~4{SOIL SURVEY -

_...;g{. OF .}gg..._

Mercer Gounty, North Dakota

< 9

U S. Department of Agriculture
Soil Conservation Service

in cooperation with

U. S. Department of the Interior
Bureau of Indian Affairs and
North Dakota Agricultural Experiment Station



HOW TO USE

Locate your area of interest on
'I the "Index to Map Sheets"'
L]

2 Note the number of the map
*  sheet and turn to that sheet.

i S g

——— ————

Locate your area of interest
3 o on the map sheet.

27¢
1318 /

1488

4 List the map unit symbols
. that are in your area.

Symbols

27C




THIS SOIL SURVEY

Turn te 'Index to Soil Map Units'*
5 . which lists the name of each map unit and the
page where thal map unit is described.

i s L m
D T
e L T

i — — 5
e oG
P i &

See "‘Summary of Tables' (following the
6. Contents) for location of additional dala ke e s T
on a spacific soil use.

R

LA

L
JURRERTREAL

T

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 . agronomisis; for planners, community decision makers, engineers, developers,
builders, or homebuyers; for consarvationists, recreationists, teachers, or

students; 1o specialists in wildlife management, waste disposal, or pollution cantral.



ii

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

Major fieldwork for this soil survey was completed in the period 1970-75.
Soil names and descriptions were approved in 1976. Unless otherwise indicated,
statements in the publication refer to conditions in the survey area in 1976.
This survey was made cooperatively by the Soil Conservation Service, the
United States Department of the Interior, Bureau of Indian Affairs, and the
North Dakota Agricultural Experiment Station. It is part of the technical
assistance furnished to the Mercer County Soil Conservation District. Finan-
cial assistance was provided by the Mercer County Board of Commissioners.

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

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

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

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

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

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

G~

Allen L. Fisk
State Conservationist
Soil Conservation Service
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S0[L SURVEY OF MERCER COUNTY, NORTH DAKOTA

By Francis J. Wilhelm, Soil Conservation Service

Fieldwork by Frederick P. Aziz, Kevin J. Dalsted, Kenneth W. Thompson,
Paul K. Weiser, and Francis J. Wilhelm, Soil Conservation Service

U. S. Department of Agriculture, Soil Conservation Service,
in cooperation with U. S. Department of the Interior,
Bureau of Indian Affairs, and North Dakota Agricultural Experiment Station

MERCER COUNTY is in the west-central part of
North Dakota (see facing page). The county has a total
area of 710,400 acres, of which 666,560 acres, or 1,041
square miles, is land area and 43,840 acres is water area.
Most of the water area is part of Lake Sakakawea.

The county is part of the Missouri Slopes vegetative
zone and the Rolling Soft Shale Plains Land Resource
Area of the Northern Great Plains. It is within the Mis-
souri River Basin and is bounded on the north by Lake
Sakakawea and on the east by the Missouri River.

The Knife River has cut a valley from the western
boundary to the Missouri River on the eastern boundary.
The part of the county north of the Knife River is mostly
a glaciated upland plain interspersed with residual
uplands. Immediately south of the Knife River are wind-
and water-deposited sand and silt. The southwestern part
of the county is a residual upland plain that has remnants
of glacial till deposits. The elevation ranges from about
1,670 feet where the Missouri River leaves the county to
about 2,400 feet in the southwestern part of the county.

General nature of the county

This section provides general information about the
county. It describes climate, settlement, natural resources,
and farming,

Climate

Mercer County has a semiarid continental climate.
Moisture deficiency determines more than any other fac-
tor the production of crops and range grasses. A short
period of drought coupled with hot, dry, southerly winds
can result in a poor crop even though precipitation is near
normal. Cool weather throughout the early and middle
parts of the growing season can result in a fair crop even
though rainfall during the growing season is substantially
below normal.

Rainfall normally is adequate for the crops commonly
grown in most areas in the northern part of the county.
The lower available water capacity of the sandier soils

south of the Knife River results in local drought condi-
tions nearly every year. Crops grown on many soils in the
southwestern part of the county also are subject to
drought in most years because of excessive runoff, excess
sodium salts, low available water capacity, and soft
bedrock within a depth of 40 inches.

Frost can occur locally every month of the year but
rarely occurs during June, July, or August. The average
length of the growing season is about 115 days. Some of
the farmers living within 5 miles of Lake Sakakawea in-
dicate that the length of the growing season has in-
creased by about 10 days since the closure of Garrison
Dam. Winds blowing across the lake probably prevent
early frost damage, but no data are available to substan-
tiate this fact. Frost penetration averages about 4.5 feet,
but it can be less than 2 feet when the soil is dry, the
snow cover is substantial, and temperature is mild. Under
opposite conditions, frost penetration can be as much as 7
feet (3).

Mercer County is usually warm in summer and has
frequent spells of hot weather and occasional cool days. It
is very cold in winter, when arctic air frequently surges
over the county. Most precipitation falls during the warm
period, and precipitation is normally heaviest late in
spring and early in summer. Snowfall is normally not
heavy, and the snow is blown into drifts so that much of
the ground has no snow cover.

Table 1 gives data on temperature and precipitation for
the survey area, as recorded at Beulah, North Dakota for
the period 1955 to 1974. 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 12 degrees F, and
the average daily minimum temperature is 1 degree. The
lowest temperature on record, which occurred at Beulah
on January 29, 1966, is minus 42 degrees. In summer the
average temperature is 67 degrees, and the average daily
maximum temperature is 82 degrees. The highest
recorded temperature, which occurred on July 20, 1960, is
108 degrees.
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Growing degree days, shown in table 1, 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 (40 degrees F). The
normal monthly accumulation is used to schedule single or
successive plantings of a crop between the last freeze in
spring and the first freeze in fall.

Of the total annual precipitation, 14 inches, or 88 per-
cent, usually falls in April through September, which in-
cludes the growing season for most crops. In 2 years out
of 10, the rainfall in April through September is less than
11 inches. The heaviest 1-day rainfall during the period of
record was 4.18 inches at Beulah on July 18, 1969. Thun-
derstorms occur on about 34 days each year, and 26 of
these days are in summer.

Average seasonal snowfall is 28 inches. The greatest
snow depth at any one time during the period of record
was 17 inches. On the average, 51 days have at least 1
inch of snow on the ground, but the number of such days
varies greatly from year to year.

The average relative humidity in midafternoon is about
55 percent. Humidity is higher at night, and the average
at dawn is about 80 percent. The percentage of possible
sunshine is 70 in summer and 53 in winter. The prevailing
wind is from the west-northwest. Average windspeed is
highest, 13 miles per hour, in April.

Blizzards occur several times each winter. Hail accom-
panies summer thunderstorms in small scattered areas.

Settlement

The earliest known inhabitants of what is now Mercer
County were the argicultural Indians now called the Man-
dan, Rees, and Grosventre. The Assinobines, Crows,
Cheyennes, and Sioux were frequent visitors to the area.
Traces of Indian villages and temporary camps are
evident throughout the county, particularly along the
major streams.

The Spanish adventurers may have been the first to

come in contact with the Indians along the upper Missouri
River system. The first documented visit of an explorer
to Mercer County, however, was that of Chevalier de la
Verendrye, a French Canadian who visited the Mandans
in 1738. In 1802, Charles Le Raye, another French
Canadian explorer, visited the Mandan and Grosventre
villages along the Knife River. In 1804, Lewis and Clark,
on an expedition sent out by President Jefferson to ex-
plore the Louisiana Territory, visited the Indian villages
in the vicinity of what is now Stanton. There they met
Sakakawea, who was chosen to guide the expedition to
the Pacific Ocean.
- Mercer County was designated and named by a legisla-
tive act of 1883, before the Dakota Territory was reor-
ganized into the States of North and South Dakota. The
present boundaries were established in 1885, when part of
Oliver County was separated from Mercer County, and
Mercer County gained nine townships in the
southwestern part of the county (6).

The first settlement was a Swedish settlement near
Fort Clark along the Missouri River. It was started by
Goran Alderin in 1882. The largest group of settlers were
the German immigrants from Russia. Most of these im-
migrants settled north of the Knife River. Ownership of
land was obtained through the Homestead Act or the
purchase of inexpensive railroad land. Most of the popula-
tion consists of descendants of these immigrants.

The population of Mercer County was 254 in 1885, in-
creased rapidly until 1910, and began to decrease in 1940.
It was 9,611 in 1940, 8,686 in 1950, and 6,175 in 1970. Since
1970, it has increased, particularly in the towns of Beulah
and Hazen. The increase can be attributed to the indus-
tries resulting from the mining of lignite coal. Stanton,
the county seat, has a population of about 517, according
to the 1970 census. Beulah and Hazen are the largest
towns. Beulah has a population of about 1,650, according
to an unofficial census in 1975, and Hazen has a popula-
tion of about 1,560, according to an official census in the
same year. Other communities in the county are Golden
Valley, Zap, and Pick City.

Natural resources

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

Most of the county has adequate water for domestic
use and for use as livestock water. Important artesian
aquifers are in the Fox Hills and Hell Creek Formations
of Late Cretaceous age and the Tongue River Formation
of Tertiary age. The water from these aquifers is suitable
for livestock, for domestic use, and for some industrial
uses, but it is probably not suitable for irrigation. Glacial
outwash and alluvial deposits form potentially productive
aquifers suitable for irrigation. These aquifers are
beneath the valleys of Antelope, Elm, Goodman, and
Spring Creeks and the Knife and Missouri Rivers (5).

Most of the water used as domestic and livestock water
on farms is derived from the lignite coal veins in Ft.
Union shale. Lake Sakakawea water behind the Garrison
Dam on the Missouri River and water from the Missouri
River are suitable for irrigation, for livestock, and for
domestic and industrial uses. Water from the other major
streams is of limited value because of low flow and a high
content of soluble salts.

A vast amount of lignite coal is in Mercer County. Of
the approximately 7.5 million tons of lignite coal mined in
North Dakota in 1974, about 5 million tons was mined in
Mercer County (9). It is estimated that Mercer County
has lignite reserves of about 29,900 million tons (4). Three
major mining companies operate in the county. Most of
the coal is used in four steam-powered electric generating
plants, and the rest is exported to other areas of the
country. Plans for a plant that would convert lignite coal
to synthetic gas have been proposed.
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A few areas of sand and gravel deposits may have com-
mercial value. Some of these deposits have been mined.
Porcelanite (scoria) is in many areas of the county. It is
used for surfacing secondary roads. Other potentially im-
portant natural resources are oil and natural gas deposits.
Several test drills have indicated oil shows, but the oil is
of no commercial value (4). Clay from the lower member
of the Golden Valley Formation is used as raw material
for making bricks. The Golden Valley Formation is
moderately extensive in the county.

Farming

The first settlers were mostly farmers. Prior to settle-
ment, the soils were used by large cattle companies as
open grazing land. Farming was promoted by the sale of
railroad land and by the Homestead Act. Most of the first
farms were on the glacial till plain north of the Knife
River. Ranches were established in the southwestern part
of the county. Most of the farms are diversified, deriving
income from beef-cow-calf operations and small grain.
Ranches deriving most of the income from beef-cow-calf
operations are dominant south of the Knife River. These
ranches also derive some income from the production of
small grain,

The number of farms in the county increased until the
1930’s. The depression and prolonged drought of the thir-
ties forced many landowners to abandon their farms. The
number of farms decreased from 1,204 in 1935 to 852 in
1954. It continued to decrease in the period 1954 through
1975 but at a much slower rate. In 1975, a total of 806
farms were managed by 625 different operators. The
average size of the farms increased from 527 acres in
1935 to 827 acres in 1975, according to the Agricultural
Stabilization and Conservation Service.

About 282,000 acres, or 43 percent, of the land area is
used as cropland. The rest is mostly in native grass and is
used as rangeland or hayland. Almost 40 percent of the
cropland is used for the production of hard red spring
wheat, which is a cash crop. The average yield of spring
wheat is 24 bushels per acre. Crops that are used primari-
ly as feed for livestock are oats, corn cut for silage, and
alfalfa and other tame grasses and legumes. Other com-
monly grown cash crops are barley and flax. Winter
wheat has been planted by several farmers without any
consistent success. The total income from the sale of
livestock is about the same as that from the sale of cash
grains.

The East Mercer County Soil Conservation District,
which was organized in 1948, included all of Mercer Coun-
ty east of range 88 and three townships in the
northwestern part of Oliver County. These townships
were transferred to the Oliver County Soil Conservation
District in 1959. The West Mercer County Soil Conserva-
tion District was organized in 1951. The organization of
these Soil Conservation Districts enabled the Soil Conser-
vation Service to establish an office in Mercer County.
The two districts merged in 1964, forming the Mercer
County Soil Conservation District.

How this survey was made

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

The soil scientists recorded the characteristics of the
profiles they studied, and they compared those profiles
with others in counties nearby and in places more distant.
Thus, through correlation, they classified and named the
soils according to nationwide, uniform procedures.

After a guide for classifying and naming the soils was
worked out, the soil scientists drew the boundaries of the
individual soils on aerial photographs. These photographs
show woodlands, buildings, field borders, roads, and other
details that help in drawing boundaries accurately. The
soil map at the back of this publication was prepared
from aerial photographs.

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

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

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

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

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

Because of its small scale, the map does not show the
kind of soil at a specific site. Thus, it is not suitable for
planning the management of a farm or field or for select-
ing a site for a road or building or other structure. The
kinds of soil in any one map unit differ from place to
place in slope, depth, stoniness, drainage, or other charac-
teristics that affect their management.

As a result of changes in series concepts, differing soil
patterns, and differences in the design of map units, some
of the boundaries and soil names on the Mercer County
general soil map do not match those on the general soil
maps of Oliver, Stark, and Morton Counties.

Map unit descriptions

Soils formed in glacial till and in loess over
glacial till on uplands

These soils are on a glacial till plain in the northern
half of the county. In places the plain has a thin mantle of
loess. The soils make up about 23 percent of the county.
They formed in material weathered from loamy glacial till
and in silty loess deposits overlying glacial till. They are
mostly nearly level to rolling.

1. Williams-Zahl

Undulating to rolling, deep, well drained soils formed in
material weathered from loamy glacial till

These soils are in the northern part of the county. They
are on a glacial till plain that has small areas of nearly
level ground moraines and steep drainageways. They are
partly drained by intermittent streams, but in some small
scattered areas where the landscape is characterized by
potholes and depressions, the drainage system is closed.

This map unit occupies about 7 percent of the county.
It is about 55 percent Williams soils, 15 percent Zahl soils,
and 30 percent soils of minor extent (fig. 1).

The undulating to rolling Zahl soils are on the tops of
knobs, hills, and ridges and along drainageways. The un-
dulating or gently rolling Williams soils are on the lower
side slopes below the Zahl soils. Both soils have a loam
surface layer.

The most extensive minor soils in this map unit are Ar-
negard, Bowbells, Bowdle, Parnell, Tonka, and Wabek
soils. The very poorly drained Parnell soils and the poorly
drained Tonka soils occupy the depressions or potholes.
The well drained Arnegard and Bowbells soils are in the
swales and the slightly concave areas. The Bowdle soils,
which are moderately deep over sand and gravel, and the
Wabek soils, which are shallow over sand and gravel, are
in small areas of glacial outwash and on eskers.

About 75 percent of the acreage is used for cultivated
crops. The rest is in native grass and is used as rangeland
and hayland. The Parnell and Tonka soils are used mostly
for grazing, hay, or wildlife habitat. The hazards of soil
blowing and water erosion are the main limitations for
farming. Slope, moderately slow permeability, and a
moderate shrink-swell potential are the major limitations
for most uses.

This map unit has good to fair potential for cultivated
crops where Williams soils dominate and where slopes are
less than about 9 percent. Where slopes are steeper than
about 9 percent and where Zahl soils are dominant, it is
generally unsuited to cultivated crops. It is best suited to
rangeland.

The major soils have good potential for rangeland, for
openland wildlife habitat, and for urban and residential
uses and fair potential for rangeland wildlife habitat. The
Parnell and Tonka soils have good potential for wetland
wildlife habitat.

2. Williams-Bowbells

Nearly level to gently rolling, deep, well drained soils
formed in material weathered from loamy glacial till

These soils are in the northeastern part of the county.
They are on a glacial till plain that has small areas of
level glacial lake plains, rolling moraines, and moderately
steep or steep drainageways. They are partly drained by
intermittent streams, but in many small scattered areas
where the landscape is characterized by potholes and
depressions, the drainage system is closed.

This map unit occupies about 12 percent of the county.
It is about 55 percent Williams soils, 20 percent Bowbells
soils, and 25 percent soils of minor extent.

The nearly level or undulating Bowbells soils are on the
plane and slightly concave, mid and lower side slopes and
in swales. The nearly level to gently rolling Williams soils
are on the plane and convex ridges, knobs, and upper side
slopes above the Bowbells soils. Both soils have a loam
surface layer.

The most extensive minor soils in this map unit are Ar-
negard, Cabba, Makoti, Parnell, Straw, Tonka, and Zahl
soils and Ustorthents.
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About 75 percent of the acreage is used for cultivated
crops. The rest is in native grass and is used as rangeland
and hayland. The Parnell and Tonka soils are used domi-
nantly for grazing, hay or wildlife habitat, but some
drained areas are used for -cultivated crops. The
Ustorthents are used mostly for wildlife habitat, but
some areas are used for limited grazing. The hazards of
soil blowing and water erosion are the main limitations
for farming. Moderately slow permeability, the shrink-
swell potential, and potential frost action are the major
limitations for most other uses.

This map unit has good potential for cultivated crops.
The Cabba and Zahl soils and Ustorthents are generally
unsuited to cultivated crops. The Cabba and Zahl soils are
best suited to rangeland and have good potential for
range grasses. Ustorthents have poor potential for range-
land and wildlife habitat.

The major soils have good potential for openland and
rangeland wildlife habitat and urban and residential uses.
The Parnell and Tonka soils have good potential for wet-
land wildlife habitat. Part of this map unit is underlain by
lignite coal, some of which has been mined.

3. Williams-Wilton-Temvik

Nearly level or undulating, deep, well drained soils
Jormed in material weathered from glacial till and loess

These soils are in the northern and eastern parts of the
county. They are on a loess-mantled glacial till plain that
has small areas of gently rolling or rolling moraines and
moderately steep or steep drainageways. They are partly
drained by intermittent streams, but in a few small secat-
tered areas where the landscape is characterized by
potholes and depressions, the drainage system is closed.

This map unit occupies about 4 percent of the county.
It is about 25 percent Williams soils, 20 percent Wilton
soils, 20 percent Temvik soils, and 35 percent soils of
minor extent.

The nearly level or undulating Williams soils are on the
plane and convex ridges, knobs, and upper side slopes
above the Wilton and Temvik soils. The nearly level Wil-
ton soils are on the plane and slightly concave, lower side
slopes and in swales. The undulating Temvik soils are on
the plane and convex, mid and upper side slopes. The
Temvik and Wilton soils are in areas where deposits of
loess are thin. All three soils have a silt loam surface
layer.

The most extensive minor soils in this map unit are
Grassna, Mandan, and Zahl soils. The well drained Grass-
na soils are in swales and slightly concave areas where
deposits of loess are thick. The well drained Mandan soils
are in the slightly higher lying areas where deposits of
loess are thick. The well drained Zahl soils are on the
tops of knobs and ridges and along drainageways.

About 90 percent of the acreage is used for cultivated
crops. The rest is in native grasses and is used as range-
land and hayland. The hazards of soil blowing and water
erosion are the main limitations for farming. Moderately

slow permeability, the shrink-swell potential, and poten-
tial frost action are the major limitations for most other
uses.

This map unit has good potential for cultivated crops.
Areas where slopes are steeper and where the Zahl soils
are dominant, however, are generally unsuited to cul-
tivated crops. They are best suited to rangeland and have
good potential for range grasses. The map unit has good
potential for openland wildlife habitat and fair potential
for rangeland wildlife habitat. It has good potential for
urban and residential uses.

Soils formed in glacial till and in sandy and
loamy water- and wind-sorted sediments on
uplands

These soils are along the Knife River and Spring
Creek. They are on a sandy upland plain and a glacial till
plain, much of which is mantled with loamy and sandy
sediments. They are nearly level to hilly on the sandy
upland plain and nearly level to gently rolling on the gla-
cial till plain. They make up about 12 percent of the coun-
ty. The soils formed in material weathered from sandy
and loamy sediments and in glacial till.

4. Flaxton-Williams

Nearly level to gently rolling, deep, well drained loamy
soils formed in material weathered from glacial till and
from loamy sediments and the underlying glacial till

These soils are south of the Knife River and on both
sides of Spring Creek. They are on a glacial till plain,
much of which is mantled with wind- or water-sorted
loamy sediments. The plain has small areas of rolling
moraines and moderately steep or steep drainageways.
The soils are partly drained by intermittent streams, but
in a few small scattered areas where the landscape is
characterized by potholes and depressions, the drainage
system is closed.

This map unit occupies about 9 percent of the county.
It is about 40 percent Flaxton soils, 20 percent Williams
soils, and 40 percent soils of minor extent.

The nearly level to gently rolling Flaxton soils are on
the plane and slightly concave, mid and lower side slopes
and in swales below the Williams soils. The nearly level to
gently rolling Williams soils are on the plane and convex
ridges, knobs, and upper side slopes.

The most extensive minor soils in this map unit are
Cabba, Parshall, Straw, and Lihen soils and Ustorthents.
The strongly sloping to steep Cabba soils, which are shal-
low over bedrock, are along drainageways. The well
drained Straw soils occupy flood plains along streams.
The somewhat excessively drained Lihen soils are in
areas where sandy deposits are deep. The Parshall soils
are in swales and slightly concave areas. Ustorthents are
in areas that were formerly mined for lignite coal.

About 50 percent of the acreage is used for cultivated
crops. The rest is in native grass and is used as rangeland
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and hayland. The Cabba soils are used mostly as range-
land, and the Ustorthents are used mostly for wildlife
habitat. The hazards of soil blowing and water erosion are
the main limitations for farming. In areas where Flaxton
soils dominate, the hazard of soil blowing is moderate to
severe. Slope, moderately slow permeability, the shrink-
swell potential, and potential frost action are the major
limitations for most other uses.

This map unit has good to fair potential for cultivated
crops. The Cabba and Lihen soils are best suited to ran-
geland and have fair to good potential for range grasses.
Ustorthents have poor potential for rangeland and for
wildlife habitat. The major soils have good to fair poten-
tial for openland wildlife habitat and fair potential for
rangeland wildlife habitat. They have good to fair poten-
tial for urban and residential uses. Part of this map unit
is underlain by lignite coal, some of which has been
mined.

5. Lihen-Seroco-Telfer

Nearly level to hilly, deep, somewhat excessively drained
and excessively drained soils formed in material
weathered from sandy wind- and water-sorted sediments

These soils are in the southeastern part of the county
south of the Knife River. They are on an upland plain
that is dissected in small areas by moderately steep or
steep drainageways. They are partly drained by intermit-
tent streams, but they absorb most of the precipitation.

This map unit occupies about 3 percent of the county.
It is about 30 percent Lihen soils, 20 percent Seroco soils,
20 percent Telfer soils, and 30 percent soils of minor ex-
tent (fig. 2).

The nearly level or undulating, somewhat excessively
drained Lihen soils are on the mid and lower side slopes
and in swales below the Seroco and Telfer soils. The
nearly level to hilly, excessively drained Seroco soils are
on the plane and convex upper side slopes and on the tops
of knobs and hills and are above Telfer soils. The nearly
level to rolling, excessively drained Telfer soils are on the
plane and convex, mid and upper side slopes and the tops
of knobs and hills.

The most extensive minor soils in this map unit are
Krem, Flaxton, and Parshall soils and Dune land. The well
drained Krem soils are in areas where sandy sediments
are moderately deep over glacial till. The well drained
Flaxton soils are in areas where loamy sediments overlie
glacial till. Parshall soils are in swales and slightly con-
cave areas. Dune land is characterized by actively shifting
sand dunes.

Almost all of the acreage is rangeland. A severe hazard
of soil blowing and the droughtiness resulting from low
available water capacity are the main limitations for ran-
geland and cultivated crops. Slope, the severe hazard of
soil blowing, the sandy texture, and the hazard of ground
water contamination are the main limitations for most
other uses. A few small scattered clumps of native shrubs
are throughout the map unit.

This map unit has fair potential for rangeland. It has
poor potential for openland wildlife habitat and good to
fair potential for rangeland wildlife habitat. It has poor
potential for urban and residential uses. The Flaxton and
Parshall soils have good to fair potential for cultivated
crops. The Dune land is generally unsuited to most uses,
but it has esthetic value. It should be stabilized to
prevent serious damage to surrounding vegetation and
soils.

Soils formed in glacial till, loess over glacial
till, old alluvium, and material weathered
from bedrock; on uplands

These soils occur as scattered areas throughout the
county. They are on a residual upland plain interspersed
with areas of a glacial till plain that in places has a thin
mantle of loess. They make up about 31 percent of the
county. The soils formed in material weathered from gla-
cial till, in old alluvium, in loess over glacial till, and in
loamy and clayey material weathered from soft bedrock.
Those on the glacial till plain are undulating to hilly.
Those on the residual plain are nearly level to steep. The
depth to the underlying soft bedrock varies.

6. Belfield-Williams-Vebar

Nearly level to strongly sloping, deep and moderately
deep, well drained soils formed in material weathered
from soft bedrock, old alluvium, and glacial till

These soils are in the western part of the county. They
are on a glacial and residual upland plain that is crossed
by streams and has broad terraces that are dissected by
steep drainageways. They are drained by intermittent
streams.

This map unit occupies about 4 percent of the county.
It is about 20 percent Belfield soils, 15 percent Williams
soils, 10 percent Vebar soils, and 55 percent soils of minor
extent.

The nearly level or gently sloping Belfield soils are on
plains and slightly concave terraces and in swales below
the Williams and Vebar soils. They have a silt loam sur-
face layer. The undulating or gently rolling Williams soils
are on plane and convex knobs, ridges, and side slopes.
They have a loam surface layer. The moderately sloping
or strongly sloping Vebar soils are on plane and convex
side slopes, knobs, ridges, and hills, generally below the
Williams soils. They have a fine sandy loam surface layer.

The most extensive minor soils in this map unit are Ar-
negard, Cohagen, Lefor, and Straw soils. The well drained
Arnegard soils are in swales and slightly concave areas.
The Cohagan soils, which are shallow over bedrock, occu-
py the tops of knobs, ridges, and hills and the upper side
slopes along drainageways. The Lefor soils, which are
moderately deep over bedrock, occupy the plane and con-
vex tops of knobs, hills, and side slopes. The well drained
Straw soils occupy flood plains along streams.
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About 50 percent of the acreage is used for cultivated
crops. The rest is in native grasses and is used as range-
land or hayland. The hazards of soil blowing and water
erosion are the main limitations for farming. In some
areas these hazards are moderate to severe. Slope,
moderately slow or slow permeability, the shrink-swell
potential, and potential frost action are the major limita-
tions for most other uses.

This map unit has fair potential for cultivated crops.
The steeper areas are best suited to rangeland. The
potential for rangeland is good. The potential for open-
land and rangeland wildlife habitat and for urban and re-
sidential uses is fair.

7. Williams-Cabba

Undulating to steep, deep and shallow, well drained soils
formed in material weathered from glacial till and soft
bedrock

These soils occur as scattered areas throughout the
northern half of the county. They are on a glacial till plain
that is dissected by well defined drainageways. They are
undulating to rolling on the plain and strongly sloping to
steep along the drainageways. Nearly level ground
moraines and terraces are in some areas. The soils are
drained by intermittent streams, but in a few small areas
where the landscape is characterized by potholes and
depressions, the drainage system is closed.

This map unit occupies about 12 percent of the county.
It is about 35 percent Williams soils, 20 percent Cabba
soils, and 45 percent soils of minor extent.

The undulating to hilly Williams soils are on plane and
convex knobs, ridges, and hills. They have a loam surface
layer. The moderately steep to steep Cabba soils are on
ridges and along drainageways below the Williams soils.
They have a loam or silt loam surface layer.

The most extensive minor soils in this map unit are
Cohagen, Ringling, Straw, Vebar, and Zahl soils. The
Cohagen soils, which are shallow over bedrock, are along
strongly sloping to steep drainageways. The Ringling
soils, which are shallow to porcelanite (scoria), are on the
tops of knolls, hills, and ridges and along drainageways.
The well drained Straw soils occupy flood plains along
streams. The Zahl soils occupy rolling moraines and some
steep slopes along drainageways. The Vebar soils, which
are moderately deep over bedrock, occupy the plane and
convex slopes on residual upland plains and the lower side
slopes below the Cohagen soils.

About 60 percent of the acreage is used as rangeland,
and the rest is used for cultivated crops. Slope and the
hazards of soil blowing and water erosion are the main
limitations if the soils are farmed or used as rangeland.
Slope, moderately slow permeability, the shrink-well
potential, and the depth to soft bedrock are the major
limitations for most other uses.

This map unit has fair potential for cultivated crops
where Williams soils dominate and where slopes are less
than 9 percent. It is generally unsuited to cultivated crops

in areas where slopes are steeper and where Cabba soils
are dominant. In these areas it is best suited to rangeland
and has good potential for range grasses. It has fair
potential for openland and rangeland wildlife habitat and
for urban and residential uses.

8. Cabba-Williams-Temvik

Undulating to steep, shallow and deep, well drained soils
Jormed in material weathered from soft bedrock, glacial
till, and loess

These soils are in the northeastern part of the county.
They are on a glacial till plain that is dissected by well
defined drainageways and on breaks of the Missouri
River and Lake Sakakawea. They are undulating on the
plain, strongly sloping to steep along the drainageways,
and steep on the breaks. Nearly level ground moraines
and rolling moraines are in a few small areas. The soils
are drained by intermittent streams.

This map unit occupies about 6 percent of the county.
It is about 55 percent Cabba soils, 20 percent Williams
soils, 10 percent Temvik soils, and 15 percent soils of
minor extent (fig. 3).

The undulating Williams and Temvik soils are on plane
and convex side slopes. They have a silt loam surface
layer. The Williams soils are on slight rises above the
Temvik soils. The strongly sloping to steep Cabba soils
are below the Williams and Temvik soils. The Cabba soils
have a loam or silt loam surface layer. They are along
drainageways and on hillsides, ridges, and steep breaks.

The most extensive minor soils in this map unit are
Cherry, Grassna, and Zahl soils and Badland. The well
drained Grassna soils are in swales and slightly concave
areas. Zahl soils are on the upper side slopes along
drainageways and on the tops of knobs, hills, and ridges.
The well drained Cherry soils are on plane slopes below
the Cabba soils. Badland, which is characterized by ex-
posed soft bedrock and steep slopes, is below the Cabba
soils on the landscape.

About 75 percent of the acreage is in native grasses
and is used as rangeland. The rest is used for cultivated
crops. Various species of native trees and shrubs are in
some drainageways and on north- or east-facing slopes.
Slope and the hazards of soil blowing and water erosion
are the main limitations if the soils are farmed or used as
rangeland. Slope, moderately slow permeability, the
shrink-swell potential, and the depth to bedrock are the
major limitations for most other uses.

This map unit has good potential for cultivated crops
where Williams and Temvik soils dominate. Areas where
slopes are steeper and where Cabba soils dominate are
best suited to rangeland and have good potential for
range grasses. This map unit has fair potential for open-
land wildlife habitat and good potential for rangeland wil-
dlife habitat. It has fair potential for urban and re-
sidential uses. Part of the unit is underlain by lignite coal,
some of which has been mined.
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9. Williams-Belfield-Amor

Nearly level to gently rolling, deep and moderately deep,
well drained soils formed in material weathered from
glacial till and soft bedrock

These soils occur as scattered areas throughout the
western part of the county. They are on a glacial and
residual upland plain that is dissected by strongly sloping
to steep drainageways. They are drained by well defined
intermittent streams.

This map unit occupies about 9 percent of the county.
It is about 15 percent Williams soils, 10 percent Belfield
soils, 10 percent Amor soils, and 65 percent is soils of
minor extent.

The undulating or gently rolling Williams soils are on
plane and convex side slopes above the Belfield and Amor
soils. The Williams soils have a loam surface layer. The
nearly level or gently sloping Belfield soils are on plane
and slightly concave side slopes and in swales below the
Amor soils. They have a silt loam surface layer. The un-
dulating to moderately sloping Amor soils are on plane
and convex side slopes. They have a loam surface layer.

The most extensive minor soils in this map unit are
Cabba, Daglum, Rhoades, Sen, Straw, and Werner soils.
The strongly sloping to steep Cabba soils, which are shal-
low over bedrock, are on the tops of knobs, hills, and
ridges and along drainageways. The alkali or sodic
Daglum soils are in swales and slightly concave areas.
The Sen soils, which are moderately deep over bedrock,
are on the plane and convex, mid and upper side slopes.
The well drained Straw soils occupy flood plains along
streams. The alkali or sodic Rhoades soils are in swales
and slightly concave areas. The Werner soils, which are
shallow over bedrock, occupy knobs, hillsides, and ridges.

About 50 percent of the acreage is used for cultivated
crops, and the rest is in native grasses and is used as ran-
geland or hayland. A few small areas of native trees are
in some of the drainageways. The hazards of soil blowing
and water erosion are the main limitations if the soils are
farmed. In some areas these hazards are moderate to
severe. Slope, moderately slow or slow permeability, frost
action, the shrink-swell potential, and the depth to soft
bedrock are the major limitations for other uses.

This map unit has good potential for cultivated crops.
In areas where slopes are steeper and where the Rhoades
soils dominate, it is best suited to rangeland. It has good
potential for range grasses and openland wildlife habitat
and fair potential for rangeland wildlife habitat and most
urban and residential uses.

Soils formed in material weathered from
bedrock and alluvium on uplands

These soils are on a residual upland plain in the
western part of the county. They are nearly level to very
steep. They make up about 27 percent of the county. The
soils formed in material weathered from soft bedrock.
The depth to soft bedrock varies. Soft bedrock commonly
crops out in the steeper areas.

10. Cabba-Cohagen

Strongly sloping to very steep, shallow, well drained and
somewhat excessively drained soils formed in material
weathered from soft bedrock

These soils oceur as scattered areas throughout the
western part of the county. They are on a residual upland
plain. Nearly level to rolling glacial till plains are in some
small areas. The soils are drained by well defined inter-
mittent streams.

This map unit occupies about 9 percent of the county.
It is about 40 percent Cabba soils, 15 percent Cohagen
soils, and 45 percent soils of minor extent.

The strongly sloping to very steep Cabba soils and the
strongly sloping to very steep Cohagen soils are on con-
vex ridgetops, hillsides, and side slopes along
drainageways. The Cohagen soils generally are above the
Cabba soils. They have a fine sandy loam surface layer
and are somewhat excessively drained. The Cabba soils
have a loam or silt loam surface layer and are well
drained.

The most extensive minor soils in this map unit are
Williams, Zahl, Vebar, and Ringling soils. The nearly level
to gently rolling Williams soils are on small glacial till
plains between incised drainageways. They are above the
Cabba and Cohagen soils on the landscape. The gently
rolling to steep Zahl soils are on moraines and the upper
side slopes along drainageways. The moderately sloping
to strongly sloping Vebar soils are on the plane and con-
vex, mid and lower side slopes below the Cohagen soils.
The Ringling soils, which are shallow over porcelanite
(scoria), are on the tops of knobs and hills and on the
lower side slopes below the Cabba soils.

Almost all of the acreage is in native grasses and is
used as rangeland. A few small, irregularly shaped areas,
primarily of Williams soils, are cultivated. Many of the
drainageways support stands of native trees and shrubs.
The hazard of water erosion, the excessive loss of water
resulting from rapid runoff, and the shallowness to
bedrock are the main limitations if the soils are used as
rangeland. The slope and the shallowness to soft bedrock
are the major limitations for other uses.

This map unit is best suited to rangeland and has fair
potential for range grasses. It has poor potential for
openland wildlife habitat and good potential for rangeland
wildlife habitat. The major soils have poor potential for
urban and residential uses. The Williams soils have good
potential for urban and residential uses.

11. Cabba-Rhoades

Nearly level to very steep, shallow and deep, well drained
soils formed in material weathered from soft bedrock and
alluvium

These soils are on a residual upland plain in the
southwestern part of the county. Undulating glacial till
plains are in small areas. The soils are drained by many
well defined intermittent streams.
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This map unit occupies about 11 percent of the county.
It is about 45 percent Cabba soils, 15 percent Rhoades
soils, and 40 percent soils of minor extent (fig. 4).

The strongly sloping to very steep Cabba soils are on
convex ridgetops, hillsides, and side slopes along
drainageways. The nearly level to moderately sloping, al-
kali or sodic Rhoades soils are on plane and slightly con-
cave side slopes below the Cabba soils. The Cabba soils
have a loam or silt loam surface layer. The Rhoades soils
have a thin surface layer of silt loam and a dense silty
clay subsoil. They contain excess sodium salts.

The most extensive minor soils in this map unit are
Amor, Werner, Cherry, Moreau, and Cohagen soils and
Badland. The Badland is characterized by exposed soft
bedrock and is generally below the Cabba soils on the
landscape. The well drained Cherry soils are on plane
slopes below the Cabba soils and the Badland. The Amor
soils, which are moderately deep over soft bedrock, are on
plane and convex slopes above the Cabba soils. The
Werner soils, which are shallow over soft bedrock, are on
convex ridgetops and the upper side slopes above the
Cabba soils. The Moreau soils, which are moderately deep
over soft bedrock, are on plane and convex slopes below
the Cabba soils. The Cohagen soils, which are shallow
over soft bedrock, are on ridgetops and the upper side
slopes above the Cabba soils.

Almost all of the acreage is in native grasses and is
used as rangeland. A few small, irregularly shaped areas
are cultivated. Some of the drainageways support stands
of native trees and shrubs. The hazard of water erosion,
excessive loss of water resulting from rapid runoff, and
shallowness to bedrock are the main limitations if the
soils are used as rangeland. Slope, depth to soft bedrock,
excess sodium salts, and very 'slow permeability are the
major limitations for other uses.

This map unit is best suited to rangeland and has fair
potential for range grasses. It has poor potential for
openland wildlife habitat and fair potential for rangeland
wildlife habitat. It has poor potential for urban and re-
sidential uses. The Amor soils have good potential for
urban and residential uses.

12. Rhoades-Belfield-Moreau

Nearly level to strongly sloping, deep and moderately
deep, well drained soils formed in material weathered
Sfrom soft bedrock and alluvium

These soils are in the southwestern part of the county.
They are on a residual upland plain that is dissected by
steep drainageways. They are drained by well defined in-
termittent streams.

This map unit occupies about 7 percent of the county.
It is about 40 percent Rhoades soils, 15 percent Belfield
soils, 10 percent Moreau soils, and 35 percent soils of
minor extent.

The nearly level to moderately sloping Rhoades soils
are on plane and slightly concave side slopes below the
Belfield and Moreau soils. They have a thin surface layer

of silt loam and a dense silty clay subsoil, and they con-
tain excess sodium salts. The nearly level to moderately
sloping Belfield soils are on plane and conecave side slopes
below the Moreau soils. They have a silt loam surface
layer. The gently sloping to strongly sloping Moreau soils
are on the plane and convex, upper side slopes and the
tops of ridges. They have a silty clay surface layer.

The most extensive minor soils in this map unit are
Cabba, Regent, Straw, and Lawther soils. The Cabba
soils, which are shallow over soft bedrock, are on the tops
of knobs and ridges and along drainageways. The Regent
soils, which are moderately deep over soft bedrock, occu-
py plane and convex slopes. The well drained Straw soils
occupy flood plains along streams. The Lawther soils oc-
cupy plane and slightly concave slopes.

About 50 percent of the acreage is used for cultivated
crops, and the rest is in native grass and is used as range-
land. Native trees and shrubs are along the major
streams and drainageways. Excess sodium salts, the
hazard of water erosion, and the moderate depth to
bedrock are the main limitations if the soils are farmed or
used as rangeland. Slope, depth to soft bedrock, excess
sodium salts, and very slow to slow permeability are the
major limitations for other uses.

This map unit has poor potential for cultivated crops
and fair potential for range grasses. It has poor potential
for openland wildlife habitat and fair potential for range-
land wildlife habitat and urban and residential uses.

Soils formed in alluvium on bottom land and
terraces

These soils are on the flood plains and terraces along
the Missouri and Knife Rivers and Spring, Goodman, and
Antelope Creeks. They make up about 7 percent of the
county. The soils formed in material weathered from allu-
vium. They are level to gently sloping. The drainage pat-
tern is well defined to indistinct.

13. Straw-Velva

Level to gently sloping, deep, well drained soils formed in
material weathered from alluvium

These soils are on the flood plains along the Knife
River, Spring Creek, and Goodman Creek and in the gla-
cial outwash trench occupied by Antelope Creek. High
terraces and oxbows are in some areas. The soils are
drained by the major streams and by a few shallow inter-
mittent streams. In many areas they support groves of
native trees and shrubs.

This map unit occupies about 6 percent of the county.
It is about 55 percent Straw soils, 10 percent Velva soils,
and 35 percent soils of minor extent.

The level to gently sloping Straw soils occupy plane
and slightly concave slopes, generally above the Velva
soils. They have a silt loam or loam surface layer. The
nearly level or gently sloping Velva soils occupy plane
and slightly concave slopes, generally adjacent to the
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major streams. They have a fine sandy loam surface
layer.

The most extensive minor soils in this map unit are
Shambo, Belfield, and Parshall soils. The Shambo and
Parshall soils occupy plane and slightly concave slopes on
the high terraces. The alkali or sodic Belfield soils occupy
plane and slightly concave slopes on bottom land adjacent
to the Straw soils.

About 80 percent of the acreage is used for cultivated
crops. The rest is in native grasses and is used as range-
land and hayland. All the towns and villages in the county
but Pick City are entirely or partly in areas of this map
unit. The hazards of soil blowing, water erosion, and
flooding are the major limitations if the soils are farmed.
The flood hazard, shrink-swell potential, and potential
frost action are the major limitations for other uses.

This map unit has good potential for cultivated crops,
range grasses, and openland and rangeland wildlife
habitat. If protected against flooding, it has good poten-
tial for urban and residential uses.

14. Havrelon-Lohler

Level, deep, well drained and moderately well drained
soils formed in material weathered from alluvium

These soils are on the flood plain of the Missouri River
and the flood plain where the Knife River joins the Mis-
souri River. High terraces and oxbows are in some areas.
In many areas the soils support groves of native trees
and shrubs.

This map unit occupies about 1 percent of the county.
It is about 75 percent Havrelon soils, 10 percent Lohler
soils, and 15 percent soils of minor extent.

The level Havrelon soils occupy plane slopes, generally
above the Lohler soils. They are well drained and have a
silt loam surface layer. The level Lohler soils occupy
plane and slightly concave slopes. They are moderately
well drained and have a silty clay surface layer.

The most extensive minor soils in this map unit are
Banks, Dimmick, and Seroco soils. The Banks soils occupy
plane and slightly convex slopes. The very poorly drained
Dimmick soils are in the oxbows. The excessively drained
Seroco soils are on convex slopes along the edge of the
flood plain and in some small areas on the flood plain.

About 75 percent of the acreage has been cleared of
trees and is used for cultivated crops. Some areas are ir-
rigated. The rest of the acreage is in native trees and
shrubs and in grasses and is used as rangeland. The flood
plain below the Garrison Dam is protected against flood-
ing. Flooding of the Knife River and the hazard of soil
blowing are the main limitations if the soils are farmed.
Flooding of the Knife River, potential frost action, and
the moderate to high shrink-swell potential are the major
limitations for most other uses.

This map unit has good potential for cultivated crops
and openland wildlife habitat and fair potential for range-
land wildlife habitat. The Havrelon soils have good poten-
tial for irrigated crops. Uncleared areas have fair poten-

tial for rangeland. The areas below Garrison Dam that
are protected against flooding have good potential for
most urban and residential uses.

Broad land-use considerations

Deciding which soils should be used for urban and in-
dustrial development and which soils should be preserved
as cropland and rangeland is becoming an increasingly im-
portant issue in the survey area. As a result of the lignite
coal industry, soils in and near Hazen, Beulah, and Stan-
ton are under urban and industrial development. The
general soil map is most helpful in planning the general
outline of urban and industrial areas; it cannot be used
for the selection of sites for specific urban and industrial
structures. In general, the soils in the survey area that
have good potential for cultivated crops also have good
potential for urban and industrial development. The data
about soils can be useful in planning future land-use pat-
terns in Mercer County.

Large areas of the Cabba-Cohagen and Cabba-Rhoades
map units, are not suitable for urban and industrial
development because steep slopes, depth to bedrock, a
high shrink-swell potential, and excess sodium salts are
severe limitations. Urban development in the Rhoades-
Belfield-Moreau map unit is also very costly because of a
high shrink-swell potential and excess sodium salts.

In many parts of the other map units, the soils have
severe limitations, and urban development can be costly.
The sandy soils of the Lihen-Seroco-Telfer map unit are
suitable for most urban uses, but they are very droughty
and extremely susceptible to soil blowing. Many of the
soils in the Straw-Velva and the Havrelon-Lohler map
units are subject to stream overflow, which damages
structures and other property. The steep slopes and
shallowness to bedrock of the Cabba soils are severe
limitations for urban development in the Williams-Cabba
and Cabba-Williams-Temvik map units, but some areas of
these map units can be successfully developed.

In many large areas of the Williams-Bowbells, Flaxton-
Williams, Williams-Wilton-Temvik, and Williams-Zahl map
units, urban development is less costly. The soils have
severe limitations for septic tank absorption fields, but
these limitations can be overcome by enlarging the ab-
sorption field or using a municipal sewer system.

The map units adjoining the major streams and Lake
Sakakawea have the best potential for recreational areas,
such as parks and campgrounds. These are the Straw-
Velva, Havrelon-Lohler, Cabba-Williams-Temvik map
units and possibly the Cabba-Cohagen map unit. These
map units support some native trees and shrubs and are
close to fishing areas. The steep slope of the Cabba-
Cohagen and Cabba-Williams-Temvik map units is a
severe limitation for some recreation uses, but in some
areas the soils can be used for paths and trails, and in
some access to fishing areas is good.

All of the map units in the survey area provide habitat
for many important species of wildlife. The small depres-
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sions and potholes characteristic of the landscape of the
Williams-Zahl and Williams-Bowbells map units provide
good waterfowl habitat. White-tailed deer, antelope, and
sharp-tailed grouse are attracted to the large areas of na-
tive grasses and woody plants in the Straw-Velva and
Cabba-Cohagen map units.

The Williams-Zahl, Williams-Bowbells, Williams-Wilton-
Temvik, Flaxton-Williams, Straw-Velva, and Havrelon-
Lohler map units have the best potential for cultivated
crops. The potential for crop production should not be
overlooked when broad land uses are considered. Many
areas of the Flaxton-Williams map unit are highly
susceptible to soil blowing, but conservation practices can
minimize the hazard. The Belfield-Williams-Vebar, Wil-
liams-Cabba, Cabba-Williams-Temvik, and Williams-
Belfield-Amor map units have fair potential for cultivated
crops. The Cabba-Williams and Cabba-Williams-Temvik
map units are dissected by many deeply entrenched
drainageways.

Many areas in the county, for example, most areas of
the Cabba-Cohagen and Cabba-Rhoades map units and
large areas of the Rhoades-Belfield-Moreau map unit, are
best suited to rangeland. The Rhoades-Belfield-Moreau
map unit has such severe limitations for urban develop-
ment and cultivated crops that the cost generally
prohibits such uses.

Soil maps for detailed planning

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

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

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

Soils that have profiles that are almost alike make up a
sotl series. Except for allowable differences in texture of
the surface layer or of the underlying substratum, all the
soils of a series have major horizons that are similar in
composition, thickness, and arrangement in the profile. A
soil series commonly is named for a town or geographic
feature near the place where a soil of that series was

first observed and mapped. Seroco and Krem, for exam-
ple, are the names of two soil series.

Soils of one series can differ in texture of the surface
layer or in the underlying substratum and in slope, ero-
sion, stoniness, salinity, wetness, or other characteristics
that affect their use. On the basis of such differences, a
soil series is divided into phases. The name of a soil phase
commonly indicates a feature that affects use or manage-
ment. For example, Williams loam, 3 to 6 percent slopes,
is one of several phases within the Williams series.

Some map units are made up of two or more dominant
kinds of soil. Such map units are called soil complexes.

A soil complex consists of areas of two or more soils
that are so intricately mixed or so small in size that they
cannot be shown separately on the soil map. Each area in-
cludes some of each of the two or more dominant soils,
and the pattern and proportion are somewhat similar in
all areas. Rhoades-Daglum complex, 1 to 9 percent slopes,
is an example.

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

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

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

As a result of changes in series concepts and dif-
ferences in the design of map units or the extent of soils,
some of the boundaries and soil names on the Mercer
County soil maps do not match those on the soil maps of
Oliver, Stark, and Morton Counties.

1—Parnell silt loam. This deep, level, very poorly
drained soil is in slight depressions and potholes on glacial
till uplands. Unless drained or affected by drought, it is
ponded throughout most of the growing season. In-
dividual areas are round or oblong and range from 2 to 70
acres in size,

Typically, the surface layer is black silt loam about 16
inches thick. It is mottled in the lower part. The subsoil is
about 27 inches thick. It is firm, very dark gray, mottled
silty clay loam over silty clay. The substratum to a depth
of about 60 inches is mottled, olive gray silty clay loam.
In some places the surface layer is silty clay loam. In



12 SOIL SURVEY

others a dark gray subsurface layer less than 4 inches
thick is evident.

Included with this soil in mapping are small areas of
the poorly drained, slightly higher lying Heil and Tonka
soils. These soils make up less than 15 percent of the unit.
The Heil soils contain excess sodium and have a dense
subsoil at a depth of 1 inch to 5 inches. The Tonka soils
have a dark gray subsurface layer that is thicker than 4
inches.

Permeability is slow, and available water capacity is
high. The surface layer can be easily tilled throughout a
fairly wide range in moisture content. Even in dry years,
the water table is seldom more than 2 feet below the sur-
face. The shrink-swell potential is high. Potential frost ac-
tion also is high.

Most areas are undrained and are used as wetland wil-
dlife habitat or as rangeland. Drained areas are used
mostly for late-seeded, annual hay or small grain. The
potential for wetland wildlife habitat, crops, and wind-
breaks is good; the potential for rangeland is fair; and the
potential for recreation uses and most engineering uses is
poor.

Drained areas are suited to wheat, oats, barley, and
grasses and legumes. In most years wetness delays seed-
ing. These areas are generally unsuited to cultivated
crops because of flooding and the high water table. Suita-
ble outlets for drainage are difficult to locate in many
areas. The hazards of soil blowing and water erosion are
slight.

The use of this soil as pastureland, hayland, or range-
land is effective in controlling erosion. Overgrazing or
grazing when the soil is wet results in surface compaction
and poor tilth. Proper stocking rates, pasture rotation,
and timely deferment of grazing during wet periods keep
the pasture and the soil in good condition. In some years
undrained areas are too wet to allow hay cutting.

Undrained areas are generally unsuited to windbreaks
and environmental plantings because of the high water
table and the flooding. Drained areas are well suited to
trees and shrubs; all climatically suited species grow well.

This soil is generally not suitable for building site
development and onsite waste disposal. As a result of the
seasonal high water table, the flooding, the high shrink-
swell potential, and the slow permeability, design, installa-
tion, and maintenance are costly. In this survey area Par-
nell soils are generally not used as building sites. More
desirable sites are generally nearby. Capability subclass
Vw; Wetland range site.

2--Tonka silt loam. This deep, level, poorly drained
soil is in shallow basins and potholes on glacial till
uplands. It is ponded for a few weeks to several months
following snowmelt and heavy rains. Individual areas are
generally round or oblong and range from 2 to 40 acres in
size.

Typically, the surface layer is silt loam about 9 inches
thick. It is black in the upper part and very dark gray in
the lower part. The subsurface layer is mottled, dark gray
loam about 7 inches thick. The subsoil is firm, mottled,

very dark gray clay loam about 22 inches thick. The sub-
stratum to a depth of about 60 inches is mottled, olive
clay loam. In places the surface layer is silty clay loam.

Included with this soil in mapping are small areas of
very poorly drained Parnell soils in the lowest part of the
basins or potholes. These soils make up less than 15 per-
cent of the unit. They are wetter than this Tonka soil and
do not have a leached subsurface layer.

