty clay. In places the subsoil is less
clayey. Some areas are more sloping.

Included with this soil in mapping are small areas of
the moderately well drained Kennebec and Martin soils
and the well drained Olmitz and Reading soils. These soils
make up 10 to 15 percent of the unit. The Kennebee, Ol-
mitz, and Reading soils are less clayey than this Chase
soil. The Kennebec soils are on flood plains, the Martin
soils are on upland side slopes, and the Olmitz soils are on
foot slopes adjacent to the uplands. The Reading soils and
this Chase soil are in similar positions on the landscape.

Air and water move slowly through this soil. Surface
runoff is slow. Available water capacity is high. Reaction
ranges from medium acid to neutral in the upper part and
is mildly alkaline below a depth of 40 inches. It varies in

.the upper part of the surface layer as a result of local

farming and liming practices. Organic-matter content and
natural fertility are high. The soil can be easily tilled. It
tends to crust following heavy rains. The silty clay in the
subsoil restricts roots. The subsoil is highly plastic and
has a high shrink-swell potential.

Most areas are farmed. This soil has good potential for
cultivated crops, range, pasture, hay, and trees. It has fair
to poor potential for recreation uses, fair to good poten-
tial for most wildlife habitats, and poor potential for most
engineering uses.

This soil is well suited to corn, sorghum, soybeans, and
small grain and to legumes or grasses for hay. The chief
management needs are maintaining or improving organic-
matter content, fertility, and tilth. Also, the hazard of ero-
sion is slight on long slopes. Minimizing tillage, returning
crop residue to the soil, and applying barnyard manure
and a proper amount of fertilizer maintain organic-matter
content, fertility, and tilth. In some fields diversion ter-
races are needed to protect the soil against runoff from
higher lying areas. In a few places contour farming, ter-
races, and grassed waterways are needed to help control
water erosion.

This soil is well suited to native range, tame pasture, or
hay. A grass cover helps to control erosion. Overgrazing
can allow undesirable grasses, weeds, or brush to invade
the grassed areas. Proper stocking rates, pasture rotation,
timely deferment of grazing, and control of weeds and
brush keep the grass and the soil in good condition.
Yields of tame grasses can be increased by applying a
proper amount of commercial fertilizer. Good pond sites
are generally available.

This soil is well suited to trees. A few areas are
woodland. Competing vegetation should be controlled or
removed. The soil should not be compacted when wet.
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Woodlands should be protected from grazing and fire, and
thinning tree stands sometimes increases production.

This soil is poorly suited to building site development
because it is subject to flooding and has a high shrink-
swell potential. It is seasonably wet. Most of the flood-
water is from adjacent uplands. A diversion terrace can
divert water away from the building site. The soil is rare-
ly flooded by stream overflow. In areas that are not
flooded or are protected against flooding and are drained,
it can be used as a building site if careful design and con-
struction are used. If drain tiles that are surrounded by a
sand or gravel envelope are installed around footings,
wetness can be prevented and the variation in moisture
levels, the shrinking and swelling, and the uplift pressure
reduced. In places filling is needed to provide satisfactory
surface drainage. Enlarging footings and foundations and
providing extra reinforcement steel can prevent the
cracking caused by shrink-swell expansion. Replacing the
soil surrounding the foundation with material that shrinks
and swells less than this soil also is beneficial. Shrinking
and swelling can be reduced by insulating foundations and
floors with an intervening layer of sand or gravel below
the depth of seasonal expansion.

The slow absorption of effluent, the seasonal wetness,
and the flooding severely limit the use of this soil as a
septic tank absorption field. Other methods of disposal,
such as a lagoon or a sanitary sewer, should be con-
sidered. A diversion terrace can divert water away from
the site. Sites subject to flooding from stream overflow
should be avoided unless they can be protected. Installing
perimeter drains or enlarging the absorption field im-
proves the functioning of septic tank systems.

The flooding severely limits the use of this soil for
sewage lagoons. In areas where water is diverted and the
soil is protected against flooding or is not flooded, sewage
lagoons are suitable. Capability subclass IIw; Loamy
Lowland range site.

Cb—Clime-Sogn complex, 5 to 20 percent slopes. This
map unit consists of moderately deep and shallow,
moderately sloping to steep, moderately well drained and
somewhat excessively drained soils on side slopes and
knolls in the uplands. Areas are irregularly shaped. They
are 40 to 50 percent Clime soils and 25 to 35 percent Sogn
soils.

The Clime and Sogn soils occur as alternating narrow
areas on hillsides. The Sogn soils are in the less sloping
areas above areas of resistant limestone. The Clime soils
are in the steeper areas between the limestone layers.
The two soils are so intricately mixed or are in areas so
small that it is not practical to separate them in mapping.

Typically, the Clime soil has a surface layer of black
silty clay about 9 inches thick. The subsoil is dark grayish
brown, very firm silty clay about 13 inches thick. The un-
derlying material is grayish brown silty clay. Calcareous
clayey shale is at a depth of 35 inches. In places the depth
to shale is less than 20 inches. In some areas the surface
layer is silty clay loam.

Typically, the Sogn soil has a surface layer of black
silty clay loam about 12 inches thick. Limestone is at a
depth of 12 inches. In places the surface layer is silty
clay.

Included with these soils in mapping are small areas of
Martin and Pawnee %oils and shale and other rock out-
crop. These included areas make up 10 to 20 percent of
the unit. The Martin and Pawnee soils are intermingled
with the Clime and Sogn soils in narrow areas above,
between, or below the limestone layers. They have a less
clayey surface layer than the Clime and Sogn soils and
are deeper than 40 inches.

Permeability is slow in the Clime soil and moderate in
the Sogn soil. Available water capacity is low in the Clime
soil and very low in the Sogn soil. Runoff is rapid to ex-
cessive. Reaction is mildly alkaline or moderately alkaline
throughout both soils. Organic-matter content is low to
moderate in the Clime soil and low in the Sogn soil. Ex-
cept for shallow or rocky areas, natural fertility is high.
The shrink-swell potential is moderate.

Most areas are in native grass. A few are cultivated or
are in tame grass. These soils have poor potential for cul-
tivated crops. They have good potential for native grass
and have fair potential for tame grass. The potential for
recreation uses is fair to poor, and the potential for open-
land and rangeland wildlife habitat is fair. The potential
for most engineering uses is poor.

Most areas are not suitable for cultivation. Small areas,
mostly of Clime soil, where slopes are less than about 8
percent can be cultivated if proper conservation measures
are applied, but these areas are intermingled with areas
of steeper shallow soils and are generally so small that
cultivation is not practical. They are generally cultivated
only if they are adjacent to other cultivated fields. The
erosion hazard is severe if the plant cover is removed.

These soils are suited to range and pasture. A cover of
permanent vegetation helps to control erosion. In the
steeper areas, maintaining the pasture and harvesting hay
are difficult. Proper stocking rates, rotation of range or
pasture, deferment of grazing, and control of weeds and
brush are needed to maintain a good grass cover that pro-
tects the soils against erosion and maintains good grass
production. Applications of a proper amount of commer-
cial fertilizer, as determined by soil tests, are needed if
tame grasses are grown. Good pond sites are limited
because of the depth to shale or rock.

The Clime soil is suited to windbreaks, whereas the
Sogn soil is not suited. Special care is needed when the
trees are planted and when they are young. Weed control
conserves moisture. Applying water during dry periods
promotes growth. Windbreaks should be protected from
livestock, fire, and rodents.

If slopes are less than 15 percent, the Clime soil is
moderately limited as a building site because of low
strength, -the moderate shrink-swell potential, and the
slope. It is severely limited in areas where slopes are
more than 15 percent. The shallowness of the Sogn soil is
a severe limitation. Onsite investigation is needed to
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locate the less sloping areas of deeper soil. The risk of
damage caused by shrinking and swelling can be reduced
by proper design and construction. Enlarging footings and
foundations and adding extra reinforcement steel provide
more strength. If tile drains that are surrounded by sand
or gravel are installed around footings, variations in
moisture levels and shrinking and swelling can be
reduced. In some cases the entire basement floor can be
reinforced so that it acts as a foundation. Retaining walls
and piers can help to support footings and buildings.
Plant cover is needed to control erosion around the build-
ing.

The limited depth, the slow absorption of effluent, and
the slope severely limit the use of these soils as a septic
tank absorption field. Onsite investigation is needed to
locate deeper soils in less sloping areas. Other methods of
waste disposal, such as a community sanitary sewer,
should be considered. Enlargement of the absorption
fields improves the functioning of septic tank systems.

The limited depth and the slope severely limit the use
of these soils for sewage lagoons. Diverting sewage to
areas more suitable for disposal should be considered.
Capability subclass VIe; Clime soil in Limy Upland range
site, Sogn soil in Shallow Limy range site.

Ka—Kennebec silt loam. This deep, nearly level,
moderately well drained soil is on flood plains, typically
near stream channels or old meander scars in stream val-
leys and less commonly on the lower part of upland
drainageways. It is subject to occasional flooding. In-
dividual areas are long, continuous, and irregularly

shaped. They are more than 500 feet wide and range from .

5 to several hundred acres in size. '

Typically, the surface layer is very dark brown silt
loam about 6 inches thick. The subsurface layer is very
dark brown silt loam about 28 inches thick. The next
layer is very dark grayish brown, friable silt loam about
14 inches thick. The underlying material to a depth of
about 60 inches is dark grayish brown silt loam. In some
areas the soil is calcareous at the surface. In places silty
clay loam is below a depth of 20 inches.

Included with this soil in mapping are small areas of
Wabash and Zook soils and some stream channels. The
Wabash and Zook soils are darker colored and more
clayey than this Kennebec soil. They are in swales or
backwater areas. The stream channels, which are less
than 100 feet wide, dissect areas of the Kennebec soil. In-
cluded areas make up about 10 percent of the unit.

Air and water move through this soil at a moderate
rate. Surface runoff is slow. Available water capacity is
very high. The suil is dominantly slightly acid or neutral.
In places it is calcareous. It is friable and can be easily
tilled. Natural fertility and organic-matter content are
high. Roots are generally not restricted. The water table
is sometimes at a depth of 30 inches during rainy periods.
The shrink-swell potential is moderate.

Most areas are farmed. This soil has good potential for
cultivated crops, range, hay, pasture, and trees. It has fair
potential for most engineering uses, fair to good potential

for recreation uses, and good potential for openland and
woodland wildlife habitat.

-This soil is suited to corn, sorghum, and small grain and
to grasses and legumes grown for hay or pasture. Row
crops can be grown year after year if all crop residue is
returned to the soil and a proper amount of fertilizer is
applied. Minimizing tillage, planting cover crops, returning
crop residue to the soil, and applying barnyard manure
and a proper amount of commercial fertilizer improve fer-
tility and organic-matter content, reduce crusting, in-
crease the rate of water infiltration, and protect the soil
against scouring.

This soil can be used for range, pasture, or hay. Proper
stocking rates, pasture or range rotation, timely defer-

‘ment of grazing, and weed and brush control keep the

grass and the soil in good condition. Good pond sites are
limited because of seepage, flooding, low strength, and a
high content of humus.

This soil is well suited to woodland. Control or removal
of competing vegetation is needed. Protection from
livestock, fire, and rodents also is needed. Production can
be increased by thinning the stands and by selective
cutting.

Flooding and seasonal wetness severely limit building
site development. In areas that are not flooded or are
protected against flooding and are drained, the moderate
shrink-swell potential and low strength are moderate
limitations. Constructing dikes and filling provide protec-
tion against flooding. Tile drains surrounded by a sand or
gravel envelope reduce wetness and stabilize shrink-swell
pressure. Enlargement of footings and foundations and
additions of extra steel reinforcements also reduce
shrink-swell damage. Surface water can be diverted away
from the building site. In some cases the entire basement
floor can be reinforced so that it acts as a foundation.

This soil has severe limitations for septic tank absorp-
tion fields and sewage lagoons because of the flooding
and the wetness. Other methods of sewage disposal, such
as a sewage lagoon or a community sanitary sewer,
should be considered. Protecting against flooding and in-
stalling perimeter drains around the absorption field im-
prove the functioning of septic tank systems. Sewage
lagoons function properly in areas that are not flooded or
are protected against flooding. This soil is a good source
of topsoil. Capability subclass IIw; Loamy Lowland range
site.

Kb—Kennebec soils. These deep, nearly level and
gently sloping, moderately well drained soils are on flood
plains in upland drainageways that are cut by a narrow
channel. Flooding is occasional to frequent. Individual
areas are typically narrow but are continuous, and they
are irregularly shaped. They are 300 to 1,000 feet wide
and are about 3 to 200 acres.

Typically, the surface layer is very dark brown and
very dark grayish brown. It is about 40 inches thick. The
upper 20 inches is silt loam, loam, clay loam, or silty clay
loam, and the lower 20 inches is silt loam or silty clay
loam. The underlying material to a depth of about 60
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inches is brown silty clay loam. In some places the soil
has free carbonates throughout. In others it contains
more sand and less silt throughout.

Included with these soils in mapping are small areas of
Burchard, Chase, and Shelby soils and stream channels.
These included areas make up about 12 percent of the
unit. The Burchard and Shelby soils are on sloping
uplands, and the Chase soils are on terraces and benches.
All three have a more clayey subsoil than these Kennebec
soils. The meandering drainage channels, which are less
than 100 feet wide, dissect this map unit.

Water and air move through these soils at a moderate
rate. Surface runoff is slow to medium. Available water
capacity is very high. Reaction ranges from medium acid
to neutral. Natural fertility and organic-matter content
vary according to the soil material and the overwash. The
surface layer is friable and can be easily tilled. Roots are
generally not restricted. The water table is at a depth of
about 30 inches during some rainy periods. The shrink-
swell potential is moderate.

Most areas are farmed. These soils have good potential
for cultivated crops, hay, pasture, range, and trees. They
have fair to poor potential for recreation and engineering
uses and good potential for openland and woodland wil-
dlife habitat.

These soils are suited to corn, sorghum, and small grain
and to grasses and legumes grown for hay or pasture.
Minimizing tillage, planting cover crops, and returning
crop residue to the soil or regularly adding organic
material improve fertility, reduce crusting, and increase
the rate of water infiltration. In the areas next to the
uplands, terraces or diversions that empty into grassed
waterways protect the soil against runoff from higher
side slopes.

These soils can be used for range, pasture, and hay.
Proper stocking rates, pasture or range rotation, timely
deferment of grazing, and weed or brush control keep the
grass and the soil in good condition. Good pond sites are
generally available.

These soils are well suited to woodland, and a few acres
are wooded. The yield potential is good. The moderate
hazard of plant competition can be overcome by con-
trolling or removing competing vegetation. Protection
from livestock, rodents, and fire is needed. Selective
cuttings improve production.

The flooding and the seasonal wetness severely limit
building site development. In areas that are not flooded
or are protected against flooding and are drained, the
moderate shrink-swell potential and low strength are
moderate limitations. Constructing dikes or filling pro-
vides protection against flooding. Installing tile drains
that are surrounded by sand or gravel reduce wetness
and stabilize shrink-swell pressure. Enlarging footings
and foundations and adding extra steel reinforcements
also reduce shrink-swell damage. Surface water can be
diverted away from the building site. In some cases the
entire floor can be reinforced so that it acts as a founda-
tion.

These soils have severe limitations for septic tank ab-
sorption fields and sewage lagoons because of the flood-
ing and the wetness. Other methods of sewage disposal,
such as a sewage lagoon or a community sanitary sewer,
should be considered. Protecting the areas against flood-
ing and installing perimeter drains around the absorption
field improve the functioning of septic tank systems.
Sewage lagoons work well in areas that are not flooded or
are protected against flooding. This soil is a good source
of topsoil. Capability subclass IIw; Loamy Lowland range
site.

Kc—Kennebec soils, channeled. These deep, nearly
level and gently sloping, moderately well drained soils are
on narrow flood plains in upland drainageways that are
cut by meandering stream channels. Flooding is frequent.
Individual areas are typically narrow but are continuous,
and they range in width from about 200 to 400 feet.

Typically the surface layer is very dark brown and
very dark grayish brown. It is about 40 inches thick. The
upper 20 inches is silt loam, loam, clay loam, or silty clay
loam, and the lower 20 inches is silt loam or silty clay
loam. The underlying material to a depth of about 60
inches is brown silty clay loam. In some places the soil is
moderately alkaline and calecareous throughout. In others
it is stratified throughout with thin layers of sandy or
clayey material.

Included with these soils in mapping are small areas of
Chase, Martin, Pawnee, and Zook soils. These soils make
up 10 to 20 percent of the unit. They are more clayey
than the Kennebec soils. The Chase soils are on terraces
and benches, whereas Zook and Kennebec soils occupy
similar positions on the landscape. Martin and Pawnee
soils are on the lower side slopes and foot slopes in the
uplands.

Permeability is moderate in the Kennebec soils. Surface
runoff is medium to slow. The soils are wet much of the
time. They have a high available water capacity and
readily release water to plants. The water table is at a
depth of about 30 inches during some rainy periods . Sil-
tation and scouring are hazards. Reaction, natural fertili-
ty, and organic-matter content vary. The shrink-swell
potential is moderate.

Most areas are in grass. These soils have good potential
for range, pasture, and woodland. They have poor poten-
tial for crops and for most engineering uses. They have
good potential for openland and woodland wildlife habitat.
Ponds and grassed waterways for terrace outlets are in
many areas.

Most areas are not suited to cultivated crops because
they are cut by meandering channels, are frequently
flooded, and have small, inaccessible fields and some steep
slopes. Farmed areas are those that are adjacent to other
cultivated fields. If areas are cultivated, minimizing til-
lage, planting cover crops, and returning crop residue to
the soil or adding organic material improve fertility,
reduce crusting, increase the rate of water infiltration,
and reduce scouring. Applications of a proper amount of
commercial fertilizer benefit cultivated crops and tame
grasses. '
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These soils can be used for native range, tame pasture,
or hay. Proper stocking rates, pasture or range rotation,
timely deferment of grazing, a timely season of use, and
weed or brush control keep the soil and the grass in good
condition.

These soils are suited to trees, but only a small acreage
is wooded. Protection from grazing is needed. The yields
of wood crops can be increased by thinning stands, by

selectively cutting, and by preventing fires. Control or

removal of competing vegetation is needed.

The frequent flooding and the seasonal wetness severe-
ly limit building site development. In areas that are not
flooded or are protected against flooding and are drained,
the moderate shrink-swell potential and low strength are
moderate limitations. Constructing dikes or filling can
protect the building site against flooding. Seasonally wet
sites should be avoided unless drainage can be provided.
Installing tile drains around footings and surrounding the
drains with sand or gravel stabilize moisture levels and
shrink-swell damage. Enlarging footings and foundations
and adding extra steel reinforcement also reduce shrink-
swell damage. Surface water can be diverted away from
the building site. In. some cases the entire floor can be
reinforced so that it acts as a foundation.

These soils have severe limitations for septic tank ab-
sorption fields and sewage lagoons because of the flood-
ing and the wetness. Other methods of sewage disposal,
such as a community sanitary sewer, should be con-
sidered. Sewage lagoons work well in areas that are not
flooded or are protected against flooding. Capability sub-
class VIw; Loamy Lowland range site.

Ma—Martin silty clay loam, 3 to 8 percent slopes.
This deep, moderately sloping, moderately well drained
soil is on ridgetops and side slopes in the uplands. In-
dividual areas are irregularly shaped.

Typically, the surface layer is black silty clay loam
about 11 inches thick. The subsoil is about 49 inches thick.
The upper part is very dark gray, friable silty clay loam;
the lower part is very dark grayish brown, firm silty clay
and dark grayish brown, very firm silty clay. In some
places, the subsoil is thinner and the depth to shale is less
than 40 inches. In others the subsoil is not so dark and is
less clayey in the lower part. In some areas 1t is reddish
brown.

Included with this soil in mapping are small areas of
Clime, Pawnee, Sogn, and Vinland soils. These soils make
up about 10 percent of the unit. The Pawnee soils formed
in glacial till. They are in a slightly higher position on the
landscape than the Martin soil. The Clime soils are less
than 40 inches deep over shale. They are in sloping, con-
vex areas. The Sogn and Vinland soils are less than 20
inches deep over limestone and shale. They occur as nar-
row areas on convex slopes.

Water and air move through this soil at a slow rate,
and surface runoff is rapid. Available water capacity is
high. Reaction is generally medium acid in the surface
layer and medium acid to neutral in the subsoil. It varies
in the surface layer as a result of local liming practices.

Natural fertility is high, and organic-matter content is
moderate. This soil is erodible. The surface layer is friable
and can be easily tilled. It tends to crust or puddle after
hard rains. Roots are restricted by the silty clay subsoil.
The shrink-swell potential is high.

Most areas are farmed. Some are in range or pasture.
This soil has good potential for cultivated crops, hay,
pasture, and range. It has fair potential for recreation
uses and poor potential for most engineering uses. It has
good potential for openland and rangeland wildlife
habitat.

This soil is suited to sorghum (fig. 5), soybeans, and
small grain and to grasses and legumes grown for hay
and pasture. Corn is not so well suited as some other
crops. If the soil is used for cultivated crops, minimum til-
lage and cover crops maintain fertility and tilth, prevent
excessive soil loss, and increase the rate of water infiltra-
tion. Grassed waterways, terraces, and contour farming
help to control erosion (fig. 6). Returning crop residue to
the soil and regularly adding commercial fertilizer and
lime improve fertility and reduce crusting.

The use of this soil for native range, tame pasture, or
hay is also effective in controlling erosion. If the pasture
or range is overgrazed, erosion can occur and undesirable
grasses, weeds, or brush can invade. Proper stocking
rates, pasture rotation, timely deferment of grazing, and
control of weeds and brush keep the grass and the soil in
good condition. Pond sites are available.

This soil is suited to windbreaks. Considerable care is
needed if young trees are to grow well. Rainfall is likely
to be limited and irregular, and applying additional water
promotes growth during dry periods. Cultivating wind-
breaks controls and conserves soil moisture. Protection
from livestock, fire, and rodents is needed.

