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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 R agronomists; for planners, community decision makers, engineers, developers,
builders, or homebuyers; for conservationists, recreationists, teachers, or students;
for specialists in wildlife management, waste disposal, or pollution control.



This soil survey is a publication of the National Cooperative Soil Survey, a
joint effort of the United States Department of Agriculture and other federal
agencies, state agencies including the Agricultural Experiment Stations, and
local agencies. The Soil Conservation Service has leadership for the federal
part of the National Cooperative Soil Survey. In line with Department of Agricul-
ture policies, benefits of this program are available to all, regardless of race,
color, national origin, sex, religion, marital status, or age.

Maijor fieldwork for this soil survey was completed during the period 1973-81.
Soil names and descriptions were approved in 1982. Unless otherwise indicat-
ed, statements in this publication refer to conditions in the survey area in 1982.
This survey was made cooperatively by the Soil Conservation Service and the
Missouri Agricultural Experiment Station. It is part of the technical assistance
furnished to the Clay and Ray Counties Soil and Water Conservation Districts.

Soil maps in this survey may be copied without permission. Enlargement of
these maps, however, could cause misunderstanding of the detail of mapping.
If enlarged, maps do not show the small areas of contrasting soils that could
have been shown at a larger scale.

Cover: An area of bottom land along the Missourl River. The bottom land along the river
is an Important part of the agriculture in Clay and Ray Counties.
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Foreword

This soil survey contains information that can be used in land-planning pro-
grams in Clay and Ray Counties. It contains predictions of soil behavior for se-
lected land uses. The survey also highlights limitations and hazards inherent in
the soil, improvements needed to overcome the limitations, and the impact of
selected land uses on the environment.

This soil survey is designed for many different users. Farmers, foresters,
and agronomists can use it to evaluate the potential of the soil and the man-
agement needed for maximum food and fiber production. Planners, community
officials, engineers, developers, builders, and home buyers can use the survey
to plan land use, select sites for construction, and identify special practices
needed to ensure proper performance. Conservationists, teachers, students,
and specialists in recreation, wildlife management, waste disposal, and pollution
control can use the survey to help them understand, protect, and enhance the
environment.

Great differences in soil properties can occur within short distances. Some
soils are seasonally wet or subject to flooding. Some are shallow to bedrock.
Some are too unstable to be used as a foundation for buildings or roads.
Clayey or wet soils are poorly suited to use as septic tank absorption fields. A
high water table makes a soil poorly suited to basements or underground instal-
lations.

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
location of each soil is shown on the detailed soil maps. Each soil in the survey
area is described. Information on specific uses is given for each soil. Help in
using this publication and additional information are available at the local office
of the Soil Conservation Service or the Cooperative Extension Service.

Paul F. Larson
State Conservationist
Soil Conservation Service
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Clay and Ray Counties are in the northwestern part of
Missouri (fig. 1). They border the Missouri River on the
south. They have a total area of about 628,665 acres, or
995 square miles. Liberty is the county seat of Clay
County, and Richmond is the county seat of Ray County.
Both of these towns are in the south-central parts of
their respective counties. In 1980, Clay County had a
population of 137,000 and Ray County had one of
21,434. Liberty had a population of 16,500; Gladstone,
the largest city in Clay County, had one of 30,783; and
Richmond had one of 5,499.

Both counties are in the Central Feed Grains and
Livestock Region of the United States. Clay County and
most of Ray County are in the lowa and Missouri Deep
Loess Hills land resource area. The northern part of Ray
County is in the lowa and Missouri Heavy Till Plain land
resource area (3).

Farming is the main enterprise in Ray County. Soy-
beans, corn, and wheat are the major crops, and beef
cattle and hogs are the principal livestock. While farming
is still an important enterprise in Clay County, commerce
and industry are now the major source of income. Large
areas of Clay County and a small part of western Ray
County have been subdivided for housing development
or sold in 3- to 10-acre tracts. Generally, these areas are
the better agricultural land. After this land is taken out of
production, marginal agricultural land generally is brought
into production.

This survey updates the soil survey of Ray County
published in 1927 (74). It provides additional information
and larger maps, which show the soils in greater detail.

Figure 1.—Location of Clay and Ray Counties in Missouri.

General Nature of the Survey Area

This section gives general information concerning the
counties. It describes climate; history and development;
physiography, relief, and drainage; and water supply.




Climate

Prepared by the National Climatic Center, Asheville, North Carolina.

The consistent pattern of climate in the survey area is
one of cold winters and long, hot summers. Heavy rains
occur mainly in spring and early in summer, when moist
air from the Gulf of Mexico interacts with drier continen-
tal air. The annual rainfall normally is adequate for corn,
soybeans, and all grain crops.

Table 1 gives data on temperature and precipitation
for the survey area as recorded at Kansas City, Missouri,
in the period 1951 to 1979. Table 2 shows probable
dates of the first freeze in fall and the last freeze in
spring. Table 3 provides data on length of the growing
season.

In winter the average temperature is 33 degrees F,
and the average daily minimum temperature is 24 de-
grees. The lowest temperature on record, which oc-
curred at Kansas City on January 23, 1963, is minus 9
degrees. In summer the average temperature is 78 de-
grees, and the average daily maximum temperature is 88
degrees. The highest recorded temperature, which oc-
curred at Kansas City on July 13, 1954, is 112 degrees.

Growing degree days are shown in table 1. They are
equivalent to “heat units.” During the month, growing
degree days accumulate by the amount that the average
temperature each day exceeds a base temperature (50
degrees F). The normal monthly accumulation is used to
schedule single or successive plantings of a crop be-
tween the last freeze in spring and the first freeze in fall.

The total annual precipitation is about 36 inches. Of
this, 25 inches, or 70 percent, usually falls in April
through September. The growing season for most crops
falls within this period. In 2 years out of 10, the rainfall in
April through September is less than 18 inches. The
heaviest 1-day rainfall during the period of record was
7.45 inches at Kansas City on August 15, 1969. Thun-
derstorms occur on about 53 days each year, and most
occur in summer.

The average seasonal snowfall is about 22 inches.
The greatest snow depth at any one time during the
period of record was 21 inches. On the average, 8 days
of the year have at least 1 inch of snow on the ground.
The number of such days varies greatly from year to
year.

The average relative humidity in midafternoon is about
60 percent. Humidity is higher at night, and the average
at dawn is about 80 percent. The sun shines 75 percent
of the time possible in summer and 60 percent in winter.
The prevailing wind is from the south. Average wind-
speed is highest, 12 miles per hour, in spring. Tornadoes
and severe thunderstorms strike occasionally but are
local in extent and of short duration. They cause damage
in scattered spots. The extent of the damage varies from
area to area. Hailstorms occur at times during the
warmer part of the year but in an irregular pattern and in
only small areas.

Soil Survey

History and Development

The history and development of Clay and Ray Coun-
ties are closely related. The area was inhabited by the
Missouri, Sac, and lowa Indians when European settlers
arrived. As part of the Louisiana Territory, it was under
French dominance until 1803, when France sold the
territory to the United States.

The first permanent settlement was established in an
area of Ray County along the Crooked River in 1816
(77). Immigration to the county was steady after this
settlement was established. The settlers in both counties
came mostly from Tennessee, Kentucky, and Virginia.
They generally built their homes on the wooded loess-
covered hills. The timber furnished material for homes
and fuel. Wild game was a plentiful food supply, and the
skins were used as a medium of exchange because
money was scarce. The settlers believed that the prairie
areas were unsuitable for all agricultural uses, except for
livestock pasture.

Ray County was organized out of the territory of
Howard County in 1820. It orginally included all or part of
12 other counties, including Clay County. It was reduced
to its present size in 1836, when Caldwell County was
organized. The county seat originally was Bluffton, in an
area along the Missouri River near the present village of
Camden. it was moved to Richmond in 1828.

Hunters and trappers lived in what is now Clay County
for short periods before title was acquired from the Indi-
ans in 1815. The first permanent settlement in this
county was established in 1819 (72). Settlement was
rapid after this settlement was established. The county
was formed from part of Ray County in 1822. At this
time, Liberty was laid out and named the county seat.
Clay County first included the four counties to the north
but was reduced to its present size when Clinton County
was organized in 1833.

Settlers from southeast Missouri who sustained real
estate losses because of the New Madrid earthquakes in
1811-12 could claim a similar acreage on any of the
public lands of Missouri. There were several New Madrid
claims in Clay and Ray Counties, but the total acreage of
land involved was small.

The residents of Clay and Ray Counties suffered from
troops and raiders from both the North and South during
the Civil War. The unrest and bloodshed greatly retarded
the development of agriculture in the area. Even after
the war, former friends and neighbors continued to retali-
ate for both real and imagined wrongs. Clay County was
the home of Frank and Jesse James, and this area was
a favorite hideout for them after they committed their
crimes.

Agriculture has always been the most important indus-
try in Ray County. It formerly was the most important
enterprise in Clay County, but in recent years commerce
and industry have become more important. Coal mining
was an important industry in Ray County from about
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1870 to the early 1950’s. The number of farms in both
counties was highest in about 1900. Since then, the
number has decreased and the size has increased.

The early settlers practiced a subsistence type of
farming. They grew corn for food and tobacco and hemp
for cash. Very little hemp was grown after 1870. Tobac-
co production also has declined. Currently, only a few
acres in the two counties are used for tobacco.

The acreage used for corn increased until about 1900,
when it was about 72,000 acres in Clay County and
115,000 acres in Ray County (4). Yield per acre was
about 36 bushels. After 1900, the acreage decreased
steadily in both counties, but yields increased. In 1979,
about 12,400 acres in Clay County and 25,500 acres in
Ray County were used for corn. The average yield was
about 107 bushels per acre in Clay County and 109
bushels per acre in Ray County.

Soybean production started in both counties in the late
1940’s. In 1950, soybeans were grown on about 200
acres in Clay County and 4,000 acres in Ray County. In
1979, they were grown on about 22,000 acres in Clay
County and 100,000 acres in Ray County. The average
yield in that year was more than 33 bushels per acre in
Clay County, and more than 35 bushels per acre in Ray
County.

Wheat and grain sorghum generally are minor crops in
both counties. The acreage used for wheat fluctuates,
depending on the market price. In the last few years it
has increased because soybeans and wheat have been
double cropped.

The raising of livestock is an enterprise in both coun-
ties.

In 1937, the enactment of legislation establishing soil
conservation districts stirred the interest of many land-
owners in both counties. The Clay County Soil and
Water Conservation District was organized in 1943. It
was the ninth soil conservation district in Missouri. The
Ray County Soil and Water Conservation District was
organized in 1945. |t was the 17th soil conservation
district in Missouri.

Physiography, Relief, and Drainage

Clay and Ray Counties are in several physiographic
areas. The southern part of both counties is the flood
plain along the Missouri River. This flood plain is less
than 1/4 mile to about 7 miles wide at the widest point.
It generally is level or nearly level, but the slope is more
than 5 percent on some of the old natural levees. The
silty and sandy soils generally are closer to the river
channel and the more clayey soils farther away. Some of
the old channels are low and wet and can be farmed
only during periods of low rainfall.

The bedrock in Clay and Ray Counties consists of
cyclic deposits of limestone and shale (6). The tilt of the
bedrock generally is from southeast to northwest. Betha-
ny Falls limestone is the most conspicuous rock forma-

tion in the two counties. It is the most extensively quar-
ried limestone in northwest Missouri. Some of the aban-
doned underground quarries in Clay County are being
developed for storage and other industrial uses (fig. 2).

The uplands are highly dissected glacial till plains cov-
ered by loess of varying thicknesses. The loess is thick-
est on the highly dissected hills close to the flood plain
along the Missouri River. It gradually thins to the north-
east, where the ridgetops are loess covered and glacial
till is on the side slopes. Pennsylvanian bedrock is ex-
posed along the more deeply entrenched drainageways
and on steep river bluffs.

Elevation ranges from about 670 feet above sea level
in an area on the Missouri River in the southeast corner
of Ray County to about 1,100 feet on the highest ridges
in the uplands.

