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

Major fieldwork for this soil survey was performed in the period 1969 to 1977.
Soil names and descriptions were approved in 1977. Unless otherwise indicat-
ed, statements in this publication refer to conditions in the survey area in 1977.
This survey was made cooperatively by the Soil Conservation Service, the
Bureau of Indian Affairs, and the North Dakota Agricultural Experiment Station.
It is part of the technical assistance furnished to the North Central Soil Conser-
vation District. Financial assistance was provided by the Benson County Board
of Commissioners.

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

This soil survey contains information that can be used in land-planning pro-
grams in Benson County Area, North Dakota. It contains predictions of soil be-
havior for selected land uses. The survey also highlights limitations and hazards
inherent in the soil, improvements needed to overcome the limitations, and the
impact of selected land uses on the environment.

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

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

These and many other soil properties that affect land use are described in
this soil survey. Broad areas of soils are shown on the general soil map. The
location of each soil is shown on the detailed soil maps. Each soil in the survey
area is described. Information on specific uses is given for each soil. Help in
using this publication and additional information are available at the local office
of the Soil Conservation Service or the Cooperative Extension Service.

Gl ek

Allen L. Fisk
State Conservationist
Soil Conservation Service
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SOIL SURVEY OF BENSON COUNTY AREA, NORTH DAKOTA

By James F. Strum, Cornelius J. Heidt, and Ricky J. Bigler, Soil Conservation Service

Field work by James F. Strum, Robert H. Dahl, Kenneth W. Thompson, Stuart J.
Larson, Robert Hetzler, M. Robert Wright, Donald D. Opdahl, Terry R. Peterson,
Cornelius J. Heidt, and Ricky J. Bigler of the Soil Conservation Service, and
Kenneth Bajema and Jack Workenton of the Bureau of Indian Affairs

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

Benson County Area is in the north-central part of
North Dakota. Minnewaukan, the county seat, has a pop-
ulation of 496. The survey area has a total area of
867,644 acres or 1,356 square miles.

The survey area is in the Central Lowland Province
and is along the eastern edge of the Williston Basin. It is
in the physiographic unit known as the drift prairie and in
the drainage basin of the Red River of the North. The
surface water which does not flow into the Hudson Bay
by way of the Sheyenne River and Red River of the
North flows into the closed basin of the Devils Lake
chain.

Most of the soils in the survey area formed in glacial
till, glacial outwash, or glacial lake sediment. The major
part of the area is gently rolling glacial till plains. The
sandy and gravelly outwash sediment is associated with
Martin, Heimdal, McHenry, and North Viking end mor-
aines. These end moraines are mainly undulating to hilly
glacial till. The sediment associated with glacial Devils
Lake in the eastern part of the survey area is nearly level
clayey lacustrine and sandy beach material. The sedi-
ment associated with glacial Lake Souris in the north-
western corner of the survey area is sandy. Some recent
alluvial sediment is in the Sheyenne River Valley and
glacial outwash channels.

General nature of the county

This part of the publication provides general informa-
tion on the settlement, climate, natural resources, and
farming of Benson County Area.

Settiement

Prior to any permanent settlement in Benson County,
Sioux Indians inhabited the area around Devils Lake.
Their livelihood depended mostly on hunting, fishing, and
the abundance of wild fruit and berries. In the late
1700’s and early 1800's fur traders occasionally ven-
tured into the area. Shortly after the War of 1812, Cap-
tain Duncan Graham, (5) a fur trader, made temporary
residence in a wooded area of the west side of Devils
Lake. The area, a remnant of an island when the lake
was much larger, was later named Grahams Island in his
honor. Captain Graham lived on the island a few years
then went back to his home in Prairie du Chien, Wiscon-
sin.

The fur trade began to decline in the mid-1800’s after
the smallpox epidemic greatly reduced the Indian popula-
tion. Red River Metis and gold seekers crossing the
plains greatly reduced the amount of game. The fur trade
came to a close after the wars in the 1860°s and the
confinement of the Indians to reservation life (7).

In 1867, General A.H. Terry established Ft. Totten on
the reservation on the south shore of Devils Lake (6). Ft.
Totten was one of a series of outposts for the protection
of an overland route from southern Minnesota to western
Montana. Many Sioux Indians gathered on the reserva-
tion, and in 1874 the Gray Nuns of Montreal started a
school and mission for them. The fort was largely self-
sufficient at that time, because the railroad had not yet
reached that far west.

Ft. Totten was a convenient base for early settlers in
the area. The first permanent settiement in Benson
County was at Grahams island. The early settlers, mostly
of Scottish and Irish descent, favored this wooded area
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because it was similar to their former homes in the east.
By 1883, Grahams Island was permanently settled.

With the coming of the railroad in the 1880’s and early
1890’s, migrants from Minnesota, Wisconsin, and lowa,
as well as immigrants from northern Europe, came by
the hundreds. Land was obtained from the railroad and
from the government through the Homestead and
Timber Culture Act. This settlement began around
Minnewaukan and Oberon and by 1898 spread to the
western part of the county around Esmond. By the early
1900’s, the county was nearly permanently settled.

Benson County was organized on June 4, 1894, The
name is derived from B."W. Benson, who, in 1884, was a
member of the Dakota Territory legislature from Barnes
County. Minnewaukan was established as the county
seat.

The 1970 population figures for the four largest towns
in Benson County were 708 for Maddock, 626 for Leeds,
496 for Minnewaukan, and 416 for Esmond. The popula-
tion of Benson County in 1900 was 8,220 and in 1920
was 13,095. Population decreased in the late 1920's and
1930’s because of depression and drought. By 1970, the
population was 8,245 (4).

Climate

Data in this section were prepared by the National Climatic Center,
Asheville, North Carolina.

In summer, Benson County 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 is
heaviest late in spring and early in summer. Winter
snowfall is normally not too heavy and is blown into
drifts so that much of the ground is free of snow.

Table 1 gives data on temperature and precipitation
for the survey area, as recorded at Leeds, North Dakota,
for the period 1951 to 1974. Table 2 shows probable
dates for 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 8 degrees F, and
the average daily minimum is -2 degrees F. The lowest
temperature, -41 degrees F., was recorded at Leeds on
January 26, 1954. In summer, the average temperature
is 66 degrees F., and the average daily maximum is 80
degrees F. The highest temperature, 104 degrees F.,
was recorded on July 28, 1959.

Growing degree days, shown in table 1, are equivalent
to “heat units.” Beginning in spring, growing degree days
accumulate by the amount that the average temperature
each day exceeds a base temperature of 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.

SOIL SURVEY

Of the total annual precipitation, 13 inches, or 72 per-
cent, usually falls during the period from April through
September, which includes the growing season for most
crops. Two years in 10, the April to September rainfall is
less than 11 inches. The heaviest 1-day rainfall during
the period of record was 2.82 inches at Leeds on April
24, 1953. About 25 thunderstorms occur each year, 20
of which are in summer.

The average seasonal snowfall is 37 inches. The
greatest snow depth at any one time during the period of
record was 33 inches. On the average, at least 1 inch of
snow is on the ground for 44 days of the year, but the
number of days varies greatly from year to year.

The average relative humidity in midafternoon is about
60 percent, at dawn it is about 81 percent, and at night
in all seasons it is higher. The percentage of possible
sunshine is 70 percent in summer and 50 percent in
winter. The prevailing wind direction is from the south-
west. In April, the average windspeed is highest at 12
miles per hour.

Several times each winter storms of snow and high
wind bring blizzards to the county. During summer thun-
derstorms, hail occurs in small, scattered areas.

Natural resources

Soil is the most important natural resource in the
survey area. The crops produced and the livestock that
graze the grassland are marketable products derived
from the soil.

There is no lignite coal or salt in commercial quantities
in the Benson County Area. Some wells have been
drilled, but none at this time have produced commercial
oil or gas.

As a result of glaciation, there are areas of sandy and
gravelly materials favorable for commercial excavation.
These materials are associated with ice-contact,
outwash, and terrace deposits. Troublesome points are
related to poor sorting and high shale content. The qual-
ity of the deposits is variable, and investigation of each
deposit helps determine its usefulness for a specific pur-
pose (3).

Areas of water more than 40 acres in size make up
about 2 percent of the survey area. Some of the surface
water, particularly in the northwestern part, is saline and
is not used by livestock. Several large underground
aquifers are in the survey area, one in the southwestern
part; another extends south from east of Leeds along
the eastern part of the county and along the southern
edge of Devils Lake. Another aquifer is in the southeast-
ern part of the area (3). Most of the ground water-
bearing material is sand, gravel, gravelly sand, shaly
gravel, and shale. These aquifers are important to the
development of irrigation, provided the water is of suit-
able quality.



BENSON COUNTY AREA, NORTH DAKOTA

Farming

The first settlers who farmed the survey area settled
around Minnewauken and Oberon. From here the settle-
ment spread rapidly to the western part of the county.
The Soil Conservation District, which included parts of
southern Towner County, was established in 1940.

The main crop in the survey area is wheat. Flax,
barley, oats, and alfalfa are other main crops. Flax is
grown for linseed oil, and straw is an important by-prod-
uct. Barley is grown for both feed and malting. Oats and
alfalfa are important feed crops. Sunflowers, are becom-
ing an increasingly important cash crop.

in 1970, there were about 935 farms. About 74 per-
cent of the area, or 646,000 acres, is cropland; 17 per-
cent, or 146,000 acres, is rangeland and pasture; and
the remaining 9 percent, or 75,000 acres, is woodland,
federal non-cropland, and other land.

How this survey was made

Soil scientists made this survey to learn what soils are
in the survey area, where they are, and how they can be
used. 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; and the
kinds of rock. They dug many holes to study soil profiles.
A profile is the sequehce of natural layers, or horizons, in
a soil. It extends from the surface down into the parent
material, which has been changed very little by leaching
or by plant roots.

The soil scientists recorded the characteristics of the
profiles they studied and compared those profiles with
others in nearby counties and in more distant places.
They classified and named the soils according to nation-
wide uniform procedures. They drew the boundaries of
the soils on aerial photographs. These photographs
show trees, buildings, fields, roads, and other details that
help in drawing boundaries accurately. The soil maps at
the back of this publication were prepared from aerial
photographs.

The areas shown on a soil map are called map units.
Most map units are made up of one kind of soil. Some
are made up of two or more kinds. The map units in this
survey area are described under “General soil map for
broad land use planning” and “Soil maps for detailed
planning.”

While a soil survey is in progress, samples of some
soils are taken for laboratory measurements and for en-
gineering tests. All soils are field tested to determine
their characteristics. Interpretations of those characteris-
tics may be modified during the survey. Data are assem-
bled from other sources, such as test resuits, records,
field experience, and state and local specialists. For ex-
ample, data on crop yields under defined management

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
information then needs to be organized so that it can be
used by farmers, rangeland and woodland managers,
engineers, planners, developers and builders, home
buyers, and others.

General soil map for broad land use
planning

The general soil map at the back of this publication
shows broad areas that have a distinctive pattern of
soils, relief, and drainage. Each map unit on the general
soil map 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 pat-
tern.

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

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

As a result of changes in soil series concepts, differing
soil patterns, and map unit design, some of the bound-
aries and soil series names on the Benson County Area
general soil map do not match those on the general soil
maps of Pierce, Wells, and Eddy Counties.

Soils formed mainly in glacial till on
uplands

The soils of these seven map units are mainly on
nearly level to hilly ground moraines, but some are on
very steep end moraines. The soils formed under grass-
tand or forest vegetation (fig. 1). These map units make
up about 81 percent of the survey area.

1. Emrick-Heimdal-Fram

Deep, nearly level and gently sloping, well drained to
somewhat poorly drained, medium textured soils formed
in loam and sandy clay loam glacial till

These soils are on glacial till plains consisting of
smooth ground moraines. The areas have several shal-
low depressions.

This map unit makes up about 12 percent of the
survey area. It is about 32 percent Emrick soil, 21 per-
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Figure 1.—Barnes and Svea soils (foreground) formed under grassland in glovial till; Bottineau and Aastad soils (background) formed under
forest vegetation in glovial till.

cent Heimdal soil, 12 percent Fram soil, and 35 percent
water or soils of minor extent.

The gently sloping, well drained Heimdal soils are on
higher elevations. The nearly level, moderately well
drained Emrick soils are on intermediate areas, in
swales, and on lower elevations. The nearly level, some-
what poorly drained Fram soils are on lower elevations,
on rims of depressions, and on slight rises within areas
of the Emrick soils (fig. 2).

The minor soils in this map unit are the Cathay,
Esmond, Larson, Parnell, and Tonka soils. The well

drained Esmond soils are on knobs and ridges. The
poorly drained Tonka soils and very poorly drained Par-
nell soils are in depressions. The moderately well
drained Cathay and Larson soils are sodic soils in slight
depressions in nearly level areas. Parnell ponded soils
and some areas of water are also in this unit.

Most of the soils in this unit are used for cropland. The
Tonka, Parnell, Cathay, Larson, and Parnell ponded soils
are used for pasture and hay production or wetland wild-
life habitat. The minor Esmond soils having lesser slopes
are used for cropland, and those on steeper areas are
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Figure 2.—Parent material and position of soils in the Emrick-Heimdal-Fram map unit.

used for pasture and hayland.

The main limitations for use of the major soils for
farming are the hazards of water erosion and soil blow-
ing. The main limitations for most other uses are the
seasonal high water table and wetness of the Fram soils
and the moderate permeability of all the major soils.