The high shrink-swell potential and low strength
severely limit building site development. The harmful ef-
fects of shrinking and swelling and low strength can be
overcome by careful design and proper construction. En-
larging footings and foundations and adding extra rein-
forcement steel can prevent cracking. Installing a drain
tile surrounded by sand or gravel reduces the variation in
moisture levels, shrinking and swelling, and uplift pres-
sure. Replacement of soil surrounding the foundation with
soil material that shrinks and swells less than this soil is
also beneficial. Shrink-swell expansion can be reduced by
insulating foundations and floors with an intervening
layer of sand or gravel below the depth of seasonal ex-
pansion. In some cases the entire basement floor can be
reinforced so that it acts as a foundation. Diverting sur-
face water or filling low areas provides good drainage.
Buildings should be constructed in the less sloping areas.
Consideration of the design and location of structures is
needed in planning footings and foundations. Retaining
walls or piers help to support footings and foundations. A
plant cover is needed to control erosion around buildings. -

The slow absorption of effluent severely limits the use
of this soil as a septic tank absorption field. Other
methods of sewage disposal, such as’a sewage lagoon or a
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community sanitary sewer, should be considered. Increas-
ing the size of the absorption field and installing perime-
ter drains around the absorption field improve the func-
tioning of septic tank systems.

The slope is a moderate limitation if this soil is used for
sewage lagoons. Onsite investigation is needed to locate
the less sloping areas. Small lagoons can be constructed in
some of the more sloping areas if embankments are used.
Sewage can be diverted to somewhat distant areas that
are better suited to lagoons or septic tank absorption
fields. Capability subclass IIle; Loamy Upland range site.

Mb-—Martin silty clay loam, 3 to 8 percent slopes,
eroded. This deep, moderately sloping, moderately
eroded, moderately well drained soil is on ridgetops and
side slopes in the uplands. Individual areas are irregular
in shape.

Typically, the surface layer is black or very dark gray
silty clay loam about 5 inches thick. The subsoil is about
43 inches thick. It is very dark gray, firm silty clay in the
upper part and very dark grayish brown,. firm silty clay
and dark grayish brown, very firm silty clay in the lower
part. In places, the subsoil is thinner and shale is within a
depth of 40 inches. In some areas the subsoil is reddish
brown. In some small areas the surface layer is thicker.
Numerous gullies or gully scars are evident.

Included with this soil in mapping are small areas of
Clime, Pawnee, Sogn, and Vinland soils. These soils make
up about 12 percent of the unit. The Pawnee soils formed
in glacial till. They are slightly higher on the landscape
than this Martin soil. The Clime soils are less than 40
inches deep over shale. They are in sloping, convex areas.
The Sogn and Vinland soils are less than 20 inches deep
over limestone and shale. They occur as narrow areas on
convex slopes.

Permeability is slow. Surface runoff is rapid. Available
water capacity is high. Reaction in the surface layer is
generally medium acid, but it varies as a result of local
liming practices. The subsoil is medium acid to neutral.
Natural fertility is medium, and organic-matter content is
moderately low. The surface layer is firm. It tends to
crust or puddle after hard rains. Tilth is poor. The silty
clay subsoil restricts roots. The shrink-swell potential is
high.

Most areas are farmed. Some are in tame pasture. A
few have been reseeded to native range. This soil has fair
potential for cultivated crops, hay, and pasture and good
potential for range. It has poor potential for most en-
gineering uses and fair potential for recreation uses. It
has good potential for openland and rangeland wildlife
habitat.

This soil is suited to small grain and sorghum and to
grasses-and legumes. Corn is not so well suited as some
other crops. Control of runoff and improvement of fertili-
ty and tilth are needed. Also, the soil is moderately
eroded and is subject to additional erosion damage.
Minimum tillage and cover crops maintain fertility and
tilth, protect the soil against additional erosion, and in-
crease the rate of water infiltration. Grassed waterways,

terraces, and contour farming are needed in cultivated
fields. Tame grasses can be grown in grassed waterways.
Cultivated crops and tame grasses respond to applications
of fertilizer, lime, and barnyard manure, which improve
fertility and tilth and reduce crusting.

Erosion can be controlled by using this soil for range,
pasture, or hay. As a result of improper use of the range,
however, further erosion damage can occur and undesira-
ble plants can invade. Proper stocking rates, pasture rota-
tion, timely deferment of grazing, and control of weeds
and brush are needed to keep the grass cover and the soil
in good condition. Pond sites are available.

This soil is suited to windbreaks. Considerable care of

.young plantings is needed. Watering during dry periods

promotes growth. It is needed because rainfall is likely to
be limited and irregular. Cultivation or other means are
needed to control competing vegetation. Windbreaks
should be protected from livestock, fire, and rodents.

The high shrink-swell potential and low strength
severely limit building site development. The harmful ef-
fects of shrinking and swelling and low strength can be
overcome by careful design and proper construction. En-
larging footings and foundations and adding extra rein-
forcement steel can prevent cracking. Installing a drain
tile surrounded by sand or gravel reduces the variation in
moisture, shrinking and swelling, and uplift pressure.
Replacement of the soil surrounding the foundation with
soil material that shrinks and swells less than this soil
also is beneficial. Shrink-swell expansion can be reduced
by insulating foundations and floors with an intervening
layer of sand or gravel below the depth of seasonal ex-
pansion. In some cases the entire basement floor can be
reinforced so that it acts as a foundation. Good drainage
can be provided by diverting surface water or by filling
low areas. Buildings should be constructed in the less
sloping areas. Consideration of the design and location of
structures is needed in planning footings and foundations.
Retaining walls help to support footings and foundations.
A plant cover is needed to control erosion around
buildings.

The slow absorption of effluent severely limits the use
of this soil as a septic tank absorption field. Other
methods of sewage disposal, such as a sewage lagoon or a
community sanitary sewer, should be considered. Increas-
ing the size of the absorption field and installing perime-
ter drains around the absorption field improve the func-
tioning of septic tank systems.

The slope is a moderate limitation if this soil is used for
sewage lagoons. Onsite investigation is needed to locate
the less sloping areas. Small lagoons can be constructed in
some of the more sloping areas if embankments are used.
Sewage can be diverted to somewhat distant areas that
are better suited to lagoons or septic tank absorption
fields. Capability subclass IVe; Clay Upland range site.

Mc¢—Martin-Vinland silty clay loams, 5 to 10 percent
slopes. This map unit consists of deep and shallow,
moderately sloping to strongly sloping, moderately well
drained and somewhat excessively drained soils on upland
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ridges and side slopes. It is dissected by drainageways.
Areas are irregularly shaped. They are 40 to 50 percent
Martin soils and 35 to 45 percent Vinland soils. The two
soils are so intricately mixed and occur as such narrow

bands that it is not practical to separate them in mapping.

In places the surface layer has been thinned by erosion,
and many cultivated fields have numerous scattered shale
and other rock fragments on the surface.

Typically, the Martin soil has a surface layer of black
silty clay loam about 11 inches thick. The subsoil is about
49 inches thick. The upper part is very dark gray, friable
silty clay loam; the lower part is very dark grayish
brown, very firm silty clay. In" places, the subsoil is
thinner and shale is within 40 inches of the surface. In
some areas the subsoil is reddish brown.

Typically, the Vinland soil has a surface layer of very
dark grayish brown silty clay loam about 5 inches thick.
The subsoil is very dark brown, firm silty clay loam about
6 inches thick. The underlying material is mixed grayish
brown and dark brown silty clay loam over weathered
silty and sandy shale, which is at a depth of about 17
inches. In places the depth to shale is more than 20
inches.

Included with these soils in mapping are small areas of
Clime, Pawnee; and Sogn soils and limestone or shale out-
crop. These soils make up about 15 percent of the unit.
The Pawnee soils formed in glacial till. They are slightly
higher on the landscape than the Martin and Vinland
soils. The Sogn soils are shallow over limestone. They are
in the less sloping areas. The Clime soils are 20 to 40
inches deep over calcareous clayey shale and have a more
clayey surface layer than the Martin and Vinland soils.
The limestone or shale outcrop is in some of the steeper
areas.

Permeability is slow in the Martin soil and moderate in
the Vinland soil. Runoff is rapid. Available water capacity
is high in the Martin soil and low in the Vinland soil.
Natural fertility is medium or high in both soils, and or-

ganic-matter content is low to moderate. Reaction is-

medium acid to neutral. The Martin soil has a firm silty
clay subsoil that releases water slowly to plants. The
shrink-swell potential is moderate in the Vinland soil and
high in the Martin soil.

About half of the acreage is cultivated. Many areas are
in tame grass pasture or native grass range. These soils
have good potential for range and pasture and fair poten-
tial for farming. They have good to fair potential for ran-
geland wildlife habitat and fair to poor potential for most
engineering uses.

These soils are suited to sorghum and small grain and
to legumes and grasses grown for hay and pasture. If cul-
tivated, they are erodible. Minimum tillage, cover crops,
grassed waterways, terraces, and contour farming in cul-
tivated fields help to prevent excessive soil loss. Return-
ing crop residue to the soil and adding manure or com-
mercial fertilizer reduce crusting and increase the rate of
water infiltration.

The use of these soils for range, pasture, or hay is ef-
fective in controlling erosion. Overgrazing can reduce the
plant cover and thus result in erosion damage and can in-
crease the less desirable grasses, weeds, or brush. Proper
stocking rates, pasture or range rotation, timely defer-
ment of grazing, and weed and brush control keep the
grass and the soil in good condition. Tame grass responds
well to commercial fertilizer and lime applied according to
soil tests. Ponds should be constructed on the Martin soil.

The Martin soil is suited to windbreaks, and the Vin-
land soil is unsuited. If possible, therefore, windbreaks
should be planted on the Martin soil. Considerable care of
young trees is needed. During dry periods, applications of
extra water are needed to promote early growth. Control
of competition from other plants is needed. Windbreaks
should be protected from livestock, fire, and rodents.

The Martin soil has severe limitations for building sites
because of the high shrink-swell potential and low
strength. The Vinland soil has a moderate limitation
because it is shallow over shale. The harmful effects of
these limitations can be overcome by careful design and
proper construction. Onsite investigation is needed to
select the less sloping areas and to determine the specific
soil limitations. Enlarging footings, foundations, and floors
and adding extra reinforcement steel can prevent the
cracking caused by shrink-swell expansion. Installing a
drain tile surrounded by sand or gravel reduces the varia-
tion in moisture levels, shrinking and swelling, and uplift
pressure. Replacement of the soil surrounding the founda-
tion with soil material that shrinks and swells less also is
beneficial. Shrink-swell expansion can be reduced by insu-
lating foundations and floors with an intervening layer of
sand and gravel below the depth of seasonal expansion. In
some cases the entire basement floor can be reinforced so
that it acts as a foundation. Retaining walls or piers help
to support footings and foundations. Buildings should be
constructed in the less sloping areas. Consideration of the
design and location of structures is needed in planning
footings and foundations. A plant cover is needed to con-
trol erosion on the building site.

These soils have severe limitations for septic tank ab-
sorption fields. The Martin soil absorbs effluent slowly,
and the Vinland soil is less than 20 inches deep over
shale. Other methods of waste disposal, such as a sewage
lagoon or a community sanitary sewer, should be con-
sidered. Increasing the size of the absorption field and in-
stalling perimeter drains around the field improve the
functioning of septic tank systems.

The slope of both soils and the limited depth to shale in
the Vinland soil are severe limitations if these soils are
used for sewage lagoons. Onsite investigation is needed to
locate areas where the deeper Martin soil is less sloping.
Small lagoons can be built in some of the steeper areas if
embankments are used. Elevating a dwelling or a disposal
area can provide sufficient depth. Sewage can be diverted
to areas that are more suitable for disposal. Capability
subclass IVe; Loamy Upland range site.
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0Oa—Olmitz clay loam, 2 to 5 percent slopes. This
deep, gently sloping to moderately sloping, well drained
to moderately well drained soil is on alluvial-colluvial fans
at the mouth of upland drainageways and on concave foot
slopes at the base of uplands. It is subject to rare flood-
ing by water from adjoining uplands. Areas are irregu-
larly shaped.

Typically, thé surface layer is very dark brown clay
loam about 24 inches thick. The subsurface layer is very
dark brown clay loam about 8 inches thick. The subsoil is
dark brown, friable clay loam and brown, firm clay loam
more than 28 inches thick. In places 12 to 18 inches of
recent deposit is on the surface. In some areas the upper
part of the surface layer is stratified with soil material
that is grayer and more silty. In other areas carbonates
are below a depth of 40 inches.

Included with this soil in mapping are small areas of
Burchard, Chase, Kennebec, Reading, and Shelby soils.
These soils make up about 15 percent of the unit. The
Chase and Reading soils have a more clayey subsoil than
this Olmitz soil. They are on benches or high bottoms
below this Olmitz soil. The Burchard and Shelby soils
have a thinner surface layer than the Olmitz soil. They
are in the steeper areas next to uplands. The Kennebec
soils are less sandy than the Olmitz soil. They are on
flood plains along upland drainageways.

Water and air move through this soil at a moderate or
moderately slow rate. Surface runoff is medium to rapid.
Available water capacity is high. Reaction is strongly acid
to neutral. Organic-matter content is moderate, and natu-
ral fertility is high. The soil can be easily tilled, but it can
crust after heavy rains. The shrink-swell potential is
moderate. The soil is subject to additional deposition from
eroding fields in steeper areas.

Most areas are farmed. This soil has good potential for
cultivated crops, range, pasture, and hay. It has fair to
good potential for recreation uses and good potential for
openland, woodland, and rangeland wildlife habitat. It has
fair potential for most engineering uses.

This soil is suited to corn, sorghum, soybeans, ard small
grain and to legumes and grasses grown for hay or
pasture. The major needs are maintaining or improving
organic-matter content, fertility, and tilth. Erosion is a
hazard on long slopes, and erosion control is needed in
some areas. Minimizing tillage, returning crop residue to
the soil, and applying barnyard manure and a proper
amount of commercial fertilizer maintain and improve or-
ganic-matter content, fertility, and tilth. In some areas
diversion terraces are needed to protect the soil against
runoff from higher lying areas. Contour farming, terraces,
and. grassed waterways are needed to control water ero-
sion in some areas.

This soil is well suited to range, pasture, and hay. A
few areas are in grasses. Proper use and desirable
grasses keep the range or pasture and the soil in good
condition and help to control erosion. Yields of tame
grasses can be increased by applying a proper amount of
fertilizer. :

This soil is well suited to windbreaks. Considerable care
of young plantings is needed. During dry periods applica-
tions of extra water are needed to promote early growth.
Controlling competing vegetation and protecting the
windbreak from grazing, fire, or rodents are management
needs. : .

The shrink-swell potential moderately limits building
site development. Some areas receive additional water
from higher upland slopes. A diversion terrace can be
used to divert this excess surface water from the building
site. The risk of damage caused by shrinking and swelling
can be reduced by proper design and construction, for ex-
ample, by insulating footings, floors, and foundations with
an intervening layer of sand or gravel below the depth of
seasonal expansion. Enlarging the footings and founda-
tions and adding reinforcement steel help to prevent
cracking. Installing tile drains surrounded by a sand or
gravel envelope reduces variation in moisture levels and
shrinking and swelling.

The moderately slow absorption of effluent is a
moderate limitation if this soil is used as a septic tank ab-
sorption field. Another method of sewage disposal, such
as a community sanitary sewer system, should be con-
sidered. Increasing the size of the absorption field im-
proves the functioning of septic tank systems.

The slope and seepage moderately limit the use of this
soil for a sewage lagoon system. Onsite investigation is
needed to locate the less sloping areas, which are desira-
ble, and the sandy areas, which are undesirable. Some
sandy areas can be bedded over with good clay material.
Capability subclass 1le; Loamy Upland range site.

Pa—Pawnee clay loam, 1 to 3 percent slopes. This
deep, gently sloping, well drained to moderately well
drained soil is on convex ridgetops and side slopes in the
uplands. Areas are irregularly shaped.

Typically, the surface layer is black clay loam about 10
inches thick. The subsoil is about 42 inches thick. The
upper part is very dark gray, friable clay loam, and the
lower part is dark brown and yellowish brown, very firm
clay. The underlying material to a depth of about 60
inches is yellowish brown clay. In places large glacial
boulders are throughout the profile. In some areas there
are thin strata of more sandy or gravelly material. In a
few areas a limestone layer is within a depth of 36 inches.

Included with this soil in mapping are small areas of
Burchard, Shelby, Martin, and Wymore soils. These soils
make up about 10 percent of the unit. The Wymore soils
formed in loess. They are at a higher elevation than this
Pawnee soil. The Burchard and Shelby soils are generally
more sloping than this Pawnee soil and contain less clay
in the subsoil. Also, they are on lower slopes. The Martin
soils are less sandy than the Pawnee soil, and they are in-
termingled with it where the deposit of glacial till is thin
and is underlain by shale or other rock.

Water and air move through this soil at a slow rate,
and surface runoff is medium. Available water capacity is
moderate. Reaction varies in the surface layer as a result
of local farming and liming practices. The subsoil ranges



16 SOIL SURVEY

from slightly acid to moderately alkaline. Organic-matter
content is moderate, and natural fertility is high. The sur-
face layer is friable and can be easily tilled, but it tends
to erust following hard rains. The very firm clay in the
subsoil restricts roots. The shrink-swell potential is high.

Most areas are farmed, and some are in range or
pasture. This soil has good potential for cultivated crops,
range, pasture, and hay and poor potential for recreation
uses. It has good to fair potential for openland and range-
land wildlife habitat and poor potential for most engineer-
ing uses. -

This soil is suited to sorghum, soybeans, corn, and small
grain and to grasses and legumes grown for hay or
pasture. Corn is not so well suited as other crops. If the
soil is cultivated, maintaining fertility and tilth and con-
trolling erosion are management needs. The hazard of
erosion is moderate. Minimum tillage and cover crops
maintain fertility and tilth, help to control erosion, and in-
crease the rate of water infiltration. Returning crop
residue to the soil, applying barnyard manure, and apply-
ing a proper amount of commercial fertilizer and lime im-
prove fertility and reduce crusting. Terraces, grassed
waterways, and contour farming help to control runoff
and erosion. .

This soil is well suited to range and pasture. A good
cover of desirable native or tame grasses is effective in
controlling erosion if the pasture or range is well
managed. It also maintains good production. Proper
stocking rates, pasture or range rotation, a timely season
of use, timely deferment of grazing, and weed and brush
control keep the grass and the soil in good condition.
Tame grasses respond to applications of a proper amount
of commercial fertilizer. .

This soil is well suited to windbreaks. Special care is
needed if young trees are to grow well. Rainfall is likely
to be limited and irregular, and irrigating the- trees
promotes growth. Cultivating young windbreaks reduces
competition for soil moisture. Windbreaks should be pro-
tected from livestock, fire, and rodents.

The high shrink-swell potential and low strength
severely limit building site development. The harmful ef-
fects of shrinking and swelling and low strength can be
overcome by careful design and proper construction. En-
larging footings and foundations and adding extra rein-
forcement steel can prevent cracking. Installing a drain
tile surrounded by sand or gravel reduces variation in
moisture levels, shrinking and swelling, and uplift pres-
sure. Replacement of the soil surrounding the foundation
with soil material that shrinks and swells less than this
soil also is beneficial. Shrinking and swelling can be
reduced by insulating foundations and floors with an in-
tervening layer of sand or gravel below the depth of
seasonal expansion. In some cases the entire basement
floor can be reinforced so that it acts as a foundation.
Diverting surface runoff or filling low areas provides
good drainage.

The slow absorption of effluent severely limits the use
of this soil as a septic tank absorption field. Other

methods of sewage disposal, such as a sewage lagoon or a
community sanitary sewer, should be considered. Increas-
ing the size of the absorption field and installing perime-
ter drains around the absorption field improve the func-
tioning of septic tank systems. _

Sewage lagoons are well suited if the slope is less than
2 percent, but limitations are moderate if it is more than
2 percent. Onsite investigation is needed to locate the less
sloping areas. Small lagoons can be constructed in some of
the more sloping areas if embankments are used. Capa-
bility subclass IIe; Loamy Upland range site.

Pb—Pawnee clay loam, 3 to 7 percent slopes. This
deep, moderately sloping, well drained to moderately well
drained soil is on convex upland ridges and side slopes.
Areas are irregularly shaped.

Typically, the surface layer is black clay loam about 10
inches thick. The subsoil is about 42 inches thick. The
upper part is very dark gray, friable clay loam; the lower
part is dark brown and yellowish brown, very firm clay.
The underlying material to a depth of about 60 inches is
yellowish brown clay. A few spots are eroded. In some
areas large glacial boulders are throughout the profile. In
places thin strata of sand or gravel are in the soil. In a
few areas a limestone layer is within a depth of 36 inches.

Included with this soil in mapping are small areas of
Burchard, Martin, Shelby, and Wymore soils. These soils
make up about 10 to 15 percent of the unit. The Wymore
soils formed in loess. They are at a higher elevation than
this Pawnee soil. The Martin soils are less sandy than this
Pawnee soil and are intermingled with it where the
deposit of glacial till is thin and is underlain by shale or
other rock. The Burchard and Shelby soils are steeper
than the Pawnee soil and are lower lying. Also, they have
a less clayey subsoil.

Water and air move through this soil at a slow rate,
and surface runoff is rapid. Available water capacity is
moderate. Reaction varies in the surface layer as a result
of local liming practices. The subsoil ranges from slightly
acid to moderately alkaline. Organic-matter content is
moderate, and natural fertility is high. The surface layer
is friable and can be easily tilled, but it tends to crust or
puddle during and following hard rains. Roots are
restricted by the clay in the subsocil. The shrink-swell
potential is high.

Most areas are farmed. A few are in tame grass and
native range. This soil has good potential for cultivated
crops, range, and tame pasture. It has fair potential for
recreation uses and good to fair potential for openland
and rangeland wildlife habitat. It has poor potential for
most engineering uses.

This soil is suited to sorghum, soybeans, corn, and small
grain and to grasses and legumes grown for hay or
pasture. Corn is not so well suited as other crops. The
main management needs are maintaining fertility and
tilth and controlling erosion. The hazard of erosion is
moderate to severe. Minimizing tillage, growing cover
crops, applying barnyard manure, and returning crop
residue to the soil maintain organic-matter content, fer-
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tility, and tilth and protect the soil against erosion.
Grassed waterways, terraces, and contour farming are
needed in most cultivated areas to control runoff and ero-
sion. Crops respond well to applications of a proper
amount of commercial fertilizer and lime. ,

The use of this soil for range, pasture, or hay helps to
control erosion. If the pasture or range is overgrazed,
erosion can occur and weedy or brushy plants can invade.
Proper stocking rates, proper use, and desirable plants
maintain good production and protect the soil against ero-
sion. Tame grasses respond well to applicatiohs of a
proper amount of fertilizer.