Permeability is slow, and available water capacity is
high. Unless the soil is drained or affected by drought,
the water table is within 1 foot of the surface during
most of the year. The surface layer is friable and can be
easily tilled throughout a fairly wide range in moisture
content. The shrink-swell potential is high to moderate.
Potential frost action is high.

Most areas are undrained and are used as rangeland,
wetland wildlife habitat, or native hayland. Some areas
are used for late-seeded cultivated crops. Drained areas
are used for cultivated crops and hayland.

Undrained areas have good potential for range grasses
and a few species of trees and shrubs. They have poor
potential for cultivated crops and most hay crops. Drained
areas have good potential for range grasses, windbreaks,
and most of the cultivated crops commonly grown in the
county. The potential for sewage lagoons is good. Even if
the soil is drained, the potential for most engineering and
recreation uses is poor. The potential for wetland wildlife
habitat is good.

Undrained areas are poorly suited to cultivated crops.
In most years wetness delays tillage and seeding. Drained
areas are well suited to wheat, oats, barley, and grasses
and legumes. Suitable outlets for drainage are difficult to
locate in many areas. Soil blowing and water erosion are
only slight hazards and are easily controlled by managing
crop residue.

The use of this soil as pastureland, hayland, or range-
land is effective in controlling soil blowing. Overgrazing
or grazing when the soil is wet results in surface compac-
tion and poor tilth. Proper stocking rates, pasture rota-
tion, timely deferment of grazing, and restricted use dur-
ing wet periods keep the pasture and the soil in good con-
dition.

Undrained areas of this soil are generally unsuited to
windbreaks and environmental plantings because of wet-
ness and flooding. Drained areas are well suited to trees
and shrubs; all climatically suited species can grow well.

This soil is generally not suitable for building site
development and onsite waste disposal. As a result of the
high water table, the flooding, and the slow permeability,
design, installation, and maintenance are costly. In this
survey area Tonka soils are generally not used as building
sites. More desirable sites are generally nearby. Capabili-
ty subclass IVw; Wet Meadow range site.

3D—Seroco-Telfer loamy fine sands, 1 to 15 percent
slopes. This map unit consists of deep, nearly level to
rolling, excessively drained soils on terraces and uplands.
Most areas are crossed by a few sharply incised stream
channels. Individual areas are irregular in shape and
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range from 3 to more than 1,000 acres in size. Slopes are
short and uneven.

Areas of this map unit are 50 to 75 percent Seroco soils
and 25 to 40 percent Telfer soils. The Seroco soils are on
the tops of ridges and the upper side slopes, and the
Telfer soils are on the lower side slopes and toe slopes.
The two soils are so intricately mixed or are in areas so
small that it is not practical to separate them in mapping.

Typically, the Seroco soil has a surface layer of dark
grayish brown loamy fine sand about 3 inches thick. The
substratum to a depth of about 60 inches is brown fine
sand. In places the substratum is loam or clay loam glacial
till at a depth of about 50 inches.

Typically, the Telfer soil has a dark grayish brown
loamy fine sand surface layer about 10 inches thick.
Below this is a grayish brown fine sand transitional layer
about 5 inches thick. The substratum to a depth of about
60 inches is brown fine sand. In places the substratum is
loam or clay loam glacial till at a depth of about 50 inches.

Included with this unit in mapping are small areas of
Lihen soils in swales. These soils make up 5 to 20 percent
of the unit. They are dark colored to a greater depth than
the Seroco and Telfer soils. Also included are small areas
of Krem soils on plane slopes, a few small areas of Banks
soils, and a few blowouts. The Krem soils have clay loam
glacial till at a depth of 16 to 40 inches. The Banks soils
are similar to Seroco soils but are subject to flooding.

Permeability is rapid. Available water capacity is low,
but soil moisture is readily available to plants. Surface ru-
noff is very slow to slow.

Most areas are used as rangeland. These soils have fair
potential for range grasses. They have poor potential for
cultivated crops and windbreaks, good potential for septic
tank absorption fields, poor potential for other sanitary
facilities, and good potential for building site develop-
ment.

These soils are generally unsuited to cultivated crops
because the soil blowing hazard is severe, available water
capacity is low, and the soils are droughty.

The use of these soils as rangeland or hayland is effec-
tive in controlling erosion. Overstocking and overgrazing
reduce the plant cover, cause deterioration of the plant
community, and increase the hazard of soil blowing.
Proper stocking rates, uniform grazing distribution, time-
ly deferment of grazing, and a planned grazing system
keep the range and the soil in good condition.

The Seroco soil is generally unsuited to trees and
shrubs. The Telfer soil is poorly suited; only a few trees
and shrubs can grow well. Intensive management is
required to insure survival and adequate growth.

These soils are well suited as sites for buildings and
septic tank absorption fields. Alternative sites should be
selected for sanitary landfills and sewage lagoons because
of seepage and the possible contamination of ground
water by effluent. Cutbanks in shallow excavations can
cave unless trench walls are shored. An adequate plant
cover on lawns and recreation areas is difficult to main-
tain, but this difficulty can be overcome in part by

frequent applications of irrigation water and fertilizer.
Capability subclass Vle; Seroco soil in Thin Sands range
site, Telfer soil in Sands range site.

3E—Seroco-Dune land complex, 3 to 25 percent
slopes. This map unit consists of deep, undulating to hilly,
excessively drained Seroco soils and Dune land. Individual
areas are irregular in shape and range from about 5 to
200 acres in size. They are about 50 to 70 percent Seroco
soils and 25 to 40 percent Dune land. The Seroco soils and
Dune land are so intricately mixed or are in areas so
small that it is not practical to separate them in mapping.

Typically, the Seroco soil has a surface layer of dark
grayish brown loamy fine sand about 3 inches thick. The
substratum to a depth of about 60 inches is brown fine
sand.

Typically, Dune land has no discernible soil layers, but
in places darkened buried layers are at various depths
(fig. 5). The sand is predominately fine.

Included with this unit in mapping are small areas of
Lihen and Telfer soils in swales. These soils make up
about 5 to 15 percent of the unit. They have a thicker,
darker colored surface layer than the Seroco soil.

Permeability in the Seroco soil is rapid, and available
water capacity is low. Surface runoff is slow.

Most areas are used as rangeland. This map unit has
fair to poor potential for building site development,
recreation uses, and sanitary facilities; poor potential for
crops and windbreaks; and good potential for rangeland.

This map unit is generally not suitable for cultivation
because of droughtiness and a severe soil blowing hazard.
The Dune land is unstable and is constantly shifted by
the wind.

The use of this map unit as rangeland or hayland is ef-
fective in controlling erosion. Overstocking and overgraz-
ing reduce the plant cover, cause deterioration of the
plant community, and increase the hazard of soil blowing.
Proper stocking rates, uniform grazing distribution, time-
ly deferment of grazing, and a planned grazing system
keep the range and the soil in good condition.

This map unit is generally unsuited to windbreaks and
environmental plantings because of the low available
water capacity and the droughtiness.

This map unit is poorly suited to building site develop-
ment because the soil blowing hazard is severe and the
plant cover is difficult to maintain in intensively used
areas. Alternative sites should be selected for sanitary
landfills and sewage lagoons because of seepage and the
possible contamination of ground water by effluent. The
plant cover in intensively used areas, such as lawns and
recreation areas, can be maintained in part by frequent
applications of fertilizer and irrigation water. Capability
subclass VIle; Seroco soil in Thin Sands range site, Dune
land not assigned to a range site.

5—Dimmick silty clay. This deep, level, very poorly
drained soil is in basins on uplands and in oxbows on ter-
races and bottom land. Unless drained or affected by
drought, it is ponded throughout most of the year. In-
dividual areas range from 5 to more than 100 acres in
size.
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Typically, the surface layer is mottled, very dark gray
silty clay about 18 inches thick. The substratum to a
depth of about 60 inches is mottled, dark gray clay.

Included with this soil in mapping are small areas of
poorly drained Heil soils on the outer rims of the basins.
These soils make up less than 20 percent of the unit.
They contain a higher amount of sodium than this Dim-
mick soil.

Permeability is very slow, and available water capacity
is moderate to high. Even in dry years, the water table is
seldomr. more than 3 feet below the surface. The shrink-
swell potential is high. Potential frost action is moderate.

Most areas are undrained and are used for rangeland or
for hay that is harvested late in the growing season.
Drained areas are used for hay and small grain. The
potential for hay, pasture, and wetland wildlife habitat is
good, and the potential for crops, recreation uses, and
most engineering uses is poor.

This soil is generally unsuited to wheat, oats, barley,
and grasses and legumes because it is wet and suitable
outlets for drainage are not available. In areas where out-
lets are available, the potential for cultivated crops is
good. The hazard of water erosion is slight, and areas
having no plant cover are subject to soil blowing.

The use of this soil as pastureland, hayland, or range-
land is effective in controlling erosion. Overgrazing or
grazing when the soil is wet results in poor tilth and sur-
face compaction and reduces the infiltration rate. Proper
stocking rates, pasture rotation, and timely deferment of
grazing during wet periods keep the pasture and the soil
in good condition.

Undrained areas are generally unsuited to windbreaks
and environmental plantings because of wetness and
flooding. Drained areas are well suited to trees and
shrubs; all climatically suited species can grow well.

This soil is suited to sewage lagoons. It is generally not
suitable for building site development and onsite waste
disposal. As a result of the seasonal high water table, the
flooding, the high shrink-swell potential, and the very
slow permeability, design, installation, and maintenance
are costly. In this survey area Dimmick soils are
generally not used as building sites. More desirable sites
are generally nearby. Capability subclass Vw; Wetland
range site.

7—Straw silty clay loam. This deep, level, well drained
soil is on low terraces and bottom land along the major
streams and on fans in glacial outwash trenches. Most
areas are occasionally flooded for a brief period, but some
are only rarely flooded. The areas are generally long and
irregularly shaped and range from 20 to more than 300
acres in size.

Typically, the surface layer is silty clay loam about 13
inches thick. It is grayish brown in the upper part and
dark grayish brown in the lower part. The substratum to
a depth of about 60 inches is grayish brown loam over
light brownish gray, stratified silt loam and fine sandy
loam. In most places a darkened buried layer is in the
substratum. In some the surface layer is thinner, and in

others it is clay loam. In a few, fine sand or loamy fine
sand is at a depth of 40 inches or more.

Included with this soil in mapping are small areas of
Magnus soils in swales. These soils make up 5 to 20 per-
cent of the unit. They contain more clay than this Straw
soil,

Permeability is moderate, and available water capacity
is high. Surface runoff is slow. The surface layer can be
easily tilled within a fairly narrow range in moisture con-
tent. It tends to puddle and form a crust following heavy
rains. The shrink-swell potential is moderate. Potential
frost action also is moderate.

Most areas are used for cultivated crops. A few are in
native grass. A few small areas are in native trees and
shrubs and are used for recreation, wildlife habitat, or
rangeland. The potential for crops, rangeland, windbreaks,
and openland and rangeland wildlife habitat is good; the
potential for most engineering and recreation uses is fair;
and the potential for wetland wildlife habitat is poor.

This soil is well suited to wheat, oats, barley, and
grasses and legumes. Stubble mulch tillage, crop residue
management, and stripcropping help to control soil blow-
ing and water erosion. Tillage at the optimum moisture
content prevents crusting and provides a suitable
seedbed. Flooding generally occurs before spring planting
and therefore does not damage crops. Some areas are
suitable for water spreading.

The use of this soil as pastureland, rangeland, or hay-
land is effective in controlling erosion. Proper stocking
rates, pasture rotation, and timely deferment of grazing
keep the pasture and the soil in good condition.

This soil is well suited to windbreaks and environmen-
tal plantings. All climatically suited trees and shrubs can
grow well.

This soil is generally not suitable as a site for buildings
and sanitary facilities because of the flood hazard. If pro-
tected against flooding, however, it is suited to those
uses. Seepage from sewage lagoons can be prevented by
sealing with clay blankets. Capability subclass IIc; Over-
flow range site.

8—Grail silty clay loam, 1 to 3 percent slopes. This
deep, nearly level, well drained soil is in upland swales
and on valley fans and foot slopes. Individual areas are ir-
regular in shape and range from 3 to more than 100 acres
in size. Slopes are long and smooth.

Typically, the surface layer is dark grayish brown silty
clay loam about 8 inches thick. The subsoil is about 26
inches thick. It is dark gray silty clay loam in the upper
part, dark grayish brown silty clay in the next part, and
dark grayish brown silty clay loam in the lower part. The
substratum to a depth of about 60 inches is silty clay
loam. It is grayish brown in the upper part and light
brownish gray in the lower part. In some places the sur-
face layer is thinner, and in others it is silt loam.

Included with this soil in mapping are small areas of
Belfield and Regent soils. These soils make up 5 to 20
percent of the unit. The Belfield soils are high in content
of sodium, and the Regent soils have shale bedrock at a
depth of 20 to 40 inches.
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Permeability is slow, and available water capacity is
high. The surface layer can be easily tilled within a fairly
narrow range in moisture content. It tends to puddle and
crust after heavy rains. The shrink-swell potential is high
to moderate. Potential frost action is moderate.

Most areas are cultivated. A few are in native grass.
The potential for crops, range grasses, windbreaks,
recreation uses, and openland wildlife habitat is good, and
the potential for most engineering uses and rangeland
wildlife habitat is fair.

This soil is well suited to wheat, oats, barley, and
grasses and legumes. Stubble mulch tillage, grassed
waterways, and contour farming help to control soil blow-
ing and water erosion. Tillage at the optimum moisture
content prevents puddling and provides a good seedbed.

The use of this soil as pastureland, hayland, or range-
land is effective in controlling erosion. Proper stocking
rates, pasture rotation, and timely deferment of grazing
keep the pasture and the soil in good condition.

This soil is well suited to windbreaks and environmen-
tal plantings. All climatically suited trees and shrubs can
grow well.

This soil is suited to most engineering and recreation
uses. The slow absorption of effluent in septic tank ab-
sorption fields can be overcome by enlarging the tile field.
If the soil is used as a site for dwellings and buildings,
the effects of shrinking and swelling can be overcome by
strengthening basement walls and foundations. Capability
subclass IIe; Overflow range site.

8B—Grail silty clay loam, 3 to 6 percent slopes. This
deep, gently sloping, well drained soil is in upland swales
and on valley fans and foot slopes. Individual areas vary
in shape and range from about 3 to 40 acres in size.
Slopes are short and smooth.

Typically, the surface layer is dark grayish brown silty
clay loam about 6 inches thick. The subsoil is about 22
inches thick. It is dark gray silty clay loam in the upper
part, dark grayish brown silty clay in the next part, and
dark grayish brown silty clay loam in the lower part. The
substratum to a depth of about 60 inches is silty clay
loam. It is grayish brown in the upper part and light
brownish gray in the lower part. In some places the sur-
face layer is lighter colored, and in others it is silt loam.

Included with this soil in mapping are small areas of
Belfield and Regent soils. These soils make up about 5 to
20 percent of the unit. The Belfield soils are high in con-
tent of sodium, and the Regent soils have shale bedrock
at a depth of 20 to 40 inches.

Permeability is slow, and available water capacity is
high. Runoff is medium. The surface layer can be easily
tilled within a fairly narrow range in moisture content. It
tends to puddle and crust after heavy rains. The shrink-
swell potential is high to moderate. Potential frost action
is moderate.

Most areas are cultivated. Some are in native grass.
The potential for crops, rangeland, windbreaks, openland
wildlife habitat, and recreation uses is good, and the
potential for most engineering uses and rangeland wildlife
habitat is fair.

This soil is well suited to wheat, oats, barley, and
grasses and legumes. The hazard of water erosion is
moderate, and drainageways are subject to gullying. Stub-
ble mulch, minimum tillage, grassed waterways, and til-
lage and cultivation across the slope help to control ero-
sion. Tillage at the optimum moisture content prevents
puddling and provides a good seedbed.

The use of this soil as pastureland, hayland, or range-
land is effective in controlling erosion. Proper stocking
rates, pasture rotation, and timely deferment of grazing
keep the pasture and the soil in good condition.

This soil is well suited to windbreaks and environmen-
tal plantings. All climatically suited trees and shrubs can
grow well.

This soil is suited to most engineering and recreation
uses. The slow absorption of effluent in septic tank ab-
sorption fields can be overcome by enlarging the tile field.
If the soil is used as a site for dwellings, the effects of
shrinking and swelling can be overcome by strengthening
basement walls and foundations. Capability subclass Ile;
Silty range site.

8C—Grail silty clay loam, 6 to 9 percent slopes. This
deep, moderately sloping, well drained soil is on fans and
foot slopes. Individual areas are long and narrow and
range from about 3 to 20 acres in size. Slopes are short
and smooth.

Typically, the surface layer is dark grayish brown silty
clay loam about 5 inches thick. The subsoil is about 18
inches thick. It is dark gray silty clay loam in the upper
part, dark grayish brown silty clay in the next part, and
dark grayish brown silty clay loam in the lower part. The
substratum to a depth of about 60 inches is silty clay
loam. It is grayish brown in the upper part and light
brownish gray in the lower part. In a few places the sur-
face layer is silt loam, and in others it is light colored.

Included with this soil in mapping are small areas of
Belfield and Regent soils. These soils make up 5 to 20
percent of the unit. The Belfield soils are high in content
of sodium, and the Regent soils have shale bedrock at a
depth of 20 to 40 inches.

Permeability is slow, and available water capacity is
high. Runoff is medium. The surface layer can be easily
tilled within a fairly narrow range in moisture content. It
tends to puddle and crust after heavy rains. The shrink-
swell potential is high to moderate. Potential frost action
is moderate.

Most areas are used as rangeland. Some are used for
cultivated crops. The potential for crops, rangeland, wind-
breaks, openland wildlife habitat, and most recreation
uses is good, and the potential for engineering uses and
rangeland wildlife habitat is fair.

This soil is well suited to wheat, oats, barley, and
grasses and legumes. The hazard of water erosion is
severe if the soil is cultivated. Stubble mulch, minimum
tillage, grassed waterways, diversions, and cultivation
across the slope help to control erosion. Tillage at the op-
timum moisture content prevents puddling and provides a
good seedbed.
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The use of this soil as pastureland, hayland, or range-
land is effective in controlling erosion. Proper stocking
rates, pasture rotation, and timely deferment of grazing
keep the pasture and the soil in good condition.

This soil is well suited to windbreaks and environmen-
tal plantings. All climatically suited trees and shrubs can
grow well.

This soil is well suited to most engineering and recrea-
tion uses. The slow absorption of effluent in septic tank
absorption fields can be overcome by enlarging the tile
field. If the soil is used as a site for buildings, the effects
of shrinking and swelling can be overcome by strengthen-
ing basement walls and foundations. Alternative sites
should be selected for playgrounds. Capability subclass
I1le; Silty range site.

9B—Regent silty clay loam, 3 to 6 percent slopes.
This moderately deep, gently sloping, well drained soil is
on plane and convex uplands. Individual areas are irregu-
lar in shape and range from 5 to 80 acres in size. Slopes
are long and smooth.

Typically, the surface layer is dark grayish brown silty
clay loam about 6 inches thick. The subsoil is about 32
inches thick. It is dark grayish brown silty clay in the
upper part, grayish brown silty clay in the next part, and
grayish brown silty clay loam in the lower part. Pale olive
shale is at a depth of about 38 inches. In places the shale
is at a depth of more than 40 inches.

Included with this soil in mapping are small areas of
Grail soils in swales and small areas of Rhoades soils.
These soils make up less than 15 percent of the unit. The
Grail soils have a darker colored surface layer and are
deeper than this Regent soil. The Rhoades soils contain a
large amount of sodium.

Permeability is slow, and available water capacity is
moderate. Runoff is medium. The surface layer can be
easily tilled within a narrow range in moisture content.
Roots are somewhat restricted by the shale bedrock. The
shrink-swell potential is high. Potential frost action is low.

Most areas are used for cultivated crops. Some are
used as rangeland. The potential for crops, rangeland, and
openland wildlife habitat is good, and the potential for
windbreaks, rangeland wildlife habitat, recreation uses,
and most engineering uses is fair.

This soil is well suited to wheat, oats, barley, and
grasses and legumes. The hazard of water erosion is
moderate. Stubble mulch, crop residue management, strip-
cropping, and windbreaks help to control erosion. They
also help to maintain the organic-matter content, fertility,
tilth, and the infiltration rate.

The use of this soil as pastureland, hayland, or range-
land is effective in controlling erosion. Proper stocking
rates, pasture rotation, and timely deferment of grazing
keep the pasture and the soil in good condition.

This soil is suited to windbreaks and environmental
plantings. Most climatically suited trees and shrubs can
grow well.

This soil is generally suitable for most engineering and
recreation uses. The slow absorption of effluent in septic

tank absorption fields can be overcome by enlarging the
tile field. If the soil is used as a site for dwellings, the ef-
fects of shrinking and swelling can be overcome by
strengthening basement walls and foundations. Capability
subeclass Ile; Clayey range site. _

9C—Regent silty clay loam, 6 to 9 percent slopes.
This moderately deep, moderately sloping, well drained
soil is on plane and convex uplands. Individual areas are
irregular in shape and range from about 5 to 50 acres in
size. Slopes are long and narrow.

Typically, the surface layer is dark grayish brown silty
clay loam about 6 inches thick. The subsoil is about 28
inches thick. It is dark grayish brown silty clay in the
upper part, grayish brown silty clay in the next part, and
grayish brown silty clay loam in the lower part. Pale olive
shale is at a depth of about 34 inches. In places the sur-
face layer is lighter colored.

Included with this soil in mapping are small areas of
Grail soils in swales, Wayden soils on knobs and ridges,
and Rhoades soils on plane and slightly concave slopes.
These soils make up 5 to 20 percent of the unit. The Grail
soils do not have shale bedrock within a depth of 40
inches and are dark colored to a greater depth than this
Regent soil. The Wayden soils have shale bedrock at a
depth of 10 to 20 inches. The Rhoades soils contain a
large amount of sodium.

Permeability is slow, and available water capacity is
moderate. Surface runoff is medium. The surface layer
can be easily tilled within a narrow range in moisture
content. Roots are somewhat restricted by the shale
bedrock. The shrink-swell potential is high. Potential frost
action is low.

Most areas are used for cultivated crops. Some are
used as rangeland. The potential for rangeland is good,
and the potential for crops, windbreaks, most engineering
and recreation uses, and openland and rangeland wildlife
habitat is fair.

This soil is suited to wheat, barley, oats, and grasses -
and legumes. The hazard of water erosion is moderate.
Stubble muleh, grassed waterways, crop residue manage-
ment, stripcropping, windbreaks, and cultivation across
the slope help to control erosion. They also maintain the
organic-matter content, fertility, and tilth and improve
the intake of water.

The use of this soil as pastureland, rangeland, or hay-
land is effective in controlling erosion. Proper stocking
rates, pasture rotation, and timely deferment of grazing
keep the pasture and the soil in good condition.

This soil is suited to windbreaks and environmental
plantings. Most climatically suited trees and shrubs can
grow well.

This soil is generally suited to most engineering and
recreation uses. The slow absorption of effluent in septic
tank absorption fields can be overcome by enlarging the
field. If the soil is used as a site for dwellings, the effects
of shrinking and swelling can be overcome by strengthen-
ing basement walls and foundations. Alternative sites
should be selected for playgrounds. Capability subclass
I11e; Clayey range site.
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10—Savage silty clay loam, 1 to 3 percent slopes. This
deep, nearly level, well drained soil is on terraces and
fans. Individual areas are irregular in shape and range
from about 10 to 80 acres in size. Slopes are long and
smooth.

Typically, the surface layer is dark grayish brown silty
clay loam about 8 inches thick. The subsoil is about 16
inches thick. It is grayish brown silty clay in the upper
part and light olive brown silty clay loam in the lower
part. The substratum to a depth of about 60 inches is
light yellowish brown silty clay and silty clay loam with
thin strata of silt loam. In a few places the surface layer
is silt loam. In others it is dark colored to a depth of more
than 7 inches. In some the subsoil is silt loam.

Included with this soil in mapping are small areas of
Daglum and Rhoades soils on plane and slightly concave
slopes. These soils make up less than 20 percent of the
unit. They contain an excessive amount of sodium and
have a dense subsoil.

Permeability is moderately slow, and available water
capacity is high. Surface runoff is slow. This soil can be
easily tilled within a fairly narrow range in moisture con-
tent. It tends to puddle and crust following heavy rains.
The shrink-swell potential is high. Potential frost action is
moderate.

Most areas are used for cultivated crops. Some are
used as rangeland. The potential for rangeland, crops, and
windbreaks is good, and the potential for most engineer-
ing and recreation uses and for openland and rangeland
wildlife habitat is fair.

This soil is well suited to wheat, oats, barley, and
grasses and legumes. The hazard of erosion is moderate.
Stubble mulch, crop residue management, grassed water-
ways, and diversions help to control erosion. They also
maintain the organic-matter content, fertility, and tilth
and improve water intake. Tillage at the optimum
moisture content prevents crusting and provides a good
seedbed.

The use of this soil as pastureland, rangeland, or hay-
land is effective in controlling erosion. Proper stocking
rates, pasture rotation, and timely deferment of grazing
keep the pasture in good condition.

This soil is suited to windbreaks and environmental
plantings. All climatically suited trees and shrubs can
grow well,

This soil is generally suited to most engineering and
recreation uses. The slow absorption of effluent in septic
tank absorption fields can be overcome by enlarging the
tile field. If the soil is used as a site for dwellings, the ef-
fects of shrinking and swelling can be overcome by
strengthening basement walls and foundations. Capability
subelass IIc; Clayey range site.

11C—Cherry silty clay loam, gullied, 3 to 9 percent
slopes. This deep, gently sloping and moderately sloping,
well drained soil is on upland fans and foot slopes. In-
dividual areas are irregular in shape and range from
about 10 to 80 acres in size. Gullies are common (fig. 6).
Slopes are short and uneven.

Typically, the surface layer is grayish brown silty clay
loam about 4 inches thick. The subsoil is silty clay loam
about 32 inches thick. It is grayish brown in the upper
part and light brownish gray in the lower part. The sub-
stratum to a depth of about 60 inches is light brownish
gray, stratified silty clay loam and clay loam. In places
the surface layer is silt loam.

Included with this soil in mapping are small areas of
Cabba, Belfield, and Rhoades soils. These soils make up
about 5 to 20 percent of the unit. The shallow Cabba soils
occupy knobs, hilltops, and ridgetops. The Belfield and
Rhoades soils contain excess sodium. They occupy the
concave lower slopes.

Permeability is moderately slow, and available water
capacity is high. Surface runoff is medium to rapid. The
surface layer can be easily tilled within a narrow range in
moisture content. The shrink-swell potential is moderate.
Potential frost action also is moderate.

Most areas are used as rangeland. Some are used for
cultivated crops. The potential for crops and windbreaks
is poor, and the potential for rangeland, recreation uses,
most engineering uses, and for openland and rangeland
wildlife habitat is fair.

This soil is poorly suited to wheat, oats, barley, and
grasses and legumes. The hazard of water erosion is
severe. Diversions and grassed waterways are needed to
control and intercept runoff from higher lying slopes.
Stubble muleh and cultivation across the slope help to
control water erosion.

The use of this soil as pastureland, rangeland, or hay-
land is effective in controlling erosion. Overgrazing
reduces plant vigor and increases the hazard of erosion.
Proper stocking rates, pasture rotation, and timely defer-
ment of grazing keep the pasture and the soil in good
condition. The gullies make the use of machinery
somewhat difficult.

This soil is suited to windbreaks and environmental
plantings. Most climatically suited trees and shrubs can
grow well.

This soil is suited to most engineering and recreation
uses. The slow absorption of effluent in septic tank ab-
sorption fields can be overcome by enlarging the tile field.
If the soil is used as a site for dwellings, the effects of
shrinking and swelling can be overcome by strengthening
basement walls and foundations. Alternative sites should
be selected for playgrounds. If this soil is disturbed, the
hazard of erosion is severe because runoff flows in from
higher lying soils. Diversions and grassed waterways can
divert the runoff. Capability subclass IVe; Silty range
site.

14—Havrelon silty clay loam. This deep, level, well
drained soil is on bottom land. All areas but those where
the Knife and Missouri Rivers flow together are pro-
tected against flooding by the Garrison Dam. The areas
are long and narrow in shape and range from about 50 to
300 acres in size.

Typically, the surface layer is grayish brown silty clay
loam about 8 inches thick. The substratum to a depth of
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about 60 inches is stratified silty clay loam, silt loam, very
fine sandy loam, and very fine sand. It is grayish brown
in the upper part and light brownish gray in the lower
part. In some places the surface layer is silty clay, and in
a few it is silt loam.

Included with this soil in mapping are small areas of
moderately well drained Lohler soils. These soils make up
less than 15 percent of the unit. They contain more clay
than this Havrelon soil.

Permeability and available water capacity are
moderate. The surface layer can be tilled within a fairly
narrow range in moisture content. The shrink-swell
potential is low to moderate. Potential frost action is
moderate.

Most areas are used for cultivated crops. Some are in
native trees and grass and are used for range. A few are
irrigated. The potential for crops, recreation uses, open-
land wildlife habitat, windbreaks, and rangeland is good,
and the potential for most engineering uses and range-
land wildlife habitat is fair.

This soil is suited to wheat, barley, oats, and grasses
and legumes. If irrigated, it is suited to sugar beets, pinto
beans, and potatoes. Minimum tillage, stubble mulch, and
crop residue management protect the soil against erosion,
maintain the organic-matter content, and improve water
intake. The soil should be tilled at the optimum moisture
content because it tends to puddle and crust.

The use of this soil as pastureland, rangeland, or hay-
land protects the soil. Overgrazing or grazing when the
soil is wet reduces plant vigor and lowers yields. Proper
stocking rates, pasture rotation, and timely deferment of
grazing keep the pasture in good condition.

This soil is well suited to windbreaks and environmen-
tal plantings. All climatically suited trees and shrubs can
grow well.

If protected against flooding, this soil is suitable as a
site for buildings and sanitary facilities. If the soil is used
as a site for buildings, the effects of shrinking and
swelling can be overcome by strengthening basement
walls and foundations. The slow absorption of effluent in
septic tank absorption fields can be overcome by enlarg-
ing the tile field. Unless the soil is protected against
flooding, the hazard of damage to buildings by floodwater
is severe. Capability subclass IIc; Overflow range site.

15—Lawther silty clay, 1 to 3 percent slopes. This
deep, nearly level, well drained soil is on terraces and
fans and in upland swales. Individual areas are irregular
in shape and range from about 15 to 100 acres in size.
Slopes are long and smooth.

Typically, the surface layer is gray silty clay about 6
inches thick. The subsoil is dark gray clay about 30 inches
thick. The substratum to a depth of about 60 inches is
clay. It is olive gray in the upper part and olive in the
lower part. In a few places the surface layer is silty clay
loam.

Included with this soil in mapping are small areas of
Belfield, Daglum, Regent, and Moreau soils. These soils
make up less than 15 percent of the unit. The Belfield and

Daglum soils contain excess sodium. The Regent and
Moreau soils have bedrock at a depth of 20 to 40 inches.

Permeability is slow, and available water capacity is
high. The surface layer can be easily tilled within a nar-
row range in moisture content. It tends to puddle and
crust following heavy rains. The shrink-swell potential is
high. Potential frost action is low.

Most areas of this soil are cultivated. Some are used as
rangeland. The potential for cultivated crops and range-
land is good; the potential for windbreaks, openland wil-
dlife habitat, and most engineering uses is fair; and the
potential for recreation uses and rangeland wildlife
habitat is poor.

This soil is well suited to wheat, oats, barley, and
grasses and legumes. The hazard of water erosion is
slight. Stubble mulch, stripcropping, and minimum tillage
and grassed waterways in drainageways help in con-
trolling erosion. They also maintain the organic-matter
content and fertility and increase the infiltration rate. Til-
lage at the proper moisture content provides a good
seedbed.

The use of this soil as pastureland, rangeland, or hay-
land is effective in controlling erosion. Overgrazing
reduces plant vigor and lowers yields. Proper stocking
rates, pasture rotation, and timely deferment of grazing
keep the pasture in good condition.

This soil is suited to windbreaks and environmental
plantings. Some of the climatically suited trees and
shrubs can grow well.

This soil is suitable as a site for most sanitary facilities
and for engineering structures. The slow absorption of ef-
fluent in septic tank absorption fields can be overcome by
enlarging the tile field. If the soil is used as a site for
buildings, the effects of shrinking and swelling can be
overcome by strengthening basement walls and founda-
tions. Capability subclass IIs; Clayey range site.

17—Heil silty clay loam. This deep, level, poorly
drained soil is on terraces, in glacial trenches, and in
basins on uplands. Unless drained, it is usually ponded
early in spring and for short periods following heavy
rains. Individual areas are irregular in shape and range
from about 3 to 60 acres in size.

Typically, the surface layer is black silt loam about 2
inches thick. The subsurface layer is dark gray silty clay
loam about 2 inches thick. The subsoil is very dark gray
clay about 34 inches thick. The substratum to a depth of
about 60 inches is very dark gray clay over olive silty
clay and silty clay loam. In places the thickness of the
surface layer combined with that of the subsurface layer
is more than 5 inches.

Included with this soil in mapping are small areas of
Harriet Variant silt loam. This included soil makes up
about 5 to 15 percent of the unit. It contains less clay and
more salts than the Heil soil.

Permeability is very slow, and available water capacity
is moderate. The water table is within a depth of 1 foot
during most of the year. Some areas are drained. The
shrink-swell potential is high. Potential frost action is
moderate.
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Most areas are used as rangeland. A few are used for
cultivated crops. This soil has good potential for range-
land and for wetland wildlife habitat and poor potential
for crops, windbreaks, and most engineering and recrea-
tion uses.

This soil is generally unsuited to wheat, oats, barley,
and grasses and legumes because it is wet and contains
excess salts and sodium.

The use of this soil as rangeland, hayland, or pasture-
land protects the soil. Overgrazing or grazing when the
soil is wet results in surface compaction and poor tilth.
Proper stocking rates, pasture rotation, and timely defer-
ment of grazing during wet periods keep the pasture and
the range in good condition.

This soil is generally unsuited to trees and shrubs
grown as windbreaks and environmental plantings
because of the ponding and the excess sodium.

This soil is generally unsuited to building site develop-
ment and onsite waste disposal. As a result of the
seasonal high water table, the high content of clay, the
excess sodium, the shrink-swell potential, and the pond-
ing, design, installation, and maintenance are costly. In
this survey area Heil soils are generally not used as
building sites. More desirable sites are generally nearby.
Capability subclass VIs; Closed Depression range site.

20—Lohler silty clay. This deep, level, moderately well
drained soil is on bottom land. All areas but those where
the Knife and Missouri Rivers flow together are pro-
tected against flooding by the Garrison Dam. The areas
are mostly long and narrow and range from about 25 to
200 acres in size.

Typically, the surface layer is grayish brown silty clay
about 8 inches thick. The substratum to a depth of about
60 inches is grayish brown silty clay with thin, dark
layers and thin strata of silty clay loam and loam. In a
few places thin strata of sandy material are below a
depth of 40 inches.

Included with this soil in mapping are small areas of
well drained Havrelon soils and a few areas of poorly
drained soils. These soils make up about 5 to 20 percent
of the unit. The Havrelon soils contain less clay than this
Lohler soil.

Permeability is moderately slow or slow, and available
water capacity is high. The seasonal high water table fluc-
tuates between depths of 3 and 5 feet during part of the
year. Surface runoff is slow. This soil can be easily tilled
within a narrow range in moisture content. The shrink-
swell potential is high. Potential frost action is moderate.

Most areas are used for cultivated crops. A few are in
native grass and trees and are used as rangeland. A few
are irrigated. This soil has good potential for crops, wind-
breaks, rangeland, and for openland wildlife habitat and
fair potential for most engineering and recreation uses
and rangeland wildlife habitat.

This soil is well suited to wheat, barley, oats, and
grasses and legumes. Tillage at the optimum moisture
content overcomes the tendency of the soil to puddle and
crust and provides an adequate seedbed. The hazard of

soil blowing is severe, especially early in spring. Strip-
cropping, minimum tillage, stubble mulch, and windbreaks
help to control erosion, conserve moisture, and improve
water intake. In some areas leaving belts of native trees
when clearing the land helps to control soil blowing.

The use of this soil as rangeland, hayland, or pasture-
land is effective in controlling erosion. Overgrazing or
grazing when the soil is wet results in surface compaction
and poor tilth. Proper stocking rates, pasture rotation,
and timely deferment of grazing during wet periods keep
the pasture and the soil in good condition.

This soil is well suited to windbreaks and environmen-
tal plantings. All climatically suited trees and shrubs can
grow well,

This soil is suitable as a site for buildings and sanitary
facilities if it is protected against flooding by the Garrison
Dam. If the soil is used as a building site, the effects of
shrinking and swelling can be overcome by strengthening
foundations and basement walls. Capability subclass Ils;
Overflow range site.

21B—Lihen loamy fine sand, 1 to 6 percent slopes.
This deep, nearly level and undulating, somewhat exces-
sively drained soil is on terraces and uplands. It is
crossed by a few shallow drainageways. In most places
the drainageways are indistinct. Individual areas range
from about 10 to 200 acres in size. Slopes are short and
uneven.

Typically, the surface layer is dark grayish brown
loamy fine sand about 17 inches thick. Next is a dark
brown loamy fine sand transitional layer about 7 inches
thick. The substratum to a depth of about 60 inches is
dark brown and pale brown fine sand with layers of
loamy fine sand and very fine sandy loam. In some places
clay loam glacial till is at a depth of about 50 inches. In
others the surface layer is thinner and lighter colored.

Included with this soil in mapping are small areas of
Krem soils. These soils make up about 15 percent of the
unit. They have clay loam glacial till at a depth of 16 to 40
inches. Also included are a few areas of a similar soil in
which the seasonal high water is about 4 feet from the
surface.

Permeability is rapid, and available water capacity is
low. Surface runoff is slow. The surface layer is friable
and can be easily tilled throughout a wide range in
moisture content. The shrink-swell potential is low. Poten-
tial frost action also is low.

Most areas are in native grass and are used as range-
land or hayland. A few are cultivated. The potential for
cultivated crops, windbreaks, some sanitary facilities, and
rangeland wildlife habitat is poor; the potential for open-
land wildlife habitat and recreation uses is fair; and the
potential for some engineering uses and for rangeland is
good.

This soil is poorly suited to wheat, oats, barley, and
grasses and legumes because of a severe hazard of soil
blowing, the low available water capacity, and droughti-
ness. Intensive use of stubble mulch helps in controlling
soil blowing.
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The use of this soil as pastureland, hayland, or range-
land is effective in controlling erosion. Overgrazing
reduces plant vigor and increases the hazard of soil blow-
ing. Proper stocking rates, pasture rotation, timely defer-
ment of grazing, and uniform grazing distribution keep
the pasture and the soil in good condition.

This soil is poorly suited to windbreaks and environ-
mental plantings. A few of the climatically suited trees
and shrubs can grow fairly well. Soil blowing is a severe
hazard in disturbed areas.

If this soil is used as a site for sanitary facilities,
seepage can be a problem and the effluent can con-
taminate ground water. The low available water capacity
and resultant droughtiness are problems in establishing
and maintaining lawns and in landscaping around
buildings and in recreation areas. Frequent applications of
fertilizer and irrigation water and additions of topsoil are
beneficial. Cutbanks can cave unless trench and excava-
tion walls are shored. Capability subclass IVe; Sands
range site.

21D—Telfer loamy fine sand, 6 to 15 percent slopes.
This deep, gently rolling and rolling, excessively drained
soil is on terraces and uplands. It is crossed by a few
shallow drainageways. Individual areas are irregular in
shape and range from about 10 to 100 acres in size. Slopes
are convex and mostly short and uneven, but some are
long and smooth.

Typically, the surface layer is dark grayish brown
loamy fine sand about 10 inches thick. Next is a grayish
brown fine sand transitional layer. The substratum to a
depth of about 60 inches is brown fine sand. In some
places the surface layer is thinner and lighter colored, in
some it is fine sandy loam, and in others it is dark colored
to a greater depth.

Included with this soil in mapping are small areas of
Parshall soils in swales. These soils make up less than 15
percent of the unit. They have a fine sandy loam subsoil.

Permeability is rapid, and available water capacity is
low. Surface runoff is slow to medium. The shrink-swell
potential is low. Potential frost action also is low.

Nearly all areas are used as rangeland. A few small
areas are cultivated. This soil has good potential for ran-
geland and some engineering uses, fair potential for ran-
geland wildlife habitat and most recreation uses, and poor
potential for cultivated crops, windbreaks, and most sani-
tary facilities.

This soil is generally unsuited to cultivated crops
because of a severe hazard of soil blowing, droughtiness,
the low available water capacity, and the slope.

The use of this soil as rangeland, hayland, or pasture-
land is effective in controlling erosion. Overgrazing
reduces plant vigor and increases the hazard of soil blow-
ing. Proper stocking rates, pasture rotation, timely defer-
ment of grazing, and a planned grazing system keep the
pasture and the soil in good condition.

This soil is generally unsuited to trees and shrubs
grown as windbreaks and environmental plantings
because of the low available water capacity, the droughti-
ness, and the hazard of soil blowing.

This soil is generally suitable as a site for buildings. If
the soil is disturbed, however, soil blowing is a hazard.
Minimizing the size of the area that is stripped of vegeta-
tion reduces the risk of soil blowing. The soil is also
generally suited to onsite disposal of waste from septic
tanks. Contamination of ground water is a hazard because
of seepage. The limitations in establishing and maintain-
ing lawns and in landscaping can be overcome in part by
frequent applications of fertilizer and irrigation water and
by additions of topsoil. Capability subclass Vle; Sands
range site.

22B—Krem loamy fine sand, 1 to 6 percent slopes.
This deep, nearly level and undulating, well drained soil is
on sand-mantled glacial till plains. It is crossed by a few
shallow drainageways that in places are indistinct. Slopes
are plane, concave, or convex and are mostly short and
smooth. Individual areas are irregular in shape and range
from about 10 to more than 400 acres in size.

Typically, the surface layer is dark grayish brown
loamy fine sand about 25 inches thick. The subsoil is
about 85 inches thick. The upper part is brown loamy
sand, and the lower part is light brownish gray clay loam.
In some places the clay loam subsoil is at a depth of
about 10 inches, in others the surface layer is fine sandy
loam about 3 inches thick, and in a few soft bedrock is at
a depth of about 50 inches.

Included with this soil in mapping are small areas of
Lihen soils in swales and Williams soils on the tops of
knobs and ridges. These soils make up 5 to 20 percent of
the unit. The Lihen soils are somewhat excessively
drained and are not underlain by clay loam glacial till.
The Williams soils do not have a sandy surface layer. Also
included are formerly cultivated areas that are moderate-
ly eroded to severely eroded.

Permeability is rapid in the upper part of this soil and
moderately slow in the lower part. Available water
capacity is moderate. Surface runoff is slow to medium.
The surface layer is very friable and can be easily tilled
throughout a wide range in moisture content. The shrink-
swell potential is moderate in the sandy surface layer and
moderate in the clay loam. Potential frost action is
moderate.

Most areas are in native grass and are used as range-
land or hayland. A few areas are used for cultivated
crops. The potential for rangeland, most engineering uses,
and openland wildlife habitat is good, and the potential
for cultivated crops, windbreaks, sanitary facilities,
recreation uses, and rangeland wildlife habitat is fair.

This soil is suited to wheat, oats, barley, and grasses
and legumes. The hazard of soil blowing is severe. Inten-
sive management that includes the use of stubble mulch,
crop residue management, windbreaks, and minimum til-
lage is needed to control soil blowing.

The use of this soil as rangeland, hayland, or pasture-
land is effective in controlling erosion. Overgrazing
reduces plant vigor, decreases the desirable species, and
increases the hazard of soil blowing. Proper stocking
rates, uniform grazing distribution, pasture rotation, and
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timely deferment of grazing keep the pasture in good
condition.

This soil is suited to windbreaks and environmental
plantings. Some of the climatically suited trees and
shrubs can grow well. Soil blowing is a severe hazard in
disturbed areas. The moderate available water capacity in
the surface layer is a limitation in establishing trees and
shrubs,

This soil is generally suitable as a site for buildings,
most sanitary facilities, and engineering structures. The
slow absorption of effluent in septic tank absorption
fields can be overcome by enlarging the field. If the soil
is used as a building site, the effects of shrinking and
swelling can be overcome by strengthening foundations
and basement walls. Capability subclass IVe; Sands range
site.

22D—Krem loamy fine sand, 6 to 15 percent slopes.
This deep, gently rolling and rolling, well drained soil is
on sand-mantled glacial till plains that are crossed by a
few shallow drainageways. Many areas are along or at the
head of incised drainageways. Slopes are mostly short and
smooth. Individual areas are irregular in shape and range
from about 10 to 100 acres in size.

Typically, the surface layer is dark grayish brown
loamy fine sand about 25 inches thick. The subsoil is
about 35 inches thick. The upper part is brown loamy
sand, and the lower part is light brownish gray clay loam.
In some places the clay loam subsoil is at a depth of
about 10 inches, in some the surface layer is fine sandy
loam about 3 inches thick, and in others soft bedrock is at
a depth of about 50 inches.

Included with this soil in mapping are small areas of
Lihen soils in swales and Williams and Zahl soils on the
tops of knobs, ridges, and hills. These soils make up about
5 to 20 percent of the unit. The Lihen soils are somewhat
excessively drained and are not underlain by clay loam
glacial till. The Williams and Zahl soils do not have a
sandy surface layer.

Permeability is rapid in the upper part of this soil and
moderately slow in the lower part. Available water
capacity is moderate. Surface runoff is medium. The
shrink-swell potential is low in the sandy surface layer
and moderate in the clay loam. Potential frost action is
moderate.

Most areas are in native grass and are used as range-
land. The soil has good potential for rangeland, fair poten-
tial for most recreation uses and for engineering uses and
openland and rangeland wildlife habitat, and poor poten-
tial for windbreaks and cultivated crops.

This soil is generally unsuited to wheat, barley, oats,
and grasses and legumes because of a severe hazard of
soil blowing, slope, and droughtiness.

The use of this soil as rangeland, hayland, or pasture-
land is effective in controlling erosion. Overgrazing
reduces the desirable species, decreases plant vigor, and
increases the hazard of soil blowing. Proper stocking
rates, uniform grazing distribution, timely deferment of
grazing, and a planned grazing system keep the pasture
in good condition.

This soil is poorly suited to trees and shrubs in wind-
breaks. Special plantings can be made for esthetic pur-
poses or for wildlife habitat. Some of the climatically
suited species can grow fairly well. In disturbed areas the
hazard of soil blowing is severe.

This soil is generally suited to building site develop-
ment and to most sanitary facilities and engineering uses.
The slow absorption of effluent in septic tank absorption
fields can be overcome by enlarging the field. If the soil
is used as a building site, the effects of shrinking and
swelling can be overcome by strengthening foundations
and basement walls. Less sloping sites should be selected
for sewage lagoons and playgrounds. Capability subclass
Vle; Sands range site.

27—Mandan silt loam, 1 to 3 percent slopes. This
deep, nearly level, well drained soil is on loess-mantled
glacial till uplands and on terraces. It is crossed by a few
shallow drainageways that in places fan out and are in-
distinct. Individual areas are irregular in shape and range
from about 5 to 150 acres in size. Slopes are mostly long
and smooth.

Typically, the surface layer is dark grayish brown silt
loam about 13 inches thick. The subsoil is silt loam about
17 inches thick. It is dark grayish brown in the upper
part and grayish brown in the lower part. The substratum
to a depth of about 60 inches is silt loam. The upper part
is light brownish gray, and the lower part is light yel-
lowish brown. The substratum contains a thin, dark old
buried surface layer. In some places clay loam glacial till
is at a depth of about 50 inches, in others gravel is at a
depth of about 50 inches, and in a few the subsoil is silty
clay loam.

Included with this soil in mapping are small areas of
poorly drained Tonka soils in slight depressions and Wil-
ton soils on slightly convex slopes. These soils make up
less than 10 percent of the unit. The Wilton soils have
clay loam glacial till at a depth of 26 to 40 inches.

Permeability and available water capacity are
moderate. Surface runoff is slow. The soil can be easily
tilled throughout a fairly wide range in moisture content.
The shrink-swell potential is low. Potential frost action is
moderate.

Most areas are cultivated. Some are in native grasses
and are used as rangeland. The potential for windbreaks,
rangeland, cultivated crops, most sanitary facilities, en-
gineering uses, recreation uses, and openland wildlife
habitat is good, and the potential for rangeland wildlife
habitat is fair.

This soil is well suited to wheat, oats, barley, and
grasses and legumes. The hazard of soil blowing is
moderate. Soil blowing can be controlled by the use of
stubble mulch, minimum tillage, stripcropping, and crop
residue management.

The use of this soil as rangeland, hayland, or pasture-
land is effective in controlling erosion. Proper stocking
rates, uniform grazing distribution, and a planned grazing
system keep the pasture in good condition.
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This soil is well suited to windbreaks and environmen-
tal plantings. All climatically suited trees and shrubs can
grow well,

This soil is well suited as a site for buildings, sanitary
facilities, and most engineering structures. The slow ab-
sorption of effluent in septic tank absorption fields can be
overcome by enlarging the field. If the soil is used as a
building site, the effects of shrinking and swelling can be
overcome by strengthening foundations and basement
walls. Capability subclass Ile; Silty range site.

27B—Mandan silt loam, 3 to 6 percent slopes. This
deep, gently sloping, well drained soil is on loess-mantled
glacial till uplands and on terraces. Areas are crossed by
shallow drainageways. They are mostly irregular in shape
and range from about 10 to 250 acres in size. The surface
is plane and convex.

Typically, the surface layer is dark grayish brown silt
loam about 13 inches thick. The subsoil is silt loam about
17 inches thick. It is dark grayish brown in the upper
part and grayish brown in the lower part. The substratum
to a depth of about 60 inches is silt loam. The upper part
is light brownish gray, and the lower part is light yel-
lowish brown. The substratum contains a thin, dark old
buried surface layer. In some areas clay loam glacial till is
at a depth of about 50 inches, in others gravel is at a
depth of about 50 inches, and in a few the subsoil is silty
clay loam. In a few places the surface layer is not dark
colored to so great a depth.

Included with this soil in mapping are small areas of
Temvik soils on convex slopes and poorly drained Tonka
soils in slight depressions. These soils make up less than
15 percent of the unit. The Temvik soils have clay loam
glacial till at a depth of 26 to 40 inches.

Permeability and available water capacity are
moderate. Surface runoff is slow. The soil can be easily
tilled throughout a fairly wide range in moisture content.
The shrink-swell potential is low. Potential frost action is
moderate.

Most areas are cultivated. Some are in native grasses
and are used as rangeland. This soil has good potential for
windbreaks, rangeland, cultivated crops, sanitary facili-
ties, most engineering uses, recreation uses, and openland
wildlife habitat. It has fair potential for rangeland wildlife
habitat.

This soil is well suited to wheat, oats, barley, and
grasses and legumes. The hazard of soil blowing is
moderate. Stubble mulch, minimum tillage, stripcropping,
and crop residue management help to control soil blowing.
They also maintain the organic-matter content and the
water intake rate.

The use of this soil as rangeland, hayland, or pasture-
land is effective in controlling erosion. Proper stocking
rates, uniform grazing distribution, and a planned grazing
system keep the pasture in good condition.

This soil is well suited to windbreaks and environmen-
tal plantings. All climatically suited trees and shrubs can
grow well.

This soil is well suited as a site for buildings, sanitary
facilities, and most engineering structures. The slow ab-
sorption of effluent in septic tank absorption fields can be
overcome by enlarging the field. If the soil is used as a
building site, the effects of shrinking and swelling can be
overcome by strengthening foundations and basement
walls. The slope is a limitation if the soil is used for
playgrounds, but this limitation can be overcome by
cutting and filling. Capability subclass Ile; Silty range
site.

28 —Wilton silt loam, 1 to 3 percent slopes. This deep,
nearly level, well drained soil is on loess-mantled glacial
till plains. Areas are crossed by shallow drainageways
that fan out and are indistinct in places. They are irregu-
lar in shape and range from about 20 to 100 acres in size.
Slopes are mostly long and smooth.

Typically, the surface layer is very dark grayish brown
silt loam about 9 inches thick. The subsoil is about 22
inches thick. It is dark grayish brown silt loam in the
upper part and grayish brown clay loam in the lower part.
The substratum to a depth of about 60 inches is clay
loam. It is light brownish gray in the upper part and light
yellowish brown in the lower part. In some places the soil
is not dark colored to so great a depth. In others the clay
loam is below a depth of 40 inches, and in a few it is
within a depth of 26 inches.