These soils have good potential for cultivated crops,
range, and windbreaks. The Emrick and Heimdal soils
have good potential for recreational uses and most resi-
dential and urban uses and have poor potential for wet-
land wildlife habitat. The Fram soils have poor potential
for wetland wildlife habitat and fair potential for recre-
ational uses and most urban and residential uses. Poten-
tial for wetland wildlife habitat is good on the Parnell
ponded, Parnell, and Tonka soils.

2. Heimdal-Emrick-Esmond

Deep, nearly level to very steep, well drained and moder-
ately well drained, medium textured soils formed in loarn
and sandy clay loam glacial till

These soils are on glacial till plains consisting of

ground moraines and coulee breaks. These areas have
some depressions. In places, there are stones on knolls
and ridges.

This map unit makes up about 18 percent of the
survey area. It is about 30 percent Heimdal soils, 22
percent Emrick soils, 13 percent Esmond soils, and 35
percent water or soils of minor extent.

The nearly level to very steep, well drained Heimdal
soils are on intermediate areas on side slopes. The
nearly level and moderately sloping, moderately well
drained Emrick soils are in swales and are lower on side
slopes. The gently rolling to very steep, well drained
Esmond soils are on higher elevations of hilltops, knolls,
and ridges.

The minor soils in this map unit are the Cathay, Fram,
Larson, Parnell, Tonka, and Vallers soils. The moderately
well drained Cathay soils and the moderately well
drained and somewhat poorly drained Larson soils are
sodic soils in slight depressions in nearly level areas.
The poorly drained Tonka soils and very poorly drained
Parnell soils are in depressions. The somewhat poorly
drained Fram soils are on rims of depressions and on



slight rises within areas of the Emrick soils. The poorly
drained Vallers soils are on rims of depressions and in
low lying areas between depressions. Also in the unit are
the Parnell ponded soils and some areas of water.

Most of the soils in this unit are used for cropland, as
are the Cathay and Fram soils. The Tonka, Parnell,
Larson, Vallers, and Parnell ponded soils are used for
pasture and hay production or wetiand wildlife habitat.
Esmond soils are on higher side slopes and are used for
pasture and hay.

The main limitations for use of the major soils for
farming are the hazards of water erosion and soil blow-
ing. The main limitation for most other uses is the mod-
erate permeability of all the major soils.

These soils have good potential for range, windbreaks,
most residential and urban uses, and recreational uses.
The Heimdal and Emrick soils have good potentiai for
cultivated crops and poor potential for wetland wildlife
habitat. The Esmond soils have fair potential for cuitivat-
ed crops and poor potential for wetland wildlife habitat.
Potential for wetland wildlife habitat is good on the Par-
nell ponded, Parnell, and Tonka soils.

3. Emrick-Cathay-Larson

Deep, nearly level and gently sloping, moderately well
drained and somewhat poorly drained, medium textured
soils formed in loam and clay loam glacial till

These soils are on glacial till plains consisting of slight
rises and slightly depressed areas of glacial uplands and
are in basins, coulee bottoms, and drainageways. In
some places there are depressions and slightly higher
ground moraine areas.

This map unit makes up about 2 percent of the survey
area. It is about 40 percent Emrick soils, 11 percent
Cathay soils, 10 percent Larson soils, and 39 percent
water or soils of minor extent.

The nearly level and gently sloping, moderately well
drained Emrick soils are on slight rises. The nearly level
and gently sloping, moderately well drained Cathay soils
and the nearly level, moderately well drained and some-
what poorly drained Larson soils are sodic soils and are
in slight depressions, basins, coulee bottoms, and drain-
ageways.

The minor soils in this map unit are the Fram, Hamer-
ly, Parnell, Tonka, and Vallers soils. The poorly drained
Tonka soils and very poorly drained Parnell soils are in
shallow to deep depressions. The somewhat poorly
drained Fram and Hamerly soils are on the level and
nearly level lower areas on rims of depressions and on
slight rises within areas of the Emrick soils. The poorly
drained Vallers soils are on rims of depressions and in
low lying areas between depressions. The Hamerly and
Vallers soils are in small areas underlain by loam and
clay loam glacial till.

About half of the soils in this unit are used for crop-
land, and half are used for pasture, range, and hay. The
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Fram and Hamerly soils are used for cropland. The Par-
nell, Tonka, and Vallers soils are used for pasture and
hay production or wetland wildlife habitat.

The main limitations for use of the major soils for
farming are the hazard of water erosion and poor soil
tilth. The main limitations for most other uses are the
moderate permeability of the Emrick soils and the slow
permeability of the Cathay and Larson sails.

These soils have fair potential for most residential and
urban uses and very poor potential for wetland wildlife
habitat. The Emrick soils have good potential for cuitivat-
ed crops, range, windbreaks, and most recreational uses.
The Cathay soils have fair potential for windbreaks and
good potential for range, cultivated crops, and for most
recreational uses. The Larson soils have poor potential
for cultivated crops and windbreaks and fair potential for
range and most recreational uses. Potential for wetland
wildlife habitat is good on the Parnell, Tonka, and Vallers
soils.

4. Svea-Barnes-Hamerly

Deep, nearly level and gently sloping, well drained to
somewhat poorly drained, medium textured soils formed
in loam and clay loam glacial till

These soils are on glacial till plains consisting of
ground moraines with swells and swales. Several shallow
depressions are scattered throughout the map unit.

This map unit makes up about 36 percent of the
survey area. It is about 30 percent Svea soils, 20 per-
cent Barnes soils, 20 percent Hamerly soils, and 30
percent water or soils of minor extent.

The nearly level and gently sloping, well drained
Barnes soils are on higher elevations. The nearly level
and gently sloping, moderately well drained Svea soils
are on intermediate areas, in swales, and on lower side
slopes. The nearly level and gently sloping, somewhat
poorly drained Hamerly soils are on lower elevations, on
rims of depressions, and on slight rises within areas of
the Svea soils (fig. 3).

The minor soils in this map unit are the Buse, Cavour,
Cresbard, Parnell, and Tonka soils. The well drained
Buse soils are on knobs and ridgetops. The moderately
well drained Cresbard and Cavour soils are sodic soils in
slight depressions in nearly level areas. The poorly
drained Tonka soils and very poorly drained Parnell soils
are in depressions. Parnell ponded soils and some areas
of water are also in this unit.

Most areas of these soils are used for cropland, as are
the Cresbard soils within areas of the Svea soils. The
Cavour, Cresbard, Tonka, Parnell, and Parnell ponded
soils are used for pasture and hay production or wetland
wildlife habitat.

The main limitations for use of the major soils for
farming are the hazards of soil blowing and water ero-
sion. The main limitations for most other uses are the
seasonal high water table and wetness of the Hamerly
soils and the moderately slow permeability of all the
major soils.
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Figure 3.—Parent material and position of soils in the Svea-Barnes-Hamerly map unit.

These soils have good potential for cultivated crops,
pasture, range, and windbreaks. The Svea and Barnes
soils have good potential for most residential, urban, and
recreational uses and poor potential for wetland wildlife
habitat. The Hamerly soils have poor potential for wet-
land wildlife habitat and fair potential for residential,
urban, and recreational uses. Potential for wetland wild-
life habitat is good on the Parnell ponded, Parnell, and
Tonka soils.

5. Barnes-Buse

Deep, undulating to hilly, well drained, medium textured
soils formed in loam glacial till

These soils are on glacial till moraines with many
knolls, ridges, and deep depressions. In some places,
stones are on the knolls and ridges.

This map unit makes up about 9 percent of the survey
area. It is about 26 percent Barnes soils, 24 percent
Buse soils, and 50 percent water or soils of minor extent.

The undulating and gently rolling, well drained Barnes
soils are on the side slopes, and the gently rolling and

hilly, well drained Buse soils are on knolls, ridges, and
hilltops (fig. 4).

The minor soils in this map unit are the Hamerly,
Parnell, Tonka, and Vallers soils. The very poorly drained
Parnell soils and poorly drained Tonka soils are in deep
depressions. The somewhat poorly drained Hamerly soils
and poorly drained Vallers soils are on rims of depres-
sions and in low lying areas between depressions. Par-
nell ponded soils and some areas of water are also in
this unit.

Most rolling and hilly areas are used for pasture,
range, and hay. The undulating and gently rolling areas
are used for cropland, as are the Hamerly soils. The
Parnell, Tonka, Vallers and Parnell ponded soils are
used for pasture and hay production or wetland wildlife
habitat.

The main limitations for use of the major soils for
farming are the hazards of soil blowing and water ero-
sion. The main limitation for most other areas is the
moderately slow permeability of all the major soils.

These soils have very poor potential for wetland wild-
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Figure 4.—Parent material and position of soils in the Barnes-Buse map unit.

lite habitat. The Barnes soils have good potential for
range; fair potential for cultivated crops, windbreaks, and
most residential and urban uses; and fair to good poten-
tial for most recreational uses. The Buse soils have fair
potential for range and poor potential for cultivated
crops, windbreaks, most recreational uses, and most
residential and urban uses. Potential for wetland wildlife
habitat is good on the Parnell ponded, Parnell, Tonka,
and Vallers soils.

6. Svea-Grano-Aberdeen

Deep, level to gently sloping, moderately well drained,
poorly drained, and very poorly drained, medium textured
to fine textured soils formed in loam glacial tll and in
silty clay loam and clay lacustrine sediment

These soils are on glacial till plains and glacial lake
plains and are in slight depressions; on gentle rises; on
broad, gentle swells; and in low lying areas between
depressions.

This map unit makes up about 2 percent of the survey
area. It is about 28 percent Svea soils, 22 percent Grano
soils, 13 percent Aberdeen soils, and 37 percent water
or soils of minor extent.

The gently sloping, moderately well drained Svea soils
are on gentle rises and higher swells. The level, moder-
ately well drained Aberdeen soils are sodic soils on the
gentle swells and in shallow depressions. The level,
poorly drained and very poorly drained Grano soils are in
deeper swales and in broad, low lying areas.

The minor soils in this map unit are the Hamerly,
Parnell, and Tonka soils. The somewhat poorly drained
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Hamerly soils are on rims of depressions, in low lying
areas between depressions, and are slightly below the
Svea soils. The poorly drained Tonka soils and very
poorly drained Parnell soils are in deep depressions.
Parnell ponded soils and some areas of water are also in
this unit.

Most areas of these soils are used for cropland as are
the Hamerly soils, and some are used for hayland and
pasture. The Parnell, Parnell ponded, and Tonka soils
are used for pasture and hay production or wetland wild-
life habitat.

The main limitations for use of the major soils for
farming are the hazard of soil blowing, poor soil tilth, and
wetness. The main limitations for most other uses are
the seasonal high water table, wetness, and slow perme-
ability of the Grano soils; the slow permeability of the
Aberdeen soils; and the moderately slow permeability of
the Svea soils.

These soils have good potential for range and poor
potential for most residential, urban, and recreational
uses. The Svea soils have good potential for cultivated
crops, windbreaks, recreational uses, and most residen-
tial and urban uses and poor potential for wetland wild-
life habitat. The Aberdeen soils have very poor potential
for wetland wildlife habitat. The Grano soils have poor
potential for cultivated crops and windbreaks and good
potential for wetland wildlife habitat. Potential for wetland
wildlife habitat is good for the Parnell ponded, Parnell,
and Tonka soils.

7. Bottineau-Aastad-Edgeley Variant

Deep, gently sloping to very steep, moderately well
drained and well drained, medium textured soils formed
in loam and clay loam glacial till

These soils are on glacial till plains and moraines with
knolls, ridges, hills, and small shallow swales. The
swales contain several deep depressions.

This map unit makes up about 2 percent of the survey
area. It is about 50 percent Bottineau soils, 15 percent
Aastad soils, 5 percent Edgeley Variant soils, and 30
percent water or soils of minor extent.

The gently sloping and undulating to hilly, well drained
Bottineau soils are on the side slopes. The gently slop-
ing and undulating, moderately well drained Aastad soils
are in swales and on lower side slopes. The hilly to very
steep, well drained Edgeley Variant soils are on the
upper side slopes, hilltops, and ridges.

The minor soils in this map unit are the Buse, Parnell,
and Tonka soils. The well drained Buse soils are on
similar positions to those of the Edgeley Variant soils
and are in small areas underlain by loam and clay loam
glacial till. The very poorly drained Parnell soils and
poorly drained Tonka soils are in deep depressions. Par-
nell ponded soils and some areas of water are also in
this unit.

Most areas of the soils in this unit are used for wood-
land pasture, but some undulating and gently rolliing
areas are cleared of trees and used for cropland. The
Buse soils are mainly used for pasture. In some undulat-
ing and gently rolling areas where unit size permits,
these soils are used for cropland. The Parnell, Tonka,
and Parnell ponded soils are used for pasture or wetland
wildlife habitat.

The main limitations for use of the major soils for
farming are slope and the hazard of water erosion. The
main limitations for most other uses are the moderately
slow permeability of the Bottineau and Aastad soils, the
moderate permeability of the Edgeley Variant soils, and
slope.

These soils have poor and very poor potential for
wetland wildlife habitat. The Bottineau and Aastad soils
have good potential for range. The Edgeley Variant soils
have fair potential for range and poor potential for cuiti-
vated crops, most recreational uses, windbreaks, and
most residential and urban uses. The gently sioping and
undulating areas of this map unit have good potential for
cultivated crops and most recreational uses, and the
gently rolling and rolling areas have fair potential for
cultivated crops and most recreational uses. The undu-
lating to rolling areas have good potential for windbreaks
and fair potential for most residential and urban uses.
Potential for wetland wildlife habitat is good on the Par-
nell ponded, Parnell, and Tonka soils.