This soil is suited to windbreaks. Special care is needed
if young trees are to grow well. Applying additional
water during dry periods promotes growth. Control of
weeds and competing vegetation conserves moisture.
Windbreaks should be protected from livestock, fire, and
rodents. _

The high shrink-swell potential and low strength

severely limit building site development. The harmful ef-.

fects of shrinking and swelling and low strength can be
overcome by careful design and proper construction. En-
larging footings and foundations and adding extra rein-
forcement steel help to prevent cracking. Installing a
drain tile surrounded by sand or gravel reduces the varia-
tion in moisture levels, shrinking and swelling, and uplift
pressure. Replacement of the soil surrounding the founda-
tion with soil material that shrinks and swells less also is
beneficial. Shrink-swell expansion can be reduced by insu-
lating foundations and floors with an intervening layer of
sand or gravel below the depth of seasonal expansion. In
some cases the entire basement floor can be reinforced so
that it acts as a foundation. Diverting surface water or
filling low areas provides good drainage. Buildings should
be constructed in the less sloping areas. Consideration of
the design and location of structures is needed in
planning footings and foundations. Retaining walls or
piers help to support footings and foundations. A plant
cover is needed to control erosion around buildings.

The slow absorption of effluent severely limits the use
of this soil as a septic tank absorption field. Other
methods of sewage disposal, such as a sewage lagoon or a
community sanitary sewer, should be considered. Increas-
ing the size of the absorption field and installing perime-
ter drains around the absorption field improve the func-
tioning of septic tank systems.

The slope is a moderate limitation if this soil is used for
sewage lagoons. Onsite investigation is needed to locate
the less sloping areas. Small lagoons can be constructed in
some of the more sloping areas if embankments are used.
Sewage waste can be diverted to somewhat distant areas
that are better suited to lagoons or septic tank absorption
fields. Capability subclass I1le; Loamy Upland range site.

Pc—Pawnee clay loam, 3 to 7 percent slopes, eroded.
This deep, moderately sloping, well drained soil is on nar-
row, convex upland ridges and side slopes. Areas are ir-
regularly shaped.

Typically, the surface layer is very dark gray clay loam
about 5 inches thick. The subsoil is dark brown and yel-
lowish brown, very firm clay about 36 inches thick. The
underlying material to a depth of about 60 inches is yel-
lowish brown' clay. In some places the surface layer is
thicker, and in others the clay subsoil is exposed. In some
areas large glacial boulders are throughout the profile. In
other areas thin strata of more sandy or gravelly material
are in the soil. In a few areas a limestone layer is within
a depth of 36 inches.

Included with this soil in mapping are small areas of
Burchard, Martin, Shelby, and Wymore soils and severely
eroded spots. These included areas make up about 20 to
25 percent of the unit. The Burchard and Shelby soils
have a less clayey subsoil than this Pawnee soil. They are
more sloping and are lower on the landscape. The
Wymore soils formed in loess. They are in the higher
positions on ridgetops. The Martin soils formed in
residuum derived from shale or clay beds. They are in the
lower positions on the landscape. Numerous gullies or
gully scars are in the severely eroded spots.

Water and air move through this soil at a slow rate,
and surface runoff is rapid. Reaction varies in the surface
layer, depending on past farming and liming practices.
The subsoil ranges from slightly acid to moderately al-
kaline. The soil is difficult to cultivate. A crust can form
after heavy rains. The clay subsoil restricts roots. The
shrink-swell potential is high.

Most areas are farmed or are in tame grasses or
reseeded native grasses. This soil has good potential for
range, pasture, and hay and fair potential for cultivated
crops. It has poor potential for most engineering uses,
fair potential for recreation uses, and good to fair poten-
tial for openland and rangeland wildlife habitat.

This soil is suited to small grain, sorghum, and
soybeans and to grasses and legumes grown for hay or
pasture. Corn is not so well suited as other crops. This soil
produces moderate crop yields if it is well managed. It is
subject to further erosion. Crops respond well to applica-
tions of a proper amount of commercial fertilizer and
lime. Returning crop residue to the soil, applying bar-
nyard manure, and planting green manure crops improve
tilth and protect the soil against erosion. Minimum tillage,
terraces, contour farming, and grassed waterways are
needed to reduce soil loss. Diversion terraces are needed
in some areas.

A cover of tame and native grasses helps to control
erosion. Soil loss can occur and undesirable plants can
grow, however, if management is poor. Proper stocking
rates, pasture or range rotation, a timely season of use,
timely deferment of grazing, and weed and brush control
keep the grass and the soil in good condition. Most areas
are cultivated or have been cultivated. As a result,
establishing a grass cover can be difficult because of low
fertility and a very slow rate of water absorption. If tame
grasses are grown, applications of fertilizer are needed to
maintain a good cover.
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This soil is suited to windbreaks. Special care is needed
when the trees are planted and when they are young. Ap-
plications of additional water during dry periods promote
growth. Control of competing vegetation and weeds con-
serves moisture. Windbreaks should be protected from
livestock, fire, and rodents.

The high shrink-swell potential and low strength
severely limit building site development. The harmful ef-
fects of shrinking and swelling and low strength can be
overcome by careful design and proper construction. En-
larging footings and foundations and adding extra rein-
forcement steel can prevent cracking. Installing a drain
tile surrounded by sand or gravel reduces the variation in
moisture levels, shrinking and swelling, and uplift pres-
sure. Replacement of the soil surrounding the foundation
with soil material that shrinks and swells less than this
soil also is beneficial. Shrink-swell expansion can be
reduced by insulating foundations and floors with an in-
tervening layer of sand or gravel below the depth of
seasonal expansion. In some cases the entire basement
floor can be reinforced so that it acts as a foundation.
Diverting surface water or filling low areas provides good
drainage. Buildings should be constructed in the less slop-
ing areas. Consideration of the design and location of
structures is needed in planning footings and foundations.
Retaining walls or piers help to support footings and
foundations. A plant cover is needed to control erosion
around buildings.

The slow absorption of effluent severely limits the use
of this soil as a septic tank absorption field. Other
methods of sewage disposal, such as a sewage lagoon or a
community sanitary sewer, should be considered. Increas-
ing the size of the absorption field and installing perime-
ter drains around the absorption field improve the funec-
tioning of septic tank systems.

The slope is a moderate limitation if this soil is used for
sewage lagoons. Onsite investigation is needed to locate
the less sloping areas. Small lagoons can be constructed in
some of the more sloping areas if embankments are used.
Sewage can be diverted to somewhat distant areas that
are better suited to lagoons or septic tank absorption
fields. Capability subclass IIle; Loamy Upland range site.

Pt—Pits, quarries. This map unit is in areas from
which the soil and much of the underlying limestone or
shale have been removed. The underlying material has
been removed for road gravel or for agricultural lime.
Pits generally are bare areas surrounded by vertical
walls. Some areas are filled with water. Scattered trees,
shrubs, and clumps of grass grow in places.

The use of this unit for farming is limited. The poten-
tial for wildlife habitat or recreation uses is good. Capa-
bility class VIII; not assigned to a range site.

Ra—Reading silt loam. This deep, nearly level, well
drained soil is on terraces and high bottoms away from
the stream channel. It is rarely flooded. Areas are irregu-
larly shaped.

Typically, the surface layer is black silt loam about 8
inches thick. The subsurface layer is black silty clay loam

about 9 inches thick. The subsoil extends to a depth of
more than 60 inches. The upper part is very dark brown,
friable silty clay loam; the next part is very dark grayish
brown, firm silty clay loam; and the lower part is dark
brown, firm and very firm silty clay loam. In places the
subsoil is more clayey.

Included with this soil in mapping are small areas of
Chase, Kennebec, Olmitz, Wabash, and Zook soils. These
soils make up about 10 percent of the unit. The Chase and
Olmitz soils are next to the upland and are rarely flooded.
The Olmitz soils contain more sand than this Reading soil.
The Wabash and Zook soils are in depressional areas on

- wide alluvial bottoms. The Chase, Wabash, and Zook soils

are darker colored than this Reading soil and contain
more clay in the subsoil. The Kennebee soils are next to
the stream channels. They are less clayey than the Read-
ing soil.

Air and water move through this soil at a moderately
slow rate, and surface runoff is slow. Available water
capacity is high. Reaction ranges from medium acid to
neutral throughout. It varies in the upper part of the sur-
face layer as a result of local farming practices. Organic-
matter content is moderate, and natural fertility is high.
The soil is easy to till. The shrink-swell potential is
moderate.

Most areas are farmed. This soil has good potential for
cultivated crops, range, hay, pasture, and trees. It has
good potential for recreation uses and for openland and
woodland wildlife habitat and fair potential for most en-
gineering uses.

This soil is well suited to all of the cultivated crops
commonly grown in the county, such as corn, sorghum,
soybeans, small grain, and deep-rooted legumes. Erosion
is not a problem, and flooding is rare. The principal
management concerns are maintaining organic-matter
content, fertility, and tilth. Minimizing tillage, returning
crop residue to the soil, and applying fertilizer maintain
fertility and tilth.

This soil can be used for range, pasture, or hay. Proper
use, control of undesirable plants, proper stocking rates,
and a timely season of use keep the soil and the grass in
good condition and maintain or increase forage yields. _

This soil is suited to woodland. Protection from grazing
and fire and measures that thin the stands are needed.

The flooding severely limits building site development.
The flood hazard can be reduced by using dikes and
levees or raising the building by filling. The moderate
shrink-swell potential is also a limitation. Special care and
design can reduce the risk of damage caused by shrink-
swell expansion. Enlarging footings and foundations, ad-
ding steel reinforcement, and insulating foundations and
footings with a suitable intervening layer of sand and
gravel reduce the risk of damage caused by shrinking and
swelling. The moisture level and shrink-swell expansion
can be controlled if drain tiles that are surrounded by
gravel or sand are installed around footings.

The flooding and the slow absorption of effluent limit
the use of this soil as a septic tank absorption field. Pro-
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tection against flooding is needed. Increasing the size of
the absorption field improves the -functioning of septic
tank systems. ~

This soil is suited to sewage lagoons if it is protected
against flooding. Lagoons should be constructed in areas
of nearly impervious soil material. In some areas the floor
and sides of the lagoon pond should be bedded over with
clay. Capability class I; Loamy Lowland range site.

Sa-—Shelby clay loam, 4 to 8 percent slopes. This
deep, moderately sloping, moderately well drained soil is
on narrow ridges and side slopes along drainageways.
Areas are long and irregularly shaped.

Typically, the surface layer is very dark brown clay
loam about 15 inches thick. The subsoil is about 28 inches
thick. The upper part is dark brown, friable clay loam; the
lower part is brown, firm clay loam. Yellowish brown
mottles are in the lower part. The underlying material is
yellowish brown clay loam with accumulations of soft
lime. In places the soil is redder, and in some areas sand
or gravel pockets are below a depth of 30 inches. In
places the underlying material is more clayey.

Included with this soil in mapping are small intermin-
gled areas of Burchard, Kennebec, Olmitz, Pawnee, and
Wymore soils. These soils make up about 12 percent of
the unit. The Pawnee and Wymore soils are higher on the
landscape than this Shelby soil and are less sloping. Also,
they have a more clayey subsoil. The Burchard soils are
calcareous at a depth of 15 to 30 inches. The Kennebec
soils have a less clayey subsoil than this Shelby soil. They
have gentle slopes and are along drainageways on
uplands. The Olmitz soils have a thicker surface layer
than the Shelby soil. They are on concave foot slopes.

Water and air move through this soil at a moderately
slow rate, and surface runoff is rapid. Available water
capacity is high. Reaction varies in the surface layer as a
result of local liming practices. The subsoil is medium acid
to neutral. Natural fertility is high, and organic-matter
content is moderate. The surface layer tends to crust or
puddle after a hard rain. The compact clay loam subsoil
restricts roots. The shrink-swell potential is moderate.

Most areas are farmed. This soil has good potential for
range, pasture, hay, and cultivated crops; for recreation
uses; and for woodland wildlife habitat and rangeland wil-
dlife habitat. It has poor potential for most engineering
uses.

This soil is suited to corn, sorghum, soybeans, and small
grain and to legumes or grasses grown for hay or
pasture. It is subject to erosion. Management that con-
trols erosion and maintains tilth-and fertility is needed.
Minimum tillage, cover crops, grassed waterways, ter-
races, and contour farming help to control runoff. Diver-
sion terraces are needed to protect some areas against ru-
noff from higher lying areas. Returning crop residue to
the soil and applying barnyard manure improve tilth and
organic-matter content and provide protection against
erosion. Bromegrass is suitable in waterways. All cul-
tivated crops and tame grasses respond to applications of
a proper amount of fertilizer. In places lime is needed if
legumes are grown.

Tame and native grasses are well suited to this soil. A
grass cover helps to control erosion. If the pasture or
range is overgrazed, the desirable plants are reduced, un-
desirable plants invade, and erosion damage occurs.
Proper stocking rates and weed and brush control keep
the grass and the soil in good condition, reduce the risk of
erosion, and maintain or increase forage production. Good
pond sites are available. Local sand or gravel pockets,
however, should be removed or bedded over with clay.
Otherwise, an alternative site should be selected.

This soil is well suited to windbreaks. Good care of
young windbreaks is needed, and applications of addi-
tional water during dry periods promote growth. Control
of competing vegetation and protection from livestock,
fire, and rodents are needed.

The shrink-swell potential and the slope moderately
limit buiiding site development. Special care is needed in
the design and construction of buildings. Enlarging
footings and foundations and adding steel reinforcement
reduce the risk of damage caused by shrinking and
swelling. The moisture level can be controlled and shrink-
swell expansion prevented if drain tiles that are sur-
rounded by sand or gravel are installed around footings.
Buildings should be constructed in the less sloping areas.
Consideration of the design and location of structures is
needed in planning footings and foundations. Retaining
walls or piers help to support footings and foundations. A
plant cover is needed to control erosion on building sites.

The moderately slow absorption of effluent severely
limits the use of this soil as a septic tank absorption field.
Other methods, such as a lagoon or sanitary sewer, should
be considered. Enlargement of the absorption field im-
proves the functioning of septic tank systems. Onsite in-
vestigation is needed to determine whether or not sand or
gravel pockets are in the soil. These pockets can cause
the effluent to be inadequately filtered and thus to con-
taminate the ground water supply.

The slope is a moderate limitation if this soil is used for
sewage lagoons. Lagoons can be built in the less sloping
areas or, if embankments are used, in the steeper areas.
Sand or gravel pockets can cause seepage. They can be
removed by excavation or sealed with impervious materi-
al. Capability subclass IIle; Loamy Upland range site.

Sb—Shelby clay loam, 4 to 8 percent slopes, eroded.
This deep, moderately sloping, moderately well drained
soil is on narrow ridges and side slopes along
drainageways. Areas are long and irregularly shaped.

Typically, the -surface layer is very dark brown clay
loam about 5 inches thick. The subsoil is about 25 inches
thick. The upper part is dark brown, friable clay loam; the
lower part is brown, firm clay loam. Yellowish brown
mottles are in the lower part. The underlying material is
yellowish brown clay loam with acecumulations of soft
lime. In places the soil is redder, and in some areas sand
or gravel pockets are below a depth of 30 inches. In some
small areas the surface layer is thicker. In places the un-
derlying material is more clayey.
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Included with this soil in mapping are small areas of
Burchard, Kennebee, Olmitz, Pawnee, and Wymore soils
and severely eroded spots. These included areas make up
about ‘20 to 25 percent of the unit. The Pawnee and
Wymore soils are higher on the landscape than this Shel-
by soil and are less sloping. Also, they have a more clayey
subsoil. The Burchard soils are calcareous at a depth of 15
to 30 inches. The Kennebec soils have a less clayey sub-
soil than this Shelby soil and are less sloping. They are
along drainageways on uplands. The Olmitz soils have a
thicker surface layer than the Shelby soil: They are on
concave foot slopes. Numerous gullies and gully scars are
in the severely eroded spots.

Water and air move through this soil at a moderately
slow rate, and surface runoff is rapid. Available water
capacity is moderate to high. Reaction varies in the sur-
face layer as a result of local liming and farming prac-
tices. The subsoil is medium acid to neutral. Natural fer-
tility is medium, and organic-matter content is moderate.
The surface layer tends to crust and.puddle after hard
rains. Roots are restricted by the compact clay loam sub-
soil. The shrink-swell potential is moderate.

Most areas are farmed. This soil has fair to good poten-
tial for cultivated crops. It has good potential for pasture,
range, hay, recreation uses, and woodland wildlife habitat
and rangeland wildlife habitat. It has poor potential for
most engineering uses.

This soil is suited to corn, sorghum, soybeans, and small
grain and to tame grasses and legumes grown for hay or
pasture. It is subject to further erosion. Measures that
control erosion and maintain fertility and tilth are needed.
Minimum tillage, cover crops, grassed waterways, ter-
races, and contour farming are needed to control runoff,
Returning crop residue to the soil and applying barnyard
manure improve tilth, fertility, and organic-matter con-
tent and help to control erosion. Tame grasses can be
used in grassed waterways. Tame grasses and cultivated
crops respond well to applications of a proper amount of
fertilizer. Lime is sometimes needed.

This soil is well suited to tame and native grasses,
which can help to control erosion. Because it is eroded,
reseeding grass is beneficial in some areas. Bromegrass

and native grasses are suitable for reseeding. Proper -

stocking rates and weed and brush control are needed to
keep the grass and the soil in good condition, to reduce
the risk of erosion, and to improve forage production.
Good pond sites are available, but in places sand or gravel
pockets are in the soil. The pockets should be removed or
bedded over with clay, or an alternative site should be
selected.

This soil is well suited to windbreaks. Special care of
young plantings is needed. Irrigation during dry periods
promotes their growth. Weed control is needed. Wind-
breaks should be protected from livestock, fire, and
rodents.

"The moderate shrink-swell potential and the slope
moderately limit building site development. Special care is
needed in the design and construction of buildings. En-

larging footings and foundations and adding steel rein-
forcement reduce the risk of damage caused by shrinking
and swelling. Moisture levels can be controlled and
shrink-swell expansion prevented if drain tiles that are
surrounded by sand and gravel are installed around
footings. Buildings should be constructed in the less slop-
ing- areas. Consideration of the design and location of
structures is needed in planning footings and foundations.
Retaining walls or piers help to support footings and
foundations. A plant cover is needed to control erosion on
building sites.

The moderately slow absorption of effluent severely
limits the use of this soil as a septic tank absorption field.
Other methods, such as a lagoon or a sanitary sewer,
should be considered. Enlargement of the absorption field
improves the functioning of septic tank systems. Onsite
investigation is needed to determine whether or not sand
or gravel pockets are in the soil. These pockets can cause
the effluent to be inadequately filtered and thus to con-
taminate the ground water supply.

The slope is a moderate limitation if this soil is used for
sewage lagoons. Lagoons can be built in the less sloping
areas or, if embankments are used, in the steeper areas.
Sand or gravel pockets can cause seepage. They can be
removed by excavation or sealed with impervious materi-
al. Capability subclass IIIe; Loamy Upland range site.

Va—Vinland silty clay loam, 6 to 14 percent slopes.
This shallow, moderately sloping to moderately steep,
somewhat excesswely drained soil is along dralnageways
Areas are irregularly shaped.

Typically, the surface layer is very dark grayish brown
silty clay loam about 5 inches thick. The subsoil is very
dark brown, firm silty clay loam about 6 inches thick. The
underlying material is mixed grayish brown and dark
brown silty clay loam over weathered silty and sandy
shale, which is at a depth of 17 inches. In some places the
depth to shale is more than 20 inches, and in others it is
less than 10 inches. In some small areas the soil is more
clayey throughout.

Included with this soil in mapping are small areas of
Clime, Martin, Pawnee, and Sogn soils. These soils make
up about 20 percent of the unit. The Clime, Martin, and
Sogn soils occur as small bands, less than 200 feet wide,
intermixed with areas of the Vinland soil on hillsides. The
Clime soils are 20 to 40 inches deep over calcareous
clayey shale and contain more clay throughout than the
Vinland soil. The Martin soils are deeper and more clayey
than the Vinland soil. The Sogn soils are less than 20
inches deep over limestone. The Pawnee soils are deep.
They are higher on the landscape than the Vinland soil.
In some areas shale or other rocks crop out.

Water and air move through this soil at a moderate
rate, and runoff is rapid to excessive. Available water
capacity is low. The shrink-swell potential is moderate.
Fertility is medium in all areas but those where the soil is
very shallow. Organic-matter content is low.

Most areas are used for range, pasture, or hay. This soil
has poor potential for cropland. It has good potential for
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pasture, range, and hayland and fair potential for
woodland wildlife habitat and rangeland wildlife habitat.
It has fair to poor potential for recreation uses and poor
potential for most engineering uses.

This soil is generally not suited to crops. It is shallow,
and it is erodible if the protective cover is removed. It is
well suited to pasture and range. Proper stocking rates,
rotation of grazing, and control of weeds and brush are
needed to maintain a good grass cover that protects the
soil against erosion. If tame grasses are grown, applica-
tions of an adequate amount of commercial fertilizer
determined by soil tests are needed.

The shallowness and the slope moderately limit building
site development. Onsite investigation to locate areas of
the less sloping soils and some of the included areas of
deeper soils is needed. Consideration of the design and lo-
cation of structures can prevent the cracking of footings
and foundations caused by slippage or expansion. Retain-
ing walls and piers help to support footings and founda-
tions. A plant cover is needed to control erosion on the
building site.

The shallowness severely limits the use of this soil as a
septie tank absorption field. Another method of waste
disposal, such as a community sanitary sewer, should be
considered. Elevating a dwelling or a disposal area can
provide sufficient depth. Sewage can be diverted to areas
more suitable for disposal. Limitations for sewage lagoons
are severe because of the shallowness and the slope.
Onsite investigation is needed to locate the included areas
of deeper, less sloping soils. In some areas lagoons can be
built if embankments are used. Capability subclass Vle;
Loamy Upland range site.

Vb—Vinland-Rock outcrop complex, 20 to 40 percent
slopes. This map unit consists of shallow, steep and very
steep, someéwhat excessively drained soils and Rock out-
crop on side slopes. Areas are generally dissected by
drainageways. They are generally long and irregularly
shaped. They are about 35 percent Vinland soils and 30
percent Rock outcrop. The soils and Rock outcrop are so
intricately mixed and are in areas so small that it is not
practical to separate them in mapping.