Most of the surface water in Clay and Ray Counties
drains directly into the Missouri River. The water in some
areas in the northwestern part of Clay County drains
westward into the Platte River, and the water in some
areas in the northeastern part of Ray County drains
eastward into the Grand River. These waters eventually
flow into the Missouri River. The major tributaries are
Fishing River and Shoal and Brush Creeks in Clay
County and Crooked River and Willow, Kinney, Rollins,
and Cravens Creeks in Ray County.

Water Supply

Most of the soils on the uplands in Clay and Ray
Counties are suitable for the construction of ponds and
small reservoirs. These impoundments provide most of
the livestock water. Lawson gets part of its water from a
small lake.

The water from the consolidated rock formations that
underlie Clay and Ray Counties generally is of poor qual-
ity. It is below chemical drinking water standards of the
United States Public Health Service. Water from deep
wells is high in chlorides and sulfates. Yields from shal-
low wells generally are low, usually about § gallons per
minute, and of these wells many go dry during periods of
low rainfall (7). Some rural landowners, however, have
wells that supply an adequate amount of good-quality
water.

The wells in the alluvium along the smaller streams
supply minor amounts of water. Smithville, in the north-
western part of Clay County, gets its water from wells in
the alluvium along the Little Platte River. A well in the
alluvium along the East Fork of Crooked River supplies
water to the residents of Millville, in Ray County. Kear-
ney, a town in the central part of Clay County, gets its
water from wells in the alluvium along Fishing River.

The principal source of ground water for Clay and Ray
Counties is the alluvium along the Missouri River (8).
This source is widely used by most of the larger cities
and towns in the two counties and by the cities and
towns south of the river. Rural water districts, which get
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Figure 2.—Entrances to storage areas In Bethany Falls limestone.

their water from this source, serve many areas in Ciay
and Ray Counties. Also, several irrigation systems, which
have been installed in the last few years, use this source
of water. The water table in the alluvium along the Mis-
souri River generally is between 5 and 25 feet below the
surface of the flood plain. The thickness of the alluvium
reaches a maximum of 100 feet and averages 80 to 90
feet.

If installed in favorable locations, wells of modern con-
struction could yield more than 2,000 gallons per minute.
Data from the Kansas City area indicate, however, that
actual yields are between 500 and 1,500 gallons per
minute.

How This Survey Was Made

This survey was made to provide information about the
soils in the survey area. The information includes a de-
scription of the soils and their location and a discussion
of the suitability, limitations, and management of the
soils for specified uses. Soil scientists observed the
steepness, length, and shape of slopes; the general pat-
tern of drainage; the kinds of crops and native plants

growing on the soils; and the kinds of bedrock. They dug
many holes to study the soil profile, which is the se-
quence of natural layers, or horizons, in a soil. The
profile extends from the surface down into the unconsoli-
dated material in which the soil formed. The unconsoli-
dated material is devoid of roots and other living orga-
nisms and has not been changed by other biologic activi-

The soils in the survey area occur in an orderly pattern
that is related to the geology, the landforms, relief, cli-
mate, and the natural vegetation of the area. Each kind
of soil is associated with a particular kind of landscape
or with a segment of the landscape. By observing the
soils in the survey area and relating their position to
specific segments of the landscape, a soil scientist de-
velops a concept, or model, of how the soils were
formed. Thus, during mapping, this model enables the
soil scientist to predict with considerable accuracy the
kind of soil at a specific location on the landscape.

Commonly, individual soils on the landscape merge
into one another as their characteristics gradually
change. To construct an accurate soil map, however, soil
scientists must determine the boundaries between the
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soils. They can observe only a limited number of soil
profiles. Nevertheless, these observations, supplemented
by an understanding of the soil-landscape relationship,
are sufficient to verify predictions of the kinds of soil in
an area and to determine the boundaries.

Soil scientists recorded the characteristics of the soil
profiles that they studied. They noted soil color, texture,
size and shape of soil aggregates, kind and amount of
rock fragments, distribution of plant roots, acidity, and
other features that enable them to identify soils. After
describing the soils in the survey area and determining
their properties, the soil scientists assigned the soils to
taxonomic classes (units). Taxonomic classes are con-
cepts. Each taxonomic class has a set of soil character-
istics with precisely defined limits. The classes are used
as a basis for comparison to classify soils systematically.
The system of taxonomic classification used in the
United States is based mainly on the kind and character
of soil properties and the arrangement of horizons within
the profile. After the soil scientists classified and named
the soils in the survey area, they compared the individual
soils with similar soils in the same taxonomic class in
other areas so that they could confirm data and assem-
ble additional data based on experience and research.

While a soil survey is in progress, samples of some of
the soils in the area generally are collected for laboratory
analyses and for engineering tests. Soil scientists inter-
preted the data from these analyses and tests as well as
the field-observed characteristics and the soil properties
in terms of expected behavior of the soils under different
uses. Interpretations for all of the soils were field tested
through observation of the soils in different uses under
different levels of management. Some interpretations are
modified to fit local conditions, and new interpretations
sometimes are developed to meet local needs. Data
were assembled from other sources, such as research
information, production records, and field experience of
specialists. For example, data on crop yields under de-
fined levels of management were assembled from farm
records and from field or plot experiments on the same
kinds of soil.

Predictions about soil behavior are based not only on
soil properties but also on such variables as climate and
biological activity. Soil conditions are predictable over
long periods of time, but they are not predictable from
year to year. For example, soil scientists can state with a
fairly high degree of probability that a given soil will have
a high water table within certain depths in most years,
but they cannot assure that a high water table will
always be at a specific level on a specific date.

After soail scientists located and identified the signifi-
cant natural bodies of soil in the survey area, they drew

the boundaries of these bodies on aerial photographs
and identified each as a specific map unit. Aerial photo-
graphs show trees, buildings, fields, roads, and rivers, all
of which help in locating boundaries.

Map Unit Composition

A map unit delineation on a soil map represents an
area dominated by one major kind of soil or an area
dominated by several kinds of soil. A map unit is identi-
fied and named according to the taxonomic classification
of the dominant soil or soils. Within a taxonomic class
there are precisely defined limits for the properties of the
soils. On the landscape, however, the soils are natural
objects. In common with other natural objects, they have
a characteristic variability in their properties. Thus, the
range of some observed properties may extend beyond
the limits defined for a taxonomic class. Areas of soils of
a single taxonomic class rarely, if ever, can be mapped
without including areas of soils of other taxonomic class-
es. Consequently, every map unit is made up of the soil
or soils for which it is named and some soils that belong
to other taxonomic classes. These latter soils are called
inclusions or included soils.

Most inclusions have properties and behavioral pat-
terns similar to those of the dominant soil or soils in the
map unit, and thus they do not affect use and manage-
ment. These are called noncontrasting (similar) inclu-
sions. They may or may not be mentioned in the map
unit descriptions. Other inclusions, however, have prop-
erties and behavior divergent enough to affect use or
require different management. These are contrasting
(dissimilar) inclusions. They generally occupy small areas
and cannot be shown separately on the soil maps be-
cause of the scale used in mapping. The inclusions of
contrasting soils are mentioned in the map unit descrip-
tions. A few inclusions may not have been observed and
consequently are not mentioned in the descriptions, es-
pecially where the soil pattern was so complex that it
was impractical to make enough observations to identify
all of the kinds of soil on the landscape.

The presence of inclusions in a map unit in no way
diminishes the usefulness or accuracy of the soil data.
The objective of soil mapping is not to delineate pure
taxonomic classes of soils but rather to separate the
landscape into segments that have similar use and man-
agement requirements. The delineation of such land-
scape segments on the map provides sufficient informa-
tion for the development of resource plans, but onsite
investigation is needed to plan for intensive uses in small
areas.






General Soil Map Units

The general soil map at the back of this publication
shows the soil associations in this survey area. Each
association has a distinctive pattern of soils, relief, and
drainage. Each is a unique natural landscape. Typically,
an association consists of one or more major soils and
some minor soils. It is named for the major soils. The
soils making up one association can occur in another but
in a different pattern.

The general soil map can be used to compare the
suitability of large areas for general land uses. Areas of
suitable soils can be identified on the map. Likewise,
areas where the soils are not suitable can be identified.

Because of its small scale, the map is not suitable for
planning the management of a farm or field or for
selecting a site for a road or building or other structure.
The soils in any one association differ from place to
place in slope, depth, drainage, and other characteristics
that affect management.

The descriptions, names, and delineations of the soils
identified on the general soil map of this survey area do
not fully agree with those in the surveys of adjacent
counties published at a different date. Differences are
the result of additional soil data, variations in the
intensity of mapping, and correlation decisions that
reflect local conditions. In some areas combining small
acreages of similar soils that respond to use and
management in much the same way was more practical
than separating these soils and giving them different
names.

Soil Descriptions

1. Grundy-Lagonda association

Deep, gently sloping and moderately sloping, somewhat
poorly drained soils formed in loess or in loess and
pedisediments; on uplands

This association is on ridgetops and side slopes on
high, broad divides between the major drainageways. it
makes up about 6 percent of the survey area. It is about
45 percent Grundy soils, 34 percent Lagonda and similar
soils, and 21 percent soils of minor extent.

Grundy soils generally are on broad ridgetops and the -
less dissected, slightly concave side slopes. Typically,
they have a surface layer of very dark grayish brown silt
loam and a subsurface layer of very dark grayish brown
silty clay loam. The subsoil is dark grayish brown and

grayish brown, mottled silty clay and silty clay loam. The
substratum is grayish brown, mottled silty clay loam.

Lagonda soils generally are on the narrower ridgetops
and the ends of ridges and on the more dissected,
slightly concave side slopes. Typically, they have a
surface layer of very dark gray silt ioam and a
subsurface layer of very dark gray silty clay loam. The
subsoil is dark grayish brown and grayish brown, mottled
silty clay and silty clay loam. The substratum is mottled
gray, brown, and yellowish brown silty clay loam.

The minor soils are the moderately well drained
Armster, Nodaway, and Sharpsburg soils. Armster soils
are on the ends of ridges and the steeper side slopes.
Nodaway soils are on flood plains along small streams.
Sharpsburg soils are on narrow ridgetops and the ends
of ridges.

Grain farming and some general livestock farming are
the main enterprises in this association. Soybeans, corn,
and small grain are the major crops. Grasses and
wetness-tolerant legumes are grown on a small part of
the association. Measures that help to control erosion,
drain seepy areas, and maintain tilth and fertility are the
major management needs.

This association is suited to building site development
and sanitary facilities. Wetness, slow permeability, and a
high shrink-swell potential are the major limitations.

2. Armster-Lagonda-Sharpsburg association

Deep, gently sloping to moderately steep, moderately
well drained and somewhat poorly drained soils formed
in loess, pedisediments, and glacial till; on uplands

This association is on narrow ridgetops and
moderately dissected side slopes adjacent to small
drainageways. It makes up about 20 percent of the
survey area. It is about 34 percent Armster and similar
soils, 32 percent Lagonda and similar soils, 16 percent
Sharpsburg soils, and 18 percent soils of minor extent.

Armster soils are moderately well drained and are on
narrow ridgetops and convex side slopes. Typically, they
have a surface layer of very dark grayish brown loam.
The subsoil is brown clay loam and sandy clay in the
upper part and dark yellowish brown and yellowish
brown, mottled sandy clay and sandy clay loam in the
lower part. The substratum is multicolored sandy clay
loam.



._——’ ——

A Mocksborg

Soil Survey

Figure 3.—Pattern of soils and parent materlial in the Sharpsburg-Macksburg association.

Lagonda soils are somewhat poorly drained and are
on ridgetops, at the head of drainageways, and on
slightly concave side slopes. Typically, they have a
surface layer of very dark gray silt loam and a
subsurface layer of very dark gray silty clay loam. The
subsoil is dark grayish brown and grayish brown, mottled
silty clay and silty clay loam. The substratum is mottled
gray, brown, and yellowish brown silty clay loam in the
Lagonda soils.

Sharpsburg soils are moderately well drained and
commonly are on the narrow tops and ends of ridges.
Typically, they have a surface layer of black silt loam
and a subsurface layer of very dark grayish brown silt
loam. The subsoil is dark brown and dark yellowish
brown silty clay loam in the upper part and multicolored
silty clay loam in the lower part. The substratum is
mottled grayish brown and dark yellowish brown silt
loam.