Included with this soil in mapping are small areas of
Williams soils on convex knobs and ridges and poorly
drained Tonka soils in depressions. These soils make up 5
to 20 percent of the unit. The Williams soils have a clay
loam subsoil.

Permeability is moderate in the subsoil and moderately
slow in the substratum. Available water capacity is high.
Surface runoff is slow. The soil can be easily tilled
throughout a fairly wide range in moisture content. The
shrink-swell potential is moderate. Potential frost action
also is moderate.

Most areas are used for cultivated crops. A few are in
grass and are used as rangeland. The potential for range-
land, windbreaks, cultivated crops, most engineering uses,
recreation uses, and openland wildlife habitat is good. The
potential for sanitary facilities and rangeland wildlife
habitat is fair.

This soil is well suited to wheat, oats, barley, and
grasses and legumes. The hazard of soil blowing is slight.
Stubble muleh, minimum tillage, windbreaks, and strip-
cropping help to control soil blowing and maintain the or-
ganic-matter content and fertility.

The use of this soil as rangeland, pastureland, or hay-
land is effective in controlling erosion. Proper stocking
rates, deferred grazing, uniform grazing distribution, and
a planned grazing system keep the pasture in good condi-
tion.

This soil is well suited to windbreaks and environmen-
tal plantings. All climatically suited trees and shrubs can
grow well.

This soil is well suited to building site development and
most engineering uses. The slow absorption of effluent in
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septie tank absorption fields can be overcome by enlarg-
ing the field. If the soil is used as a building site, the ef-
fects of shrinking and swelling can be overcome by
strengthening foundations and basement walls. Capability
subclass Il¢; Silty range site.

28B—Temvik-Williams silt loams, 3 to 6 percent
slopes. This map unit consists of deep, undulating, well
drained soils on loess-mantled glacial till plains. Areas are
crossed by a few shallow drainageways. They are irregu-
lar in shape and range from about 5 to more than 800
acres in size. Slopes are mostly short and smooth.

Areas of this map unit are about 50 to 75 percent Tem-
vik soils and 20 to 45 percent Williams soils. The Temvik
soils are on the plane and convex lower side slopes. The
Williams soils are on the convex knobs, ridges, and upper
side slopes. The two soils are so intricately mixed or are
in areas so small that it is not practical to separate them
in mapping.

Typically, the Temvik soil has a dark grayish brown silt
loam surface layer about 11 inches thick. The subsoil is
brown silt loam about 16 inches thick. The substratum to
a depth of about 60 inches is clay loam glacial till. It is
grayish brown in the upper part, light brownish gray in
the next part, and light yellowish brown in the lower
part. In places the soil is dark colored to a greater depth.

Typically, the Williams soil has a dark grayish brown
silt loam surface layer about 8 inches thick. The subsoil is
clay loam about 16 inches thick. It is dark brown in the
upper part and brown in the lower part. The substratum
to a depth of about 60 inches is clay loam. It is light
brownish gray in the upper part and light yellowish
brown in the lower part. In some places the soil is dark
colored to a greater depth, and in others the surface layer
is loam.

Included with this unit in mapping are small areas of
the poorly drained Tonka soils and very poorly drained
Parnell soils in potholes and slight depressions, well
drained Grassna soils in swales, and Zahl soils on convex
knobs and ridges. These soils make up about 5 to 20 per-
cent of the unit. The Grassna soils do not have a clay
loam till glacial substratum. The Zahl soils are lighter
colored than the Temvik and Williams soils.

Permeability is moderate in the subsoil of the Temvik
and Williams soils and moderately slow in the substratum.
Available water capacity is high, and surface runoff is
medium. These soils can be easily tilled throughout a
fairly wide range in moisture content. The shrink-swell
potential is moderate. Potential frost action also is
moderate.

Most areas are used for cultivated crops. A few are in
native grasses and are used as rangeland. The potential
for cultivated crops, rangeland, windbreaks, most sanitary
facilities, most recreation uses, and openland wildlife
habitat is good. The potential for rangeland wildlife
habitat is fair.

These soils are well suited to wheat, oats, barley, and
grasses and legumes. The hazard of soil blowing is slight.
Stubble mulch, minimum tillage, windbreaks, and strip-

cropping help to control erosion and maintain the organic-
matter content and fertility.

The use of these soils as rangeland is effective in con-
trolling erosion. Proper stocking rates, deferred grazing,
uniform grazing distribution, and a planned grazing
system keep the range and the soil in good condition.

These soils are well suited to windbreaks and environ-
mental plantings. All climatically suited trees and shrubs
can grow well.

These soils are well suited to building site development
and most engineering uses. The slow absorption of septic
tank effluent can be overcome by enlarging the absorp-
tion field. If the soils are used as building sites, the ef-
fects of shrinking and swelling can be overcome by
strengthening foundations and basement walls. The slope
is a limitation if the soils are used for playgrounds, but
this limitation can be overcome by cutting and filling.
Capability subclass Ile; Silty range site.

28C—Temvik-Williams silt loams, 6 to 9 percent
slopes. This map unit consists of deep, gently rolling, well
drained soils on loess-mantled glacial till plains. Areas are
crossed by well defined, shallow drainageways. They are
irregular in shape and range from about 5 to 80 acres in
size. They are about 50 to 65 percent Temvik soils and 20
to 45 percent Williams soils. The Temvik soils are on the
plane and convex lower side slopes. The Williams soils are
on the convex knobs, ridges, and upper side slopes. The
two soils are so intricately mixed or are in areas so small
that it is not practical to separate them in mapping.

Typically, the Temvik soil has a dark grayish brown silt
loam surface layer about 8 inches thick. The subsoil is
brown silt loam about 16 inches thick. The substratum to
a depth of 60 inches is clay loam glacial till. It is grayish
brown in the upper part, light brownish gray in the next
part, and light yellowish brown in the lower part. In
places the soil is dark colored to a greater depth.

Typically, the Williams soil has a dark grayish brown
silt loam surface layer about 6 inches thick. The subsoil is
clay loam about 16 inches thick. It is dark brown in the
upper part and brown in the lower part. The substratum
to a depth of about 60 inches is clay loam glacial till. It is
light brownish gray in the upper part and light yellowish
brown in the lower part. In some places the soil is dark
colored to a greater depth, and in others the surface layer
is loam.

Included with this unit in mapping are small areas of
Grassna soils in swales and Zahl soils on convex knobs,
hills, and ridges. These soils make up about 5 to 15 per-
cent of the unit. The Grassna soils do not have a clay
loam glacial till substratum. The Zahl soils are lighter
colored than the Temvik and Williams soils.

Permeability is moderate in the subsoil and moderately
slow in the substratum. Available water capacity is high,
and surface runoff is medium. The soils can be easily
tilled throughout a fairly wide range in moisture content.
The shrink-swell potential is moderate. Potential frost ac-
tion also is moderate.
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Most areas are used for cuitivated crops or rangeland.
The potential for rangeland, windbreaks, most sanitary
facilities, most engineering uses, and most recreation uses
is good. The potential for openland wildlife and rangeland
wildlife habitat and cultivated crops is fair.

These soils are suited to wheat, oats, barley, and
grasses and legumes. The hazard of soil blowing is slight,
and the hazard of water erosion is moderate. Stubble
mulch, crop residue management, stripcropping, wind-
breaks, grassed waterways, and minimum tillage help to
control erosion and maintain tilth, organic-matter content,
and fertility.

The use of these soils as rangeland, pastureland, or
hayland is effective in controlling erosion. Proper stocking
rates, deferred grazing, uniform grazing distribution, and
a planned grazing system keep the pasture and the soil in
good condition.

These soils are well suited to windbreaks and environ-
mental plantings. All climatically suited trees and shrubs
can grow well.

These soils are well suited to building site development
and most engineering uses. The slow absorption of septic
tank effluent can be overcome by enlarging the absorp-
tion field. If the soils are used as building sites, the ef-
fects of shrinking and swelling can be overcome by
strengthening foundations and basement walls. Alterna-
tive sites should be selected for playgrounds because of
the slope. Capability subclass IIle; Silty range site.

35C—Amor-Werner loams, 6 to 9 percent slopes. This
map unit consists of moderately deep and shallow,
moderately sloping, well drained soils on residual uplands.
Areas are dissected by well defined drainageways. They
are mostly irregular in shape and range from about 10 to
more than 150 acres in size. Slopes are mostly long and
smooth.

Areas of this map unit are 50 to 70 percent Amor soils
and 20 to 40 percent Werner soils. The Amor soils are on
the plane or convex, mid and lower side slopes. The
Werner soils are on the convex tops of ridges and knobs
and on the upper side slopes. The two soils are so in-
tricately mixed or are in areas so small that it is not prac-
tical to separate them in mapping.

Typically, the Amor soil has a surface layer of dark
grayish brown loam about 8 inches thick. The subsoil is
loam about 12 inches thick. It is dark grayish brown in
the upper part and grayish brown in the lower part. The
substratum is light brownish gray loam about 12 inches
thick. Below this to a depth of about 60 inches is pale
olive, soft sandstone. In places the subsoil is silt loam or
fine sandy loam.

Typically, the Werner soil has a surface layer of gray-
ish brown loam about 8 inches thick. Below this is a
transitional layer of light brownish gray loam about 4
inches thick. The substratum is light brownish gray loam
about 5 inches thick. Below this to a depth of about 60
inches is light olive gray sandstone. In some areas the
surface layer is not so dark colored. In some places the
soil is silt loam, and in others it is less than 10 inches
deep over soft sandstone.

Included with this unit in mapping are small areas of
Arnegard and Grail soils in swales and on foot slopes.
These soils make up 5 to 15 percent of the unit. They are
dark colored to a greater depth than the Amor or Werner
soils, and they do not have soft sandstone within 60
inches of the surface.

Permeability is moderate in the Amor and Werner
soils. Available water capacity is moderate in the Amor
soil and low in the Werner soil. Surface runoff is medium.
The Amor soil can be easily tilled throughout a fairly
wide range in moisture content, but the Werner soil is
more difficult to till, especially when too wet or too dry.
Roots are restricted by the soft sandstone at a depth of
about 32 inches in the Amor soil and 17 inches in the
Werner soil. The shrink-swell potential is moderate.
Potential frost action also is moderate.

About half of the acreage is cultivated, and the rest is
in native grass and is used as rangeland. The potential for
rangeland is good. The potential for cultivated crops,
some sanitary facilities, some engineering uses, most
recreation uses, and openland and rangeland wildlife
habitat is fair. The potential for windbreaks is good on
the Amor soil and poor on the Werner soil.

These soils are suited to wheat, oats, barley, and
grasses and legumes. The hazard of soil blowing is slight
to moderate. Minimum tillage, crop residue management,
stubble mulch, grassed waterways, windbreaks, and strip-
cropping help to control soil blowing and also maintain
tilth, organic-matter content, and fertility.

The use of these soils as rangeland, hayland, or
pastureland is effective in controlling erosion. Proper
stocking rates, uniform distribution of grazing, deferred
grazing, and a planned grazing system keep the pasture
and the soil in good condition.

The Amor soil is well suited and the Werner soil poorly
suited to windbreaks and environmental plantings. All cli-
matically suited trees and shrubs can grow well on the
Amor soil, but only a limited number of species can grow
fairly well on the Werner soil.

These soils are suited to building site development and
most engineering uses. If the soils are used as building
sites, the depth to rock can be easily overcome because
the rock is soft and easily excavated. The effects of
shrinking and swelling can be overcome by strengthening
foundations and basement walls. Septic tank absorption
fields should be located on the Amor part of the unit. Al-
ternative sites should be selected for sewage lagoons,
pond reservoir areas, and playgrounds. Capability sub-
class IIle; Amor soil in Silty range site, Werner soil in
Shallow range site.

35D—Amor-Werner loams, 9 to 15 percent slopes.
This map unit consists of moderately deep and shallow,
strongly sloping, well drained soils on residual uplands.
Individual areas are mostly irregular in shape and range
from about 10 to 80 acres in size. Slopes are mostly long
and smooth.

Areas of this map unit are about 45 to 65 percent Amor
soils and 25 to 45 percent Werner soils. The Amor soils
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are on the plane or convex, mid and lower side slopes.
The Werner soils are on the convex tops of ridges and
knobs and on the upper side slopes. The two soils are so
intricately mixed or are in areas so small that it is not
practical to separate them in mapping.

Typically, the Amor soil has a dark grayish brown loam
surface layer about 6 inches thick. The subsoil is loam
about 10 inches thick. It is dark grayish brown in the
upper part and grayish brown in the lower part. The sub-
stratum is light brownish gray loam about 10 inches thick.
Below this to a depth of about 60 inches is pale olive, soft
sandstone. In places the subsoil is silt loam or fine sandy
loam.

Typically, the Werner soil has a surface layer of gray-
ish brown loam about 8 inches thick. Below this is a
transitional layer of light brownish gray loam about 4
inches thick. The substratum is light brownish gray loam
about 5 inches thick. Below this to a depth of about 60
inches is light olive gray sandstone. In some areas the
surface layer is not so dark colored. In some places the
soil is silt loam, and in others it is less than 10 inches
deep over soft sandstone.

Included with this unit in mapping are small areas of
Arnegard and Grail soils in swales and on foot slopes.
These soils make up 5 to 15 percent of the unit. They are
dark colored to a greater depth than the Amor and
Werner soils, and they do not have soft sandstone within
60 inches of the surface.

Permeability is moderate in the Amor and Werner
soils. Available water capacity is moderate in the Amor
soil and low in the Werner soil. Surface runoff is medium
to rapid. The Amor soil can be easily tilled throughout a
fairly wide range in moisture content, but the Werner soil
is more difficult to till, especially when too wet or too
dry. Roots are restricted by the soft sandstone at a depth
of about 26 inches in the Amor soil and 17 inches in the
Werner soil. The shrink-swell potential is ‘moderate.
Potential frost action also is moderate.

The potential of these soils for cultivated crops is poor,
the potential for rangeland is good, and the potential for
some sanitary facilities, some engineering uses, most
recreation uses, and rangeland and openland wildlife
habitat is fair. The Amor soil has fair potential and the
Werner soil poor potential for windbreaks.

These soils are poorly suited to wheat, oats, barley, and
grasses and legumes. The soil blowing hazard is moderate
to slight, and the water erosion hazard is severe.
Minimum tillage, grassed waterways, stubble muleh, and
- stripcropping help to control erosion and maintain the or-
ganic-matter content and fertility.

The use of these soils as rangeland is effective in con-
trolling erosion. Proper stocking rates, uniform distribu-
tion of grazing, deferred grazing, and a planned grazing
system keep the range and the soil in good condition.

The Amor soil is suited to windbreaks and environmen-
tal plantings. Most of the climatically suited trees and
shrubs can grow well. The Werner soil is poorly suited;
only a few species can grow fairly well.

These soils are suited to building site development and
to most engineering uses. If the soils are used as building
sites, the depth to rock can be easily overcome because
the rock is soft and easily excavated. The effects of
shrinking and swelling can be overcome by strengthening
foundations and basement walls. Septic tank absorption
fields are best located on the Amor part of the unit. Al-
ternative sites should be selected for sewage lagoons,
pond reservoir areas, and playgrounds. For most uses, for
example, building site development, the slope can be over-
come by cutting and filling. Capability subclass IVe;
Amor soil in Silty range site, Werner soil in Shallow
range site.

36—Williams loam, 1 to 3 percent slopes. This deep,
nearly level, well drained soil is on glacial till uplands.
Areas are crossed by a few shallow drainageways that
fan out and are indistinct in places. They are irregular in
shape and range from about 5 to 80 acres in size. Slopes
are short and smooth.

Typically, the surface layer is dark grayish brown loam
about 7 inches thick. The subsoil is clay loam about 19
inches thick. It is brown in the upper part, grayish brown
in the next part, and light yellowish brown in the lower
part. The substratum to a depth of about 60 inches is clay
loam glacial till. It is light gray in the upper part and
light yellowish brown in the lower part. In a few places
the surface layer is silt loam, and in a few the surface is
very stony. In some the dark colored surface layer is
thicker. In others the upper part of the subsoil has been
mixed with the surface layer by plowing.

Included with this soil in mapping are small areas of
the poorly drained Tonka soils and very poorly drained
Parnell soils in shallow depressions and potholes. These
soils make up less than 10 percent of the unit.

Permeability is moderate in the subsoil and moderately
slow in the substratum. Available water capacity is high.
Surface runoff is slow. The soil can be easily tilled
throughout a fairly wide range in moisture content. The
shrink-swell potential is moderate. Potential frost action
also is moderate.

Most areas are used for cultivated crops. Some are in
native grasses and are used as rangeland and hayland.
The potential for rangeland, windbreaks, cultivated crops,
most engineering uses, recreation uses, and openland wil-
dlife habitat is good. The potential for rangeland wildlife
habitat and most sanitary facilities is fair.

This soil is well suited to wheat, oats, barley, and
grasses and legumes. The hazard of soil blowing is slight.
Stubble mulch, minimum tillage, and grasses and legumes
in the cropping system help to control erosion and main-
tain the organic-matter content and fertility.

The use of this soil as rangeland, hayland, or pasture-
land is effective in controlling erosion and protecting the
soil. Proper stocking rates and uniform grazing distribu-
tion keep the pasture and the soil in good condition.

This soil is well suited to windbreaks and environmen-
tal plantings. All climatically suited trees and shrubs can
grow well.
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This soil is generally suited to building site develop-
ment and most engineering uses. The slow absorption of
septic tank effluent can be overcome by enlarging the ab-
sorption field. If the soil is used as a building site, the ef-
fects of shrinking and swelling can be overcome by
strengthening foundations and basement walls. Capability
subclass Ile; Silty range site.

36B—Williams loam, 3 to 6 percent slopes. This deep,
undulating well drained soil is on glacial till uplands.
Areas are crossed by a few shallow drainageways that
fan out and are indistinct in places. They are irregular in
shape and range from about 20 to more than 800 acres in
size. Slopes are short and smooth.

Typieally, the surface layer is dark grayish brown loam
about 7 inches thick. The subsoil is clay loam about 19
inches thick. It is brown in the upper part, grayish brown
in the next part, and light yellowish brown in the lower
part. The substratum to a depth of about 60 inches is clay
loam glacial till. It is light gray in the upper part and
light yellowish brown in the lower part. In a few places
the surface layer is silt loam, and in a few the soil has
cobblestones on the surface or is very stony. In some the
dark colored surface layer is thicker. In others the upper
part of the subsoil has been mixed with the surface layer
by plowing.

Included with this soil in mapping are small areas of
Tonka, Parnell, and Zahl soils. These soils make up less
than 10 percent of the unit. The poorly drained Tonka
soils and very poorly drained Parnell soils occupy shallow
depressions and potholes. The Zahl soils occupy knobs and
low ridges. They have no subsoil, whereas the Williams
soil has a subseil in which clay has accumulated.

Permeability is moderate in the subsoil and moderately
slow in the substratum. Available water capacity is high.
Surface runoff is medium. The soil can be easily tilled
throughout a fairly wide range in moisture content. The
shrink-swell potential is moderate. Potential frost action
also is moderate.

Most areas are used for cultivated crops. Some are in
native grasses and are used as rangeland or hayland. The
potential for rangeland, windbreaks, cultivated crops,
most engineering uses, recreation uses, and openland wil-
dlife habitat is good. The potential for rangeland wildlife
habitat and most sanitary facilities is fair.

This soil is well suited to wheat, oats, barley, and
grasses and legumes. The hazards of soil blowing and
water erosion are slight. Stubble mulch, minimum tillage,
windbreaks, and stripcropping help to control erosion and
maintain the organic-matter content and fertility.

The use of this soil as rangeland is effective in con-
trolling erosion. Proper stocking rates and uniform graz-
ing distribution keep the range and the soil in good condi-
tion.

This soil is well suited to windbreaks and environmen-
tal plantings. All climatically suited trees and shrubs can
grow well.

This soil is generally suited to building site develop-
ment and most engineering uses. The slow absorption of

septic tank effluent can be overcome by enlarging the ab-
sorption field. If the soil is used as a building site, the ef-
fects of shrinking and swelling can be overcome by
strengthening foundations and basement walls. The slope
is a limitation if the soil is used for playgrounds, but this
limitation can be overcome by cutting and filling. Capa-
bility subclass Ile; Silty range site.

36C—Williams loam, 6 to 9 percent slopes. This deep,
gently rolling, well drained soil is on glacial till uplands.
Areas are crossed by a few well defined drainageways.
They are irregular in shape and range from 10 to more
than 100 acres in size. Slopes are mostly short and
smooth, but some are long.

Typically, the surface layer is dark grayish brown loam
about 6 inches thick. The subsoil is clay loam about 15
inches thick. It is brown in the upper part, grayish brown
in the next part, and light yellowish brown in the lower
part. The substratum to a depth of about 60 inches is clay
loam glacial till. It is light gray in the upper part and
light yellowish brown in the lower part. In a few places
the surface layer is silt loam. In a few the soil is very
stony or the surface layer contains cobblestones. In some
the dark colored surface layer is thicker. In others the
upper part of the subsoil has been mixed with the surface
layer by plowing.

Included with this soil in mapping are small areas of
Zahl, Tonka, Parnell, Amor, Sen, and Vebar soils. These
soils make up 5 to 10 percent of the unit. The poorly
drained Tonka soils and very poorly drained Parnell soils
are in shallow depressions and potholes. The Zahl soils
are on knobs and ridges. They are lighter colored than
this Williams soil. Amor, Sen, and Vebar soils have soft
bedrock at a depth of 20 to 40 inches.

Permeability is moderate in the subsoil and moderately
slow in the substratum. Available water capacity is high.
Surface runoff is medium. This soil can be easily tilled
throughout a fairly wide range in moisture content. The
shrink-swell potential is moderate. Potential frost action
also is moderate.

Most areas are used for cultivated crops. Some are in
native grasses and are used as rangeland. The potential
for cultivated crops, most sanitary facilities, and range-
land wildlife habitat is fair. The potential for most recrea-
tion uses, rangeland, most engineering uses, and openland
wildlife habitat is good.

This soil is suited to wheat, oats, barley, and grasses
and legumes. The hazard of soil blowing is slight, and the
hazard of water erosion is moderate. Stubble mulch,
minimum tillage, striperopping, windbreaks, and grassed
waterways help to control erosion and maintain the or-
ganic-matter content and fertility.

The use of this soil as rangeland is effective in con-
trolling erosion. Proper stocking rates and uniform graz-
ing distribution keep the range and the soil in good condi-
tion.

This soil is well suited to windbreaks and environmen-
tal plantings. All climatically suited trees and shrubs can
grow well,
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This soil is generally suited to building site develop-
ment and most engineering uses. The slow absorption of
septic tank effluent can be overcome by enlarging the ab-
sorption field. If the soil is used as a building site, the ef-
fects of shrinking and swelling can be overcome by
strengthening foundations and basement walls. Alterna-
tive sites should be selected for playgrounds. Capability
subclass IIle; Silty range site.

38C—Williams-Zahl loams, 6 to 9 percent slopes. This
map unit consists of deep, gently rolling, well drained
soils on glacial till uplands. Areas are crossed by a few
shallow to well defined drainageways. They are mostly
long and narrow and range from about 5 to 80 acres in
size. Slopes are short and smooth.

Areas of this map unit are about 50 to 70 percent Wil-
liams soils and 20 to 45 percent Zahl soils. The Williams
soils are on side slopes, and the Zahl soils are on the
crests and tops of ridges and knobs. The two soils are so
intricately mixed and are in areas so small that it is not
practical to separate them in mapping.

Typiecally, the Williams soil has a surface layer of dark
grayish brown loam about 6 inches thick. The subsoil is
clay loam about 12 inches thick. It is brown in the upper
part, grayish brown in the next part, and light yellowish
brown in the lower part. The substratum to a depth of
about 60 inches is clay loam glacial till. It is light gray in
the upper part and light yellowish brown in the lower
part. In a few places the surface layer is very stony or
contains some cobblestones, in others the subsoil has been
mixed with the surface layer by plowing, and in a few the
dark colored surface layer is thicker.

Typically, the Zahl soil has a surface layer of dark
grayish brown loam about 5 inches thick. The substratum
to a depth of about 60 inches is clay loam glacial till. It is
light brownish gray in the upper part and light yellowish
brown in the lower part. In cultivated areas the lighter
colored part of the clay loam substratum has been mixed
with the surface layer by plowing. In some places a
transitional layer of grayish brown loam is between the
surface layer and the substratum, in a few the surface is
very stony, and in some bedrock is at a depth of about 35
inches.

Included with this unit in mapping are small areas of
Tonka, Parnell, and Werner soils. These soils make up
less than 10 percent of the unit. The poorly drained
Tonka soils and very poorly drained Parnell soils occupy
shallow depressions and potholes. The Werner soils occu-
py the tops of knobs and ridges. They have soft bedrock
at a depth of 10 to 20 inches.

Permeability is moderate in the subseil of the Williams
soil and moderately slow in the substratum. It is
moderately slow in the Zahl soil. Available water capacity
is high. Surface runoff is medium. The Williams soil can
be easily tilled throughout a fairly wide range and the
Zall soil within a fairly narrow range in moisture content,
The shrink-swell potential is moderate. Potential frost ac-
tion also is moderate.

About half of the acreage is used as rangeland, and the
rest is used for cultivated crops. The potential for range-
land, most engineering uses, most recreation uses, and
openland wildlife habitat is good. The potential for wind-
breaks, sanitary facilities, cultivated crops, and rangeland
wildlife habitat is fair.

These soils are suited to wheat, oats, barley, and
grasses and legumes. The hazard of soil blowing is slight
to moderate. Stubble mulch, minimum tillage, strip-
cropping, windbreaks, and grassed waterways help to con-
trol soil blowing and maintain good tilth, organic-matter
content, and fertility.

The use of these soils as rangeland, hayland, or
pastureland is effective in controlling erosion. Proper
stocking rates and uniform distribution of grazing keep
the pasture and the range in good condition.

The Zahl soil is poorly suited to windbreaks and en-
vironmental plantings. Only a few of the climatically
suited trees and shrubs can grow fairly well. The Wil-
liams soil is well suited; all climatically suited species can
grow well.

These soils are suited to building site development and
most engineering uses. The slow absorption of septic tank
effluent can be overcome by enlarging the absorption
field. If the soil is used as a building site, the effects of
shrinking and swelling can be overcome by strengthening
foundations and basement walis. Alternative sites should
be selected for playgrounds. Capability subclass I1le; Wil-
liams soil in Silty range site, Zahl soil in Thin Upland
range site.

38D—Zahl-Williams loams, 9 to 15 percent slopes.
This map unit consists of deep, well drained soils on gla-
cial till uplands. It is on moraines of the glacial till plain
or in areas adjacent to incised drainageways. It is rolling
on the moraines and strongly sloping in the areas ad-
jacent to drainageways. Individual areas are mostly long
and narrow or irregularly shaped and range from about 5
to 80 acres in size. Scattered pebbles, cobblestones, and
stones are on the surface. Slopes are mostly short and
smooth.

Areas of this map unit are about 45 to 70 percent Zahl
soils and 25 to 50 percent Williams soils. The Zahl soils
are on the crests of ridges, the upper side slopes, and the
narrow ridgetops. The Williams soils are on side slopes
and broad ridgetops. The two soils are so intricately
mixed and are in areas so small that it is not practical to
separate them in mapping.

Typically, the Zahl soil has a surface layer of dark
grayish brown loam about 5 inches thick. The substratum
to a depth of about 60 inches is clay loam glacial till, It is
light brownish gray in the upper part and light yellowish
brown in the lower part. In cultivated areas the lighter
colored part of the clay loam substratum has been mixed
with the surface layer by plowing. In some places a
transitional layer of grayish brown loam is between the
surface layer and the substratum, in others the surface is
very stony, and in a few soft bedrock is at a depth of
about 35 inches.
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Typically, the Williams soil has a surface layer of dark
grayish brown loam about 5 inches thick. The subsoil is
clay loam about 10 inches thick. It is brown in the upper
part, grayish brown in the next part, and light yellowish
brown in the lower part. The substratum to a depth of
about 60 inches is clay loam glacial till. It is light gray in
the upper part and light yellowish brown in the lower
part. In a few places the surface is very stony, in others
the subsoil has been mixed with the surface layer by
plowing, and in a few the dark colored surface layer is
thicker.

Included with this unit in mapping are small areas of
Tonka, Parnell, and Werner soils. These soils make up
less than 10 percent of the unit. The poorly drained
Tonka soils and very poorly drained Parnell soils occupy
shallow depressions and potholes. The Werner soils occu-
py the tops of knobs and ridges. They have soft bedrock
at a depth of 10 to 20 inches.

Permeability is moderately slow in the Zahl soil. It is
moderate in the subsoil of the Williams soil and
moderately slow in the substratum. Available water
capacity is high. Surface runoff is medium to rapid. The
shrink-swell potential is moderate. Potential frost action
also is moderate.

Most areas are used as rangeland. Some small areas are
used for cultivated crops. The potential for rangeland is
good. The potential for sanitary facilities, windbreaks,
most engineering uses, most recreation uses, and range-
land wildlife habitat is fair. The potential for cultivated
crops is poor.

These soils are generally unsuited to wheat, barley,
oats, and grasses and legumes because of slope and an
erosion hazard.

The use of these soils as rangeland, hayland, or
pastureland is effective in controlling erosion. Proper
stocking rates, uniform grazing distribution, and a
planned grazing system keep the pasture and the soil in
good condition.

These soils are suited to building site development and
most engineering uses. The slow absorption of septic tank
effluent can be overcome by enlarging the absorption
field. If the soils are used as building sites, the effects of
shrinking and swelling can be overcome by strengthening
foundations and basement walls. The slope is a limitation
for most uses, but this limitation can be overcome by
cutting and filling. Alternative sites should be selected for
playgrounds. Capability subclass Vle; Zahl soil in Thin
Upland range site, Williams soil in Silty range site.

38E—Zahl loam, 15 to 35 percent slopes. This deep,
well drained, hilly and moderately steep to steep soil is on
hillsides and ridges and along incised drainageways.
Slopes are mostly short and smooth. Individual areas are
mostly long and narrow or irregularly shaped and range
from about 5 to 60 acres in size.

Typically, the surface layer is dark grayish brown loam
about 5 inches thick. The substratum to a depth of about
60 inches is clay loam glacial till. It is light brownish gray
in the upper part and light yellowish brown in the lower

part. Scattered pebbles, cobbles, and stones are on the
surface. In some places a transitional layer of grayish
brown loam is between the surface layer and the sub-
stratum, in others the surface is very stony, and in a few
soft bedrock is at a depth of about 35 inches.

Included with this soil in mapping are small areas of
Cabba and Werner soils on the crests of ridges and along
drainageways, Williams soils on broad ridgetops and at
mid slope, and Arnegard soils in swales. These soils make
up 5 to 20 percent of the unit. The Cabba and Werner
soils have soft bedrock at a depth of 10 to 20 inches. The
Williams soils have a subsoil. The Arnegard soils have a
thicker, dark colored surface layer.

Permeability is moderately slow, and available water
capacity is high. Surface runoff is rapid. The shrink-swell
potential is moderate. Potential frost action also is
moderate.

Most areas are used almost exclusively as rangeland.
The potential for rangeland is good, and the potential for
windbreaks, cultivated crops, sanitary facilities, some en-
gineering uses, and most recreation uses is poor. The
potential for openland and rangeland wildlife habitat is
fair.

This soil is generally unsuited to wheat, oats, barley,
and grasses and legumes because of slope and a severe
erosion hazard.

The use of this soil as rangeland, pastureland, or hay-
land is effective in controlling erosion and protecting the
soil. Proper stocking rates, uniform grazing distribution,
and a planned grazing system keep the soil and the
pasture in good condition.

This soil is generally unsuited to trees and shrubs
grown as windbreaks and environmental plantings. It is
suited to scalp plantings or special plantings for esthetic
or wildlife purposes, but intensive management is needed.

This soil is generally poorly suited to most building site
developments because of slope. Alternative sites should
be selected. Capability subclass VIe; Thin Upland range
site.

40—Shambo loam, 1 to 3 percent slopes. This deep,
nearly level, well drained soil is on terraces and fans. Ru-
noff from surrounding uplands crosses this soil in shallow
drainageways, but the drainage pattern is indistinct in
places. Slopes are long and smooth. Individual areas are
commonly irregular in shape and range from 5 to more
than 150 acres in size.

Typically, the surface layer is dark grayish brown loam
about 8 inches thick. The subsoil is loam about 16 inches
thick. It is grayish brown in the upper part and light
brownish gray in the lower part. The substratum to a
depth of about 60 inches is light brownish gray, stratified
loam, silt loam, and silty clay loam. In some places the
surface layer is thicker, in others it is silt loam, and in
some the subsoil is silt loam.

Included with this soil in mapping are small areas of
Belfield and Daglum soils. These soils make up about 5 to
10 percent of the unit. They have more clay and more
sodium in the subsoil than this Shambo soil.
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Permeability is moderate, and available water capacity
is high. Surface runoff is slow. The surface layer is friable
and can be easily tilled throughout a fairly wide range in
moisture content. The shrink-swell potential is moderate.
Potential frost action also is moderate.

Most areas are cultivated. Some are in native grass and
are used as rangeland or hayland. The potential for ran-
geland, windbreaks, cultivated crops, sanitary facilities,
most engineering uses, recreation uses, and openland wil-
dlife habitat is good. The potential for rangeland wildlife
habitat is fair.

This soil is suited to wheat, oats, barley, and grasses
and legumes. The hazard of soil blowing is slight. The
hazard of water erosion is slight in most areas, but on
long slopes it is moderate. Minimum tillage, crop residue
management, and grassed waterways help to control ero-
sion and maintain the organic-matter content, fertility,
and tilth.

The use of this soil as rangeland, pastureland, or hay-
land is effective in controlling erosion and in protecting
the soil. Proper stocking rates and uniform grazing dis-
tribution keep the pasture and the soil in good condition.

This soil is well suited to windbreaks and environmen-
tal plantings. All climatically suited trees and shrubs can
grow well.

This soil is well suited to building site development and
most engineering uses. If the soil is used as a building
site, the effects of shrinking and swelling can be over-
come by strengthening basement walls and foundations.
Capability subclass IIc; Silty range site.

40B—Shambo loam, 3 to 6 percent slopes. This deep,
gently sloping, well drained soil is on terraces and fans.
Runoff from surrounding uplands crosses this soil in shal-
low drainageways, but the drainage pattern is indistinct
in places. Slopes are long and smooth. Individual areas
are commonly irregular in shape and range from 5 to 80
acres in size,

Typically, the surface layer is dark grayish brown loam
about 6 inches thick. The subsoil is loam about 14 inches
thick. It is grayish brown in the upper part and light
brownish gray in the lower part. The substratum to a
depth of about 60 inches is light brownish gray, stratified
loam, silt loam, and silty clay loam. In some places the
surface layer is thicker, in others it is silt loam, and in a
few the subsoil is silt loam.

Included with this soil in mapping are small areas of
Belfield and Daglum soils. These soils make up about 5 to
10 percent of the unit. They have more clay and more
sodium in the subsoil than this Shambo soil.

Permeability is moderate, and available water capacity
is high. Surface runoff is medium. The surface layer is
friable and can be easily tilled throughout a fairly wide
range in moisture content. The shrink-swell potential is
moderate. Potential frost action also is moderate.

Most areas are cultivated. Some are in native grasses
and are used as rangeland or hayland. This soil has good
potential for rangeland, windbreaks, cultivated crops,
sanitary facilities, most engineering uses, recreation uses,

and openland wildlife habitat. The potential for rangeland
wildlife habitat is fair,

This soil is well suited to wheat, barley, oats, and
grasses and legumes. The hazard of soil blowing is slight.
The hazard of water erosion is slight in most areas, but
on long slopes it is moderate. Minimum tillage, crop
residue management, and grassed waterways help to con-
trol erosion and maintain fertility, organic-matter content,
and tilth.

The use of this soil as rangeland, pastureland, or hay-
land is effective in controlling erosion and in protecting
the soil. Proper stocking rates and uniform grazing dis-
tribution keep the pasture and the soil in good condition.

This soil is well suited to windbreaks and environmen-
tal plantings. All climatically suited trees and shrubs can
grow well.

This soil is well suited to building site development and
most engineering uses. If the soil is used as a building
site, the effects of shrinking and swelling can be over-
come by strengthening basement walls and foundations.
Capability subclass Ile; Silty range site.

41B—Parshall loam, 1 to 6 percent slopes. This deep,
nearly level and gently sloping, well drained soil is on
stream terraces, outwash plains, and valley fans and in
upland swales. It is crossed by shallow drainageways in
most places, but the drainage pattern fans out and is in-
distinct in places. In some cultivated areas, drainageways
are gullied. Individual areas are irregular in shape and
range from about 10 to 100 acres in size. Slopes are
mostly long and smooth.

Typically, the surface layer is very dark grayish brown
loam about 17 inches thick. The subsoil is dark grayish
brown fine sandy loam about 13 inches thick. The sub-
stratum to a depth of about 60 inches is grayish brown
and light brownish gray loamy fine sand and fine sandy
loam. In places the surface layer is fine sandy loam.

Included with this soil in mapping are small areas of
Arnegard soils in swales and Flaxton and Vebar soils on
convex slopes. These soils make up 5 to 20 percent of the
unit. The Arnegard soils are loam throughout. The Flax-
ton soils have loam or clay loam in the lower part of the
subsoil and in the substratum. The Vebar soils have soft
bedrock at a depth of 20 to 40 inches.

Permeability is moderately rapid, and available water
capacity is high. Surface runoff is slow. Much of the ru-
noff from higher lying soils is absorbed by this soil. The
soil can be easily tilled throughout a wide range in
moisture content. The shrink-swell potential is low. Poten-
tial frost action is moderate.

Most areas are used for cultivated crops. A few are
used as rangeland. The potential for cultivated crops, ran-
geland, windbreaks, most engineering uses, recreation
uses, and openland wildlife habitat is good, and the poten-
tial for rangeland wildlife habitat is fair.

This soil is well suited to wheat, oats, barley, and
grasses and legumes. The hazard of soil blowing is
moderate. Stubble mulch, crop residue management, strip-
cropping, and windbreaks help to control erosion and soil
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blowing and maintain organic-matter content and tilth.
Grassed waterways help to control water erosion in
drainageways.

The use of this soil as rangeland, pastureland, or hay-
land is effective in controlling erosion. Proper stocking
rates, uniform distribution of grazing, pasture rotation,
and a planned grazing system keep the pasture and the
soil in good condition.

This soil is well suited to windbreaks and environmen-
tal plantings. All climatically suited trees and shrubs can
grow well.

This soil is well suited to building site development and
septic tank absorption fields. The slope is a limitation if
the soil is used for playgrounds, but this limitation can be
overcome by cutting and filling. More suitable sites
should be selected for sanitary landfills and sewage
lagoons. Capability unit Ile; Sandy range site.

43—Colvin silt loam. This deep, level, poorly drained
soil is in shallow basins, in swales, and along streams. Un-
less drained, it is flooded for a long period in spring. In-
dividual areas are irregular in shape and range from
about 5 to 30 acres in size. Slopes are slightly concave.

Typically, the surface layer is black silt loam about 7
inches thick. The substratum to a depth of about 60
inches is dark gray and gray silt loam over mottled, gray-
ish brown silt loam with thin layers of very fine sandy
loam. In some places a transitional layer is below the sur-
face layer. In others the soil is dark colored to a greater
depth.

Included with this soil in mapping are small areas of
the poorly drained Harriet Variant silt loam and well
drained Grassna soils. These soils make up less than 15
percent of the unit. The Harriet Variant contains excess
salts. It is on plane or slightly concave slopes. The Grass-
na soils are dark colored to a greater depth than this Col-
vin soil.

Permeability is moderate, and available water capacity
is high. Surface runoff is very slow. The surface layer is
friable and can be easily tilled throughout a wide range in
moisture content. The water table is at a depth of about 1
foot during part of the year. The shrink-swell potential is
moderate. Potential frost action is high.

Most areas are in native grasses and are used as range-
land or hayland. Some have been drained and are used for
cultivated crops. This soil has good potential for range-
land, windbreaks, and wetland wildlife habitat. It has fair
potential for crops. The potential for sanitary facilities
and community development is poor.

Drained areas are suited to wheat, oats, barley, and
grasses. Adequate outlets for drainage are difficult to
locate in some areas. The hazard of soil blowing is
moderate. Stubble mulch, windbreaks, and minimum til-
lage help to control erosion and soil blowing. Undrained
areas are generally unsuited to crops because of the high
water table and ponding.

The use of this soil as rangeland, pastureland, or hay-
land is effective in controlling erosion and in protecting
the soil. Overgrazing or grazing when the soil is wet

results in surface compaction and poor tilth. Proper
stocking rates and timely deferment of grazing during
wet periods keep the pasture and the soil in good condi-
tion.

Undrained areas are generally unsuited to windbreaks
and environmental plantings because of the high water
table and ponding. Drained areas are well suited; all cli-
matically suited trees and shrubs can grow well.

This soil is generally unsuited to building site develop-
ment and onsite waste disposal. As a result of the
seasonal high water table and flooding, design, installa-
tion, and maintenance are costly. In this survey area, Col-
vin soils generally are not used as building sites. More
desirable sites are generally nearby. Capability subclass
IVw; Wet Meadow range site.

44— Arnegard loam, 1 to 3 percent slopes. This deep,
nearly level, well drained soil is in upland swales and on
terraces, valley fans, and foot slopes. Areas are crossed
by fairly well defined, shallow drainageways, but the
drainage pattern fans out and is indistinct in places. In-
dividual areas are irregular in shape and range from 3 to
more than 100 acres in size. Slopes are long and smooth.

Typically, the surface layer is very dark grayish brown
loam about 10 inches thick. The subsoil is loam about 29
inches thick. The upper part is dark grayish brown, and
the lower part is brown. The substratum to a depth of
about 60 inches is grayish brown, stratified fine sandy
loam and loam over light brownish gray clay loam. In
places the surface layer is silt loam.

Included with this soil in mapping are small areas of
Amor, Vebar, and Williams soils on convex slopes and
poorly drained Tonka soils in shallow depressions. These
soils make up less than 15 percent of the unit. The Amor
soils are moderately deep over soft bedrock. The Williams
soils have more clay in the subsoil than this Arnegard soil
and are not dark colored to so great a depth. The Vebar
soils are moderately deep over soft bedrock and are fine
sandy loam.

Permeability is moderate, and available water capacity
is high. Surface runoff is slow. Except for periods when it
receives heavy rainfall or is frozen, the soil usually ab-
sorbs runoff from surrounding soils. It can be easily tilled
throughout a wide range in moisture content. Potential
frost action is moderate. The shrink-swell potential also is
moderate.

Most areas are cultivated. Some are in native grasses.
The potential for cultivated crops, recreation uses, range
grasses, windbreaks, openland and rangeland wildlife
habitat, and most engineering uses is good.

This soil is well suited to wheat, oats, barley, and
grasses and legumes. The hazards of soil blowing and
water erosion are slight. Stubble mulch and minimum til-
lage help to control erosion. and soil blowing and maintain
organic-matter content, fertility, and tilth. Grassed water-
ways help to control erosion where runoff water concen-
trates in drainageways.

The use of this soil as rangeland, pastureland, or hay-
land is effective in controlling erosion and in protecting
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the soil. Proper stocking rates and uniform grazing dis-
tribution keep the pasture and the soil in good condition.

This soil is well suited to windbreaks and environmen-
tal plantings. All climatically suited trees and shrubs can
grow well.

This soil is well suited to building site development and
is suited to onsite waste disposal. The slow absorption of
septic tank effluent can be overcome by enlarging the ab-
sorption field. Capability subclass Il¢; Overflow range
site.

44B—Arnegard loam, 3 to 6 percent slopes. This deep,
gently sloping, well drained soil is in upland swales and
on terraces, valley fans, and foot slopes. It is crossed by
fairly well defined drainageways in most places, but the
drainage pattern is indistinct on some valley fans and foot
slopes. Areas are irregular in shape and are mostly less
than 40 acres in size. Slopes are mostly long and smooth.

Typically, the surface layer is very dark grayish brown
loam about 10 inches thick. The subsoil is loam about 29
inches thick. The upper part is very dark grayish brown
and dark grayish brown, and the lower part is brown. The
substratum to a depth of about 60 inches is grayish
brown, stratified fine loam and sandy loam over light
brownish gray clay loam. In some places the surface layer
is silt loam, and in some the subsoil is clay loam.

Included with this soil in mapping are small areas of
Amor, Vebar, and Williams soils on convex slopes and
poorly drained Tonka soils in shallow depressions. These
soils make up less than 15 percent of the unit. The Amor
soils are moderately deep over soft bedrock. The Williams
soils have more clay in the subsoil than this Arnegard soil
and are not dark colored to so great a depth. The Vebar
soils are moderately deep over soft bedrock and are fine
sandy loam.

Permeability is moderate, and available water capacity
is high. Surface runoff is medium. Except for periods
when it receives heavy rainfall or is frozen, the soil
usually absorbs much of the runoff from surrounding
soils. It can be easily tilled throughout a wide range in
moisture content. Potential frost action is moderate. The
shrink-swell potential also is moderate.

Most areas are cultivated. Some are in native grasses.
The potential for cultivated crops, range grasses, wind-
breaks, most engineering and recreation uses, and open-
land wildlife habitat is good. The potential for rangeland
wildlife habitat is fair.

This soil is well suited to wheat, oats, barley, and
grasses and legumes. The hazard of soil blowing is slight,
and the hazard of water erosion is moderate. Stubble
mulch and minimum tillage help to control erosion and
maintain tilth, fertility, and organic-matter content.
Grassed waterways and diversions help to control erosion
where water concentrates in drainageways.

The use of this soil as rangeland, hayland, or pasture-
land is effective in controlling erosion. Proper stocking
rates and uniform distribution of grazing keep the
pasture and the soil in good condition.

This soil is well suited to windbreaks and environmen-
tal plantings. All climatically suited trees and shrubs can
grow well.

This soil is well suited to building site development and
is suited to onsite waste disposal. The slow absorption of
septic tank effluent can be overcome by enlarging the ab-
sorption field. The slope is a limitation if the soil is used
for playgrounds, but this limitation can be overcome by
cutting and filling. Capability subclass Ile; Silty range
site.

44C—Arnegard loam, 6 to 9 percent slopes. This deep,
moderately sloping, well drained soil is on the lower side
slopes below steeper soils. Areas are dissected by well
defined drainageways. They are long and narrow or ir-
regularly shaped and are generally less than 20 acres in
size. Slopes are short and smooth.

Typically, the surface layer is very dark grayish brown
loam about 10 inches thick. The subsoil is about 29 inches
thick. The upper part is dark grayish brown, and the
lower part is brown. The substratum to a depth of about
60 inches is grayish brown, stratified fine sandy loam and
loam over light brownish gray clay loam. In some places
the surface layer is silt loam, and in some the subsoil is
clay loam.

Included with this soil in mapping are small areas of
Amor, Vebar, and Williams soils on convex slopes. These
soils make up less than 15 percent of the unit.

Permeability is moderate, and available water capacity
is high. Surface runoff is medium. Except for periods
when it receives heavy rainfall or is frozen, the soil
usually absorbs some of the runoff from surrounding
soils. It can be easily tilled throughout a wide range in
moisture content. Potential frost action is moderate. The
shrink-swell potential also is moderate.

This soil is used mainly as rangeland. Some areas are
cultivated. The soil has good potential for rangeland,
windbreaks, crops, and openland wildlife habitat. It has
fair potential for most engineering uses and for recrea-
tion uses and rangeland wildlife habitat.

This soil is well suited to wheat, barley, oats, and
grasses and legumes. The hazard of soil blowing is slight,
and the hazard of water erosion is moderate to severe,
Cultivation across the slope, stubble mulch, and minimum
tillage help to control erosion and maintain tilth, fertility,
and organic-matter content. Grassed waterways and
diversions help to control erosion caused by runoff.

The use of this soil as pastureland, rangeland, or hay-
land is effective in controlling erosion and in protecting
the soil. Proper stocking rates and uniform distribution of
grazing keep the pasture and the soil in good condition.

This soil is well suited to windbreaks and environmen-
tal plantings. All climatically suited trees and shrubs can
grow well.

This soil is suited to building site development and
onsite waste disposal. The slow absorption of septic tank
effluent can be overcome by enlarging the absorption
field. The slope is a limitation if the soil is used as a
building site, but this limitation can be overcome by
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cutting and filling. Alternative sites should be selected for
playgrounds. Capability subclass I1le; Silty range site.

47—Havrelon loam. This deep, level, well drained soil
is on bottom land. It is subject to flooding in areas along
the Knife River, but it is protected against flooding in the
areas along the Missouri River that are below the Gar-
rison Dam. It has an indistinct drainage pattern. Areas
are mostly long and irregular in shape and range from
about 50 to 300 acres in size. In a few places slopes are
undulating, but in most areas they are plane or slightly
concave. In places microrelief has resulted from undif-
ferential cutting by floodwater.

Typically, the surface layer is grayish brown loam
about & inches thick. The substratum to a depth of about
60 inches is stratified silt loam, very fine sandy loam, and
very fine sand. It is grayish brown in the upper part and
light brownish gray in the lower part. In a few places the
surface layer is silt loam or fine sandy loam.

Included with this soil in mapping are small areas of
Banks soils on low, discontinuous, narrow ridges. These
soils make up less than 15 percent of the unit. They have
a substratum of mostly fine sand. Also included is a soil
that is dominantly fine sandy loam throughout.

Permeability and available water capacity are
moderate. Surface runoff is slow. This soil can be easily
tilled throughout a fairly wide range in moisture content.
The shrink-swell potential is low to moderate. Potential
frost action is moderate.

Most areas are cultivated. Some are irrigated. A few
are in native grasses and trees and are used as rangeland.
This soil has good potential for crops, rangeland, recrea-
tion, and windbreaks and for irrigated crops, including
such specialized crops as sugar beets, potatoes, and pinto
beans. Areas that are not protected against flooding have
poor potential for most engineering uses. Protected areas
have good potential for most engineering uses and for
recreation uses. The potential for openland wildlife
habitat is good, and the potential for rangeland wildlife
habitat is fair.

This soil is well suited to wheat, oats, barley, and
grasses and legumes. The hazard of soil blowing is
moderate. Minimum tillage, stubble mulch, and grasses
and legumes in the cropping system help to control soil
blowing and erosion and maintain the organic-matter con-
tent, fertility, and tilth. Leaving belts of native trees
when the land is cleared also helps to control erosion and
soil blowing.

The use of this soil as rangeland, hayland, or pasture-
land is effective in controlling erosion and protecting the
soil. Proper stocking rates and uniform distribution of
grazing keep the pasture and the soil in good condition.

This soil is well suited to windbreaks and environmen-
tal plantings. All climatically suited trees and shrubs can
grow well.

This soil is poorly suited to building site development
and onsite waste disposal unless it is protected against
flooding. It is protected against flooding in areas below
the Garrison Dam on the Missouri River. If the protected

areas are used as septic tank filter fields, the slow ab-
sorption of effluent can be overcome by enlarging the ab-
sorption field. Seepage from sewage lagoons can be
prevented by sealing the lagoon with clay blankets.
Onsite investigation is needed to ascertain the extent to
which a given area is protected by the Garrison Dam.
Capability subclass IIc; Overflow range site.

51—Straw silt loam. This deep, level, well drained soil
is on plane terraces and fans and on bottom land. It is
crossed by a few shallow drainageways that in places are
gullied or fan out and are indistinct. Most areas are only
rarely flooded, but some are occasionally flooded for a
brief period. The areas are irregular in shape and range
from about 5 to more than 300 acres is size. Slopes are
mostly long and smooth.

Typically, the surface layer is very dark grayish brown
silt loam about 8 inches thick. The subsoil is silt loam
about 16 inches thick. It is grayish brown in the upper
part and dark grayish brown in the lower part. The sub-
stratum to a depth of about 60 inches is loam stratified
with silt loam and silty clay loam. The upper part is gray-
ish brown, and the lower part is light brownish gray. In
most places one or more buried layers are evident. In
some the dark colors do not extend to so great a depth, in
others fine sand or loamy fine sand is below a depth of 40
inches, and in a few no subsoil is evident.