Typically, the Vinland soil has a surface layer of very
dark grayish brown silty clay loam about 5 inches thick.
The subsoil is very dark brown, firm silty clay loam about
6 inches thick. The underlying material is mixed grayish
brown and dark brown silty clay loam over weathered
silty and sandy shale, which is at a depth of about 17
inches. In places the depth to shale is more than 20
inches, and in other small areas it is less than 10 inches.

The "Rock outcrop part of the unit is in the steeper
areas where shale or other rocks crop out or where the
soil material is less than 4 inches thick. Vegetation is
sparse.

Included with this unit in mapping are small areas of
Sogn, Clime, and Martin soils. These soils make up 20 to
40 percent of the unit. The Sogn soils are shallow over
limestone. They are above the Rock outcrop on the land-
scape. The Clime soils are moderately deep over calcare-

ous, clayey shale, and the Martin soils are more than 40
inches deep. The Clime and Martin soils are between
ledges of shale or other rock outcrop.

Permeability is moderate in Vinland soil and very slow
in the areas of Rock outcrop. Available water capacity is
low in the Vinland soil and very low in the areas of Rock
outcrop. Surface runoff is excessive on the Vinland soil.
Reaction is medium acid to mildly alkaline. Organic-
matter content is low, and natural fertility is medium.
The root zone extends to shale or bedrock, which is less
than 20 inches from the surface in most places. The
shrink-swell potential is moderate.

Most areas are in native grass and are used for
pasture. Some support scrub brush and timber. The
potential is good for range; poor for tame grass, hay, cul-
tivated crops, and most engineering uses; and fair to poor
for recreation uses. The Vinland soil has fair potential for
woodland wildlife habitat and rangeland wildlife habitat.

This map unit is best suited to range. The major
problems of range management are related to the hazard
of erosion and the low available water capacity. The unit
is 'so steep or rocky that the use of farm machinery is
restricted in most areas. The soil is somewhat droughty
because of the low available water capacity and the water
losses by runoff. Management that maintains an adequate
plant cover and ground mulch helps to prevent excessive
soil losses. Overstocking and overgrazing the range
reduce the protective plant cover and cause deterioration
of the plant community. Under these conditions, the more
desirable grasses are replaced by less productive grasses,
weeds, and brush. Controlling weeds or brush and reseed-
ing are very difficult. Proper stocking rates, uniform
grazing distribution, timely deferment of grazing, and a
planned grazing system are very important in keeping the
range and the soil in good condition. Pond reservoir sites
are limited.

This map unit is not suited to building site development
or sanitary sewage disposal facilities because of the very
steep slopes and the shallow and very shallow soils.
Onsite investigation is needed to locate suitable sites.
Benches between breaks, of deeper, less sloping soils,
have some potential as a site for a building or a sewage
disposal system. Other areas for building sites or sewage
disposal systems should be considered. Capability subclass
Vlle; Vinland soil in Loamy Upland range site, Rock out-
crop not placed in a range site.

Ve—Vinland-Sogn complex, 5 to 20 percent slopes.
This map unit consists of shallow, moderately sloping to
steep, somewhat excessively drained soils on hillsides.
Slopes are complex. Individual areas are long and narrow
or irregularly shaped. They are about 45 percent Vinland
soils and 40 percent Sogn soils. The two soils occur in
such an intricate pattern that it is not practical to
separate them in mapping.

Typically, the Vinland soil has a surface layer of very
dark grayish brown silty clay loam about 5 inches thick.
The subsoil is very dark brown, firm silty clay loam about
6 inches thick. The underlying material is mixed grayish
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brown and dark brown silty clay loam over weathered
silty and sandy shale, which is at a depth of about 17
inches. In some places the depth to shale is more than 20
inches, and in others it is less than 10 inches.

Typically, the Sogn soil has a surface layer of black
silty clay loam about 12 inches thick. Limestone is at a
depth of about 12 inches.

Included with this unit in mapping are areas of Clime,
Martin, and Pawnee soils. These soils make up about 15
percent of the unit. The Martin and Pawnee soils are
deep and the Clime soils moderately deep. The Pawnee
soils generally are higher on the landscape than the Vin-
land and Sogn soils, and the Martin and Clime soils are
intermingled with the Vinland and Sogn soils. Also in-
cluded is shale or other rock outcrop.

Permeability is moderate in the Vinland and Sogn soils.
Runoff is rapid to excessive. Available water capacity is
low in the Vinland soil and very low in the Sogn soil.
Reaction is slightly acid in the Vinland soil and mildly al-
kaline in the Sogn soil. Natural fertility is medium to high
and organic-matter content is low in both soils. The
shrink-swell potential is moderate.

Most areas are used as range, pasture, or hayland.
These soils have fair potential for hay and tame pasture,
good potential for native range, and poor potential for
cultivated crops. The Vinland soil has fair potential for
woodland wildlife habitat and rangeland wildlife habitat.
The Sogn soil has poor potential for rangeland wildlife
habitat. Both soils have fair to poor potential for recrea-
tion uses and poor potential for most. engineering uses.

These soils are well suited to pasture and range. Some
areas are difficult to manage as pasture or harvest for
hay because of some steep slopes, which hinder the use of
farm machinery. Mowing or reseeding is suitable in most
areas.

Controlling erosion is the major concern in managing
these soils. A permanent plant cover is an effective way
to control erosion. Tame grasses and hay respond to ap-
plications of a proper amount of commercial fertilizer
determined by soil tests. Proper stocking rates, rotation
of range or pasture, deferment of grazing, and control of
weeds and brush are needed to maintain a good grass
cover and to maintain or increase forage production. Good
pond sites are somewhat limited.

The shallowness and the slope moderately limit building
site development on the Vinland soil. The shallowness to
limestone is a severe limitation on the Sogn soil. The
moderate shrink-swell potential of both soils also is a
- limitation. The harmful effects of these limitations can be
overcome by careful design and construction. Onsite in-
* vestigation is needed to locate the less sloping areas of
Vinland soil. Consideration of the design and location of
structures can prevent the cracking of footings and foun-
dations caused by slippage or expansion. Retaining walls
or piers help to support footings and foundations. In-
stalling drain tiles surrounded by sand or gravel reduces
the variations in moisture levels that cause shrinking and
swelling, uplift pressure, and slippage. A plant cover is
needed to control erosion on the building site.

The shallowness severely limits the use of these soils as
septic tank absorption fields. The shallowness and the
slope are severe limitations if the soils are used for
sewage lagoons. Other methods of waste disposal, such as
a community sanitary sewer, should be considered. Onsite
investigation is needed to locate the included areas of less
sloping, deeper soils. Elevating dwellings and disposal
areas can provide sufficient depth. Sewage can be
diverted to areas more suitable for disposal. Capability
subclass Vle; Vinland in Loamy Upland range site, Sogn
soil in Shallow Limy range site.

Wa—Wabash silty clay. This deep, nearly level or
depressional, very poorly drained soil is in low backwater
areas away from stream channels on large flood plains. It
is subject to occasional flooding and ponding. Areas are
irregularly shaped.

Typically, the surface layer is black silty clay about 24
inches thick. The subsoil extends to a depth of more than
60 inches. It is very dark gray and dark grayish brown,
very firm silty clay. In places the surface layer is silty
clay loam.

Included with this soil in mapping are small areas of
Chase, Kennebec, Olmitz, and Reading soils. These soils
make up about 10 percent of the unit. The Kennebec and
Reading soils contain less clay than this Wabash soil. The
Kennebec soils are next to stream channels, and the
Reading soils are on high bottoms or terraces. The Chase
and Olmitz soils are next to uplands on benches, high ter-
races, or foot slopes. The Olmitz soils contain more sand
than the Wabash soil, and the Chase soils have a less
clayey surface layer.

Air and water move through this soil at a very slow
rate. Surface runoff is very slow, and ponding oceurs in
depressional areas. Reaction generally ranges from medi-
um acid to neutral but is moderately alkaline below a
depth of 40 inches. Available water capacity is high. Or-
ganic-matter content is moderate, and fertility is high.
The soil is difficult to till. It is sticky and plastic when
wet and very hard when dry. Deep, wide cracks form
during dry periods. Roots are restricted. In some areas
the water table is within a few inches of the surface dur-
ing wet periods. The shrink-swell potential is high.

Most areas are farmed. This soil has good potential for
cultivated crops, range, hay, pasture, and woodland. It has
poor potential for recreation uses and most engineering
uses. It has fair potential for wetland wildlife habitat.

This soil is suited to all of the cultivated crops com-
monly grown in the county if adequate drainage is pro-
vided. Surface drainage is usually needed, and in some
years crops are drowned. Adequate drainage is essential
for alfalfa production. The main concerns in managing
this soil are draining excess water and maintaining fertili-
ty. Planting deep-rooted legumes, returning crop residue
to the soil, applying a proper amount of fertilizer, and
minimizing tillage maintain tilth and fertility. A bedding
system removes excess water. In-places diversion ter-

races are needed to control water that comes in from the
adjacent higher slopes.
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. This soil can be used for range or pasture if adequate
drainage is provided. Proper use, maintanance of desira-
ble plants, good drainage, and avoidance of grazing during
wet periods keep the grass and the soil in good condition.

If this soil is used as woodland, adequate drainage is
needed. Controlling competing vegetation, staying off the
soil when it is wet, avoiding burning or grazing, and selec-
tive cutting that thins the stands when needed increase
production.

The flooding, the seasonal wetness, and the high shrink-
swell potential severely limit building site development.
Special care is needed in design and construction. A
diversion terrace can divert water from the site. Dikes
can provide protection against flooding. If drain tiles that
are surrounded by sand or gravel are installed around
footings, wetness can be prevented and the variation in
moisture levels, the shrinking and swelling, and the uplift
pressure can be reduced. In some areas filling is needed
to provide surface drainage. Enlarging footings and foun-
dations and adding extra reinforcement steel can prevent
the cracking caused by shrink-swell expansion. Replacing
the soil material surrounding the foundations and footings
with material that shrinks and swells less than this soil
also is beneficial. Shrinking and swelling can be reduced
by insulating foundations and floors with an intervening
layer of sand or gravel below the depth of seasonal ex-
pansion.

The slow absorption of effluent, the seasonal wetness,
and the flooding severely limit the use of this soil as a
septic tank absorption field. Other methods of disposal,
such as a sewage lagoon or a sanitary sewer, should be
considered. The flooding severely limits the use of the soil
for sewage lagoons. Only the areas that are protected
against flooding or the areas that are not flooded and are
drained can be used for sewage lagoons. Capability sub-
class IIIw; Clay Lowland range site.

Wb—Wymore silty clay loam, 1 to 3 percent slopes.
This deep, gently sloping, moderately well drained or well
drained soil is on upland ridges and stream benches. In-
dividual areas are irregularly shaped.

Typically, the surface layer is very dark gray silty clay
loam about 6 inches thick. The subsoil is about 37 inches
thick. The upper part is very dark brown, firm silty clay
loam; the next part is very dark grayish brown and dark
grayish brown, very firm silty clay; the lower part is dark
grayish brown, firm silty clay loam. The underlying
material to a depth of about 60 inches is brown, grayish
brown, and pale brown silty clay loam. In places a buried
soil is below a depth of 30 inches. In some areas the sur-
face layer is thinner.

Included with this soil in mapping are small areas of
Shelby, Martin, and Pawnee soils. These soils make up
about 10 percent of the unit. They are on the lower
ridgetops and side slopes. The Martin soils forined in
residuum derived from shale or clay beds and are more
clayey in the lower part than this Wymore soil. The
Pawnee and Shelby soils formed in glacial till and contain
more sand throughout than the Wymore soil. '

Air and water move slowly through this soil. Surface
runoff is medium. Available water capacity is high. Reac-
tion varies in the surface layer as a result of local farm-
ing practices. The upper 30 inches ranges from medium
acid to neutral and the lower 30 inches from neutral to
moderately alkaline. Natural fertility is high, and organic-
matter content is moderate. The surface layer can be
easily worked, but it can crust or puddle during heavy
rains. Roots are restricted by the clayey part of the sub-
soil. The shrink-swell potential is high.

Most areas are farmed. Some are in range or pasture.
This soil has good potential for cropland, rangeland, and
pastureland. It has fair potential for recreation uses and
for openland and rangeland wildlife habitat. It has poor
potential for most engineering uses.

This soil is suited to corn, sorghum, soybeans, and small
grain and to grasses and legumes grown for hay and
pasture. The hazard of erosion is moderate. The main
management needs are maintaining organic-matter con-
tent, tilth, and fertility and controlling erosion. Minimizing
tillage, returning crop residue to the soil, and applying
barnyard or green manure and a proper amount of fertil-
izer maintain fertility and tilth, help to control erosion, in-
crease the rate of water absorption, and reduce crusting.
Contour farming, terraces, and grassed waterways are
needed to control runoff on most fields.

Tame and native perennial grasses are well suited to
this soil and are effective in controlling erosion. Proper
use, rotation grazing, and applications of a proper amount
of fertilizer in areas of tame grasses maintain a good
cover of desirable plants and thus maintain good produc-
tion and help to control erosion.

This soil is well suited to windbreaks. Special care is

needed when the trees are planted and when they are
young. Applying additional water during dry periods
promotes growth. Control of undesirable plants reduces
plant competition. Windbreaks should be protected from
grazing, fire, and rodents.
- The high shrink-swell potential and low strength
severely limit building site development. The harmful ef-
fects of shrinking and swelling and low strength can be
overcome by careful design and proper construction. En-
larging footings and foundations and adding extra rein-
forcement steel can prevent cracking. Installing a drain
tile surrounded by sand or gravel reduces the variation in
moisture levels, the shrinking and swelling, and the uplift
pressure. Replacing the soil surrounding the foundation
with soil material that shrinks and swells less than this
soil also is beneficial. Shrink-swell expansion can be
reduced by insulating foundations and floors with an in-
tervening layer of sand or gravel. In some cases the en-
tire basement floor can be reinforced so that it acts as a
foundation. Diverting surface water or filling low areas
provides good drainage. A plant cover is needed to con-
trol erosion around buildings.

The slow absorption of effluent severely limits the use
of this soil as a septic tank absorption field. Other
methods of sewage disposal, such as a sewage lagoon or a
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community sanitary sewer should be considered. Increas-
ing the size of the absorption field and installing perime-
ter drains around the absorption field improve the func-
tioning of septic tank systems.

Sewage lagoons are well suited to the soils where the
slope is less than 2 percent, but the soil has moderate
limitations if the slope is more than 2 percent. Onsite in-
vestigation is needed to locate the less sloping areas.
Small lagoons can be constructed in some of the more
sloping areas if embankments are used. Sewage can be
diverted to somewhat distant areas that are better suited
to lagoons and septic tank absorption fields. Capability
subclass ITe; Clay Upland range site.

We—Wymore silty clay loam, 2 to 5 percent slopes,
eroded. This deep, gently sloping to moderately sloping,
moderately well drained or well drained soil is on upland
ridges and stream benches. Individual areas are irregu-
larly shaped.

Typically, the surface layer is very dark gray or very
dark brown silty clay loam about 5 inches thick. The sub-
soil is about 33 inches thick. The upper part is very dark
grayish brown, very firm silty clay; the lower part is dark
grayish brown, firm silty clay loam. The underlying
material to a depth of about 60 inches is brown, grayish
brown, and pale brown silty clay loam. In places a buried
soil is below a depth of 30 inches. Gullies or gully scars
are evident in most areas. In a few small areas the sur-
face layer is thicker.

Included with this soil in mapping are small areas of
Shelby, Martin, and Pawnee soils. These soils make up
about 12 percent of the unit. They are on the lower
ridgetops and side slopes. The Martin soils formed in
residuum derived from shale or clay beds and are more
clayey in the lower part than this Wymore soil. The
Pawnee and Shelby soils formed in glacial till and contain
more sand throughout than the Wymore soil. ‘

Air and water move through this soil at a slow rate,
and surface runoff is medium. Available water capacity is
moderate to high. Reaction varies in the surface layer, de-
pending on past farming practices and management. Or-
ganic-matter content is moderate, and natural fertility is
high. The upper part of the subsoil is medium acid to
neutral. Reaction is neutral to moderately alkaine below a
depth of 30 inches. The soil is difficult to till because of
the content of clay in the surface layer and subsoil. The
surface layer can crust following heavy rains. The clayey
part of the subsoil restricts roots. The shrink-swell poten-
tial is high. ‘

Most areas are farmed. This soil has good potential for
cultivated crops, pasture, and range. It has fair potential
for recreation uses and for openland and rangeland wil-
dlife habitat. It has poor potential for most engineering
uses.

This soil is suited to corn, small grain, sorghum,
soybeans, and legumes and grasses. It is eroded and is
subject to further erosion, but it produces moderate
yields of cultivated crops if it is well managed. Applica-
tions of commercial fertilizer increase yields. Returning

crop residue to the soil and applying barnyard manure
and green manure crops improve tilth and protect the soil
against erosion. Minimum tillage, contour farming, ter-
races, and grassed waterways are needed to reduce soil
loss. Diversion terraces are needed on some stream
benches as protection against runoff from adjacent areas.

Tame and native grasses are effective in controlling
erosion. Establishing a grass cover can be difficult
because of low fertility and a slow rate of water absorp-
tion. As a result of improper use, additional soil is lost
and undesirable plants increase. Proper use and good
management are needed. If tame grasses are grown, ap-
plications of commercial fertilizer are needed to maintain
a good grass cover.

This soil is suited to windbreaks. Establishing wind-
breaks can be difficult because of the thin surface layer
and the clayey subsoil. Special care is needed when the
trees are planted and as they become established. Addi-
tional water is sometimes needed during dry periods.
Windbreaks should be protected from livestock, fire, and
rodents. '

The high shrink-swell potential and low strength
severely limit building site development. The harmful ef-
fects of shrinking and swelling and low strength can be
overcome by careful design and proper construction. En-
larging footings and foundations and adding extra rein-
forcement steel can prevent cracking. Installing a drain
tile surrounded by sand or gravel reduces the variation in
moisture levels, the shrinking and swelling, and the uplift
pressure. Replacing the soil surrounding the foundation
with soil material that shrinks and swells less than this
soil also is beneficial. Shrink-swell expansion can be
reduced by insulating foundations and floors with an in-
tervening layer of sand or gravel below the depth of
seasonal expansion. In some cases the entire basement
floor can be reinforced so that it acts as a foundation.
Retaining walls help to support footings and foundations.
Diverting surface water or filling low areas provides good

.drainage. Buildings should be constructed in the less slop-

ing areas. A plant cover is needed to control erosion
around buildings.

This soil is severely limited as a septic tank absorption
field because it absorbs effluent slowly. Other methods of
sewage disposal, such as a sewage lagoon or a community
sanitary sewer, should be considered. Increasing the size
of the absorption field and installing perimeter drains
around the absorption field improve the functioning of
septic tank systems.

The slope is a moderate limitation if this soil is used for
sewage lagoons. Onsite investigation is needed to locate
the less sloping areas. Small lagoons can be constructed in
some of the more sloping areas if embankments are used.
Sewage can be diverted to somewhat distant areas that
are better suited to lagoons and septic tank absorption
fields. Capability subclass IIle; Clay Upland range site.

Za—Zook silty clay loam. This deep, nearly level,
poorly drained soil is in backwater areas away from
stream channels on flood plains. It is subject to occasional
flooding and ponding. Areas are irregularly shaped.
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Typically, the surface layer is black silty clay loam
about 18 inches thick. The subsurface layer is black silty
clay about 20 inches thick. The subsoil extends to a depth
of more than 60 inches. It is dark gray, extremely firm
silty clay. In places the surface layer is thinner.

Included with this soil in mapping are small areas of
Chase, Kennebec, Olmitz, and Reading soils. These soils
make up about 10 percent of the unit. The Kennebec soils
are next to stream channels. They are less clayey than
this Zook soil. The Chase and Reading soils are in the
higher positions on high bottoms or terraces. They have a
thinner surface layer than this Zook: soil. The Olmitz soils
are on foot slopes next to uplands. They contain more
sand than the Zook soil.

Air and water move through this soil at a slow rate.
Surface runoff is slow to very slow, and ponding occurs in
a few slight depressions. Reaction ranges from medium
acid to neutral. Available water capacity is high. Natural
fertility is high, and organic-matter content is moderate.
The soil is fairly easy to till. Roots are restricted by the
underlying clay. The water table is below a depth of 15
inches. The shrink-swell potential is high.

Most areas are farmed. This soil has good potential for
cultivated crops, range, hay, pasture, and woodland. It has
poor potential for most engineering and recreation uses
and good potential for wetland wildlife habitat.

This soil is suited to all of the cultivated crops com-
monly grown in the county. In some areas crops are

damaged unless surface drainage is adequate. The main’

practices needed are those that maintain organic-matter
content and fertility. Minimizing tillage, returning crop
residue to the soil, and including a deep-rooted legume in
the crop rotation maintain or-improve fertility, organic-
matter content, and tilth. In places drainage ditches are
needed to keep water from ponding in depressions. In
some areas diversion terraces are needed to protect the
soil against runoff from adjacent uplands. Crop produc-
tion can be increased by applying a proper amount of fer-
tilizer and lime. .

This soil is suited to range or pasture. Proper stocking
rates, control of undesirable plants, and avoidance of
grazing when the soil is too wet keep the soil and the
grass in good condition.

This soil can be used as woodland. Controlling or
removing competing vegetation, not working the soil
when it is wet, and protecting wooded areas from grazing
are management needs. Thinning the tree stand by selec-

tive cutting is often needed. Prevention of fires is needed.’

This soil is poorly suited to building site development
because it is subject to flooding and has a high shrink-
swell potential. It is seasonally wet. Special care is needed
in design and construction. A diversion terrace can be
used to divert water away from the building site. Dikes
can be used to protect the site against flooding. If drain
tiles that are surrounded by sand or gravel are installed
around footings, wetness can be prevented and the varia-
tion in moisture levels, the shrinking and swelling, and
the uplift pressure can be reduced. In some depressional

areas, filling is needed to provide satisfactory surface
drainage. Enlarging footings and foundations and adding
extra reinforcement steel can prevent the cracking caused
by shrink-swell expansion. Replacing the soil surrounding
the foundations and footings with soil material that
shrinks and swells less than this soil also is beneficial.
Shrinking and swelling can be reduced by insulating foun-
dations and floors with an intervening layer of sand or
gravel below the depth of seasonal expansion. '

The slow absorption of effluent, the seasonal wetness,
and the f{looding severely limit the use of this soil as a
septic tank absorption field. A diversion terrace can
divert water away from the site. Areas that are not
flooded or are protected against flooding should be
selected. Enlarging the absorption field improves the
functioning of septic tank systems. Other methods of
disposal, such as a lagoon or a sanitary sewer, should be
considered.