The minor soils are the moderately well drained
Nodaway and Snead soils and the poorly drained

Sampsel soils. Nodaway soils are silty throughout. They
are on flood plains along small streams. Sampsel soils
are grayer than the major soils. They are on concave
foot slopes. Snead soils are moderately deep. They are
on the lower, steeper side slopes.

General livestock farming and grain farming are the
main enterprises in this association. Soybeans, corn, and
small grain are grown in the less sloping areas. Most of
the steeper areas are used for pasture or hay. Measures
that help to control erosion, drain seepy areas, and
maintain tilth and fertility are the major management
needs.

This association is suited to building site development
and sanitary facilities. A high shrink-swell potential,
slope, moderately slow or slow permeability, and
wetness are the major limitations.

3. Sharpsburg-Macksburg association

Deep, gently sloping to strongly sloping, moderately well
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drained and somewhat poorly drained soils formed in
loess; on uplands

This association is on narrow ridgetops and smooth,
short, slightly concave side slopes. It makes up about 15
percent of the survey area. It is about 53 percent
Sharpsburg and similar soils, 32 percent Macksburg and
similar soils, and 15 percent soils of minor extent (fig. 3).

Sharpsburg soils are moderately well drained and are
on narrow ridgetops, convex side slopes, and the ends
of ridges. Typically, they have a surface layer of black
silt loam and a subsurface layer of very dark grayish
brown silt loam. The subsoil is silty clay loam. It is dark
brown and dark yellowish brown in the upper part and
multicolored in the lower part. The substratum is mottled
grayish brown and dark yellowish brown silt loam.

Macksburg soils are somewhat poorly drained and are
on slightly concave side slopes and at the head of
drainageways. Typically, they have a surface layer of
black silt loam and a subsurface layer of black and very
dark grayish brown silty clay loam. The subsoil is dark
grayish brown and grayish brown, mottled silty clay loam.
The substratum is grayish brown, mottled silty clay loam.

The minor soils are Armster, Lagonda, and Nodaway
soils. Also of minor extent are built-up areas of Urban

land, upland, 5 to 9 percent slopes. Armster soils contain
glacial sand and gravel. They are on the steeper side
slopes. Lagonda soils are similar to the Macksburg soils.
Nodaway soils are silty throughout. They are on flood
plains along small streams.

Grain farming and livestock farming are the main
enterprises in this association. Soybeans, small grain,
and corn are the major crops. Cool-season grasses and
legumes are grown for pasture and hay. The parts of the
association near metropolitan areas are used for
subdivisions. Measures that help to control erosion and
drain seepy areas are the major management needs.

This association is suited to building site development
and sanitary facilities. Wetness, a high shrink-swell
potential, low strength, and the high content of clay are
the major limitations.

4. Snead-Ladoga association

Moderately deep and deep, gently sloping to steep,
moderately well drained soils formed in shale and
limestone residuum or in loess; on uplands

This association is on moderately dissected, narrow
ridgetops and short side slopes close to the major

Figure 4.—Pattern of soils and parent material In the Snead-Ladoga association.
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drainageways. It makes up about 16 percent of the
survey area. It is about 43 percent Snead soils, 35
percent Ladoga and similar soils, and 22 percent soils of
minor extent (fig. 4).

Snead soils are moderately deep and are on side
slopes close to the drainageways. Typically, they have a
surface layer of very dark brown flaggy silty clay loam
and a subsurface layer of very dark brown and very dark
grayish brown flaggy silty clay loam and flaggy silty clay.
The subsoil is dark grayish brown, mottled silty clay. The
substratum is dark grayish brown, grayish brown, and
olive brown silty clay. It is underlain by soft, weathered
shale bedrock.

Ladoga soils are deep and generally are on ridgetops
and side slopes above the Snead soils. Typically, they
have a surface layer of very dark grayish brown silt loam
and a subsurface layer of dark grayish brown silt loam.
The subsoil is dark yellowish brown and yellowish brown

Soil Survey

silty clay loam. It is mottled in the lower part. The
substratum is yellowish brown, mottled silty clay loam.

The minor soils are Armster, Greenton, Nodaway, and
Sampsel soils. Armster soils are similar to the Ladoga
soils. Greenton soils are somewhat poorly drained and
generally are in areas below the Snead soils. Nodaway
soils have less clay than the major soils. They are on
flood plains along small streams. Sampsel soils are
poorly drained and are in areas below the Snead soils.

About 50 percent of this association is cleared and is
used for pasture, hay, or cultivated crops. Soybeans,
wheat, and grain sorghum are the major crops. Grasses
and legumes are grown for pasture and hay. Erosion and
the slope are the major management problems.
Overgrazing or excessive use of pastures during wet
periods results in rapid erosion.

The uncleared acreage is mostly rough, strongly
sloping to steep areas of the Snead soils. It generally

Figure 5.—Pattern of solls and parent material in the Knox-Sibley association.
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supports native hardwoods. Oak and hickory are the
predominant species. The steep slopes restrict the use
of logging equipment, and erosion is a hazard along
logging roads and skid trails.

This association is suited to building site development
and sanitary facilities. Moderately slow or slow
permeability, slope, a high shrink-swell potential,
wetness, depth to bedrock, and stones are the major
limitations.

5. Knox-Sibley association

Deep, gently sloping to steep, well drained soils formed
in a thick layer of loess; on uplands

This association is on narrow and moderately wide
ridgetops and side slopes. Slopes generally are short.

This association makes up about 11 percent of the
survey area. It is about 61 percent Knox soils, 15
percent Sibley and similar soils, and 24 percent soils of
minor extent (fig. 5).

Knox soils are on narrow ridgetops and convex side
slopes. Typically, they have a surface layer of dark
brown silt loam. The subsoil is dark yellowish brown silty
clay loam. The substratum is brown silt loam.

Sibley soils are on moderately wide ridgetops and
convex side slopes. Typically, they have a surface layer
of very dark grayish brown silt loam. The subsoil is silty
clay loam. It is very dark grayish brown in the upper part
and dark brown, dark yellowish brown, and grayish
brown in the lower part. The substratum is mottled dark
yellowish brown, grayish brown, and strong brown silt
loam.

The minor soils are the somewhat poorly drained
Higginsville soils and the moderately well drained
Nodaway and Sread soils. Higginsville soils are at the
head of drainageways. Nodaway soils are on flood plains
along small streams. Snead soils are moderately deep.
They are on side slopes below the Knox soils.

About 70 percent of this association is cleared and is
used as cropland or pasture. Soybeans, wheat, and corn
are grown in the less sloping areas. Cool-season
grasses and legumes are grown for pasture and hay.
Measures that help to control erosion are the major
management needs if row crops are grown. Overgrazing
pastures during wet periods results in rapid erosion in
the steep areas.

The uncleared acreage is mostly moderately steep
and steep areas of the Knox soils. Oak and hickory are
the predominant trees. The steep slopes restrict the use
of logging equipment, and erosion is a hazard along
logging roads and skid trails.

This association is suited to building site development
and sanitary facilities. The slope, a high shrink-swell
potential, and the potential for frost action are the major
limitations.
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6. Lagonda-Sharpsburg association

Deep, gently sloping to strongly sloping, somewhat
poorly drained and moderately well drained soils formed
in loess or in loess and pedisediments; on uplands

This association is on narrow ridgetops and side
slopes on broad divides between the major
drainageways. It makes up about 8 percent of the survey
area. It is about 56 percent Lagonda and similar soils, 31
percent Sharpsburg soils, and 13 percent soils of minor
extent (fig. 6).

Lagonda soils are somewhat poorly drained and are
on concave side slopes. Typically, they have a surface
layer of very dark gray silt loam and a subsurface layer
of very dark gray silty clay loam. The subsoil is dark
grayish brown and grayish brown, mottled silty clay and
silty clay loam. The substratum is mottled gray, brown,
and yellowish brown silty clay loam.

Sharpsburg soils are moderately well drained and are
on narrow ridgetops and the ends of ridges and on
convex side slopes. Typically, they have a surface layer
of very dark grayish brown silt loam and a subsurface
layer of very dark grayish brown silty clay loam. The
subsoil is dark brown and grayish brown, mottled silty
clay and silty clay loam. The substratum is mottled gray,
brown, and yellowish brown silty clay loam.

The minor soils are Armster and Nodaway soils.
Armster soils are on the steeper convex side slopes.
They contain glacial sand and gravel. Their dark surface
layer is thinner than that of the major soils. Nodaway

" soils are silty throughout. They are on flood plains along

small streams.

Grain farming and livestock farming are the main
enterprises in this association. Soybeans, corn, and
small grain are the major crops. Cool-season grasses
and legumes are grown for pasture and hay. Measures
that help to control erosion, drain seepy areas, and
maintain tilth and fertility are the major management
needs.

This association is suited to building site development
and sanitary facilities. Wetness, a high shrink-swell
potential, the potential for frost action, and moderately
slow or slow permeability are the major limitations.

7. Zook-Nodaway-Bremer association

Deep, nearly level, poorly drained and moderately well
drained soils formed in alluvium; on flood plains and
terraces

This association is on flood plains along the
intermediate and small tributaries of the Missouri River. It
makes up about 9 percent of the survey area. It is about
38 percent Zook and similar soils, 25 percent Nodaway
soils, 19 percent Bremer soils, and 18 percent soils of
minor extent.

Zook soils are poorly drained and are on flood plains
along small streams. Typically, they have a surface layer
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Figure 6.—Pattern of soils and parent material in the Lagonda-Sharpsburg association.

of black silty clay loam and a subsurface layer of very
dark gray silty clay loam. The subsoil is dark gray silty
clay loam. The substratum is mottled dark gray and dark
grayish brown silty clay loam.

Nodaway soils are moderately well drained and are on
flood plains near the stream channels. Typically, they

have a surface layer of very dark grayish brown silt loam.

The substratum is stratified very dark grayish brown and
dark grayish brown silt loam.

Bremer soils are poorly drained and are on low stream
terraces along small streams. Typically, they have a
surface layer of black silt loam and a subsurface layer of
black silty clay loam. The subsoil is mottled silty clay
loam. It is very dark gray in the upper part and dark gray
and gray in the lower part. The substratum is gray,
mottled silty clay loam.

The minor soils are Moniteau and Wiota soils.
Moniteau soils have a gray silt loam subsurface layer
and a gray silty clay loam subsoil. They are on high

stream terraces. Wiota soils are well drained and are on
low stream terraces.

Grain farming is the main enterprise in this association.
Soybeans, corn, and small grain are the major crops.
Flooding and wetness are the major management
concerns. The high content of clay in the Zook soils also
is a concern.

This association generally is unsuitable for building site
development and sanitary facilities because of wetness
and flooding.

8. Leta-Haynie-Waldron association

Deep, nearly level, somewhat poorly drained and
moderately well drained soils formed in alluvium, on
flood plains

This association is on the wide flood plains along the
Missouri River. It makes up about 15 percent of the
survey area. It is about 33 percent Leta and similar soils,
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14 percent Haynie soils, 11 percent Waldron soils, and
42 percent soils of minor extent.

Leta soils are somewhat poorly drained and are in the
lower areas on the flood plains. Typically, they have a
surface layer of very dark gray silty clay. The subsurface
layer also is very dark gray silty clay. The subsoil is dark
grayish brown silty clay. The substratum is stratified, light
olive brown, dark grayish brown, and grayish brown silt
loam and very fine sandy loam.

Haynie soils are moderately well drained and are in
the slightly higher positions on the flood plains. Typically,
the surface layer is very dark grayish brown silt loam.
The substratum is dark grayish brown, mottled very fine
sandy loam in the upper part and dark grayish brown silt
loam and grayish brown very fine sandy loam and loamy
fine sand in the lower part.

Waldron soils are somewhat poorly drained. They are
in the lower areas on the flood plains but are slightly
higher than the Leta soils. Typically, they have a surface
layer of very dark gray silty clay loam. The substratum is
stratified, very dark grayish brown silty clay and clay in
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the upper part; stratified, dark grayish brown, mottled
silty clay and grayish brown very fine sandy loam in the
next part; and very dark grayish brown silty clay and dark
grayish brown, mottled silty clay in the lower part.