Soils formed in lacustrine and eolian
sediment on lake plains

The soils of these three map units are mainly on level
and nearly level lake plains, but some are on rolling
eolian-mantled iake plains. The soils formed under
grassland vegetation. These map units make up about 9
percent of the survey area.

8. Maddock-Hecla-Embden

Deep, nearly level to rolling or strongly sloping, well
drained and moderately well drained, moderately coarse
textured and coarse textured soils formed in sandy
eolian or outwash materials and lacustrine sediment

These soils are on sandy plains and sand mantled
glacial moraines. They are characterized by ridges,
knolls, gentle rises, and narrow to broad swales.

This map unit makes up about 2 percent of the survey
area. It is about 22 percent Maddock soils, 20 percent
Hecla soils, 8 percent Embden soils, and 50 percent
water or soils of minor extent.

The nearly level to strongly sloping, well drained Mad-
dock soils are on the tops of gentle rises, knolls, and
ridges. The nearly ievel and gently sloping Hecla soils
and the nearly level to gently rolling Embden soils are in
swales.
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The minor soils in this map unit are the Dickey,
Fossum, Heimdal, Stirum, and Towner soils. The well
drained Dickey soils are on the same landscape position
as the Maddock soils and are in small areas underlain by
loam and clay loam glacial till. The well drained Heimdal
soils are on upper side slopes. The poorly drained
Fossum soils and sodic Stirum soils are in deeper areas
of swales below the Hecla and Embden soils. The mod-
erately well drained Towner soils are on the same land-
scape position as the Hecla and Embden soils and are in
small areas underlain by loam and clay loam glacial till.
Parnell ponded soils and some areas of water are also in
this unit.

Most areas of these soils are used for cropland, but
the moderately sloping, strongly sloping, and poorly
drained soils are used for hay and pasture. The Dickey,
Heimdal, and Towner soils are used for cropland. The
Dickey soils, in moderately sloping and strongly sloping
areas, and the Fossum, Stirum, and Parnell ponded soils
are used for pasture and hay production or wetland wild-
life habitat. The main limitations for use of the major
soils for farming are the hazards of water erosion and
soil blowing and low available water capacity. The rapid
permeability of the Maddock and Hecla soils and the
moderately rapid permeability of the Embden soils are
the main limitations for most other uses.

These soils have poor and very poor potential for
wetland wildlife habitat. Maddock soils have poor poten-
tial for cultivated crops, fair potential for range and most
recreational uses, and fair potential for windbreaks.
There is good potential for most residential and urban
uses on the nearly level to moderately sloping areas and
fair potential on the strongly sloping areas. On Hecla
soils, potential is poor for cultivated crops, fair for range
and most recreational uses, fair for most residential and
urban uses, and good for windbreaks. Embden soils
have good potential for range and most recreational
uses. The nearly level and undulating areas have good
potential for cultivated crops and windbreaks, and the
gently rolling areas have fair potential for these uses.
The Parnell ponded soils have good potential for wetiand
wildlife habitat.

9. Overly-Bearden-Fargo

Deep, level to gently sloping, moderately well drained to
poorly drained, medium textured and moderately fine tex-
tured soils formed in silty, clayey, and loamy lacustrine
sediment

These soils are on glacial lake plains with gentie rises;
broad, gentle swells; and swales. A few small, deep
depressions are in the swales.

This map unit makes up about 1 percent of the survey
area. It is about 23 percent Overly soils, 20 percent
Bearden soils, 12 percent Fargo soils, and 45 percent
water or soils of minor extent.
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The nearly level, moderately well drained Overly soils
are on gentle rises and higher swells. The level, some-
what poorly drained Bearden soils are on gentle swells
and in shallow swales. The level, poorly drained Fargo
soils are in deeper swales.

The minor soils in this map unit are the Aberdeen,
Gardena, Grano, Hamerly, Hegne, Parnell, Svea, and
Tonka soils. The moderately well drained Aberdeen soils
are sodic soils on swells and are slightly below the
Overly soils. The moderately well drained Gardena soils
are on the same landscape position as the Overly soils.
The moderately well drained Svea soils and the some-
what poorly drained Hamerly soils are on similar posi-
tions to those of the Overly and Bearden soils in small
areas of loam and clay loam glacial till. The poorly
drained and very poorly drained Grano soils and poorly
drained Hegne soils are on the same landscape position
as the Fargo soils. The poorly drained Tonka soils and
very poorly drained Parnell soils are in deep depressions.
Parnell ponded soils and some areas of water are also in
this unit.

Maost of the soils in this unit are used for cropland, as
are the Aberdeen, Gardena, Hamerly, Hegne, and Svea
soils. The Grano, Parnell, Parnell ponded, and Tonka
soils are used for pasture and hay production or wetland
wildlife habitat.

The main limitations for use of the major soils for
farming are the hazard of soil blowing and wetness. The
main limitations for most other uses are the seasonal
high water table and wetness of the Bearden and Fargo
soils, the moderately siow permeability of the Overly and
Bearden soils, and the slow permeability of the Fargo
soils.

These soils have good potential for cultivated crops,
range, and windbreaks. The Overly soils have fair poten-
tial for most engineering and recreational uses and poor
potential for wetland wildlife habitat. The Bearden soils
have poor potential for most engineering uses and fair
potential for most recreational uses and wetland wiidlife
habitat. The Fargo soils have poor potential for most
engineering and recreational uses and good potential for
wetland wildlife habitat. Potential for wetland wildlife
habitat is good on the Parnell ponded, Grano, Parnell,
and Tonka soils.

10. Lallie-Minnewaukan

Deep, level and nearly level, very poorly drained and
poorly drained, coarse textured and medium textured
soils formed in clayey and sandy lacustrine sediment

These soils are in dry lake basins with broad, flat
plains dissected by slightly higher beaches and sand-
bars.

This map unit makes up about 6 percent of the survey
area. It is about 42 percent Lallie soils, 20 percent
Minnewaukan soils, and 38 percent water or soils of
minor extent.
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The level, poorly drained and very poorly drained Lallie
soils are on broad, flat plains. The nearly level, poorly
drained Minnewaukan soils are adjacent to beaches and
are on sandbars.

The minor soils in this map unit are the Sioux soils,
which are excessively drained and are on beaches. Lallie
ponded soils and some areas of water are also in the
unit.

Most areas of these soils are used for hay and range,
as are the Sioux soils. The Lallie ponded soils are used
for wetland wildlife habitat.

The main limitations for use of the major soils for
farming are the hazard of soil blowing and low natural
fertility. The main limitations for most other uses are the
seasonal high water table, wetness, and ponding of all
the major soils.

These soils have fair potential for range and poor
potential for cultivated crops and most residential, urban,
and recreational uses. The Lallie soils have poor poten-
tial for windbreaks and good potential for wetland wildlife
habitat. The Minnewaukan soils have good potential for
windbreaks and poor potential for wetland wildlife habi-
tat. Potential for wetland wildlife habitat is good on the
Lallie ponded soils.

Soils formed in glacial outwash on
terraces and uplands

The soils of these two map units are mainly on nearly
level to moderately steep glacial outwash terraces, but
some are on hilly ridges. The soils formed under grass-
land vegetation. These units make up about 8 percent of
the survey area.

11. Renshaw-Arvilla-Fordville

Deep, nearly level and gently sloping, well drained and
somewhat excessively drained, moderately coarse tex-
tured and medium textured soils formed in loamy sedi-
ment over sand and gravel

These soils are on glacial outwash plains and stream
terraces. The areas are characterized by ridges, knolls,
and swales.

This map unit makes up about 5 percent of the survey
area. It is about 20 percent Renshaw soils, 20 percent
Arvilla soils, 15 percent Fordville soils, and 45 percent
water or soils of minor extent.

The nearly level and gently sloping, somewhat exces-
sively drained Renshaw and Arvilla soils are on side
slopes and tops of knolls and ridges. The nearly level,
well drained Fordville soils are in shallow swales.

The minor soils in this map unit are the Divide and
Marysland soils. The somewhat poorly drained Divide
soils and the poorly drained and very poorly drained
Marysland soils are in the deep, lower lying swales. Par-
nell ponded soils and some areas of water are also in
this unit.
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Most areas of these soils are used for cropland, as are
the Divide soils and poorly drained areas of the Marys-
land soils. The very poorly drained areas of the Marys-
land soils and Parnell ponded soils are used for pasture
and hay production or wetland wildlife habitat.

The main limitations for use of the major soils for
farming are the hazards of water erosion and soil blow-
ing and low available water capacity. The main limita-
tions for most other uses are the rapid permeability of
the Renshaw and Arvilla soils and the moderate perme-
ability in the upper part of the Fordville soils and rapid
permeability in the underlying material.

The major soils have very poor potential for wetiand
wildlife habitat and good potential for recreational uses
and most residential and urban uses. The Renshaw and
Arvilla soils have poor potential for cultivated crops and
windbreaks and fair potential for range. The Fordville
soils have fair potential for cultivated crops and good
potential for range and windbreaks. Potential for wetland
wildlife habitat is good on the Parnell ponded and Marys-
land soils.

12. Brantford-Vang-Coe

Deep, nearly level to moderately steep, well drained and
excessively drained, medium textured soifls formed in
loamy sediment over sand and gravel that is predomi-
nantly shale

These soils are on glacial moraines, glacial outwash
plains, and stream terraces. These areas are character-
ized by hills, ridges, and knolls dissected by swales.

This map unit makes up about 3 percent of the survey
area. It is about 41 percent Brantford soils, 12 percent
Vang soils, 12 percent Coe soils, and 35 percent water
or soils of minor extent.

The nearly level to moderately sloping, well drained
Brantford soils are on side slopes and tops of lower
knolis and ridges. The nearly level and gently sloping,
well drained Vang soils are in shallow swales. The nearly
level to moderately steep, excessively drained Coe soils
are on hilltops and higher knolls and ridges.

The minor soils in this map unit are the Divide and
Marysland soils. The somewhat poorly drained Divide
soils and the poorly drained and very poorly drained
Marysland soils are in deep, lower lying swales. Parnell
ponded soils and some areas of water are also in this
unit.

Most areas of these soils are used for cropland, as are
the Divide soils and poorly drained areas of the Marys-
land soils. Areas of Coe soils are used for hay and
range. The very poorly drained areas of the Marysland
soils and Parnell ponded soils are used for pasture or
wetland wildlife habitat.

The main limitations for use of the major soils for
farming are the hazards of water erosion and soil blow-
ing and low available water capacity. The main limita-
tions for most other uses are the moderate permeability
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in the upper part and very rapid permeability in the un-
derlying material of all the major soils.

These soils have very poor potential for wetland wild-
life habitat. The Brantford soils have poor potential for
cultivated crops and windbreaks, fair potential for range,
and good potential for recreational uses and for most
residential and urban uses. The Vang soils have fair
potential for cultivated crops and good potential for
range, windbreaks, recreational uses, and most residen-
tial and urban uses. The Coe soils have poor potential
for cultivated crops and ‘windbreaks; good potential for
most residential and urban uses in nearly level to moder-
ately sloping areas; and fair potential for range, most
recreational uses, and for most residential and urban
uses in strongly sloping and moderately steep areas.
Potential for wetland wildlife habitat is good on the Par-
nell ponded and Marysland soils.

Soils formed in alluvial sediment and
glacial till on bottom lands and adjacent
uplands

The soils in this map unit are on level and nearly level
flood plains and very steep, dissected, glacial till plains.

SOIL SURVEY

The soils formed under grassland vegetation. This unit
makes up about 2 percent of the survey area.

13. Esmond-LaDelle-Ryan

Deep, level to very steep, poorly drained, moderately
well drained, and well drained, medium textured and fine
textured soils formed in loam glacial til and loamy and
clayey alluvium

These soils are on breaks, side slopes, and bottom
lands of the Sheyenne River. The breaks are character-
ized by steep stony slopes with many deep swales and
coulees. The bottom lands are characterized by level
and nearly level flood plains, alluvial fans, depressions,
old river channels, and oxbows.

This map unit makes up about 2 percent of the survey
area. It is about 30 percent Esmond soils, 15 percent
LaDelle soils, 10 percent Ryan soils, and 45 percent
water or soils of minor extent.

The moderately sloping to very steep, well drained
Esmond soils are on valley side slopes. The level, poorly
drained Ryan soils are sodic soils and are in slight de-
pressions. The level and nearly level, moderately well
drained LaDelle soils are on slightly convex positions on
the bottom lands (fig. 5).

Figure 5.—Parent material and position of soils in the Esmond-LaDelle-Ryan map unit.



BENSON COUNTY AREA, NORTH DAKOTA

The minor soils in this map unit are the Darnen and
Rauville soils. The very poorly drained Rauville soils are
in low areas in old river channels and oxbows on the
bottom lands. The moderately well drained Darnen soils
are on foot slopes and toe slopes between the valley
sides and bottom lands. Parnell ponded soils and some
areas of water are also in this unit.

Most areas of these soils are used for range (fig. 6).
The LaDelle soils on higher bottom lands and Darnen
soils on toe slopes of breaks are used for cropland.
Rauville and Parnell ponded soils are used for range or
wetland wildlife.

The main limitations for use of the Esmond soils are
the hazard of water erosion and stoniness. The main
limitations for most uses are spring flooding, the season-
al high water table, and wetness.

These soils have poor potential for recreational uses
and most residential and urban uses and good potential
for range and wetland wildlife habitat. The Esmond and
Ryan soils have poor potential for cultivated crops, and
LaDelle soils have good potential for cultivated crops.
Potential for wetland wildlife habitat is good on the Par-
nell ponded and Rauville soils.