The flooding severely limits the use of this soil for
sewage lagoons. If water is diverted and the site is pro-
tected against flooding or is not flooded and is drained,
sewage lagoons are suitable. Capability subclass ITw; Clay
Lowland range site.

Use and management of the soils

The soil survey is a detailed inventory and evaluation
of the most basic resource of the survey-area—the soil. It
is useful in adjusting land use, including urbanization, to
the limitations and potentials of natural resources and the
environment. Also, it can help avoid soil-related failures
in uses of the land. '

While a soil survey is in progress, soil scientists, con-
servationists, engineers, and others keep extensive notes
about the nature of the soils and about unique aspects of
behavior of the soils. These notes include data on erosion,
drought damage to specific crops, yield estimates, flood-
ing, the functioning of septic tank disposal systems, and
other factors affecting the productivity, potential, and
limitations of the soils under various uses and manage-
ment. In this way, field experience and measured data on
soil properties and performance are used as a basis for
predicting soil behavior.

Information in this section is useful in planning use and
management of soils for crops and pasture, rangeland,
and woodland, as sites for buildings, highways and other
transportation systems, sanitary facilities, and parks and
other recreation facilities, and for wildlife habitat. From
the data presented, the potential of each soil for specified
land uses can be determined, soil limitations to these land
uses can be identified, and costly failures in houses and
other structures, caused by unfavorable soil properties,
can be avoided. A site where soil properties are favorable
can be selected, or practices that will overcome the soil
limitations can be planned.

Planners and others using the soil survey can evaluate
the impact of specific land uses on the overall productivi-
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ty of the survey area or other broad planning area and on
the environment. Productivity and the environment are
closely related to the nature of the soil. Plans should
maintain or create a land-use pattern in harmony with the
natural soil.

Contractors can find information that is useful in locat-
ing sources of sand and gravel, roadfill, and topsoil. Other
information indicates the presence of bedrock, wetness, or
very firm soil horizons that cause difficulty in excavation.

Health officials, highway officials, engineers, and many
other specialists also can find useful information in this
soil survey. The safe disposal of wastes, for example, is
closely related to properties of the soil. Pavements, side-
walks, campsites, playgrounds, lawns, and trees and
shrubs are influenced by the nature of the soil.

Crops and pasture

The major management concerns in the use of-the soils
for crops and pasture are described in this section. In ad-
dition, the crops or pasture plants best suited to the soil,
including some not commonly grown in the survey area,
are discussed; the system of land capability classification
used by the Soil Conservation Service is explained; and
the estimated yields of the main crops and hay and
pasture plants are presented for each soil.

This section provides information about the overall
agricultural potential of the survey area and about the
management practices that are needed. The information is
useful to equipment dealers, land improvement contrac-
tors, fertilizer companies, processing companies, planners,
conservationists, and others. For each kind of soil, infor-
mation about management. is presented in the section
“Soil maps for detailed planning.” Planners of manage-
ment systems for individual fields or farms should also
consider the detailed information given in the description
of each soil. _

More than 364,000 acres in the survey area was used
for crops and pasture in 1975. Of this total, 175,000 acres
was cropland and 189,000 acres grassland.

The potential of the soils in Jackson County for in-
creased production of food is good. About 50,000 acres of
potentially good cropland is currently used as grassland
and woodland. In addition to the reserve productive
capacity represented by this acreage, food production
could also be increased considerably by extending the
latest crop production technology to all cropland in the
county. This soil survey can greatly facilitate the applica-
tion of such technology.

The acreage in crops and pasture is gradually decreas-
ing as more and more land is used for urban development.
In 1975, an estimated 15,000 acres was urban and built-up
land. The acreage under urban development has been
growing at the rate of about 50 acres per year. The use of
this soil survey to help make land-use decisions that will
influence the future role of farming in the county is
described under the heading “General soil map for broad
land-use planning,”

Soil erosion is the major soil problem on most of the
cropland and pasture in Jackson County. If the slope is
more than 2 percent, erosion is a hazard. Burchard, Mar-
tin, Olmitz, Pawnee, Shelby, and Wymore soils, for.exam-
ple, have slopes of 2 percent or more.

Loss of the surface layer through erosion is damaging
for two reasons. First, productivity is reduced as the sur-
face layer is lost and part of the subsoil is incorporated
into the plow layer. Loss of the surface layer is especially
damaging on soils with a clayey subsoil, such as Burchard,
Martin, Pawnee, Shelby, and Wymore soils, and on soils
with a layer, in or below the subsoil, that limits the depth
of the root zone. Such layers include the shale in Clime
and Vinland soils and the bedrock in Sogn soils. Second,
soil erosion on farmland results in sediment entering
streams. Control of erosion minimizes the pollution of
streams by sediment and improves the quality of water
for municipal use, for recreation, and for fish and wildlife.

In the clayey or hardpan spots in many sloping fields,
preparing a good seedbed and tilling are difficult because
the original friable surface soil has been eroded away.
Such spots are common in areas of the eroded Martin,
Pawnee, and Wymore soils.

Erosion control provides protective surface cover,
reduces runoff, and increases the rate of infiltration. A
cropping system that keeps a plant cover on the soil for
extended periods can hold soil erosion losses to an amount
that will not reduce the productive capacity of the soils.
On livestock farms, which require pasture and hay, in-
cluding legume and grass forage crops in the cropping
system reduces the risk of erosion on sloping soils and
also provides nitrogen and improves tilth for the follow-
ing crop.

Slopes are so short and irregular that terracing is not
practical in some areas of the moderately steep Burchard
and Shelby soils. On these soils minimum tillage and a
cropping system that provides substantial plant cover is
needed to control erosion. Minimizing tillage and leaving
crop residue on the surface increase the infiltration rate
and reduce the hazards of runoff and erosion. They can
be adapted to most soils in the survey area, but are less
successful on the eroded clayey soils, such as Martin,
Pawnee, and Wymore soils. No tillage for corn, grain
sorghum, and soybeans, which is common on an increasing
acreage, is effective in reducing the risk of erosion on
sloping soils. It can be adapted to most soils in the survey
area, but it is less successful on the soils with a clayey
surface layer.

Terraces and diversions reduce the length of slopes and
the risks of runoff and erosion. They are most practical
on deep, well drained and moderately well drained soils
that have regular slopes. Most of the arable soils on
uplands in Jackson County are suitable for terraces. The
other soils are less suitable because of irregular slopes or
because of bedrock or shale within a depth of 10 inches.
Contour farming and terraces help to reduce runoff and
soil loss.
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Soil blowing is a hazard on many soils. It can damage
the soils in a few hours if winds are strong and the soils
are dry and bare of vegetation or surface mulch. Main-
taining a plant cover or surface mulch or keeping the sur-
face rough through proper tillage minimizes soil blowing.

Information about the design of erosion-control prac-
tices for each kind of soil is contained in the Technical

Guide, available in local offices of the Soil Conservation
Service.

Soil drainage is the major management need on about 6
percent of the acreage used for crops and pasture in the
survey area. Some soils are naturally so wet that the
production of the crops commonly grown in the area is
difficult. These are the poorly drained and very poorly
drained Wabash and Zook soils, which make up about
22,000 acres in the survey area. Unless artificially
drained, these soils are so wet that crops are damaged
during wet years. The design of the drainage system va-
ries according to the kind of soil. Finding adequate out-
lets for drainage systems is difficult in some areas. Infor-
mation about the design that is needed on each kind of
soil is contained in the Technical Guide, available in local
offices of the Soil Conservation Service.

Soil fertility is naturally low in most soils in the
uplands. All soils but Burchard and Clime soils are natu-
rally acid. The soils on flood plains, such as Chase, Ken-
nebec, Reading, Wabash, and Zook soils, range from
slightly acid to mildly alkaline and are naturally higher in
content of plant nutrients than most upland soils.

On the many upland soils that are naturally acid, appli-
cations of ground limestone are needed to raise the pH
level sufficiently for good growth of alfalfa and other
crops that grow only on nearly neutral soils. The level of
available phosphorous is naturally low in most of these
soils. On all soils applications of lime and fertilizer should
be based on the results of soil tests, on the need of the
crop, and on the expected level of yields. The Cooperative
Extension Service can help in determining the kinds and
amounts of fertilizer and lime to apply.

Soil tilth is an important factor in the germination of
seeds and in the infiltration of water into the soil. Soils
with good tilth are granular and porous.

Most of the soils used for crops in the survey area have
a silt loam, clay loam, or silty clay loam surface layer that
is medium to low in content of organic matter. Generally,
the structure of such soils is weak, and the surface crusts
after intense rainfall. The crust is hard when it is dry,
and it is nearly impervious to water. Once the crust
forms, it reduces the infiltration rate and increases ru-
noff. Regular applications of crop residue, manure, and
other organic material and minimum tillage improve soil
structure and reduce the likelihood of crust formation.

Fall plowing is generally not a good practice. About
two-thirds of the cropland is sloping soils that are subject
to damaging erosion if they are plowed in the fall.

The dark colored, very poorly drained Wabash soils are
clayey, and poor tilth is a problem because the soils often
stay wet until late in spring. If they are wet when

plowed, they tend to be very cloddy when dry and good
seedbeds are difficult to prepare. Plowing in the fall
generally results in good tilth in the spring on Wabash
soils.

Field crops suited to the soils and climate of the survey
area include many that are not now commonly grown.
Corn,. grain sorghum, and soybeans are the main row
crops. Sunflowers, navy beans, sweet corn, and similar
crops can be grown if economic conditions are favorable.

Wheat is the most common close-growing crop in the
county. Oats, barley, buckwheat, and flax could be grown,
and grass seed from bromegrass, fescue, alfalfa, and
clover could be produced.

The latest information about growing special crops can

.be obtained from local offices of the Cooperative Exten-

sion Service and the Soil Conservation Service.

Yields per acre

The average yields per acre that can be expected of the
principal crops under a high level of management are
shown in table 5. In any given year, yields may be higher
or lower than those indicated in the table because of
variations in rainfall and other climatic factors. Absence
of an estimated yield indicates that the crop is not suited
to or not commonly grown on the soil.

The estimated yields were based mainly on the ex-
perience and records of farmers, conservationists, and ex-
tension agents. Results of field trials and demonstrations
and available yield data from nearby counties were also
considered. '

The yields were estimated assuming that the latest soil
and crop management practices were used. Hay and
pasture yields were estimated for/ the most productive
varieties of grasses and legumes suited to the climate and
the soil. /A few farmers may be obtaining average yields
higher than those shown in table 5.

The management needed to achieve the indicated yields
of the various crops depends on the kind of soil and the
crop. Such management provides drainage, erosion con-
trol, and protection from flooding; the proper planting
and seeding rates; suitable high-yielding crop varieties;
appropriate tillage practices, including time of tillage and
seedbed preparation and tilling when soil moisture is
favorable; control of weeds, plant diseases, and harmful
insects; favorable soil reaction and optimum levels of

~nitrogen, phosphorus, potassium, and trace elements for

each crop; effective use of crop residues, barnyard
manure, and green-manure crops; harvesting crops with
the smallest possible loss; and timeliness of all fieldwork.

The estimated yields reflect the productive capacity of
the soils for each of the principal crops. Yields are likely
to increase as new production technology is developed.
The productivity of a given soil compared with that of
other soils, however, is not likely to change.

Crops other than those shown in table 5 are grown in
the survey area, but estimated yields are not included
because the acreage of these crops is small. The local of-
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fices of the Soil Conservation Service and the Coopera-
tive Extension Service can provide information about the
management concerns and productivity of the soils for
these crops.

Capability classes and subclasses

Capability classes and subclasses show, in a general
way, the suitability of soils for most kinds of field crops.
The soils are classed according to their limitations when
they are 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 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, horticul-
tural crops, or other crops that require special manage-
ment. Capability classification is not a substitute for in-
terpretations designed to show suitability and limitations
of groups of soils for rangeland, for forest trees, or for
engineering purposes.

In the capability system, all kinds of soil are grouped at
three levels: capability class, subclass, and unit (9). The
capability class and subclass are defined in the following
paragraphs. A survey area may not have soils of all
classes.

Capability classes, the broadest groups, are designated
by Roman numerals I through VIII. The numerals in-
dicate progressively greater limitations and narrower cho-
ices for practical use. The classes are defined as follows:

Class I soils have few limitations that restrict their use.

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

Class III soils have severe limitations that reduce the
choice of plants, or that require special conservation prac-
tices, or both.

Class IV soils have very severe limitations that reduce
the choice of plants, or that require very careful manage-
ment, or both.

Class V soils are not likely to erode but have other
limitations, impractical to remove, that limit their use.

Class VI soils have severe limitations that make them
generally unsuitable for cultivation.

Class VII soils have very severe limitations that make
them unsuitable for cultivation.

Class VIII soils and landforms have hmxtatlons that
nearly preclude their use for commercial crop production.

Capability subclasses are soil groups within one class;
they are designated by adding a small letter, e, w, s, or c,
to the class numeral, for example, Ile. The letter e shows
that the main limitation is risk of erosion unless close-
growing plant cover is maintained; w shows that water in
or on the soil interferes with plant growth or cultivation
(in some soils the wetness can be partly corrected by ar-
tificial drainage); s shows that the soil is limited mainly
because it is shallow, droughty, or stony; and ¢, used in

only some parts of the United States, shows that the
chief limitation is climate that is too cold or too dry.

In class I there are no subclasses because the soils of
this class have few limitations. Class V contains only the
subclasses indicated by w, 8, or ¢ because the soils in class
V are subject to little or no erosion, though they have
other limitations that restrict their use to pasture, range-
land, woodland, wildlife habitat, or recreation.

The capability subclass is identified in the description
of each soil map unit in the section “Soil maps for
detailed planning.”

Rangeland

About 68,000 acres, or 16 percent of Jackson County, is
rangeland. Most of the rangeland is in the western part of
the county. Much of the farm income is derived from the
sale of livestock, principally beef cattle. The total number
of cattle in the county in 1974 was about 67,000, of hogs
about 22,000, of sheep about 2000 and of chickens about
38,000 (5). _

The major source of livestock feed is native range and
tame pasture, but the crops and their by-products are ex-
ensively used as supplemental feed. In winter the native
forage is often supplemented with protein concentrate.
Almost all of the rangeland in the county is intermingled
with cultivated fields. The areas of rangeland are
generally too rocky or too steep to be cultivated. Some
areas have been set aside for native hay production.

The native vegetation in many parts of the survey area
has been greatly depleted by continued excessive use.
Much of the acreage that was once open grassland is now
covered with brush, weeds, osageorange, and red cedar.
In some areas the amount of forage produced is less than
half of that originally produced. Productivity of rangeland
can be increased through management that is effective
for specific kinds of soil and range sites.

Where climate and topography are about the same, dif-
ferences in the kind and amount of vegetation that range-
land can produce are related closely to the kind of soil
Effective management is based on the relationships
among soils, vegetation, and water.

Table 6 shows, for each kind of soil, the name of the
range site; the potential annual production of vegetation
in favorable, normal, and unfavorable years; the charac-
teristic vegetation; and the expected percentage of each
species in the composition of the potential natural plant
community. Soils not listed cannot support a natural plant
community of predominately grasses, grasslike plants,
forbs, or shrubs suitable for grazing or browsing. The fol-
lowing are explanations of column headings in table 6.

A range site is a distinctive kind of rangeland that dif-
fers from other kinds of rangeland in its ability to
produce a.characteristic natural plant community. Soils
that produce a similar kind, amount, and proportion of
range plants are grouped into range sites (fig. 7). For
those areas where the relationship between soils and
vegetation has been established, range sites can be in-
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terpreted directly from- the soil map. Properties that
determine the capacity of the soil to supply moisture and
plant nutrients have the greatest influence on the produc-
tivity of range plants. Soil reaction, salt content, and a
seasonal high water table are also important.

Potential production refers to the amount of vegetation
that can be expected to grow annually on well managed
rangeland that is supporting the potential natural plant
community. It is expressed in pounds per acre of air-dry
vegetation- for favorable, normal, and unfavorable years.
In a favorable year the amount and distribution of
precipitation and the temperatures are such that growing
conditions are substantially better than average; in a nor-
mal year these conditions are about average for the area;
in an unfavorable year, growing conditions are well below
average, generally because of low available soil moisture.

Dry weight refers to the total air-dry vegetation
produced per acre each year by the potential natural
plant community. Vegetation that is highly palatable to
livestock and vegetation that is unpalatable are included.
Some of the vegetation can also be grazed extensively by
wildlife.

‘Common plant names- of grasses, grasslike plants,

forbs, and shrubs that make up most of the potential
natural plant community on each soil are listed in table 6.
Under Composition, the expected proportion of each spe-
cies is presented as the percentage, in air-dry weight, of
the total annual production of herbaceous and woody
plants. The amount that can be used as forage depends on
the kinds of grazing animals and on the grazing season.
Generally all of the vegetation produced is not used.
- Range management requires, in addition to knowledge
of the kinds of soil and the potential natural plant com-
munity, an evaluation of the present condition of the
range vegetation in relation to its potential. Range condi-
tion is determined by comparing the present plant com-
munity with the potential natural plant community on a
particular range site. The more closely the existing com-
munity resembles the potential community, the better the
range condition. The objective in range management is to
control grazing so that the plants growing on a site are
about the same in kind and amount as the potential natu-
ral plant community for that site. Such management
generally results in the maximum production of vegeta-
tion, conservation of water, and control of erosion. Some-
times, however, a range condition somewhat below the
potential meets grazing needs, provides wildlife habitat,
and protects soil and water resources.

Woodland management and productivity

About 17,000 acres, or 4 percent of the land area in
Jackson County, is woodland. About 95 percent of the
woodland is used for grazing. Only a small part of the
woodland is managed for timber production.” Wooded
areas also provide food and cover for wildlife, and some
areas are used for recreation.

The woodland in the uplands is an oak-hickory associa-
tion having an understory of grasses. This association is
commonly referred to as a savannah type of plant associa-
tion. Hickory, oak, elm, ash, osageorange, and other trees
and sumac, buckbrush, and other small woody plants
make up the woody vegetation. Most of the annual grass
yield is of little bluestem and big bluestem. The rest is
of indiangrass, sedges, switchgrass, Virginia wildrye,
rosette panicums, and a variety of other species. -

The woodland on bottom land is a lowland plains hard-
wood association. Ash, cottonwood, elm, willow, sycamore,
bur oak, soft maple, black walnut, hackberry, hickory,
boxelder, and other smaller woody plants make up the
woodland vegetation. Elm, ash, and cottonwood make up
the majority of the tree stand in the valley of the
Delaware River. Elm, ash, black walnut, and hackberry
make up the majority of the tree stand along the tributa-
ries of the Delaware River and the Kansas River.

When they reach adequate size, most of the trees are
cut for saw logs. A few are cut for fuel or for fenceposts.
Hedgerows or fence rows of osageorange are throughout
the county. Osageorange is used for fenceposts.
Osageorange and eastern redcedar grow extensively on
overgrazed pasture and range.

The bottom-land soils have a high potential for produc-
tion of trees that grow to timber size, but most of these
soils are used for crops. The upland soils have little
potential for production of saw logs, but trees on the hilly
uplands protect watersheds.

Table 7.contains information useful to woodland owners
or forest managers planning use of soils for wood crops.
Map unit symbols for soils suitable for wood crops are
listed. ,

In table 7 the soils are also rated for a number of fac-
tors to be considered in management. Slight, moderate,
and severe are used to indicate the degree of major soil
limitations.

Ratings of the erosion hazard indicate the risk of loss
of soil in well managed woodland. The risk is slight if the
expected soil loss is small, moderate if some measures are
needed to control erosion during logging and road con-
struction, and severe if intensive management or special
equipment and methods are needed to prevent excessive
loss of soil.

Ratings of equipment limitation reflect the charac-
teristics and conditions of the soil that restrict use of the
equipment generally needed in woodland management or
harvesting. A rating of slight indicates that use of equip-
ment is not limited to a particular kind of equipment or
time of year; moderate indicates a short seasonal limita-
tion or a need for some modification in management or
equipment; severe indicates a seasonal limitation, a need
for special equipment or management, or a hazard in the
use of equipment.

Seedling mortality ratings indicate the degree that the
soil affects expected mortality of planted tree seedlings.
Plant competition is not considered in the ratings.
Seedlings from good planting stock that are properly
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planted during a period of sufficient rainfall are rated. A
rating of slight indicates that the expected mortality of
the planted seedlings is less than 25 percent; moderate, 25
to 50 percent; and severe, more than 50 percent.

Considered in the ratings of windthrow hazard are
characteristics of the soil that affect the development of
tree roots and the ability of the soil to hold trees firmly.
A rating of slight indicates that trees in wooded areas are
not expected to be blown down by commonly occurring
winds; moderate, that some trees are blown down during
periods of excessive soil wetness and strong winds; and
severe, that many trees are blown down during periods of
excessive soil wetness and moderate or strong winds.

Ratings of plant competition indicate the degree to
which undesirable plants are expected to invade or grow
if openings are made in the tree canopy. The invading
plants compete with native plants or planted seedlings by
impeding or preventing their growth. A rating of slight
-indicates little or no competition from other plants;
moderate indicates that plant competition is expected to
hinder the development of a fully stocked stand of desira-
ble trees; severe means that plant competition is expected
to prevent the establishment of a desirable stand unless
the site is intensively prepared, weeded, or otherwise
managed for the control of undesirable plants.

The potential productivity of merchantable or impor-
tant trees on a soil is expressed as a site index. This index
is the average height, in feet, that dominant and codomi-
nant trees of a given species attain in a specified number
of years. The site index applies to fully stocked, even-
aged, unmanaged stands. Important trees are those that
woodland managers generally favor in intermediate or im-
provement cuttings. They are selected on the basis of
growth rate, quality, value, and marketability. '

Trees to plant are those that are suitable for commer-
cial wood production and that are suited to the soils.

Windbreaks and environmental plantings

Windbreaks are established to protect livestock,
buildings, and yards from wind and snow. Windbreaks
also help protect fruit trees and gardens, and they furnish
habitat for wildlife. Several rows of low- and high-grow-
ing broad-leaved and coniferous species provide the most
protection.

Field windbreaks are narrow plantings made at right
angles to the prevailing wind and at specific intervals
across the field, the interval depending on erodibility of
the soil. They protect cropland and crops from wind, hold
snow on the fields, and provide food and cover for wil-
dlife.