The minor soils are Booker, Cotter, Gilliam, and
Modale soils. Booker soils are very poorly drained and
are in the lower areas. Cotter soils are well drained and
are in the slightly higher areas. Gilliam soils are grayer
than the Haynie soils. They are in the lower areas.
Modale soils also are in the lower areas. They are loamy
in the upper part and clayey in the lower part.

Grain farming is the main enterprise in this association.
Soybeans, wheat, and corn are the major crops.
Wetness and a high content of clay are the main
concerns in managing the Leta and Waldron soils.

This association generally is unsuited to building site
development and sanitary facilities, mainly because of
flooding and wetness. A high shrink-swell potential,
seepage, slow permeability, and low strength also are
management concerns.






Detailed Soil Map Units

The map units on the detailed soil maps at the back of
this survey represent the soils in the survey area. The
map unit descriptions in this section, along with the soil
maps, can be used to determine the suitability and po-
tential of a soil for specific uses. They also can be used
to plan the management needed for those uses. More
information on each map unit, or soil, is given under
“Use and Management of the Soils.”

Each map unit on the detailed soil maps represents an
area on the landscape and consists of one or more soils
for which the unit is named.

A symbol identifying the soil precedes the map unit
name in the soil descriptions. Each description includes
general facts about the soil and gives the principal haz-
ards and limitations to be considered in planning for
specific uses.

Soils that have profiles that are almost alike make up
a soil series. Except for differences in texture of the
surface layer or of the substratum, all the soils of a
series have major horizons that are similar in composi-
tion, thickness, and arrangement.

Soils of one series can differ in texture of the surface
layer or of the substratum. They also can differ in slope,
stoniness, salinity, wetness, degree of erosion, and other
characteristics that affect their use. On the basis of such
differences, a soil series is divided into soif phases. Most
of the areas shown on the detailed soil maps are phases
of soil series. The name of a soil phase commonly indi-
cates a feature that affects use or management. For
example, Knox silt loam, 20 to 30 percent slopes, is one
of several phases in the Knox series.

Some map units are made up of two or more major
soils. These map units are called soil complexes. A soil
complex consists of two or more soils or of one or more
soils and a miscellaneous area in such an intricate pat-
tern or in such small areas that they cannot be shown
separately on the soil maps. The pattern and proportion
of the soils are somewhat similar in all areas. Snead-
Rock outcrop complex, 14 to 30 percent slopes, is an
example.

Most map units include small scattered areas of soils
other than those for which the map unit is named. Some
of these included soils have properties that differ sub-
stantially from those of the major soil or soils. Such
differences could significantly affect use and manage-
ment of the soils in the map unit. The included soils are
identified in each map unit description.
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This survey includes miscellaneous areas. Such areas
have little or no soil material and support little or no
vegetation. Pits, quarries, is an example. The larger mis-
cellaneous areas are shown on the soil maps.

The descriptions, names, and delineations of the soils
identified on the detailed soil maps of this survey area
do not fully agree with those in the surveys of adjacent
counties published at a different date. Differences are
the result of additional soil data, variations in the intensi-
ty of mapping, and correlation decisions that reflect local
conditions. In some areas combining small acreages of
similar soils that respond to use and management in
much the same way was more practical than separating
these soils and giving them different names.

Table 4 gives the acreage and proportionate extent of
each map unit. Other tables (see ‘“Summary of Tables’)
give properties of the soils and the limitations, capabili-
ties, and potentials for many uses. The Glossary defines
many of the terms used in describing the soils.

Soil Descriptions

1B—Sibley silt loam, 2 to 5 percent slopes. This
deep, gently sloping, well drained soil is on the moder-
ately wide, convex tops of upland ridges. Individual areas
are long and moderately wide and range from 10 to 150
acres in size.

Typically, the surface layer is very dark grayish brown,
friable silt loam about 11 inches thick. The subsoil is
friable and firm silty clay loam about 38 inches thick. The
upper part is very dark grayish brown, and the lower part
is dark brown, dark yellowish brown, and grayish brown.
The substratum to a depth of about 72 inches is mottled
dark yellowish brown, grayish brown, and strong brown,
friable silt loam. In some areas, the very dark upper
layers are less than 24 inches thick and gray mottles are
within a depth of 36 inches.

Included with this soil in mapping are small areas of
the somewhat poorly drained Higginsville and Macksburg
soils. These soils are on side slopes below the Sibley
soil. They make up less than 5 percent of the unit.

Permeability is moderate in the Sibley soil. Surface
runoff is medium in cultivated areas. Reaction is neutral
to medium acid in the subsoil and varies widely in the
surface layer as a result of local liming practices. Natural
fertility is high, and organic matter content is moderate.
Available water capacity is very high. The shrink-swell
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potential is moderate. The surface layer is friable and
can be easily tilled throughout a moderately wide range
of moisture content. It tends to crust or puddle, however,
after hard rains.

Most areas are used for cultivated crops. This soil is
suited to corn, soybeans, grain sorghum, and small grain.
If cultivated crops are grown, erosion is a hazard. A
conservation tillage system that leaves crop residue on
the surface, crop rotations that include grasses and leg-
umes, winter cover crops, and grassed waterways help
to prevent excessive soil loss. Returning crop residue to
the soil or regularly adding other organic material im-
proves fertility, helps to prevent surface crusting, and
increases the rate of water infiltration.

A cover of pasture plants or hay is effective in control-
ling erosion. This soil is suited to alfalfa, smooth brome-
grass, and other grasses and legumes. If alfalfa is
grown, the fertility level should be high. The plants
should be cut by the early bloom stage and should be at
least 6 inches high just before winter. Overgrazing or
grazing when the soil is wet causes surface compaction,
excessive runoff, and poor tilth. Proper stocking rates
and pasture rotation improve the pasture.

This soil is suited to building site development and
onsite waste disposal. The shrink-swell potential is a
limitation on sites for dwellings. Adequately reinforcing
the concrete in footings, foundations, and basement
walls with steel and backfilling with sand and gravel
around the foundations and basement walls help to pre-
vent the structural damage caused by shrinking and
swelling. Septic tank systems function well if they are
properly installed. Slope and seepage are limitations on
sites for sewage lagoons. Grading helps to level the site.
Providing slowly permeable material helps to seal the
tagoon and thus helps to prevent seepage.

Low strength, the potential for frost action, and the
shrink-swell potential are limitations if this soil is used as
a site for local roads and streets. Grading the roads and
streets so that they shed water, establishing adequate
side ditches, and installing culverts improve drainage and
thus help to prevent the damage caused by frost action
and by shrinking and swelling. Adding crushed rock or
other suitable base material helps to prevent the
damage caused by low strength.

The land capability classification is lle.

1C—Sibley silt loam, 5 to 9 percent slopes. This
deep, moderately sloping, well drained soil is on convex
side slopes and narrow ridgetops in the uplands. Individ-
ual areas are irregular in shape and range from 5 to 40
acres in size.

Typically, the surface layer is very dark grayish brown
silt loam about 8 inches thick. The subsurface layer is
very dark grayish brown silty clay loam about 7 inches
thick. The subsoil is friable silty clay loam about 32
inches thick. The upper part is dark brown, and the lower
part is brown. The substratum to a depth of about 60
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inches is brown, friable silt loam. In some areas the soil
is eroded and has a thinner dark surface layer. In other
areas grayish brown mottles are within a depth of 36
inches.

Included with this soil in mapping are small areas of
the somewhat poorly drained Higginsville and moderately
well drained Sharpsburg soils. Higginsville soils are at
the head of drainageways and on the lower parts of the
side slopes. Sharpsburg soils are on the steeper side
slopes. Included soils make up less than 5 percent of
the unit.

Permeability is moderate in the Sibley soil. Surface
runoff is medium in cultivated areas. Reaction is medium
acid to neutral in the subsoil and varies widely in the
surface layer as a result of local liming practices. Natural
fertility is high, and organic matter content is moderate.
Available water capacity is very high. The shrink-swell
potential is moderate. The surface layer is friable and
can be tilled throughout a moderately wide range of
moisture content. It crusts or puddles, however, especial-
ly after hard rains.

Most areas are used for cultivated crops. This soil is
suited to corn, soybeans, grain sorghum, and small grain.
If cultivated crops are grown, erosion is a hazard. A
conservation tillage system that leaves crop residue on
the surface, crop rotations that include grasses and leg-
umes, winter cover crops, and grassed waterways help
to prevent excessive soil loss. Most areas can be ter-
raced and farmed on the contour. Returning crop residue
to the soil or regularly adding other organic material
improves fertility, helps to prevent surface crusting, and
increases the rate of water infiltration.

A cover of pasture plants or hay is effective in control-
ling erosion. This soil is suited to alfalfa, smooth brome-
grass, and other grasses and legumes. If alfalfa is
grown, the fertility level should be high. The plants
should be cut by the early bloom stage and should be at
least 6 inches high just before winter. Overgrazing or
grazing when the soil is wet causes surface compaction,
excessive runoff, and poor tilth. Proper stocking rates
and pasture rotation improve the pasture.

This soil is suited to building site development and
onsite waste disposal. The shrink-swell potential is a
limitation on sites for dwellings. Adequately reinforcing
the concrete in footings, foundations, and basement
walls with steel and backfilling with sand and gravel
around the foundations and basement walls help to pre-
vent the structural damage caused by shrinking and
swelling. Septic tank systems function well if they are
properly installed. Slope and seepage are limitations on
sites for sewage lagoons. The less sloping areas should
be selected as sites for the lagoons. Providing slowly
permeable material helps to seal the lagoon and thus
helps to prevent seepage.

Low strength, the potential for frost action, and the
shrink-swell potential are limitations if this soil is used as
a site for local roads and streets. Grading the roads and
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streets so that they shed water, establishing adequate
side ditches, and installing culverts in low areas improve
drainage and thus help to prevent the damage caused
by frost action and by shrinking and swelling. Adding
crushed rock or other suitable base material helps to
prevent the damage caused by low strength.

The land capability classification is llle.

2C—Higginsville silt loam, 5 to 9 percent slopes.
This deep, moderately sloping, somewhat poorly drained
soil is on slightly concave side slopes in the uplands.
Individual areas are irregular in shape and range from 15
to 100 acres in size.

Typically, the surface layer is very dark brown, friable
silt loam about 10 inches thick. The subsoil is firm, mot-
tled silty clay loam about 39 inches thick. The upper part
is very dark grayish brown and mixed dark grayish brown
and grayish brown, and the lower part is grayish brown.
The substratum to a depth of about 60 inches is grayish
brown, mottled, friable silt loam. In some areas the sur-
face layer is very dark grayish brown silty clay loam.

Included with this soil in mapping are small areas of
Lagonda soils and small areas of the moderately well
drained Sharpsburg soils. Lagonda soils contain more
clay than the Higginsville soil. They are on the ends of
ridges and on side slopes. Sharpsburg soils are on the
ends of ridges. Included soils make up about 5 percent
of the unit.

Permeability is moderate in the Higginsville soil. Sur-
face runoff is medium. Reaction ranges from slightly acid
to strongly acid in the subsoil and varies widely in the
surface layer as a result of local liming practices. Natural
fertility is high, and organic matter content is moderate.
Available water capacity is high. A seasonal high water
table commonly is at a depth of 1.5 to 3.0 feet during
winter and spring. The shrink-swell potential is moderate
in the subsoil. The surface layer is friable and can be
easily tilled throughout a fairly wide range in moisture
content. It tends to crust or puddle, however, after hard
rains, especially in areas where the plow layer contains
subsoil material.

Most areas are used for cultivated crops. This soil is
suited to corn, soybeans, grain sorghum, and small grain.
If cultivated crops are grown, erosion is a hazard. A
conservation tillage system that leaves crop residue on
the surface, crop rotations that include grasses and leg-
umes, winter cover crops, and grassed waterways help
to prevent excessive soil loss. Most areas can be ter-
raced and farmed on the contour. Returning crop residue
to the soil or regularly adding other organic material
improves fertility, helps to prevent surface crusting, and
increases the rate of water infiltration. Some areas are
wet and seepy. Properly located drainage tile reduces
the wetness of these areas.