Broad land use considerations

The general soil map is most useful for determining
the general outline of areas that are suitable for crop-
land, urban areas, wildlife, or recreational use; it cannot
be used for the selection of sites for specific structures.
Deciding which land to use for urban development or, for
example, which land to preserve for cropland is an issue
of increasing concern in the state and in the survey area.
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The 1970 Conservation Needs Inventory shows that in
1967, 77.7 percent of the land in Benson County Area
was used for crops, 12.6 percent for rangeland, 4.9 per-
cent for pasture, 1.9 percent for forest land, and 2.8
percent for other uses. In general, the soils that have
good potential for cultivated crops also have good po-
tential for urban development. The information about
specific soils in this survey can be helpful in planning
future land use patterns in Benson County Area.

Large areas where the soils are so unfavorable that
urban or recreational developrrent is prohibited are not
extensive in the Benson County Area; however, the
Lallie-Minnewaukan map unit is subject to inundation be-
cause of the fluctuating levels of Devils Lake. The Ren-
shaw-Arvilla-Fordville and the Brantford-Vang-Coe map
units are made up of soils that are rapidly permeable,
and there is a possibility of groundwater contamination if
the soils are used for onsite sewage disposal. Each unit
contains small acreages of poorly drained and very
poorly drained soils. These soils are so wet that they
have poor potential for urban uses.

For cultivated crops, Emrick-Heimdal-Fram and the
Svea-Barnes-Hamerly map units have high potential and
are the most productive soils, the Lallie-Minnewaukan
unit has low potential and is the least productive, and
the other units have fair potential and are productive.

Soil maps for detailed planning

The map units on the detailed soil maps at the back of
this survey represent the soils in the survey area. The
map unit descriptions in this section, along with the soil
maps, can be used to determine the suitability and po-

Figure 6.—Most of the LaDelle and Ryan soils (foreground) and Esmond soils (background) are used for rangeland.
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tential of a soil for specific uses. They also can be used
to plan the management needed for those uses. More
information on each map unit, or soil, is given under
“Use and management of the soils.”

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

A symbol identifying the soil precedes the map unit
name in the soil descriptions. Each description includes
general facts about the soil, a brief description of the soil
profile, and a listing of the principal hazards and limita-
tions to be considered in planning management.

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

Soils of one series can differ in texture of the surface
layer or of the underlying material. They also can differ in
slope, stoniness, salinity, wetness, degree of erosion,
and other characteristics that affect their use. On the
basis of such differences, a soil series is divided into sof/
phases. Most of the areas shown on the detailed soil
maps are phases of soil series. The name of a soil
phase commonly indicates a feature that affects use or
management. For example, Hecla fine sandy loam, 1 to
3 percent slopes, is one of several phases in the Hecla
series.

Some map units are made up of two or more major
soils. These map units are called soil complexes or un-
differentiated groups.

A soil complex consists of two or more soils in such
an intricate pattern or in such small areas that they
cannot be shown separately on the soil maps. The pat-
tern and proportion of the soils are somewhat similar in
all areas. Embden-Heimdal complex, 1 to 3 percent
slopes, is an example.

An undifferentiated group is made up of two or more
soils that could be mapped individually but are mapped
as one unit because similar interpretations can be made
for use and management. The pattern and proportion of
the soils in a mapped area are not uniform. An area can
be made up of only one of the major soils, or it can be
made up of all of them. Colvin and Borup siit loams,
saline, is an undifferentiated group in this survey area.

Most map units include small scattered areas of soils
other than those for which the map unit is named. Some
of these included soils have properties that differ sub-
stantially from those of the major soil or soils. Such
differences could significantly affect use and manage-
ment of the soils in the map unit. The included soils are
identified in each map unit description. Some small areas
of strongly contrasting soils are identified by a special
symbol on the soit maps.

This survey includes miscellaneous areas. Such areas
have little or no soil material and support little or no
vegetation. Pits, gravel, is an example. Miscellaneous
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areas are shown on the soil maps. Some that are too
small to be shown are identified by a special symbol on
the soil maps.

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

3—Parnell silty clay loam. This deep, level, very
poorly drained soil is in depressions on glacial till plains
and lake plains. Individual areas of this map unit are 2 to
40 acres.

Typically, the surface layer is black silty clay loam
about 14 inches thick. The subsoil, from 14 to 36 inches,
is black siity clay. The underlying material, from 36 to 60
inches, is dark gray silty clay loam in the upper part and
olive gray silty clay loam in the lower part.

Included with this soil in mapping, and making up 10 to
20 percent of the map unit, are small areas of the poorly
drained Tonka and Vallers soils. The Tonka soil has a
light colored subsurface layer and is in the shallower part
of the depressions. The Vallers soil has layers of lime
accumulation within a depth of 16 inches and is in the
margins of the depressions.

This Parnell soil has slow permeability. Available water
capacity is high, and runoff is ponded. Early in spring
and after rainy periods a high water table develops, re-
sulting in wetness and surface ponding. In most years,
the high water table exists throughout most of summer
and occasionally into fall. Susceptibility to soil blowing is
low.

Most areas of this soil are used for wetland wildlife
habitat. The potential is good for wetland wildlife habitat
and is fair for range. The potential is poor for crops,
windbreaks, and most engineering and recreational uses.
It is generally not feasible to cultivate this soil because
of wetness, surface ponding of water, and the absence
of suitable outlets.

This soil is suited to pastureland or rangeland. Over-
grazing or grazing when the soil is wet causes surface
compaction and poor soil tilth. Proper stocking rates,
pasture rotation, and timely delay of grazing help keep
the pasture and soil in good condition.

This soil is generally unsuited to sanitary facilities and
buildings. Wetness and flooding are severe limitations
that can be overcome in part by drainage; however,
adequate outlets for drainage water are difficult to
locate. Alternate sites are generally nearby for buildings
and sanitary facilities. This soil is well suited to wetland
wildlife habitat.

This map unit is in capability subclass Vw.

4—Fargo silty clay loam. This deep, level, poorly
drained soil is on glacial lake plains. Individual areas of
this map unit are 5 to 200 acres.
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Typically, the surface layer is black silty clay loam
about 12 inches thick. The subsoil, from 12 to 30 inches,
is' olive gray clay. The underlying material, from 30 to 60
inches, is olive gray silty clay in the upper part and olive
and dark gray silty clay in the lower part. In places, the
surface layer is clay loam, silty clay, or clay. In a few
small areas the underlying material is clay loam glacial
till.

Included with this soil in mapping, and making up 15 to
20 percent of the map unit, are small areas of the poorly
drained Hegne soil. Layers of lime accumulation are
within a depth of 16 inches and are on some of the
swells.

This Fargo soil has slow permeability. Available water
capacity is high, and. runoff is slow. Early in spring and
after unusually heavy rainy periods a high water table
develops, resulting in wetness and some surface pond-
ing. Susceptibility to soil blowing is iow.

Most areas of this soil are used for cultivated crops.
The potential is good for crops, range, windbreaks, and
wetland wildlife habitat. The potential is poor for most
engineering and recreational uses.

This soil is well suited to wheat, oats, barley, flax, and
grass-legume hay. Maintaining good soil tilth and over-
coming wetness are the main management concerns.
Adequate outlets for drainage water are often difficult to
locate. Use of crop residue and maintaining surface
drains help alleviate these limitations.

This soil is well suited to pastureland or rangeland.
Overgrazing or grazing when the soil is wet reduces
surface infiltration and causes surface compaction and
poor soil tilth. Proper stocking rates, pasture rotation,
and timely delay of grazing help keep the pasture and
soil in good condition.

This soil is well suited to trees and shrubs in wind-
breaks and environmental plantings. Potential is good for
growing all climatically adapted species. Grass and
weeds need to be eliminated before the trees are plant-
ed and ground cover regrowth needs to be controlled for
the entire life of the plantings.

This soil is poorly suited to sanitary facilities and build-
ings. Reinforcing foundations and basement walls of
dwellings helps overcome the shrink-swell limitation. In-
stallation of foundation drainage for buildings helps mini-
mize wetness. Alternate sites are needed for septic
tanks. Better suited sites for buildings are generally
nearby. This soil is well suited to wetland wildlife habitat.

This map unit is in capability subclass liw.

5—Hegne silty clay. This deep, level, poorly drained
soil is on glacial lake plains. Individual areas of this map
unit are 5 to 200 acres.

Typically, the surface layer is black silty clay about 8
inches thick. The next layer is very dark gray and dark
gray silty clay and is 8 to 10 inches thick. The underlying
material from 10 to 60 inches, is gray silty clay in the
upper part, olive gray silty clay in the middle part, and
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olive gray and dark gray clay in the lower part. in a few
smali areas, the underlying material is clay loam glacial
till. In some places there are no layers of lime accumula-
tion in the upper 16 inches, and within these areas, in
some places, there is a subsoil.

This soil has very slow permeability. Available water
capacity is moderate, and runoff is slow. Early in spring
and after unusually heavy rainy periods a high water
table develops, resulting in wetness and some surface
ponding. Susceptibility to soil blowing is high.

Most areas of this soil are used for cultivated crops,
hay, and pasture. The potential is good for crops, range,
and windbreaks. The potential is fair for wetland wildlife
habitat and poor for most engineering and recreational
uses.

This soil is well suited to wheat, oats, barley, flax, and
grass-legume hay. When this soil is tilled, the main man-
agement problems are wetness, controlling soil blowing,
and maintaining good soil tilth. Adequate outlets for
drainage water are often difficult to locate. Maintaining
surface drains helps reduce wetness. Intensive use of
field windbreaks, annual buffer strips, and stubbie muich-
ing help control soil blowing. Use of crop residue helps
maintain good soil tilth.

Using this soil for pastureland or rangeland helps con-
trol erosion. Overgrazing or grazing when the soil is wet
reduces surface infiltration and causes surface compac-
tion and poor soil tilth. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

This soil is well suited to trees and shrubs in wind-
breaks and environmental plantings. Potential is good for
growing all climatically adapted species. Grass and
weeds need to be eliminated before the trees are plant-
ed, and ground cover regrowth needs to be controlled
for the entire life of the plantings.

This soil is poorly suited to sanitary facilities and build-
ings. Wetness is a severe limitation that can be over-
come in part by drainage; however, adequate outlets for
drainage water are difficult to locate. Alternate sites are
needed for building sites and related uses. This soil is
suited to wetland wildlife habitat.

This map unit is in capability subclass liw.

7—Colvin silt loam. This deep, level, poorly drained
soil is on glacial lake plains, in drainageways, and is
adjacent to old stream channels. Individual areas of this
map unit are 5 to 150 acres.

Typically, the surface layer is black silt loam in the
upper part, very dark gray silt loam in the lower part, and
about 12 inches thick. The underlying material, from 12
to 30 inches, is dark gray silty clay loam. It is dark gray
silty clay loam and olive gray and olive loam to a depth
of 60 inches. In places, the surface layer is silty clay
loam, and in a few places the soil is moderately saline.

Included with this soil in mapping, and making up as
much as 15 percent of the map unit, are small areas of
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the somewhat poorly drained Bearden soil on higher
swells.

This Colvin soil has moderately slow permeability.
Available water capacity is high, and runoff is slow. Early
in spring and after unusually heavy rainy periods a high
water table develops, resulting in wetness and some
surface ponding. Susceptibility to soil blowing is high.

Most areas of this soil are used for cultivated crops,
hay, and pasture. The potential is good for crops, range,
windbreaks, and wetland wildlife habitat. The potential is
poor for most engineering and recreational uses.

This soil is well suited to wheat, oats, barley, flax, and
grass-legume hay. Wetness and soil blowing are the
main limitations when this soil is tilled. Adequate outlets
for drainage are often difficult to locate. Maintaining sur-
face drains and intensive use of field windbreaks, strip-
cropping, and annual buffer strips help -alleviate these
limitations.

Using this soil for pastureland or rangeland helps con-
trol erosion. Overgrazing or grazing when the soil is wet
reduces surface infiltration and causes surface compac-
tion and poor soil tilth. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

Where drained, this soil is well suited to trees and
shrubs in windbreaks and environmental plantings. Po-
tential is good for growing all climatically adapted spe-
cies. Grass and weeds need to be eliminated before the
trees are planted, and ground cover regrowth needs to
be controlled for the entire life of the plantings. Un-
drained areas are not suited to these uses.

This soil is poorly suited to sanitary facilities and build-
ings. Wetness is a severe limitation that can be over-
come in part by drainage; however, adequate outlets for
drainage water are difficult to locate. Alternate sites are
needed for buildings and related uses. This soil is well
suited to wetland wildlife habitat.

This map unit is in capability subclass Hw.

8—Colvin silt loam, wet. This deep, level, very poorly
drained soil is on glacial lake plains and is adjacent to
old stream channels. Some areas have hummocks about
1 foot high and 3 feet in diameter. Individual areas of
this unit are 5 to 200 acres.

Typically, the surface layer is black silt loam in the
upper part, very dark gray silt loam in the lower part, and
about 12 inches thick. The underlying material, from 12
to 30 inches, is dark silty clay loam. To a depth of 60
inches, it is dark gray silty clay loam and olive gray and
olive loam. In places, the surface layer is silty clay loam.
In other places, the soil is black or very dark gray below
a depth of 12 inches.

Included with this soil in mapping, and making up as
much as 15 percent of the map unit, are small areas of
the poorly drained Borup soil. This soil contains less clay
and is in the same landscape position as the Colvin soil.
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This Colvin soil has moderately slow permeability.
Available water capacity is high, and runoff is siow. Early
in spring and after heavy rainy periods this soil is
ponded. The water table is near the surface throughout
most of the year. Susceptibility to soil blowing is high.