Environmental plantings help to beautify and screen
houses and other buildings and to abate noise. The plants,
mostly evergreen shrubs and trees, are closely spaced. A
healthy planting stock of suitable species planted properly
on a well prepared site and maintained in good condition
can insure a high degree of plant survival.

Additional information about planning windbreaks and
screens and the planting and care of trees can be ob-
tained from local offices of the Soil Conservation Service
or the Cooperative Extension Service or from
nurserymen.

Engineering

This section provides information about the use of soils
for building sites, sanitary facilities, construction material,
and water management. Among those who can benefit
from this information are engineers, landowners, commu-
nity planners, town and city managers, land developers,
builders, contractors, and farmers and ranchers.

The ratings in the engineering tables are based on test
data and estimated data in the “Soil properties” section.
The ratings were determined jointly by. soil scientists and
engineers of the Soil Conservation Service using known
relationships between the soil properties and the behavior
of soils in various engineering uses.

Among the soil properties and site conditions identified
by a soil survey and used in determining the ratings in
this section were grain-size distribution, liquid limit,
plasticity index, soil reaction, depth to bedrock, hardness
of bedrock that is within 5 or 6 feet of the surface, soil
wetness, depth to a seasonal high water table, slope,
likelihood of flooding, natural soil structure or aggrega-
tion, in-place soil density, and geologic origin of the soil
material. Where pertinent, data about kinds of clay
minerals, mineralogy of the sand and silt fractions, and
the kind of absorbed cations were also considered.

On the basis of information assembled about soil pro-
perties, ranges of values can be estimated for erodibility,
permeability, corrosivity, shrink-swell potential, available
water capacity, shear strength, compressibility, slope sta-
bility, and other factors of expected soil behavior in en-
gineering uses. As appropriate, these values can be ap-
plied to each major horizon of each soil or to the entire
profile.

These factors of soil behavior affect construction and
maintenance of roads, airport runways, pipelines, founda-
tions for small buildings, ponds and small dams, irrigation
projects, drainage systems, sewage and refuse disposal
systems, and other engineering works. The ranges of
values can be used to (1) select potential residential, com-
mercial, industrial, and recreational uses; (2) make
preliminary estimates pertinent to construction in a par-
ticular area; (3) evaluate alternative routes for roads,
streets, highways, pipelines, and underground cables; (4)
evaluate alternative sites for location of sanitary landfills,
onsite sewage disposal systems, and other waste disposal
facilities; (5) plan detailed onsite investigations of soils
and geology; (6) find sources of gravel, sand, clay, and
topsoil; (7) plan farm drainage systems, irrigation
systems, ponds, terraces, and other structures for soil and
water conservation; (8) relate performance of structures
already built to the properties of the kinds. of soil on
which they are built so that performance of similar struc-
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tures on the same or a similar soil in other locations can
be predicted; and (9) predict the trafficability of soils for
cross-country movement of vehicles and construction
equipment.

Data presented in this section are useful for land-use
planning and for choosing alternative practices or
general designs that will overcome unfavorable soil pro-
perties and minimize soil-related failures. Limitations to
the use of these data, however, should be well understood.
First, the data are generally not presented for soil
material below a depth of 5 or 6 feet. Also, because of the
scale of the detailed map in this soil survey, small areas
of soils that differ from the dominant soil may be in-
cluded in mapping. Thus, these data do not eliminate the
need for onsite investigations, testing, and analysis by
personnel having expertise in the specific use contem-
plated.

The information is presented mainly in tables. Table 8
shows, for each kind of soil, the degree and kind of limita-
tions for building site development; and table 10, for sani-
tary facilities. Table 11 shows the kind of limitations for
water management. Table 9 shows the suitability of each
kind of soil as a source of construction materials.

The information in the tables, along with the soil map,
the soil descriptions, and other data provided in this sur-
vey, can be used to make additional interpretations and to
construct interpretive maps for specific uses of land.

Some of the terms used in this soil survey have a spe-
cial meaning in soil science. Many of these terms. are
defined in the Glossary.

Building site development

The degree and kind of soil limitations that affect shal-
low excavations, dwellings with and without basements,
small commercial buildings, and local roads and streets
are indicated in table 8. A slight limitation indicates that
soil properties generally are favorable for the specified
use; any limitation is minor and easily overcome. A
moderate limitation indicates that soil properties and site
features are unfavorable for the specified use, but the
limitations can be overcome or minimized by special
planning and design. A severe limitation indicates that one
or more soil properties or site features are so unfavorable
or difficult to overcome that a major increase in construc-
tion effort, special design, or intensive maintenance is
required. For some soils rated severe, such costly mea-
sures may not be feasible.

Shallow excavations are made for pipelines, sewerlines,
communications and power transmission lines, basements,
open ditches, and cemeteries. Such digging or trenching is
influenced by soil wetness caused by a seasonal high
water table; the texture and consistence of soils; the ten-
dency of soils to cave in or slough; and the presence of
very firm, dense soil layers, bedrock, or large stones. In
addition, excavations are affected by slope of the soil and
the probability of flooding. Ratings do not apply to soil
horizons below a depth of 6 feet uriless otherwise noted.

In the soil series descriptions, the consistence of each
soil horizon is given, and the presence of very firm or ex-
tremely firm horizons, usually difficult to excavate, is in-
dicated. -

Dwellings and small commercial buildings referred to
in table 8 are built on undisturbed soil and have founda-
tion loads of a dwelling no more than three stories high.
Separate ratings are made for small commercial buildings
without basements and for dwellings with and without
basements. For such structures, soils should be suffi-
ciently stable that cracking or subsidence of the structure
from settling or shear failure of the foundation does not
occur. These ratings were determined from estimates of
the shear strength, compressibility, and shrink-swell
potential of the soil. Soil texture, plasticity and in-place
density, potential frost action, soil wetness, and depthto a
seasonal high water table were also considered. Soil wet-
ness and depth to a seasonal high water table indicate
potential difficulty in providing adequate drainage for
basements, lawns, and gardens. Depth to bedrock, slope,
and large stones in or on the soil are also important con-
siderations in the choice of sites for these structures and
were considered in determining the ratings. Susceptibility
to flooding is a serious hazard.

Local roads and streets referred to in table 8 have an
all-weather surface that can carry light to medium traffic
all year. They consist of a subgrade of the underlying soil
material; a base of gravel, crushed rock fragments, or soil
material stabilized with lime or cement; and a flexible or
rigid surface, commonly asphalt or concrete. The roads
are graded with soil material at hand, and most cuts and
fills are less than 6 feet deep.

The load supporting capacity and the stability of the
soil as well as the quantity and workability of fill material
available are important in design and construction of
roads and streets. The classifications of the soil and the
soil texture, density, shrink-swell potential, and potential
frost action are indicators of the traffic supporting capaci-
ty used in making the ratings. Soil wetness, flooding,
slope, depth to hard rock or very compact layers, and con-
tent of large stones affect stability and ease of excava-
tion:

Construction materials

‘The suitability of each soil as a source of roadfill, sand,
gravel, and topsoil is indicated in table 9 by ratings of
good, fair, or poor. The texture, thickness, and organic-
matter content of each soil horizon are important factors
in rating soils for use as construction materials. Each soil
is evaluated to the depth observed, generally about 6 feet.

Roadfill is soil material used in embankments for
roads. Soils are evaluated as a source of roadfill for low
embankments, which generally are less than 6 feet high
and less exacting in design than high embankments. The
ratings reflect the ease of excavating and working the
material and the expected performance of the material
where it has been compacted and adequately drained. The
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performance of soil after it is stabilized with lime or ce-
ment is not considered in the ratings, but information
about some of the soil properties that influence such per-
formance is given in the descriptions of the soil series.

The ratings apply to the soil material between the A
horizon and a depth of 5 to 6 feet. It is assumed that soil
horizons will be mixed during excavation and spreading.
Many soils have horizons of contrasting suitability within
their profile. The estimated engineering properties in
table 14 provide specific information about the nature of
each horizon. This information can help determine the
suitability of each horizon for roadfill.

Soils rated good are coarse grained. They have low
shrink-swell potential, low potential frost action, and few
cobbles and stones. They are at least moderately well
drained and have slopes of 15 percent or less. Soils rated
fair have a plasticity index of less than 15 and have other
limiting features, such as moderate shrink-swell potential,
moderately steep slopes, wetness, or many stones. If the
thickness of suitable material is less than 3 feet, the en-
tire soil is rated poor.

Sand and gravel are used in great quantities in many
kinds of construction. The ratings in table 9 provide
guidance as to where to look for probable sources and are
based on the probability that soils in a given area contain
sizable quantities of sand or gravel. A soil rated good or
fair has a layer of suitable material at least 3 feet thick,
the top of which is within a depth of 6 feet. Coarse frag-
ments of soft bedrock material, such as shale and silt-
stone, are not considered to be sand and gravel. Fine-
grained soils are not suitable sources of sand and gravel.

The ratings do not take into account depth to the water
table or other factors that affect excavation of the
material. Descriptions of grain size, kinds of minerals,
reaction, and stratification are given in the soil series
descriptions and in table 14.

Topsoil is used in areas where vegetation is to be
established and maintained. Suitability is affected mainly
by the ease of working and spreading the soil material in
preparing a seedbed and by the ability of the soil material
to support plantlife. Also considered is the damage that
can result at the area from which the topsoil is taken.

The ease of excavation is influenced by the thickness of
suitable material, wetness, slope, and amount of stones.
The ability of the soil to support plantlife is determined
by texture, structure, and the amount of soluble salts or
toxic substances. Organic matter in the Al or Ap horizon
greatly increases the absorption and retention of moisture

and nutrients. Therefore, the soil material from these.

horizons should be carefully preserved for later use.

. Soils rated good have at least 16 inches of friable loamy
material at their surface. They are free of stones and cob-
bles, are low in content of gravel, and have gentle slopes.
They are low in soluble salts that can limit or prevent
plant growth. They are naturally fertile or respond well

to fertilizer. They are not so wet that excavation is dif- -

ficult during most of the year.

Soils rated fair are loose sandy soils or firm loamy or
clayey soils in which the suitable material is only 8 to 16
inches thick or soils that have appreciable amounts of
gravel, stones, or soluble salt.

Soils rated poor are very sandy soils and very firm
clayey soils; soils with suitable layers less than 8 inches
thick; soils having large amounts of gravel, stones, or
soluble salt; steep soils; and poorly drained soils.

Although a rating of good is not based entirely on high

_content of organic matter, a surface horizon is generally

preferred for topsoil because of its organic-matter con-
tent. This horizon is designated as Al or Ap in the soil se-
ries descriptions. The absorption and retention of
moisture and nutrients for plant growth are greatly in-
creased by organic matter.

Sanitary facilities

Favorable soil properties and site features are needed
for proper functioning of septic tank absorption fields,
sewage lagoons, and sanitary landfills (6). The nature of
the soil is important in selecting sites for these facilities
and in identifying limiting soil properties and site fea-
tures to be considered in design and installation. Also,
those soil properties that affect ease of excavation or in-
stallation of these facilities will be of interest to contrac-
tors and local officials. Table 10 shows the degree and
kind of limitations of each soil for such uses and for use
of the soil as daily cover for landfills. It is important to
observe local ordinances and regulations.

If the degree of soil limitation is expressed as slight,
soils are generally favorable for the specified use and
limitations are minor and easily overcome; if moderate,
soil properties or site features are unfavorable for the
specified use, but limitations can be overcome by special
planning and design; and if severe, soil properties or site
features are so unfavorable or difficult to overcome that
major soil reclamation, special designs, or intensive main-
tenance is required. Soil suitability is rated by the terms
good, fair, or poor, which, respectively, mean about the
same as the terms slight, moderate, and severe.

Septic tank absorption fields are subsurface systems of
tile or perforated pipe that distribute effluent from a sep-
tic tank into the natural soil. Only the soil horizons
between depths of 18 and 72 inches are evaluated for this
use. The soil properties and site features considered are
those that affect the absorption of the effluent and those
that affect the construction of the system.

Properties and features that affect absorption of the
effluent are permeability, depth to seasonal high water
table, depth to bedrock, and susceptibility to flooding.
Stones, boulders, and shallowness to bedrock interfere
with installation. Excessive slope can cause lateral
seepage and surfacing of the effluent. Also, soil erosion
and soil slippage are hazards if absorption fields are in-
stalled on sloping soils.

In some soils, loose sand and gravel or fractured
bedrock is less than 4 feet below the tile lines. In these
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soils the absorption field does not adequately filter the ef-
fluent, and ground water in the area may be con-
taminated.

On many of the soils that have moderate or severe
limitations for use as septic tank absorption fields, a
system to lower the seasonal water table can be installed
or the size of the absorption field can be increased so that
performance is satisfactory.

Sewage lagoons are shallow ponds constructed to hold
sewage while aerobic bacteria decompose the solid and
liquid wastes. Lagoons have a nearly level floor and cut
slopes or embankments of compacted soil material. Aero-
bic lagoons generally are designed to hold sewage within
a depth of 2 to 5 feet. Nearly impervious soil material for
the lagoon floor and sides is required to minimize seepage
and contamination -of ground water. Soils that are very
high in content of organic matter and those that have
cobbles, stones, or boulders are not suitable. Unless the
soil has very slow permeability, contamination of ground
water is a hazard where the seasonal high water table is
above the level of the lagoon floor. In soils where the
water table is seasonally high, seepage of ground water
into the lagoon can seriously reduce the lagoon’s capacity
for liquid waste. Slope, depth to bedrock, and susceptibili-
ty to flooding also affect the suitability of sites for
sewage lagoons or the cost of construction. Shear
strength and permeability of compacted soil material af-
fect the performance of embankments.

Sanitary landfill is a method of disposing of solid
waste by placing refuse in successive layers either in ex-
cavated trenches or on the surface of the soil. The waste
is spread, compacted, and covered daily with a thin layer
of soil material. Landfill areas are subject to heavy
vehicular traffic. Risk of polluting ground water and traf-
ficability affect the suitability of a soil for this use. The
best soils have a loamy or silty texture, have moderate to
slow permeability, are deep to a seasonal water table, and
are not subject to flooding. Clayey soils are likely to be
sticky and difficult to spread. Sandy or gravelly soils
generally have rapid permeability, which might allow nox-
ious liquids to contaminate ground water. Soil wetness
can be a limitation, because operating heavy equipment
on a wet soil is difficult. Seepage into the refuse increases
the risk of pollution of ground water.

Ease of excavation affects the suitability of a soil for .

the trench type of landfill. A suitable soil is deep to
bedrock and free of large stones and boulders. If the
seasonal water table is high, water will seep into
trenches. '

Unless otherwise stated, the limitations in table 10
apply only to the soil material within a depth of about 6
feet. If the trench is deeper, a limitation of slight or

moderate may not be valid. Site investigation is needed

before a site is selected.

Daily cover for landfill should be soil that is easy to
excavate and spread over the compacted fill in wet and
dry periods. Soils that are loamy or silty and free of
stones or boulders are better than other soils. Clayey

soils may be sticky and difficult to spread; sandy soils
may be subject to soil blowing.

The soils selected for final cover of landfills should be
suitable for growing plants. Of all the horizons, the A
horizon in most soils has the best workability, more or-
ganic matter, and the best potential for growing plants.
Thus, for either the area- or trench-type landfill, stockpil-
ing material from the A horizon for use as the surface
layer of the final cover is desirable.

Where it is necessary to bring in soil material for daily
or final cover, thickness of suitable soil material available
and depth to a seasonal high water table in soils sur-
rounding the sites should be evaluated. Other factors to
be evaluated are those that affect reclamation of the bor-
row areas. These factors include slope, erodibility, and
potential for plant growth.

Water management

Many soil properties and site features that affect water
management practices have been identified in this soil
survey. In table 11 soil and site features that affect use
are indicated for each kind of soil. This information is sig-
nificant in planning, installing, and maintaining water-con-
trol structures. _

Pond reservoir areas hold water behind a dam or em-
bankment. Soils best suited to this use have a low
seepage potential, which is determined by permeability
and the depth to fractured or permeable bedrock or other
permeable material.

Embankments, dikes, and levees require soil material
that is resistant to seepage, erosion, and piping and has
favorable stability, shrink-swell potential, shear strength,
and compaction characteristics. Large stones and organic
matter in a soil downgrade the suitability of a soil for use
in embankments, dikes, and levees.

Drainage of soil is affected by such soil properties as
permeability; texture; depth to bedrock, hardpan, or other
layers that affect the rate of water movement; depth to
the water table; slope; stability of ditchbanks; suscepti-
bility to flooding; salinity and alkalinity; and availability
of outlets for drainage.

Irrigation is affected by such features as slope, suscep-
tibility to flooding, hazards of- water erosion and soil
blowing, texture, presence of salts and alkali, depth of
root zone, rate of water intake at the surface, permeabili-
ty of the soil below the surface layer, available water
capacity, need for drainage, and depth to the water table.

Terraces and diversions are embankments or a com-
bination of channels and ridges constructed across a slope
to intercept runoff. They allow water to soak into the soil
or flow slowly to an outlet. Features that affect suitabili-
ty of a soil for terraces are uniformity and steepness of
slope; depth to bedrock, hardpan, or other unfavorable
material; large stones; permeability; ease of establishing
vegetation; and resistance to water erosion, soil blowing,
soil slipping, and piping.
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Grassed waterways are constructed to channel runoff to
outlets at a nonerosive velocity. Features that affect the
use of soils for waterways are slope, permeability, erodi-
bility, wetness, and suitability for permanent vegetation.

Recreation:

The soils of the survey area are rated in table 12 ac-
cording to limitations that affect their suitability for
recreation uses. The ratings are based on such restrictive
soil features as flooding, wetness, slope, and texture of
the surface layer. Not considered in these ratings, but im-
portant in evaluating a site, are location and accessibility
of the area, size and shape of the area and its scenic
quality, the ability of the soil to support vegetation, ac-
cess to water, potential water impoundment sites availa-
ble, and either access to public sewerlines or capacity of
‘the soil to absorb septic tank effluent. Soils subject to
flooding are limited, in varying degree, for recreation use
by the duration and intensity of flooding and the season
when flooding occurs. Onsite assessment of height, dura-
tion, intensity, and frequency of flooding is essential in
planning recreation facilities.

The degree of the limitation of the soils is expressed as
slight, moderate, or severe. Slight means that the soil pro-
perties are generally favorable and that the limitations
are minor and easily overcome. Moderate means that the
limitations can be overcome or alleviated by planning,
design, or special maintenance. Severe means that soil
properties are unfavorable and that limitations can be off-
set only by costly soil reclamation, special design, inten-
sive maintenance, limited use, or by a combination of
these measures.

The information in table 12 can be supplemented by in-
formation in other parts of this survey. Especially helpful
are interpretations for septic tank absorption fields, given
in table 10, and interpretations for dwellings without
basements and for local roads and streets, given in table
8.

Camp areas require such site preparation as shaping
and leveling for tent and parking areas, stabilizing roads
and intensively used areas, and installing sanitary facili-
ties and utility lines. Camp areas are subject to heavy
foot traffic and some vehicular traffic. The best soils for
this use have mild slopes and are not wet or subject to
flooding during the period of use. The surface has few or
no stones or boulders, absorbs rainfall readily but remains
firm, and is not dusty when dry. Strong slopes and stones
or boulders can greatly increase the cost of constructing
camping sites.

Picnic areas are subject to heavy foot traffic. Most
vehicular traffic is confined to access roads and parking
areas. The best soils for use as picnic areas are firm when
wet, are not dusty when dry, are not subject to flooding
during the period of use, and do not have slopes or stones
or boulders that will increase the cost of shaping sites or
of building access roads and parking areas.

Playgrounds require soils that can withstand intensive
foot traffic. The best soils are almost level and are not
wet or subject to flooding during the season of use. The
surface is free of stones or boulders, is firm after rains,
and is not dusty when dry. If shaping is required to ob-
tain a uniform grade, the depth of the soil over bedrock
or hardpan should be enough to allow necessary grading.

Paths and trails for walking, horseback riding,
bicycling, and other uses should require little or no
cutting and filling. The best soils for this use are those
that are not wet, are firm after rains, are not dusty when
dry, and are not subject to flooding more than once dur-
ing the annual period of use. They have moderate slopes
and have few or no stones or boulders on the surface.

Wildlife habitat

RoBERT J. HIGGINS, biologist, Soil Conservation Service, helped
prepare this section.

Soils directly affect the kind and amount of vegetation
that is available to wildlife as food and cover, and they af-
fect the construction of water impoundments. The kind
and abundance of wildlife that populate an area depend
largely on the amount and distribution of food, cover, and
water. If any one of these elements is missing, is in-
adequate, or is inaccessible, wildlife either are scarce or
do not inhabit the area.

If the soils have the potential, wildlife habitat can be
created or improved by planting appropriate vegetation,
by maintaining the existing plant cover, or by helping the
natural establishment of desirable plants.

In table 13, the soils in the survey area are rated ac-
cording to their potential to support the main kinds of
wildlife habitat in the area. This information can be used
in planning for parks, wildlife refuges, nature study areas,
and other developments for wildlife; selecting areas that
are suitable for wildlife; selecting soils that are suitable
for creating, improving, or maintaining specific elements
of wildlife habitat; and determining the intensity of
management needed for each element of the habitat.

The potential of the soil is rated good, fair, poor, or
very poor. A rating of good means that the element of
wildlife habitat or the kind of habitat is easily created,
improved, or maintained. Few or no limitations affect
management, and satisfactory results can be expected if
the soil is used for the designated purpose. A rating of
Jair means that the element of wildlife habitat or kind of
habitat can be created, improved, or maintained in most
places. Moderately intensive management is required for
satisfactory results. A rating of poor means that limita-
tions are severe for the designated element or kind of
wildlife habitat. Habitat can be created, improved, or
maintained in most places, but management is difficult
and must be.intensive. A rating of very poor means that
restrictions for the element of wildlife habitat or kind of
wildlife are very severe, and that unsatisfactory results
can be expected. Wildlife habitat is impractical or even
impossible to create, improve, or maintain on soils having
such a rating.
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The elements of wildlife habitat are briefly described in
the following paragraphs.

Grain and seed crops are seed-producing annuals used
by wildlife. The major soil properties that affect the
growth of grain and seed crops are depth of the root
zone, texture of the surface layer, available water capaci-
ty, wetness, slope, surface stoniness, and flood hazard.
Soil temperature and soil moisture are also considera-
tions. Examples of grain and seed crops are corn,
sorghum, wheat, oats, and barley.