A cover of pasture plants or hay is effective in control-
ling erosion. This soil is better suited to shallow-rooted
legumes and to cool-season bunch grasses or native
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warm-season grasses than to other grasses or legumes.
Overgrazing or grazing when the soil is wet causes sur-
face compaction, excessive runoff, and poor tilth. Proper
stocking rates, pasture rotation, timely deferment of graz-
ing, and restricted use during wet periods improve the
pasture.

This soil is suitable for building site development. The
shrink-swell potential and the wetness are limitations on
sites for dwellings. Reinforcing the concrete in footings,
foundations, and basement walls with steel and back-
filling with sand and gravel around the foundations or
basement walls help to prevent the structural damage
caused by shrinking and swelling. Installing drainage tile
at the base of the sand and gravel helps to prevent the
damage caused by excessive wetness around the foun-
dations and basement walls and helps to keep base-
ments dry.

This soil generally is unsuitable as a septic tank ab-
sorption field because of the wetness. Sewage lagoons
function adequately if the site can be leveled and the
berms and bottom of the lagoon are sealed with slowly
permeable material, which helps to prevent the contami-
nation of the ground water. Also, waste generally can be
piped to adjacent areas that are suitable for onsite waste
disposal.

Low strength, the potential for frost action, the shrink-
swell potential, and the wetness are limitations if this soil
is used as a site for local roads and streets. Grading the
roads and streets so that they shed water, establishing
adequate side ditches, and installing culverts improve
drainage and thus help to prevent the damage caused
by frost action, shrinking and swelling, and wetness.
Adding crushed rock or other suitable base material
helps to prevent the damage caused by low strength.

The land capability classification is llie.

5C—Macksburg silt loam, 5 to 9 percent slopes.
This deep, moderately sloping, somewhat poorly drained
soil is on slightly concave side slopes at the head of
upland drainageways. Individual areas are irregular in
shape and range from 10 to 80 acres in size.

Typically, the surface layer is black, friable silt loam
about 7 inches thick. The subsurface layer is black and
very dark grayish brown, friable silty clay loam about 12
inches thick. The subsoil is dark grayish brown and gray-
ish brown, mottled, firm silty clay loam about 29 inches
thick. The substratum to a depth of about 61 inches is
grayish brown, mottled, friable silty clay loam. In some
areas the dark surface soil is less than 10 inches thick.
In other areas the subsoil contains more sand and clay.

Included with this soil in mapping are small areas of
the moderately well drained Sharpsburg soils. These
soils are on the tops and ends of ridges. They make up
about 10 percent of the unit.

Permeability is moderately slow in the Macksburg soil.
Surface runoff is medium. Reaction is medium acid or
strongly acid in the subsoil and varies widely in the
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surface layer as a result of local liming practices. Natural
fertility is high, and organic matter content is moderate.
Available water capacity is high. A seasonal high water
table commonly is at a depth of 2 to 4 feet during winter
and spring. The shrink-swell potential is moderate in the
surface soil and high in the subsoil. The surface layer is
friable and can be easily tilled at the optimum moisture
content. It becomes cloddy, however, if worked when the
moisture content is too high. Also, it tends to crust or
puddie after hard rains.

Most areas are used for cultivated crops. This soil is
suited to corn, soybeans, grain sorghum, and small grain
and to grasses and legumes for hay and pasture. If
cultivated crops are grown, erosion is a hazard. A con-
servation tillage system that leaves crop residue on the
surface, crop rotations that include grasses and leg-
umes, winter cover crops, and grassed waterways help
to prevent excessive soil loss. Most areas can be ter-
raced and farmed on the contour. Returning crop residue
to the soil or regularly adding other organic material
improves fertility, helps to prevent surface crusting, and
increases the rate of water infiltration.

A cover of pasture plants or hay is effective in control-
ling erosion. This soil is better suited to shallow-rooted
legumes and to cool-season bunch grasses or native
warm-season grasses than to other grasses or legumes.
Overgrazing or grazing when the soil is wet causes sur-
face compaction, excessive runoff, and poor tilth. Proper
stocking rates, pasture rotation, and restricted use during
wet periods improve the pasture.

This soil is suitable for building site development. The
shrink-swell potential and the wetness are limitations on
sites for dwellings. Reinforcing the concrete in footings,
foundations, and basement walls with steel and back-
filling with sand and gravel around the foundations or
basement walls help to prevent the structural damage
caused by shrinking and swelling. Installing drainage tile
at the base of the sand and gravel helps to prevent the
damage caused by excessive wetness around the foun-
dations and basement walis and helps to keep base-
ments dry.

This soil generally is unsuitable as a septic tank ab-
sorption field because of the wetness. Sewage lagoons
can function adequately only if they are sealed with
slowly permeable material, which helps to prevent the
contamination of the ground water. Also, waste can be
piped to adjacent areas that are suitable for onsite waste
disposal.

Low strength, the potential for frost action, the shrink-
swell potential, and the wetness are limitations if this soil
is used as a site for local roads and streets. Grading the
roads and streets so that they shed water, establishing
adequate side ditches, and installing culverts improve
drainage and thus help to prevent the damage caused
by frost action, shrinking and swelling, and wetness.
Adding crushed rock or other suitable base material
helps to prevent the damage caused by low strength.
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The land capability classification is llle.

6B—Sharpsburg siit loam, 2 to 5 percent slopes.
This deep, gently sloping, moderately well drained soil is
on convex ridgetops in the uplands. Individual areas gen-
erally are long and narrow and range from 5 to more
than 40 acres in size.

Typically, the surface layer is black, friable silt loam
about 11 inches thick. The subsurface layer is very dark
grayish brown, friable silt loam about 6 inches thick. The
subsoil is about 38 inches thick. It is dark brown, friable
silty clay loam in the upper part and dark yellowish
brown, light brownish gray, and yellowish brown, mottled,
firm silty clay loam in the lower part. The substratum to a
depth of about 60 inches is mottled grayish brown and
dark yellowish brown, friable silt loam. In some areas the
dark surface layer is thinner.

Included with this soil in mapping are small areas of
the somewhat poorly drained Macksburg and well
drained Sibley soils. Macksburg soils are at the head of
drainageways and in saddles, and Sibley soils are in the
slightly higher areas on the ridges. Included soils make
up 3 to 8 percent of the unit.

Permeability is moderately slow in the Sharpsburg soil.
Surface runoff is medium. Reaction is medium acid or
strongly acid in the subsoil and varies widely in the
surface layer as a result of local liming practices. Natural
fertility is high, and organic matter content is moderate.
Available water capacity is very high. The shrink-swell
potential is moderate. The surface layer is friable and
can be easily tilled throughout a fairly wide range in
moisture content. It tends to crust or puddle, however,
after hard rains.

Most areas are used for cuitivated crops. This soil is
suited to corn, soybeans, grain sorghum, and small grain.
If cultivated crops are grown, erosion is a hazard. A
conservation tillage system that leaves crop residue on
the surface, winter cover crops, and grassed waterways
help to prevent excessive soil loss. Most areas can be
terraced and farmed on the contour. Returning crop resi-
due to the soil or regularly adding other organic material
improves fertility, helps to prevent surface crusting, and
increases the rate of water infiltration.

A cover of pasture plants or hay is effective in control-
ling erosion. This soil is suited to alfalfa, smooth brome-
grass, and other grasses and legumes (fig. 7). Overgraz-
ing or grazing when the soil is wet, however, causes
surface compaction, excessive runoff, and poor tilth.
Proper stocking rates, pasture rotation, and timely defer-
ment of grazing improve the pasture.

This soil is suited to building site development and
onsite waste disposal. The shrink-swell potential is a
limitation on sites for dwellings. Adequately reinforcing
the concrete in footings, foundations, and basement
walls with steel and backfilling with sand and gravel
around the foundations and basement walls help to pre-
vent the structural damage caused by shrinking and
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swelling. If the soil is used as a septic tank absorption
field, the moderately slow permeability is a limitation. It
can be overcome, however, by enlarging the absorption
field. Slope and seepage are limitations on sites for
sewage lagoons. Grading helps to level the site. Provid-
ing slowly permeable material helps to seal the lagoon
and thus helps to prevent seepage.

Low strength, the potential for frost action, and the
shrink-swell potential are limitations if this soil is used as
a site for local roads and streets. Grading the roads and
streets so that they shed water, establishing adequate
side ditches, and installing culverts in low areas, improve
drainage and thus help to prevent the damage caused
by frost action and by shrinking and swelling. Adding
crushed rock or other suitable base material helps to
prevent the damage caused by low strength.

The land capability classification is lle.

6C2—Sharpsburg silt loam, 5 to 9 percent slopes,
eroded. This deep, moderately sloping, moderately well
drained soil is on convex side slopes in the uplands.
Individual areas are irregular in shape and range from 7
to 120 acres in size.

Typically, the surface layer is very dark grayish brown,
friable silt loam about 8 inches thick. The subsoil is firm
silty clay loam about 37 inches thick. The upper part is
brown and has a few grayish brown mottles, and the
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Figure 7.—An area of Sharpsburg siit loam, 2 to 5 percent slopes, used for alfalfa and bromegrass pasture.

lower part is dark yellowish brown and mottled. The
substratum to a depth of about 60 inches is mottled
grayish brown and dark brown, friable silt loam. The
surface layer is dark brown silty clay loam in areas
where plowing has mixed it with the upper part of the
subsoil.

Included with this soil in mapping are small areas of
the somewhat poorly drained Lagonda and Macksburg
and well drained Sibley soils. Lagonda and Macksburg
soils are on slightly concave slopes below the Sharps-
burg soil and at the head of drainageways. Sibley soils
are in the less sloping areas above the Sharpsburg soil.
Included soils make up 5 to 15 percent of the unit.

Permeability is moderately slow in the Sharpsburg soil.
Surface runoff is medium in cultivated areas. Reaction
ranges from strongly acid to slightly acid in the subsoil
and varies in the surface layer as a result of local liming
practices. Natural fertility is medium, and organic matter
content is moderate. Available water capacity is high.
The shrink-swell potential is moderate. The surface layer
is friable and can be easily tilled throughout a fairly wide
range in moisture content. It tends to crust or puddle,
however, after hard rains, especially in areas where the
plow layer contains subsoil material.

Most areas are used for cultivated crops. This soil is
suited to corn, soybeans, grain sorghum, and small grain.
If cultivated crops are grown, further erosion is a hazard.
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A conservation tillage system that leaves crop residue
on the surface, crop rotations that include grasses and
legumes, winter cover crops, and grassed waterways
help to prevent excessive soil loss. Most areas can be
terraced and farmed on the contour. Returning crop resi-
due to the soil or regularly adding other organic material
improves fertility, helps to prevent surface crusting, and
increases the rate of water infiltration.

A cover of pasture plants or hay is effective in control-
ling erosion. This soil is suited to alfalfa, smooth brome-
grass, and other grasses and legumes. If alfalfa is
grown, the fertility level should be high. The plants
should be cut by the early bloom stage and should be at
least 6 inches high just before winter. Overgrazing or
grazing when the soil is wet causes surface compaction,
excessive runoff, and poor tilth. Proper stocking rates,
pasture rotation, and timely deferment of grazing improve
the pasture.

This soil is suited to building site development and
onsite waste disposal. The shrink-swell potential is a
limitation on sites for dwellings. Adequately reinforcing
the concrete in footings, foundations, and basement
walls with steel and backfilling with sand and gravel
around the foundations and basement walls help to pre-
vent the structural damage caused by shrinking and
swelling. If the soil is used as a septic tank absorption
field, the moderately slow permeability is a limitation. It
can be overcome, however, by enlarging the absorption
field. The laterals should be installed across the slope.
Slope and seepage are limitations on sites for sewage
lagoons. Grading helps to leve! the site. Providing slowly
permeable material helps to seal the lagoon and thus
helps to prevent seepage.