Most areas of this soil are used for range, pasture,
and wetland wildlife habitat. The potential is fair for
range and is good for wetland wildlife habitat. The poten-
tial is poor for crops, windbreaks, and for most engineer-
ing and recreational uses. It is not feasible to cultivate
this soil because of wetness, surface ponding of water,
and the absence of suitable outlets.

Using this soil for pastureland or rangeland helps con-
trol erosion. Grazing when the soil is wet causes surface
compaction and poor soil tilth. Proper stocking rates and
timely delay of grazing help keep the pasture and soil in
good condition.

This soil is poorly suited to sanitary facilities and build-
ings because of wetness and flooding. Outlets for drain-
age water are difficult to locate. Alternate sites are
needed for buildings and related uses. This soil is well
suited to wetland wildlife habitat.

This map unit is in capability subclass Vw.

9—Rauville silt loam. This deep, level, very poorly
drained soil is on stream bottom lands and in drain-
ageways on glacial till plains. Some areas have hum-
mocks about 1 foot high and 3 feet in diameter. Individu-
al areas of this map unit are 5 to 225 acres.

Typically, the surface layer is about 42 inches thick. It
is black silt loam in the upper part and very dark gray
and very dark grayish brown silty clay loam in the lower
part. The underlying material, from 42 to 60 inches, is
olive gray silty clay loam. In places, the surface layer is
thinner and has a layer of sand at a depth of 20 to 30
inches; in other places the surface layer is silty clay
loam.

This soil has moderately slow permeability. Available
water capacity is high, and runoff is slow. Early in spring
and after heavy rainy periods this soil is ponded. The
water table is near the surface throughout most of the
year. Susceptibility to soil blowing is high.

Most areas of this soil are used for range and wetland
wildlife habitat. The potential is good for wetland wildlife
habitat and is fair for range. The potential is poor for
crops, windbreaks, and for most engineering and recre-
ational uses. It is not feasible to cultivate this soil be-
cause of wetness, surface ponding of water, and the
absence of suitable outlets.

Using this soil for pastureland or rangeland helps con-
trol erosion. Overgrazing and grazing when the soil is
wet causes surface compaction and poor soil tilth.
Proper stocking rates, pasture rotation, and timely delay
of grazing help keep the pasture and soil in good condi-
tion.

This soil is poorly suited to sanitary facilities and build-
ings. Wetness and flooding are severe limitations that
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can be overcome in part by drainage; however, adequate
outlets for drainage water are difficult to locate. Alternate
sites are needed for buildings and related uses. This soil
is well suited to wetland wildlife habitat.

This map unit is in capability subclass Vw.

11—Svea-Barnes loams, 1 to 3 percent slopes. This
map unit consists of deep, nearly level soils on glacial till
plains. The moderately well drained Svea soil is in
swales and on the concave lower side slopes and is 40
to 60 percent of the map unit. The well drained Barnes
soil is on rises and is 30 to 50 percent of the map unit.
Areas of the two soils are so intricately mixed or individ-
ually so small in size that it is not practical to separate
them in mapping. Individual areas of this map unit are 5
to 250 acres.

Typically, the Svea soil has a surface layer of black
loam about 12 inches thick. The subsoil, from 12 to 22
inches, is very dark grayish brown loam in the upper part
and dark grayish brown loam in the lower part. The
underlying material, from 22 to 60 inches, is grayish
brown loam.

Typically, the Barnes soil has a surface layer of black
loam about 8 inches thick. The subsoil, from 8 to 18
inches, is dark brown loam in the upper part and dark
grayish brown loam in the lower part. The underlying
material, from 18 to 60 inches, is grayish brown loam in
the upper part and light olive brown loam in the lower
part.

Included with these soils in mapping, and making up
as much as 15 percent of the map unit, are small areas
of the somewhat poorly drained Hamerly soil, the very
poorly drained Parnell soil, and the poorly drained Tonka
and Vallers soils. The Hamerly and Vallers soils have
fayers of lime accumulation within a depth of 16 inches
and are around the margins of deep depressions. The
Parnell and Tonka soils are in deep depressions.

The soils in this map unit have moderately slow per-
meability. Available water capacity is high, and runoff is
slow. Susceptibility to soil blowing and water erosion is
low.

Most areas of these soils are used for cultivated
crops. The potential is good for crops, range, wind-
breaks, and recreational uses. The potential is fair for
most engineering uses and is poor for wetland wildlife
habitat.

These soils are well suited to wheat, oats, barley, flax,
and grass-legume hay. The main management concern
is maintaining good soil tilth. Use of crop residue helps
control this limitation.

These soils are well suited to pastureland or range-
land. Overgrazing or grazing when the soil is wet causes
surface compaction, reduces soil tilth, and increases sur-
face runoff. Proper stocking rates, pasture rotation, and
timely delay of grazing help keep the pasture and soil in
good condition.
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These soils are well suited to trees and shrubs in
windbreaks and environmental plantings. All climatically
adapted species have the potential to grow well on the
Svea soil. Nearly all climatically adapted species have
the potential to grow well on the Barnes soil. Grass and
weeds need to be eliminated before the trees are plant-
ed, and ground cover regrowth needs to be controlled
for the entire life of the plantings.

The soils in this map unit are suited to sanitary facili-
ties and buildings. The moderately slow permeability is a
limitation for septic tanks and can be overcome by in-
creasing the size of the absorption field. Wetness is a
limitation for buildings on the Svea soil that can be
minimized by the installation of foundation drainage or by
locating such structures on the higher lying Barnes soil.
Shrink-swell is a limitation for buildings that can be over-
come by reinforcing foundations and basement walls.
These soils are poorly suited to wetland wildlife habitat.

This map unit is in capability subclass llc.

12B—Barnes-Svea loams, 3 to 6 percent slopes.
This map unit consists of deep, gently sioping soils on
glacial till plains and moraines. The well drained Barnes
soil is on convex mid and upper side slopes and is 50 to
60 percent of the map unit. The moderately well drained
Svea soil is in swales and on concave lower side slopes
and is 40 to 50 percent of the map unit (fig. 7). Areas of
the two soils are so intricately mixed or individually so
small in size that it is not practical to separate them in
mapping. Individual areas of this map unit are 5 to more
than 600 acres.

Typically, the Barnes soil has a surface layer of black
loam about 8 inches thick. The subsoil, from 8 to 18
inches, is dark brown loam in the upper part and dark
grayish brown loam in the lower part. The underlying
material, from 18 to 60 inches, is grayish brown ioam in
the upper part and light olive brown loam in the lower
part. In places, the surface layer has up to 10 percent
stones, and in other places, generally on light colored
knolls, the surface layer is thinner and the subsoil is
lacking.

Typically, the Svea soil has a surface layer of black
loam about 12 inches thick. The subsoil, from 12 to 22
inches, is loam. It is very dark grayish brown in the upper
part and dark grayish brown in the lower part. The under-
lying material, from 22 to 60 inches, is grayish brown
loam.

Included with these soils in mapping, and making up
as much as 10 percent of the map unit, are small areas
of the somewhat poorly drained Hamerly soil, the very
poorly drained Parnell soil, and the poorly drained Tonka
and Vallers soils. The Hamerly and Vallers soils are
around the margins of deep depressions and have layers
of lime accumulation within a depth of 16 inches. The
Parnell and Tonka soils are in deep depressions.

The soils in this map unit have moderately slow per-
meability. Available water capacity is high, and runoff is
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Figure 7.—Typical landscape showing Barnes soils on convex upper
and side slopes, and Svea soils on lower slopes and in swales.

medium. Susceptibility to soil blowing is low and to water
erosion is moderate.

Most areas of these soils are used for cultivated
crops. The potential is good for crops, windbreaks,
range, and recreational uses. The potential is fair for
most engineering uses and is very poor for wetland wild-
life habitat.

These soils are well suited to wheat, oats, flax, barley,
and grass-legume hay. The main management concerns
are maintaining good soil tilth and controlling water ero-
sion. Use of crop residue and planting of grassed water-
ways where necessary help control water erosion.

Using these soils for pastureland or rangeland helps
control erosion. Overgrazing or grazing when the soil is
wet causes surface compaction, reduces soil tilth, and
increases surface runoff. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

SOIL SURVEY

These soils are well suited to trees and shrubs in
windbreaks and environmental plantings. All climatically
adapted species have the potential to grow well on the
Svea soil. Nearly all climatically adapted species have
the potential to grow well on the Barnes soil. Grass and
weeds need to be eliminated before the trees are plant-
ed, and ground cover regrowth needs to be controlled
for the entire life of the plantings.

The soils in this map unit are suited to sanitary facili-
ties and buildings. The moderately slow permeability is a
limitation for septic tanks and can be overcome by in-
creasing the size of the absorption field. Wetness is a
limitation for buildings on the Svea soil that can be
minimized by the installation of foundation drainage or by
locating such structures on the higher lying Barnes soil.
Shrink-swell is a limitation for buildings that can be over-
come by reinforcing foundations and basement walls.
These soils are generally not suited to wetland wildlife
habitat.

This map unit is in capability subclass lle.

13C—Barnes-Buse loams, 6 to 9 percent slopes.
This map unit consists of deep, gently rolling, well
drained soils on glacial till plains and moraines. The
Barnes soil is on side slopes and is 35 to 50 percent of
the map unit. The Buse soil is on knolls and ridges and
is 30 to 45 percent of the map unit. Areas of the two
soils are so intricately mixed or individually so small in
size that it is not practical to separate them in mapping.
Individual areas of this map unit are 5 to 250 acres.

Typically, the Barnes soil has a surface layer of black
loam about 8 inches thick. The subsoil, from 8 to 18
inches, is dark brown loam in the upper part and dark
grayish brown loam in the lower part. The underlying
material, from 18 to 60 inches, is grayish brown loam in
the upper part and light olive brown loam in the lower
part. In a few places the surface layer is black at a depth
of 8 to 20 inches.

Typically, the Buse soil has a surface layer of very
dark gray loam about 8 inches thick. The next layer is
grayish brown loam and is 8 to 15 inches thick. The
underlying material, from 15 to 60 inches, is light olive
brown loam. In places, generally on the higher knolls and
ridges, the surface layer is thinner and moderately
eroded.

Included with these soils in mapping, and making up
15 to 20 percent of the map unit, are small areas of the
moderately well drained Svea soil, the somewhat poorly
drained Hamerly soil, the very poorly drained Parnell soil,
and the poorly drained Tonka and Vallers soils. The
Svea soil has a thicker subsoil and surface layer and is
in swales and on the lower side slopes. The Hamerly
and Vallers soils are around the margins of deep depres-
sions and have layers of lime accumulation within a
depth of 16 inches. The Parnell and Tonka soils are in
deep depressions.
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The soils in this map unit have moderately slow per-
meability. Available water capacity is high, and runoff is
rapid. Susceptibility to soil blowing is low and to water
erosion is high.

Most areas of these soils are used for cultivated
crops. The potential is fair for crops, windbreaks, and
most engineering uses. The potential is good for range
and recreational uses and is very poor for wetland wild-
life habitat.

These soils are suited to wheat, oats, barley, flax, and
grass-legume hay. The main management concern is
control of water erosion, and this can be reduced by
proper placement of grassed waterways and use of crop
residue.

Using these soils for pastureland or rangeland helps
control erosion. Overgrazing results in reduced plant
vigor and forage yields. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

The Barnes soil is well suited to trees and shrubs in
windbreaks and environmental plantings. Nearly all cli-
matically adapted species grow well. The Buse soil is
poorly suited to trees and shrubs in windbreaks and
environmental plantings, but is suited to plantings for
wildlife habitat, recreation, and beautification where sur-
vival, growth, and vigor are not required or expected to
be optimum. Grass and weeds need to be eliminated
before the trees are planted, and ground cover regrowth
needs to be controlled for the entire life of the plantings.

The soils in this map unit are suited to sanitary facili-
ties and buildings. The moderately slow permeability is a
limitation for septic tanks that can be overcome by in-
creasing the size of the absorption field. Shrink-swell is a
limitation for buildings that can be overcome by reinforc-
ing foundations and basement walls. Alternate sites are
needed for sewage lagoons. These soils are generally
not suited to wetland wildlife habitat.

This map unit is in capability subclass Ille.

13D—Barnes-Buse loams, 9 to 15 percent slopes.
This map unit consists of deep, rolling, well drained soils
on glacial till plains and moraines. The Barnes soil is on
side slopes and is 35 to 50 percent of the unit. The Buse
soil is on the hilltops and ridges and is 30 to 45 percent
of the unit. Areas of the two soils are so intricately mixed
or individually so small in size that it is not practical to
separate them in mapping. Individual areas of this map
unit are 5 to 125 acres.

Typically, the Barnes soil has a surface fayer of black
loam about 8 inches thick. The subsoil, from 8 to 18
inches, is dark brown loam in the upper part and dark
grayish brown loam in the lower part. The underlying
material, from 18 to 60 inches, is grayish brown loam in
the upper part and light olive brown loam in the lower
part. In a few places, the surface layer is stony. In other
places the surface layer is black at a depth of 8 to 20
inches.
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Typically, the Buse soil has a surface layer of very
dark gray loam about 8 inches thick. The next layer, from
8 to 15 inches, is grayish brown loam. The underlying
material, from 15 to 60 inches, is light olive brown loam.
In places, generally on the higher hilltops and ridges, the
surface layer is thinner and moderately eroded. In other
places, the surface is stony.

Included with these soils in mapping, and making up
15 to 20 percent of the map unit, are small areas of the
moderately well drained Svea soil, the very poorly
drained Parnell soil, and the poorly drained Tonka soil.
The Svea soil has a thicker subsoil and surface layer
and is in swales and on the lower side siopes. The
Parnell and Tonka soils are in deep depressions.