Included with this soil in mapping are small areas of
Velva soils on low, convex ridges and Magnus soils in
swales. These soils make up 5 to 20 percent of the unit.
The Velva soils contain more sand and less clay than this
Straw soil, and the Magnus soils contain more clay.

Permeability is moderate, and available water capacity
is high. Surface runoff is slow. The surface layer is friable
and can be easily tilled throughout a fairly wide range in
moisture content. The shrink-swell potential is moderate.
Potential frost action also is moderate.

Most areas are used for cultivated crops. Many are in
native grasses and are used as rangeland. Some small
areas support native trees and shrubs and are used for
recreation, wildlife habitat, and rangeland. This soil has
good potential for rangeland, windbreaks, and crops. It
has poor potential for sanitary facilities and community
development unless it is protected against flooding and
fair potential for those uses if it is protected. The poten-
tial for recreation uses is good if the soil is protected
against flooding. The potential for openland and range-
land wildlife habitat is good.

This soil is well suited to wheat, oats, barley, and
grasses and legumes. The hazard of soil blowing is slight.
Water erosion and the flood hazard are the main concerns
of management. Stubble mulch, crop residue management,
and stripcropping help to control erosion and protect the
soil.

The use of this soil as rangeland, pastureland, or hay-
land is effective in controlling erosion and in protecting
the soil. Proper stocking rates and uniform distribution of
grazing are needed.



MERCER COUNTY, NORTH DAKOTA 33

This soil is well suited to windbreaks and environmen-
tal plantings. All climatically suited trees and shrubs can
grow well.

This soil is suited to building site development and
onsite waste disposal. Flooding is a hazard if the soil is
used as a building site, but this hazard can be reduced by
installing dikes and levees or by filling. Seepage from
sewage lagoons can be prevented by plastic liners or clay
blankets. Onsite investigation is needed to determine the
frequency and duration of flooding. Capability subclass
IIe; Overflow range site.

53—Banks loam. This deep, level, somewhat excessive-
ly drained soil is on bottom land. It has an indistinct
drainage pattern. It is protected against flooding in most
areas, but in some areas where the Knife River joins the
Missouri River, it is subject to occasional flooding. Most
areas are long and narrow and are more than 50 acres in
size. Slopes are mostly long and smooth.

Typically, the surface layer is light brownish gray loam
about 5 inches thick. The substratum to a depth of 60
inches is light brownish gray very fine sandy loam over
light brownish gray fine sand. In a few places slopes are
undulating, and in a few areas the surface layer is very
fine sandy loam or fine sandy loam.

Included with this soil in mapping are small areas of
Havrelon soils and a soil that is dominantly fine sandy
loam throughout. These soils make up about 5 to 20 per-
cent of the unit.

Permeability is rapid, and available water capacity is
low. Runoff is slow. The soil can be easily tilled
throughout a wide range in moisture content. The shrink-
swell potential is low. Potential frost action also is low.

About half of the acreage is cultivated and is used for
small grain, corn, and alfalfa. The rest is in native grasses
and trees and is used as rangeland. The potential for
nonirrigated crops is poor. The potential for sprinkler-ir-
rigated crops, including some specialized crops, such as
sugar beets, potatoes, and pinto beans, is good to fair.
This soil has good potential for community development
and recreation if it is protected against flooding. It has
fair potential for openland and rangeland wildlife habitat.

This soil is poorly suited to dryland wheat, oats, barley,
and grasses and legumes because of the low available
water capacity and the hazard of soil blowing. Irrigation
improves the suitability. Minimum tillage, stubble mulch,
and grasses and legumes in the cropping system help to
control soil blowing and erosion and maintain the organic-
matter content and fertility. Belts of native trees also
help to control soil blowing and erosion.

The use of this soil as rangeland, pastureland, or hay-
land is effective in controlling erosion and in protecting
the soil. Proper stocking rates and uniform distribution of
grazing keep the soil and the pasture in good condition.

This soil is poorly suited to windbreaks because of the
low available water capacity. A few of the climatically
suited trees and shrubs can grow fairly well as environ-
mental and special plantings. Optimum survival and
growth, however, should not be expected.

Areas that are not protected against flooding are
poorly suited to building site development and onsite
waste disposal. Protected areas are suited to those uses.
Alternative sites should be selected for sewage lagoons.
Shoring trench walls can keep cut banks in shallow ex-
cavations from caving. Onsite investigation is needed to
ascertain the extent to which a given area is protected
against flooding. Capability subclass IVe; Overflow range
site.

54B—Lihen fine sandy loam, 1 to 6 percent slopes.
This deep, nearly level to undulating, somewhat exces-
sively drained soil is on terraces and uplands. Areas are
crossed by a few shallow drainageways, but in most
places the drainageways are indistinct. The areas are ir-
regular in shape and range from about 10 to 80 acres in
size. Slopes are mostly long and smooth.

Typically, the surface layer is dark grayish brown fine
sandy loam about 17 inches thick. Below this is a transi-
tional layer of dark brown loamy fine sand about 7 inches
thick. The substratum to a depth of about 60 inches is
dark brown and pale brown fine sand and layers of fine
sandy loam and very fine sandy loam. In some places clay
loam is at a depth of about 50 inches. In others the sur-
face layer is loam.

Included with this soil in mapping are small areas of
Parshall soils in swales and Krem soils on small knobs,
These soils make up 5 to 15 percent of the unit. The
Parshall soils have a fine sandy loam subsoil. The Krem
soils have clay loam glacial till at a depth of 16 to 40
inches.

Permeability is rapid, and available water capacity is
low. Surface runoff is slow to medium. Most of the
precipitation is absorbed by the soil. The surface layer is
friable and can be easily tilled throughout a wide range in
moisture content. The shrink-swell potential is low. Poten-
tial frost action also is low.

Most areas are in native grasses and are used as range-
land and hayland. Some are cultivated. The soil has good
potential for community development and rangeland and
poor potential for crops and windbreaks. The potential for
septic tank absorption fields is good, and the potential for
most other sanitary facilities is poor. The potential for
recreation uses and openland wildlife habitat is fair, and
the potential for rangeland wildlife habitat is good.

This soil is poorly suited to dryland wheat, oats, barley,
and grasses and legumes because the available water
capacity is low and the hazard of soil blowing is severe.
Stubble mulch and an adequate plant cover help to con-
trol erosion and protect the soil.

The use of this soil as rangeland, pastureland, or hay-
land is effective in controlling erosion and in protecting
the soil. Overstocking and overgrazing reduces the plant
cover and plant vigor and increases the hazard of soil
blowing. Proper stocking rates, uniform distribution of
grazing, timely deferment of grazing, and a planned graz-
ing system keep the pasture and the soil in good condi-
tion.
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This soil is poorly suited to windbreaks and environ-
mental plantings. Because available water capacity is low,
only a few species of trees and shrubs can grow well.

This soil is suited to building site development and
onsite waste disposal. As a result of seepage, effluent can
contaminate ground water. Alternative sites should be
selected for sanitary landfills and sewage lagoons. Shor-
ing trench walls can keep cutbanks in shallow excavations
from caving. Establishing and maintaining lawns is dif-
ficult because the available water capacity is low. This
difficulty can be overcome in part by frequent applica-
tions of fertilizer and water. Onsite investigation is
needed to ascertain the suitability of specific sites for
development. Capability suclass IIle; Sands range site.

55B—Vebar fine sandy loam, 3 to 6 percent slopes.
This moderately deep, gently sloping, well drained soil is
on residual uplands. It is dissected by shallow
drainageways that are gullied in some cultivated areas.
Individual areas range from about 5 to more than 40
acres in size. Slopes are long and smooth.

Typically, the surface layer is very dark grayish brown
fine sandy loam about 5 inches thick. The subsoil is fine
sandy loam about 19 inches thick. It is dark brown in the
upper part, brown in the next part, and light olive brown
in the lower part. The substratum is light yellowish
brown fine sandy loam about 10 inches thick. Pale yellow
soft sandstone is at a depth of about 34 inches. In some
places the soft sandstone is more than 40 inches from the
surface, and in some granitic stones are on the surface.

Included with this soil in mapping are small areas of
Arnegard and Parshall soils in swales and Cohagen soils
on ridges and knolls. These soils make up about 5 to 20
percent of the unit. The Cohagen soils have sandstone at
a depth of 10 to 20 inches. The Parshall and Arnegard
soils do not have sandstone within a depth of 40 inches
and have a thicker dark colored surface layer than this
Vebar soil. Also, the Arnegard soils have a texture of
loam.

Permeability is moderately rapid, and available water
capacity is low. Surface runoff is medium. The surface
layer is very friable and can be easily tilled throughout a
wide range in moisture content. Roots are restricted by
the soft sandstone at a depth of about 34 inches. The
shrink-swell potential is low. Potential frost action is
moderate. .

This soil is used for cultivated crops and range grasses.
It has good potential for community development, recrea-
tion uses, and openland and rangeland wildlife habitat. It
has fair potential for windbreaks and crops and fair to
poor potential for sanitary facilities.

This soil is suited to wheat, barley, oats, and grasses
and legumes. The hazard of soil blowing is severe. Stub-
ble mulch, minimum tillage, grass buffer strips, strip-
cropping, and windbreaks help to control erosion and soil
blowing, conserve moisture, and maintain the organic-
matter content, fertility, and tilth. Diversions and grassed
waterways help to control erosion and gullying in areas
where runoff concentrates.

The use of this soil as rangeland, hayland, or pasture-
land is effective in controlling erosion and in protecting
the soil. Proper stocking rates and uniform distribution of
grazing keep the pasture and the soil in good condition.

This soil is suited to trees and shrubs grown as wind-
breaks and environmental plantings. Only a few species,
however, can grow well, because available water capacity
is low.

This soil is suited to building site development and to
onsite disposal of waste from septic tanks. Alternative
sites should be selected for sewage lagoons and sanitary
landfills. The depth to rock is a problem if the soil is used
as a building site, but the rock is soft and can be easily
excavated. The slope is a limitation if the soil is used for
playgrounds, but this limitation can be overcome by
cutting and filling. Capability subclass IIle; Sandy range
site.

55C—Vebar fine sandy loam, 6 to 9 percent slopes.
This moderately deep, moderately sloping, well drained
soil is on low ridges and on long, smooth side slopes below
steep ridges in the residual uplands. It is dissected by
shallow drainageways that are gullied in some tilled
areas. Individual areas range from about 5 to 40 acres in
size. Slopes are long and smooth.

Typically, the surface layer is very dark grayish brown
fine sandy loam about 5 inches thick. The subsoil is fine
sandy loam about 19 inches thick. It is dark brown in the
upper part, brown in the next part, and light olive brown
in the lower part. The substratum is light yellowish
brown fine sandy loam. Pale yellow soft sandstone is at a
depth of about 34 inches. In some places the depth to soft
sandstone is more than 40 inches, and in some granitic
stones are on the surface.

Included with this soil in mapping are small areas of
Arnegard and Parshall soils in swales and Cohagen soils
on ridges and knolls. These soils make up about 5 to 20
percent of the unit. The Cohagen soils have sandstone at
a depth of 10 to 20 inches. The Arnegard and Parshall
soils do not have sandstone within a depth of 40 inches
and have a thicker dark colored surface layer than this
Vebar soil. Also, the Arnegard soils have a texture of
loam.

Permeability is moderately rapid, and available water
capacity is low. Surface runoff is medium. The surface
layer is very friable and can be easily tilled throughout a
wide range in moisture content. Roots are restricted by
the soft sandstone at a depth of about 34 inches. The
shrink-swell potential is low. Potentia! frost action is
moderate.

This soil is used for cultivated crops and range. It has
good potential for community development, openland and
rangeland wildlife habitat, and rangeland and fair poten-
tial for windbreaks and crops. It has fair to poor potential
for sanitary facilities.

This soil is suited to wheat, oats, barley, and grasses
and legumes. The hazards of soil blowing and water ero-
sion are severe. Stubble mulch, minimum tillage, cultiva-
tion across the slope, grassed buffer strips, stripcropping,
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and windbreaks help to control erosion and soil blowing
and maintain fertility, organic-matter content, and tilth.
Grassed waterways and diversions help to control erosion
where water concentrates in drainageways.

The use of this soil as pastureland, rangeland, or hay-
land is effective in controlling erosion. Proper stocking
rates and uniform distribution of grazing keep the
pasture and the soil in good condition.

This soil is suited to trees and shrubs grown as wind-
breaks and environmental plantings. Only a few species,
however, can grow fairly well because available water
capacity is low.

This soil is suited to building site development and to
onsite disposal of waste from septic tanks. The depth to
rock is a problem if the soil is used as a site for buildings,
but the rock is soft and can be easily excavated. Alterna-
tive sites should be selected for sewage lagoons, sanitary
landfills, and playgrounds. Capability subclass IVe; Sandy
range site.

56B—Lefor fine sandy loam, 1 to 6 percent slopes.
This moderately deep, nearly level and gently sloping,
well drained soil is on residual uplands. Areas generally
are dissected by shallow drainageways. They are irregu-
lar in shape and range from about 5 to 150 acres in size.
Slopes are long and smooth.

Typically, the surface layer is dark grayish brown fine
sandy loam about 8 inches thick. The subsoil is about 16
inches thick. The upper part is brown sandy loam, and the
lower part is light yellowish brown sandy clay loam. The
substratum, to a depth of about 34 inches, is pale yellow
sandy clay loam. Pale yellow, soft, fine grained sandstone
is at a depth of about 34 inches. In some places the sur-
face layer is loam. In others it has been mixed with the
upper part of the subsoil by plowing. In some areas the
soft bedrock is at a depth of about 45 to 55 inches. In
others the subsoil contains less clay.

Included with this soil in mapping are small areas of
Arnegard, Belfield, Parshall, and Moreau soils in swales
and on the lower side slopes. These soils make up less
than 15 percent of the unit. The Arnegard and Parshall
soils are dark colored to greater depth than this Lefor
soil and are not underlain by soft bedrock. The Belfield
soils have excess sodium and contain more clay in the
subsoil than the Lefor soil, and the Moreau soils are more
clayey and contain excess sodium salts.

Permeability is moderate, and available water capacity
is moderate to low. Surface runoff is slow to medium.
Roots are restricted by the soft bedrock at a depth of
about 34 inches. The surface layer is friable and can be
easily tilled throughout a wide range in moisture content.
The shrink-swell potential is moderate. Potential frost ac-
tion also is moderate.

Most areas are cultivated. Some are in native grasses
and are used as rangeland or hayland. This soil has fair
potential for cultivated crops and windbreaks, good poten-
tial for range grasses and septic tank absorption fields,
and fair to good potential for other sanitary facilities. The
potential for community development and recreation uses

is fair. The potential for openland wildlife hatitat is good,
and the potential for rangeland wildlife habitat is fair.

This soil is suited to wheat, oats, barley, and grasses
and legumes. The hazard of soil blowing is severe. Stub-
ble mulch, minimum tillage, stripcropping, crop residue
management, and windbreaks help to control soil blowing
and protect the soil Grassed waterways, cultivation
across the slope, and diversions help to control water ero-
sion.

The use of this soil as hayland, rangeland, or pasture-
land is effective in controlling erosion and in protecting
the soil. Proper stocking rates and uniform distribution of
grazing keep the pasture and the soil in good condition.

This soil is suited to trees and shrubs grown as wind-
breaks and environmental plantings. Only a few species,
however, can grow well because available water capacity
is moderate to low.

This soil is suited to building site development, to
onsite disposal of waste from septic tanks, and to sanitary
landfills. The depth to rock is a problem, but the rock is
soft and can be easily excavated. Alternative sites should
be selected for sewage lagoons. The slope is a limitation if
the soil is used for playgrounds, but this limitation can be
overcome by cutting and filling. Capability subclass Ille;
Sandy range site.

56D—Lefor fine sandy loam, 6 to 12 percent slopes.
This moderately deep, moderately sloping and strongly
sloping, well drained soil is on residual uplands. Areas are
generally dissected by shallow drainageways. They are ir-
regular in shape and range from about 5 to 150 acres in
size. Slopes are long and smooth.

Typically, the surface layer is dark grayish brown fine
sandy loam about 8 inches thick. The subsoil is about 16
inches thick. The upper part is brown sandy loam, and the
lower part is light yellowish brown sandy clay loam. The
substratum, to a depth of about 34 inches, is pale yellow
sandy clay loam. Pale yellow, soft, fine grained sandstone
is at a depth of about 34 inches. In some places the sur-
face layer is loam. In others it has been mixed with the
upper part of the subsoil by plowing. In some areas the
soft bedrock is at a depth of about 40 to 50 inches. In
others the subsoil contains less clay.

Included with this soil in mapping are small areas of
Arnegard, Belfield, Parshall, and Moreau soils in swales
and on the lower side slopes. These soils make up less
than 15 percent of the unit. The Arnegard and Parshall
soils are dark colored to a greater depth than this Lefor
soil and are not underlain by soft bedrock. The Belfield
soils have excess sodium and contain more clay in the
subsoil than the Lefor soil. The Moreau soils are clayey
and contain excess sodium salts. Also included are small
areas of the steeper Cohagen soils on the convex tops of
knobs, hills, and ridges. These soils are shallow over
bedrock.

Permeability is moderate, and available water capacity
is moderate to low. Surface runoff is medium. Roots are
restricted by the soft bedrock at a depth of about 34
inches. The surface layer is friable and can be easily tilled
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throughout a wide range in moisture content. The shrink-
swell potential is moderate. Potential frost action also is
moderate.

This soil is used as cropland and rangeland. It has good
potential for rangeland. The potential for cultivated crops
is poor. The potential for recreation uses, windbreaks,
sanitary facilities, building site development, and open-
land and rangeland wildlife habitat is fair.

This soil is poorly suited to wheat, oats, barley, and
grasses and legumes. The hazards of soil blowing and
water erosion are severe. Stubble mulch, minimum tillage,
striperopping, windbreaks, and crop residue management
help to control soil blowing. Grassed waterways, cultiva-
tion across the slope, and diversions help to control water
erosion.

The use of this soil as rangeland, pastureland, or hay-
land is effective in controlling erosion. Proper stocking
rates and uniform distribution of grazing keep the
pasture and the soil in good condition.

This soil is suited to trees and shrubs grown as wind-
breaks and environmental plantings. Only a few species,
however, can grow well because available water capacity
is moderate to low.

This soil is suited to building site development and to
onsite disposal of waste from septic tanks. The slope is a
limitation if the soil is used as a site for buildings, but
this limitation can be overcome by cutting and filling. The
depth to rock is a problem, but the rock is soft and can be
easily excavated. Alternative sites should be selected for
sewage lagoons and playgrounds. Capability subelass I'Ve;
Sandy range site.

57B—Flaxton fine sandy loam, 1 to 6 percent slopes.
This nearly level to undulating, deep, well drained soil is
on plane and slightly concave slopes on glacial till uplands.
Areas are crossed by a few shallow drainageways that in
places fan out and are indistinct. In a few places where
the soil is undulating, the drainageways are gullied. In-
dividual areas are irregular in shape and range from
about 20 to more than 300 acres in size. Slopes range
from short and uneven to long and smooth.

Typically, the surface layer is dark grayish brown fine
sandy loam about 11 inches thick. The subsoil is about 27
inches thick. It is grayish brown fine sandy loam in the
upper part and grayish brown and light brownish gray
clay loam in the lower part. The substratum to a depth of
about 60 inches is light olive gray and pale olive clay
loam. In a few places, the clay loam glacial till is at a
depth of about 15 inches and the surface layer is not dark
colored to so great a depth. In some areas soft bedrock is
about 45 inches from the surface.

Included with this soil in mapping are small areas of
Arnegard, Parshall, and Williams soils. These soils make
up less than 15 percent of the unit. The Parshall soils lack
clay loam glacial till. They are in swales and slightly con-
cave areas. The Williams soils occupy convex knobs,
mounds, and ridges. They do not have fine sandy loam
deposits overlying the clay loam glacial till, but in a few
small areas they have a fine sandy loam surface layer

about 5 inches thick. The Arnegard soils are in swales and
slightly concave areas. They are loam throughout.

Permeability is moderately rapid in the fine sandy loam
and moderately slow in the clay loam. Available water
capacity is high. Surface runoff is slow to medium. The
surface layer is friable and can be easily tilled throughout
a fairly wide range in moisture content. Potential frost
action is moderate. The shrink-swell potential is low in
the fine sandy loam and moderate in the clay loam.

Most areas are used for cultivated crops. Some are in
native grasses and are used as rangeland or hayland. This
soil has good potential for cultivated crops, openland and
rangeland wildlife habitat, grasses, recreation uses, and
windbreaks. The potential for most sanitary facilities is
fair. The potential for community development is fair to
good.

This soil is well suited to wheat, oats, barley, and
grasses and legumes. The hazard of soil blowing is severe,
and the hazard of water erosion is moderate. Minimum
tillage, stubble mulch, crop residue management, strip-
cropping, and windbreaks help to control soil blowing and
protect the soil. Grassed waterways help to control ero-
sion where water concentrates in drainageways.

The use of this soil as rangeland, pastureland, or hay-
land is effective in controlling erosion and in protecting
the soil. Proper stocking rates and uniform distribution of
grazing keep the pasture and the soil in good condition.

This soil is suited to windbreaks and environmental
plantings. Many of the climatically suited trees and
shrubs can grow well.

This soil is suited to building site development and
onsite waste disposal. The slow absorption of septic tank
effluent can be overcome by enlarging the absorption
field. Capability subclass IIle; Sandy range site.

57C—Flaxton fine sandy loam, 6 to 9 percent slopes.
This gently rolling, deep, well drained soil is on plane and
slightly convex slopes on glacial till uplands. Areas are
crossed by a few shallow drainageways that in places are
gullied. They are irregular in shape and range from 5 to
70 acres in size.

Typically, the surface layer is dark grayish brown fine
sandy loam about 11 inches thick. The subsoil is about 27
inches thick. It is grayish brown fine sandy loam in the
upper part and grayish brown and light brownish gray
clay loam in the lower part. The substratum to a depth of
about 60 inches is light olive gray and pale olive clay
loam. In a few places, the clay loam glacial till is at a
depth of about 15 inches and the surface layer is not dark
colored to so great a depth. In some areas soft bedrock is
about 45 inches from the surface.

Included with this soil in mapping are small areas of
Arnegard, Parshall, and Williams soils. These soils make
up less than 15 percent of the unit. The Parshall soils lack
clay loam glacial till. They are in swales and slightly con-
cave areas. The Williams soils occupy convex knobs,
mounds, and ridges. They do not have fine sandy loam
deposits overlying the clay loam glacial till, but in a few
small areas they have a fine sandy loam surface layer
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about 5 inches thick. The Arnegard soils are in swales and
slightly concave areas. They are loam throughout.

Permeability is moderately rapid in the fine sandy loam
and moderately slow in the clay loam. Available water
capacity is high. Surface runoff is medium. The surface
layer is friable and can be easily tilled throughout a fairly
wide range in moisture content. Potential frost action is
moderate. The shrink-well potential is low in the fine
sandy loam and moderate in the clay loam.

This soil is used for cultivated crops, windbreaks, and
rangeland. It has good potential for building site develop-
ment, sanitary facilities, openland wildlife habitat, and
rangeland and fair potential for cultivated crops, most
recreation uses, and rangeland wildlife habitat.

This soil is suited to wheat, oats, barley, and grasses
and legumes. The hazards of soil blowing and water ero-
sion are severe. Stubble mulch, minimum tillage, crop
residue management, striperopping, and windbreaks help
to control soil blowing. Grassed waterways in areas where
runoff concentrates help to control water erosion.

The use of this soil as rangeland, pastureland, or hay-
land is effective in controlling erosion and in protecting
the soil. Proper stocking rates and uniform distribution of
grazing keep the pasture and the soil in good condition.

This soil is suited to windbreaks and environmental
plantings. Many of the climatically suited trees and
shrubs can grow well.

This soil is suited to building site development and to
onsite disposal of waste from septic tanks. Less sloping
sites should be selected for sewage lagoons. The slow ab-
sorption of septic tank effluent can be overcome by en-
larging the absorption field. The slope is a limitation if
the soil is used as a building site, but this limitation can
be overcome by cutting and filling. Alternative sites
should be selected for playgrounds. Capability subclass
IVe; Sandy range site.

58B—Flaxton-Williams complex, 3 to 6 percent
slopes. This map unit consists of deep, undulating, well
drained soils on glacial till uplands. Areas are crossed by
a few shallow drainageways. They are irregular in shape
and range from about 10 to 300 acres in size. Slopes range
from short and uneven to long and smooth. Scattered
pebbles, cobbles, and stones are on the surface of convex
slopes.

Areas of this map unit are about 60 to 75 percent Flax-
ton soils and 20 to 40 percent Williams soils. The Flaxton
soils are on the plane and slightly concave, mid and lower
side slopes and in swales. The Williams soils are on the
convex upper side slopes and the tops of small knobs and
ridges. The two soils are so intricately mixed or are in
areas so small that it is not practical to separate them in
mapping.

Typically, the Flaxton soils have a dark grayish brown
fine sandy loam surface layer about 11 inches thick. The
subsoil is about 27 inches thick. It is grayish brown fine
sandy loam in the upper part and grayish brown and light
brownish gray clay loam in the lower part. The sub-
stratum to a depth of about 60 inches is light olive gray

and pale olive clay loam. In a few places the clay loam
glacial till is at a depth of about 15 inches, and the sur-
face layer is not dark colored to so great a depth. In some
areas soft bedrock is at a depth of about 45 inches. In
others the surface layer is loam.

Typically, the Williams soil has a surface layer of dark
grayish brown loam about 5 inches thick. The subsoil is
clay loam about 15 inches thick. It is brown in the upper
part, grayish brown in the next part, and light yellowish
brown in the lower part. The substratum to a depth of
about 60 inches is clay loam glacial till. It is light gray in
the upper part and light yellowish brown in the lower
part. In some places the surface layer is fine sandy loam
about 5 inches thick. In others it has been mixed with the
upper part of the subsoil by plowing.

Included with this unit in mapping are small areas of
Arnegard and Parshall soils in swales and small, slightly
concave areas of those soils. The included soils make up 5
to 20 percent of the unit. The Parshall soils are fine sandy
loam throughout, and the Arnegard soils are loam
throughout.

Permeability is moderately rapid in the upper part of
the subsoil of the Flaxton soil and moderately slow in the
lower part. It is moderate in the subsoil of the Williams
soil and moderately slow in the substratum. Available
water capacity is high. Surface runoff is medium. Both
soils can be easily tilled throughout a fairly wide range in
moisture content. The shrink-swell potential is moderate.
Potential frost action also is moderate.

Most areas are used for cultivated crops. Some are in
native grasses and are used as rangeland or hayland.
These soils have good potential for crops, rangeland,
windbreaks, sanitary facilities, community development,
most recreation uses, and openland wildlife habitat. They
have fair potential for rangeland wildlife habitat.

These soils are well suited to wheat, oats, barley, and
grasses and legumes. The hazard of soil blowing is severe
on the Flaxton soil and slight on the Williams soil
Minimum tillage, stubble mulch, crop residue manage-
ment, stripcropping, windbreaks, and grasses and legumes
in the cropping system help to control erosion and soil
blowing. Grassed waterways help to control erosion
where water concentrates in drainageways.

The use of these soils as rangeland, pastureland, or
hayland is effective in controlling erosion and in protect-
ing the soil. Proper stocking rates and uniform distribu-
tion of grazing keep the pasture and the soil in good con-
dition.

The Williams soil is well suited to windbreaks and en-
vironmental plantings. All climatically suited trees and
shrubs can grow well. The Flaxton soil is suited; many
species can grow well.

These soils are suited to building site development and
onsite waste disposal. The slow absorption of septic tank
effluent can be overcome by enlarging the absorption
field. If the soils are used as building sites, the effects of
shrinking and swelling can be overcome by strengthening
foundations and basement walls. The slope is a limitation
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if the soils are used for playgrounds, but this limitation
can be overcome by cutting and filling. Capability sub-
class Ille; Flaxton soil in Sandy range site, Williams soil
in Silty range site.

58C—Flaxton-Williams complex, 6 to 9 percent
slopes. This map unit consists of deep, gently rolling, well
drained soils on glacial till uplands. Areas are crossed by
a few shallow drainageways. They are irregular in shape
and range from about 10 to 80 acres in size. Slopes range
from short and uneven to long and smooth. Scattered
pebbles, cobbles, and stones are on the surface of convex
slopes.

Areas of this map unit are about 50 to 70 percent Flax-
ton soils and 20 to 40 percent Williams soils. The Flaxton
soils are on the plane and slightly concave, mid and lower
side slopes and in swales. The Williams soils are on the
convex upper side slopes and the tops of small knobs and
ridges. The two soils are so intricately mixed or are in
areas so small that it is not practical to separate them in
mapping.

Typically, the Flaxton soils have a dark grayish brown
fine sandy loam surface layer about 11 inches thick. The
subsoil is about 27 inches thick. It is grayish brown fine
sandy loam in the upper part and grayish brown and light
brownish gray clay loam in the lower part. The sub-
stratum to a depth of about 60 inches is light olive gray
and pale olive clay loam. In a few places, the clay loam
glacial till is at a depth of about 15 inches and the surface
layer is not dark colored to so great a depth. In some
areas soft bedrock is about 45 inches from the surface. In
others the surface layer is loam.

Typically, the Williams soil has a surface layer of dark
grayish brown loam about 5 inches thick. The subsoil is
clay loam about 15 inches thick. It is brown in the upper
part, grayish brown in the next part, and light yellowish
brown in the lower part. The substratum to a depth of
about 60 inches is clay loam glacial till. It is light gray in
the upper part and light yellowish brown in the lower
part. In some places the surface layer is fine sandy loam
about 5 inches thick. In others it has been mixed with the
upper part of the subsoil by plowing.

Included with this unit in mapping are small areas of
Arnegard and Parshall soils in swales; small, slightly con-
cave areas of those soils; and small areas of Zahl soils on
the convex tops of knobs and the crests of ridges. The in-
cluded soils make up 5 to 20 percent of the unit. The Ar-
negard soils lack the clay loam glacial till substratum and
are loam throughout. The Parshall soils lack the clay loam
glacial till and are fine sandy loam throughout. The Zahl
soils are loam or clay loam throughout and lack a subsoil.

Permeability is moderately rapid in the upper part of
the subsoil of the Flaxton soil and moderately slow below.
It is moderate in the subsoil of the Williams soil and
moderately slow in the substratum. Available water
capacity is high. Surface runoff is medium. Both soils can
be easily tilled throughout a fairly wide range in moisture
content. The shrink-swell potential is moderate. Potential
frost action also is moderate.

These soils are used for cultivated crops, windbreaks,
and rangeland. They have good potential for rangeland
and openland wildlife habitat and fair potential for crops.
The potential for sewage lagoons is poor, and the poten-
tial for most other sanitary facilities is fair. The potential
for community development, recreation uses, and range-
land wildlife habitat is fair.

These soils are suited to wheat, oats, barley, and
grasses and legumes. The hazards of soil blowing and
water erosion are severe on the Flaxton soil and slight on
the Williams soil. Cultivation across the slope, minimum
tillage, stubble mulch, crop residue management, and
grasses and legumes in the cropping system help to con-
trol erosion and soil blowing and protect the soil. Grassed
waterways help to control erosion where water concen-
trates in drainageways.

The use of these soils as hayland, rangeland, or
pastureland is effective in controlling erosion and protect-
ing the soil. Proper stocking rates and uniform distribu-
tion of grazing keep the pasture and the soil in good con-
dition.

The Williams soil is well suited to windbreaks and en-
vironmental plantings. All climatically suited trees and
shrubs can grow well. The Flaxton soil is suited; many
species can grow well.

These soils are suited to building site development and
onsite waste disposal. The slow absorption of septic tank
effluent can be overcome by enlarging the absorption
field. If the soils are used as building sites, the effects of
shrinking and swelling can be overcome by strengthening
foundations and basement walls. Alternative sites should
be selected for sewage lagoons and playgrounds. Capabili-
ty subclass IVe; Flaxton soil in Sandy range site, Wil-
liams soil in Silty range site.

58D—Flaxton-Williams complex, 9 to 15 percent
slopes. This map unit consists of deep, rolling, well
drained soils on glacial till uplands. It is crossed by shal-
low drainageways that in places are gullied. Scattered
pebbles, cobbles, and stones are on the surface of convex
slopes. Individual areas are irregular in shape and range
from about 5 to 40 acres in size. They are about 50 to 65
percent Flaxton soils and 20 to 45 percent Williams soils.
The two soils are so intricately mixed or are in areas so
small that it is not practical to separate them in mapping.

Typically, the Flaxton soil has a dark grayish brown
fine sandy loam surface layer about 11 inches thick. The
subsoil is about 27 inches thick. It is grayish brown fine
sandy loam in the upper part and grayish brown and light
brownish gray clay loam in the lower part. The sub-
stratum to a depth of about 60 inches is light olive gray
and pale olive clay loam. In a few places, the clay loam
glacial till is at a depth of about 15 inches and the surface
layer is not dark colored to so great a depth. In some
areas soft bedrock is at a depth of about 45 inches. In
some the surface layer is loam.

Typically, the Williams soil has a surface layer of dark
grayish brown loam about 5 inches thick. The subsoil is
clay loam about 15 inches thick. It is brown in the upper
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part, grayish brown in the next part, and light yellowish
brown in the lower part. The substratum to a depth of
about 60 inches is clay loam glacial till. It is light gray in
the upper part and light yellowish brown in the lower
part. In some places the surface layer is fine sandy loam
about 5 inches thick. In others it has been mixed with the
upper part of the subsoil by plowing.

Included with this unit in mapping are small areas of
Arnegard and Parshall soils in swales; small, slightly con-
cave areas of those soils; and small areas of Zahl soils on
the convex tops of knobs and the crests of ridges. The in-
cluded soils make up 5 to 20 percent of the unit. The Ar-
negard soils lack the clay loam glacial till substratum and
are loam throughout. The Parshall soils lack the clay loam
glacial till and are fine sandy loam throughout. The Zahl
soils are loam or clay loam throughout and lack a subsoil.

Permeability is moderately rapid in the upper part of
the subsoil of the Flaxton soil and moderately slow below.
It is moderate in the subsoil of the Williams soil and
moderately slow in the substratum. Available water
capacity is high. Surface runoff is rapid. The shrink-swell
potential is moderate. Potential frost action also is
moderate.

Most areas are in native grasses and are used as range-
land. Some are used for cultivated crops. These soils have
good potential for rangeland. The potential for crops and
windbreaks is poor. The potential for most sanitary facili-
ties, community development, most recreation uses, and
openland and rangeland wildlife habitat is fair.

These soils are generally unsuited to wheat, oats, bar-
ley, and grasses and legumes because of the erosion
hazard and the rapid surface runoff.

The use of these soils as rangeland or pastureland is ef-
fective in controlling erosion and in protecting the soil.
Proper stocking rates, uniform distribution of grazing,
and a planned grazing system keep the pasture and the
soil in good condition. Overgrazing and overstocking
reduce the vegetative cover and the plant vigor and in-
crease the hazard of erosion.

These soils are poorly suited to windbreaks. They are
suited to special environmental plantings for wildlife
habitat, recreation, and beautification. All climatically
suited species can grow well on the Williams soil, and
many can grow well on the Flaxton soil.

These soils are suited to building site development and
onsite disposal of waste from septic tanks. The slow ab-
sorption of septic tank effluent can be overcome by en-
larging the absorption field. If buildings are constructed
on these soils, the effects of shrinking and swelling can be
overcome by strengthening foundations and basement
walls. Alternative sites should be selected for sewage
lagoons and playgrounds. Capability subclass VIe; Flax-
ton soil in Sandy range site, Williams soil in Silty range
site.

59B—Parshall fine sandy loam, 1 to 6 percent slopes.
This deep, nearly level and gently sloping, well drained
soil is on stream terraces, outwash plains, and valley fans
or in upland swales. Most areas are crossed by shallow

drainageways, but the drainage pattern fans out and is in-
distinct in places. In some cultivated areas, the
drainageways are gullied. Individual areas are irregular in
shape and range from 10 to 100 acres in size. Slopes are
long and smooth, but in places they are undulating.

Typically, the surface layer is fine sandy loam about 17
inches thick. It is very dark grayish brown in the upper
part and dark grayish brown in the lower part. The sub-
soil is fine sandy loam about 15 inches thick. It is dark
grayish brown in the upper part and grayish brown in the
lower part. The substratum to a depth of about 60 inches
is, in sequence downward, light brownish gray fine sandy
loam, grayish brown fine sandy loam, and light brownish
gray loamy fine sand. In a few places the surface layer is
loam, and in some a dark colored, buried layer is about 50
inches from the surface.

Included with this soil in mapping are small areas of
Flaxton and Lihen soils on plane and convex slopes and
Arnegard soils in swales. These soils make up 5 to 20 per-
cent of the unit. The Flaxton soils are loam or clay loam
in the lower part of the subsoil and in the substratum.
The Arnegard soils are loam throughout, and the Lihen
soils are loamy fine sand throughout. Also included are
areas of a soil that is underlain by sand and gravel at a
depth of about 35 inches.

Permeability is moderately rapid, and available water
capacity is moderate to high. Surface runoff is slow. The
soil absorbs much of the runoff from higher lying soils. It
can be easily tilled throughout a wide range in moisture
content. The shrink-swell potential is low. Potential frost
action is moderate.

Most areas are used for cultivated crops. Some are in
native grasses and used as rangeland. This soil has good
potential for rangeland, windbreaks, and crops. It has
good potential for septic tank absorption fields and poor
potential for other sanitary facilities. The potential for
community development, recreation uses, and openland
wildlife habitat is good. The potential for rangeland wil-
dlife habitat is fair.

This soil is well suited to wheat, oats, barley, and
grasses and legumes. The hazard of soil blowing is severe.
Minimum tillage, stubble mulch, and grasses and legumes
in the cropping system help to control erosion and soil
blowing and maintain the organic-matter content, fertility,
and tilth. Grassed waterways help to control erosion
where water concentrates in drainageways.

The use of this soil as rangeland, hayland, or pasture-
land is effective in controlling erosion. Proper stocking
rates, a planned grazing system, and uniform distribution
of grazing keep the pasture and the soil in good condition.

This soil is well suited to windbreaks and environmen-
tal plantings. All climatically suited trees and shrubs can
grow well.

This soil is well suited to building site development and
to disposal of waste from septic tanks. The slope is a
limitation if the soil is used for playgrounds, but this
limitation can be overcome by cutting and filling. More
suitable sites for sanitary landfills and sewage lagoons



40 SOIL SURVEY

are generally nearby. Capability subclass IIle; Sandy
range site.

62B—Velva fine sandy loam, 1 to 6 percent slopes.
This deep, nearly level or gently sloping, well drained soil
is on low terraces and bottom land along the major
streams. It has an indistinct drainage pattern that
generally parallels the stream channels. Most areas are
occasionally flooded for a brief period, but some are only
rarely flooded. Slopes are plane and convex and mostly
long and smooth. In some areas they are undulating and
short and smooth. Individual areas are irregular in shape
and range from about 10 to 150 acres in size.

Typically, the surface layer is very dark grayish brown
fine sandy loam about 6 inches thick. The substratum to a
depth of about 13 inches is dark grayish brown fine sandy
loam and a thin, dark colored, buried layer. Between
depths of 13 and 36 inches, it is grayish brown fine sandy
loam stratified with loam and loamy fine sand. Below 36
inches it is grayish brown loamy fine sand over light
brownish gray loam. The soil generally has one or more
dark colored, buried layers. In some places the surface
layer is loam. In some the soil has strata of clayey materi-
al, and in others it is dark colored to a greater depth.

Included with this soil in mapping are small areas of
Straw soils on plane and convex slopes. These soils make
up less than 15 percent of the unit. They contain more
clay than this Velva soil.

Permeability is moderately rapid, and available water
capacity is moderate. Surface runoff is slow to medium.
This soil can be easily tilled throughout a fairly wide
range in moisture content. The shrink-swell potential is
low. Potential frost action is moderate.

Most of the acreage is used for cultivated crops. The
rest is in native grasses and trees and is used as range-
land, wildlife habitat, and recreation areas.

This soil has good potential for cultivated crops, range
grasses, and windbreaks. Areas that are not protected
against flooding have poor potential for sanitary facilities
and community development. Protected areas have good
to fair potential for sanitary facilities and good potential
for community development. The potential for most
recreation areas is good if the areas are protected against
flooding. The potential for openland and rangeland wil-
dlife habitat is fair.

This soil is well suited to wheat, oats, barley, and
grasses and legumes. The hazard of soil blowing is severe.
Stubble mulch, minimum tillage, crop residue manage-
ment, and stripcropping help to control erosion and soil
blowing and maintain the organic-matter content, tilth,
and fertility. Flooding is a concern, but most floods occur
before crops are seeded.

The use of this soil as pastureland, rangeland, or hay-
land is effective in controlling erosion and protecting the
soil. Proper stocking rates and uniform distribution of
grazing keep the pasture and the soil in good condition.

This soil is well suited to windbreaks and environmen-
tal plantings. All climatically suited trees and shrubs can
grow well. Streams meander through most areas, and the

areas are therefore irregular in shape. As a result, only a
few windbreaks have been planted.

This soil is poorly suited to building site development
and onsite waste disposal unless it is protected against
flooding. The flooding can be controlled by dikes and
levees. If an area is to be developed, onsite investigation
is needed to determine the frequency and duration of
floods. Capability subclass IITe; Overflow range site.

67— Straw soils, channeled. These deep, nearly level,
well drained soils are on low terraces and bottom land
that have been channeled by meandering streams. Most
areas are in narrow valleys between steeply sloping soils,
but some are on broad flood plains along streams where
the interval between meanders is short. Most are occa-
sionally flooded for a brief period, but some are only rare-
ly flooded. Slopes are mostly short and uneven, but some
are short and smooth. Individual areas are mostly long
and narrow and range from 30 to more than 100 acres in
size.

Any one area of this map unit is made up of Straw
loam, Straw silt loam, or Straw silty clay loam or two or
all three of those soils. The three soils are so intricately
mixed or are in areas so small that it is not practical to
separate them in mapping.

Typically, the surface layer is loam, silt loam, or silty
clay loam about 20 inches thick. It is grayish brown in the
upper part and very dark grayish brown in the lower
part. The substratum to a depth of about 60 inches is
grayish brown loam over stratified loam, silt loam, and
fine sandy loam. Generally, one or more dark colored, bu-
ried layers are evident. In places the dark colors do not
extend to so great a depth.

Inciuded with these soils in mapping are small areas of
Harriet, Magnus, and Velva soils. These included soils
make up 10 to 30 percent of the unit. The Harriet soils
are more clayey than these Straw soils, contain sodium
salts, and are poorly drained. The Magnus soils contain
more clay than Straw soils, and the Velva soils contain
more sand and less clay. The well drained Magnus and
Velva soils are on bottom land and the lower terraces,
and the Harriet soils are on bottom land.

Permeability is moderate, and available water capacity
is high. Surface runoff is slow. The shrink-swell potential
is moderate. Potential frost action also is moderate.

Most areas are in native grasses and trees and are used
as rangeland. These soils have good potential for range
grasses and poor potential for cultivated crops. Areas
that are not protected against flooding have poor poten-
tial for most engineering and recreation uses. Protected
areas have fair potential for most engineering uses and
good potential for recreation uses. The potential for open-
land wildlife habitat is good, and the potential for range-
land wildlife habitat is fair.

These soils are generally unsuited to wheat, oats, bar-
ley, and grasses and legumes because of the flood hazard,
the numerous stream channels, and the small size of the
tillable areas.
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The use of these soils as rangeland or pastureland is ef-
fective in controlling erosion. Proper stocking rates and
uniform distribution of grazing help to control erosion and
keep the pasture and the soil in good condition.

These soils are generally unsuited to trees and shrubs
in windbreaks. They are suited to special wildlife or
recreation plantings. All climatically suited species can
grow well,

These soils are poorly suited to building site develop-
ment because of the flooding. They are generally not used
as building sites. The flooding can be controlled by dikes
and levees. Onsite investigation is needed to determine
the frequency and duration of floods. Capability subclass
Vle; Overflow range site.

71B—Searing loam, 1 to 6 percent slopes. This nearly
level, well drained soil is on glacial till and residual
uplands that are crossed by a few shallow drainageways.
It is moderately deep over porcelanite (scoria). Individual
areas are irregular in shape and range from about 10 to
100 acres in size. Slopes are mostly long and smooth.

Typically, the surface layer is dark brown loam about 6
inches thick. The subsoil is reddish brown loam about 12
inches thick. The substratum is loam about 10 inches
thick. It is yellowish red in the upper part and reddish
yellow in the lower part. Reddish yellow porcelanite beds
are at a depth of about 28 inches (fig. 7). In places the
surface layer is silt loam or clay loam.

Included with this soil in mapping are small areas of
Williams, Sen, and Amor soils on plane and convex slopes
and Arnegard soils in swales. These soils make up 5 to 20
percent of the unit. The Williams and Arnegard soils are
deep, and the Sen and Amor soils are moderately deep
over bedded soft shale and siltstone.

Permeability is moderate in the subsoil. Available
water capacity also is moderate. Surface runoff is slow to
medium. Roots are restricted by the porcelanite at a
depth of about 28 inches. This soil can be easily tilled
throughout a fairly wide range in moisture content. The
shrink-swell potential is moderate. Potential frost action
also is moderate.

Most areas are used for cultivated crops. Some are in
native grasses and are used as rangeland. This soil has
fair potential for cultivated crops and for range grasses.
It has poor potential for windbreaks and sanitary facili-
ties. It has good potential for recreation uses and commu-
nity development and fair potential for openland and ran-
geland wildlife habitat.

This soil is suited to wheat, oats, barley, and grasses
and legumes. The hazard of soil blowing is moderate.
Crop residue management and stripcropping help to con-
trol erosion and soil blowing and maintain the organic-
matter content, fertility, and tilth.

The use of this soil as rangeland, hayland, or pasture-
land is effective in controlling erosion. Proper stocking
rates and uniform distribution of grazing help to keep the
pasture and the soil in good condition.

This soil is poorly suited to windbreaks and environ-
mental plantings. Trees and shrubs can be established if

the proper species are selected, but survival, growth, and
vigor are not optimum. Only a few of the climatically
suited species can grow.

This soil is suited to building site development but is
poorly suited as a site for sanitary facilities. The depth to
rock is a problem, but the rock is fractured and can be
excavated. Alternative sites should be selected for sanita-
ry landfills and sewage lagoons. Effluent from septic
tanks can reach ground water through the fractures in
the bedrock. The slope is a limitation if the soil is used
for playgrounds, but this limitation can be overcome by
cutting and filling. Capability subclass IIIs; Silty range
site.

71C—Searing-Ringling loams, 6 to 9 percent slopes.
This map unit consists of moderately sloping, well drained
and excessively drained soils on glacial till and residual
uplands. It is crossed by well defined drainageways that
are gullied in some tilled areas. These soils are moderate-
ly deep or shallow over porcelanite (scoria) beds. In-
dividual areas are irregular in shape and range from 5 to
70 acres in size. They are about 50 to 80 percent Searing
soils and 20 to 45 percent Ringling soils. The two soils are
so intricately mixed and are in areas so small that it is
not practical to separate them in mapping.

Typically, the Searing soil has a surface layer of dark
brown loam about 6 inches thick. The subsoil is reddish
brown loam about 10 inches thick. The substratum is loam
about 8 inches thick. It is yellowish red in the upper part
and reddish yellow in the lower part. Reddish yellow por-
celanite is at a depth of about 24 inches. In places the
surface layer is silt loam or clay loam.

Typically, the Ringling soil has a surface layer of dark
reddish gray channery loam about 7 inches thick. The
substratum is reddish brown very channery loam about 8
inches thick. Fractured, hard, red and reddish yellow por-
celanite is at a depth of about 15 inches.

Included with this soil in mapping are small areas of
Williams, Sen, and Amor soils on plane and convex slopes
and Arnegard soils in swales. These soils make up 5 to 20
percent of the unit. The Williams and Arnegard soils are
deep, and the Sen and Amor soils are moderately deep
over bedded soft shale and siltstone. Also included are a
few areas of scoria outcrop on ridgetops.

Permeability is moderate in the subsoil of the Searing
soil. It is very rapid in the Ringling soil. Available water
capacity is moderate in the Searing soil and very low or
low in the Ringling soil. Surface runoff is medium. Roots
are restricted by the porcelanite. Both soils can be easily
tilled throughout a fairly wide range in moisture content.
The shrink-swell potential is moderate in the Searing soil
and low in the Ringling soil. Potential frost action is
moderate in the Searing soil and low in the Ringling soil.

These soils are used for cultivated crops and rangeland.
They have poor potential for cultivated crops and wind-
breaks and fair potential for range grasses. They have
poor potential for sanitary facilities and fair potential for
community development and recreation uses. The Searing
soil has fair potential for openland and rangeland wildlife
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habitat, and the Ringling soil has poor potential for open-
land wildlife habitat and fair potential for rangeland wil-
dlife habitat.

These soils are poorly suited to wheat, oats, barley, and
grasses and legumes because of the restricted rooting
depth, droughtiness, and moderate hazards of soil blowing
and water erosion. Stubble mulch, crop residue manage-
ment, stripcropping, and grassed waterways help to con-
trol soil blowing and water erosion and maintain the or-
ganic-matter content, tilth, and fertility.

The use of these soils as rangeland, pastureland, or
hayland is effective in controlling erosion and in protect-
ing the soil. Proper stocking rates, uniform distribution of
grazing, deferred grazing, and a planned grazing system
keep the pasture and the soil in good condition.

The Searing soil is suited to windbreaks and environ-
mental plantings. Trees and shrubs can be established if
the proper species are selected, but survival, growth, and
vigor are not optimum. The Ringling soil is generally not
suited to trees and shrubs because of the low available
water capacity and the shallow root zone.

These soils are suited to building site development but
are poorly suited as sites for sanitary facilities. The depth
to rock is a problem, but the rock is fractured and can be
excavated. Effluent from septic tanks can reach ground
water through the fractures in the bedrock. Alternative
sites should be selected for sanitary landfills, sewage
lagoons, and playgrounds. Capability subclass IVe; Sear-
ing soil in Silty range site, Ringling soil in Very Shallow
range site.

73—Belfield silt loam, 1 to 3 percent slopes. This
deep, nearly level, well drained soil is on uplands and ter-
races and in swales. Areas are crossed by fairly well
defined, shallow drainageways in most places, but the
drainage pattern fans out and is indistinct in some places.
Individual areas are mostly irregular in shape and range
from 3 to more than 200 acres in size. Slopes are long and
plane or concave.

Typically, the surface layer is dark grayish brown silt
loam about 13 inches thick. The subsurface layer is dark
grayish brown silty clay loam about 3 inches thick. The
subsoil is silty clay about 16 inches thick. It is dark gray-
ish brown in the upper part and grayish brown in the
lower part. The substratum to a depth of about 60 inches
is silty clay loam. It is light brownish gray in the upper
part and light yellowish brown in the lower part. In
places the substratum is soft, partly weathered bedrock
below a depth of 36 inches. In some places on terraces
and in swales, it contains a dark colored, old buried sur-
face layer. In some areas, the surface layer is loam and
the subsoil contains less clay.

Included with this soil in mapping are small areas of
Grail soils on concave slopes and Daglum and Rhoades
soils on plane slopes. These soils make up about 5 to 20
percent of the unit. The Daglum and Rhoades soils have a
denser subsoil than this Belfield soil, and the Grail soils
have a less dense subsoil.

Permeability is slow, and available water capacity is
high. Runoff is slow. This soil receives some runoff from
higher lying surrounding soils. It can be easily tilled
throughout a fairly wide range in moisture content. Roots
are moderately restricted in the subsoil. The shrink-swell
potential is high. Potential frost action is low. Sedium
salts are in excess.

Most areas are cultivated. This soil has good potential
for range grasses and most of the cultivated crops com-
monly grown in the county. The potential for windbreaks,
most waste disposal facilities, building sites, recreation
uses, and openland and rangeland wildlife habitat is fair.

This soil is well suited to wheat, oats, barley, and
grasses and legumes. The hazard of erosion is slight.
Stubble mulch, minimum tillage, and deep-rooted crops
improve water intake and maintain the organic-matter
content, fertility, and tilth. Grassed waterways or diver-
sions help to control erosion where runoff concentrates. If
the subsoil and the layers that have a high content of
sodium are exposed when waterways are shaped, topsoil
should be added to help insure that the seedbed and the
plant cover are adequate.