Low strength, the potential for frost action, and the
shrink-swell potential are limitations if this soil is used as
a site for local roads and streets. Grading the roads and
streets so that they shed water, establishing adequate
side ditches, and installing culverts improve drainage and
thus help to prevent the damage caused by frost action
and by shrinking and swelling. Adding crushed rock or
other suitable base material helps to prevent the
damage caused by low strength.

The land capability classification is llle.

6D2—Sharpsburg siit loam, 9 to 14 percent slopes,
eroded. This deep, strongly sloping, moderately well
drained soil is on convex side slopes and the ends of
ridges in the uplands. Individual areas are irregular in
shape and range from 6 to 30 acres in size.

Typically, the surface layer is very dark grayish brown,
friable silt loam about 9 inches thick. The subsoil is firm
silty clay loam about 35 inches thick. The upper part is
brown, and the lower part is mottled brown, grayish
brown, and yellowish brown. The substratum to a depth
of about 60 inches is mottled grayish brown and dark
yellowish brown, friable silt loam. The surface layer is
dark brown silty clay loam in areas where plowing has
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mixed it with the upper part of the subsoil. In the south-
ern part of the survey area, the subsoil contains less .
clay.

Included with this soil in mapping are small areas of
the loamy Armster soils and the somewhat poorly
drained Macksburg soils. Armster soils are on side
slopes below the Sharpsburg soil. Macksburg soils are at
the head of drainageways. Included soils make up 5 to
10 percent of the unit.

Permeability is moderately slow in the Sharpsburg soil.
Surface runoff is rapid in cultivated areas. Reaction is
medium acid or strongly acid in the subsoil and varies
widely in the surface layer as a result of local liming
practices. Natural fertility is medium, and organic matter
content is moderate. Available water capacity is high.
The shrink-swell potential is moderate. The surface layer
is friable. It becomes cloddy, however, if tilled when wet.
Also, it tends to puddle or crust after hard rains, espe-
cially in areas where the subsoil is mixed with the plow
layer.

This soil is moderately suited to corn, soybeans, grain
sorghum, and small grain. If cultivated crops are grown,
further erosion is a hazard. A conservation tillage system
that leaves crop residue on the surface, stripcropping,
crop rotations that include grasses and legumes, winter
cover crops, terraces, and grassed waterways help to
prevent excessive soil loss. Returning crop residue to
the soil or regularly adding other organic material im-
proves fertility, helps to prevent surface crusting, and
increases the rate of water infiltration.

Most areas are pastured. A cover of pasture plants or
hay is effective in controlling erosion. Overgrazing or
grazing when the soil is wet, however, causes surface
compaction and excessive runoff and damages the
stand. Applications of fertilizer, proper stocking rates,
pasture rotation, and timely deferment of grazing improve
the pasture.

This soil is suitable for building site development and
onsite waste disposal. The shrink-swell potential and the
slope are limitations on sites for dwellings. Adequately
reinforcing the concrete in footings, foundations, and
basement walls with steel and backfilling with sand or
gravel around the foundations and basement walls help
to prevent the structural damage caused by shrinking
and swelling. The slope can be overcome by land shap-
ing or by designing the dwellings so that they conform to
the natural slope of the land. The moderately slow per-
meability and the slope are limitations on sites for septic
tank absorption fields. Enlarging the absorption field
helps to overcome the moderately slow permeability. In-
stalling the laterals across the slope or land shaping
helps to overcome the slope. Slope and seepage are
limitations on sites for sewage lagoons. Grading helps to
level the site. Providing slowly permeable material helps
to seal the lagoon and thus helps to prevent seepage.

Low strength, the potential for frost action, and the
shrink-swell potential are limitations if this soil is used as
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a site for local roads and streets. Grading the roads and
streets so that they shed water, establishing adequate
side ditches, and installing culverts in low areas improve
drainage and thus help to prevent the damage caused
by frost action and by shrinking and swelling. Adding
crushed rock or other suitable base material helps to
prevent the damage caused by low strength.

The land capability classification is llle.

8—Pits, quarries. This map unit is in upland areas
from which limestone is or has been quarried. It general-
ly consists of the quarry pits, the stockpiles of lime and
crushed rock, the areas covered with overburden spoil,
the equipment areas, and the transport roads. Individual
areas range from 10 to about 165 acres in size.

The capacity of these areas to support vegetation is
limited. it varies from area to area. The vegetation is
primarily small trees, annual weeds, and perennial
grasses.

The active pits are dry, but most of the abandoned pits
contain water. Onsite investigation is needed before any
land use decisions are made.

No land capability classification is assigned.

9D—Snead silty clay loam, 5 to 14 percent slopes.
This moderately deep, moderately sloping and strongly
sloping, moderately well drained soil is on convex side
slopes along upland drainageways. Individual areas are
long and narrow and range from 5 to 65 acres in size.

Typically, the surface layer is black silty clay loam
about 5 inches thick. The subsurface layer is very dark
brown and dark brown silty clay about 13 inches thick.
The subsoil is grayish brown, firm silty clay about 5
inches thick. The substratum is mottled grayish brown,
dark grayish brown, and olive gray, firm clay about 12
inches thick. Soft, weathered shale bedrock is at a depth
of about 35 inches.

Included with this soil in mapping are small areas of
the deep Armster and Greenton soils. Armster soils
~ occur as narrow bands at the upper edge of the mapped
areas. Greenton soils are on side slopes at the lower
edge of the mapped areas. Included soils make up about
5 to 10 percent of the unit.

Permeability is slow in the Snead soil. Surface runoff is
medium. Reaction is neutral or mildly alkaline in the
subsoil. Natural fertility is low, and organic matter con-
tent is moderate. Available water capacity is low. A sea-
sonal high water table commonly is at a depth of 2 to 3
feet during winter and spring. The shrink-swell potential
is high. The surface layer is firm and can be tilled only
within a narrow range in moisture content. If tilled when
wet or dry, it becomes cloddy. Also, it becomes com-
pacted if tilled when wet.

Most areas are used for pasture or hay. Some small
areas are cultivated along with the surrounding areas. A
few areas are used for woodland. This soil is not well
suited to row crops and is only moderately well suited to
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small grain. If the soil is used as cropland, erosion is a
hazard. A conservation tillage system that leaves crop
residue on the surface, winter cover crops, crop rotations
that include grasses and legumes, and grassed water-
ways help to prevent excessive soil loss. Most areas can
be farmed on the contour. Because of the moderate
depth to bedrock, however, the soil generally is unsuit-
able for terracing. Returning crop residue to the soil or
regularly adding other organic material improves fertility,
helps to prevent surface compaction, and increases the
rate of water infiltration.

A cover of pasture plants or hay is effective in control-
ling erosion. This soil is better suited to shallow-rooted
legumes and cool-season bunch grasses or native warm-
season grasses than to other grasses or legumes. Pas-
ture renovation generally is needed because most pas-
tures are in poor condition. Because of the silty clay
loam surface layer, careful management is needed to
maintain a good stand of grasses and legumes. Over-
grazing or grazing when the soil is wet causes surface
compaction, excessive runoff, and poor tilth. Proper
stocking rates and pasture rotation improve the pasture.

A few areas support native hardwoods. This soil is
suited to trees. Seedling mortality and the windthrow
hazard are the main management concerns. Selecting a
planting stock that is larger than is typical improves the
seedling survival rate. The stands should be thinned less
intensively and more frequently than the stands in areas
where the windthrow hazard is slight. The limitations that
affect planting and harvesting are slight. In a few areas
small gullies should be reshaped and seeded to grass,
which can provide a protective cover until the trees are
established.

This soil is suitable for building site development but
generally is unsuited to onsite waste disposal. The
shrink-swell potential and the wetness are limitations on
sites for dwellings. The moderate depth to bedrock also
is a limitation on sites for dwellings with basements, but
the bedrock is soft and can be excavated. Reinforcing
the concrete in footings, foundations, and basement
walls with steel and backfilling with sand and gravel
around the foundations or basement walls help to pre-
vent the structural damage caused by shrinking and
swelling. Installing drainage tile at the base of the sand
and gravel helps to prevent the damage caused by ex-
cessive wetness around the foundations and basement
walls and helps to keep basements dry. All sanitary
facilities should be connected to commercial sewers.
Otherwise, sewage generally can be piped to adjacent
areas that are suitable for onsite waste disposal.

Low strength, the potential for frost action, and the
shrink-swell potential are limitations if this soil is used as
a site for local roads and streets. Grading the roads and
streets so that they shed water, establishing adequate
side ditches, and installing culverts improve drainage and
thus help to prevent the damage caused by frost action
and by shrinking and swelling. Adding crushed rock or
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other suitable base material helps to prevent the
damage caused by low strength.
The land capability classification is IVe.

9E—Snead silty clay loam, 14 to 30 percent slopes.
This moderately deep, moderately steep and steep, mod-
erately well drained soil is on convex side slopes along
upland drainageways. Individual areas are long and
narrow and range from 5 to 50 acres in size.

Typically, the surface layer is black silty clay loam
about 8 inches thick. The subsurface layer is very dark
grayish brown silty clay about 6 inches thick. The subsoil
is firm silty clay about 16 inches thick. The upper part is
brown, and the lower part is dark grayish brown and
mottled. Weathered, gray shale bedrock is at a depth of
about 30 inches. In some areas the depth to soft bed-
rock is more than 40 inches.

Included with this soil in mapping are small areas of
the deep Armster and Greenton soils. These soils occur
as narrow bands at the upper and lower edges of the
mapped areas. Also included are small areas where the
surface layer is lighter colored. Included areas make up
about 5 to 10 percent of the unit.

Permeability is slow in the Snead soil. Surface runoff is
rapid. Reaction is neutral or mildly alkaline in the subsoil.
Natural fertility is low, and organic matter content is
moderate. Available water capacity is low. A high sea-
sonal water table commonly is at a depth of 2 to 3 feet
during winter and spring. The shrink-swell potential is
high. The surface layer is firm and can be tilled only
within a narrow range in moisture content. If tilled when
wet or dry, it becomes cloddy. Also, it becomes com-
pacted if tilled when wet.

Most areas are pastured. Because of the slope, this
soil is generally unsuited to cultivated crops. It is suited
to shallow-rooted legumes and 1o cool-season bunch
grasses and native warm-season grasses. A cover of
pasture plants or hay is effective in controiling erosion.
Pasture renovation generally is needed because most
pastures are in poor condition. If the pasture is reseeded
to grasses and legumes, timely tillage and tilling on the
contour help to ensure more rapid growth and help to
prevent the damage caused by erosion. Because of the
silty clay loam surface layer, careful management is
needed to maintain a good stand of grasses and leg-
umes. Overgrazing or grazing when the soil is wet
causes surface compaction, excessive runoff, and poor
tilth. Proper stocking rates and pasture rotation improve
the pasture.

A few small areas support native hardwoods. This soil
is suited to trees. The erosion hazard, the equipment
limitation, the seedling mortality rate, and the windthrow
hazard are management concerns. The design of logging
roads and skid trails should minimize the steepness and
length of the slopes. In the steepest areas, the logs
should be yarded uphill to the roads or trails. Small
gullies and disturbed areas should be reshaped and
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seeded after the trees are harvested. Selecting a plant-
ing stock that is larger than is typical improves the seed-
ling survival rate. The stands should be thinned less
intensively and more frequently than the stands in areas
where the windthrow hazard is slight.

This soil is suitable for building site development but
generally is unsuited to onsite waste disposal. The
shrink-swell potential, the wetness, and the slope are
limitations on sites for dwellings. The moderate depth to
bedrock also is a limitation on sites for dwellings with
basements, but the bedrock is soft and can be excavat-
ed. Reinforcing the concrete in footings, foundations,
and basement walls with steel and backfilling with sand
and gravel around the foundations or basement walls
help to prevent the structural damage caused by shrink-
ing and swelling. Installing drainage tile at the base of
the sand and gravel helps to prevent the damage
caused by excessive wetness around the foundations
and basement walls and helps to keep basements dry.
The slope can be overcome by land shaping or by de-
signing the dwellings so that they conform to the natural
slope of the land. All sanitary facilities should be con-
nected to commercial sewers, or the sewage should be
piped to adjacent areas that are better suited to onsite
waste disposal.