Grasses and legumes are domestic perennial grasses
and herbaceous legumes that are planted for wildlife food
and cover. Major soil properties that affect the growth of
grasses and legumes are depth of the root zone, texture
of the surface layer, available water capacity, wetness,
surface stoniness, flood hazard, and slope. Soil tempera-
ture and soil moisture are also considerations. Examples
of grasses and legumes are fescue, lovegrass, bluegrass,
switchgrass, bromegrass, clover, and alfalfa.

Wild herbaceous plants are native or naturally
established grasses and forbs, including weeds, that pro-
vide food and cover for wildlife. Major soil properties that
affect the growth of these plants are depth of the root
zone, texture of the surface layer, available water capaci-
ty, wetness, surface stoniness, and flood hazard. Soil tem-
perature and soil moisture are also considerations. Exam-
ples of wild herbaceous plants are bluestem, indiangrass,
goldenrod, switchgrass, and ragweed.

Hardwood trees and the associated woody understory
provide cover for wildlife and produce nuts or other fruit,
buds, catkins, twigs, bark, or foliage that wildlife eat.
Major soil properties that affect growth of hardwood
trees and shrubs are depth of the root zone, available
water capacity, and wetness. Examples of native plants
are oak, elm, hackberry, sycamore, hickory, black walnut,
and box elder. Examples of fruit-producing shrubs that
are commercially available and suitable for planting on
soils rated good are Russian-olive, autumn-olive, and
crabapple.

Coniferous plants are cone-bearing trees, shrubs, or
ground cover plants that furnish habitat or supply food in
the form of browse, seeds, or fruitlike cones. Soil proper-
ties that have a major effect on the growth of coniferous
plants are depth of the root zone, available water capaci-
ty, and wetness. Examples of coniferous plants are pine,
spruce, cedar, and juniper.

Shrubs are bushy woody plants that produce fruit,
seeds, buds, twigs, bark, or foliage used by wildlife or
that provide cover and shade for some species of wildlife.
Major soil properties that affect the growth of shrubs are
depth of the root zone, available water capacity, salinity,
and moisture. Examples of shrubs are sumac, buckbrush,
blackberry, plum, gooseberry, and dogwood.

Wetland plants are annual and perennial wild her-
baceous plants that grow on moist or wet sites, exclusive
of submerged or floating aquatics. They produce food or
cover for wildlife that use wetland as habitat. Major soil
properties affecting wetland plants are texture of the

surface layer, wetness, reaction, salinity, slope, and sur-
face stoniness. Examples of wetland plants are smart-
weed, barnyardgrass, buttonbush, indigobush, saltgrass,
cordgrass, rushes, sedges, and cattail.

Shallow water areas are bodies of water that have an
average depth of less than 5 feet and that are useful to
wildlife. They can be naturally wet areas, or they can be
created by dams or levees or by water-control structures
in marshes or streams. Major soil properties affecting
shallow water areas are depth to bedrock, wetness, sur-
face stoniness, slope, and permeability. The availability of
a dependable water supply is important if water areas are
to be developed. Examples of shallow water areas are
marshes, waterfowl feeding areas, and ponds.

The kinds of wildlife habitat are briefly described in
the following paragraphs. ‘

Openland habitat consists of cropland, pasture,
meadows, and areas that are overgrown with grasses,
herbs, shrubs, and vines. These areas produce grain and
seed crops, grasses and legumes, and wild herbaceous
plants. The kinds of wildlife attracted to these areas in-
clude bobwhite quail, morning dove, meadowlark, field
sparrow, and cottontail rabbit.

Woodland habitat consists of areas of hardwoods or
conifers, or a mixture of both, and associated grasses,
legumes, and wild herbaceous plants. Wildlife attracted to
these areas include cardinals, thrushes, woodpeckers,
squirrels, racecoon, deer, and opossum.

Wetland habitat consists of open, marshy or swampy,
shallow water areas where water-tolerant plants grow.
Some of the wildlife attracted to such areas are ducks,
geese, herons, shore birds, muskrat, mink, and beaver.

Rangeland habitat consists of areas of wild herbaceous
plants and shrubs. Wildlife attracted to rangeland include
white-tailed deer, mule deer, prairie dogs, jackrabbits,
meadowlark, and lark bunting.

Soil properties

Extensive data about soil properties are summarized on
the following pages. The two main sources of these data
are the many thousands of soil borings made during the
course of the survey and the laboratory analyses of
selected soil samples from typical profiles.

In making soil borings during field mapping, soil
scientists identify several important soil properties. They
note the seasonal soil moisture condition or the presence
of free water and its depth. For each horizon in the
profile, they note the thickness and color of the soil
material; the texture, or amount of clay, silt, sand, and
gravel or other coarse fragments; the structure, or the
natural pattern of cracks and pores in the undisturbed
soil; and the consistence of the soil material' in place
under the existing soil moisture conditions. They record
the depth of plant roots, determine the pH value or reac-
tion of the soil, and identify any free carbonates.
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Samples of soil material are analyzed in the laboratory
to verify the field estimates of soil properties and to
determine all major properties of key soils, especially pro-
perties that cannot be estimated accurately by field ob-
servation. Laboratory analyses are not conducted for all
soil series in the survey area, but laboratory data for
many soil series not tested are available from nearby sur-
vey areas.

The available field and laboratory data are summarized
in tables. The tables give the estimated range of en-
gineering properties, the engineering classifications, and
the physical and chemical properties of each major
horizon of each soil in the survey area. They also present
data about pertinent soil and water features and en-
gineering test data:

Engineering properties

Table 14 gives estimates of engineering properties and
classifications for the major horizons of each soil in the
survey area.

Most soils have, within the upper 5 or 6 feet, horizons
of contrasting properties. Table 14 gives information for
each of these contrasting horizons in a typical profile.
Depth to the upper and lower boundaries of each horizon
is indicated. More information about the range in depth
and about other properties in each horizon is given for
each soil series in the section “Soil series and morpholo-
gy.”

Texture is described in table 14 in the standard terms
used by the U.S. Department of Agriculture (8). These
terms are defined according to percentages of sand, silt,
and clay in soil material that is less than 2 millimeters in
diameter. “Loam,” for example, is soil material that is 7 to
27 percent clay, 28 to 50 percent silt, and less than 52 per-
cent sand. If a soil contains gravel or -other particles
coarser than sand, an appropriate modifier is added, for
example, “gravelly loam.” Other texture terms are
defined in the Glossary.

The two systems commonly used in classifying soils for
engineering use are the Unified Soil Classification System
(Unified) (2) and the system adopted by the American
Association of State Highway and Transportation Offi-
cials (AASHTO) (2).

The Unified system classifies soils according to proper-
ties that affect their use as construction material. Soils
are classified according to grain-size distribution of the
fraction less than 8 inches in diameter, plasticity index,
liquid limit, and organic-matter content. Soils are grouped
into 15 classes—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 have a dual classification symbol, for example, CL-
ML.

The AASHTO system classifies soils according to those
properties that affect their use in highway construction

and maintenance. In this system a mineral soil is clas-
sified 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. Soils in group A-1 are coarse
grained and low in content of fines. At the other extreme,
in group A-7, are fine-grained soils. Highly organic soils
are classified in group A-8 on the basis of visual inspec-
tion. '

When laboratory data are available, the A-1, A-2, and
A-7 groups are further classified as follows: A-1-a, A-1-b,
A-2-4, A-2-5, A-2-6, A-2-7, A-7-5, and A-7-6. As an addi-
tional refinement, the desirability of soils as subgrade
material can be indicated by a group index number. These
numbers range from 0 for the best subgrade material to
20 or higher for the poorest. The AASHTO classification
for soils tested in the survey area, with group index num-
bers in parentheses, is given in table 17. The estimated
classification, without group index numbers, is given in
table 14. Also in table 14 the percentage, by weight, of
rock fragments more than 3 inches in diameter is esti-
mated for each major horizon. These estimates are deter-
mined mainly by observing volume percentage in the field
and then converting that, by formula, to weight percent-
age.

Percentage of the soil material less than 3 inches in
diameter that passes each of four sieves (U.S. standard)
is estimated for each major horizon. The estimates are
based on tests of soils that were sampled in the survey
area and in nearby areas and on field estimates from
many borings made during the survey.

Liquid limit and plasticity index indicate the effect of
water on the strength and consistence of soil. These in-
dexes are used in both the Unified and AASHTO soil
classification systems. They are also used as indicators in
making general predictions of soil behavior. Range in
liquid limit and plasticity index are estimated on the basis
of test data from the survey area or from nearby areas
and on observations of the many soil borings made during
the survey.

In some surveys, the estimates are rounded to the
nearest 5 percent. Thus, if the ranges of gradation and
Atterburg limits extend a marginal amount across clas-
sification boundaries (1 or 2 percent), the classification in
the marginal zone is omitted.

Physical and chemical properties

Table 15 shows estimated values for several soil charac-
teristics and features that affect behavior of soils in en-
gineering uses. These estimates are given for each major
horizon, .at the depths indicated, in the typical pedon of
each soil. The estimates are based on field observations
and on test data for these and similar soils. '

Permeability is estimated on the basis of known rela-
tionships among the soil characteristics observed in the
field—particularly soil structure, porosity, and gradation
or texture—that influence the downward movemeént of
water in the soil. The estimates are for vertical water
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movement when the soil is saturated. Not considered in
the estimates is lateral seepage or such transient soil fea-
tures as plowpans and surface crusts. Permeability of the
soil is an important factor to be considered in planning
and designing drainage systems, in evaluating the poten-
tial of soils for septic tank systems and other waste
disposal systems, and in many other aspects of land use
and management.

Available water capacity is rated on the basis of soil
characteristics that influence the ability of the soil to hold
water and make it available to plants. Important charac-
teristics are content of organic matter, soil texture, and
soil structure. Shallow-rooted plants are not likely to use
the available water from the deeper soil horizons. Availa-
ble water capacity is an important factor in the choice of
plants or crops to be  grown and in the design of irrigation
systems.

Soil reaction is expressed as a range in pH values. The
range in pH value of each major horizon is based on many
field checks. For many soils, the values have been
verified by laboratory analyses. Soil reaction is important
in selecting the crops, ornamental plants, or other plants
to be grawn; in evaluating soil amendments for fertility
and stabilization; and in evaluating the corrosivity of soils.

Shrink-swell potential depends mainly on the amount
and kind of clay in the soil. Laboratory measurements of
the swelling of undisturbed clods were made for many
soils. For others the swelling was estimated on the basis
of the kind and amount of clay in the soil and on mea-
surements of similar soils. The size of the load and the
magnitude of the change in soil moisture content also in-
fluence the swelling of soils. Shrinking and swelling of
some soils can cause damage to building foundations,
basement walls, roads, and other structures unless special
designs are used. A high shrink-swell potential indicates
that special design and added expense may be required if
the planned use of the soil will not tolerate large volume
changes.

Risk of corrosion pertains to potential soil-induced
chemical action that dissolves or weakens uncoated steel
or concrete. The rate of corrosion of uncoated steel is re-
lated to soil moisture, particle-size distribution, total acidi-
ty, and electrical conductivity of the soil material. The
rate of corrosion of concrete is based mainly on the
sulfate content, texture, and acidity of the soil. Protective
measures for steel or more resistant concrete help to
avoid or minimize damage resulting from the corrosion.
Uncoated steel intersecting soil boundaries or soil
horizons is more susceptible to corrosion than an installa-
tion that is entirely w1thm one kind of soil or within one
soil horizon.

Erosion factors are used to predict the erodibility of a
soil and its tolerance to erosion in relation to specific
kinds of land use and treatment. The soil erodibility fac-
tor (K) is a measure of the susceptibility of the soil to
erosion by water: Soils having the highest K values are
the most erodible. K values range from 0.10 to 0.64. To
estimate annual soil loss per acre, the K value of a soil is

modified by factors representing plant cover, grade and
length of slope, management practices, and climate. The
soil-loss tolerance factor (T) is the maximum rate of soil
erosion, whether from rainfall or soil blowing, that can
occur without reducing crop production or environmental
quality. The rate is expressed in tons of soil loss per acre
per year.

Wind erodibility groups are made up of soils that have
similar properties that affect their resistance to soil blow-
ing if cultivated. The groups are used to predict the
susceptibility of soil to blowing and the amount of soil
lost as a result of blowing. Soils are grouped according to
the following distinctions:

-1. Sands, coarse sands, fine sands, and very fine sands.

These soils are extremely erodible, so vegetation is dif-
ficult to establish. They are generally not suitable for
crops.
. 2. Loamy sands, loamy fine sands, and loamy very fine
sands. These soils are very highly erodible, but crops can
be grown if intensive measures to control soil blowing are
used.

3. Sandy loams, coarse sandy loams, fine sandy loams,
and very fine sandy loams. These soils are highly erodi-
ble, but crops can be grown if intensive measures to con-
trol soil blowing are used.

4L. Calcareous loamy soils that are less than 35 percent
clay and more than 5 percent finely divided calcium car-
bonate. These soils are erodible, but crops can be grown if
intensive measures to control soil blowing are used.

4. Clays, silty clays, clay loams, and silty clay loams
that are more . than 35 percent clay. These soils are
moderately erodible, but crops can be grown if measures
to control soil blowing are used.

5. Loamy soils that are less than 18 percent clay and
less than 5 percent finely divided calcium carbonate and
sandy clay loams and sandy clays that are less than 5 per-
cent finely divided calcium carbonate. These soils are
slightly erodible, but crops can be grown if measures to
control soil blowing are used.

6. Loamy soils that are 18 to 35 percent clay and less
than 5 percent finely divided calcium carbonate, except
silty clay loams. These soils are very slightly erodible, and
crops can easily be grown. '

7. Silty clay loams that are less than 35 percent clay
and less than 5 percent finely divided calcium carbonate.
These soils are very slightly erodible, and crops can easily
be grown.

8. Stony or gravelly soils and other soils not subject to
soil blowing.

Soil and water features

Table 16 contains information helpful in planning land
uses and engineering projects that are likely to be af-
fected by soil and water features.

Hydrologic soil groups are used to estimate runoff
from precipitation. Soils not protected by vegetation are
placed in one of four groups on the basis of the intake of
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water after the soils have been wetted and have received
precipitation from long-duration storms.

The four hydrologic soil groups are:

Group A. Soils having a high infiltration rate (low ru-
noff potential) when thoroughly wet. These consist chiefly
of deep, well drained to excessively drained sands or
gravels. These soils have a high rate of water transmis-
sion.

Group B. Soils having a moderate infiltration rate when
thoroughly wet. These consist chiefly of moderately deep
or deep, moderately well drained or well drained soils
that have moderately fine texture to moderately coarse
texture. These soils have a moderate rate of water trans-
mission.

Group C. Soils having a slow infiltration rate when
thoroughly wet. These consist chiefly of soils that have a
layer that impedes the downward movement of water or
soils that have moderately fine texture or fine texture.
These soils have a slow rate of water transmission.

Group D. Soils having a very slow infiltration rate (high
runoff potential) when thoroughly wet. These consist
chiefly of clay soils that have a high shrink-swell poten-
tial, soils that have a permanent high water table, soils
that have a claypan or clay layer at or near the surface,
and soils that are shallow over nearly impervious materi-
al. These soils have a very slow rate of water transmis-
sion.

Flooding is the temporary covering of soil with water
from overflowing streams, with runoff from adjacent
slopes, and by tides. Water standing for short periods
after rains or after snow melts is not considered flooding,
nor is water in swamps and marshes. Flooding is rated in
general terms that describe the frequency and duration of
flooding and the time of year when flooding is most like-
ly. The ratings are based on evidence in the soil profile of
the effects of flooding, namely thin strata of gravel, sand,
silt, or, in places, clay deposited by floodwater; irregular
decrease in organic-matter content with increasing depth;
and absence of distinctive soil horizons that form in soils
of the area that are not subject to flooding. The ratings
are also based on local information about floodwater
levels in the area and the extent of flooding and on infor-
mation that relates the position of each soil on the land-
scape to historic floods.

The generalized description of flood hazards is of value
in land-use planning and provides a valid basis for land-
use restrictions. The soil data are less specific, however,
than those provided by detailed engineering surveys that
delineate flood-prone areas at specific flood frequency
levels.

High water table is the highest level of a saturated
zone more than 6 inches thick for a continuous period of
more than 2 weeks during most years. The depth to a
seasonal high water table applies to undrained soils. Esti-
mates are based mainly on the relationship between gray-
ish colors or mottles in the soil and the depth to free
water observed in many borings made during the course
of the soil survey. Indicated in table 16 are the depth to

the seasonal high water table; the kind of water table,
that is, perched, artesian, or apparent; and the months of
the year that the water table commonly is high. Only
saturated zones above a depth of 5 or 6 feet are indicated.

Information about the seasonal high water table helps
in assessing the need for specially designed foundations,
the need for specific kinds of drainage systems, and the
need for footing drains to insure dry basements. Such in-
formation is also needed to decide whether or not con-
struction of basements is feasible and to determine how
septic tank absorption fields and other underground in-
stallations will funetion. Also, a seasonal high water table
affects ease of excavation.

Depth to bedrock is shown for all soils that are under-
lain by bedrock at a depth of 5 to 6 feet or less. For many
soils, the limited depth to bedrock is a part of the defini-
tion of the soil series. The depths shown are based on
measurements made in many soil borings and on other
observations during the mapping of the soils. The kind of
bedrock and its hardness as related to ease of excavation
is also shown. Rippable bedrock can be excavated with a
single-tooth ripping attachment on a 200-horsepower trac-
tor, but hard bedrock generally requires blasting:

Potential frost action refers to the likelihood of damage
to pavements and other structures by frost heaving and
low soil strength after thawing. Frost action results from
the movement of soil moisture into the freezing tempera-
ture zone in the soil, which causes ice lenses to form. Soil
texture, temperature, moisture content, porosity, permea-
bility, and content of organic matter are the most impor-
tant soil properties that affect frost action. It is assumed
that the soil is not covered by insulating vegetation or
snow and is not artificially drained. Silty and clayey soils
that have a high water table in winter are most suscepti-
ble to frost action. Well drained very gravelly or sandy
soils are the least susceptible.

Engineering test data

Table 17 contains engineering test data for soils in
some of the major soil series in Jackson 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 successively
higher moisture content, assuming that the compactive ef-
fort 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.
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Tests to determine liquid limit and plastic limit mea-
sure the effect of water on the consistence of soil materi-
al, as has been explained for table 14.

Soil series and morphology

In this section, each soil series recognized in the survey
area is described in detail. The descriptions are arranged
in alphabetic order by series name.

Characteristics of the soil and the material in which it
formed are discussed for each series. The soil is then
compared to similar soils and to nearby soils of other se-
ries. Then a pedon, a small three-dimensional area of soil
that is typical of the soil series in the survey area, is
described. The detailed descriptions of each soil horizon
follow standards in the Soil Survey Manual (8). Unless
otherwise noted, colors described are for moist soil.

Following the pedon description is the range of impor-
tant characteristics of the soil series in this survey area.
Phases, or map units, of each soil series are described in
the section “Soil maps for detailed planning.”

Burchard series

The Burchard series consists of deep, well drained soils
on uplands. These soils formed in glacial till that is 5 to 12
feet thick. Permeability is moderately slow. Slopes range
from 7 to 17 percent.

Burchard soils are similar to Olmitz and Shelby soils
and are commonly adjacent to those soils and to Pawnee
and Wymore soils on the landscape. Shelby soils lack soft
lime within a depth of 30 inches. Pawnee and Wymore
soils contain more eclay in the argillic horizon ~than
Burchard soils and are less sloping. Olmitz soils have a
thicker surface layer than Burchard soils and contain
more sand. They are on concave foot slopes below the
Burchard soils.

Typical pedon of Burchard clay loam (fig. 8), in an area
of Burchard-Shelby clay loams, 7 to 12 percent slopes, 620
feet east and 30 feet south of the northwest corner of sec.
13, T.6 S, R. 4 E.

A1—0 to 8 inches; very dark brown (10YR 2/2) clay loam, very dark
grayish brown (10YR 3/2) dry; moderate fine granular structure;
soft, friable; neutral; gradual smooth boundary.

A3—8 to 14 inches; very dark grayish brown (10YR 3/2) clay loam, dark
grayish brown (10YR 4/2) dry; moderate very fine subangular
blocky structure; soft, friable; medium acid; gradual smooth bounda-
ry.

B2t—14 to 26 inches; dark yellowish brown (10YR 3/4) clay loam, dark
yellowish brown (10YR 4/4) dry; strong fine to very fine subangular
blocky structure; slightly hard, firm; thin discontinuous clay films;
medium acid; clear smooth boundary.

B3—26 to 31 inches; dark yellowish brown (10YR 4/4) clay loam, yel-
lowish brown (10YR 5/6) dry; moderate to strong fine subangular
blocky structure; hard, firm; few pockets and streaks of soft lime;
slight effervescence; moderately alkaline; diffuse smooth boundary.

C—31 to 60 inches; brown (10YR 5/3) heavy clay loam, pale brown
(10YR 6/3) dry; few streaks of dark yellowish brown soil material
containing less clay and few streaks of black soil material; massive;
very hard, very firm; numerous streaks and pockets of soft lime;
strong effervescence; moderately alkaline.

The thickness of the solum ranges from 24 to 50 inches. The thickness
of the mollic epipedon ranges from 7 to 20 inches. The depth to lime
ranges from 15 to 30 inches. The upper part of the soil ranges from
neutral to medium acid, and the lower part is moderately alkaline.

The A horizon has hue of 10YR, value of 2 or 3, and chroma of 1 or 2.
It is clay loam or loanf The B horizon has hue of 10YR, value of 3 to 6,
and chroma 3 or more. It is clay loam averaging between 30 and 35 per-
cent clay. In some pedons it is more clayey. The C horizon is brown,
grayish brown, or light brownish gray clay loam.

Chase series

The Chase series consists of deep, somewhat poorly
drained to moderately well drained, slowly permeable
soils on terraces or benches next to the uplands. These
soils formed in thick clayey alluvium. Slopes are 0 to 2
percent.

Chase soils are similar to Olmitz, Reading, and Zook
soils and are commonly adjacent to those soils and to
Kennebec and Wabash soils on the landscape. The very
poorly drained Wabash soils and the poorly drained Zook
soils are on bottom land. They lack argillic horizons.
Wabash soils are more clayey and Kennebec and Reading
soils less clayey than Chase soils. Kennebec soils are on
flood plains next to stream channels, and Reading soils
are on high bottoms and terraces. Olmitz soils contain
more sand than Chase soils. They are on foot slopes.