The use of this soil as rangeland, hayland, or pasture-
land is effective in controlling erosion. Proper stocking
rates and uniform distribution of grazing keep the
pasture and the soil in good condition.

This soil is suited to trees and shrubs grown as wind-
breaks and environmental plantings. Only a limited
number of species, however, can grow well because of the
clayey texture and the excess sodium.

This soil is suitable as a site for buildings and for most
sanitary facilities. The slow absorption of septic tank ef-
fluent can be overcome by enlarging the absorption field.
If buildings are constructed on this soil, the effects of
shrinking and swelling can be overcome by strengthening
foundations and basement walls. Capability subclass I1ls;
Clayey range site.

74B—Regent-Rhoades complex, 1 to 6 percent slopes.
This map unit consists of moderately deep and deep,
nearly level to gently sloping, well drained soils on
residual uplands. It is crossed by a few shallow
drainageways that in places are gullied. Individual areas
are irregular in shape and range from about 10 to more
than 100 acres in size. Slopes are generally long and
smooth.

Areas of this map unit are about 50 to 75 percent Re-
gent soils and 20 to 45 percent Rhoades soils. The
Rhoades soils are in areas where scabby spots are
evident. The Regent soils are on plane or convex slopes.
The two soils are so intricately mixed and are in areas so
small that it is not practical to separate them in mapping.

Typically, the Regent soils have a dark grayish brown
silty clay loam surface layer about 6 inches thick. The
subsoil is about 32 inches thick. It is dark grayish brown
silty clay in the upper part, grayish brown silty clay in
the next part, and grayish brown silty clay loam in the
lower part. Pale olive, soft shale is at a depth of about 38
inches. In places the soft shale is about 45 inches from
the surface. In some areas the surface layer is silt loam.
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Typically, the Rhoades soils have a grayish brown silt
loam surface layer about 2 inches thick. The subsoil is
very firm silty clay about 19 inches thick. It is very dark
grayish brown in the upper part and dark grayish brown
in the lower part. It contains few to common visible salt
crystals. The substratum to a depth of about 60 inches is
grayish brown silty clay loam over grayish brown silt
loam. In some places the surface layer is loam or very
fine sandy loam. In others it is very dark grayish brown
and is underlain by a grayish brown subsurface layer. In
cultivated areas it has been mixed with the silty clay sub-
soil. In some areas soft shale is at a depth of 35 to 50
inches.

Included with this unit in mapping are small areas of
Daglum and Grail soils. These soils make up 5 to 20 per-
cent of the unit. The Daglum soils are on plane and
slightly concave slopes. They are sodic and have a dense
subsoil at a depth of 5 to 15 inches. The Grail soils are not
underlain by soft bedrock and do not contain excess sodi-
um. They are on plane and slightly concave slopes in
swales. Also included are areas of the Savage and
Rhoades soils on high terraces along the Knife River. The
Savage soils are not underlain by soft bedrock.

Permeability is slow in the Regent soils and very slow
in the Rhoades soils. Available water capacity is moderate
in the Regent soils and low to moderate in the Rhoades
soils. Both soils contain a large amount of clay, and some
of the soil moisture is held under too much tension to be
extracted by plant roots. The Rhoades soils contain ex-
cess sodium and other salts, which also hold some of the
soil moisture under too much tension for the moisture to
be extracted by plant roots. Surface runoff is slow to
medium.

Roots are restricted by the dense subsoil in. the
Rhoades soils and the soft shale in the Regent soils. The
surface layer can be easily tilled within a narrow range in
-moisture content. The Rhoades soils are difficult to till
because the excess sodium disperses the clay particles.
Both soils tend to puddle and crust following heavy rains.
The shrink-swell potential is high. Potential frost action is
low. :

This map unit is used for cultivated crops and range-
land. It has fair potential for cultivated crops and range
grasses. The potential for windbreaks is poor. The poten-
tial for sewage lagoon areas is good, and the potential for
most other sanitary facilities is poor to fair. The potential
for recreation uses and for urban and residential uses is
fair. The Regent soils have good potential for openland
wildlife habitat and fair potential for rangeland wildlife

habitat. The Rhoades soils have poor to very poor poten-

tial for wildlife habitat.

The Regent soils are suited to wheat, barley, oats, and
grasses and legumes. The Rhoades soils are poorly suited
to crops. Stubble mulch, minimum tillage, crop residue
management, stripcropping, and green manure improve
tilth, maintain the . organic-matter content and fertility,
and help to control erosion. Grassed waterways help to
control erosion where water concentrates.

The use of these soils as rangeland, hayland, or
pastureland is effective in controlling erosion and in pro-
tecting the soil. Proper stocking rates, uniform distribu-
tion of grazing, and timely deferment of grazing keep the
pasture and the soil in good condition.

The Rhoades soils are generally unsuited to windbreaks
and environmental plantings because they: are sodic. The
Regent soils are suited to most trees and shrubs. Most of
the climatically suited species can grow fairly well.

These soils are suited to building site development and
most engineering uses. The Regent soils are better suited
than the Rhoades soils. The slow absorption of septic tank
effluent can be overcome by enlarging the absorption
field. If buildings are constructed on these soils, the ef-
fects of shrinking and swelling can be overcome by
strengthening foundations and basement walls. Capability
subclass IIle; Regent soils in Clayey range site, Rhoades
soils in Thin Claypan range site.

74C—Regent-Rhoades complex, 6 to 9 percent slopes.
This map unit consists of moderately deep and deep,
moderately sloping, well drained soils on residual uplands.
It is crossed by a few shallow drainageways that in places
are gullied. Individual areas are irregular in shape and
range from about 10 to 80 acres in size. Slopes are
generally long and smooth.

Areas of this map unit are about 50 to 70 percent Re-
gent soils and 20 to 40 percent Rhoades soils. The Regent
soils are on plane and convex slopes. The Rhoades soils
are on the plane and slightly concave lower slopes and in
swales. Scabby spots are evident in the areas of Rhoades
soils. The two soils are so intricately mixed and are in
areas so small that it is not practical to separate them in
mapping.

Typically, the Regent soils have a dark grayish brown
silty clay loam surface layer about 6 inches thick. The
subsoil is about 28 inches thick. It is dark grayish brown
silty clay in the upper part, grayish brown silty clay in
the next part, and grayish brown silty clay loam in the
lower part. Pale olive, soft shale is at a depth of about 34
inches. In places the surface layer is lighter colored.

Typically, the Rhoades soils have a grayish brown silt
loam surface layer about 2 inches thick. The subseil is
silty clay about 19 inches thick. It is very dark grayish
brown in the upper part and dark grayish brown in the
lower part. It contains few to common visible salt
crystals. The substratum to a depth of about 60 inches is
grayish brown silty clay loam over grayish brown silt
loam. In some places the surface layer is silt loam, loam,
or very fine sandy loam. In others it is very dark grayish
brown and is underlain by a grayish brown subsurface
layer. In cultivated areas it has been mixed with the silty
clay subsoil. In places soft shale is at a depth of 35 to 50
inches.

Included with the unit in mapping are small areas of
Daglum and Grail soils. These soils make up 5 to 20 per-
cent of the unit. The Daglum soils are on plane and
slightly concave slopes. They are sodic and have a dense
subsoil at a depth of 5 to 15 inches. The Grail soils are not
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underlain by soft bedrock and do not contain excess sodi-
um. They are on plane and slightly concave slopes in
swales.

Permeability is slow in the Regent soils and very slow
in the Rhoades soils. Available water capacity is moderate
in the Regent soils and low to moderate in the Rhoades
soils. Both soils contain a large amount of clay, and some
of the soil moisture is held under too much tension to be
extracted by plant roots. The Rhoades soils contain ex-
cess sodium and other salts, which also hold some of the
soil moisture under too much tension for the moisture to
be extracted by plant roots. Surface runoff is medium.

Roots are restricted by the dense subsoil in the
Rhoades soils and the soft shale in the Regent soils. The
surface layer can be easily tilled within a narrow range in
moisture content. The Rhoades soils are difficult to till
because the excess sodium disperses the clay particles.
Both soils tend to puddle and crust following heavy rains.
The shrink-swell potential is high. Potential frost action is
low.

This map unit is used for cultivated crops and range-
land. It has poor potential for cultivated crops and fair
potential for range grasses. It has poor potential for
windbreaks and poor to fair potential for most sanitary
facilities. The potential for urban and residential uses and
recreation areas is poor to fair. The Regent soils have fair
potential for openland and rangeland wildlife habitat. The
Rhoades soils have poor to very poor potential for wil-
dlife habitat.

These soils are poorly suited to wheat, oats, barley, and
grasses and legumes. Grassed waterways and diversions
help to control erosion where water concentrates in
drainageways. Stubble mulch, minimum tillage, crop
residue management, and stripcropping help to control
erosion and maintain the organic-matter content, tilth,
and fertility.

The use of these soils as rangeland, pastureland, or
hayland is effective in controlling erosion and in protect-
ing the soil. Proper stocking rates, uniform grazing dis-
tribution, timely deferment of grazing, and a planned
grazing system keep the soil and the pasture in good con-
dition.

The Rhoades soils are generally unsuited to trees and
shrubs grown as windbreaks and environmental plantings
because they are sodic. The Regent soils are suited to
most trees and shrubs. Most climatically suited species
can grow fairly well.

These soils are suited to building site development and
most engineering uses. The Regent soils are better suited
than the Rhoades soils. The slow absorption of septic tank
effluent can be overcome by enlarging the aborption field.
If buildings are constructed on these soils, the effects of
shrinking and swelling can be overcome by strengthening
foundations and basement walls. Capability subclass IVe;
Regent soils in Clayey range site, Rhoades soils in Thin
Claypan range site.

75—Belfield-Daglum silt loams, 1 to 3 percent slopes.
This map unit consists of deep, nearly level, well drained

soils in swales and on terraces and uplands. It is crossed
by fairly well defined, shallow drainageways in most
places, but the drainage pattern fans out and is indistinct
in some places. Individual areas are irregular in shape
and are mostly less than 40 acres in size. They are about
40 to 65 percent Belfield soils and 20 to 40 percent
Daglum soils. Slopes are long and smooth. The two soils
are so intricately mixed and are in areas so small that it
is not practical to separate them in mapping.

Typically, the Belfield soil has a surface layer of dark
grayish brown silt loam about 13 inches thick. The sub-
surface layer is dark grayish brown silty clay loam about
3 inches thick. The subsoil is silty clay about 16 inches
thick. It is dark grayish brown in the upper part and
grayish brown in the lower part. The substratum to a
depth of about 60 inches is silty clay loam. It is light
brownish gray in the upper part and light yellowish
brown in the lower part. In places the substratum is soft,
partly weathered bedrock below a depth of 36 inches. In
some places on terraces and in swales, it contains a dark
colored, old buried surface layer. In some areas the sur-
face layer is silty clay loam.

Typically, the Daglum soil has a surface layer of dark
grayish brown silt loam about 6 inches thick. The subsur-
face layer is grayish brown silt loam about 3 inches thick.
The subsoil is dark grayish brown silty clay loam about 9
inches thick. The substratum to a depth of about 60
inches is grayish brown silty clay loam over gray,
stratified silty clay and silty clay loam. In places soft
bedrock is below a depth of 36 inches. In some areas the
surface layer is silty clay loam.

Included with this unit in mapping are small areas of
Grail and Rhoades soils. These soils make up 5 to 20 per-
cent of the unit. The Grail soils are on plane and concave
slopes, and the Rhoades soils are in slightly concave
depressions. The Grail soils have a less dense subsoil than
the Belfield or Daglum soils. The Rhoades soils are shal-
lower to a dense subsoil than the Dalgum or Belfield soils.

Permeability is slow in the Belfield soil and very slow
in the Daglum soil. Available water capacity is high in the
Belfield soil and moderate in the Daglum soil. Both soils
contain a large amount of clay, and some of the soil
moisture is held under too much tension to be extracted
by plant roots. The soils also contain excess sodium salts.
Surface runoff is slow, and the soils receive some runoff
from the surrounding higher lying areas. The surface
layer can be easily tilled throughout a fairly wide range
in moisture content, but the silty clay loam surface layer
that is evident in some areas and the Rhoades soil tend to
crust or puddle following heavy rains. Roots are
restricted by the dense subsoil. The shrink-swell potential
is high. Potential frost action is low.

Most areas are cultivated. This map unit has fair poten-
tial for cultivated crops. It has good potential for range
grasses. The Belfield soil has fair potential and the
Daglum soil poor potential for windbreaks. The potential
for septic tank absorption fields is fair, and the potential
for other onsite waste disposal systems is good. The
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potential for residential and urban uses and for recreation
uses is fair. The potential for openland and rangeland wil-
dlife habitat is fair to poor.

These soils are suited to wheat, oats, barley, and
grasses and legumes. Stubble mulch, minimum tillage, and
legumes help to control soil blowing and water erosion. If
topsoil in grassed waterways is replaced, seeding in the
exposed sodic subsoil can be avoided. Grassed waterways
and diversions help to control the runoff that sometimes
concentrates and tends to gully drainageways.

The use of these soils as rangeland, pastureland, or
hayland is effective in controlling erosion and in protect-
ing the soil. Proper stocking rates and uniform distribu-
t(:iion of grazing keep the pasture and the soil in good con-

ition.

The Belfield soil is suited to windbreaks. Some of the
climatically suited trees and shrubs can grow well. The
Daglum soil is generally unsuited to windbreaks because
of the dense, sodic subsoil.

These soils are suited to building site development and
most engineering uses. The Belfield soil is generally
better suited than the Daglum soil. The slow absorption
of septic tank effluent can be overcome by enlarging the
absorption field. If buildings are constructed on these
soils, the effects of shrinking and swelling can be over-
come by strengthening foundations and basement walls.
Capability subclass IIIs; Belfield soil in Clayey range site,
Daglum soil in Claypan range site.

75B—Belfield-Daglum silt loams, 3 to 6 percent
slopes. This map unit consists of deep, gently sloping,
well drained soils in swales on terraces and uplands. It is

crossed by fairly well defined, shallow drainageways in’

most places, but the drainage pattern fans out and is in-
distinet in some places. Individual areas are irregular in
shape and are mostly less than 40 acres in size. They are
40 to 60 percent Belfield soils and 20 to 40 percent
Daglum soils. Slopes are long and smooth. The two soils
are so intricately mixed and are in areas so small that it
is not practical to separate them in mapping.

Typically, the Belfield soil has a surface layer of dark
grayish brown silt loam about 13 inches thick. The sub-
surface layer is dark grayish brown silty clay loam about
3 inches thick. The subsoil is silty clay about 16 inches
thick. It is dark grayish brown in the upper part and
grayish brown in the lower part. The substratum to a
depth of about 60 inches is silty clay loam. It is light
brownish gray in the upper part and light yellowish
brown in the lower part. In places the substratum is soft,
partly weathered bedrock below a depth of 36 inches. In
some places on terraces and in swales, it contains a dark
colored, old buried surface layer. In some areas the sur-
face layer is silty clay loam.

Typically, the Daglum soil has a surface layer of dark
grayish brown silt loam about 6 inches thick. The subsur-
face layer is grayish brown silt loam about 8 inches thick.
The subsoil is dark grayish brown silty clay loam about 9
inches thick. The substratum to a depth of about 60
inches is grayish brown silty clay loam over gray,

stratified silty clay and silty clay loam. In places soft
bedrock is below a depth of 36 inches. In some areas the
surface layer is silty clay loam.

Included with this unit in mapping are small areas of
Grail, Rhoades, and Moreau soils. These soils make up 5
to 20 percent of the unit. The Grail soils are on plane and
concave slopes; the Rhoades soils are in small, slight
depressions; and the Moreau soils are on convex slopes.
The Grail soils have a less dense subsoil than the Belfield
and Daglum soils. The Rhoades soils are shallower to a
dense subsoil than the Daglum and Belfield soils. The
Moreau soils have a less dense subsoil than Belfield or
Daglum soils and are underlain by soft bedrock at a depth
of 20 to 40 inches.

Permeability is slow in the Belfield soil and very slow
in the Daglum soil. Available water capacity is high in the
Belfield soil and moderate in the Daglum soil. Both soils
contain a large amount of clay, and some of the soil
moisture is held under too much tension to be extracted
by plant roots. The soils also contain excess sodium salts.
Surface runoff is medium, and the soils receive some ru-
noff from the surrounding higher lying areas. The surface
layer can be easily tilled throughout a fairly wide range
in moisture content. The silty clay loam surface layer that
is evident in some areas and the Rhoades soil, however,
tend to crust or puddle following heavy rains. Roots are
restricted by the dense subsoil. Potential frost action is
low. The shrink-swell potential is high.

Most areas are cultivated. This map unit has poor
potential for cultivated crops. It has good potential for
range grasses. The Belfield soil has fair potential and the
Daglum soil poor potential for windbreaks. Both soils
have fair potential for septic tank absorption fields and
good to poor potential for other onsite waste disposal
systems. The potential for residential and urban uses and
for recreation uses is fair. The potential for pond reser-
voir areas is good, and the potential for other water
management uses is fair to poor. The potential for open-
land and rangeland wildlife habitat is fair to poor.

These soils are poorly suited to wheat, oats, barley, and
grasses and legumes. Stubble mulch, deep-rooted legumes,
minimum tillage, and manure help to control soil blowing
and water erosion and maintain tilth, fertility, and or-
ganic-matter content. Grassed waterways and diversions
help to control erosion where water concentrates in
drainageways. Replacing topsoil helps to establish grasses
in waterways where the dense, sodic subsoil is exposed.

The use of these soils as rangeland, pastureland, or
hayland is effective in controlling erosion and in protect-
ing the soil. Proper stocking rates and uniform distribu-
tion of grazing keep the pasture and the soil in good con-
dition.

The Belfield soil is suited to windbreaks and environ-
mental plantings. Some of the climatically suited trees
and shrubs can grow well. The Daglum soil is generally
unsuited to windbreaks because of the dense, sodic sub-
soil.
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These soils are suited to building site development and
most engineering uses. The Belfield soil is generally
better suited than the Daglum soil. The slow absorption
of septic tank effluent can be overcome by enlarging the
absorption field. If buildings are constructed on these
soils, the effects of shrinking and swelling can be over-
come by strengthening foundations and basement walls.
Capability subclass IIIe; Belfield soil in Clayey range site,
Daglum seil in Claypan range site.

75C—Belfield-Daglum silt loams, 6 to 9 percent
slopes. This map unit consists of deep, moderately slop-
ing, well drained soils in swales on uplands and on valley
foot slopes. It is crossed by well defined drainageways.
Individual areas are irregular in shape and are mostly
less than 20 acres in size. They are about 40 to 65 percent
Belfield soils and 20 to 40 percent Daglum soils. Slopes
are smooth and vary greatly in length. The two soils are
so intricately mixed and are in areas so small that it is
not practical to separate them in mapping.

Typically, the Belfield soil has a surface layer of dark
grayish brown silt loam about 10 inches thick. The sub-
surface layer is dark grayish brown silty clay loam about
3 inches thick. The subsoil is silty clay about 14 inches
thick. It is dark grayish brown in the upper part and
grayish brown in the lower part. The substratum to a
depth of about 60 inches is silty clay loam. It is light
brownish gray in the upper part and light yellowish
brown in the lower part. In places the substratum is soft,
partly weathered bedrock below a depth of 36 inches. In
some places in swales, the substratum contains a dark
colored, old buried surface layer. In some areas the sur-
face layer is silty clay loam.

Typically, the Daglum soil has a surface layer of dark
grayish brown silt loam about 5 inches thick. The subsur-
face layer is grayish brown silt loam about 2 inches thick.
The subsoil is dark grayish brown silty clay loam about 7
inches thick. The substratum to a depth of about 60
inches is grayish brown silty clay loam over gray,
stratified silty clay and silty clay loam. In places soft
bedrock is below a depth of 36 inches. In some areas the
surface layer is silty clay loam. '

Included with this unit in mapping are small areas of
Grail, Regent, and Rhoades soils. These soils make up 5 to
20 percent of the unit. The Grail soils are on plane and
concave slopes, the Regent soils are on convex slopes, and
the Rhoades soils are in small, slight depressions. The
Grail soils have a less dense subsoil than the Belfield or
Daglum soils. The Rhoades soils are shallower to a dense
subsoil than the Daglum or Belfield soils. The Regent
soils have a less dense subsoil than the Belfield or
Daglum soils and are underlain by soft bedrock at a depth
of 20 to 40 inches.

Permeability is slow in the Belfield soil and very slow
in the Daglum soil. Available water capacity is high in the
Belfield soil and moderate in the Daglum soil. Both soils
contain a large amount of clay, and some of the soil
moisture is held under too much tension to be extracted
by plant roots. The soils also contain excess sodium salts.

Surface runoff is medium, and the soils receive some ru-
noff from the surrounding higher lying areas. The surface
layer can be easily tilled throughout a fairly wide range
in moisture content. The silty clay loam surface layer that
is evident in some areas and the Rhoades soil, however,
tend to crust or puddle following heavy rains. Roots are
restricted by the dense subsoil. Potential frost action is
low. The shrink-swell potential is high.

Most areas are used as rangeland or native hayland.
The potential for range grasses is good, and the potential
for most crops is poor. The Belfield soil has fair potential
and the Daglum soil poor potential for windbreaks. Both
soils have fair to poor potential for waste disposal facili-
ties, most engineering uses, and recreation uses. They
have fair to poor potential for openland and rangeland
wildlife habitat.

These soils are poorly suited to wheat, oats, barley, and
grasses and legumes. Stubble mulch, minimum tillage,
manure, and deep-rooted legumes help to control soil
blowing and water erosion and maintain tilth, organic-
matter content, and fertility. Grassed waterways and
diversions help to control erosion where water concen-
trates in drainageways. Replacing topsoil helps to
establish grasses in waterways where the dense, sodic
subsoil is exposed.

The use of these soils as rangeland, hayland, or
pastureland is effective in controlling erosion. Proper
stocking rates and uniform distribution of grazing keep
the pasture and the soil in good condition.

The Belfield soil is suited to windbreaks and environ-
mental plantings. Some of the climatically suited trees
and shrubs can grow well. The Daglum soil is generally
unsuited to windbreaks because of the dense, sodic sub-
soil.

These soils are suited to building site development and
most engineering uses. The slow absorption of septic tank
effluent can be overcome by enlarging the absorption
field. If buildings are constructed on these soils, the ef-
fects of shrinking and swelling can be overcome by
strengthening foundations and basement walls. Capability
subclass IVe; Belfield soil in Clayey range site, Daglum
soil in Claypan range site.

76B—Sen-Rhoades complex, 3 to 6 percent slopes.
This map unit consists of moderately deep and deep,
gently sloping, well drained soils on residual uplands. It is
crossed by a few shallow drainageways that in places are
gullied. Individual areas are irregular in shape and range
from about 10 to 100 acres in size. Slopes are mostly long
and smooth.

Areas of this map unit are about 50 to 70 percent Sen
soils and 20 to 40 percent Rhoades soils. The Rhoades
soils are in areas where scabby spots are evident. The
Sen soils are on the plane and convex upper slopes. The
two soils are so intricately mixed and are in areas so
small that it is not practical to separate them in mapping.

Typically, the Sen soils have a surface layer of dark
grayish brown silt loam about 5 inches thick. The subsoil
is silt loam about 9 inches thick. It is brown in the upper
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part and light olive brown in the lower part. The sub-
stratum to a depth of about 31 inches is light yellowish
brown silt loam over light yellowish brown silty clay
loam. Between depths of 31 and 60 inches is soft sedimen-
tary bedrock that is light yellowish brown in the upper
part and pale olive in the lower part. In places the subsoil
is silty clay loam. In some areas the surface layer is
lighter colored.

Typically, the Rhoades soils have a surface layer of
grayish brown silt loam about 2 inches thick. The subsoil
is silty clay about 19 inches thick. It is very dark grayish
brown in the upper part and dark grayish brown in the
lower part. The substratum to a depth of about 60 inches
is grayish brown silty clay loam over grayish brown silt
loam. In some places the surface layer is very dark gray-
ish brown. In others it is loam or very fine sandy loam. In
tilled areas it has been mixed with the silty clay subsoil.
In places on uplands, soft shale is at a depth of 35 to 50
inches.

Included with this unit in mapping are small areas of
Grail soils in swales and Daglum soils on plane and
slightly concave slopes. These soils make up 5 to 20 per-
cent of the unit. The Grail soils are not underlain by soft
bedrock and do not contain excess sodium. The Daglum
soils have a dense subsoil at a depth of 5 to 15 inches.

Permeability and available water capacity are moderate
in the Sen soils. Permeability is very slow in the Rhoades
soils, and available water capacity is low to moderate.
Surface runoff is medium. The Sen soils can be easily
tilled throughout a fairly wide range in moisture content.
The Rhoades soils are difficult to till because excess sodi-
um salts disperse the clay particles. Because of the large
amount of clay and the excess salts in the Rhoades soils,
some of the soil moisture is held under too much tension
to be extracted by plant roots. Roots are restricted by
the soft bedrock in the Sen soils and the dense subsoil in
the Rhoades soils. The shrink-swell potential is moderate
in the Sen soils and high in the Rhoades soils. Potential
frost action is moderate in the Sen soils and low in the
Rhoades soils.

Most areas are in native grasses and are used as range-
land. Some areas are used for cultivated crops. The poten-
tial for range grasses and cultivated crops is fair. The
potential for windbreaks is poor. The potential for septic
tank absorption fields is fair, and the potential for other
sanitary facilities is poor to fair. The soils have fair
potential for community development and good to poor
potential for recreation areas. The Sen soils have fair
potential for openland and rangeland wildlife habitat, and
the Rhoades soils have poor to very poor potential for
wildlife habitat.

These soils are suited to wheat, oats, barley, and
grasses and legumes. Stubble mulch, manure, crop residue
management, and minimum tillage help to control soil
blowing and water erosion and maintain tilth and organic-
matter content. Grassed waterways and diversions help to
control erosion where water concentrates in
drainageways.

The use of these soils as rangeland, hayland, or
pastureland is effective in controlling erosion and in pro-
tecting the soil. Proper stocking rates, timely deferment
of grazing, and uniform distribution of grazing keep the
pasture in good condition.

The Sen soils are suited to windbreaks and environ-
mental plantings. Most of the climatically suited trees and
shrubs can grow well. The Rhoades soils are generally un-
suited to windbreaks because they have a dense, sodic
subsoil.

Both soils are suited to building site development and
most engineering uses. The depth to rock is a problem,
but the rock is soft and can be easily excavated. The slow
absorption of septic tank effluent can be overcome by en-
larging the absorption field. Capability subclass I1le; Sen
soils in Silty range site, Rhoades soils in Thin Claypan
range site.

76C—Sen-Rhoades complex, 6 to 9 percent slopes.
This map unit consists of moderately deep and deep,
moderately sloping, well drained soils on residual uplands.
It is crossed by a few shallow drainageways that in places
are gullied. Individual areas are irregular in shape and
range from about 5 to 40 acres in size. Slopes are mostly
long and smooth, and scabby spots are evident in the
areas of Rhoades soils.

Areas of this map unit are 50 to 70 percent Sen soils
and 20 to 40 percent Rhoades soils. The Rhoades soils are
on the plane and slightly concave lower slopes and in
swales. The Sen soils are on the plane and convex upper
slopes. The two soils are so intricately mixed and are in
areas so small that it is not practical to separate them in
mapping.

Typically, the Sen soils have a surface layer of dark
grayish brown silt loam about 5 inches thick. The subsoil
is silt loam about 9 inches thick. It is brown in the upper
part and light olive brown in the lower part. The sub-
stratum to a depth of about 31 inches is light yellowish
brown silt loam over light yellowish brown silty clay
loam. Between depths of 31 and 60 inches is soft sedimen-
tary bedrock that is light yellowish brown in the upper
part and pale olive in the lower part. In places the subsoil
is silty clay loam. In some areas the surface layer is
lighter colored.

Typically, the Rhoades soils have a surface layer of
grayish brown silt loam about 2 inches thick. The subsoil
is silty clay about 19 inches thick. It is very dark grayish
brown in the upper part and dark grayish brown in the
lower part. The substratum to a depth of about 60 inches
is grayish brown silty clay loam over grayish brown silt
loam. In some places the surface layer is very dark gray-
ish brown. In others it is loam or very fine sandy loam. In
tilled areas it has been mixed with the silty clay subsoil.
In some places on uplands, soft shale is at a depth of 35
to 50 inches.

Included with this unit in mapping are small areas of
Grail soils in swales and Daglum soils on plane and
slightly concave slopes. These soils make up 5 to 20 per-
cent of the unit. The Grail soils are not underlain by soft
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bedrock and do not contain excess sodium. The Daglum
soils have a dense subsoil at a depth of 5 to 15 inches.
Also included are small areas of Cabba soils on the con-
vex tops of knobs and ridges. These soils are underlain by
soft bedrock at a depth of 10 to 20 inches. They make up
about 5 percent of the unit.

Permeability and available water capacity are moderate
in the Sen soils. Permeability is very slow in the Rhoades
soils, and available water capacity is low to moderate.
Surface runoff is medium. The Sen soils can be easily
tilled throughout a fairly wide range in moisture content.
The Rhoades soils are difficult to till because excess sodi-
um salts disperse the clay particles. Because of the large
amount of clay and the excess salts in the Rhoades soils,
some of the soil moisture is held under too much tension
to be extracted by plant roots. Roots are restricted by
soft bedrock in the Sen soils and the dense subsoil in the
Rhoades soils. The shrink-swell potential is moderate in
the Sen soils and high in the Rhoades soils. Potential
frost action is moderate in the Sen soils and low in the
Rhoades soils.

Most areas are in native grasses and are used as range-
land. Some are used for cultivated crops. The potential

for rangeland is fair, and the potential for crops is poor.

These soils have poor potential for windbreaks and fair
potential for septic tank absorption fields, other sanitary
facilities, community development, and recreation uses.
The Sen soils have fair potential for openland and range-
land wildlife habitat. The Rhoades soils have poor to very
poor potential for wildlife habitat.

These soils are poorly suited to wheat, oats, barley, and
grasses and legumes. Stubble mulch, crop residue
management, minimum tillage, deep-rooted legumes, and
manure help to control erosion and maintain tilth, fertili-
ty, and organic-matter content. Grassed waterways and
diversions help to control erosion where water concen-
trates in drainageways.

The use of these soils as rangeland, pastureland, or
hayland is effective in controlling erosion and in protect-
ing the soil. Proper stocking rates, uniform grazing dis-
tribution, and a planned grazing system keep the pasture
and the soil in good condition.

The Sen soils are suited to windbreaks and environ-
mental plantings. Most of the climatically suited trees and
shrubs can grow well. The Rhoades soils are generally un-
suited to windbreaks because they have a dense, sodic
subsoil.

Both soils are suited to building site development and
most engineering uses. The depth to rock is a problem,
but the rock is soft and can be easily excavated. The slow
absorption of septic tank effluent can be overcome by en-
larging the absorption field. Capability subclass IVe; Sen
soils in Silty range site, Rhoades soils in Thin Claypan
range site.

77—Bowdle loam, 1 to 3 percent slopes. This deep,
nearly level, well drained soil is on terraces and glacial
outwash plains. It is moderately deep over sand and
gravel. Areas are crossed by a few indistinct

drainageways. Most are irregular in shape and less than
40 acres in size. Slopes are long and smooth.

Typically, the surface layer is dark grayish brown loam
about 7 inches thick. The subsoil is grayish brown loam
about 12 inches thick. The substratum is light brownish
gray and grayish brown loam about 5 inches thick. Below
this to a depth of about 60 inches is pale brown, stratified
sand and gravel. In some areas along the Missouri River,
the surface layer and subsoil are silt loam. In places the
depth to sand and gravel is about 15 inches. In some
areas the dark colors do not extend to so great a depth.

Included with this soil in mapping are small areas of
Arnegard soils in swales. These soils make up about 5 to
15 percent of the unit. They do not have sand and gravel
within a depth of 60 inches.

Permeability is moderate in the subsoil and rapid in the
sand and gravel. Available water capacity is moderate,
and surface runoff is slow. The surface layer is friable
and can be easily tilled throughout a fairly wide range in
moisture content. Roots are restricted by the sand and
gravel at a depth of about 24 inches. The shrink-swell
potential is low. Potential frost action is moderate.

Most areas are used for cultivated crops. Some are in
native grasses and used as rangeland. This soil has fair
potential for crops, good potential for range grasses, and
poor potential for windbreaks. It has good potential for
septic tank absorption fields and poor potential for most
other sanitary facilities. The potential for urban, re-
sidential, and recreation uses is good. The potential for
openland wildlife habitat is fair, and the potential for ran-
geland wildlife habitat is good.

This soil is suited to wheat, oats, barley, and grasses
and legumes. The hazard of soil blowing is moderate.
Striperopping, stubble mulch, crop residue management,
and minimum tillage help to control erosion and soil blow-
ing and maintain the organic-matter content and tilth.

The use of this soil as rangeland, pastureland, or hay-
land is effective in controlling erosion and in protecting
the soil. Proper stocking rates and uniform distribution of
grazing keep the pasture and the soil in good condition.

This soil is poorly suited to windbreaks and environ-
mental plantings. Some of the climatically suited trees
and shrubs can be grown, but survival, growth, and vigor
are not optimum.

This soil is well suited to building site development and
to onsite disposal of waste from septic tanks. Seepage is a
problem, and effluent can contaminate ground water.
Shoring trench walls can keep cutbanks in shallow ex-
cavations from caving. Capability subclass Ills; Silty
range site.

77B—Bowdle loam, 3 to 6 percent slopes. This deep,
gently sloping, well drained soil is on terraces and glacial
outwash plains. It is moderately deep over sand and
gravel. Areas are crossed by a few indistinct
drainageways. Most are irregular in shape and less than
40 acres in size. Slopes are mostly long and smooth.

Typically, the surface layer is dark grayish brown loam
about 7 inches thick. The subsoil is grayish brown loam



MERCER COUNTY, NORTH DAKOTA 49

about 12 inches thick. The substratum is light brownish
gray and grayish brown loam about 5 inches thick. Below
this to a depth of about 60 inches is pale brown, stratified
sand and gravel. In some areas along the Missouri River,
the surface layer and subsoil are silt loam. In places the
depth to sand and gravel is about 15 inches. In some
areas the dark colors do not extend to so great a depth.

Included with this soil in mapping are small areas of
Arnegard soils in swales. These soils make up about 5 to
15 percent of the unit. They do not have sand and gravel
within a depth of 60 inches.

Permeability is moderate in the subsoil and rapid in the
sand and gravel. Available water capacity is moderate,
and surface runoff is medium. The surface layer is friable
and can be easily tilled throughout a fairly wide range in
moisture content. Roots are restricted by the sand and
gravel at a depth of about 24 inches. The shrink-swell
potential is low. Potential frost action is moderate.

Most areas are used for cultivated crops. The rest are
in native grasses and are used as rangeland. This soil has
fair potential for crops, good potential for rangeland, and
poor potential for windbreaks. It has good potential for
septic tank absorption fields and poor potential for most
other sanitary facilities. The potential for urban, recrea-
tion, and residential uses is good. The potential for open-
land wildlife habitat is fair, and the potential for range-
land wildlife habitat is good.

This soil is suited to wheat, oats, barley, and grasses
and legumes. The hazards of soil blowing and water ero-
sion are moderate. Stripcropping, stubble mulch, crop
residue management, and minimum tillage help to control
erosion and soil blowing and maintain the organic-matter
content and tilth. Grassed waterways help to control ero-
sion where water concentrates in drainageways.

The use of this soil as rangeland, pastureland, or hay-
land is effective in controlling erosion and in protecting
the soil. Proper stocking rates and uniform distribution of
grazing keep the pasture and the soil in good condition.

This soil is poorly suited to windbreaks and environ-
mental plantings. Some of the climatically suited trees
and shrubs can be grown, but survival, growth, and vigor
are not optimum,

This soil is well suited to building site development and
to onsite disposal of waste from septic tanks. Seepage is a
problem, and effluent can contaminate ground water.
Shoring trench walls can keep cutbanks in shallow ex-
cavations from caving. The slope is a limitation if the soil
is used as a site for playgrounds, but this limitation ecan
be overcome by cutting and filling. Capability subclass
ITle; Silty range site.

77C—Bowdle-Wabek complex, 6 to 9 percent slopes.
This map unit consists of deep, gently rolling, well
drained and excessively drained soils on terraces and out-
wash plains. In most areas it is dissected by shallow
drainageways. These soils are moderately deep and shal-
low over sand and gravel. Individual areas are mostly
long and narrow and are less than 20 acres in size. Slopes
are mostly short and smooth.

Areas of this map unit are about 55 to 70 percent Bow-
dle soils and 25 to 40 percent Wabek soils. The Bowdle
soils are on the plane or slightly concave, mid and lower
side slopes. The Wabek soils are on the tops of convex
ridges and knobs and on the upper side slopes. The two
soils are so intricately mixed or are in areas so small that
it is not practical to separate them in mapping.

Typically, the Bowdle soils have a dark grayish brown
loam surface layer about 5 inches thick. The subsoil is
grayish brown loam about 12 inches thick. The sub-
stratum is light brownish gray and grayish brown loam
about 5 inches thick. Below this to a depth of about 60
inches is pale brown, stratified sand and gravel. In some
areas along the Missouri River, the surface layer and sub-
soil are silt loam. In places the depth to sand and gravel
is about 15 inches. In some areas the dark colors do not
extend to so great a depth.

Typically, the Wabek soils have a dark grayish brown
gravelly sandy loam surface layer about 7 inches thick.
Below this to a depth of about 13 inches is grayish brown
gravelly coarse loamy sand. Between depths of about 13
and 60 inches is light brownish gray, stratified sand and
gravel. The surface layer varies in texture, particularly if
the soil has been plowed. In places the depth to sand and
gravel is about 14 to 20 inches.

Included with this unit in mapping are small areas of
Arnegard soils in swales. These soils make up 5 to 15 per-
cent of the unit. They do not have sand and gravel within
a depth of 60 inches.

Permeability is moderate in the subsoil of the Bowdle
soils and rapid in the sand and gravel. It is moderately
rapid in the surface layer of the Wabek soils and very
rapid in the sand and gravel. Available water capacity is
moderate in the Bowdle soils and low in the Wabek soils.
The surface layer is friable and can be easily tilled
throughout a fairly wide range in moisture content. Roots
are restricted by the sand and gravel at a depth of about
22 inches in the Bowdle soils and 13 inches in the Wabek
soils. The shrink-swell potential is moderate in the Bow-
dle soils and low in the Wabek soils. Potential frost action
is low in both soils. Surface runoff is medium.

Most areas are in native grass and used as rangeland.
Some are used for the cultivated crops commonly grown
in the county. These soils have fair potential for range-
land and poor potential for crops and windbreaks. They
have good potential for septic tank absorption fields and
poor potential for most other sanitary facilities. The
potential for recreation, urban, and residential uses is
good. The potential for openland wildlife habitat is fair to
poor, and the potential for rangeland wildlife habitat is
good to poor.

These soils are poorly suited to wheat, oats, barley, and
grasses and legumes because of the droughtiness result-
ing from the low available water capacity. The hazard of
soil blowing is moderate. Stripcropping, crop residue
management, and grasses in the cropping system help to
control erosion and soil blowing and maintain the organic-
matter content and tilth.
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The use of these soils as rangeland, pastureland, or
hayland is effective in controlling erosion. Proper stocking
rates and uniform distribution of grazing keep the
pasture and the soil in good condition.

The Bowdle soils are poorly suited to windbreaks and
environmental plantings. Some of the climatically suited
trees and shrubs can be grown, but survival, growth, and
vigor are not optimum. The Wabek soils are generally un-
suited to trees and shrubs because of the low available
water capacity and droughtiness.

These soils are well suited to building site development
and to onsite disposal of waste from septic tanks. Seepage
is a problem, and effluent can reach ground water sup-
plies. Shoring trench walls can keep cutbanks in shallow
excavations from caving. Alternative sites should be
selected for playgrounds. Capability subclass IVe; Bowdle
soils in Silty range site, Wabek soils in Very Shallow
range site.

78B—Noonan-Flaxton fine sandy loams, 1 to 6 per-
cent slopes. This map unit consists of deep, nearly level
to undulating, well drained soils on glacial till plains that
are generally dissected by a few shallow drainageways.
Individual areas are irregular in shape and range from 10
to 150 acres in size. Slopes are mostly short and smooth.

Areas of this map unit are about 50 to 75 percent
Noonan soils and 20 to 40 percent Flaxton soils. The
Noonan sofls are on plane and convex slopes. The Flaxton
soils are on plane and slightly concave slopes. The two
soils are so intricately mixed or are in areas so small that
it is not practical to separate them in mapping.

Typieally, the Noonan soils have a dark grayish brown
fine sandy loam surface layer about 6 inches thick. The
subsurface layer is gray fine sandy loam about 3 inches
thick. The subsoil is clay loam about 20 inches thick. It is
dark grayish brown in the upper part and grayish brown
in the lower part. The substratum, to a depth of about 50
inches, is light brownish gray clay loam glacial till. Light
olive gray, soft shale is at a depth of about 50 inches. In
places the shale is at a depth of about 35 inches. In some
areas the subsoil is at a depth of about 15 inches, and the
subsurface layer is loamy fine sand.

Typically, the Flaxton soils have a dark grayish brown
fine sandy loam surface layer about 11 inches thick. The
subsoil is about 27 inches thick. It is grayish brown fine
sandy loam in the upper part and grayish brown and light
brownish gray clay loam in the lower part. The sub-
stratum to a depth of about 60 inches is light olive gray
and pale olive clay loam glacial till. In places light olive
gray shale is about 50 inches from the surface.

Included with this unit in mapping are small areas of
Williams soils on the convex tops of knobs and ridges and
Rhoades soils on plane and slightly concave slopes and in
swales. These soils make up 5 to 20 percent of the unit.
The Williams soils do not have a fine sandy loam surface
layer. The Rhoades soils contain excess sodium and have
a dense subsoil at a depth of 2 to 5 inches. Also included
are a few severely eroded areas and a few areas where
slopes are more than 9 percent.

Permeability is moderately rapid in the surface layer of
the Noonan soils and slow in the subsoil and substratum.
It is moderately rapid in the fine sandy loam of the Flax-
ton soils and moderately slow in the subsoil. The Noonan
soils contain excess sodium. Roots are restricted in the
Noonan soils by the dense subsoil at a depth of about 9
inches. The surface layer of both soils is friable and can
be easily tilled throughout a wide range in moisture con-
tent. Surface runoff is slow to medium. The shrink-swell
potential is moderate. Potential frost action also is
moderate. Available water capacity is moderate in the
Noonan soils and high in the Flaxton soils.

Most areas are in native grasses and are used as range-
land. Some are used for cultivated crops. These soils have
fair potential for rangeland, recreation uses, community
development, and most sanitary facilities. They have poor
potential for windbreaks and most crops. The Noonan
soils have poor potential for openland wildlife habitat and
very poor potential for rangeland wildlife habitat. The
Flaxton soils have good potential for openland wildlife
habitat and fair potential for rangeland wildlife habitat.

These soils are suited to wheat, oats, barley, and
grasses and legumes. The hazard of soil blowing is severe.
Striperopping, crop residue management, and minimum
tillage help to control erosion and soil blowing and keep
the s0il in good condition.

The use of these soils as rangeland, pastureland, or
hayland is effective in controlling erosion and in protect-
ing the soil. Proper stocking rates, uniform grazing dis-
tribution, timely deferment of grazing, and a planned
grazing system keep the pasture and the soil in good con-
dition.

The Flaxton soils are suited to windbreaks and environ-
mental plantings. Some of the climatically suited trees
and shrubs can grow well. The Noonan soils generally are
unsuited to trees and shrubs because they have a sodic
subsoil.

Both soils are suited to building site development and
most engineering uses. The slow absorption of septic tank
effluent can be overcome by enlarging the absorption
field. If buildings are constructed on these soils, the ef-
fects of shrinking and swelling can be overcome by
strengthening foundations and basement walls. Capability
subclass IVe; Noonan soils in Claypan range site, Flaxton
soils in Sandy range site.

79B—Moreau silty clay, 3 to 6 percent slopes. This
moderately deep, gently sloping, well drained soil is on
residual uplands. Slopes are plane or convex and mostly
long and smooth. Areas are crossed by a few shallow
drainageways that in places are gullied. They are irregu-
lar in shape and range from about 10 to 80 acres in size.

Typically, the surface layer is dark grayish brown silty
clay about 7 inches thick. The subsoil is silty clay about 14
inches thick. The upper part is dark grayish brown, and
the lower part is light brownish gray and light yellowish
brown. The substratum is light yellowish brown and light
olive gray silty clay about 7 inches thick. Light olive gray,
soft shale is at a depth of about 28 inches. In some places
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the surface layer is silty clay loam. In others it is lighter
colored.

Included with this soil in mapping are small areas of
Grail soils in swales, Rhoades soils on plane and slightly
~ concave slopes, and Wayden soils on convex knobs, hills,
and ridges. These soils make up 5 to 20 percent of the
unit. The Grail soils are not underlain by soft bedrock and
are dark colored to a greater depth than this Moreau soil.
The Rhoades soils contain excess sodium and have a
dense subsoil at a depth of 2 to 5 inches. The Wayden
soils have soft bedrock within a depth of 20 inches.

Permeability is slow, and available water capacity is
low to moderate. Runoff is medium. Because this soil con-
tains a large amount of clay, some of the moisture is held
under too much tension to be extracted by plant roots.
The surface layer is firm and is difficult to till unless it is
at the optimum moisture content. Roots are restricted by
the soft shale at a depth of about 28 inches. The shrink-
swell potential is high. Potential frost action is low.

Most areas are cultivated. Some are in native grass and
are used as rangeland. This soil has fair potential for
crops, rangeland, recreation uses, and windbreaks. The
potential for sanitary facilities and most community
developments is poor to fair. The potential for openland
wildlife habitat is fair, and the potential for rangeland
wildlife habitat is poor.

This soil is suited to wheat, oats, barley, and grasses
and legumes. The hazards of soil blowing and water ero-
sion are moderate. Stripcropping, stubble mulch, crop
residue management, windbreaks, and grassed waterways
help to control soil blowing and water erosion. They also
maintain tilth, organic-matter content, and fertility.

The use of this soil as rangeland, pastureland, or hay-
land is effective in controlling erosion and in protecting
the soil. Proper stocking rates and uniform distribution of
grazing keep the pasture and the soil in good condition.

This soil is suited to windbreaks and environmental
plantings. Many of the climatically suited trees and
shrubs can grow well.

This soil is poorly suited to building site development
and most engineering uses. The slow absorption of septic
tank effluent can be overcome by enlarging the absorp-
tion field. The depth to rock is a problem, but the rock is
soft and can be easily excavated. If buildings are con-
structed on these soils, the effects of shrinking and
swelling can be overcome by strengthening foundations
and basement walls. Capability subclass IIle; Clayey
range site.

79C—Moreau silty clay, 6 to 9 percent slopes. This
moderately deep, moderately sloping, well drained soil is
on residual uplands. Slopes are plane or convex and
mostly long and smooth. Areas are crossed by shallow
drainageways that in places are gullied. They are irregu-
lar in shape and range from about 10 to more than 100
acres in size.

Typically, the surface layer is dark grayish brown silty
clay about 7 inches thick. The subsoil is silty clay about 14
inches thick. The upper part is dark grayish brown, and

the lower part is light brownish gray and light yellowish
brown. The substratum is light yellowish brown and light
olive gray silty clay about 7 inches thick. Light olive gray,
soft shale is at a depth of about 28 inches. In some places
the surface layer is silty clay loam. In others it is lighter
colored.

Included with this soil in mapping are small areas of
Grail soils in swales, Rhoades soils on plane and slightly
concave slopes, and Wayden soils on convex knobs, hills,
and ridges. These soils make up 5 to 20 percent of the
unit. The Grail soils are not underlain by soft bedrock and
are dark colored to a greater depth than this Moreau soil.
The Rhoades soils contain excess sodium and have a
dense subsoil at a depth of 2 to 5 inches. The Wayden
soils have soft bedrock within a depth of 20 inches.

Permeability is slow, and available water capacity is
low to moderate. Runoff is medium. Because this soil con-
tains a large amount of clay, some of the moisture is held
under too much tension to be extracted by plant roots.
The surface layer is firm and is difficult to till unless it is
at the optimum moisture content. Roots are restricted by
the soft shale at a depth of about 28 inches. The shrink-
swell potential is high. Potential frost action is low.

Some areas are cultivated, and the rest are in native
grasses and are used as rangeland. This soil has poor
potential for crops and fair potential for rangeland,
recreation uses, and windbreaks. It has poor potential for
sanitary facilities and for urban and residential uses. The
potential for openland wildlife habitat is fair and the
potential for rangeland wildlife habitat is poor.

This soil is poorly suited to wheat, oats, barley, and
grasses and legumes. The hazards of soil blowing and
water erosion are severe. Stripcropping, cultivation across
the slope, stubble mulch, crop residue management, wind-
breaks, and grassed waterways help to control erosion
and soil blowing.

The use of this soil as rangeland, pastureland, or hay-
land is effective in controlling erosion and in protecting
the soil. Overgrazing reduces the plant cover and in-
creases the risk of erosion. Proper stocking rates, uniform
grazing distribution, timely deferment of grazing, and a
planned grazing system keep the range and the pasture in
good condition.

This soil is suited to windbreaks and environmental
plantings. Many of the climatically suited trees and
shrubs can grow well.

This soil is poorly suited to building site development
and most engineering uses. The slow absorption of septic
tank effluent can be overcome by enlarging the absorp-
tion field. The depth to rock is a problem, but the rock is
soft and can be easily excavated. If buildings are con-
structed on this soil, the effects of shrinking and swelling
can be overcome by strengthening foundations and base-
ment walls. Capability subclass IVe; Clayey range site.

79D—Wayden-Moreau silty clays, 9 to 15 percent
slopes. This map unit consists of shallow and moderately
deep, strongly sloping, excessively drained and well
drained soils on residual uplands. It is dissected by shal-
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low drainageways that in places are gullied. Individual
areas are about 50 to 75 percent Wayden soils and 20 to
40 percent Moreau soils. The Wayden soils are on the con-
vex tops of ridges, knobs and hills. The Moreau soils are
on the plane and convex, mid and lower side slopes. The
two soils are so intricately mixed or are in areas so small
that it is not practical to separate them in mapping.

Typically, the Wayden soils have a grayish brown and
pale olive silty clay surface layer about 3 inches thick.
The substratum, to a depth of about 12 inches, is pale
olive silty clay over light olive gray silty clay. Light gray,
soft shale is at a depth of about 12 inches. In places the
surface layer is silty clay.

Typically, the Moreau soils have a dark grayish brown
silty clay surface layer about 7 inches thick. The subsoil is
silty clay about 14 inches thick. The upper part is dark
grayish brown, and the lower part is light brownish gray
and light yellowish brown. The substratum is light yel-
lowish brown and light olive gray silty clay about 7 inches
thick. Light olive gray, soft shale is at a depth of about 28
inches. In some places the surface layer is silty clay loam.
In others it is lighter colored.

Included with this unit in mapping are small areas of
Grail soils in swales and Rhoades soils in swales and on
plane slopes. These soils make up 5 to 20 percent of the
unit. The Grail soils are not underlain by soft bedrock and
are dark colored to a greater depth than the Wayden or
Moreau soils. The Rhoades soils contain excess sodium
and have a dense subsoil at a depth of 2 to 5 inches.

Permeability is slow in the Wayden and Moreau soils.
Available water capacity is low or moderate in the
Moreau soils and very low or low in the Wayden soils.
Surface runoff is rapid. Because both soils contain a large
amount of clay, some of the soil moisture is held under
too much tension to be extracted by plant roots. Roots
are restricted by the soft bedrock at a depth of about 12
inches in the Wayden soils and 28 inches in the Moreau
soils. The surface layer is firm. The shrink-swell potential
is high. Potential frost action is low.

Most areas are in native grasses and are used as range-
land. These soils have fair potential for range grasses.
The Wayden soils have poor potential and the Moreau
soils fair potential for windbreaks. The potential for cul-
tivated crops, sanitary facilities, community development,
recreation areas, and openland and rangeland wildlife
habitat is poor.

These soils generally are unsuited to cultivated crops
because available water capacity is very low or low, and
the root zone is limited.

The use of these soils as rangeland is effective in con-
trolling erosion and in protecting the soil. Maintaining an
adequate plant cover and ground mulch helps to prevent
excessive soil losses and improves the moisture supplying
capacity by reducing runoff.