Low strength, the potential for frost action, the shrink-
swell potential, and the slope are limitations if this soil is
used as a site for local roads and streets. Grading the
roads and streets so that they shed water, establishing
adequate side ditches, and installing culverts improve
drainage and thus help to prevent the damage caused
by frost action and by shrinking and swelling. Adding
crushed rock or other suitable base material helps to
prevent the damage caused by low strength. The slope
can be overcome by land shaping or by designing the
roads and streets so that they conform to the natural
slope of the land. The bedrock should be excavated in
some areas.

The land capability classification is Vle.

10D—Snead-Rock outcrop complex, 5 to 14 per-
cent slopes. This map unit occurs as areas of a moder-
ately deep, moderately sloping and strongly sloping,
moderately well drained Snead soil closely intermingled
with areas where limestone crops out. It is on convex
side slopes in the uplands. Individual areas range from
10 to more than 150 acres in size. They are about 65
percent Snead soil and 20 percent Rock outcrop. The
Rock outcrop occurs as bands so narrow that mapping
them separately from the Snead soil is not practical.

Typically, the Snead soil has a surface layer of black,
firm flaggy silty clay loam about 11 inches thick. The
subsoil is dark grayish brown, brown, grayish brown, and
light olive brown silty clay about 11 inches thick. The
substratum is grayish brown and olive brown silty clay
about 16 inches thick. Soft, weathered shale bedrock is
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at a depth of about 38 inches. In some areas the depth
to soft bedrock is more than 40 inches.

Included with this unit in mapping are small areas of
the deep, somewhat poorly drained Greenton soils, the
deep Nodaway soils, and the deep, poorly drained
Sampsel soils. Greenton soils are downslope from the
Snead soil. Nodaway soils are on narrow bottoms.
Sampsel soils are lower on the side slopes than the
Snead soil. Included soils make up about 10 to 15 per-
cent of the unit.

Permeability is slow in the Snead soil. Surface runoff is
medium. Reaction is slightly acid to neutral in the surface
layer and neutral to moderately alkaline in the subsoil.
Natural fertility is low, and organic matter content is
moderate. Available water capacity is low. A seasonal
high water table commonly is at a depth of 2 to 3 feet
during winter and spring. The shrink-swell potential is
high.

This map unit generally is unsuited to cultivated crops,
pasture, and hay. Because of slope and the surface
stones, cultivation is not practical and establishing
grasses and legumes is very difficult.

Most areas support native hardwoods. The Snead soil
is suited to trees. The stoniness, the seedling mortality
rate, and the windthrow hazard are the main manage-
ment concerns. Because of the stones, hand planting or
direct seeding may be needed. Selecting a planting
stock that is larger than is typical improves the seedling
survival rate. The stands should be thinned less inten-
sively and more frequently than the stands in areas
where the windthrow hazard is slight. Logging roads and
skid trails should be carefully designed and should be
established on the contour.

The Snead soil generally is unsuited to building site
development and onsite waste disposal because of the
stones and the depth to bedrock.

The land capability classification is VIs.

10F—Snead-Rock outcrop complex, 14 to 30 per-
cent slopes. This map unit occurs as areas of a moder-
ately deep, moderately steep and steep, moderately well
drained Snead soil closely intermingled with areas where
limestone crops out. It is on convex side slopes in the
uplands. Individual areas range from 15 to 255 acres in
size. They are about 60 to 70 percent Snead soil and 20
percent Rock outcrop. The Rock outcrop occurs as
bands so narrow that mapping them separately from the
Snead soil is not practical.

Typically, the Snead soil has a surface layer of very
dark brown, friable and firm flaggy silty clay loam about
12 inches thick. The subsurface layer is very dark gray-
ish brown, firm flaggy silty clay about 7 inches thick. The
subsoil is dark grayish brown, mottled, very firm silty clay
about 7 inches thick. The substratum is dark grayish
brown, grayish brown, and olive brown, very firm silty
clay about 12 inches thick. Soft, weathered shale bed-
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rock is at a depth of about 38 inches. Some areas are
strongly sloping.

Included with this unit in mapping are small areas of
the deep, somewhat poorly drained Greenton soils.
These soils are on the lower edges of the mapped
areas. Also included are colluvial areas along drain-
ageways. Included areas make up about 5 to 15 percent
of the unit.

Permeability is slow in the Snead soil. Surface runoff is
rapid. Reaction is neutral or mildly alkaline in the subsoil.
Natural fertility is low, and organic matter content is
moderate. Available water capacity is low. A seasonal
high water table commonly is at a depth of 2 to 3 feet
during winter and summer. The shrink-swell potential is
high.

Nearly all areas are used as woodland. This soil gen-
erally is unsuited to cultivated crops and to pasture and
hay because of the stones on the surface.

Most areas support native hardwoods. The Snead soil
is suited to trees. The slope, the stoniness, the seedling
mortality rate, and the windthrow hazard are manage-
ment concerns. Because of the stones, hand planting or
direct seeding generally is needed. Selecting a planting
stock that is larger than is typical improves the seedling
survival rate. The stands should be thinned less inten-
sively and more frequently than the stands in areas
where the windthrow hazard is slight. Logging roads and
skid trails should be carefully designed and should be
established on the contour.

This map unit generally is unsuited to building site
development and onsite waste disposal because of the
stones, the slope, and the depth to bedrock.

The land capability classification is Vlis.

11C2—Greenton silty clay loam, 5 to 9 percent
slopes, eroded. This deep, moderately sloping, some-
what poorly drained soil is on convex side slopes in the
uplands. Individual areas are irregular in shape and
range from 5 to more than 100 acres in size.

Typically, the surface layer is very dark grayish brown
silty clay loam about 8 inches thick. The subsoil is about
41 inches thick. The upper part is dark brown, firm silty
clay loam; the next part is brown and dark yellowish
brown, mottled, firm silty clay loam; and the lower part is
multicolored, very firm silty clay. The substratum to a
depth of about 60 inches is multicolored, very firm silty
clay. In some areas the dark surface layer is eroded and
is less than 7 inches thick.

Included with this soil in mapping are small areas of
the poorly drained Sampsel and moderately well drained
Snead soils. Sampsel soils are in narrow drainageways.
Snead soils are moderately deep over bedrock. They
occur as narrow strips above or below the Greenton soil.
Included soils make up about 5 to 10 percent of the unit.

Permeability is slow in the Greenton soil. Surface
runoff is medium. Reaction ranges from moderately alka-
line to medium acid in the subsoil and varies widely in
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the surface layer as a result of local liming practices.
Organic matter content is moderately low, and natural
fertility is medium. Available water capacity is high. A
seasonal high water table commonly is at a depth of 1 to
3 feet during the spring. The shrink-swell potential is
high. The surface layer is friable but becomes cloddy if
tilled when the moisture content is high.

Most areas are used for cultivated crops. This soil is
suited to corn, soybeans, grain sorghum, and smali grain.
If cultivated crops are grown, further erosion is a hazard.
A conservation tillage system that leaves crop residue
on the surface, crop rotations that include grasses and
legumes, winter cover crops, and terraces help to pre-
vent excessive soil loss. Returning crop residue to the
soil or regularly adding other organic material improves
fertility, helps to prevent surface crusting, and increases
the rate of water infiltration.

A cover of pasture plants or hay is effective in control-
ling erosion. This soil is suited to shallow-rooted legumes
and to cool-season bunch grasses and native warm-
season grasses. Overgrazing or grazing when the soil is
wet, however, causes surface compaction, excessive
runoff, and poor tilth. Proper stocking rates, pasture rota-
tion, and timely deferment of grazing improve the pas-
ture.

This soil is suitable for building site development. The
shrink-swell potential and the wetness are limitations on
sites for dwellings. Reinforcing the concrete in footings,
foundations, and basement walls with steel and back-
filling with sand and gravel around the foundations or
basement walls help to prevent the structural damage
caused by shrinking and swelling. Installing drainage tile
at the base of the sand and gravel helps to prevent the
damage caused by excessive wetness around the foun-
dations and basement walls and helps to keep base-
ments dry.

This soil generally is unsuitable as a septic tank ab-
sorption field because of the wetness and the slow per-
meability. Sewage lagoons function adequately if they
are established in the less sloping areas or if the site
can be leveled.

Low strength, the potential for frost action, the shrink-
swell potential, and the wetness are limitations if this soil
is used as a site for local roads and streets. Grading the
roads and streets so that they shed water, establishing
adequate side ditches, and installing culverts improve
drainage and thus help to prevent the damage caused
by frost action, shrinking and swelling, and wetness.
Adding crushed rock or other suitable base material
helps to prevent the damage caused by low strength.

The land capability classification is llle.

11C3—Greenton silty clay loam, 5 to 9 percent
slopes, severely eroded. This deep, moderately slop-
ing, somewhat poorly drained soil is on convex side
slopes and foot slopes in the uplands. Individual areas
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are irregular in shape and range from 10 to 50 acres in
size.

Typically, the surface layer is dark brown, friable silty
clay loam about 6 inches thick. The subsoil is about 31
inches thick. It is firm and mottled. It is brown and dark
yellowish brown silty clay loam in the upper part and
yellowish brown silty clay in the lower part. The substra-
tum to a depth of about 60 inches is grayish brown,
mottled, firm silty clay. In some areas the surface layer is
very dark grayish brown. In other areas the slope is more
than 9 percent.

Included with this soil in mapping are small areas of
Armster, Sampsel, and Snead soils. Armster soils and
the moderately deep Snead soils occur as narrow strips
on the side slopes at the higher edges of the mapped
areas. The poorly drained Sampsel soils are in slightly
concave areas along drainageways. Included soils make
up about 5 to 10 percent of the unit.

Permeability is slow in the Greenton soil. Surface
runoff is rapid. Reaction is medium acid or slightly acid in
the subsoil. Natural fertility is low, and organic matter
content is moderately low. Available water capacity is
moderate. A seasonal high water table commonly is at a
depth of 1 to 3 feet during the spring. The shrink-swell
potential is high. The surface layer is friable but becomes
cloddy if worked when wet and crusts or puddies after
hard rains.

Most areas are used as cropland. This soil is suited to
small grain. it also is suited to corn and soybeans if
these crops are grown only occasionally. If cultivated
crops are grown, further erosion is a hazard. A conserva-
tion tillage system that leaves crop residue on the sur-
face, crop rotations that include grasses and legumes,
winter cover crops, and grassed waterways help to pre-
vent excessive soil loss. Most areas can be terraced and
farmed on the contour. Returning crop residue to the soil
or regularly adding other organic material improves fertili-
ty, helps to prevent surface crusting, and increases the
rate of water infiltration.

A cover of pasture plants or hay is effective in control-
ling erosion. This soil is suited to shallow-rooted legumes
and to cool-season bunch grasses and native warm-
season grasses. Overgrazing or grazing when the soil is
wet, however, causes surface compaction, excessive
runoff, and poor tilth. Proper stocking rates, pasture rota-
tion, and restricted use during wet periods improve the
pasture.

This soil is suitable for building site development. The
shrink-swell potential and wetness are limitations on
sites for dwellings. Reinforcing the concrete in footings,
foundations, and basement walls with steel and back-
filling with sand and gravel around the foundations or
basement walls help to prevent the structural damage
caused by shrinking and swelling. Installing drainage tile
at the base of the sand and gravel helps to prevent the
damage caused by excessive wetness around the foun-
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dations and basement walls and helps to keep base-
ments dry.

This soil generally is unsuitable as a septic tank ab-
sorption field because of the wetness and the slow per-
meability. Sewage lagoons function adequately if they
are established in the less sloping areas or if the site
can be leveled.

Low strength, the potential for frost action, the shrink-
swell potential, and the wetness are limitations if this soil
is used as a site for local roads and streets. Grading the
roads and streets so that they shed water, establishing
adequate side ditches, and installing culverts improve
drainage and thus help to prevent the damage caused
by frost action, shrinking and swelling, and wetness.
Adding crushed rock or other suitable base material
helps to prevent the damage caused by low strength.

The land capability classification is IVe.