The soils in this map unit have moderately slow per-
meability. Available water capacity is high, and runoff is
very rapid. Susceptibility to soil blowing is low and to
water erosion is very high.

Most areas of these soils are used for native range
and pasture. The potential is fair for crops, windbreaks,
and most engineering and recreational uses. The poten-
tial is good for range and very poor for wetland wildlife
habitat.

These soils are suited to wheat, oats, barley, flax, and
grass-legume hay. When these soils are tilled, the main
management problem is control of water erosion. Proper
placement of grassed waterways and use of crop resi-
due help reduce this limitation.

Using these soils for pastureland and rangeland helps
contro! erosion. Overgrazing results in reduced plant
vigor and forage yields. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

The Barnes soil is well suited to trees and shrubs in
windbreaks and environmental plantings. Nearly all cli-
matically abapted species grow well. The Buse soil is
poorly suited to trees and shrubs in windbreaks and
environmental plantings, but is suited to plantings for
wildlife habitat, recreation, and beautification where sur-
vival, growth, and vigor are not required or expected to
be optimum. Grass and weeds need to be eliminated
before the trees are planted, and ground cover regrowth
needs to be controlied for the entire life of the plantings.

The soils in this map unit are suited to sanitary facili-
ties and buildings. The moderately slow permeability is a
limitation for septic tanks and can be overcome by in-
creasing the size of the absorption field. Slope is a
limitation for buildings that can be overcome by cut and
fill operations. Shrink-swell is a limitation for buildings
that can be overcome by reinforcing foundation and
basement walls. These soils are generally not suited to
wetland wildlife habitat.

This map unit is in capability subciass Ve.

14—Svea-Hamerly loams, 1 to 3 percent slopes.
This map unit consists of deep, nearly level soils on
glacial till plains. The moderately well drained Svea soil
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is on rises and is 35 to 55 percent of the map unit. The
somewhat poorly drained Hamerly soil is in swales and
on the concave lower side slopes and is 30 to 50 per-
cent of the map unit. Areas of the two soils are so
intricately mixed or individually so smali in size that it is
not practical to separate them in mapping. [ndividual
areas of this map unit are 5 to more than 600 acres.

Typically, the Svea soil has a surface layer of black
loam about 12 inches thick. The subsoil, from 12 to 22
inches, is very dark grayish brown loam in the upper part
and dark grayish brown loam in the lower part. The
underlying .material, from 22 to 60 inches, is grayish
brown loam. In places, the soil is well drained and the
black surface layer is less than 12 inches thick.

Typically, the surface layer of the Hamerly soil is loam
about 9 inches thick. It is black in the upper part and
very dark gray in the lower part. The underlying material,
from 9 to 22 inches, is grayish brown and brown clay
loam. From 22 to 60 inches, it is light olive brown loam.
In places, generally around the rims of deep depres-
sions, the soil is poorly drained.

Included with these soils in mapping, and making up
as much as 15 percent of the map unit, are small areas
of the moderately well drained Cresbard soil, the poorly
drained Tonka soil, and the very poorly drained Parnell
soil. The Cresbard soil contains excess sodium in the
subsoil and is in the same landscape position as the
Svea soil. The Tonka and Parnelt soils are in deep de-
pressions.

The soils in this map unit have moderately slow per-
meability. Available water capacity is high, and runoff is
slow. Early in spring and after unusually heavy rainy
periods a high water table develops in the Hamerly soil,
resuiting in wetness. Susceptibility to soil blowing is high
and to water erosion is low.

Most areas of these soils are used for cultivated
crops. The potential is good for crops, range, and wind-
breaks. The potential is fair for most engineering and
recreational uses and poor for wetland wildlife habitat.

These soils are well suited to wheat, oats, barley, flax,
and grass-legume hay. The main management concerns
are maintaining good soil tilth and controlling soil blow-
ing. Use of crop residue and intensive use of field wind-
breaks, annual buffer strips, and stubble muiching heip
alleviate these limitations.

Using these soils for pastureland or rangeland helps
control erosion. Overgrazing or grazing when the soil is
wet causes surface compaction, reduces soil titth, and
increases surface runoff. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

These soils are well suited to trees and shrubs in
windbreaks and environmental plantings. Potential is
good for growing all climatically adapted species. Grass
and weeds need to be eliminated before the trees are
planted, and ground cover regrowth needs to be con-
trolled for the entire life of the plantings.

SOIL SURVEY

The soils in this map unit are suited to sanitary facili-
ties and buildings. The moderately slow permeability is a
limitation for septic tanks and can be overcome by in-
creasing the size of the absorption field. Wetness is a
limitation for buildings that can be minimized by the in-
stallation of foundation drainage. Shrink-swell is a limita-
tion for buildings that can be overcome by reinforcing
foundations and basement walls. These soils are poorly
suited to wetland wildlife habitat.

This map unit is in capability subclass lle.

14B—Svea-Hamerly loams, 3 to 6 percent slopes.
This map unit consists of deep, gently sloping soils on
glacial till plains. The moderately well drained Svea soil
is on side slopes and is 35 to 55 percent of the map
unit. The somewhat poorly drained Hamerly soil is in
swales and on the concave lower side slopes and is 30
to 50 percent of the map unit. Areas of the two soils are
so intricately mixed or individually so small in size that it
is not practical to separate them in mapping. Individual
areas of this map unit are 5 to more than 600 acres.

Typically, the Svea soil has a surface layer of black
loam about 12 inches thick. The subsoil, from 12 to 22
inches, is very dark grayish brown loam in the upper part
and dark grayish brown loam in the lower part. The
underlying material, from 22 to 60 inches, is grayish
brown loam. In places the soil is well drained and the
black surface layer is less than 12 inches thick.

Typically, the surface layer of the Hamerly soil is black
loam in the upper part and very dark gray loam in the
lower part and is 9 inches thick. The underlying material,
from 9 to 22 inches, is grayish brown and brown clay
loam. From 22 to 60 inches, it is light olive brown loam.

Included with these soils in mapping, and making up
15 to 20 percent of the map unit, are small areas of the
well drained Buse soil, the moderately well drained Cres-
bard and Cavour soils, the poorly drained Tonka soil,
and the very poorly drained Parnell soil. The Buse soil is
on upper side slopes and on crests of knolls. The Tonka
and Parnell soils are in deep depressions. The Cresbard
and Cavour soils are in the same landscape position as
the Svea soil, and contain excess sodium in the subsaoil.

The soils in this map unit have moderately slow per-
meability. Available water capacity is high, and runoff is
medium. Susceptibilty to soil blowing is high and to water
erosion is moderate.

Most areas of these soils are used for cultivated
crops. The potential is good for crops, range, and wind-
breaks. The potential is fair for most engineering and
recreational uses and is very poor for wetland wildlife
habitat.

These soils are well suited to wheat, oats, barley, flax,
and grass-legume hay. The main management concerns
are maintaining good soil tilth and controlling soil blowing
and water erosion. Use of crop residue, planting grassed
waterways, and windbreaks help control erosion.
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Using these soils for rangeland or pastureland helps
control erosion. Overgrazing or grazing when the soil is
wet causes surface compaction, reduces soil tilth, and
increases surface runoff. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

These soils are well suited to trees and shrubs in
windbreaks and environmental plantings. Potential is
good for growing all climatically adapted species. Grass
and weeds need to be eliminated before the trees are
planted, and ground cover regrowth needs to be con-
trolled for the entire life of the plantings.

The soils in this map unit are suited to sanitary facili-
ties and buildings. The moderately slow permeability is a
limitation for septic tanks and can be overcome by in-
creasing the size of the absorption field. Wetness is a
limitation for buildings that can be minimized by the in-
stallation of foundation drainage or by locating such
structures on the higher lying included Buse soil. Shrink-
swell is a limitation for buildings that can be overcome
by reinforcing foundations and basement walls. These
soils are generally not suited to wetland wildlife habitat.

This map unit is in capability subclass lle.

15—Vallers loam, saline, 1 to 3 percent slopes. This
deep, nearly level, poorly drained, moderately saline soil
is on glacial till plains. Individual areas of this map unit
are 5 to 450 acres.

Typically, the surface layer is black loam about 9
inches thick. The underlying material, from 9 to 22
inches, is gray and olive gray clay loam. From 22 to 60
inches, it is olive gray and gray clay loam. In places the
surface layer is clay loam. In other places the soil is
slightly saline or strongly saline. In addition, the soil is
somewhat poorly drained in places.

Included with this soil in mapping, and making up 10 to
20 percent of the map unit, are small areas of the mod-
erately well drained Cresbard and Cavour soils, the
poorly drained Tonka soil, and the very poorly drained
Parnell soil. The Cresbard and Cavour soils contain
excess sodium in the subsoil and are on the higher rises.
The Tonka and Parnell soils are in deep depressions.

This Vallers soil has moderately slow permeability.
Available water capacity is moderate, and runoff is slow.
Early in spring and after unusually heavy rainy periods a
high water table develops, resulting in wetness. The
soil’s high salt content restricts plant growth. Susceptibil-
ity to soil blowing is high and to water erosoin is low.

Most areas of this soil are used for cultivated crops,
hay, and range. The potential is fair for crops, range, and
wetland wildlife habitat. The potential is poor for wind-
breaks and for most engineering and recreational uses.

This soil is suited to wheat, oats, barley, flax, and
grass-legume hay. When this soil is tilled, the main man-
agement concerns are wetness, salinity, and control of
soil blowing. Adequate outlets for drainage water are
often difficult to locate. Maintaining surface drains helps
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reduce wetness. Planting saline-tolerant crops, avoiding
summer fallow, and avoiding deep tillage help reduce
salinity. Intensive use of annual buffer strips and stubble
mulching help alleviate soil blowing.

Using this soil for pastureland or rangeland helps con-
trol erosion. Overgrazing or grazing when the soil is wet
causes surface compaction, reduces soil tilth, and in-
creases surface runoff. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

This soil is poorly suited to sanitary facilities and build-
ings. Wetness is a severe limitation which can be over-
come in part by drainage; however, adequate outlets for
drainage water are difficult to locate. Salinity is a limita-
tion that hinders landscaping. Alternate sites are needed
for buildings and related uses. This soil is suited to
wetland wildlife habitat.

This map unit is in capability subclass lliw.

16—Vallers loam. This deep, nearly level, poorly
drained soil is on glacial till plains. Individual areas of this
map unit are 5 to 100 acres.

Typically, the surface layer is black loam about 9
inches thick. The underlying material, from 9 to 22
inches, is gray and olive gray clay loam. From 22 to 60
inches, it is olive gray and gray clay loam. In places, the
surface layer is clay loam, and in places the surface has
1 to 10 percent cover of stones. In other places, the soil
is somewhat poorly drained and is moderately saline.

Included with this soil in mapping, and making up as
much as 20 percent of the map unit, are small areas of
the poorly drained Tonka soil and the very poorly drained
Parnell soil. They are in deep depressions.

This Vallers soil has moderately slow permeability.
Available water capacity is high, and runoff is slow. Early
in spring and after unusually heavy rainy periods a high
water table develops, resulting in wetness and some
surface ponding. Susceptibility to soil blowing is high.

Most areas of this soil are used for cultivated crops,
hay, and pasture. The potential is good for crops, range,
windbreaks, and wetland wildlife habitat. The potential is
poor for most engineering and recreational uses.

This soil is well suited to wheat, oats, barley, flax, and
grass-legume hay. When this soil is tilled, the main man-
agement concerns are wetness and control of soil blow-
ing. Adequate outlets for drainage water are often diffi-
cult to locate. Maintaining surface drains and intensive
use of field windbreaks, annual buffer strips, and stubble
mulching help alleviate these limitations.

Using this soil for pastureland or rangeland helps con-
trol erosion. Overgrazing or grazing when the soil is wet
reduces surface infiltration and causes surface compac-
tion and poor soil tilth. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

If drained, this soil is well suited to trees and shrubs in
windbreaks and environmental plantings. Potential is
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good for growing all climatically adapted species. Grass
and weeds need to be eliminated before the trees are
planted, and ground cover regrowth needs to be con-
trolled for the entire life of the plantings. Undrained
areas are not suited to these uses.

This soil is poorly suited to sanitary facilities and build-
ings. Wetness is a severe limitation that can be over-
come in part by drainage; however, adequate outlets for
drainage water are difficult to locate. Alternate sites are
needed for buildings and related uses. This soil is well
suited to wetland wildlife habitat.

This map unit is in capability subclass llw.

18E—Buse loam, 15 to 25 percent slopes. This
deep, hilly, well drained soil is on glacial moraines and
coulee breaks. On moraines, the drainageways extend to
concave lower side slopes and swales. The swales oc-
casionally contain small deep depressions. Individual
areas of this map unit are 10 to 400 acres.

Typically, the surface layer is very dark gray loam
about 8 inches thick. The underlying material, from 8 to
15 inches, is grayish brown loam and, from 15 to 60
inches, is light olive brown loam. In places, the surface
layer is thicker and the subsoil is thin. In addition, in
some places the soil is somewhat excessively drained
and the surface layer is thinner.

Included with this soil in mapping, and making up 10 to
20 percent of the map unit, are small areas of the mod-
erately well drained Svea soil, the very poorly drained
Parnell soil, and the poorly drained Tonka soil. The Svea
soil has a subsoil and a thicker surface layer and is in
drainageways, on the lower side slopes, and in swales.
The Parnell and Tonka soils are in deep depressions.