The Wayden soils generally are unsuited to windbreaks
and environmental plantings because of the shallowness
to soft bedrock and the very low or low available water
capacity. The Moreau soils are suited to windbreaks and

environmental plantings. Many of the climatically suited
trees and shrubs can grow well.

Both soils are poorly suited to building site develop-
ment and most engineering uses. The slow absorption of
septic tank effluent can be overcome by enlarging the ab-
sorption field. The depth to rock is a problem, but the
rock is soft and can be easily excavated. If buildings are
constructed on these soils, the effects of shrinking and
swelling can be overcome by strengthening foundations
and basement walls. Capability subclass VIe; Wayden
soils in Shallow range site, the Moreau soils in Clayey
range site.

81D—Cabba loam, 9 to 15 percent slopes. This shal-
low, strongly sloping, well drained soil is on residual
uplands. Most areas are dissected by drainageways that
in places are gullied. The areas are mostly irregular in
shape and range from about 10 to more than 200 acres in
size. Slopes are mostly long and smooth, but some are
short and uneven.

Typically, the surface layer is grayish brown loam
about 4 inches thick. Beneath this is a transitional layer
of light brownish gray loam or silt loam about 6 inches
thick. The substratum to a depth of 18 inches is pale yel-
low loam or silt loam. Between depths of 18 and 60 inches
is stratified, soft sedimentary bedrock that is pale yellow
in the upper part and light gray in the lower part. In
places the surface layer is silty clay loam, silt loam, or
very fine sandy loam. In some areas it is dark colored to
a greater depth. In some places the soft bedrock is at a
depth of about 20 to 25 inches, and in others it is within a
depth of 10 inches.

Included with this soil in mapping are small areas of
Arnegard and Grail soils in drainageways. These soils
make up 5 to 15 percent of the unit. They are dark
colored to a greater depth than this Cabba soil, have a
subsoil, and are not underlain by soft bedrock. Also in-
cluded are small areas of deep Straw soils on very narrow
flood plains along streams; sodic Belfield, Daglum, and
Rhoades soils in swales and on the lower side slopes; and
Badland, which is exposed soft bedrock. These included
areas make up 5 to 15 percent of the unit.

Permeability is moderate, and available water capacity
is low. Surface runoff is rapid. The surface layer is fria-
ble. Roots are restricted by the soft bedrock at a depth of
about 18 inches. The shrink-swell potential is moderate.
Potential frost action is moderate.

Most areas are used as rangeland. Some small areas are
used for cultivated crops. This soil has fair potential for
range grasses and for openland and rangeland wildlife
habitat. It has poor potential for cultivated crops and
windbreaks and for sanitary facilities and community
development. The potential for recreation uses is fair to
poor.

This soil generally is unsuited to cultivated crops
because it is shallow and because available water capacity
is low.

The use of this soil as rangeland is effective in con-
trolling erosion and in protecting the soil. Overstocking



MERCER COUNTY, NORTH DAKOTA 53

and overgrazing reduces the protective plant cover and
causes deterioration of the plant community. Proper
stocking rates, uniform grazing distribution, timely defer-
ment of grazing, and a planned grazing system keep the
range grasses and the soil in good condition.

This soil generally is unsuited to windbreaks and en-
vironmental plantings because of the low available water
capacity and the shallowness.

This soil is moderately well suited to building site
development and most engineering uses. The depth to
rock is a problem, but the rock is soft and can be easily
excavated. The slope is a limitation, but it can be over-
come by cutting and filling. Capability subclass VIe; Shal-
low range site.

81E—Cabba loam, 15 to 35 percent slopes. This shal-
low, moderately steep or steep, well drained soil is on
residual uplands. Most areas are dissected by
drainageways that are gullied in places. The areas are
mostly irregular in shape and range from about 50 to
1,000 acres in size. Slopes are mostly long and smooth, but
some are short and uneven.

Typically, the surface layer is grayish brown loam
about 2 inches thick. Beneath this is a transitional layer
of light brownish gray loam or silt loam about 6 inches
thick. The substratum to a depth of 16 inches is pale yel-
low loam or silt loam. Between depths of about 16 and 60
inches is stratified, soft sedimentary bedrock that is pale
yellow in the upper part and light zray in the lower part.
In places the surface layer is silty clay loam, silt loam, or
very fine sandy loam. In some areas it is dark colored to
a greater depth. In some places the soft bedrock is at a
depth of about 20 to 25 inches, and in others it is within a
depth of 10 inches.

Included with this soil in mapping are small areas of
Arnegard and Grail soils in drainageways. The soils make
up 5 to 15 percent of the unit. They are dark colored to a
greater depth than this Cabba soil, have a subsoil, and are
not underlain by soft bedrock. Also included, are small
areas of deep Straw soils on very narrow flood plains
along streams; sodic Belfield, Daglum, and Rhoades soils
in swales and on the lower side slopes; and Badland,
which is exposed soft bedrock. These included areas make
up 5 to 15 percent of the unit.

Permeability is moderate, and available water capacity
is low. Surface runoff is rapid. The surface layer is fria-
ble. Roots are restricted by the soft bedrock at a depth of
about 16 inches. The shrink-swell potential is moderate.
Potential frost action also is moderate.

Nearly all of the acreage is in native grasses and is
used as rangeland. This soil has fair potential for range-
land wildlife habitat and range grasses. It has poor poten-
tial for cultivated crops and windbreaks. The potential for
most recreation uses and for sanitary facilities and com-
munity development is poor. The potential for openland
wildlife habitat is very poor.

This soil generally is unsuited to cultivated crops
because of the shallowness, the low available water
capacity, and the slope.

The use of this soil as rangeland is effective in con-
trolling erosion and in protecting the soil. This soil
generally is fairly well suited to range grasses, but on
steep, south-facing slopes it is poorly suited. Cattle trails
and overgrazed areas are subject to gullying.
Overstocking and overgrazing reduce the protective plant
cover and cause deterioration of the plant community.
Proper stocking rates, uniform grazing distribution, time-
ly deferment of grazing, and a planned grazing system
keep the range grasses and the soil in good condition.
Diversions and grassed waterways help to control gully-
ing.

This soil generally is unsuited to windbreaks and en-
vironmental plantings because of the low available water
capacity and the shallowness.

This soil generally is unsuited to building site develop-
ment and most engineering uses. The depth to rock is a
problem, but the rock is soft and can be easily excavated.
The slope is a limitation, but it can be overcome. by
cutting and filling. Capability subclass VIle; Shallow
range site.

82E—Cabba-Badland complex, 15 to 50 percent
slopes. This map unit consists of moderately steep to
very steep, shallow, well drained Cabba soils and Badland
on residual uplands. Slopes are mostly long and smooth in
the areas of Cabba soils and short and uneven slopes in
the areas of Badland (fig. 8). Most areas are irregular in
shape, but some are long and narrow. The areas range
from about 50 to 500 acres in size. They are about 50 to
70 percent Cabba soils and 20 to 35 percent Badland. The
Cabba soils are on the convex upper side slopes, the
crests of ridges, and the tops of narrow ridges. Badland is
exposed soft bedrock that occupies the steeper points,
breaks, side slopes, and slumps.

Typically, the Cabba soils have a grayish brown loam
surface layer about 2 inches thick. Beneath this is a
transitional layer of light brownish gray loam or silt loam
about 6 inches thick. The substratum to a depth of about
16 inches is pale yellow loam or silt loam. Between depths
of about 16 and 60 inches is stratified, soft sedimentary
bedrock that is pale yellow in the upper part and light
gray in the lower part. In places, the dark colors extend
to a greater depth, and the surface layer is silty clay
loam, silt loam, or very fine sandy loam. In some areas
the soft bedrock is at a depth of about 20 to 25 inches,
and in others it is within a depth of 10 inches.

Included with this unit in mapping are small areas of
Cherry soils directly below Cabba and Grail soils in
swales and drainageways, Straw soils on very narrow bot-
tom land along streams, and the sodic Daglum and
Rhoades soils in swales and on the lower side slopes.
These included areas make up 5 to 20 percent of the unit.
The Grail soils are dark colored to a greater depth than
the Cabba soils and are not underlain by soft bedrock.
The Cherry soils are not underlain by soft bedrock. The
Straw soils are deep, are not underlain by soft bedrock,
and are subject to stream overflow. The Daglum and
Rhoades soils do not have soft bedrock within a depth of
40 inches and contain more clay than the Cabba soils.
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Permeability is moderate in the Cabba soils, and availa-
ble water capacity is low. Surface runoff is rapid or very
rapid. The surface layer is friable. Roots are restricted by
the soft bedrock at a depth of about 16 inches in the
Cabba soils. The shrink-swell potential is moderate.
Potential frost action also is moderate.

This map unit is used as rangeland. It has fair potential
for range grasses and rangeland wildlife habitat. It has
poor potential for cultivated crops, windbreaks, sanitary
facilities, community development, most recreation uses,
and openland wildlife habitat.

This map unit is generally unsuited to cultivated crops
because of the shallowness, the low available water
capacity, and the slope.

The use of the Cabba soils as rangeland is effective in
controlling erosion and in protecting the soil. The Cabba
soils generally are fairly well suited to range grasses, but
on the steeper south-facing slopes it is poorly suited.
Badland is very poorly suited. Cattle trails, overgrazed
areas, and the areas of Badland are subject to gullying.
Overstocking and overgrazing reduce the protective plant
cover and cause deterioration of the plant community.
Proper stocking rates, uniform grazing distribution, time-
ly deferment of grazing, and a planned grazing system
keep the range grasses and the soil in good condition.
Diversions and grassed waterways help to control gully-
ing in some areas.

This map unit generally is unsuited to windbreaks and
environmental plantings because of the low available
water capacity, the shallowness, and the slope.

This map unit generally is unsuited to building site
development and most engineering uses. The depth to
rock is a problem, but the rock is soft and can be easily
excavated. The slope is a limitation, but it can be over-
come by cutting and filling. Capability subclass VlIle;
Cabba soils in Shallow range site, Badland not assigned to
a range site.

83C—Vebar-Cohagen fine sandy loams, 3 to 9 percent
slopes. This map unit consists of gently sloping to
moderately sloping, well drained and somewhat excessive-
ly drained soils on residual uplands that are dissected by
shallow drainageways. The Vebar soils are on plane and
convex slopes. The Cohagen soils are on knolls and ridge
crests. Individual areas are irregular in shape and range
from 5 to more than 50 acres in size. They are about 50 to
80 percent Vebar soils and 20 to 50 percent Cohagen soils.

Typically, the Cohagen soils have a surface layer of
dark grayish brown fine sandy loam about 3 inches thick.
The substratum is fine sandy loam about 11 inches thick.
It is grayish brown in the upper part and light brownish
gray in the lower part. Light gray, soft sandstone is at a
depth of about 14 inches. On some ridgetops the depth to
sandstone is less than 10 inches.

Typically, the Vebar soils have a surface layer of very
dark grayish brown fine sandy loam about 5 inches thick.
The subsoil is fine sandy loam about 14 inches thick. It is
dark brown in the upper part, brown in the next part, and
light olive brown in the lower part. The substratum is

light yellowish brown, massive fine sandy loam about 6
inches thick. Pale yellow, soft sandstone is at a depth of
about 25 inches. In places the depth to soft sandstone is
more than 40 inches.

Included with this unit in mapping are small areas of
Arnegard and Parshall soils in swales and on the lower
side slopes and Rock outcrops on ridges and hilltops.
These included areas make up 5 to 15 percent of the unit.
Arnegard and Parshall soils do not have sandstone within
a depth of 40 inches and have a thicker dark colored sur-
face layer than the Vebar and Cohagen soils. Also, the
Arnegard soils have a texture of loam.

Permeability is moderately rapid. Available water
capacity is low in the Vebar soils and very low in the
Cohagen soils. Surface runoff is medium. The surface
layer is very friable. Roots are restricted by the soft
sandstone at a depth of about 25 inches in the Vebar soils
and 14 inches in the Cohagen soils. The shrink-swell
potential is low. Potential frost action is moderate.

Most areas are in native grasses and are used as range-
land. Some are cultivated and used for small grain. These
soils have good potential for most recreation uses, range
grasses, and openland and rangeland wildlife habitat.
They have fair potential for windbreaks and community
development. The Cohagen soils have fair potential for
openland wildlife habitat and poor potential for rangeland
wildlife habitat. Both soils have poor potential for small
grain and for most sanitary facilities.

These soils are poorly suited to wheat, oats, barley, and
grasses and legumes. The hazards of soil blowing and
water erosion are severe. Stubble mulch, minimum tillage,
cultivation across the slope, grassed buffer strips, grass-
legume rotations, stripcropping, and windbreaks help to
control soil blowing and erosion.

The use of these soils as rangeland, pastureland, or
hayland is effective in controlling erosion and in protect-
ing the soil. Proper stocking rates and uniform grazing
distribution keep the soil and the range grasses in good
condition.

The Vebar soils are suited to windbreaks and environ-
mental plantings. Some of the climatically suited trees
and shrubs can grow well. The Cohagen soils generally
are unsuited to trees and shrubs because they are
droughty and have a shallow root zone.

These soils are suited to building site development and
most engineering uses. The slow absorption of septic tank
effluent can be overcome by enlarging the absorption
field. Alternative sites, such as the included Arnegard and
Parshall soils, should be selected as absorption fields. The
depth to rock is a limitation if the soils are used as build-
ing sites, but the rock is soft and can be easily excavated.
Capability subclass IVe; Vebar soil in Sandy range site,
Cohagen soil in Shallow range site.

83E—Cohagen-Vebar fine sandy loams, 9 to 35 per-
cent slopes. This map unit consists of strongly sloping to
steep, somewhat excessively drained and well drained
soils on residual uplands. It is dissected by shallow
drainageways. Slopes are mostly long and smooth. In-
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dividual areas are irregular in shape and range from 20 to
more than 200 acres in size. They are about 45 to 70 per-
cent Cohagen soils and 20 to 35 percent Vebar soils.

The moderately steep and steep Cohagen soils are on
ridges and the upper side slopes. The strongly sloping
Vebar soils are on broad ridgetops and the mid and lower
side slopes. The two soils are so intricately mixed or are
in areas so small that it is not practical to separate them
in mapping.

Typically, the Cohagen soil has a surface layer of dark
grayish brown fine sandy loam about 3 inches thick. The
substratum is fine sandy loam about 11 inches thick. It is
grayish brown in the upper part and light brownish gray
in the lower part. Light gray, soft sandstone is at a depth
of about 14 inches. In some places on ridgetops, the depth
to sandstone is less than 10 inches.

Typically, the Vebar soil has a surface layer of very
dark grayish brown fine sandy loam about 5 inches thick.
The subsoil is fine sandy loam about 14 inches thick. It is
dark brown in the upper part, brown in the next part, and
light olive brown in the lower part. The substratum is
light yellowish brown, massive fine sandy loam about 6
inches thick. Pale yellow, soft sandstone is at a depth of
about 25 inches. In places the depth to soft sandstone is
more than 40 inches.

Included with this unit in mapping are small areas of
Arnegard and Parshall soils in swales and on the lower

side slopes and Rock outcrop on ridges and hilltops.

These included areas make up 5 to 15 percent of the unit.
The Arnegard and Parshall soils do not have sandstone
within a depth of 40 inches and have a thicker dark
colored surface layer than the Cohagen and Vebar soils.
Also, the Arnegard soils have a texture of loam.

Permeability is moderately rapid. Available water
capacity is very low in the Cohagen soil and low in the
Vebar soil. Surface runoff is medium to rapid. The sur-
face layer is very friable. Roots are restricted by the soft
sandstone at a depth of about 14 inches in the Cohagen
soil and 25 inches in the Vebar soil The shrink-swell
potential is low. Potential frost action is moderate.

Nearly all areas are in native grasses and are used as
rangeland. Some areas on the lower side slopes and in
swales are used for hay. These soils have good potential
for range grasses. They have poor potential for cultivated
crops, windbreaks, sanitary facilities, community develop-
ment, recreation uses, and openland and rangeland wil-
dlife habitat.

These soils generally are unsuited to cultivated crops
because of the shallowness and the slope.

The use of these soils as rangeland is effective in con-
trolling erosion and in protecting the soil. Overgrazing
and overstocking increase the risks of soil blowing and
water erosion. Proper stocking rates, uniform distribution
of livestock, deferred grazing, and a planned grazing
system keep the range and the soil in good condition.

The Cohagen soil generally is unsuited to trees and
shrubs because it is droughty and has a shallow root zone.
The Vebar soil is suited to trees and shrubs; some of the
climatically suited species can grow well.

These soils generally are unsuited to most engineering
uses because the Cohagen soil is moderately steep and
steep and is shallow over rock. Capability subclass Vlle;
Cohagen soil in Shallow range site, Vebar soil in Sandy
range site.

84E—Cohagen-Vebar-Rock outcrop complex, 9 to 50
percent slopes. This strongly sloping to very steep map
unit consists of Rock outcrop and somewhat excessively
drained and well drained soils on residual uplands. It is
dissected by shallow drainageways. Individual areas are
irregular in shape and range from 20 to more than 200
acres in size. They are about 40 to 70 percent Cohagen
soils, 10 to 30 percent Vebar soils, and 10 to 30 percent
Rock outerop.

The moderately steep to very steep Cohagen soils are
on ridges and the upper side slopes. The strongly sloping
Vebar soils are on broad ridgetops and the mid and lower
side slopes. The Rock outcrop, which is hard sandstone, is
on the tops and crests of ridges and on the upper side
slopes (fig. 9). The two soils and the Rock outerop are so
intricately mixed or are in areas so small that it is not
practical to separate them in mapping.

Typically, the Cohagen soil has a surface layer of dark
grayish brown fine sandy loam about 3 inches thick. The
substratum is fine sandy loam about 11 inches thick. It is
grayish brown in the upper part and light brownish gray
in the lower part. Light gray, soft sandstone is at a depth
of about 14 inches. In some places on ridgetops, the depth
to sandstone is less than 10 inches.

Typically, the Vebar soil has a surface layer of very
dark grayish brown fine sandy loam about 5 inches thick.
The subsoil is fine sandy loam about 14 inches thick. It is
dark brown in the upper part, brown in the next part, and
light olive brown in the lower part. The substratum is
light yellowish brown, massive fine sandy loam about 6
inches thick. Pale yellow, soft sandstone is at a depth of
about 25 inches. In places the depth to soft sandstone is
more than 40 inches.

Included with this unit in mapping are small areas of
Arnegard and Parshall soils in swales and on the lower
side slopes. These soils make up 5 to 15 percent of the
unit. The Arnegard and Parshall soils do not have sand-
stone within a depth of 40 inches and have a thicker dark
colored surface layer than the Vebar and Cohagen soils.
Also, the Arnegard soils have a texture of loam.

Permeability is moderately rapid. Available water
capacity is very low in the Cohagen soil and low in the
Vebar soil. Surface runoff is medium to rapid. The sur-
face layer is very friable. Roots are restricted by the soft
sandstone at a depth of about 14 inches in the Cohagen
soil and 25 inches in the Vebar soil. The shrink-swell
potential is low. Potential frost action is moderate.

All areas remain in native grass and are used as range-
land. These soils have fair potential for range grasses and
poor potential for crops, windbreaks, recreation uses, wil-
dlife habitat, and most engineering uses.

These soils generally are unsuited to cultivated crops
because of steep slopes and shallowness.



56 SOIL SURVEY

The use of these soils as rangeland is effective in con-
trolling erosion and in protecting the soil unless the ran-
geland is overgrazed. Gullying is a hazard in cattle trails
and drainageways. Proper stocking rates, uniform dis-
tribution of grazing, and a planned grazing system keep
the range grasses and the soil in good condition.

The Cohagen soil generally is unsuited to trees and
shrubs because it is droughty and has a shallow root zone.
The Vebar soil is suited to trees and shrubs; some cli-
matically suited species can grow well.

These soils generally are unsuited to most engineering
uses because the Cohagen soil is moderately steep to very
steep and shallow over rock. Capability subclass Vlle;
Cohagen soil in Shallow range site, Vebar soil in Sandy
range site, Rock outcrop not assigned to a range site.

85—Harriet Variant silt loam. This level, deep, poorly
drained, strongly saline soil is on low terraces and bottom
land. Most areas are crossed by a few shallow to well
defined drainageways. Some are occasionally flooded for a
brief period. Slopes are long and smooth. White saline
patches that are bare of vegetation are common. In-
dividual areas are mostly long and narrow and range
from about 5 to more than 80 acres in size.

Typically, the surface layer is dark grayish brown silt
loam about 6 inches thick. The subsoil is about 13 inches
thick. It is mottled, dark grayish brown silt loam in the
upper part and mottled, olive gray silty clay loam in the
lower part. The substratum to a depth of about 60 inches
is olive gray silty clay loam. It has thin strata of silty clay
in the upper part and olive clay loam in the lower part.
When the soil is dry, many salt crystals are evident in the
surface layer and the subsoil. In places the soil contains
more clay or more sand throughout. In some areas in
upland swales, the upper part is dark colored.

Included with this soil in mapping are small areas of
other poorly drained Harriet soils and well drained Straw
soils. These soils make up 5 to 15 percent of the unit. The
included Harriet soils contain more clay than this Harriet
soil and have a dense subsoil at a depth of 1 inch to 5
inches. The Straw soils are dark colored. They are on
plane slopes and are higher on the landscape than this
Harriet soil.

Permeability is slow, and available water capacity is
low. Surface runoff is slow. The soil is strongly saline and
contains excess sodium. As a result, much of the soil
moisture is unavailable to plant roots. The water table is
within a depth of 1 foot during most of the year. The
shrink-swell potential is high. Potential frost action also is
high.

Most areas are used as rangeland. Some small areas are
cultivated. This soil has good potential for salt-tolerant
range grasses and for wetland wildlife habitat. The poten-
tial for sanitary facilities, recreation uses, crops, wind-
breaks, and community development is poor.

This soil is generally unsuited to cultivated crops and to
windbreaks and environmental plantings because of the
high salinity and the seasonal high water table.

The use of this soil as rangeland, pastureland, or hay-
land is effective in controlling erosion and in protecting
the soil. Bare areas are subject to soil blowing. Proper
stocking rates, deferment of grazing during wet periods,
uniform grazing distribution, and a planned grazing
system keep the pasture and the soil in good condition.

This soil is generally unsuited to most engineering uses.
In this survey area it is generally not used as a building
site. Better suited sites are nearby. Capability subclass
VIs; Saline Lowland range site.

86E—Wabek soils, 3 to 25 percent slopes. These deep,
gently sloping to moderately steep, excessively drained
soils are on terrace edges and in glacial outwash areas.
They are shallow over sand and gravel. Most areas are
crossed by well defined, shallow drainageways. The areas
are mostly long and narrow or irregularly shaped and
range from about 10 to 40 acres in size. Slopes are mostly
short and smooth. These soils are so intricately mixed, are
in areas so small, and are used so similarly that it is not
practical to separate them in mapping.

Typically, the surface layer is dark grayish brown
gravelly sandy loam about 7 inches thick. The substratum
is grayish brown gravelly coarse loamy sand between
depths of 7 and 13 inches and light brownish gray,
stratified sand and gravel between depths of 13 and 60
inches. In some places on convex slopes, few to many cob-
bles and stones are on the surface. In any one area of this
unit, the surface layer is gravelly sandy loam, sandy loam,
loamy sand, gravelly loamy sand, loam, gravelly loam, or a
combination of these textures.

Included with this unit in mapping are small areas of
Parshall and Bowdle soils on the lower plane and convex
slopes. These soils make up less than 10 percent of the
unit. The Bowdle soils are moderately deep over sand and
gravel. The Parshall soils are fine sandy loam throughout.

Permeability is moderately rapid in the upper part of
these Wabek soils and very rapid in the lower part.
Available water capacity is very low. Surface runoff is
slow. Roots are restricted by the sand and gravel. The
shrink-swell potential is low. Potential frost action also is
low.

Nearly all areas are in native grasses and used as ran-
geland. These soils have fair potential for range grasses
and poor potential for most engineering and recreation
uses if slopes are less than 15 percent. The potential for
all sanitary waste disposal systems but septic tank ab-
sorption fields is poor. The potential for wildlife habitat is
poor.

These soils are generally unsuited to cultivated crops
and to windbreaks and environmental plantings because
of the low available water capacity and the resultant
droughtiness.

The use of these soils as rangeland is effective in con-
trolling erosion and in protecting the soil The native
climax vegetation is easily deteriorated by overgrazing.
Proper stocking rates, uniform grazing distribution,
deferred grazing, and a planned grazing system keep the
pasture and the soil in good condition.



MERCER COUNTY, NORTH DAKOTA 57

These soils are suited to most engineering uses and to
building site development. They are among the best
sources of sand and gravel in the county. Effluent from
septic tanks can seep into ground water. The slope is a
limitation if buildings are constructed on these soils, but
this limitation can be overcome by cutting and filling.
Capability subclass VIs; Very Shallow range site.

87C—Rhoades-Daglum complex, 1 to 9 percent
slopes. This map unit consists of deep, nearly level to
moderately sloping, well drained soils on uplands, ter-
races, and foot slopes and in swales, generally on plane or
slightly concave slopes. It is crossed by shallow
drainageways that are indistinct in places and by gullied
drainageways. Slopes are long and smooth, and scabby
spots that are almost bare of vegetation are evident. In-
dividual areas are irregular in shape and range from
about 5 to more than 500 acres in size. They are about 40
to 70 percent Rhoades soils and 5 to 30 percent Daglum
soils. The two soils are so intricately mixed and are in
areas so small that it is not practical to separate them in
mapping.

Typically, the Rhoades soil has a surface layer of gray-
ish brown silt loam about 2 inches thick. The subsoil is
silty clay about 19 inches thick. It is very dark grayish
brown in the upper part and dark grayish brown in the
lower part. The substratum to a depth of about 60 inches
is grayish brown silty clay loam over grayish brown silt
loam. In places the surface layer is loam or very fine
sandy loam. In tilled areas it has been mixed with the
silty clay subsoil. In some places on uplands, soft shale is
at a depth of 35 to 50 inches.

Typically, the Daglum soil has a surface layer of dark
grayish brown silt loam about 6 inches thick. The subsur-
face layer is grayish brown silt loam about 3 inches thick.
The subsoil is dark grayish brown silty clay loam about 9
inches thick. The substratum to a depth of about 60
inches is grayish brown silty clay loam. In places the sur-
face layer is silty clay loam. In some areas soft bedrock is
below a depth of 36 inches.

Included with this unit in mapping are small areas of
Regent and Moreau soils on the convex knobs and ridges
and Belfield and Savage soils on plane slopes. These soils
make up 0 to 30 percent of the unit. The Regent and
Moreau soils have soft shale at a depth of 20 to 40 inches.
The Savage and Regent soils do not contain excess sodi-
um. The Belfield soils generally lack the strong columnar
structure characteristic of the Rhoades and Daglum soils.

Permeability is very slow, and available water capacity
is low to moderate. Surface runoff is slow to medium. The
soils contain excess sodium. They can be easily tilled
within a very narrow range in moisture content. Soil ag-
gregates are dispersed by the sodium, and the surface
layer puddles and crusts following heavy rains. The dense
subsoil and high salinity below the subsoil restrict plant
roots. The soils contain too much clay and sodium for soil
moisture to be readily available to plants. The shrink-
swell potential is high. Potential frost action is low.

Most areas are in native grasses and are used as range-
land (fig. 10). Some are used for cultivated crops. These
soils have good potential for sewage lagoons in the less
sloping areas and good potential for area type sanitary
landfills. The potential for range grasses, cultivated crops,
windbreaks, septic tank absorption fields, building site
development, recreation areas, and most wildlife habitats
is poor.

These soils generally are unsuited to cultivated crops
and to windbreaks and environmental plantings because
they have a high content of sodium.

The use of these soils as rangeland and pastureland is
effective in controlling erosion and in protecting the soil
unless the pasture or range is overgrazed. Proper
stocking rates, uniform distribution of grazing, deferred
grazing, and a planned grazing system keep the range
grasses and the soil in good condition.

These soils are poorly suited to building site develop-
ment and most other engineering uses. The slow absorp-
tion of septic tank effluent is difficult to overcome by en-
larging the absorption field. Strengthening structural
material, backfilling the trenches on which footings are
placed, and installing drainage systems around footings
and foundations help to overcome the instability and slip-
page caused by shrinking and swelling and low strength.
Capability subclass VIs; Rhoades soil in Thin Claypan
range site, Daglum soil in Claypan range site.

88—Harriet clay. This deep, level, poorly drained soil
is on bottom land and low teiraces. It is occasionally
flooded for long periods. Some areas are crossed by a few
fairly well defined drainageways, but in many places the
drainage pattern is indistinct. A few white saline patches
are bare of vegetation. This soil is very shallow to a
dense claypan. Individual areas range from 5 to more
than 100 acres in size, and most are irregular in shape.
Slopes are plane or slightly concave and are long and
smooth.

Typically, the surface layer is very dark gray loam
about 1 inch thick. The subsoil is very dark gray clay
about 19 inches thick. The substratum to a depth of about
60 inches is clay loam and stratified loam, silty clay loam,
and very fine sandy loam. It is dark olive gray in the
upper part and olive brown in the lower part and has a
thin layer that is very dark gray. In places the subsoil
contains less clay. Some areas are somewhat poorly
drained.

Included with this soil in mapping are small areas of
Heil and Straw soils and the Harriet Variant. These soils
make up 5 to 15 percent of the unit. The Heil soils do not
have a high concentration of lime in the upper part. The
Harriet Variant does not have a dense subsoil at a depth
of about 1 inch to 5 inches and contains less clay than this
Harriet soil. The Straw soils are well drained and are
higher lying than this Harriet soil.

Permeability is slow, and available water capacity is
moderate. Surface runoff is slow. This soil contains excess
sodium and is highly saline. The seasonal high water table
is within a depth of 1 foot. The restrictive effects of the
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dense subsoil and the high salinity on plant roots is partly
offset by the extra moisture available from the seasonal
high water table. The shrink-swell potential is high.
Potential frost action also is high.

Most areas are used as rangeland and late-season hay-
land. Some small areas are cultivated. This soil has good
potential for salt-tolerant range grasses. It has poor
potential for all sanitary facilities but sewage lagoons and
for community development, crops, windbreaks, and
recreation uses. The potential for wetland wildlife habitat
is good.

This soil is generally unsuited to cultivated crops
because of the salinity, the high content of sodium, and
the seasonal high water table.

The use of this soil as rangeland, hayland, or pasture-
land is effective in controlling erosion and in protecting
the soil. The hazard of soil blowing is severe where the
salt content is sufficently high to prevent plant growth.
Proper stocking rates, uniform distribution of grazing,
deferred grazing during wet periods, and a planned graz-
ing system keep the pasture and the soil in good condi-
tion.

This soil is generally unsuited to trees and shrubs
grown as windbreaks and environmental plantings
because of the salinity, the high content of sodium, and
the wetness.

This soil is poorly suited to building site development
and most engineering uses. As a result of flooding, wet-
ness, salinity, and slow permeability, design and main-
tenance are costly. In this survey area, Harriet soils are
generally not used as building sites. Better suited sites
are generally nearby. Capability subclass VlIs; Saline
Lowland range site.

89E—Ustorthents. These deep, well drained, nearly
level to very steep soils are on residual uplands. In most
areas they are steep or very steep, but they are nearly
level on ridgetops and pit bottoms. They are affected by
recent stripmining for lignite coal (fig. 11) and, in some
nearly level to rolling areas, by cutting and filling ad-
jacent to construction sites. Most areas have very little or
no plant cover. Drainage terminates in the pit bottoms
and the areas between spoil piles. On some pit bottoms
the soils are ponded for long periods and have a high
water table.

Typically, the surface is crusted and dispersed and is
pale yellow. The surface layer is pale olive silty clay
about 3 inches thick. The substratum to a depth of about
60 inches is pale olive silty clay. The soils generally con-
tain shale fragments. In some areas they contain lignite
coal fragments. In places the texture is clay. In some
areas undisturbed bedrock is below a depth”of 40 inches.

Included with these soils in mapping is a poorly drained
soil on pit bottoms. This soil makes up less than 10 per-
cent of the unit.

Permeability is very slow, and available water capacity
is low. The soils generally contain excess sodium. Because
they also contain a fine, elastic type of clay, some of the
soil moisture is held under too much tension to be ex-

tracted by plant roots. The surface layer is very hard
when dry and puddles easily following heavy rains. Ru-
noff is very rapid to rapid. Subsurface subsidence is
evident in places. The shrink-swell potential is high.
Potential frost action is low.

Most areas are used for wildlife habitat and limited
grazing. The potential for farming, engineering uses, and
trees and shrubs and for most wildlife habitats that
require plants for food and cover is poor.

These soils generally are unsuited to most uses unless
they are extensively reclaimed. Some weeds, sweet
clover, and other grasses are established. Areas used for
grazing have little value as rangeland and generally are
adjacent to some other soil that is used as rangeland.
These soils are occasionally used by wildlife for water on
the pit bottoms and as a hiding place. They are generally
unsuited to engineering uses because of the steepness of
slopes, the instability, the shrink-swell potential, and the
excess sodium. Onsite investigation is necessary to
properly plan the use and development of specific sites.
Capability subclass VIIIe; not assigned to a range site.

90C—Williams loam, mine sink, 1 to 9 percent slopes.
This deep, nearly level to gently rolling, well drained soil
is on glacial till uplands. As a result of underground min-
ing for lignite coal, rows of mine sinks are evident. Fol-
lowing the underground mining, the overlying material
lacked the necessary support to remain in place. Most
drainageways are intercepted by the mine sinks. In most
places, the interval between the rows of mine sinks is 100
to 400 feet and the interval between the mine sinks is 0
to 100 feet. Slopes between the mine sinks are short and
smooth. Scattered pebbles, cobbles, and stones are on the
surface.

Typically, the surface layer is very dark grayish brown
loam about 7 inches thick. The subsoil is clay loam about
19 inches thick. It is brown in the upper part, grayish
brown in the next part, and light yellowish brown in the
lower part. The substratum to a depth of about 60 inches
is clay loam glacial till. It is light gray in the upper part
and light yellowish brown in the lower part. In a few
places the surface layer is silt loam, and in a few it is
very stony. In places it is thicker.

Included with this unit in mapping are small areas of
Cabba, Ringling, and Zahl soils along drainageways.
These soils make up 5 to 15 percent of the unit. The
Cabba soils have soft bedrock at a depth of 10 to 20
inches. The Ringling soils have porcelanite (scoria) beds
at a depth of 5 to 20 inches. Whereas clay has accumu-
lated in the subsoil of the Williams soil, the Zahl soils lack
a subsoil. Also included are small areas that are strongly
sloping to moderately steep.

Permeability is moderate in the subsoil and moderately
slow in the substratum. Available water capacity is high.
Surface runoff is medium. The surface layer is friable.

This soil is used as rangeland. It has good potential for
range grasses and poor potential for windbreaks, crops,
sanitary facilities, and community development. The
potential for openland wildlife habitat is good, and the
potential for rangeland wildlife habitat is fair.
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This soil is generally unsuited to crops because the
mine sinks are numerous and the surface can collapse
under the weight of machinery.

The use of this soil as rangeland is effective in con-
trolling erosion and in protecting the soil. There is a
danger of losing livestock because of the mine sinks and
the possible collapse of the surface. Proper stocking rates
and uniform distribution of grazing keep the range and
the soil in good condition.

This soil is generally unsuited to trees and shrubs in
windbreaks because of the hazard in the use of machin-
ery. Specialized plantings for wildlife habitat or esthetic
purposes can be made by hand. All species can grow well.
Native trees and shrubs are established in some of the
shallow mine sinks.

This soil is poorly suited to building site development
and most engineering uses because of the mine sinks and
the possible collapse of the surface. Better suited sites
are nearby. Capability subclass VIe; Silty range site.

91—Straw loam, 0 to 3 percent slopes. This deep, level
or nearly level, well drained soil is on low terraces and
bottom land along the major streams and on fans in gla-
cial outwash trenches. In most areas it is occasionally
flooded for a brief period, but in some it is only rarely
flooded. Areas are crossed by a few shallow drainageways
that in places are gullied or are indistinct. They are
mostly long and irregularly shaped and range from about
10 to more than 300 acres in size. Slopes are plane and
smooth. Most are long, but some are short.

Typically, the surface layer is about 20 inches thick. It
is grayish brown loam in the upper part and very dark
grayish brown silt loam in the lower part. It generally has
one or more dark colored, buried layers. The substratum
to a depth of about 60 inches is grayish brown loam
stratified with silt loam and fine sandy loam over grayish
brown fine sandy loam stratified with loam. In some
places it has dark buried layers. In some a subsoil is
evident. In some areas the substratum is fine sand or
loamy fine sand below a depth of 40 inches. In some the
dark colors do not extend to so great a depth.

Included with this soil in mapping are small areas of
Velva soils on low, convex ridges and Magnus soils in
swales. These soils make up 5 to 20 percent of the unit.
The Velva soils contain more sand and less clay and the
Magnus soils more clay than this Straw soil.

Permeability is moderate, and available water capacity
is high. Surface runoff is slow. This soil can be easily
tilled throughout a fairly wide range in moisture content.
The shrink-swell potential is moderate. Potential frost ac-
tion also is moderate.

Most areas are used for cultivated crops (fig. 12). Many
are in native grasses and are used as rangeland. Some
small areas support native trees and shrubs and are used
as recreation areas, wildlife habitat, and rangeland. This
soil has good potential for range grasses, windbreaks, cul-
tivated crops, and openland and rangeland wildlife
habitat. It has good potential for recreation areas if it is
protected against flooding. It has poor potential for sani-

tary facilities and community development unless it is
protected against flooding.

This soil is well suited to wheat, oats, barley, and
grasses and legumes. The hazard of soil blowing is slight.
Water erosion and the hazard of flooding are the main
concerns of management. Stubble mulch, crop residue
management, and stripcropping help to control erosion
and protect the soil.

The use of this soil as rangeland, pastureland, or hay-
land is effective in controlling erosion and in protecting
the soil unless the pasture or range is overgrazed. Proper
stocking rates and uniform distribution of grazing protect
the soil and help to control erosion.

This soil is well suited to windbreaks and environmen-
tal plantings. All climatically suited trees and shrubs can
grow well.

This soil is poorly suited to sanitary facilities and com-
munity development unless it is protected against flood-
ing. Also, sealing to prevent seepage is needed in sewage
lagoon areas and sanitary landfills. Onsite investigation is
needed to determine the frequency and duration of floods.
Capability subclass Ilc; Overflow range site.

91B—Straw loam, 3 to 6 percent slopes. This deep,
gently sloping or undulating, well drained soil is on low
terraces and bottom land along the major streams and on
fans in glacial outwash trenches. Slopes are plane, convez,
and slightly concave. This soil is undulating generally on
bottom land where a series of old stream meanders are
evident. In most areas it is occasionally flooded for a brief
period, but in some areas it is only rarely flooded. Areas
are crossed by a few drainageways that in places are gul-
lied or indistinct. They are irregular in shape and range
from about 5 to 40 acres in size. In the undulating areas
slopes are short and smooth, and in the gently sloping
areas they are long and smooth.

Typically, the surface layer is about 20 inches thick. It
is grayish brown loam in the upper part and very dark
grayish brown silt loam in the lower part. It generally has
one or more dark colored, buried layers. The substratum
to a depth of about 60 inches is grayish brown loam
stratified with silt loam and fine sandy loam over fine
sandy loam stratified with loam. In some places it has
dark buried layers. In some a subsoil is evident. In some
areas the substratum is fine sand or loamy fine sand
below a depth of 40 inches. In some the dark colors do
not extend to so great a depth.

Included with this soil in mapping are small areas of
Velva soils on low, convex ridges and Magnus soils in
swales. These soils make up 5 to 20 percent of the unit.
The Velva soils contain more sand and less clay and the
Magnus soils more clay than this Straw soil.

Permeability is moderate, and available water capacity
is high. Surface runoff is medium. This soil can be easily
tilled throughout a fairly wide range in moisture content.
The shrink-swell potential is moderate. Potential frost ac-
tion also is moderate.

Most areas are used for cultivated crops. Many are in
native grasses and are used as rangeland. Some small
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areas support native trees and shrubs and are used as
recreation areas, wildlife habitat, and rangeland. This soil
has good potential for range grasses, windbreaks, cul-
tivated crops, and openland and rangeland wildlife
habitat. It has good potential for recreation areas if it is
protected against flooding. It has poor potential for sani-
tary facilities and community development unless it is
protected against flooding.

This soil is well suited to wheat, oats, barley, and
grasses and legumes. The hazard of soil blowing is slight.
Water erosion and the hazard of flooding are the main
concerns of management. Stubble mulch, crop residue
management, and stripcropping help to control erosion
and protect the soil.

The use of this soil as rangeland, pastureland, or hay-
land is effective in controlling erosion and in protecting
the soil unless the range or pasture is overgrazed. Proper
stocking rates and uniform distribution of grazing protect
the soil and help to control erosion.

This soil is well suited to windbreaks and environmen-
tal plantings. All climatically suited trees and shrubs can
grow well. The number of plantings, however, is few
because the areas along meandering streams are irregu-
larly shaped.

This soil is poorly suited to sanitary facilities and com-
munity development unless it is protected against flood-
ing. Also, sealing to prevent seepage is needed in sewage
lagoon areas and sanitary landfills. Onsite investigation is
needed to determine the frequency and duration of floods.
Capability subclass Ile; Silty range site.

92B—Noonan-Williams loams, 1 to 6 percent slopes.
This map unit consists of nearly level to undulating, deep,
well drained soils on glacial till uplands. Most areas are
crossed by a few shallow drainageways. Slopes are mostly
short and smooth. Individual areas range from about 10
to 80 acres in size and are about 50 to 70 percent Noonan
soils and 20 to 40 percent Williams soils. The Noonan soils
are on plane and slightly concave slopes and in swales.
The Williams soils are on convex knolls and ridges. The
two soils are so intricately mixed or are in areas so small
that it is not practical to separate them in mapping.

Typically, the Noonan soils have a surface layer of very
dark grayish brown loam about 7 inches thick. The subsoil
is clay loam about 23 inches thick. It is very dark grayish
brown in the upper part, dark grayish brown in the next
part, and grayish brown in the lower part. The sub-
stratum to a depth of about 60 inches is light brownish
gray and light gray clay loam glacial till. In some places
the surface layer is silt loam. In others it has been mixed
with the upper part of the subsoil by plowing. In some
areas soft bedrock is at a depth of about 50 inches.

Typically, the Williams soils have a dark grayish brown
loam surface layer about 7 inches thick. The subsoil is
clay loam about 19 inches thick. It is brown in the upper
part, grayish brown in the next part, and light yellowish
brown in the lower part. The substratum to a depth of
about 60 inches is light brownish gray clay loam glacial
till. In some places the surface layer has been mixed with

the upper part of the subsoil by plowing. In others it is
dark colored to a greater depth.

Included with this unit in mapping are small areas of
Daglum, Rhoades, and Zahl soils. These soils make up 5 to
20 percent of the unit. The Daglum and Rhoades soils
contain excess sodium and also contain more clay in the
subsoil than the Noonan and Williams soils. They are on
plane or slightly concave slopes. The Zahl soils are on
convex knobs, hills, and ridges. They lack a subsoil and do
not contain excess sodium.

Permeability is slow in the Noonan soils and moderate-
ly slow in the Williams soils. Available water capacity is
moderate in the Noonan soils and high in the Williams
soils. Surface runoff is slow to medium. The surface layer,
particularly that of the Noonan soils, is friable and can be
easily tilled within a fairly narrow range in moisture con-
tent. The Noonan soils contain excess sodium. Roots are
restricted by the dense subsoil in the Noonan soils. The
shrink-swell potential is moderate. Potential frost action
also is moderate.

Most areas are in native grasses and are used as range-
land. Some areas are used for cultivated crops. These
soils have generally good potential for recreation areas;
fair potential for cultivated crops, range grasses, sanitary
facilities, and community development; and poor potential
for windbreaks. The Williams soils have good potential
for openland wildlife habitat and fair potential for range-
land wildlife habitat. The Noonan soils have poor poten-
tial for openland wildlife habitat and very poor potential
for rangeland wildlife habitat.

These soils are suited to wheat, oats, barley, and
grasses and legumes. The major concerns of management
are related to the excess sodium in the Noonan soils,
which reduces the availability of water. Both soils are
slightly susceptible to soil blowing and moderately
susceptible to water erosion. Stubble mulch, crop residue
management, stripcropping, and grassed waterways help
to control erosion and soil blowing.

The use of these soils as rangeland, pastureland, or
hayland is effective in controlling erosion and in protect-
ing the soil unless the range or pasture is overgrazed.
Proper stocking rates, uniform grazing distribution, time-
ly deferment of grazing, and a planned grazing system
keep the plants and the soil in good condition.

The Noonan soils generally are unsuited to trees and
shrubs grown as windbreaks and environmental plantings
because they have a high content of sodium. The Williams
soils are suited to trees and shrubs; most of the climati-
cally suited species can grow well.

These soils are suited to building site development and
most engineering uses. The slow absorption of septic tank
effluent can be overcome by enlarging the absorption
field. If buildings are constructed on these soils, the ef-
fects of shrinking and swelling can be overcome by
strengthening foundations and basement walls. Capability
subclass IVe; Noonan soils in Claypan range site, Wil-
liams soils in Silty range site.
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93—Falkirk loam, 1 to 3 percent slopes. This deep,
nearly level, well drained soil is in swales and on outwash
terraces on glacial till uplands. It formed in glacial out-
wash over glacial till. A few shallow drainageways dissect
areas of this soil. A few stones and cobbles are on the
surface. Individual areas range from about 5 to 70 acres
in size, and most are irregular in shape. Slopes are long
and smooth or slightly undulating.

Typically, the surface layer is very dark grayish brown
loam about 13 inches thick. The subsoil is dark grayish
brown loam about 5 inches thick. The substratum to a
depth of about 60 inches is light brownish gray gravelly
loam over light brownish gray clay loam. Depth to the
clay loam part of the substratum generally ranges from
20 to 40 inches. In some areas, however, the clay loam
part of the substratum is not evident within a depth of 40
inches.

Included with this soil in mapping are areas of Williams
soils on slightly convex slopes. These soils make up 5 to
15 percent of the unit. They have a clay loam subsoil.

Permeability is moderately slow, and available water
capacity is high. Runoff is slow. The surface layer can be
easily tilled throughout a fairly wide range in moisture
content. Potential frost action is moderate. The shrink-
swell potential also is moderate.

Most areas are used as cropland. Some are .in native
grasses. This soil has good potential for rangeland, wind-
breaks, crops, waste disposal, and most engineering and
recreation uses. It has good potential for openland and
rangeland wildlife habitat.

This soil is well suited to wheat, oats, barley, and
grasses and legumes. The hazard of soil blowing is slight.
Stubble mulch, minimum tillage, and stripcropping help to
control soil blowing and maintain the organic-matter con-
tent and fertility.

The use of this soil as rangeland, pastureland, or hay-
land is effective in controlling soil blowing and in protect-
ing the soil. Proper stocking rates and uniform distribu-
tion of grazing keep the pasture and the soil in good con-
dition.

This soil is suited to windbreaks and environmental
plantings. Nearly all of the climatically suited trees and
shrubs can grow well.

This soil is well suited to building site development and
most engineering uses. The slow absorption of septic tank
absorption fields can be overcome by enlarging the filter
field. Capability subclass Il¢; Silty range site.

94—Makoti silt loam. This deep, level, moderately well
drained soil is on lake plains in the uplands. The surface
drainage pattern is indistinct. Individual areas are mostly
circular and range from 10 to 150 acres in size. Slopes are
long and smooth.

Typically, the surface layer is very dark grayish brown
silt loam about 11 inches thick. The subsoil is grayish
brown silty clay loam about 11 inches thick. The sub-
stratum to a depth of about 60 inches is mottled, light
brownish gray siity clay loam over mottled, light yel-
lowish brown clay loam. In some places the subsoil is not

dark colored to so great a depth. In a few the subsoil and
substratum contain less silt and more sand.

Included with this soil in mapping are small areas of
well drained Grassna soils on the outer edges of the unit
and poorly drained Tonka soils and very poorly drained
Parnell soils in slight depressions and potholes. These
soils make up less than 10 percent of the unit.

Permeability is moderately slow, and available water
capacity is high. Surface runoff is slow. The surface layer
is friable and can be easily tilled throughout a fairly wide
range in moisture content. The shrink-swell potential is
moderate. Potential frost action also is moderate.

Nearly all areas are used for cultivated crops. This soil
has good potential for crops, rangeland, windbreaks, sani-
tary facilities, community development, and recreation
areas. It has good potential for openland wildlife habitat
and fair potential for rangeland wildlife habitat.

This soil is well suited to wheat, oats, barley, and
grasses and legumes. The hazard of soil blowing is slight.
Stripcropping, crop residue management, and windbreaks
help to control soil blowing and protect the soil.

The use of this soil as rangeland, hayland, or pasture-
land is effective in controlling soil blowing and in protect-
ing the soil. Proper stocking rates and uniform distribu-
tion of grazing keep the pasture and the soil in good con-
dition.

This soil is well suited to windbreaks and environmen-
tal plantings. All climatically suited trees and shrubs can
grow well,

This soil is suited to building site development and
most engineering uses. The slow absorption of septic tank
effluent can be overcome by enlarging the absorption
field. If buildings are constructed on this soil, the effects
of shrinking and swelling can be overcome by strengthen-
ing foundations and basement walls. Capability subclass
IIc; Silty range site.

95—Flaxton-Williams loams, 1 to 3 percent slopes.
This map unit consists of deep, nearly level, well drained
soils on glacial till uplands. Areas are crossed by a few
shallow drainageways that fan out and are indistinct in
places. They are irregular in shape and range from about
20 to 80 acres in size. Slopes are short and smooth. A few
pebbles, cobbles, and stones are on the surface of convex
slopes.

Areas of this map unit are about 60 to 75 percent Flax-
ton soils and 20 to 40 percent Williams soils. The Flaxton
soils are on the slightly concave and plane, mid and lower
side slopes and in swales. The Williams soils are on the
convex upper side slopes and the tops of small knobs and
ridges. The two soils are so intricately mixed and are in
areas so small that it is not practical to separate them in
mapping.

Typically, the Flaxton soils have a dark grayish brown
loam surface layer about 11 inches thick. The subsoil is
about 24 inches thick. It is grayish brown fine sandy loam
in the upper part and grayish brown and light brownish
gray clay loam in the lower part. The substratum to a
depth of about 60 inches is grayish brown and light
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brownish gray clay loam over light olive gray and pale
olive clay loam. In a few places the clay loam glacial till is
at a depth of about 15 inches, and the surface layer is not
dark colored to so great a depth. In places soft bedrock is
at a depth of about 45 inches. In some areas the surface
layer is fine sandy loam.

Typically, the Williams soils have a surface layer of

dark grayish brown loam about 5 inches thick. The subsoil

is clay loam about 15 inches thick. It is brown in the
upper part, grayish brown in the next part, and light yel-
lowish brown in the lower part. The substratum to a
depth of about 60 inches is clay loam glacial till. It is light
gray in the upper part and light yellowish brown in the
lower part. In some places the surface layer is fine sandy
loam about 5 inches thick. In others it has been mixed
with the upper part of the subsoil by plowing.

Included with this unit in mapping are small areas of
Arnegard and Parshall soils in swales and slightly con-
cave positions. These soils make up 5 to 20 percent of the
unit. They do not have clay loam glacial till. The Parshall
soils are fine sandy loam throughout, and the Arnegard
soils are loam throughout.

Permeability is moderately rapid in the upper part of
the subsoil of the Flaxton soils and moderately slow in
the lower part of the subsoil and the substratum. It is
moderate in the subsoil of the Williams soils and
moderately slow in the substratum. Available water
capacity is high. Surface runoff is slow. Both soils can be
easily tilled throughout a fairly wide range in moisture
content. The shrink-swell potential is moderate. Potential
frost action also is moderate.

Most areas are used for cultivated crops. Some are in
native grasses and are used as rangeland or hayland.
These soils have good potential for most of the cultivated
crops commonly grown in the county and for range
grasses, windbreaks, most recreation uses, and openland
wildlife habitat. The potential for most sanitary facilities,
community development, and rangeland wildlife habitat is
fair.

These soils are well suited to wheat, oats, barley, and
grasses and legumes. They are moderately susceptible to
soil blowing and slightly susceptible to water erosion.
Minimum tillage, stubble mulch, crop residue manage-
ment; grass-legume rotations, stripcropping, grassed
waterways, and windbreaks help to control soil blowing
and water erosion.