11D3—Greenton silty clay loam, 9 to 14 percent
slopes, severely eroded. This deep, strongly sloping,
somewhat poorly drained soil is on convex foot slopes
and the ends of ridges in the uplands. individual areas
are irregular in shape and range from 5 to 65 acres in
size.

Typically, the surface layer is dark brown, firm silty clay
loam about 5 inches thick. The subsoil is firm silty clay
loam about 42 inches thick. The upper part is brown, and
the lower part is dark yellowish brown, dark brown, and
olive brown and has common gray mottles. The substra-
tum to a depth of about 60 inches is dark brown and
olive brown, firm silty clay.

Included with this soil in mapping are small areas of
Sampsel and Snead soils. The poorly drained Sampsel
soils are in slightly concave areas along drainageways.
The moderately deep Snead soils occur as narrow bands
on the higher edges of the mapped areas. Included soils
make up about 5 to 10 percent of the unit.

Permeability is slow in the Greenton soil. Surface
runoff is rapid. Reaction is medium acid or slightly acid in
the subsoil. Natural fertility is low, and organic matter
content is moderately low. Available water capacity is
moderate. A seasonal high water table commonly is at a
depth of 1 to 3 feet during the spring. The shrink-swell
potential is high. The surface layer is friable but becomes
cloddy if worked when wet and crusts or puddies after
hard rains.

Most areas are used for pasture and hay. This soil
generally is unsuited to cultivated crops. It is suited to
shallow-rooted legumes and to cool-season bunch
grasses and native warm-season grasses. A cover of
pasture plants or hay is effective in controlling erosion.
Because of the silty clay loam surface layer, careful
management is needed to maintain a good stand of
grasses and legumes. Overgrazing or grazing when the
soil is wet causes surface compaction, excessive runoff,
and poor tilth. Proper stocking rates, pasture rotation,
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and restricted use during wet periods improve the pas-
ture.

This soil is suitable for building site development. The
shrink-swell potential and the wetness are limitations on
sites for dwellings. Reinforcing the concrete in footings,
foundations, and basement walls with steel and back-
filling with sand and gravel around the foundations or
basement walls help to prevent the structural damage
caused by shrinking and swelling. Installing drainage tile
at the base of the sand and grave! helps to prevent the
damage caused by excessive wetness around the foun-
dations and basement walls and helps to keep base-
ments dry.

This soil generally is unsuitable as a septic tank ab-
sorption field because of the wetness and the slow per-
meability. Sewage lagoons function adequately if they
are established in the less sloping areas or if the site
can be leveled.

Low strength, the potential for frost action, the shrink-
swell potential, and the wetness are limitations if this soil
is used as a site for local roads and streets. Grading the
roads and streets so that they shed water, establishing
adequate side ditches, and installing culverts improve
drainage and thus help to prevent the damage caused
by frost action, shrinking and swelling, and wetness.
Adding crushed rock or other suitable base material
helps to prevent the damage caused by low strength.

The land capability classification is Vle.

13B—Sampsel silty clay loam, 2 to 5§ percent
slopes. This deep, gently sloping, poorly drained soil is
on slightly concave foot slopes along drainageways. Indi-
vidual areas are irregular in shape and range from 6 to
about 50 acres in size.

Typically, the surface layer is black, friable silty clay
loam about 7 inches thick. The subsurface layer is also
black, friable silty clay loam. It is about 5 inches thick.
The subsoil is firm silty clay about 38 inches thick. The
upper part is very dark gray, the next part is dark grayish
brown, and the lower part is grayish brown. The substra-
tum to a depth of about 60 inches is gray, firm silty clay.
In some areas soft, weathered, gray clay shale bedrock
is at a depth of 40 to 60 inches.

Included with this soil in mapping are small areas of
Greenton, Grundy, and Snead soils. The somewhat
poorly drained Greenton soils are on the ends of ridges.
The somewhat poorly drained Grundy soils are on
convex ridgetops. The moderately deep Snead soils are
on side slopes at the higher edges of the mapped areas.
Also included, on the lower edges of the mapped areas,
are Sampsel soils that are seepy and that stay wet most
of the year. Included soils make up about 10 percent of
the unit.

Permeability is slow in the Sampsel soil. Surface runoff
is medium. Reaction ranges from medium acid to moder-
ately alkaline in the subsoil. Natural fertility is high, and
organic matter content is moderate. Available water ca-
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pacity is high. A seasonal high water table commonly is
within a depth of 1.5 feet during winter and spring. The
shrink-swell potential is moderate in the surface soil and
high in the subsoil. The surface layer can be tilled only
within a narrow range of moisture content. If tilled when
wet or dry, it becomes cloddy. Also, it becomes com-
pacted if tilled when wet.

Most areas are used as cropland. This soil is suited to
corn, soybeans, and grain sorghum. If cultivated crops
are grown, erosion is a hazard. Also, surface compaction
is a problem in seepy areas. A conservation tillage
system that leaves crop residue on the surface, crop
rotations that include grasses and legumes, winter cover
crops, and grassed waterways help to prevent excessive
soil loss. Most areas can be terraced and farmed on the
contour. Constructing diversion terraces on the upper
slopes helps to prevent seepage. Returning crop residue
to the soil or regularly adding other organic material
improves fertility, helps to prevent surface compaction,
and increases the rate of water infiltration.

A cover of pasture plants or hay is effective in control-
ling erosion. This soil is suited to shallow-rooted legumes
and to cool-season bunch grasses and native warm-
season grasses. Because of the wetness and the silty
clay loam surface layer, careful management is needed
to maintain a good stand of grasses and legumes. Over-
grazing or grazing when the soil is wet causes surface
compaction, excessive runoff, and poor tilth. Proper
stocking rates, pasture rotation, and restricted use during
wet periods improve the pasture.

This soil is suitable for building site development. The
shrink-swell potential and the wetness are limitations on
sites for dwellings. Reinforcing the concrete in footings,
foundations, and basement walls with steel and back-
filling with sand and gravel around the foundations or
basement walls help to prevent the structural damage
caused by shrinking and swelling. Installing drainage tile
at the base of the sand and gravel helps to prevent the
damage caused by excessive wetness around the foun-
dations and basement walls and helps to keep base-
ments dry.

This soil generally is unsuitable as a septic tank ab-
sorption field because of the wetness and the slow per-
meability. The depth to bedrock and the slope are limita-
tions on sites for sewage lagoons. Onsite investigation is
needed to identify suitable sites for sewage lagoons.

Low strength, the potential for frost action, the shrink-
swell potential, and the wetness are limitations if this soil
is used as a site for local roads and streets. Grading the
roads and streets so that they shed water, establishing
adequate side ditches, and installing culverts improve
drainage and thus help to prevent the damage caused
by frost action, shrinking and swelling, and wetness.
Adding crushed rock or other suitable base material
helps to prevent the damage caused by low strength.

The land capability classification is lle.
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13C—Sampsel silty clay loam, 5 to 9 percent
slopes. This deep, moderately sloping, poorly drained
soil is on slightly concave side slopes and foot slopes
along drainageways. Individual areas generally are long
and narrow and range from 5 to about 80 acres in size.

Typically, the surface layer is very dark gray, friable
silty clay loam about 5 inches thick. The subsurface layer
is also very dark gray, friable silty clay loam. It is about 4
inches thick. The subsoil extends to a depth of 60 inches
or more. It is firm. The upper part is very dark gray,
mottled silty clay loam; the next part is dark grayish
brown, mottled silty clay and silty clay loam; and the
lower part is mottled dark gray, dark grayish brown, and
olive brown siity clay loam. In some areas weathered
shale bedrock is within a depth of 60 inches.

Included with this soil in mapping are small areas of
the somewhat poorly drained Greenton soils and the
moderately deep Snead soils. Greenton soils are on the
ends of ridges. Snead soils occur as narrow bands on
the higher edges of the mapped areas. Also included, on
the lower edges of the mapped areas, are Sampsel soils
that are seepy and that stay wet most of the year.
Included soils make up about 5 to 10 percent of the unit.

Permeability is slow in the Sampsel soil. Surface runoff
is medium. Reaction ranges from medium acid to moder-
ately alkaline in the subsoil. Natural fertility is medium,
and organic matter content is moderate. Available water
capacity is high. A seasonal high water table commonly
is within a depth of 1.5 feet during winter and spring. The
shrink-swell potential is moderate in the surface soil and
high in the subsoil. The surface layer can be tilled only
within a narrow range in moisture content. If tilled when
wet or dry, it becomes cloddy. Also, it becomes com-
pacted if tilled when wet. The seepy areas stay wet most
of the year.

Most areas are used as cropland. This soil is suited to
corn, soybeans, grain sorghum, and small grain. If culti-
vated crops are grown, erosion is a hazard. Also, surface
compaction is a problem in seepy areas. A conservation
tillage system that leaves crop residue on the surface,
crop rotations that include grasses and legumes, winter
cover crops, and grassed waterways help to prevent
excessive soil loss. Most areas can be terraced and
farmed on the contour. Returning crop residue to the soil
or regularly adding other organic material improves fertili-
ty, helps to prevent surface compaction, and increases
the rate of water infiltration.

A cover of pasture plants or hay is effective in control-
ling erosion. This soil is suited to shallow-rooted legumes
and to cool-season bunch grasses and native warm-
season grasses. Because of the wetness and the silty
clay loam surface layer, careful management is needed
to maintain a good stand of grasses and legumes. Over-
grazing or grazing when the soil is wet causes surface
compaction, excessive runoff, and poor tilth. Proper
stocking rates, pasture rotation, and restricted use during
wet periods improve the pasture.
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This soil is suitable for building site development. The
shrink-swell potential and the wetness are limitations on
sites for dwellings. Reinforcing the concrete in footings,
foundations, and basement walls with steel and back-
filling with sand and gravel around the foundations or
basement walls help to prevent the structural damage
caused by shrinking and swelling. Installing drainage tile
at the base of the sand and gravel helps to prevent the
damage caused by excessive wetness around the foun-
dations and basement walls and helps to keep base-
ments dry.

This soil generally is unsuitable as a septic tank ab-
sorption field because of the wetness and the slow per-
meability. The depth to bedrock and the slope are limita-
tions on sites for sewage lagoons. Onsite investigation is
needed to identify sites where the soil is deep enough
for sewage lagoons. Also, the site should be leveled.

Low strength, the potential for frost action, the shrink-
swell potential, and the wetness are limitations if this soil
is used as a site for local roads and streets. Grading the
roads and streets so that they shed water, establishing
adequate side ditches, and installing culverts improve
drainage and thus help to prevent the damage caused
by frost action, shrinking and swelling, and wetness.
Adding crushed rock or other suitable base material
helps to prevent the damage caused by low strength.

The land capability classification is llle.

24B—Lagonda silt loam, 2 to 5 percent slopes. This
deep, gently sloping, somewhat poorly drained soil is on
the ends of ridges and in low saddles in the uplands.
Individual areas are irregular in shape and range from 5
to 25 acres in size.

Typically, the surface layer is very dark gray, friable silt
loam about 6 inches thick. The subsurface layer is very
dark gray, friable silty clay loam about 9 inches thick.
The subsoil is about 40 inches thick. It is mottled and
firm. The upper part is dark grayish brown silty clay, and
the lower part is grayish brown silty clay loam. The
substratum to a depth of about 60 inches is mottled
gray, brown, and yellowish brown, firm silty clay loam. In
some areas the lower part of the subsoil contains less
sand.

Included with this soil in mapping are small areas of
the moderately well drained Sharpsburg soils. These
soils are on narrower, slightly higher ridges. They make
up less than 5 percent of the unit.

Permeability is slow in the Lagonda soil. Surface runoff
is medium in cultivated areas. Reaction ranges from
medium acid to neutral in the subsoil and varies in the
surface layer because of local liming practices. Natural
fertility is high, and organic matter content is moderate.
Available water capacity is high. A seasonal high water
table commonly is at a depth of 1.5 to 3.0 feet during
winter and spring. The shrink-swell potential is high. The
surface layer is friable. It becomes cloddy, however, if
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tilled when wet. Also, it can crust or puddle, especially
after hard rains.

Most areas are used for cultivated cro