This Buse soil has moderately slow permeability. Avail-
able water capacity is high, and runoff is very rapid.
Susceptibility to soil blowing is high and to water erosion
is very high.

Most areas of this soil are used for range. The poten-
tial is poor for crops, windbreaks, and most engineering
and recreational uses. The potential is fair for range and
is very poor for wetland wildlife habitat. it is generally not
feasible to cultivate this soil because of slope and the
high hazards of water erosion and soil blowing.

Using this soil for pastureland or rangeland helps con-
trol erosion. Overgrazing results in reduced plant vigor
and forage yields. Proper stocking rates, pasture rota-
tion, and timely delay of grazing help keep the pasture
and soil in good condition.

Because of slope, this soil is poorly suited to trees and
shrubs in windbreaks and environmental plantings. It is
suited to plantings for wildlife habitat, recreation, and
beautification where survival, growth, and vigor are not
required or expected to be optimum.

This soil is poorly suited- to sanitary facilities and build-
ings because of slope. Alternate sites are needed for
buildings and related uses. This soil is generally not
suited to wetland wildlife habitat.

SOIL SURVEY

This map unit is in capability subclass Vlle.

19—Tonka silt loam. This deep, level, poorly drained
soil is on glacial till and lake plains. Individual areas of
this map unit are 2 to 40 acres.

Typically, the surface layer is black silt loam about 14
inches thick. The subsurface layer, from 14 to 22 inches,
is dark gray silt loam. The subsoil, from 22 to 52 inches,
is very dark grayish brown silty clay in the upper part and
olive gray silty clay loam in the lower part. The underly-
ing material, from 52 to 60 inches, is olive gray silty clay
loam.

Included with this soil in mapping, and making up as
much as 15 percent of the map unit, are small areas of
the somewhat poorly drained Fram and Hamerly soils,
the poorly drained Vallers soil, and the very poorly
drained Parnell soil. The Fram, Hamerly, and Vallers
soils have layers of lime accumulation within a depth of
16 inches and are on the margins of depressions. The
Parnell soil has no light colored subsurface layer, and is
in the deeper part of depressions.

This Tonka soil has slow permeability. Available water
capacity is high, and runoff is ponded. Early in spring
and after heavy rainy periods a high water table devel-
ops, resulting in wetness and some surface ponding.
Susceptibility to soil blowing is moderate.

Most areas of this soil are used for hay and for wet-
land wildlife habitat. The potential is good for range,
windbreaks, and wetland wildlife habitat. The potential is
poor for crops and for most engineering and recreational
uses.

This soil is poorly suited to wheat, oats, barley, flax,
and grass-legume hay. If the soil is tilled, the main man-
agement concerns are wetness and surface ponding.
Adequate outlets for drainage water are often difficult to
locate. Maintaining surface drains helps alleviate the
management limitations.

This soil is well suited to pastureland or rangeland.
Overgrazing or grazing when the soil is wet reduces
surface infiltration and causes surface compaction and
poor soil tilth. Proper stocking rates, pasture rotation,
and timely delay of grazing help keep the pasture and
soil in good condition.

If drained, this soil is well suited to trees and shrubs in
windbreaks and environmental plantings. Potential is
good for growing all climatically adapted species. Grass
and weeds need to be eliminated before the trees are
planted, and ground cover regrowth needs to be con-
trolled for the entire life of the plantings. Undrained
areas are not suited to these uses.

This soil is poorly suited to sanitary facilities and build-
ings. Wetness and flooding are severe limitations that
can be overcome in part by drainage; however, adequate
outlets for drainage water are difficult to locate. Alternate
sites are needed for buildings and related uses. This soil
is well suited to wetland wildlife habitat.

This map unit is in capability subclass IVw.
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21—Emrick-Heimdal loams, 1 to 3 percent slopes.
This map unit consists of deep, nearly level soils on
glacial till plains. The moderately well drained Emrick soil
is in swales and on the lower side slopes and is 40 to 60
percent of the map unit. The well drained Heimdal soil is
on rises and is 20 to 40 percent of the map unit. Areas
of the two soils are so intricately mixed or individually so
small in size that it is not practical to separate them in
mapping. Individual areas of this map unit are 5 to more
than 400 acres.

Typically, the Emrick soil has a surface layer of black
loam about 16 inches thick. The subsoil, from 16 to 34
inches, is very dark grayish brown loam. The underlying
material, from 34 to 60 inches, is light olive brown loam
in the upper and middle parts and olive brown loam in
the lower part. In places, particularly the southwestern
part of the county, the surface layer and subsoil are silt
loam or very fine sandy loam. In parts of this area the
underlying material has a higher clay content.

Typically, the Heimdal soil has a surface layer of black
loam about 8 inches thick. The subsoil, from 8 to 19
inches, is very dark grayish brown loam in the upper part
and dark brown or brown loam in the lower part. The
underlying material, from 19 to 60 inches, is grayish
brown loam in the upper part, yellowish brown loam in
the middle part, and yellowish brown sandy clay loam in
the lower part. In places, such as the southwestern part
of the county, the surface layer and subsoil are silt loam
or very fine sandy loam. In parts of this area the underly-
ing material has a higher clay content.

Inciuded with these soils in mapping, and making up
15 to 20 percent of the map unit, are small areas of the
moderately well drained Cathay soil, the somewhat
poorly drained Fram soil, the very poorly drained Parnell
soil, and the poorly drained Tonka soil. The Cathay soil
contains excess sodium in the subsoil. The Fram soil
has layers of lime accumulation within a depth of 16
inches. The Cathay soil is in swales and is slightly below
the Emrick soil. The Fram soil is on the margins of deep
depressions. The Parnell and Tonka soils are in depres-
sions.

The soils in this map unit have moderate permeability.
Available water capacity is high, and runoff is slow. Sus-
ceptibility to soil blowing is moderate and to water ero-
sion is low.

Most areas of these soils are used for cultivated
crops. The potential is good for crops, range, wind-
breaks, and recreational uses. The potential is fair for
most engineering uses and is poor for wetland wildlife
habitat.

These soils are well suited to wheat, oats, barley, flax,
and grass-legume hay. The main management concern
is the control of soil blowing. The use of field wind-
breaks, annual buffer strips, and stubble mulching helps
alleviate this limitation.

Using these soils for pastureland or rangeland helps
control erosion. Overgrazing results in reduced plant
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vigor and forage yields. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

These soils are well suited to trees and shrubs in
windbreaks and environmental plantings. All climatically
adapted species grow well on the Emrick soil. Nearly all
climatically adapted species grow well on the Heimdal
soil. Grass and weeds need to be eliminated before the
trees are planted, and ground cover regrowth needs to
be controlled for the entire life of the plantings. The soils
in this map unit are suited to sanitary facilities and build-
ings. Sewage lagoons can be treated for seepage by
sealing the bottom of the lagoon. In areas proposed for
irrigation, onsite investigations can locate the more
clayey underlying material. These soils are poorly suited
to wetland wildlife habitat.

This map unit is in capability subclass lle.

22B—Heimdal-Emrick loams, 3 to 6 percent slopes.
This map unit consists of deep, gently sloping soils on
glacial till plains. The well drained Heimdal soil is on
knolls and upper side slopes and is 40 to 60 percent of
the map unit. The moderately well drained Emrick soil is
in swales and on the lower side slopes-and is 30 to 50
percent of the map unit. Areas of the two soils are so
intricately mixed or individually so small in size that it is
not practical to separate them in mapping. Individual
areas of this map unit are 5 to more than 400 acres.

Typically, the Heimdal soil has a surface layer of black
loam about 8 inches thick. The subsoil, from 8 to 19
inches, is very dark grayish brown loam in the upper part
and dark brown or brown loam in the lower part. The
underlying material, from 19 to 60 inches, is grayish
brown loam in the upper part, yellowish brown loam in
the middle part, and yellowish brown sandy clay loam in
the lower part. In places, particularly the southwestern
part of the county, the surface layer and subsoil are silt
loam or very fine sandy loam. In addition, parts of this
area have underlying material with a higher clay content.
in other places, generally on light colored knolls, the
surface layer is thinner and there is no subsoil.

Typically, the Emrick soil has a surface layer of black
loam about 16 inches thick. The subsoil, from 16 to 34
inches, is very dark grayish brown loam. The underlying
material, from 34 to 60 inches, is light olive brown loam
in the upper and middle parts and olive brown loam in
the lower part. In places, particularly the southwestern
part of the county, the surface layer and subsoil are silt
loam or very fine sandy loam. In addition, parts of this
area have underlying material with a higher clay content.

Included with these soils in mapping, and making up
as much as 15 percent of the map unit, are small areas
of the moderately well drained Cathay soil, the some-
what poorly drained Fram soil, the very poorly drained
Parnell soil, and the poorly drained Tonka soil. The
Cathay soil contains excess sodium in the subsoil and is
in swales slightly below the Emrick soil. The Fram soil
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has layers of lime accumulation within a depth of 16
inches and is on the margins of deep depressions. The
Parnell and Tonka soils are in depressions.

The soils in this map unit have moderate permeability.
Available water capacity is high, and runoff is medium.
Susceptibility to soil blowing and to water erosion is
moderate.

Most areas of these soils are used for cultivated
crops. The potential is good for crops, range, wind-
breaks, and recreational uses. The potential is fair for
most engineering uses and is very poor for wetland wild-
life habitat.

These soils are well suited to wheat, oats, barley, flax,
and grass-legume hay. The main management concerns
are control of soil blowing and water erosion. The use of
field windbreaks, annual buffer strips, and stubble mulch-
ing helps alleviate soil blowing. Use of crop residue and
planting of grassed waterways help control water ero-
sion.

Using these soils for pastureland or rangeland helps
control erosion. Overgrazing results in reduced plant
vigor and forage yields. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

These soils are well suited to trees and shrubs in
windbreaks and environmental plantings. All climatically
adapted species have the potential to grow well on the
Emrick soil. Nearly all climatically adapted species have
the potential to grow well on the Heimdal soil. Grass and
weeds need to be eliminated before the trees are plant-
ed, and ground cover regrowth needs to be controlled
for the entire life of the plantings.

The soils in this map unit are suited to sanitary facili-
ties and buildings. Sewage lagoons can be treated for
seepage by sealing the bottom of the lagoon. In areas
proposed for irrigation, onsite investigations can locate
the area with more clayey underlying material. These
soils are generally not suited to wetland wildlife habitat.

This map unit is in capability subclass Ile.

23C—Heimdal-Esmond loams, 6 to 9 percent
slopes. This map unit consists of deep, gently rolling,
well drained soils on glacial till plains and moraines. The
Heimdal soil is on side slopes and is 35 to 50 percent of
the map unit. The Esmond soil is on knolls and ridges
and is 30 to 45 percent of the map unit. Areas of the two
soils are so intricately mixed or individually so smalil in
size that it is not practical to separate them in mapping.
Individual areas of this map unit are 5 to 600 acres.

Typically, the Heimdal soil has a surface layer of black
loam about 8 inches thick. The subsoil, from 8 to 19
inches, is very dark grayish brown loam in the upper part
and dark brown or brown loam in the lower part. The
underlying material, from 19 to 60 inches, is grayish
brown loam in the upper part, yellowish brown loam in
the middle part, and yellowish brown sandy clay loam in
the lower part. In places, particularly the southwestern
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part of the county, the surface layer and subsoil are silt
loam or very fine sandy loam. In addition, parts of this
area have underlying material with a higher clay content.

Typically, the Esmond soil has a surface layer of black
loam about 9 inches thick. The underlying material, from
9 to 23 inches, is dark grayish brown and grayish brown
loam. The underlying material, from 23 to 60 inches, is
light olive brown loam. In places, particularly the south-
western part of the county, the surface layer and subsoil
are silt loam or very fine sandy loam. In addition, parts of
this area have underlying material with a higher clay
content. In other places, generally on higher knolls and
ridges, the surface layer is thinner and moderately
eroded, and in places the surface is stony.

Included with these soils in mapping, and making up
15 to 20 percent of the map unit, are small areas of the
moderately well drained Emrick soil, the very poorly
drained Parnell soil, and the poorly drained Tonka soil.
The Emrick soil has a thicker subsoil and surface layer
and is in swales and on lower side slopes. The Parnell
and Tonka soils are in deep depressions.

The soils in this map unit have moderate permeability.
Available water capacity is high, and runoff is rapid. Sus-
ceptibility to soil blowing is moderate and to water ero-
sion is high.

Most areas of these soils are used for cultivated
crops. The potential is fair for crops, windbreaks, and
most engineering uses. The potential is good for range
and recreational uses and is very poor for wetland wild-
life habitat.

These soils are suited to wheat, oats, barley, flax, and
grass-legume hay. The main management concerns are
control of soil blowing and water erosion. The use of
field windbreaks, annual buffer strips, and stubble muich-
ing help alleviate soil blowing. Use of crop residue and
planting of grassed waterways help control water ero-
sion.

Using these soils for pastureland or rangeland helps
control erosion. Overgrazing results in reduced plant
vigor and forage yields. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

The Heimdal soil is well suited to trees and shrubs in
windbreaks and environmental plantings. Nearly all cli-
matically adapted species grow well. The Esmond soil is
poorly suited to trees and shrubs in windbreaks and
environmental plantings, but is suited to plantings for
wildlife habitat, recreation, and beautification where sur-
vival, growth, and vigor are not required or expected to
be optimum. Grass and weeds need to be eliminated
before the trees are planted, and ground cover regrowth
needs to be controlled for the entire life of the plantings.

The soils in this map unit are suited to buildings and
sanitary facilities. In areas proposed for irrigation, onsite
investigations can locate more clayey underlying materi-
al. Alternate sites are needed for sewage lagoons.
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These soils are generally not suited to wetland wildlife
habitat. _
This map unit is in capability subclass llle.