The use of these soils as rangeland, pastureland, or
hayland is effective in controlling erosion and in protect-
ing the soil unless the range or pasture is overgrazed.
Proper stocking rates and uniform distribution of grazing
keep the range grasses and the soil in good condition.

These soils are suited to windbreaks and environmental
plantings. All climatically suited trees and shrubs can
grow well.

These soils are suited to building site development and
most engineering uses. The slow absorption of septic tank
effluent can be overcome by enlarging the absorption
field. If buildings are constructed on these soils, the ef-

fects of shrinking and swelling can be overcome by
strengthening foundations and basement walls. Capability
subclass Ile; Flaxton soils in Sandy range site, Williams
soils in Silty range site.

96—Grassna silt loam, 1 to 3 percent slopes. This
deep, nearly level, well drained soil is in upland swales
and on terraces, valley fans, and foot slopes. Most areas
are crossed by fairly well defined, shallow drainageways,
but the drainage pattern fans out and is indistinct in
places. Individual areas are irregular in shape and range
from 3 to 100 acres in size. Most are less than 40 acres.
Slopes are long and smooth.

Typically, the surface layer is silt loam about 17 inches
thick. The upper part is very dark grayish brown, and the
lower part is very dark gray. The subsoil is dark grayish
brown silt loam about 12 inches thick. The substratum to
a depth of 60 inches is silt loam. The upper part is light
gray, and the lower part is light brownish gray. In some
areas thin, dark buried layers are at a depth of about 55
inches.

Included with this soil in mapping are small areas of
poorly drained Tonka soils in potholes and shallow
depressions and well drained Wilton soils on the upper
side slopes. These soils make up less than 15 percent of
the unit. The Wilton soils have clay loam glacial till at a
depth of 26 to 40 inches.

Permeability is moderate, and available water capacity
is high. Runoff is slow. Except for periods when it
receives heavy rainfall or is frozen, this soil absorbs most
of the runoff from the higher lying surrounding soils. The
surface layer can be easily tilled throughout a fairly wide
range in moisture content. The shrink-swell potential is
moderate. Potential frost action also is moderate.

Nearly all areas are farmed. This soil has good poten-
tial for crops, rangeland, windbreaks, sanitary facilities,
building site development, and recreation uses. It has
good potential for openland wildlife habitat and fair
potential for rangeland wildlife habitat.

This soil is well suited to wheat, oats, barley, and
grasses and legumes. The hazards of soil blowing and
water erosion are slight. Stubble mulch, minimum tillage,
and tillage across the slope help to control soil blowing
and water erosion and maintain the organic-matter con-
tent, fertility, and tilth.

The use of this soil as rangeland, pastureland, or hay-
land is effective in controlling erosion and in protecting
the soil. Proper stocking rates and uniform distribution of
grazing keep the pasture and the soil in good condition.

This soil is well suited to windbreaks and environmen-
tal plantings. All climatically suited trees and shrubs can
grow well.

This soil is well suited to building site development and
most engineering uses. The slow absorption of septic tank
effluent can be overcome by enlarging the absorption
field. If buildings are constructed on this soil, the effects
of shrinking and swelling can be overcome by strengthen-
ing foundations and basement walls. Capability subclass
II¢; Overflow range site.



MERCER COUNTY, NORTH DAKOTA 63

96B—Grassna silt loam, 3 to 6 percent slopes. This
deep, gently sloping, well drained soil is in upland swales
and on valley fans and foot slopes. Most areas are crossed
by fairly well defined, shallow drainageways, but the
drainage pattern is indistinet in places. The size and
shape of individual areas vary greatly, but most areas are
less than 40 acres in size and irregular in shape. Slopes
are long and smooth.

Typically, the surface layer is silt loam about 17 inches
thick. The upper part is very dark grayish brown, and the
lower part is very dark gray. The subsoil is dark grayish
brown silt loam about 12 inches thick. The substratum to
a depth of about 60 inches is silt loam. The upper part is
light gray, and the lower part is light brownish gray. In
places the texture is silty clay loam throughout. In some
areas thin, dark buried layers are at a depth of about 55
inches.

Included with this soil in mapping are small areas of
poorly drained Tonka soils in potholes and shallow
depressions and well drained Wilton soils on the upper
side slopes. These soils make up less than 15 percent of
the unit. The Wilton soils have clay loam glacial till at a
depth of 26 to 40 inches.

Permeability is moderate, and available water capacity
is high. Runoff is medium. Except for periods when it
receives heavy rainfall or is frozen, this soil absorbs most
of the runoff from the surrounding higher lying soils. The
surface layer can be easily tilled throughout a fairly wide
range in moisture content. The shrink-swell potential is
moderate. Potential frost action also is moderate.

Nearly all areas are farmed. This soil has good poten-
tial for crops, rangeland, windbreaks, sanitary facilities,
building site development, and recreation uses. It has
good potential for openland wildlife habitat and fair
potential for rangeland wildlife habitat.

This soil is well suited to wheat, oats, barley, and
grasses and legumes. The hazard of water erosion is
moderate, and the hazard of soil blowing is slight.
Grassed waterways and diversions help to control erosion
where water concentrates in drainageways. Stubble
mulch, minimum tillage, and tillage across the slope help
to control erosion, protect the soil, and maintain the or-
ganic-matter content, tilth, and fertility.

The use of this soil as rangeland, pastureland, or hay-
land is effective in controlling erosion. Proper stocking
rates and uniform distribution of grazing keep the
pasture and the soil in good condition.

This soil is well suited to windbreaks and environmen-
tal plantings. All climatically suited trees and shrubs can
grow well.

This soil is well suited to building site development and
most engineering uses. The slow absorption of septic tank
effluent can be overcome by enlarging the absorption
field. If buildings are constructed on this soil, the effects
of shrinking and swelling can be overcome by strengthen-
ing foundations and basement walls. The slope is a limita-
tion if the soil is used as a site for playgrounds, but this
limitation can be overcome by cutting and filling. Capa-
bility subclass Ile; Silty range site.

97B—Sen silt loam, 3 to 6 percent slopes. This
moderately deep, gently sloping, well drained soil is on
residual uplands. Slopes are mostly long and smooth and
are dissected by shallow drainageways. Individual areas
are irregular in shape and are mostly less than 50 acres in
size.

Typically, the surface layer is dark grayish brown silt
loam about 5 inches thick. The subsoil is silt loam about 9
inches thick. It is brown in the upper part and light olive
brown in the lower part. The substratum is light yel-
lowish brown silt loam and silty clay loam about 17 inches
thick. Below this to a depth of about 60 inches is light
yellowish brown and pale olive, soft bedrock. In places
the subsoil contains more clay. In some areas the surface
layer is loam or silty clay loam.

Included with this soil in mapping are small areas of
Arnegard, Werner, and Williams soils. These soils make
up 5 to 20 percent of the unit. The Arnegard soils are in
swales. They have a thicker dark colored surface layer
than this Sen soil and have a loam subsoil. The Werner
soils are on convex slopes. They have soft bedrock at a
depth of 10 to 20 inches. The Williams soils have a clay
loam subsoil and are not underlain by soft bedrock.

Permeability and available water capacity are
moderate. Surface runoff is medium. The surface layer is
friable and can be easily tilled throughout a wide range in
moisture content. Roots are restricted by the soft
bedrock at a depth of about 31 inches. The shrink-swell
potential is moderate. Potential frost action also is
moderate.

Most areas are used for cultivated crops. Some are in
native grasses. This soil has good potential for rangeland,
windbreaks, and crops. It has mostly fair potential for
community development and recreation uses. The poten-
tial for openland and rangeland wildlife habitat is fair.

This soil is well suited to wheat, oats, barley, and
grasses and legumes. The hazard of water erosion is
moderate, and the hazard of soil blowing is slight. Stubble
mulch, minimum tillage, and crop residue management
help to control erosion and protect the soil. Grassed
waterways and diversions help to control erosion where
water concentrates in drainageways.

The use of this soil as rangeland, pastureland, or hay-
land is effective in controlling erosion. Proper stocking
rates and uniform distribution of grazing keep the
pasture and the soil in good condition.

This soil is suited to windbreaks and environmental
plantings. Nearly all climatically suited trees and shrubs
can grow well,

This soil is suited to building site development and
most engineering uses. The depth to rock is a problem,
but the rock is soft and can be easily excavated. If
buildings are constructed on this soil, the effects of
shrinking and swelling can be overcome by strengthening
foundations and basement walls. The slope is a limitation
if the soil is used as a site for playgrounds, but this
limitation can be overcome by cutting and filling. Capa-
bility subclass Ile; Silty range site.
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97C—Sen silt loam, 6 to 9 percent slopes. This
moderately deep, moderately sloping, well drained soil is
on residual uplands. Slopes are mostly long and smooth
and are dissected by well defined drainageways. The
drainageways are gullied in some cultivated areas. In-
dividual areas are irregular in shape and range from
about 5 to 50 acres in size.

Typically, the surface layer is dark grayish brown silt
loam about 5 inches thick. The subsoil is silt loam about 9
inches thick. It is brown in the upper part and light olive
brown in the lower part. The substratum is light yel-
lowish brown silt loam and silty clay loam about 12 inches
thick. Below this to a depth of about 60 inches are light
yellowish brown and pale olive, soft sedimentary beds. In
places the subsoil contains more clay. In some areas the
surface layer is loam or silty clay loam.

Included with this soil in mapping are small areas of
Arnegard, Werner, and Williams soils. These soils make
up 10 to 25 percent of the unit. The Arnegard soils are in
swales. They have a thicker, dark colored surface layer
than this Sen soil and have a loam subsoil. The Werner
soils are on convex slopes. They have soft bedrock at a
depth of 10 to 20 inches. The Williams soils have a clay
loam subsoil and are not underlain by soft bedrock.

Permeability and available water capacity are
moderate. Surface runoff is medium. The surface layer is
friable and can be easily tilled throughout a wide range in
moisture content. Roots are restricted by the soft
bedrock at a depth of about 26 inches. The shrink-swell
potential is moderate. Potential frost action also is
moderate.

This soil is used as cropland and rangeland. The poten-
tial for rangeland and windbreaks is good. The potential
for crops, most community development and recreation
uses, and openland and rangeland wildlife habitat is fair.

This soil is suited to wheat, oats, barley, and grasses
and legumes. The hazard of water erosion is severe, and
the hazard of soil blowing is slight. Minimum tillage, crop
residue management, and stubble mulch help to control
erosion and soil blowing and maintain the organic-matter
content, tilth, and fertility. Grassed waterways and diver-
sions help to control erosion where water concentrates in
drainageways.

The use of this soil as rangeland, pastureland, or hay-
land is effective in controlling erosion and in protecting
the soil. Proper stocking rates and uniform distribution of
grazing keep the pasture and the soil in good condition.

This soil is well suited to windbreaks and environmen-
tal plantings. Nearly all of the climatically suited trees
and shrubs can grow well.

This soil is suited to building site development and
most engineering uses. The depth to rock is a problem,
but the rock is soft and can be easily excavated. If
buildings are constructed on this soil, the effects of
shrinking and swelling can be overcome by strengthening
basement walls and foundations. Alternative sites should
be selected for playgrounds. Capability subclass IIle;
Silty range site.

98E —Ringling-Cabba complex, 9 to 35 percent slopes.
This map unit consists of shallow, strongly sloping to
steep, excessively drained and well drained soils on
residual uplands. It is dissected by incised drainageways.
Outcrops of porcelanite (scoria), clinker rock, or slag rock
are on the crests of hills and the tops of ridges. Slopes
are mostly long and smooth. Individual areas are mostly
long and irregularly shaped and range from about 40 to
250 acres in size. They are about 50 to 70 percent Rin-
gling soils and 20 to 45 percent Cabba soils.

The Ringling soils are on convex hilltops and ridgetops
and the upper side slopes. The Cabba soils are on the mid
and lower side slopes. The two soils are so intricately
mixed or are in areas so small that it is not practical to
separate them in mapping.

Typically, the Ringling soil has a surface layer of dark
reddish gray channery loam about 7 inches thick. The
substratum to a depth of about 15 inches is reddish
brown very channery loam. Fractured, hard, red and red-
dish yellow porcelanite (scoria) beds are at a depth of
about 15 inches (fig. 13).

Typically, the Cabba soil has a surface layer of grayish
brown loam or silt loam about 2 inches thick. Below this
is a transitional layer of light brownish gray loam or silt
loam about 6 inches thick. The substratum is pale yellow
loam about 8 inches thick. Stratified, pale yellow and light
gray bedrock is at a depth of about 16 inches. In a few
places the soft bedrock is at a depth of about 30 inches.

Included with this unit in mapping are small areas of
Arnegard and Grail soils in swales, Searing soils on broad
ridgetops and the lower side slopes, and Rhoades soils in
swales and on the lower side slopes. These soils make up
5 to 20 percent of the unit. The Arnegard and Grail soils
are not underlain by bedrock and are dark colored to a
greater depth than the Ringling and Cabba soils. The
Searing soils have fractured porcelanite beds at a depth
of 20 to 40 inches. The Rhoades soils contain excess sodi-
um and have a dense subsoil at a depth of 2 to 5 inches.

Permeability is very rapid in Ringling soil and
moderate in the Cabba soil. Available water capacity is
very low or low in the Ringling soil and low in the Cabba
soil. Surface runoff is rapid. The surface layer is friable.
Roots are restricted by the bedrock in both soils. The
shrink-swell potential is low in the Ringling soil and
moderate in the Cabba soil. Potential frost action is low in
the Ringling soil and moderate in the Cabba soil.

These soils are in native grasses and are used as range-
land. Some areas are mined for porcelanite, which is a
substitute for gravel as a road topping. The potential for
recreation areas and rangeland wildlife habitat is fair.
The potential for range grasses, cultivated crops, wind-
breaks, sanitary facilities, community development, and
openland wildlife habitat is poor.

These soils generally are unsuited to cultivated crops
because of the limited root zone and the slope.

The use of these soils as rangeland is effective in con-
trolling erosion and in protecting the soil unless the range
is overgrazed. Proper stocking rates, uniform grazing dis-



MERCER COUNTY, NORTH DAKOTA 65

tribution, deferred grazing, and a planned grazing system
maintain the plant cover and therefore help to control ru-
noff and erosion and maintain the maximum forage
production.

These soils are generally unsuited to trees and shrubs
grown as windbreaks and environmental plantings
because of the limited root zone.

~These soils are suited to some building site develop-
ment if slopes are less than 15 percent. They generally
are poorly suited to most other engineering uses because
of the depth to rock and the slope. Suitable building sites
can be located on some of the included soils. Capability
subclass Vle; Ringling soil in Very Shallow range site,
Cabba soil in Shallow range site.

100B—Amor loam, 3 to 6 percent slopes. This
moderately deep, gently sloping, well drained soil is in the
residual uplands. Slopes are plane and convex, mostly
long and smooth, and are dissected by shallow
drainageways. Individual areas are irregular in shape and
range from about 10 to more than 100 acres in size.

Typically, the surface layer is dark grayish brown loam
about 8 inches thick. It is dark grayish brown in the
upper part and grayish brown in the lower part. The sub-
stratum is light brownish gray loam about 12 inches thick.
Below this to a depth of about 60 inches is pale olive, soft
sandstone. In places the subsoil is silt loam. In some areas
the dark colors extend to a greater depth, and the soft
sandstone is not evident within a depth of 40 inches.

Included with this soil in mapping are small areas of
Vebar and Werner soils. These soils make up 5 to 20 per-
cent of the unit. The Vebar soils have a texture of fine
sandy loam. The Werner soils have soft sandstone at a
depth of 10 to 20 inches. The Werner soils are on the tops
of knobs and ridges.

Permeability and available water capacity are
moderate. Surface runoff is medium. The surface layer is
friable and can be easily tilled throughout a wide range in
moisture content. Roots are restricted by the soft
bedrock at a depth of about 32 inches. The shrink-swell
potential is moderate. Potential frost action also is
moderate.

Most areas are used for cultivated crops. Some are in
native grasses and are used as rangeland. This soil has
good potential for range grasses, windbreaks, and most of
the cultivated crops commonly grown in the county. It
has good potential for most recreation uses. The potential
for openland wildlife habitat is good, and the potential for
rangeland wildlife habitat is fair. The potential for septic
tank absorption fields, for most other sanitary facilities,
and for community development is fair.

This soil is well suited to wheat, oats, barley, and
grasses and legumes. Most areas are slightly susceptible
to soil blowing and water erosion, but some are moderate-
ly susceptible to water erosion. Minimum tillage, crop
residue management, stubble mulch, grassed waterways,
and diversions help to prevent excessive soil and water
losses. They also maintain fertility, organic-matter con-
tent, and tilth. .

The use of this soil as rangeland, pastureland, or hay-
land is effective in controlling erosion and in protecting
the soil. Proper stocking rates and uniform distribution of
grazing keep the soil and the range grasses in good condi-
tion.

This soil is suited to windbreaks and environmental

_plantings. Most of the climatically suited trees and shrubs

can grow well.

This soil is suited to building site development and to
most engineering uses. The slow absorption of septic tank
effluent can be overcome by enlarging the absorption
field. The depth to rock is a problem, but the rock is soft
and can be easily excavated. If buildings are constructed
on this soil, the effects of shrinking and swelling can be
overcome by strengthening foundations and basement
walls. Capability subclass Ile; Silty range site.

100C—Amor loam, 6 to 9 percent slopes. This
moderately deep, moderately sloping, well drained soil is
on residual uplands. Slopes are mostly convex and long
and smooth. Areas are dissected by shallow to well
defined drainageways. They are irregular in shape and
are mostly less than 50 acres in size.

Typically, the surface layer is dark grayish brown loam
about 8 inches thick. The subsoil is loam about 12 inches
thick. It is dark grayish brown in the upper part and
grayish brown in the lower part. The substratum is light
brownish gray loam about 12 inches thick. Below this to a
depth of about 60 inches is pale olive, soft sandstone. In
places the subsoil is silt loam. In some areas the dark
colors extend to a greater depth, and the soft sandstone
is not evident within a depth of 40 inches.

Included with this seil in mapping are small areas of
Vebar and Werner soils. These soils make up 5 to 20 per-
cent of the unit. The Vebar soils have a texture of fine
sandy loam. The Werner soils have soft sandstone at a
depth of 10 to 20 inches. The Werner soils are on the tops
of knobs and ridges.

Permeability and available water capacity are
moderate. Surface runoff is medium. The surface layer is
friable and can be easily tilled throughout a wide range in
moisture content. Roots are restricted by the soft
bedrock at a depth of about 32 inches. The shrink-swell
potential is moderate. Potential frost action also is
moderate.

Most areas are used for cultivated crops. Some are in
native grasses and are used as rangeland. This soil has
good potential for range grasses, windbreaks, most
recreation uses, and openland wildlife habitat. It has fair
potential for most cultivated crops and for sanitary land-
fill areas, community development, and rangeland wildlife
habitat. It has poor potential for sewage disposal.

The soil is suited to wheat, oats, barley, and grasses
and legumes. It is slightly susceptible to soil blowing and
moderately susceptible to water erosion. Minimum tillage,
crop residue management, stubble mulch, grassed water-
ways, and diversions help to prevent excessive soil and
water losses. They also maintain fertility, organic-matter
content, and tilth.
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The use of this soil as rangeland, pastureland, or hay-
land is effective in controlling erosion and in protecting
the soil. Proper stocking rates and uniform distribution of
grazing keep the soil and the range grasses in good condi-
tion.

This soil is suited to windbreaks and environmental
plantings. Most of the climatically suited trees and shrubs
can grow well.

This soil is suited to building site development and to
most engineering uses. The slow absorption of septic tank
effluent can be overcome by enlarging the absorption
field. The depth to rock is a problem, but the rock is soft
and can be easily excavated. If buildings are constructed
on this soil, the effects of shrinking and swelling can be
overcome by strengthening foundations and basement
walls. Capability subclass IIle; Silty range site.

101C—Parshall fine sandy loam, 6 to 9 percent
slopes. This deep, moderately sloping, well drained soil is
on the edges of stream terraces and outwash plains.
Areas are crossed by a few shallow drainageways. They
are irregular in shape and range from 10 to 50 acres in
size. Slopes are plane or convex and are short and
smooth.

Typically, the surface layer is fine sandy loam about 17
inches thick. It is very dark grayish brown in the upper
part and dark grayish brown in the lower part. The sub-
soil is fine sandy loam about 15 inches thick. It is dark
grayish brown in the upper part and grayish brown in the
lower part. The substratum is, in sequence downward,
light brownish gray fine sandy loam, grayish brown fine
sandy loam, and light brownish gray loamy fine sand. In a
few places the surface layer is loam, and in some a dark
colored, buried layer is at a depth of about 50 inches. In
some areas the dark colors do not extend to so great a
depth.

Included with this soil in mapping are small areas of
Lihen and Flaxton soils. These soils make up 5 to 15 per-
cent of the unit. The Lihen soils are sandy throughout.
They are on plane and convex slopes. The Flaxton soils
have clay loam glacial till at a depth of 20 to 40 inches.
They are on the convex tops of knobs and ridges. Also in-
cluded in places is a soil having sand and gravel at a
depth of about 35 inches.

Permeability is moderately rapid, and available water
capacity is moderate to high. Surface runoff is medium.
This soil can be easily tilled throughout a wide range in
moisture content. The shrink-swell potential is low. Poten-
tial frost action is moderate.

Most areas are in native grasses and are used as range-
land. Some are used for cultivated crops. This soil has
good potential for range grasses, windbreaks, recreation
areas, openland wildlife habitat, and septic tank absorp-
tion fields. It has fair potential for cultivated crops, com-
munity development, and rangeland wildlife habitat. The
potential for sewage lagoons is peor.

This soil is suited to wheat, oats, barley, and grasses
and legumes. The hazards of soil blowing and water ero-
sion are severe. Cultivation across the slope, stubble

mulch, minimum tillage, crop residue management, strip-
cropping, and windbreaks help to control erosion and soil
blowing, maintain the organic-matter content and fertility,
and improve the water-supplying capacity.

The use of this soil as rangeland, pastureland, or hay-
land is effective in controlling erosion and in protecting
the soil. Proper stocking rates and uniform distribution of
grazing keep the pasture and the soil in good condition.

This soil is suited to windbreaks and environmental
plantings. Many of the climatically suited trees and
shrubs can grow well.

This soil is suited to building site development and to
most engineering uses. Contamination of ground water,
however, can result from the use of this soil as a septic
tank absorption field. Seepage from sanitary landfills and
sewage lagoons can be prevented if proper lining is used.
Capability subclass IVe; Sandy range site.

102—Bowbells loam, 1 to 3 slopes. This nearly level,
well drained soil has plane and slightly concave slopes.
Areas are crossed by a few shallow drainageways that
fan out and are indistinct in places. A few pebbles, cob-
bles, and stones are on the surface. Individual areas are
irregular in shape and range from about 40 to 500 acres
in size. Slopes are short and smooth.

Typically, the surface layer is very dark grayish brown
loam about 11 inches thick. The subsoil is about 23 inches
thick. The upper part is dark grayish brown loam, the
next part is dark grayish brown clay loam, and the lower
part is grayish brown clay loam. The substratum to a
depth of about 60 inches is mottled, light yellowish brown
clay loam. In some places the surface layer is silt loam. In
others the texture is loam throughout, and the clay loam
glacial till substratum is not evident. In some areas the
dark colors do not extend to so great a depth.

Included with this soil in mapping are small areas of
poorly drained Tonka soils and very poorly drained Parnell
goils. These soils make up 0 to 10 percent of the unit. They
occupy shallow depressions and potholes.

Permeability is moderate in the subsoil and moderately
slow in the substratum. Available water capacity is high.
Surface runoff is slow. This soil can be easily tilled
throughout a fairly wide range in moisture content. The
shrink-swell potential is moderate. Potential frost action
also is moderate.

Most areas are used for cultivated crops. Some are in
native grasses and are used as rangeland and hayland.
This soil has good potential for range grasses, wind-
breaks, most of the cultivated crops commonly grown in
the county, openland and rangeland wildlife habitat,
sewage lagoons, sanitary landfills, and recreation uses.
The potential for septic tank absorption fields and com-
munity development is fair.

This soil is well suited to wheat, oats, barley, and
grasses and legumes. The hazards of soil blowing and
water erosion are slight. Stubble mulch, minimum tillage,
striperopping, and windbreaks help to control soil blowing
and erosion and maintain the organic-matter content, fer-
tility, and tilth.
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The use of this soil as rangeland, pastureland, or hay-
land is effective in controlling soil blowing and in protect-
ing the soil. Proper stocking rates and uniform distribu-
tion of grazing keep the soil and the grasses in good con-
dition.

This soil is well suited to windbreaks and environmen-
tal plantings. All climatically suited trees and shrubs can
grow well,

This soil is suited to building site development and to
most engineering uses. The slow absorption of septic tank
effluent can be overcome by enlarging the absorption
field. If buildings are constructed on this soil, the effects
of shrinking and swelling can be overcoine by strengthen-
ing foundations and basement walls. Capability subclass
IIe; Overflow range site.

104—Magnus silty clay loam. This level, deep, well
drained soil is on bottom land and low terraces. It is rare-
ly or commonly flooded. Most drainageways are indistinct.
Slopes are mostly long and smooth. Individual areas are
mostly irregular in shape and range from 10 to 80 acres
in size.

Typically, the surface layer is about 16 inches thick.
The upper part is very dark grayish brown silty clay
loam, and the lower part is very dark grayish brown silty
clay. The subsoil is about 13 inches of dark grayish brown
silty clay that has thin strata of silty clay loam. The sub-
stratum to a depth of about 60 inches is grayish brown
and dark grayish brown silty clay loam that has thin
strata of silt loam and silty clay. One or more dark
colored, buried layers are evident in most places. In
places the surface layer is silty clay. In some areas it is
not so dark colored.

Included with this seil in mapping are small areas of
Straw soils. These soils make up 5 to 15 percent of the
unit. The Straw soils contain less clay and more sand than
this Magnus soil.

Permeability is slow or moderately slow, and available
water capacity is high. Surface runoff is slow. The surface
layer can be easily tilled within a fairly narrow range in
moisture content. It tends to puddle and crust following
heavy rains. The shrink-swell potential is high. Potential
frost action is moderate.

Most areas are used for cultivated crops. Some are in
native grasses and are used as rangeland and hayland.
This soil has good potential for most of the cultivated
crops commonly grown in the county and for range
grasses, windbreaks, and openland wildlife habitat. If pro-
tected against flooding, it has good potential for sewage
lagoon areas. The potential for recreation areas and ran-
geland wildlife habitat is fair. The potential for septic
tank absorption fields and sanitary landfills is fair if the
soil is protected against flooding.

This soil is well suited to wheat, oats, barley, and
grasses and legumes. The main concerns of management
are the flood hazard and the hazard of erosion. Crop
residue management, stubble mulch, minimum tillage,
stripcropping, and windbreaks reduce the erosion hazard.

The use of this soil as rangeland, pastureland, or hay-
land is effective in controlling erosion and in protecting
the soil unless the pasture or range is overgrazed. Proper
stocking rates and uniform distribution of grazing keep
the range grasses and the soil in good condition.

This soil is well suited to windbreaks and environmen-
tal plantings. All climatically suited trees and shrubs can
grow well,

This soil is poorly suited to sanitary facilities and com-
munity development unless it is protected against flood-
ing. The slow absorption of septic tank effluent can be
overcome by enlarging the absorption field. If buildings
are constructed on this soil, the effects of shrinking and
swelling can be overcome by strengthening foundations
and basement walls. Onsite investigation is needed to
determine the frequency and duration of floods. Capabili-
ty subclass IIc; Overflow range site.

108—Belfield-Straw silt loams, 1 to 3 percent slopes.
This map unit consists of deep, nearly level, well drained
soils on bottom land and low terraces. Most areas are only
rarely flooded, but some are occasionally flooded for a
brief period. Most are crossed by shallow drainageways,
but in places the drainage pattern fans out and is in-
distinct. Slopes are plane and are mostly long and smooth.
Individual areas are irregular in shape and range from
about 20 to 80 acres in size. They are about 50 to 70 per-
cent Belfield soils and 15 to 35 percent Straw soils. The
two soils are so intricately mixed or are in areas so small
that it is not practical to separate them in mapping.

Typically, the Belfield soil has a surface layer of very
dark grayish brown silt loam about 8 inches thick. The
subsurface layer is dark grayish brown clay loam about 4
inches thick. The subsoil is about 18 inches thick. It is
grayish brown silty clay loam in the upper part, grayish
brown clay loam in the next part, and light brownish gray
clay loam in the lower part. The substratum to a depth of
about 60 inches is stratified clay loam and silty clay loam.
It has thin strata of loam and silt loam below a depth of
40 inches. It is light gray in the upper part and light yel-
lowish brown in the lower part. In places the surface
layer is loam. In some areas a dark colored, old buried
surface layer is evident.

Typically, the Straw soil has a surface layer of very
dark grayish brown silt loam about 8 inches thick. The
subsoil is silt loam about 16 inches thick. It is grayish
brown in the upper part and dark grayish brown in the
lower part. The substratum to a depth of about 60 inches
is loam stratified with silt loam and fine sandy loam. The
upper part is grayish brown, and the lower part is light
brownish gray. In places the surface layer is loam. In
some areas a dark, old buried surface layer is evident.

Included with this unit in mapping are small areas of
Harriet soils. These soils make up 0 to 10 percent of the
unit. They are wetter than the Belfield and Straw soils
and are shallower to soluble salts.

Permeability is slow in the Belfield soil and moderate
in the Straw soil. Available water capacity is high in both
soils. The Belfield soil contains excess sodium salts. Both
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soils can be easily tilled throughout a fairly wide range in
moisture content. Roots are moderately restricted by the
moderately dense subsoil in the Belfield soil. The shrink-
swell potential is high in the Belfield soil and moderate in
the Straw soil. Potential frost action is moderate in both
soils.

Most areas are cultivated. These soils have good poten-
tial for range grasses and most of the cultivated crops
commonly grown in the county. The Straw soil has good
potential and the Belfield soil fair potential for wind-
breaks. The potential for openland and rangeland wildlife
habitat is fair. The potential for most engineering and
recreation uses is poor unless the soils are protected
against flooding.

These soils are well suited to wheat, oats, barley, and
grasses and legumes. The hazard of erosion is slight. The
main concerns of management are the moderate restric-
tion of root growth and the slow permeability in the
Belfield soil. Flooding is also a concern, but it can be
beneficial to range grasses and to hay and pasture plants.
Deep-rooted crops in the cropping system, stubble mulch,
and minimum tillage improve root growth and permeabili-
ty and help to control soil blowing and water erosion.

The use of these soils as rangeland, pastureland, or
hayland is effective in controlling erosion and in protect-
ing the soil. Proper stocking rates and uniform grazing
distribution keep the range grasses in good condition.

These soils are suited to windbreaks and environmental
plantings. Most of the climatically suited trees and shrubs
can grow well.

Unless protected against flooding, these soils are poorly
suited to building site development and other engineering
uses. The slow absorption of septic tank effluent can be
overcome by enlarging the absorption field. If buildings
are constructed on these soils, the effects of shrinking
and swelling can be overcome by strengthening founda-
tions and basement walls. Capability subclass Ills;
Belfield soil in Clayey range site, Straw soil in Overflow
range site.

109B—-Bowbells-Zahl loams, 3 to 6 percent slopes.
This map unit consists of deep, undulating, well drained
soils on glacial till uplands. It is crossed by a few shallow
drainageways in some places, but the drainage pattern is
indistinet in most places. A few pebbles, cobbles, and
stones are on the surface. Slopes are short and smooth.
Individual areas are irregular in shape and range from 10
to more than 100 acres in size. They are about 45 to 75
percent Bowbells soils and 20 to 40 percent Zahl soils.

The Bowbells soils are on plane and concave slopes. The
Zahl soils are on convex slopes above the Bowbells soils.
The two soils are so intricately mixed and are in areas so
small that it is not practical to separate them in mapping.

Typically, the Bowbells soil has a surface layer of very
dark grayish brown loam about 8 inches thick. The subsoil
is about 20 inches thick. The upper part is dark grayish
brown loam, the next part is dark grayish brown clay
loam, and the lower part is grayish brown clay loam. The
substratum to a depth of about 60 inches is mottled, light

yellowish brown clay loam. In some places the surface
layer is silt loam. In some the dark colors do not extend
to so great a depth. In some areas the texture is loam
throughout, and the clay loam glacial till substratum is
not evident.

Typically, the Zahl soil has a surface layer of dark
grayish brown loam about 5 inches thick. The substratum
to a depth of about 60 inches is clay loam glacial till. It is
light brownish gray in the upper part and light yellowish
brown in the lower part. In tilled areas the lighter colored
clay loam substratum is mixed with the surface layer. In
places a grayish brown loam transitional layer is between
the surface layer and the substratum.

Included with this unit in mapping are small areas of
poorly drained Tonka soils and very poorly drained Par-
nell soils. These soils make up 0 to 10 percent of the unit.
They occupy shallow depressions and potholes.

Permeability is moderate in the subsoil of the Bowbells
soil and moderately slow in the substratum. It is
moderately slow in the Zahl soil. Available water capacity
is high, and surface runoff is medium. The Bowbells soil
can be easily tilled throughout a fairly wide range in
moisture content. The Zahl soil is more difficult to till,
especially when too wet or too dry. Potential frost action
is moderate. The shrink-swell potential also is moderate.

Most areas are used for cultivated crops. Some are in
native grasses and are used as rangeland and hayland.
These soils have good potential for range grasses, wind-
breaks, most of the cultivated crops commonly grown in
the county, openland wildlife habitat, and recreation uses.
They have fair potential for septic tank absorption fields,
sewage lagoons, community development, and rangeland
wildlife habitat.

These soils are well suited to wheat, oats, barley, and
grasses and legumes. The main concerns of management
are controlling soil blowing and erosion and maintaining
the organic-matter content and fertility. The Bowbells soil
is slightly susceptible and the Zahl soil moderately
susceptible to soil blowing. Stubble mulch, minimum til-
lage, stripcropping, grassed waterways, and windbreaks
help to control soil blowing and erosion and maintain the
organic-matter content, fertility, and tilth.

The use of these soils as rangeland, pastureland, or
hayland is effective in controlling erosion and in protect-
ing the soil unless the range or pasture is overgrazed.
Proper stocking rates and uniform distribution of grazing
keep the soil and the plants in good condition.

These soils are suited to windbreaks and environmental
plantings. All of the climatically suited trees and shrubs
can grow well on the Bowbells soil, and most of the cli-
matically suited species can grow well on the Zahl soil.

These soils are suited to building site development and
to most engineering uses. The slow absorption of septic
tank effluent can be overcome by enlarging the absorp-
tion field. If buildings are constructed on these soils, the
effects of shrinking and swelling can be overcome by
strengthening foundations and basement walls. Capability
subclass IIe; Bowbells soil in Silty range site, Zahl soil in
Thin Upland range site.
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110B—Belfield silt loam, 3 to 6 percent slopes. This
deep, gently sloping, well drained soil is on uplands and
terraces and in swales. Fairly well defined, shallow
drainageways cross most areas, but the drainage pattern
is entrenched or fans out and is indistinet in places. A
moderately dense subsoil is at a depth of 7 to 20 inches.
Individual areas are mostly irregular in shape and are
less than 80 acres in size. Slopes are long and plane or
concave.

Typically, the surface layer is dark grayish brown silt
loam about 13 inches thick. The subsurface layer is dark
grayish brown silty clay loam about 3 inches thick. The
subsoil is silty clay about 16 inches thick. It is dark gray-
ish brown in the upper part and grayish brown in the
lower part. The substratum to a depth of about 60 inches
is silty clay loam. It is light brownish gray in the upper
part and light yellowish brown in the lower part. In
places soft, partly weathered bedrock is below a depth of
36 inches. In some places on terraces and in swales, the
substratum has a dark colored, old buried surface layer.
In places, the surface layer is loam and the subsoil con-
tains less clay.

Included with this soil in mapping are small areas of
Grail soils on concave slopes and Daglum and Rhoades
soils on plane slopes. These soils make up about 5 to 20
percent of the unit. The Daglum and Rhoades soils have a
denser subsoil and the Grail soils a less dense subsoil than
this Belfield soil.

Permeability is slow, and available water capacity is
high. This soil receives some runoff from the higher lying
surrounding soils. It can be easily tilled throughout a
wide range in moisture content. Roots are restricted
somewhat in the subsoil The shrink-swell potential is
high. Potential frost action is low. The subsoil contains a
large amount of sodium.

Most areas are cultivated. This soil has good potential
for rangeland, crops, waste disposal facilities, and recrea-
tion uses. It has fair potential for windbreaks, most com-
munity development uses, and openland and rangeland
wildlife habitat.

This soil is well suited to wheat, oats, barley, and
grasses and legumes. The hazard of water erosion is
moderate, and the hazard of soil blowing is slight. Stubble
mulch, minimum tillage, and crop residue management
help to control erosion and soil blowing. Deep-rooted
legumes and manure maintain the organic-matter content,
tilth, and fertility and improve moisture intake. Grassed
waterways and diversions help to control erosion where
water concentrates in drainageways. If the dense subsoil
is exposed during construction of waterways and diver-
sions, recovering the surface with topsoil provides a good
seedbed.

The use of this soil as rangeland, pastureland, or hay-
land is effective in controlling erosion and in protecting
the soil. Proper stocking rates and uniform distribution of
grazing keep the pasture and the soil in good condition.

This soil is suited to windbreaks and environmental
plantings. Some of the climatically suited trees and
shrubs can grow well.

This soil is suited to building site development and to
most other engineering uses. The slow absorption of sep-
tic tank effluent can be overcome by enlarging the ab-
sorption field. If buildings are constructed on this soil, the
effects of shrinking and swelling can be overcome by
strengthening foundations and basement walls. Capability
subclass Ille; Clayey range site.

111—Pits, gravel. This map unit is in areas from which
the soil material has been removed in order to mine the
underlying sand and gravel. Most areas are used only for
mining of the remaining sand and gravel. The potential
for most farming and engineering uses is poor. The poten-
tial for trees and shrubs, wildlife habitat, and recreation
areas also is poor.

This map unit generally is unsuited to farming unless it
is leveled and top dressed with suitable topsoil. It is dif-
ficult to revegetate unless it is reclaimed with topsoil. In
unreclaimed areas, climatically suited trees and shrubs
can be planted on pit bottoms for wildlife habitat and for
esthetic value.

This map unit generally is unsuited to sanitary facilities
and building site development unless it is leveled and
reclaimed. Drainage outlets should be provided in ponded
areas and in areas where the water table is seasonally
high. Onsite investigation is needed to predict the
behavior -of this unit for such uses as sanitary facilities
and building sites. Capability subclass VIIIs; not assigned
to a range site.

Use and management of the soils

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

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

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

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

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

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

Crops and pasture

EpwARD R. WEIMER, agronomist, Soil Conservation Service, helped
prepare this section.

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

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

About 282,000 acres in Mercer County was used for
crops and pasture in 1975, according to the Agricultural
Stabilization and Conservation Service. Of this total,
about 100,000 acres was used for hard red spring wheat;
30,000 acres for oats; 15,000 acres for corn, mostly silage;
6,000 acres for barley; 5,000 acres for flax; 51,000 acres
for hayland, mostly an alfalfa-grass mixture; and 4,000
acres for tame pasture. About 71,000 acres was summer
fallow.

The acreage of a close-grown crop, such as wheat, has
increased, whereas the acreage of tame pasture, row
crops, hayland, and summer fallow has decreased. The
shift in cropland use is a result of economic factors and
changes in agricultural programs.

The total acreage of cropland is gradually decreasing as
a result of mining for lignite coal and, to a minor extent,
urbanization. Many mined areas were once cropland. Ap-
proximately 4,000 acres has been mined, and the mined
acreage is expected to increase at a higher rate in the fu-
ture. The use of this soil survey to help make land-use
decisions that will influence the future role of farming in
the county is described under the heading “General soil
map for broad land-use planning.”

The potential of the soils in Mercer County for in-
creased production of cultivated grain crops is good.
About 20,000 acres of potentially good cropland is range-
land; 4,000 acres, tame pasture; 51,000 acres, hayland; and
71,000 acres, summer fallow. Almost 20 percent of the
acreage used as cropland, however, is marginal and is
best suited as pastureland and rangeland. Production can
be increased by using continuous cropping systems, apply-
ing fertilizer, and extending the latest crop production
technology to all cropland in the county. The information
contained in this soil survey report can greatly facilitate
the application of such technology.

Soil erosion is the major soil problem on much of the
cropland in Mercer County. Other concerns of manage-
ment are excess sodium salts, clayey or sandy textures,
conservation of soil moisture, and maintenance of fertility
and tilth.

Nearly all of the cropped soils are subject to soil blow-
ing. Those that are highly susceptible are the Flaxton,
Lihen, Vebar, Velva, Krem, Lefor, Parshall, and Noonan
fine sandy loams. These soils have a high percentage of
sand in the surface layer. Other cropped soils that are
subject to soil blowing are Lawther, Lohler, Havrelon,
Banks, Colvin, Mandan, Moreau, and Zahl soils. They are
subject to soil blowing because they have a high content
of lime, clay, or very fine sand. They are easily damaged
by strong winds, if they are dry and are bare of vegetation
and surface mulch.

Among the measures that are effective in controlling
soil blowing are wind stripcropping, buffer strips,
minimum tillage, continuous cropping, windbreaks, cover
crops, timely tillage, and crop residue management. A
combination of these methods generally is most effective.

Water erosion is a major problem on most of the
cropland in the survey area. Some of the soils that are
subject to soil blowing are also subject to water erosion.
Generally, soils having slopes that are more than 3 per-
cent and are long and smooth are highly susceptible to
water erosion. Even some nearly level soils receiving ru-
noff from higher lying soils are subject to gullying. Soil
erosion on cropland lowers the productivity of the soil
and results in sediment entering streams. Control of ero-
sion minimizes the pollution of streams by sediment and
improves the quality of water for municipal use, for
recreation, and for fish and wildlife.

Many soils used as cropland have long and smooth
slopes. Such soils, for example, Amor-Werner loams, 6 to
9 percent slopes, are subject to gullying in drainageways.
Gullying can be controlled by reducing runoff and
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establishing and maintaining grassed waterways. Contour
tillage, terraces and diversions, contour striperopping,
crop residue management, cover crops, and grasses and
legumes in the cropping system also help to control ero-
sion. Contour stripcropping and tillage are not practical
on some soils having short and smooth slopes, for exam-
ple, Williams loam, 3 to 6 percent slopes. Minimum tillage,
grassed waterways, crop residue management, and other
measures minimize soil losses.

Conservation practices that control soil blowing and
water erosion previde protective surface cover, reduce ru-
noff, increase infiltration of water, and maintain and im-
prove fertility, water-holding capacity, and tilth. Applying
commercial fertilizers, plowing green manure and bar-
nyard manure under, and including cover crops and
grasses and legumes in the cropping system also maintain
fertility and tilth.

Many soils used as cropland contain excess sodium
salts. Belfield, Daglum, Noonan, and Moreau soils are ex-
amples. Because sodium disperses the clay particles, the
subsoil is dense and a crust forms on the surface.
Permeability in these soils is slow or very slow. Prepara-
tion of a good seedbed is difficult. Yields of grain crops
range from fair to poor. Conservation measures are
needed because the slow infiltration rate results in excess
runoff. Crop residue management, manure, and deep-
rooted crops, such as alfalfa and sweet clover, can im-
prove the infiltration rate and reduce crust formation.
Fall plowing prepares a good seedbed, but conservation
measures, such as grassed waterways and contour strip-
cropping, are needed to minimize water erosion,

Soil moisture is conserved generally by reducing
evaporation, minimizing runoff losses, increasing the infil-
tration rate, and controlling weeds and soil blowing and
water erosion. Crop residue management, windbreaks,
minimum tillage, chemicals that control weeds, and
summer fallow, which also controls weeds, conserve soil
moisture.

Maintaining tilth is important in good seed germination
and in the infiltration of water into the soil. Maintaining
good tilth is an important management concern for soils
containing a high percentage of clay in the surface layer
and for soils containing excess sodium salts. Regent,
Grail, Savage, Lawther, Magnus, and Lohler are some of
the soils requiring management to maintain good tilth. In-
corporation of green manure or livestock manure, crop
residue management, tillage at the proper moisture con-
tent, and fall plowing help to prepare a good seedbed. If
the soil is plowed in the fall, conservation measures that
control soil blowing and water erosion are needed. Strip-
cropping, grassed waterways, windbreaks, and contour
farming minimize soil losses.

Some soils have unfavorable characteristics, such as
stones and poor drainage, that must be overcome before
maximum production can be obtained. Removal of stones
generally is necessary on soils formed on the glacial till
plain. Williams, Bowbells, and Zahl soils are examples.
Drainage is needed on Parnell, Tonka, Colvin, and Dim-
mick soils, but suitable outlets are lacking in many areas.

Field crops suited to the soils and the climate of the
survey area include some that are not commonly grown.
These crops include sunflower, pinto beans, safflower,
mustard, buckwheat, sugar beets, potatoes, durum, rye,
millet, and grass or legume seed.

Irrigation has been of great interest in the survey area
in recent years, but only about 2,000 acres is currently ir-
rigated. Soils suitable for irrigation have good internal
drainage and a good infiltration rate and respond well to
irrigation. An important factor in determining the feasi-
bility of irrigation is the quality of water. Water spread-
ing is an alternative to irrigation. It is particularly suita-
ble in areas that are too small or irregular in shape for
sprinkler systems or gravity systems.

Information about the design of erosion-control prac-
tices for each kind of soil is contained in the Technical
Guide, available in local offices of the Soil Conservation
Service. The latest information and suggestions about the
crops commeonly grown in the county and about special
crops can be obtained from local offices of the Coopera-
tive Extension Service and the Soil Conservation Service.

Yields per acre

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

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

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

The management needed to achieve the indicated yields
of the various crops depends on the kind of soil and the
crop. Such management provides drainage, erosion con-
trol, and protection from flooding; the proper planting
and seeding rates; suitable high-yielding crop varieties;
appropriate tillage practices, including time of tillage and
seedbed preparation and tilling when soil moisture is
favorable; control of weeds, plant diseases, and harmful
insects; favorable soil reaction and optimum levels of
nitrogen, phosphorus, potassium, and trace elements for
each crop; effective use of crop residues, barnyard
manure, and green-manure crops; harvesting crops with
the smallest possible loss; and timeliness of all fieldwork.

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

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

Capability classes and subclasses

Capability classes and subclasses show, in a general
way, the suitability of soils for most kinds of field crops.
The soils are classed according to their limitations when
they are used for field crops, the risk of damage when
they are used, and the way they respond to treatment.
The grouping does not take into account major and
generally expensive landforming that would change slope,
depth, or other characteristics of the soils; does not take
into consideration possible but unlikely major reclamation
projects; and does not apply to rice, cranberries, horticul-
tural crops, or other crops that require special manage-
ment. Capability classification is not a substitute for in-
terpretations designed to show suitability and limitations
of groups of soils for rangeland, for forest trees, or for
engineering purposes.

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

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

Class I soils have few limitations that restrict their use.

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

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

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

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

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

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

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

Capability subclasses are soil groups within one class;
they are designated by adding a small letter, ¢, w, s, or ¢,
to the class numeral, for example, ITe. The letter e shows
that the main limitation is risk of erosion unless close-

growing plant cover is maintained; w shows that water in
or on the soil interferes with plant growth or cultivation
(in some soils the wetness can be partly corrected by ar-
tificial drainage); s shows that the soil is limited mainly
because it is shallow, droughty, or stony; and ¢, used in
only some parts of the United States, shows that the
chief limitation is climate that is too cold or too dry.

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

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

Rangeland

JAMES L. KRAMER, range conservationist, Soil Conservation Service,
helped prepare this section.

About 46 percent of Mercer County is rangeland. About
half of the total farm income is derived from livestock,
principally cattle. Cow-calf operations are dominant. The
size of ranches ranges from about 1,000 to 15,000 acres.

On many ranches the forage produced on rangeland is
supplemented by crop stubble and small grain. In winter
the native forage is often supplemented with protein con-
centrate. Creep feeding of calves and yearlings to in-
crease market weight is practiced on some ranches.

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

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

A range site is a distinctive kind of rangeland that dif-
fers from other kinds of rangeland in its ability to
produce a characteristic natural plant community. Soils
that produce a similar kind, amount, and proportion of
range plants are grouped into range sites. For those areas
where the relationship between soils and vegetation has
been established, range sites can be interpreted directly
from the soil map. Properties that determine the capacity
of the soil to supply moisture and plant nutrients have
the greatest influence on the productivity of range plants.
Depth to bedrock, sodium salt content, and slope are also
important.

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

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

Characteristic species of grasses, grasslike plants,
forbs, and shrubs that make up most of the potential
natural plant community on each soil are listed by com-
mon name. Under Composition, the expected proportion
of each species is presented as the percentage, in air-dry
weight, of the total annual production of herbaceous and
woody plants. The amount that can be used as forage de-
pends on the kinds of grazing animals and on the grazing
season. Generally all of the vegetation produced is not
used.

Range management requires, in addition to knowledge
of the kinds of soil and the potential natural plant com-
munity, an evaluation of the present condition of the
range vegetation in relation to its potential. Range condi-
tion is determined by comparing the present plant com-
munity with the potential natural plant community on a
particular range site. The more closely the existing com-
munity resembles the potential community, the better the
range condition. The objective in range management is to
control grazing so that the plants growing on a site are
about the same in kind and amount as the potential natu-
ral plant community for that site. Such management
generally results in the maximum production of vegeta-
tion, conservation of water, and control of brush and of
soil blowing and erosion. Sometimes, however, a range
condition somewhat below the potential meets grazing
needs, provides wildlife habitat, and protects soil and
water resources. Soil survey information and rangeland
inventories can greatly facilitate the proper management
of rangeland.

Many soils in the southwestern part of the county are
shallow over soft bedrock and generally are moderately
- steep to very steep. They support short grasses, and
potential productivity is low because of the excess runoff
and the shallow root zone. Many soils in the southwestern
part contain excess sodium salts. Roots are restricted by
a dense subsoil in many of these soils. Also, they are una-
ble to extract some of the soil moisture because of the
sodium salts and a high content of clay, which holds some
of the soil moisture under tension. In the southeastern
part of the county are large areas of sandy soils where
blowouts and sand dunes are evident. These soils are very
droughty and are highly susceptible to soil blowing.

Windbreaks and environmental plantings

ELMER R. UMLAND, forester, Soil Conservation Service, helped
prepare this section.

Approximately 13,000 acres in Mercer County is native
woodland. Most of the native trees and shrubs grow on
Havrelon, Lohler, and Banks soils on bottom land along
the Missouri River; on Arnegard, Grail, Parshall, and
Grassna soils in adjacent swales and on terraces; and on
Straw, Velva, and Magnus soils on bottom land along the
Knife River and other major creeks.

The chief trees and shrubs are American elm, eastern
cottonwood, green ash, bur oak, boxelder, native plum,
Woods rose, juneberry, chokecherry, western snowberry,
and shrub willow.

The early settlers used trees for lumber, fence posts,
and fuel. Currently, the trees and shrubs are used chiefly
for erosion control, wildlife habitat, recreation, esthetic
purposes, and protection of livestock, watersheds, homes,
gardens, and crops.

Windbreaks have been planted in Mercer County since
the days of the early settlers. Most have provided protec-
tion for farmsteads and livestock. Trees are still needed
around many farmsteads, but the major need is for wind-
breaks in cultivated areas where the hazard of soil blow-
ing is serious.

Windbreaks provide many environmental benefits.
They reduce the risk of soil blowing; protect crops,
gardens, and orchards from wind damage and from
moisture loss through evaporation; keep dust away from
farmsteads and roads; provide food, cover, and nests for
wildlife; protect homes; reduce fuel needs, livestock feed
requirements, and noise; purify the air; provide a cooling
effect during summer; and beautify the countryside.

The establishment of a windbreak depends upon the
careful selection of trees and shrubs that are suited to
the soil, on suitable preparation of the site, on the location
and design of the windbreak, and on adequate main-
tenance after the trees are planted. Grasses and weeds
must be eliminated before the planting is made and
should be controlled for the entire life of the windbreak.
Some replanting is likely to be needed during the first
and second years after the initial planting.