Typical pedon of Chase silty clay loam 1,200 feet west
and 2,550 feet north of southeast corner of see. 1, T. 7 S,
R. 16 E.

A1—0 to 10 inches; black (10YR 2/1) silty clay loam, very dark gray
(10YR 3/1) dry; weak fine granular and weak fine subangular
blocky structure: slightly hard, friable; neutral; gradual smooth
boundary.

B1—10 to 21 inches; black (10YR 2/1) silty clay loam, very dark gray
(10YR 3/1) dry; moderate fine granular structure; slightly hard, fri-
able; slightly acid; diffuse smooth boundary.

B21t—21 to 34 inches; very dark gray (10YR 8/1) light silty clay, dark
gray (10YR 4/1) dry; moderate fine subangular blocky structure;
hard, firm; slightly acid; gradual smooth boundary.

B22t—34 to 45 inches; very dark gray (10YR 3/1) silty clay, dark gray
(10YR 4/1) dry; few fine dark yellowish brown mottles; moderate
medium subangular blocky structure; hard, firm; neutral; gradual
smooth boundary.

C—45 to 60 inches; dark gray (10YR 4/1) silty clay, gray (10YR 5/1)
dry; common fine dark yellowish brown mottles; nearly massive; -
hard, firm; few black concretions; mildly alkaline.

The thickness of the solum ranges from 36 to more than 60 inches.
The mollic epipedon is more than 36 inches thick. Reaction ranges from
medium acid to neutral in the A and B horizons and from slightly acid to
mildly alkaline in the C horizon.

The A horizon is silt loam or silty clay loam. It has hue of 10YR, value
of 2 or 3, chroma of 1 or 2. In some pedons a grayish layer is in the
lower part of the A horizon. The B horizon has hue of 10YR, value of 2
to 4, and chroma of 1 or 2. The B horizon is silty clay, clay, or heavy
silty clay loam. Mottles are evident below a depth of 30 inches in some
pedons. The C horizon has the same range in color as B horizon and also
has yellowish brown mottles. Small carbonate deposits are in the C
horizon in some pedons.

Clime series

The Clime series consists of moderately deep,
moderately well drained, slowly permeable soils on
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uplands. These soils formed in residuum derived from cal-
careous clayey shale. Slopes range from 5 to 20 percent.

Clime soils are similar to Martin, Pawnee, Sogn, and
Vinland soils and are adjacent to Martin, Pawnee, and
Sogn soils on the landscape. Martin and Pawnee soils are
more than 40 inches deep. Sogn and Vinland soils are less
than 20 inches deep.

Typical pedon of Clime silty clay, in an area of Clime-
Sogn complex, 5 to 20 percent slopes, 1,040 feet east and
150 feet south of the northwest corner of sec. 2, T. 9 S,,
R. 13 E.

A1—0 to 9 inches; black (10YR 2/1) silty clay, very dark gray (10YR
3/1) dry; moderate fine subangular blocky structure; hard, firm;
slight effervescence; moderately alkaline; clear smooth boundary.

B2—9 to 22 inches; dark grayish brown (25Y 4/2) silty clay, grayish
brown (25Y 5/2) dry; weak medium subangular blocky structure;
very hard, very firm; fine accumulations of calcium carbonate;
strong effervescence; moderately alkaline; clear smooth boundary.

C1—22 to 35 inches; grayish brown (25Y 5/2) silty clay, grayish brown
(2.5Y 5/2) dry; massive; very hard, very firm; few calcareous shale
fragments; strong effervescence; moderately alkaline; diffuse
smooth boundary.

Cr—35 to 44 inches; grayish brown (10YR 5/2) and olive brown (2.5Y
4/4) calcareous clayey shale.

The thickness of the solum ranges from 12 to 30 inches. Depth to
shale ranges from 20 to 40 inches. The solum is dominantly moderately
alkaline throughout, but in some pedons the upper few inches is mildly
alkaline. :

The A horizon has hue of 10YR, value of 2 or 3, and chroma of 1 or 2.
It is light silty clay or silty clay loam and is 5 to 10 inches thick. The B
horizon has hue of 10YR or 25Y, value of 4 or 5, and chroma of 1 to 3.
It is silty clay or heavy silty clay loam. The C1 horizon has hue of 10YR
or 2.5Y, value of 4 to 6, and chroma of 2 to 4. It is silty clay or clay. It
commonly contains fragments of caleareous shale, but it is less than 35
percent coarse fragments.

Kennebec series

The Kennebec series consists of deep, moderately well
drained, moderately permeable soils on flood plains. These
‘soils formed in silty alluvium. Slopes range from 0 to 3
percent,

Kennebec soils are. similar to Olmitz and Reading soils
and are adjacent to those soils and to Chase, Wabash, and
Zook soils on the landscape. Chase and Reading soils have
argillic horizons. They are in higher positions on the land-
scape than Kennebec soils. Olmitz soils contain more sand
than Kennebec soils. They are on foot slopes. Wabash and
Zook soils are darker colored, more clayey, and more
poorly drained than Kennebec soils.

Typical pedon of Kennebec silt loam 1,320 feet south
and 75 feet east of the northwest corner of sec. 2, T. 7'S,,
R. 16 E.

Ap—0 to 6 inches; very dark brown (10YR 2/2) silt loam, very dark
grayish brown (10YR 8/2) dry; weak fine granular structure;
slightly hard, friable; numerous roots; neutral; clear smooth bounda-
ry.

A12—06 to 34 inches; very dark brown (10YR 2/2) silt loam, very dark
grayish brown (10YR 3/2) dry; moderate medium granular struc-
ture; slightly hard, friable; numerous roots; neutral; gradual smooth
boundary.

AC—34 to 48 inches; very dark grayish brown (10YR 3/2) silt loam,
dark grayish brown (10YR 4/2) dry; moderate fine subangular
blocky structure; slightly hard, friable; common roots; slightly acid;
diffuse smooth boundary.

C1—48 to 60 inches; dark grayish brown (10YR 4/2) silt loam, grayish
brown (10YR 5/2) dry; moderate medium subangular blocky struc-
ture; hard, firm; few roots; slightly acid.

The solum-and the mollic epipedon are more than 36 inches thick. The
solum ranges from medium acid to neutral.

The A horizon has hue of 10YR, value of 2 or 8, and chroma of 1 or 2.
In some pedons value increases 1 or 2 units with increasing depth. This
horizon is typically silt loam, but in some pedons it is silty clay loam. In
places very dark grayish brown or dark grayish brown loam or clay
loam overwash has been deposited over the Kennebec soils. The upper
40 inches averages between 24 and 30 percent clay. The content of clay
varies below a depth of 40 inches.

Martin series

The Martin series consists of deep, moderately well
drained, slowly permeable soils on uplands. These soils
formed in residuum derived from interbedded silty and
clayey shale and clay beds. Slopes range from 3 to 10 per-
cent.

Martin soils are similar to Clime, Pawnee, and Wymore
soils and are adjacent to those soils and to Sogn and Vin-
land soils on the landscape. Clime soils are less than 40
inches deep, and Sogn and Vinland soils are less than 20
inches deep. Pawnee soils contain more sand than Martin
soils and formed in glacial till. Wymore soils formed in
loess.

Typical pedon of Martin silty clay loam, 8 to 8 percent
slopes, 1,100 feet north and 100 feet east of southwest
corner of sec. 28, T. 9 S, R. 13 E.

A1—0 to 11 inches; black (10YR 2/1) silty clay loam, very .dark gray
(10YR 3/1) dry; moderate fine granular structure; slightly hard, fri-
able; numerous roots; medium acid; gradual smooth boundary.

B1—11 to 17 inches; very dark gray (10YR 3/1) heavy silty clay loam,
dark gray (10YR 4/1) dry; moderate fine subangular blocky struc-
ture; slightly hard, friable; numerous roots; medium acid; gradual
smooth boundary.

B21t—17 to 26 inches; very dark grayish brown (10YR 3/2) silty clay,
grayish brown (10YR 5/2) dry; few fine yellowish brown mottles;
moderate fine subangular blocky structure; hard, firm; continuous
and distinet clay films; few plant roots; medium acid; gradual
smooth boundary.

B22t—26 to 40 inches; dark grayish brown (10YR 4/2) silty clay, grayish
brown (10YR 5/2) dry; common medium yellowish brown mottles;
weak medium subangular blocky structure; continuous and distinet
clay films; very hard, very firm; few fine black concretions; very
few roots; neutral; diffuse smooth boundary.,

B3—40 to 60 inches; dark grayish brown (10YR 4/2) silty clay, grayish
brown (10YR 5/2) dry; common fine yellowish brown mottles; mas-
sive; very hard, very firm; numerous fine black concretions; very
few roots; neutral.

The solum ranges from about 40 to 60 inches in thickness. Depth to
shale or clay beds is more than 40 inches. The mollic epipedon ranges
from 24 to 36 inches in thickness and extends into the upper part of the
argillic horizon. The A and B horizons are medium acid to neutral, and
the C horizon is neutral to mildly alkaline.

The A horizon has hue of 10YR, value of 2 or 3, and chroma of 1 or 2.
The upper part of the B horizon has hue of 10YR, value of 3 or 4, and
chroma of 1 or 2. Chroma becomes higher with increasing depth. This
horizon is clay or silty clay. Mottles are few in the upper part of the ar-
gillic horizon and common in the lower part. The C horizon is variegated
clay or silty clay.
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Olmitz series

The Olmitz. series consists of deep, well drained and
moderately well drained soils on alluvial-colluvial fans and
concave foot slopes. These soils formed in local loamy al-
luvium and colluvium derived from glacial till. Permeabili-
ty is moderate or moderately slow. Slopes range from 2
to 5 percent.

Olmitz soils are similar to Burchard, Chase, Kennebec,
Reading, Shelby, and Zook soils and are adjacent to those
soils and to Wabash soils on the landscape. Burchard and
Shelby soils have a thinner surface layer than Olmitz
soils. Chase, Kennebec, Reading, Wabash, and Zook soils
contain less sand than Olmitz soils.

Typical pedon of Olmitz clay loam, 2 to 5 percent
slopes, 1,320 feet east and 100 feet north of southwest
corner of sec. 35, T. 5 S., R. 15 E.

A11—0 to 24 inches; very dark brown (10YR 2/2) clay loam, very dark
grayish brown (10YR 3/2) dry; weak and moderate fine granular
structure; slightly hard, friable; slightly acid; gradual smooth boun-
dary. ‘

A12—24 to 32 inches; very dark brown (10YR 2/2) clay loam, dark gray-
ish brown (10YR 4/2) dry; moderate fine and medium granular
structure; slightly hard, friable; medium acid; diffuse smooth boun-
dary.

B1—-32 to 48 inches; dark brown (10YR 3/3) clay loam, brown (10YR
4/3) dry; moderate fine subangular blocky structure; slightly hard,
friable; medium acid; gradual smooth boundary.

B2—48 to 60 inches; brown (10YR 4/3) clay loam, brown (10YR 5/3) dry;
some darker coatings; weak medium subangular blocky structure;
hard, firm; medium acid.

The solum ranges from 40 to more than 60 inches in thickness. Reac-
tion ranges from strongly acid to neutral. In some pedons carbonates
are below a depth of 40 inches.

The A horizon has hue of 10YR, value of 2 or 3, and chroma of 1 or 2.
Recent lighter colored overwash deposits are in some areas. The A
horizon is 24 to 32 inches thick. It is dominantly clay loam, but it is loam
in some pedons. The B horizon is clay loam. In some pedons value and
chroma are 1 or 2 units higher than those of the A horizon. The underly-
ing material is variably colored clay loam.

Pawnee series

The Pawnee series consists of deep, well drained and
moderately well drained, slowly permeable soils on
uplands. These soils formed in glacial till. Slopes range
from 1 to 7 percent.

Pawnee soils are similar to Martin and Wymore soils
and are adjacent to those soils and to Burchard, Clime,
and Shelby soils on the landscape. Burchard and Shelby
soils are less clayey than Pawnee soils. Martin and
Wymore soils contain less sand than Pawnee soils. Martin
soils formed in residuum derived from shale or clay beds,
and Wymore soils formed in loess. Clime soils are less
than 40 inches deep.

Typical pedon of Pawnee clay loam, 3 to 7 percent
slopes (fig. 9), 400 feet south and 100 feet east of
northwest corner of sec. 17, T. 7 S,, R. 13 E.

A1—0 to 10 inches; black (10YR 2/1) clay loam, dark gray (10YR 4/1)
dry; moderate fine granular structure; slightly hard, friable; medi-
um acid; gradual smooth boundary.

B1--10 to 16 inches; very dark gray (10YR 3/1) clay loam, dark gray
(10YR 4/1) dry; some very dark gray (10YR 3/1) dry coatings; weak
very fine subangular blocky structure parting to moderate or strong
fine granular; slightly hard, friable; medium acid; -clear gradual
boundary.

B21t—16 to 24 inches; dark brown (10YR 4/3) clay, brown (10YR 5/3)
dry, dark brown (10YR 3/3) crushed and mixed; many fine distinct
reddish brown and dark gray mottles; moderate fine subangular
blocky structure; thin continuous clay films; very hard, very firm;
few sand grains; slightly hard; gradual smooth boundary.

B22t—24 to 40 inches; dark brown (10YR 4/3) clay, brown (10YR 4/3)
dry; common medium faint yellowish brown mottles; weak medium
subangular blocky structure, nearly massive; thin continuous clay
films; very hard, very firm; few small pebbles; few black concre-
tions; neutral; clear smooth boundary.

B3—40 to 52 inches; yellowish-brown (10YR 5/6) clay, yellowish brown
(10YR 5/6) dry; some darker coatings; massive; very hard, very
firm; numerous dark stains; few accumulations of calcium car-
bonate; moderately alkaline; clear smooth boundary.

C—52 to 60 inches; yellowish brown (10YR 5/4) clay, light yellowish
brown (10YR 6/4) dry; massive; very hard, very firm; numerous
dark stains; few accumulations of calcium carbonate; moderately al-
kaline. :

The solum ranges from 36 to 60 inches in thickness. Reaction ranges
from medium acid to neutral in the upper part of the solum and from
neutral to moderately alkaline in the lower part of the solum and in the
C horizon. The mollic epipedon is 10 to 18 inches thick.

The A horizon has hue of 10YR, value of 2 or 3, and chroma of 1 or 2.
The argillic horizon has hue of 10YR, value of 3 or 4, and chroma of 2 or
3. Chroma and value become higher with increasing depth. This horizon
is more than 40 percent clay. It is mottled. In some pedons accumula-
tions of calcium carbonate are below a depth of 30 inches.

Reading series

The Reading series consists of deep, well drained,
moderately slowly permeable soils on terraces or high
bottoms. These soils formed in thick deposits of silty allu-
vium. Slopes are 0 to 2 percent.

Reading soils are similar to Chase, Kennebec, Olmitz,
and Zook soils and are adjacent to those soils and to
Wabash soils on the landscape. Chase, Wabash, and Zook
soils have a fine textured control section and are darker
colored than Reading soils. Kennebee, Wabash, and Zook
soils do not have argillic horizons. Olmitz soils have a
fine-loamy control section.

Typical pedon of Reading silt loam 700 feet west and
100 feet north of southeast corner of sec. 30, T. 9 S, R. 14
E.

Ap—O0 to 8 inches; black (10YR 2/1) silt loam, very dark gray (10YR 3/1)
dry; weak, very fine granular structure; slightly hard, friable; medi-
um acid; clear smooth boundary.

A12—8 to 17 inches; black (10YR 2/1) silty clay loam, very dark gray
(10YR 3/1) dry; moderate fine and medium granular structure;
slightly hard, friable; medium acid; gradual smooth boundary.

B1—17 to 21 inches; very dark brown (10YR 2/2) silty clay loam, very
dark grayish brown (10YR 3/2) dry; moderate fine subangular
blocky structure; slightly “hard, friable; medium acid; gradual
smooth boundary.

B21t—21 to 32 inches; very dark grayish brown (10YR 3/2) silty clay
loam, grayish brown (10YR 5/2) dry; thin dark coatings; moderate
fine subangular blocky structure; hard, firm; medium acid; gradual
smooth boundary.

B22t—32 to 50 inches; dark brown (10YR 4/3) silty clay loam, brown
(10YR 5/3) dry; thin patchy dark coatings; weak medium subangular
blocky structure; hard, firm; medium acid; gradual smooth bounda-
ry.
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B3—50 to 60 inches; dark brown (10YR 4/3) silty clay loam, brown
(10YR 5/3) dry; few patchy dark coatings; few fine yellowish brown
mottles; massive; very hard, very firm; slightly acid.

The thickness of solum ranges from 40 to more than 60 inches. The
mollic epipedon is more than 24 inches thick. The A and B horizons are
medium acid or slightly acid, and the C horizon, below a depth of 40
inches, is moderately alkaline in some pedons.

The A horizon has hue of 10YR and value and chroma of less than 3.
It is silt loam or silty clay loam. The B horizon has hue of 10YR or
75YR and value and chroma of 2 to 4. The clay content is between 28
and 35 percent. The C horizon is silty clay loam or light silty clay. It has
hue of 10YR or 7.5YR, value 4 or 5, and chroma 2 to 4. In some pedons
faint mottles are below a depth of 40 inches. In some segregated lime is
below a depth of 40 inches.

Shelby series

The Shelby series consists of deep, moderately well
drained, moderately slowly permeable soils on uplands.
These soils formed in glacial till that is 5 to 12 feet thick.
Slopes range from 4 to 25 percent.

Shelby soils are similar to Burchard and Olmitz soils
and are commonly adjacent to those soils and to Pawnee
and Wymore soils on the landscape. Burchard soils have
streaks or pockets of soft lime between depths of 15 and
30 inches. Pawnee and Wymore soils contain more clay in
the argillic horizon than Shelby soils. Also, they are less
sloping and higher lying. Olmitz soils have a thicker sur-
face layer than Shelby soils and contain more sand. They
are below those soils on concave foot slopes.

Typical pedon of Shelby clay loam (fig. 10), in an area
of Burchard-Shelby clay loams, 7 to 12 percent slopes, 550
feet east and 50 feet south of northwest corner of sec. 13,
T.6S,R. 14 E.

A1—0 to 15 inches; very dark brown (10YR 2/2) clay loam, very dark
grayish brown (10YR 3/2) dry; moderate fine granular structure;
slightly hard, friable; few pebbles and sand grains; neutral; gradual
smooth boundary.

B21t—15 to 20 inches; dark brown (10YR 4/3) clay loam, brown (10YR
5/3) dry; moderate fine granular structure; slightly hard, friable;
thin clay films; few pebbles and sand grains; medium acid; gradual
smooth boundary.

B22t—20 to 32 inches; brown (10YR 5/3) clay loam, pale brown (10YR
6/3) dry; few fine yellowish brown mottles; moderately fine and
medium subangular blocky structure; hard, firm; continuous clay
films; few pebbles and sand grains; medium acid; diffuse smooth
boundary.

B23t—32 to 43 inches; brown (10YR 5/3) clay loam, pale brown (10YR
6/3) dry; numerous coarse yellowish brown mottles; moderate medi-
um subangular blocky structure; hard, firm; thin continuous clay
films; few pebbles and sand grains; medium acid; clear smooth
boundary.

C—43 to 60 inches; yellowish brown (10YR 5/4) clay loam, yellowish
brown (10YR 5/4) dry; some gray spots and dark staining; massive;
hard, firm; few pebbles; numerous accumulations of calcium car-
bonate; moderately alkaline.

The solum ranges from 30 to 60 inches in thickness. The A and B
horizons are medium acid or strongly acid, and the C horizon ranges
from medium acid to moderately alkaline. In some pedons accumulations
of caleium carbonate are below a depth of 30 inches.

The A horizon has hue of 10YR, value of 2 or 8, and chroma of 1 or 2.
It is dominantly clay loam, but in some pedons it is loam or silt loam.
The argillic horizon has hue of 10YR, value of 4 or 5, and chroma of 3 to
6. It is clay loam averaging between 32 and 35 percent clay. Some

pedons have thin layers that are more clayey. Mottles are generally
evident below a depth of 20 inches. In some pedons sand and or gravel
pockets are below a depth of 30 inches. The C horizon is coarsely mot-
tled, dark yellowish brown, yellowish brown, or light brownish gray
heavy clay loam.

Sogn series

The Sogn series consists of shallow, somewhat exces-
sively drained, moderately permeable soils on uplands.
These soils formed in residuum derived from the underly-
ing limestone. Slopes range from 5 to 15 percent.

Sogn soils are similar to Clime and Vinland soils and
are commonly adjacent to those soils and to Martin soils
on the landscape. Clime and Martin soils are not underlain
by bedrock within a depth of 20 inches. The paralithic
contact in Vinland soils is within a depth of 20 inches.

Typical pedon of Sogn silty clay loam, in an area of
Clime-Sogn complex, 5 to 20 percent slopes, 1,620 feet
north and 100 feet west of southeast corner of sec. 16, T.
9S,R.13E.

A1—0 to 12 inches; black (10YR 2/1) silty clay loam, very dark gray
(10YR 3/1) dry; weak fine granular structure; slightly hard, friable;
lower 6 inches is about 5 to 10 percent limestone fragments; mildly
alkaline; abrupt smooth boundary.

R—12 inches; limestone.

The thickness 6f solum and the depth to hard limestone range from 4
to 20 inches. Reaction is slightly acid, neutral, or moderately alkaline.
The A horizon has hue of 10YR, value 2 or 3, and chroma of 1 or 2. The
content of limestone fragments ranges from about 4 to 35 percent of the
soil mass.

Vinland series

The Vinland series consists of shallow, somewhat exces-
sively drained, moderately permeable soils on uplands.
These soils formed. in residuum derived from interbedded
sandstone and shale. Slopes range from 5 to 40 percent.

Vinland soils are similar to Clime and Sogn soils and
are commonly adjacent to Martin and Sogn soils on the
landscape. Clime and Martin soils are not underlain by
bedrock within a depth of 20 inches. Sogn soils formed in
residuum derived from limestone and have a lithic con-
tact.

Typical pedon of Vinland silty clay loam, in an area of
Vinland-Sogn complex, 5 to 20 percent slopes, 75 feet east
and 50 feet south of northwest corner of sec. 34, T. 9 S,,
R. 16 E.

A1—0 t