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

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

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

Table 7 shows the height that locally grown trees and
shrubs are expected to reach on various kinds of soil in 20
years. The estimates in table 7, based on measurements
and observation of established plantings that have been
given adequate care, can be used as a guide in planning
windbreaks and screens. Additional information about
planning windbreaks and screens and the planting and
care of trees can be obtained from local offices of the Soil
Conservation Service or the Cooperative Extension Ser-
vice or from nurserymen.

Engineering

RICHARD S. BERGANTINE, engineer, Soil Conservation Service, helped
prepare this section.

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

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

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

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

These factors of soil behavior affect construction and
maintenance of roads, airport runways, pipelines, founda-
tions for small buildings, ponds and small dams, irrigation
projects, drainage systems, sewage and refuse disposal
systems, and other engineering works. The ranges of
values can be used to (1) select potential residential, com-
mercial, industrial, and recreational uses; (2) make
preliminary estimates pertinent to construction in a par-
ticular area; (3) evaluate alternative routes for roads,

streets, highways, pipelines, and underground cables; (4)
evaluate alternative sites for location of sanitary landfills,
onsite sewage disposal systems, and other waste disposal
facilities; (5) plan detailed onsite investigations of soils
and geology; (6) find sources of gravel, sand, clay, and
topsoil; (7) plan farm drainage systems, irrigation
systems, ponds, terraces, and other structures for soil and
water conservation; (8) relate performance of structures
already built to the properties of the kinds of soil on
which they are built so that performance of similar struc-
tures on the same or a similar soil in other locations can
be predicted; and (9) predict the trafficability of soils for
cross-country movement of vehicles and construction
equipment.

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

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

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

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

Building site development

The degree and kind of soil limitations that affect shal-
low excavations, dwellings with and without basements,
small commercial buildings, and local roads and streets
are indicated in table 8. A slight limitation indicates that
soil properties generally are favorable for the specified
use; any limitation is minor and easily overcome. A
moderate limitation indicates that soil properties and site
features are unfavorable for the specified use, but the
limitations can be overcome or minimized by special
planning and design. A severe limitation indicates that one
or more soil properties or site features are so unfavorable
or difficult to overcome that a major increase in construc-
tion effort, special design, or intensive maintenance is
required. For some soils rated severe, such costly mea-
sures may not be feasible.
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Shallow excavations are made for pipelines, sewerlines,
communications and power transmission lines, basements,
open ditches, and cemeteries. Such digging or trenching is
influenced by soil wetness caused by a seasonal high
water table; the texture and consistence of soils; the ten-
dency of soils to cave in or slough; and the presence of
very firm, dense soil layers, bedrock, or large stones. In
addition, excavations are affected by slope of the soil and
the probability of flooding. Ratings do not apply to soil
horizons below a depth of 6 feet unless otherwise noted.

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

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

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

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

Sanitary facilities

Favorable soil properties and site features are needed
for proper functioning of septic tank absorption fields,
sewage lagoons, and sanitary landfills. The nature of the

soil is important in selecting sites for these facilities and
in identifying limiting soil properties and site features to
be considered in design and installation. Also, those soil
properties that affect ease of excavation or installation of
these facilities will be of interest to contractors and local
officials. Table 9 shows the degree and kind of limitations
of each soil for such uses and for use of the soil as daily
cover for landfills. It is important to observe local or-
dinances and regulations.

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

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

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

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

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

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

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

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

Unless otherwise stated, the limitations in table 9 apply
only to the soil material within a depth of about 6 feet. If
the trench is deeper, a limitation of slight or moderate
may not be valid. Site investigation is needed before a
site is selected.

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

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

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

Construction materials

The suitability of each soil as a source of roadfill, sand,
gravel, and topsoil is indicated in table 10 by ratings of

good, fair, or poor. The texture, thickness, and organic-
matter content of each soil horizon are important factors
in rating soils for use as construction materials. Each soil
is evaluated to the depth observed, generally about 6 feet.

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

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

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

Sand and gravel are used in great quantities in many
kinds of construction. The ratings in table 10 provide
guidance as to where to look for probable sources and are
based on the probability that soils in a given area contain
sizable quantities of sand or gravel. A soil rated good or
fair has a layer of suitable material at least 3 feet thick,
the top of which is within a depth of 6 feet. Coarse frag-
ments of soft bedrock material, such as shale and silt-
stone, are not considered to be sand and gravel. Fine-
grained soils are not suitable sources of sand and gravel.

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

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

The ease of excavation is influenced by the thickness of
suitable material, wetness, slope, and amount of stones.
The ability of the soil to support plantlife is determined
by texture, structure, and the amount of soluble salts or
toxic substances. Organic matter in the Al or Ap horizon
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greatly increases the absorption and retention of moisture
and nutrients. Therefore, the soil material from these
horizons should be carefully preserved for later use.

Soils rated good have at least 16 inches of friable loamy
material at their surface. They are free of stones and cob-
bles, are low in content of gravel, and have gentle slopes.
They are low in soluble salts that can limit or prevent
plant growth. They are naturally fertile or respond well
to fertilizer. They are not so wet that excavation is dif-
ficult during most of the year.

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

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

Although a rating of good is not based entirely on high
content of organic matter, a surface horizon is generally
preferred for topsoil because of its organic-matter con-
tent. This horizon is designated as Al or Ap in the soil se-
ries descriptions. The absorption and retention of
moisture and nutrients for plant growth are greatly in-
creased by organic matter.

Water management

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

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

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

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

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

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

Grassed waterways are constructed to channel runoff to
outlets at a nonerosive velocity. Features that affect the
use of soils for waterways are slope, permeability, erodi-
bility, wetness, and suitability for permanent vegetation.

Recreation

ERLING B. PopoLL, biologist, Soil Conservation Service, helped
prepare this section.

Most of the recreation developments in Mercer County
are along Lake Sakakawea and on the flood plains ad-
jacent to Beulah and Hazen. About 1,300 acres along Lake
Sakakawea has been developed. About half of this acre-
age is under Federal management and half under State
management. Beulah and Hazen each manage a tract
along the lake. All of this land is under Corps of En-
gineers title.

City developments, mostly on the flood plain along the
Knife River, total about 150 acres. They provide play
areas and facilities for picnicing, camping, swimming, and
golfing.

The State Game and Fish Department manages and the
Corps of Engineers and a mining company own three
areas totaling 2,260 acres, most of which is open to the
public for hunting. This acreage is more than half of the
4,300 acres of land available for public use.

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

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

The information in table 12 can be supplemented by in-
formation in other parts of this survey. Especially helpful
are interpretations for septic tank absorption fields, given
in table 9, and interpretations for dwellings without base-
ments and for local roads and streets, given in table 8.

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

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

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

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

Wildlife habitat

ERLING B. PoDOLL, biologist, Soil Conservation Service, helped
prepare this section.

Wildlife and fish provide an opportunity for outdoor ac-
tivities and enjoyment. An average of one person or more
from each household takes part in outdoor activities re-
lated to fish and wildlife in Mercer County.

Because of an increase in farming and ranching, the
wildlife population has been reduced to less than 5 per-
cent of that before settlement, mostly by the removal of
the large animals. Most of the bird species that inhabited
the survey area before settlement still inhabit the area.
Some of the river fishing has been converted to reservoir
fishing. In recent years Mercer County has been the loca-
tion for about 4 percent of the statewide sharp-tailed

grouse harvest, 2 percent of the statewide partridge har-
vest, and 4 percent of the statewide pheasant harvest. It
provides opportunities for less than 1 percent of the
statewide waterfowl hunting.

Fishing is largely limited to the Missouri River and
Lake Sakakawea. Popular species are northern pike, wal-
leye, sauger, trout, blackbass, crappie, and catfish. Public
access to Lake Sakakawea is good, but public access to
the Missouri River is very limited.

The 13,000 acres of trees and shrubs in the county is
very important to the wildlife. Dozens of bird species
common to the eastern deciduous forests inhabit the
wooded areas. Most prairie wildlife depend on woody
plants during some part of the year for food or cover.
Soils with the best potential for woodland wildlife habitat
are on bottom land, in some of the drainageways, and on
north-facing slopes. Wildlife using woody plants as
habitat are mule deer and white-tailed deer, brown bat,
white-footed mouse, porcupine, raccoon, Swainson’s hawk,
red-tailed hawk, mourning dove, kingbirds, brown
thrasher, sharp-tailed grouse, yellow warbler, wood-
peckers, and least flycatcher.

The wildlife that inhabit areas of the map uniis
described under the heading ‘General soil map for broad
land-use planning” are specified in the following para-
graphs. Use and management of the soils in these map
units are similar.

The soils in the Williams-Zahl, Williams-Bowbells, and
Williams-Wilton-Temvik map units formed in glacial till.
Many areas are cultivated. Pheasants are numerous. Ran-
geland wildlife, such as sharp-tailed grouse and white-
tailed deer, are few because the amount of native grasses
and the number of wooded areas is limited. The areas of
natural wetland provide good waterfowl habitat and hunt-
ing opportunities.

The soils in the Flaxton-Williams and Lihen-Seroco-
Telfer map units are mantled with loamy and sandy
material. About 50 percent of the acreage of the Flaxton-
Williams map unit is cultivated, and some is natural wet-
land. As a result, this unit provides habitat for openland
and wetland wildlife, such as pheasants and ducks. The
Lihen-Seroco-Telfer map unit has a good sharp-tailed
grouse population and a low pheasant population because
the amount of cropland is small.

The Belfield-Williams-Vebar, Williams-Cabba, Cabba-
Williams-Temvik, and Williams-Belfield-Amor map units
formed in glacial and residual material. The population of
pheasant, sharp-tailed grouse, or deer varies depending
on the location of a land use that favors these kinds of
wildlife.

The Cabba-Cohagen, Cabba-Rhoades, and Rhoades-
Belfield-Moreau map units are on residual plains. The wil-
dlife population tends to be lower than the average for
the county because the soils are shallower and less
productive. The habitat for deer is fair.

The Straw-Velva and Havrelon-Lohler map units are
on flood plains along rivers and streams. Cleared and
farmed areas have a good pheasant population. These
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map units provide the bulk of the winter habitat for
sharp-tailed grouse and for deer.

Soils directly affect the kind and amount of vegetation
that is available to wildlife as food and cover, and they af-
fect the construction of water impoundments. The kind
and abundance of wildlife that populate an area depend
largely on the amount and distribution of food, cover, and
water (fig. 14). If any one of these elements is missing, is
inadequate, or is inaccessible, wildlife either are scarce or
do not inhabit the area.

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

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

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

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

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

Grasses and legumes are domestic perennial grasses
and herbaceous legumes that are planted for wildlife food
and cover. Major soil properties that affect the growth of
grasses and legumes are depth of the root zone, texture
of the surface layer, available water capacity, wetness,
surface stoniness, flood hazard, and slope. Soil tempera-

ture and soil moisture are also considerations. Examples
of grasses and legumes are wheatgrass, bromegrass,
clover, and alfalfa.

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

Shrubs are bushy woody plants that produce fruit,
buds, twigs, bark, or foliage used by wildlife or that pro-
vide cover and shade for some species of wildlife. Major
soil properties that affect the growth of shrubs are depth
of the root zone, available water capacity, salinity, and
moisture. Examples of shrubs are silverberry, chokecher-
ry, snowberry, and big sagebrush.

Wetland plants are annual and perennial wild her-
baceous plants that grow on moist or wet sites, exclusive
of submerged or floating aquatics. They produce food or
cover for wildlife that use wetland as habitat. Major soil
properties affecting wetland plants are texture of the
surface layer, wetness, reaction, salinity, slope, and sur-
face stoniness. Examples of wetland plants are smart-
weed, saltgrass, and cordgrass and rushes, sedges, and
reeds.

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

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

Openland habitat consists of cropland, pasture,
meadows, and areas that are overgrown with grasses,
herbs, shrubs, and vines. These areas produce grain and
seed crops, grasses and legumes, and wild herbaceous
plants. The kinds of wildlife attracted to these areas in-
clude gray partridge, pheasant, horned lark, meadowlark,
grasshopper sparrow, vesper sparrow, cottontail rabbit,
badger, and red fox.

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

Rangeland habitat consists of areas of wild herbaceous
plants and shrubs. Wildlife attracted to rangeland include
antelope, white-tailed deer, mule deer, meadowlark, lark
bunting, jackrabbit, coyote, horned lark, sharp-tailed
grouse, and chestnut-collared longspur.
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Soil properties

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

In making soil borings during field mapping, soil
scientists can identify several important soil properties.
They note the seasonal soil moisture condition or the
presence of free water and its depth. For each horizon in
the profile, they note the thickness and color of the soil
material; the texture, or amount of clay, silt, sand, and
gravel or other coarse fragments; the structure, or the
natural pattern of cracks and pores in the undisturbed
soil; and the consistence of the soil material in place
under the existing soil moisture conditions. They record
the depth of plant roots, determine the pH or reaction of
the soll, and identify any free carbonates.

Samples of soil material are analyzed in the laboratory
to verify the field estimates of soil properties and to
determine all major properties of key soils, especially pro-
perties that cannot be estimated accurately by field ob-
servation. Laboratory analyses are not conducted for all
soil series in the survey area, but laboratory data for
many soil series not tested are available from nearby sur-
vey areas.

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

Engineering properties

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

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

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

The two systems commonly used in classifying soils for
engineering.use are the Unified Soil Classification System
(Unified) (2) and the system adopted by the American
Association of State Highway and Transportation Offi-
cials (AASHTO) (1).

The Unified system classifies soils according to proper-
ties that affect their use as construction material. Soils
are classified according to grain-size distribution of the
fraction less than 3 inches in diameter, plasticity index,
liquid limit, and organic-matter content. Soils are grouped
into 15 classes—eight classes of coarse-grained soils,
identified as GW, GP, GM, GC, SW, SP, SM, and SC; six
classes of fine-grained soils, identified as ML, CL, OL,
MH, CH, and OH; and one class of highly organic soils,
identified as Pt. Soils on the borderline between two
classes have a dual classification symbol, for example, CL-
ML.

The AASHTO system classifies soils according to those
properties that affect their use in highway construction
and maintenance. In this system a mineral soil is clas-
sified in one of seven basic groups ranging from A-1
through A-7 on the basis of grain-size distribution, liquid
limit, and plasticity index. Soils in group A-1 are coarse
grained and low in content of fines. At the other extreme,
in group A-7, are fine-grained soils. Highly organic soils
are classified in group A-8 on the basis of visual inspec-
tion.

When laboratory data are available, the A-1, A-2, and
A-7 groups are further classified as follows: A-1-a, A-1-b,
A-2-4, A-2-5 A-2-6, A-2-7, A-7-5, and A-T7-6. As an addi-
tional refinement, the desirability of soils as subgrade
material can be indicated by a group index number. These
numbers range from 0 for the best subgrade material to
20 or higher for the poorest. The estimated classification,
without group index numbers, is given in table 14. Also in
table 14 the percentage, by weight, of rock fragments
more than 3 inches in diameter is estimated for each
major horizon. These estimates are determined mainly by
observing volume percentage in the field and then con-
verting that, by formula, to weight percentage.

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

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

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

Physical and chemical properties

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

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

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

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

Salinity is expressed as the electrical conductivity of
the saturation extract, in millimhos per centimeter at 25
degrees C. Estimates are based on field and laboratory
measurements at representative sites of the nonirrigated
soils. The salinity of individual irrigated fields is affected
by the quality of the irrigation water and by the frequen-
cy of water application. Hence, the salinity of individual
fields can differ greatly from the value given in table 15.
Salinity affects the suitability of a soil for crop produc-
tion, its stability when used as a construction material,
and its potential to corrode metal and concrete.

Shrink-swell potential depends mainly on the amount
and kind of clay in the soil. Laboratory measurements of
the swelling of undisturbed clods were made for many
soils. For others the swelling was estimated on the basis
of the kind and amount of clay in the soil and on mea-
surements of similar soils. The size of the load and the
magnitude of the change in soil moisture content also in-

fluence the swelling of soils. Shrinking and swelling of
some soils can cause damage to building foundations,
basement walls, roads, and other structures unless special
designs are used. A high shrink-swell potential indicates
that special design and added expense may be required if
the planned use of the soil will not tolerate large volume
changes.

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

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

1. Sands, coarse sands, fine sands, and very fine sands.
These soils are extremely erodible, so vegetation is dif-
ficult to establish. They are generally not suitable for
crops.

2. Loamy sands, loamy fine sands, and loamy very fine
sands. These soils are very highly erodible, but crops can
be grown if intensive measures to control soil blowing are
used.

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

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

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

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

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

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

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

Soil and water features

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

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

The four hydrologic soil groups are:

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

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

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

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

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

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

High water table is the highest level of a saturated
zone more than 6 inches thick for a continuous period of
more than 2 weeks during most years. The depth to a
seasonal high water table applies to undrained soils. Esti-
mates are based mainly on the relationship between gray-
ish colors or mottles in the soil and the depth to free
water observed in many borings made during the course
of the soil survey. Indicated in table 16 are the depth to
the seasonal high water table; the kind of water table,
that is, perched, artesian, or apparent; and the months of
the year that the water table commonly is high. Only
saturated zones above a depth of 5 or 6 feet are indicated.

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

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

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

Soil series and morphology
In this section, each soil series recognized in the survey

area is described in detail. The descriptions are arranged
in alphabetic order by series name.



MERCER COUNTY, NORTH DAKOTA 83

Characteristics of the soil and the material in which it
formed are discussed for each series. The soil is then
compared to similar soils and to nearby soils of other se-
ries. Then a pedon, a small three-dimensional area of soil
that is typical of the soil series in the survey area, is
described. The detailed descriptions of each soil horizon
follow standards in the Soil Survey Manual (7). Unless
otherwise noted, colors described are for dry soil.

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

Amor series

The Amor series consists of moderately deep, well
drained, moderately permeable soils on residual uplands.
These soils formed in material weathered from soft, fine
grained sandstone. Slope ranges from 3 to 15 percent.

Amor soils are similar to Sen soils and are commonly
adjacent to Cabba, Sen, Vebar, Werner, and Williams
soils, Cabba soils lack a mollic epipedon and have soft
bedrock at a depth of 10 to 20 inches. Sen soils have a
fine-silty control section, and Vebar soils have a coarse-
loamy control section. Werner soils lack a B2 horizon and
have soft bedrock at a depth of 10 to 20 inches. They are
on ridges and hilltops above the Amor soils. Williams soils
formed in material weathered from glacial till, have an ar-
gillic horizon, and are not underlain by soft bedrock
within a depth of 60 inches.

Typical pedon of Amor loam, in an area of Amor-
Werner loams, 6 to 9 percent slopes, 1,350 feet north and
100 feet east of the southwest corner of sec. 34, T. 145 N.,
R. 86 W.

Ap—O to 8 inches; dark grayish brown (10YR 4/2) loam, very dark gray-
ish brown (10YR 3/2) moist; weak medium and fine subangular
blocky structure; slightly hard, friable, slightly sticky and slightly
plastic; few fine roots; many fine pores; 2 percent coarse fragments;
neutral; abrupt smooth boundary.

B2—8 to 14 inches; dark grayish brown (2.5Y 4/2) loam, very dark gray-
ish brown (2.5Y 3/2) moist; weak medium prismatic structure part-
ing to medium subangular blocky; hard, friable, slightly sticky and
slightly plastic; common fine roots; common fine pores; slight effer-
vescence below 10 inches; few fine soft lime masses below 10
inches; mildly alkaline; gradual wavy boundary.

B3—14 to 20 inches; grayish brown (2.5Y 5/2) loam, dark grayish brown
(25Y 4/2) moist; weak medium and fine subangular blocky struc-
ture; slightly hard, friable, slightly sticky and slightly plastic; few
fine roots; common fine pores; slight effervescence; common fine
soft lime masses; mildly alkaline; gradual wavy boundary.

Clca—20 to 382 inches; light brownish gray (25Y 6/2) loam, grayish
brown (25Y 5/2) moist; weak coarse prismatic structure parting to
weak medium subangular blocky; slightly hard, friable, slightly
sticky and slightly plastic; few fine roots; few fine pores; violent ef-
fervescence; many fine soft lime masses; moderately alkaline;
gradual wavy boundary.

Cr—32 to 60 inches; pale olive (5Y 6/3) stratified soft fine grained sand-
stone, olive (5Y 5/3) moist; massive; few fine roots in upper part;
slight effervescence; few fine soft lime masses; moderately alkaline.

Depth to soft sandstone ranges from 20 to 40 inches. Depth to free
carbonates ranges from 10 to 20 inches. The thickness of the solum
ranges from 15 to 25 inches. The thickness of the mollic epipedon ranges

from 7 to 16 inches. In some pedons the content of coarse fragments is
as much as 10 percent.

The A horizon has color value of 4 or 5 (2 or 3 moist) and chroma of 2
or 3. The B2 horizon has hue of 25Y or 10YR, value of 4 to 6 (3 to 5
moist), and chroma of 2 or 3. It is dominantly loam, but the range in-
cludes light clay loam. Some pedons lack a B3 horizon. The Cleca horizon
has color value of 6 or 7 (4 to 6 moist) and chroma of 2 to 4. The Cr
horizon is dominantly soft, fine grained sandstone, but in some pedons it
is soft siltstone or soft shale.

Arnegard series

The Arnegard series consists of deep, well drained,
moderately permeable soils on fans, terraces, and foot
slopes and in swales. These soils formed in material
weathered from loamy alluvium. Slope ranges from 1 to 9
percent.

Arnegard soils are similar to Grassna soils and are com-
monly adjacent to Bowbells, Vebar, and Williams soils.
Bowbells soils have an argillic horizon. Grassna soils have
a fine-silty control section. Vebar soils have a mollic
epipedon that is less than 16 inches thick and a coarse-
loamy control section and are underlain by soft bedrock
at a depth of 20 to 40 inches. Williams soils have an argil-
lic horizon and have a mollic epipedon that is less than 16
inches thick.

Typical pedon of Arnegard loam, 3 to 6 percent slopes,
1,385 feet west and 1,485 feet north of the southeast
corner of sec. 32, T. 145 N, R. 87T W.

A1—0 to 10 inches; very dark grayish brown (10YR 3/2) loam, very dark
brown (100YR 2/2) moist; weak coarse and medium subangular
blocky structure parting to weak fine granular; slightly hard, fria-
ble, slightly sticky and slightly plastic; many fine roots; many fine
pores; neutral; gradual wavy boundary.

B1—10 to 21 inches; very dark grayish brown (10YR 3/2) loam, very
dark brown (10YR 2/2) moist; weak coarse and medium prismatic
structure parting to weak medium and fine subangular blocky;
slightly hard, friable, slightly sticky and slightly plastic; many fine
roots; many fine pores; neutral; gradual wavy boundary.

B21—-21 to 35 inches; dark grayish brown (10YR 4/2) loam, very dark
grayish brown (10YR 3/2) moist; moderate coarse and medium
prismatic structure parting to moderate medium and fine subangu-
lar blocky; hard, friable, slightly sticky and slightly plastic; many
fine roots; many fine pores; few very dark brown (10YR 2/2 moist)
coatings on faces of peds; neutral; gradual wavy boundary.

B22—-35 to 39 inches; brown (10YR 5/3) loam, dark grayish brown
(10YR 4/2) moist; moderate coarse and medium prismatic structure
parting to moderate medium and fine subangular blocky; hard, fria-
ble, slightly sticky and plastic; common fine roots; common fine
pores; few thin clay films on faces of peds; neutral; gradual wavy
boundary.

C1—-39 to 55 inches; grayish brown (25Y 5/2) stratified loam and fine
sandy loam, dark grayish brown (25Y 4/2) moist; weak coarse
prismatic structure parting to weak coarse subangular blocky; soft,
friable; slightly sticky and slightly plastic; few fine roots; few fine
pores; slight effervescence; mildly alkaline; gradual wavy boundary.

C2ca—55 to 60 inches; light brownish gray (25Y 6/2) clay loam, grayish
brown (2.5Y 5/2) moist; weak very coarse prismatic structure; hard,
firm, sticky and plastic; very few fine pores; strong effervescence;
common fine soft lime masses; moderately alkaline.

The thickness of the solum is typically 30 to 40 inches but ranges
from 25 to 40 inches. Depth to free carbonates ranges from 30 to 60
inches.

The A horizon has color value of 3 or 4 (2 or 3 moist). It is dominantly
loam, but the range includes silt loam. The Bl horizon does not occur in
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some pedons. The B2 horizon has color value of 4 or 5 (3 or 4 moist) and
chroma of 2 or 3. It is dominantly loam, but the range includes silt loam
and light clay loam. Some pedons have a B3 horizon. The C horizon has
color value of 5 to 7 (4 or 5 moist) and chroma of 2 or 3. It is dominantly
loam, but the range includes fine sandy loam and clay loam.

Banks series

The Banks series consists of deep, somewhat excessive-
ly drained, rapidly permeable soils on bottom land. These
soils formed in material weathered from recent sandy al-
Iuvium. Slope is 0 to 1 percent.

Banks soils are similar to Seroco soils and are com-
monly adjacent to Havrelon and Lohler soils. Havrelon
soils have a coarse-silty control section. Lohler soils have
a fine-textured control section. Seroco soils lack free car-
bonates within a depth of 60 inches and also lack fine
stratification. They are on uplands.

Typical pedon of Banks loam 720 feet north and 170
feet east of the southwest corner of NW1/4 sec. 8, T. 144
N,R. 84 W.

Ap—0 to 5 inches; light brownish gray (25Y 6/2) loam, dark grayish
brown (2.5Y 4/2) moist; weak coarse and medium subangular blocky
structure parting to weak fine granular; slightly hard, friable,
slightly sticky and slightly plastic; many fine roots; many fine
pores; strong effervescence; mildly alkaline; clear smooth boundary.

C1—5 to 10 inches; light brownish gray (2.5Y 6/2) very fine sandy loam,
dark grayish brown (2.5Y 4/2) moist; weak fine platy structure; soft,
very friable, nonsticky and nonplastic; common fine roots; common
fine pores; strong effervescence; mildly alkaline; abrupt wavy boun-
dary.

C2—10 to 60 inches; light brownish gray (2.5Y 6/2) fine sand having a 2-
inch stratum of silty clay loam in the upper part, grayish brown
25Y 5/2) moist; single grained; loose, nonsticky and nonplastic;
very few roots in the upper part; slight effervescence; mildly al-
kaline.

Most pedons have one or more thin layers of finer textured material

Some pedons have a thin buried A horizon.

Hue is 10YR or 25Y, typically 25Y below the A horizon. Value is 5 or

6 dry (4 or 5 moist). The A horizon is dominantly loam, but the range in-

cludes very fine sandy loam. Some pedons have a dark colored A horizon

that is less than 3 inches thick. The C horizon averages fine sand, but
the range includes loamy fine sand.

Belfield series

The Belfield series consists of deep, well drained,
slowly permeable soils on uplands and terraces and in
swales. These soils have a natric horizon. They formed in
material weathered from alkaline residuum or old alluvi-
um. Slope ranges from 1 to 9 percent.

Belfield soils are similar to Daglum soils and are com-
monly adjacent to Daglum, Grail, Regent, and Rhoades
soils. Daglum soils have a more abrupt boundary between
the A and B2t horizons than Belfield soils. Grail soils lack
a natric horizon. Regent soils lack a natric horizon and
have soft shale at a depth of 20 to 40 inches. Rhoades
soils have a natric horizon at a depth of 2 to 5 inches.

Typical pedon of Belfield silt loam, in an area of
Belfield-Daglum silt loams, 1 to 3 percent slopes, 315 feet
west and 190 feet south of the northeast corner of sec. 33,
T.144 N, R. 88 W.

A1—0 to 13 inches; dark grayish brown (10YR 4/2) silt loam, very dark
brown (10YR 2/2) moist; weak medium prismatic structure parting
to moderate medium subangular blocky; hard, friable, slightly sticky
and slightly plastic; many fine roots; many fine pores; few uncoated
sand grains on faces of peds; slighty acid; clear wavy boundary.

B&A—13 to 16 inches; dark grayish brown (10YR 4/2) silty clay loam,
very dark grayish brown (10YR 3/2) moist; (B2); interfingering of
gray (10YR 5/1) silty clay loam, dark gray (10YR 4/1) moist (A2);
weak medium prismatic structure parting to strong fine and very
fine angular blocky; very hard, friable, sticky and plastic; many fine
roots; many fine pores; common light gray (10YR 7/1) uncoated
sand grains on faces of peds; slightly acid; clear wavy boundary.

B21t—16 to 20 inches; dark grayish brown (10YR 4/2) silty clay, very
dark grayish brown (10YR 3/2) moist; strong medium prismatic
structure parting to strong medium and fine angular blocky; ex-
tremely hard, firm, very sticky and very plastic; many fine roots;
many fine pores; thin continuous clay films on faces of peds; few
clean sand grains on faces of peds; neutral; clear wavy boundary.

B22t—20 to 24 inches; dark grayish brown (25Y 4/2) silty clay, very
dark grayish brown (25Y 3/2) moist; moderate medium prismatic
structure parting to moderate medium and fine angular blocky; ex-
tremely hard, firm, very sticky and very plastic; common fine roots;
many fine pores; thin continuous clay films on faces of peds; mildly
alkaline; clear wavy boundary.

B3ca—24 to 32 inches; grayish brown (25Y 5/2) silty clay, dark grayish
brown (2.5Y 4/2) moist; moderate medium prismatic structure part-
ing to weak medium subangular blocky; very hard, firm, very sticky
and very plastic; common fine roots; many fine pores; strong effer-
vescence; few medium soft lime masses; moderately alkaline; clear
wavy boundary.

Clca—32 to 52 inches; light brownish gray (25Y 6/2) silty clay loam,
dark grayish brown (25Y 4/2) moist; weak coarse prismatic struc-
ture parting to weak medium subangular blocky; hard, firm, sticky
and plastic; common fine roots; many fine pores; violent effer-
vescence; many fine and medium soft lime masses; strongly al-
kaline; gradual wavy boundary.

C2—52 to 60 inches; light yellowish brown (25Y 6/4) silty clay loam,
olive brown (25Y 4/4) moist; massive; hard, friable, sticky and
plastic; few fine roots; many fine pores; violent effervescence; few
fine soft lime masses; strongly alkaline.

Depth to free carbonates ranges from 20 to 30 inches. The thickness
of the solum ranges from 20 to 35 inches.

The Al horizon has color value of 3 or 4 (2 or 3 moist). It is domi-
nantly silt loam, but the range includes loam and silty clay loam. Some
pedons have an A2 or A&B horizon. The B2t horizon has hue of 10YR
or 25Y, value of 4 to 6 (2 to 5 moist), and chroma of 2 or 3. It is silty
clay or silty clay loam. Below a depth of 36 inches, the C horizon is
mainly alkaline alluvium or partly weathered soft shale.

The Belfield soil in map unit 108 lacks the strong prismatic structure
characteristic of the Belfield series and contains less clay. In addition, it
is subject to stream overflow and in places irregularly decreases in con-
tent of organic matter with increasing depth. These differences, how-
ever, do not alter the use or behavior of the soil.

Bowbells series

The Bowbells series consists of deep, well drained,
moderately slowly permeable soils on glaciated uplands.
These soils formed in material weathered from calcareous
loamy glacial till. Slope ranges from 1 to 6 percent.

Bowbells soils are similar to Williams soils and are com-
monly adjacent to Parnell, Tonka, Williams, and Zahl soils.
The very poorly drained Parnell soils and poorly drained
Tonka soils are in shallow depressions. Williams soils have
a mollic epipedon that is less than 16 inches thick. Zahl
soils lack an argillic horizon and have a mollic epipedon
that is less than 16 inches thick.
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Typical pedon of Bowbells loam, 1 to 3 percent slopes,
95 feet south and 110 feet east of the northwest corner of
SW1/4 sec. 12, T. 145 N., R. 86 W.

Ap—0 to 7 inches; very dark grayish brown (10YR 3/2) loam, very dark
brown (10YR 2/2) moist; weak medium subangular blocky structure
parting to moderate fine granular; hard, friable slightly sticky and
slightly plastic; many fine roots; many fine pores; 1 percent pebbles;
slightly acid; abrupt smooth boundary.

A12—7 to 11 inches; very dark grayish brown (10YR 3/2) leam, very
dark brown (10YR 2/2) moist; weak coarse prismatic structure part-
ing to moderate fine and medium subangular blocky; hard, friable,
slightly sticky and slightly plastic; many fine roots; many fine
pores; 1 percent pebbles; slightly acid; clear wavy boundary.

B21t—11 to 17 inches; dark grayish brown (10YR 4/2) loam, very dark
grayish brown (10YR 3/2) moist; moderate medium prismatic strue-
ture parting to medium and fine subangular blocky; hard, friable,
sticky and plastic; common fine roots; many fine pores; common
thin clay films on faces of peds; 1 percent pebbles; neutral; clear
wavy boundary.

B22t—17 to 22 inches; dark grayish brown (25Y 4/2) clay loam, very
dark grayish brown (25Y 3/2) moist; moderate medium prismatic
structure parting to moderate medium and fine subangular blocky;
hard, friable, sticky and plastic; common fine roots; many fine
pores; thin continuous clay films on faces of peds; 2 percent peb-
bles; neutral; gradual wavy boundary.

B23t—22 to 34 inches; grayish brown (25Y 5/2) clay loam, dark grayish
brown (2.5Y 4/2) moist; few fine distinct yellowish brown (10YR 5/8
moist) mottles; moderate medium prismatic structure parting to
moderate medium and fine angular blocky; hard, firm, sticky and
plastic; thin continuous clay films on faces of peds; 2 percent peb-
bles; mildly alkaline; clear wavy boundary.

Clca—34 to 53 inches; light yellowish brown (25Y 6/4) clay loam, light
olive brown (25Y 5/4) moist; few fine distinct yellowish brown and
red (10YR 5/8 and 2.5Y 4/8 moist) mottles; weak coarse and medi-
um subangular blocky structure; hard, firm, sticky and plastic; few
fine roots; few fine pores; violent effervescence; many fine soft lime
masses; 2 percent pebbles; moderately alkaline; gradual wavy boun-
dary.

C2—53 to 60 inches; light yellowish brown (25Y 6/4) clay loam, light
olive brown (25Y 5/4) moist; few fine distinct red (25Y 4/8 moist)
mottles; weak laminar and weak medium subangular blocky struc-
ture; very hard, firm, sticky and plastic; very few fine roots; few
fine pores; strong effervescence; many fine soft lime masses; 2 per-
cent pebbles; moderately alkaline.

The thickness of the solum and the depth to carbonates range from 24
to more than 36 inches. The mollic epipedon typically is more than 20
inches thick but ranges from 16 to 25 inches.

The A horizon has color value of 3 or 4 (2 or 3 moist). The B2t horizon
has hue of 10YR or 2.5Y, value of 4 to 6 (3 or 4 moist), and chroma of 2
or 3. The C horizon is dominantly clay loam, but the range includes loam.

Bowdle series

The Bowdle series consists of deep, well drained soils
on terraces and outwash plains. These soils are moderate-
ly permeable in the upper part and rapidly permeable in
the lower part. They formed in material weathered from
loamy sediments that are 20 to 40 inches deep over sand
and gravel. Slope ranges from 1 to 9 percent.

Bowdle soils are commonly adjacent to Arnegard, Fal-
kirk, Shambo, and Wabek soils. Arnegard soils are not un-
derlain by sand and gravel at a depth of 20 to 40 inches.
Falkirk soils formed in loamy outwash sediments that are
20 to 40 inches deep over glacial till. Shambo soils are not
underlain by sand and gravel at a depth of 20 to 40 inches

and have a mollic epipedon that is less than 16 inches
thick. Wabek soils have sand and gravel within a depth of
20 inches.

Typical pedon of Bowdle loam, 1 to 3 percent slopes,
825 feet west and 345 feet south of the northeast corner
of sec. 8 T. 144 N, R. 89 W.

Ap—0 to 7 inches; dark grayish brown (10YR 4/2) loam, very dark
brown (10YR 2/2) moist; weak medium and coarse subangular
blocky structure parting to moderate medium and fine granular;
soft, friable, slightly sticky and slightly plastic; many fine roots;
many fine pores; 1 percent pebbles; neutral; abrupt smooth bounda-

ry.

B2—7 to 19 inches; grayish brown (10YR 5/2) loam, very dark grayish
brown (10YR 3/2) moist; weak medium prismatic structure parting
to weak medium subangular blocky; slightly hard, friable, slightly
sticky and slightly plastic; many fine roots; many fine pores; 2 per-
cent pebbles; slight effervescence in the lower 1 irich; few lime-
coated pebbles in the lower part; neutral; clear wavy boundary.

Clca—19 to 24 inches; light brownish gray (25Y 6/2) and grayish brown
(25Y 5/2) loam, grayish brown (2.5Y 5/2) and dark grayish brown
(2.5Y 4/2) moist; weak medium prismatic structure parting to weak
medium subangular blocky; slightly hard, friable, slightly sticky and
slightly plastic; common fine roots; common fine pores; 10 percent
pebbles; violent effervescence; many fine and medium soft lime
masses; pebbles coated with lime; moderately alkaline; abrupt wavy
boundary.

IIC2—24 to 60 inches; pale brown (10YR 6/3) stratified sand and gravel,
brown (10YR 5/3) moist; single grained; loose, nonsticky and non-
plastic; slight effervescence; 35 percent gravel; mildly alkaline.

The thickness of the solum and the depth to free carbonates range
from 16 to 30 inches. The depth to loose sand and gravel typically is
about 24 inches but ranges from 20 to 40 inches. The mollic epipedon is
16 to 24 inches thick.

The A horizon has color value of 3 or 4 (2 or 3 moist). The B2 horizon
has color value of 4 or 5 (2 or 3 moist). Some pedons have a B3ca
horizon. The Clca and IIC2 horizons have hue of 10YR or 25Y, value of
4 to 6 (3 to 5 moist), and chroma of 2 to 4.

Cabba series

The Cabba series consists of shallow, well drained,
moderately permeable soils on residual uplands. These
soils formed in material weathered from soft loamy
bedrock. Slope ranges from 9 to 50 percent.

Cabba soils are similar to Werner soils and are com-
monly adjacent to Badland and to Cherry, Cohagen, Rin-
gling, and Werner soils. Badland is a miscellaneous area
of exposed soft bedrock. Cherry soils have a B2 horizon,
do not have soft bedrock within a depth of 40 inches, and
formed in alluvium. Cohagen soils have a coarse-loamy
control section. Ringling soils have porcelanite beds at a
depth of 5 to 20 inches and have a mollic epipedon.
Werner soils also have a mollic epipedon.

Typical pedon of Cabba loam, in an area of Cabba-
Badland complex, 15 to 50 percent slopes, 990 feet west
and 1,010 feet south of the northeast corner of NW1/4
sec. 12, T. 146 N, R. 85 W,

A1—0 to 2 inches; grayish brown (25Y 5/2) loam, dark grayish brown
(25Y 4/2) moist; weak coarse and medium subangular blocky struc-
ture parting to moderate fine granular; slightly hard, friable,
slightly sticky and slightly plastic; many fine roots; many fine
pores; slight effervescence; mildly alkaline; gradual wavy boundary.
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AC—2 to 8 inches; light brownish gray (25Y 6/2) loam, grayish brown
(25Y 5/2) moist; moderate fine and very fine subangular blocky
structure; slightly hard, friable, slightly sticky and slightly plastic;
many fine roots; common fine pores; slight effervescence; mildly al-
kaline; gradual wavy boundary.

C1—8 to 16 inches; pale yellow (5Y 7/3) loam, pale olive (5Y 6/3) moist;
weak coarse platy structure and evidence of rock structure; hard,
friable, slightly sticky and slightly plastic; common fine roots; com-
mon fine pores; slight effervescence; common medium yellowish
brown (10YR 5/8 moist) iron stains; mildly alkaline; clear smooth
boundary.

Crlca—16 to 24 inches; pale yellow (5Y 7/3) soft sedimentary bedrock,
pale olive (5Y 6/3) moist; coarse and medium laminar rock struc-
ture; few fine roots, most matted along bedrock fractures; strong
effervescence; common medium soft lime masses along bedrock
fractures; common medium yellowish brown (10YR 5/8 moist) iron
stains; moderately alkaline; gradual wavy boundary.

Cr2-—24 to 60 inches; light gray (5Y 7/2) soft sedimentary bedrock, light
olive gray (5Y 6/2) moist; laminar rock structure; few fine roots
along bedrock fractures in the upper 6 inches; slight effervescence;
few medium yellowish brown (10YR 5/8 moist) iron stains; mildly
alkaline.

Depth to soft sedimentary bedrock ranges from 10 to 20 inches. The
Al horizon has hue of 25Y or 10YR and value of 5 or 6 (3 or 4 moist). It
is dominantly loam, but the range includes silt loam. The C horizon has
hue of 25Y or 5Y, value of 6 to 8 (5 or 6 moist), and chroma of 2 or 3.

Cherry series

The Cherry series consists of deep, well drained,
moderately slowly permeable soils on fans and foot
slopes. These soils formed in material weathered from
calcareous silty alluvium. Slope ranges from 3 to 9 per-
cent.

Cherry soils are commonly adjacent to Badland and to
Cabba and Rhoades soils. Badland is a miscellaneous area
of exposed soft bedrock above the Cherry soils on the
landscape. It is steeper than those soils. Cabba soils have
soft bedrock at a depth of 10 to 20 inches and are steeper
than the Cherry soils. They are above those soils on the
landscape. Rhoades soils have a natric horizon at a depth
of 2 to 5 inches and have a fine-textured control section.

Typical pedon of Cherry silty clay loam, gullied, 3 to 9
percent slopes, 1,155 feet north and 100 feet west of the
southeast corner of sec. 19, T. 141 N, R. 89 W.

Al1—0 to 4 inches; grayish brown (25Y 5/2) silty clay loam, very dark
grayish brown (25Y 3/2) moist; weak medium and coarse subangu-
lar blocky structure parting to moderate medium and fine granular;
hard, friable, sticky and plastic; many fine roots; many fine pores;
very slight effervescence; mildly alkaline; clear smooth boundary.

B21—4 to 15 inches; grayish brown (25Y 5/2) silty clay loam, dark gray-
ish brown (25Y 4/2) moist; moderate medium and coarse subangular
blocky structure parting to moderate fine subangular blocky; hard,
firm, sticky and plastic; many fine roots; many fine pores; slight ef-
fervescence; mildly alkaline; gradual wavy boundary.

B22—15 to 36 inches; light brownish gray (25Y 6/2) silty clay loam, dark
grayish brown (25Y 4/2) moist; moderate medium subangular
blocky structure parting to strong fine subangular blocky; hard,
firm, sticky and plastic; common fine roots; many fine pores; strong
effervescence; common fine soft lime masses; few fine brownish
yellow (10YR 6/8) iron stains; moderately alkaline; gradual wavy
boundary.

C1—36 to 60 inches; light brownish gray (25Y 6/2) stratified silty clay
loam and clay loam, dark grayish brown (2.5Y 4/2) moist; massive;
hard, firm, sticky and plastic; few fine roots; few fine pores; violent

effervescence; common fine soft lime masses; few fine gypsum
crystals; clay loam strata are 10 percent pebbles; few fine dark yel-
lowish brown and brownish yellow (10YR 4/6 and 10YR 6/8) iron
stains; moderately alkaline.

The thickness of the solum ranges from 25 to 40 inches. The Al
horizon has hue of 25Y or 10YR, value of 5 or 6 (3 or 4 moist), and
chroma of 2 or 3. It is dominantly silty clay loam, but in some pedons it
is silt loam. The B2 horizon has hue of 2.5Y or 10YR. The C horizon has
hue of 25Y or 5Y, value of 6 or 7 (4 or 5 moist), and chroma of 2 to 4.
Coarser or finer material is below a depth of 40 inches in some pedons.

Cohagen series

The Cohagen series consists of shallow, somewhat ex-
cessively drained, moderately rapidly permeable soils on
residual uplands. These soils formed in material
weathered from soft sandstone. Slope ranges from 3 to 50
percent.

Cohagen soils are similar to Vebar soils and are com-
monly adjacent to Cabba and Vebar soils and Rock out-
crop. Cabba soils contain more clay in the control section
than Cohagen soils. Rock outcrop is hard sandstone.
Vebar soils have soft sandstone at a depth of 20 to 40
inches and have a B horizon and a mollic epipedon.

Typical pedon of Cohagen fine sandy loam, in an area
of Cohagen-Vebar fine sandy loams, 9 to 35 percent
slopes, 45 feet south and 90 feet west of the northeast
corner of NW1/4 sec. 22, T. 144 N,, R. 87 W.

A1—0 to 3 inches; dark grayish brown (10YR 4/2) fine sandy loam, very
dark grayish brown (10YR 3/2) moist; weak fine subangular blocky
structure parting to weak medium granular; soft, very friable,
slightly sticky and nonplastic; many fine roots; many fine pores;
slight effervescence; mildly alkaline; gradual wavy boundary.

C1-3 to 8 inches; grayish brown (2.5Y 5/2) fine sandy loam, dark gray-
ish brown (25Y 4/2) moist; weak medium and fine subangular
blocky structure parting to weak medium and fine granular; soft,
very friable, slightly sticky and nonplastic; many fine roots; many
fine pores; slight effervescence; mildly alkaline; gradual wavy boun-
dary.

C2—8 to 14 inches; light brownish gray (2.5Y 6/2) fine sandy loam, gray-
ish brown (25Y 5/2) moist; weak coarse and medium subangular
blocky structure; slightly hard, very friable, slightly sticky and non-
plastic; many fine roots; many fine pores; strong effervescence;
many fine soft lime masses; moderately alkaline; clear wavy boun-
dary.

Cr—14 to 60 inches; light gray (25Y 7/2) soft sandstone, light brownish
gray (25Y 6/2) moist; massive; slightly hard and brittle, soft and
easily crushed; few fine roots along bedrock fractures in the upper
part; very few pores; strong effervescence; common fine and medi-
um soft lime masses along rock fractures in the upper part; mildly
alkaline.

The depth to soft sandstone ranges from 10 to 20 inches. The control
section is dominantly fine sandy loam, but the range includes sandy
loam.

The Al horizon has hue of 10YR or 25Y, value of 4 or 5 (3 or 4
moist), and chroma of 2 or 3. The C horizon has hue of 25Y or 10YR,
value of 5 or 6 (4 or 5 moist), and chroma of 2 to 4. The Cr horizon is
massive or platy, weakly consolidated, soft, calcareous sandstone that
crushes to fine sandy loam or loamy fine sand.

Colvin series

The Colvin series consists of deep, poorly drained,
moderately permeable soils in shallow basins, in swales,
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and along streams. These soils formed in material
weathered from calcareous silty alluvium. Slope is 0 to 1
percent.

Colvin soils are commonly adjacent to Arnegard, Bow-
bells, Parnell, Tonka, and Williams soils. Arnegard soils
are well drained, have a cambic horizon, and have a mollic
epipedon that is more than 16 inches thick. Bowbells soils
are well drained, have an argillic horizon, and have a mol-
lic epipedon that is more than 16 inches thick. Parnell
soils are very poorly drained and have an argillic horizon.
Tonka soils have an A2 horizon and an argillic horizon.
Williams soils are well drained and have an argillic
horizon,

Typical pedon of Colvin silt loam 1,120 feet south and
825 feet east of the center of sec. 1, T. 45 N, R. 85 W.

A1—0 to 7 inches; black (10YR 2/1) silt loam, dark gray (10YR 4/1) dry;
moderate medium and fine granular structure; slightly hard, friable,
slightly sticky and slightly plastic; many fine roots; many fine
pores; few fine salt crystals; strong effervescence; common fine soft
lime masses; mildly alkaline; clear wavy boundary.

Clca—7 to 30 inches; dark gray and gray (5Y 4/1 and 5/1) silt loam,
gray and light gray (5Y 5/1 and 6/1) dry; weak coarse subangular
blocky structure parting to weak fine subangular blocky and weak
fine granular; slightly hard, friable, slightly sticky and slightly
plastic; common fine roots; many fine pores; violent effervescence;
common large soft lime masses; moderately alkaline; clear wavy
boundary.

C2g—30 to 60 inches; grayish brown (25Y 5/2) silt loam with thin strata
of very fine sandy loam below 40 inches; light brownish gray (2.5Y
6/2) dry; common fine and medium distinet gray (5Y 5/1) mottles;
massive; very hard, friable, slightly sticky and slightly plastic; few
fine roots; few fine pores; strong effervescence; moderately al-
kaline.

The mollic epipedon is 7 to 16 inches thick. The A1l horizon has color
value of 2 or 3 (3 or 4 dry) and chroma of 1 or less. Some pedons have
an ACca horizon. The Cea horizon has hue of 5Y or 2.5Y, value of 4 to 6
(6 to 8 dry), and chroma of 2 or less. The C2g horizon has hue of 2.5Y or
5Y. Some pedons have coarser textured or finer textured material below
a depth of 40 inches.

Daglum series

The Daglum series consists of deep, well drained, very
slowly permeable soils on uplands, in swales, and on ter-
races. These soils have a natric horizon. They formed in
material weathered from alkaline alluvium or residuum.

Daglum soils are similar to Belfield soils and are com-
monly adjacent to Belfield, Grail, and Rhoades soils. In
Belfield soils, interfingering of the A2 horizon into the B2
horizon is evident and strong columnar structure
generally is lacking. Grail soils lack a natric horizon.
Rhoades soils have a natric horizon at a depth of 2 to 5
inches.

Typical pedon of Daglum silt loam in an area of
Belfield-Daglum silt loams, 1 to 3 percent slopes, 115 feet
east and 500 feet south of the northwest corner of SW1/4
sec. 18 T. 145 N, R. 86 W.

Al1—0 to 6 inches; dark grayish brown (10YR 4/2) silt loam, very dark
brown (10YR 2/2) moist; weak medium prismatic structure parting
to weak medium and fine subangular blocky; slightly hard, friable,
sticky and slightly plastic; many fine roots; many fine pores;
neutral; clear irregular boundary.

A2--6 to 9 inches; grayish brown (10YR 5/2) silt loam, very dark gray-
ish brown (10YR 3/2) moist; weak medium prismatic structure part-
ing to moderate medium and coarse platy and fine and medium sub-
angular blocky; hard, very friable, slightly sticky and slightly
plastic; many fine roots; many fine pores; common uncoated sand
grains on faces of peds; neutral; abrupt wavy boundary.

B21t—9 to 13 inches; dark grayish brown (10YR 4/2) silty clay loam,
very dark grayish brown (10YR 3/2) moist; strong medium and fine
columnar structure parting to strong fine and angular blocky; ex-
tremely hard, firm, very sticky and very plastic; many fine roots
along faces of peds; many fine pores; many thin clay films on faces
of peds; light gray (10YR 7/1) on tops of columns; neutral; gradual
wavy boundary.

B22t—13 to 18 inches; dark grayish brown (25Y 4/2) silty clay loam,
very dark grayish brown (25Y 3/2) moist; coarse and medium
prismatic structure parting to strong medium and fine angular
blocky; extremely hard, firm, sticky and plastic; many fine roots
along faces of peds; common fine pores; many thin clay films on
faces of peds; common uncoated sand grains on faces of peds; mildly
alkaline; clear wavy boundary.

Clea—18 to 23 inches; gruyish brown (25Y 5/2) silty clay loam, dark
grayish brown (2.5Y 4/2) moist; moderate medium and fine suban-
gular blocky structure; very hard, firm, sticky and plastic; common
fine roots; many fine pores; common fine salt crystals; strong effer-
vescence; few fine soft lime masses; strongly alkaline; gradual wavy
boundary.

C2—23 to 29 inches; grayish brown (25Y 5/2) silty clay loam, dark gray-
ish brown (25Y 4/2) moist; weak medium and fine subangular
blocky structure; very hard, friable, sticky and plastic; common fine
roots; many fine pores; strong effervescence; common fine soft lime
masses; common fine gypsum crystals; strongly alkaline; gradual
wavy boundary.

C3—29 to 51 inches; grayish brown (25Y 5/2) silty clay loam, dark gray-
ish brown (25Y 4/2) moist; weak medium and fine subangular
blocky structure; hard, friable, sticky and plastic; few fine roots;
few fine pores; strong effervescence; common fine soft lime masses;
common medium gypsum crystals; strongly alkaline; clear smooth
boundary.

Alb—51 to 60 inches; gray (10YR 5/1) stratified silty clay and silty clay
loam, very dark gray (10YR 3/1) moist; massive; very hard, firm,
sticky and plastic; few fine roots; few fine pores; strong effer-
vescence; comrnon fine soft lime masses; common medium and large
gypsum crystals; moderately alkaline.

The thickness of th