24—Fram-Emrick loams, 1 to 3 percent slopes. This
map unit consists of deep, nearly level soils on glacial till
plains. The somewhat poorly drained Fram soil is in
swales and on the concave lower side slopes and is 35
to 50 percent of the map unit. The moderately well
drained Emrick soil is on the rises and is 35 to 50
percent of the map unit. Areas of the two soils are so
intricately mixed or individually so small in size that it is
not practical to separate them in mapping. Individual
areas of this map unit are 5 to 350 acres.

Typically, the surface layer of the Fram soil is black
loam in the upper part, very dark gray loam in the lower
part, and 13 inches thick. The underlying material, from
13 to 27 inches, is grayish brown loam. The underlying
material, from 27 to 60 inches, is light olive brown loam
and olive brown loam. In places, particularly the south-
western part of the county, the surface layer to the
underlying material is silt loam or very fine sandy loam.
In parts of this area there is a higher clay content in the
underlying material. In other places the surface layer
through the underlying material has higher clay content.

Typically, the Emrick soil has a surface layer of black
foam about 16 inches thick. The subsoil, from 16 to 34
inches, is very dark grayish brown loam. The underlying
material, from 34 to 60 inches, is light olive brown loam
in the upper and middle parts and olive brown loam in
the lower part. In places, particularly in the southwestern
part of the county, the surface layer and subsoil are silt
loam or very fine sandy loam. In addition, in parts of this
area the underlying material has higher clay content.
Some places are gently sloping.

Included with these soils in mapping, and making up
as much as 15 percent of the map unit, are small areas
of the moderately well drained Cathay soil, the poorly
drained Tonka soil, and the very poorly drained Parnell
soil. The Cathay soil contains excess sodium in the sub-
soil and is in the same landscape position as the Emrick
soil. Parnell and Tonka soils are in the depressions.

The soils in this map unit have moderate permeability.
Available water capacity is high, and runoff is slow. Early
in spring and after unusually heavy rainy periods a high
water table develops in the Fram soil, resulting in wet-
ness. Susceptibility to soil blowing is high and to water
erosion is low.

Most areas of these soils are used for cultivated
crops. The potential is good for crops, range, and wind-
breaks. The potential is fair for most engineering and
recreational uses and poor for wetland wildlife habitat.

This map unit is well suited to wheat, oats, barley, flax,
and grass-legume hay. The main management concern
is control of soil blowing. Intensive use of field wind-
breaks, annual buffer strips, and stubble mulching can
alleviate this problem.
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Using these soils for pastureland or rangeland helps
control erosion. Overgrazing results in reduced plant
vigor and forage yields. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

These soils are well suited to trees and shrubs in
windbreaks and environmental plantings. Potential is
good for growing all climatically adapted species. Grass
and weeds need to be eliminated before the trees are
planted, and ground cover regrowth needs to be con-
trolled for the entire life of the plantings.

This map unit is suited to sanitary facilities and build-
ings. On the Fram soil, wetness can be minimized by
foundation drainage, or by locating structures on the
higher lying Emrick soils. Sewage lagoons can be treated
for seepage by sealing the bottom of the lagoon. In
areas proposed for irrigation, onsite investigations can
locate the areas with more clayey underlying material.
These soils are poorly suited to wetland wildlife habitat.

This map unit is in capability subclass lle.

25D—Esmond-Heimdal loams, 9 to 15 percent
slopes. This map unit consists of deep, rolling, well
drained soils on glacial till plains and moraines. The
Esmond soil is on hilltops and ridges and is 35 to 50
percent of the map unit. The Heimdal soil is on side
slopes and is 30 to 45 percent of the map unit. Areas of
the two soils are so intricately mixed or individually so
small in size that it is not practical to separate them in
mapping. Individual areas of this map unit are 5 to more
than 600 acres.

Typically, the Esmond soil has a surface layer of black
loam about 9 inches thick. The underlying material, from
9 to 23 inches, is dark grayish brown and grayish brown
loam. The underlying material, from 23 to 60 inches, is
light olive brown loam. In places, generally on higher
hilltops and ridges, the surface layer is thinner and mod-
erately eroded. In other places the surface is stony. The
underlying material has higher clay content in places.

Typically, the Heimdal soil has a surface layer of black
loam about 8 inches thick. The subsoil, from 8 to 19
inches, is very dark grayish brown loam in the upper part
and dark brown or brown loam in the lower part. The
underlying material, from 19 to 60 inches, is grayish
brown loam in the upper part, yellowish brown loam in
the middle part, and yellowish brown sandy clay loam in
the lower part. In places, the underlying material has
higher clay content.

Included with these soils in mapping, and making up
15 to 20 percent of the map unit, are small areas of the
moderately well drained Emrick soil, the excessively
drained Sioux soil, the very poorly drained Parnell soil,
and the poorly drained Tonka soil. The Emrick soil has a
thicker subsoil and surface layer and is in swales and on
the lower side slopes. The Sioux soil has underlying
material of sand and gravel at a depth of 9 inches and is
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on some hilltops. The Parnell and Tonka soils are in
depressions.

The soils in this map unit have moderate permeability.
Available water capacity is higher, and runoff is very
rapid. Susceptibility to soil blowing is moderate and to
water erosion is very high.

Most areas of these soils are used for native range
and pasture. The potential is fair for range, windbreaks,
and for most engineering and recreational uses. The
potential is poor for crops and is very poor for wetland
wildlife habitat.

These soils are not suited to growing wheat, oats,
barley, flax, and grass-legume hay because of slope and
the high hazard of water erosion.

Using these soils for pastureland or rangeland helps
control erosion. Overgrazing results in reduced plant
vigor and forage yields. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

The Esmond soil is poorly suited to growing trees and
shrubs in windbreaks and environmental plantings, but is
suited to plantings for wildlife habitat, recreation, and
beautification where survival, growth, and vigor are not
required or expected to be optimum. The Heimdal soil is
well suited to growing trees and shrubs in windbreaks
and environmental plantings. Nearly all climatically
adapted species grow well. Grass and weeds need to be
eliminated before the trees are planted, and ground
cover regrowth needs to be controlled for the entire life
of the plantings.

The soils in this map unit are suited to sanitary facili-
ties and buildings. Slope is a limitation for buildings that
can be overcome by cut and fill operations. Alternate
sites are needed for sewage lagoons. These soils gener-
ally are not suited to wetland wildlife habitat.

This map unit is in capability subclass Vie.

25E—Esmond-Heimdal loams, 15 to 25 percent
slopes. This map unit consists of deep, hilly, well
drained soils on glacial moraines and coulee breaks. On
the moraines, the drainageways extend to concave lower
slopes and swales. The swales occasionally contain
small, deep depressions. The Esmond soil is on hilltops
and ridges and is 35 to 55 percent of the map unit. The
Heimdal soil is on side slopes and is 30 to 45 percent of
the map unit. Areas of the two soils are so intricately
mixed or individually so small in size that it is not practi-
cal to separate them in mapping. Individual areas of this
map unit are 5 to more than 600 acres.

Typically, the Esmond soil has a surface layer of black
loam about 9 inches thick. The underlying material, from
9 to 23 inches, is dark grayish brown and grayish brown
loam. The underlying material, from 23 to 60 inches, is
light olive brown loam. In places, generally on higher
hilltops and ridges, the surface layer is thinner and mod-
erately eroded. In other places the surface is stony, and
in places the underlying material has higher clay content.
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Typically, the Heimdal soil has a surface layer of black
loam about 8 inches thick. The subsoil, from 8 to 19
inches, is very dark grayish brown loam in the upper part
and dark brown or brown loam in the lower part. The
underlying material, from 19 to 60 inches, is grayish
brown loam in the upper part, yellowish brown loam in
the middle part, and yellowish brown sandy clay loam in
the lower part. In places the surface layer is stony. In
other places, the underlying material has higher clay
content.

Included with these soils in mapping, and making up
10 to 20 percent of the map unit, are small areas of the
moderately well drained Emrick soil, the excessively
drained Sioux soil, the very poorly drained Parnell soil,
and the poorly drained Tonka soil. The Emrick soil has a
thicker subsoil and surface layer and is in swales, on the
lower side slopes, and in drainageways. The Sioux soil
has underlying material of sand and gravel at a depth of
9 inches and is on some hilltops and ridges. The Parnell
and Tonka soils are in depressions.

The soils in this map unit have moderate permeability.
Available water capacity is high, and runoff is very rapid.
Susceptibility to soil blowing is moderate and to water
erosion is very high.

Most areas of these soils are used for range. The
potential is poor for crops, windbreaks, and most engi-
neering and recreational uses. The potential is fair for
range and is very poor for wetland wildlife habitat. It is
generally not feasible to cultivate these soils because of
slope and the high hazard of water erosion.

Using these soils for pastureland or rangeland helps
control erosion. Overgrazing results in reduced plant
vigor and forage yields. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

The Esmond soil is poorly suited to trees and shrubs
in windbreaks and environmental plantings, but is suited
to plantings for wildlife habitat, recreation, and beautifica-
tion where survival, growth, and vigor are not required or
expected to be optimum. The Heimdal soil is suited to
trees and shrubs in windbreaks and environmental plant-
ings. Nearly all climatically adapted species grow well.
Grass and weeds need to be eliminated before the trees
are planted, and ground cover regrowth needs to be
controlled for the entire life of the plantings.

The soils in this map unit are poorly suited to sanitary
facilities and buildings because of the slope. Alternate
sites are needed for buildings and related uses. These
soils are generally not suited to wetland wildlife habitat.

This map unit is in capability subclass Vle.

26E—Esmond-Sioux loams, 9 to 25 percent slopes.
This map unit consists of deep, rolling, and hilly soils on
glacial till plains, moraines, and eskers. The excessively
drained Sioux soil is very shallow over sand and gravel.
It is on hills and ridges dissected by narrow drain-
ageways and makes up 25 to 45 percent of the map
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unit. The well drained Esmond soil is on the upper side
slopes, hilltops, and ridges and is 40 to 60 percent of the
map unit. Areas of the two soils are so intricately mixed
or individually so small in size that it is not practical to
separate them in mapping. Areas of this map unit are 5
to 300 acres.

Typically, the Esmond soil has a surface layer of black
loam about 9 inches thick. The underlying material, from
9 to 23 inches, is dark grayish brown and grayish brown
loam. The underlying material, from 23 to 60 inches, is
light olive brown loam. In places there are more coarse
fragments than normally found in this soil. In other
places, generally on the side slopes, there is a subsoil,
and in places the surface layer is thinner and moderately
eroded.

Typically, the Sioux soil has a surface layer of black
loam about 5 inches thick. The next layer, from 5 to 9
inches, is very dark grayish brown gravelly loam. The
underlying material, from 9 to 60 inches, is dark brown,
brown, and dark yellowish brown very gravelly sand. In
places the soil is somewhat excessively drained, the
surface layer is more than 5 inches thick, and the depth
to sand and gravel is 9 to 20 inches.

Included with these soils in mapping, and making up
10 to 20 percent of the map unit, are small areas of the
well drained Dickey and Maddock soils and the moder-
ately well drained Emrick and Towner soils. The Dickey
and Towner soils have a surface layer of fine sandy
loam and underlying material of loam. The Maddock soil
has a loamy fine sand and fine sandy loam surface layer
and fine sand in the underlying material. The Emrick soil
has a subsoil and a thicker surface layer. Towner soils
are in swales, on the lower side slopes, and in drain-
ageways.

Permeability in the Esmond soil is moderate, and avail-
able water capacity is high. Permeability in the Sioux soil
is rapid, and available water capacity is very low. Runoff
ranges from medium to very rapid. Susceptibility to soil
blowing is moderate and to water erosion is high or very
high.

Most areas of these soils are used for range. The
potential is poor for crops, windbreaks, and most engi-
neering and recreational uses. The potential is fair for
range and is very poor for wetland wildlife habitat.

It is not feasible to cultivate the Sioux soil because of
the slope, the hazard of water erosion, and the very low
available water capacity.

Using these soils for pastureland or rangeland helps
control erosion. Conserving soil moisture and overgraz-
ing are the main management concerns. Proper stocking
rates, pasture rotation, and timely delay of grazing help
keep the pasture and soil in good condition.

The Esmond soil is poorly suited to trees and shrubs
in windbreaks and environmental plantings because of
slope. It is suited to plantings for wildlife habitat, recrea-
tion, and beautification where survival, growth, and vigor
are not required or expected to be optimum. The Sioux
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soil is not suited to these uses because of the very low
available water capacity.

The soils in this map unit are poorly suited to sanitary
facilities and buildings. Slope is a limitation for buildings
that can be overcome by cut and fill operations in the
areas having 9 to 15 percent slopes. There is a possibil-
ity of septic tank effluent contaminating ground water
supplies because of the high seepage rates on the Sioux
soil. Alternate sites are needed for sewage lagoons,
buildings, and septic tanks where there is 15 to 25 per-
cent slopes. These soils are not suited to wetland wildlife
habitat.

This map unit is in capability subclass Vle.

27C—Barnes-Sioux loams, 3 to 9 percent slopes.
This map unit consists of deep, gently sloping, and mod-
erately sloping soils on glacial till plains and eskers. The
excessively drained Sioux soil is very shallow over sand
and gravel. It is on knolls and ridges and is 30 to 45
percent of the map unit. The well drained Barnes soil is
on side slopes and is 35 to 50 percent of the map unit.
Areas of the two soils are so intricately mixed or individ-
ually so small in size that it is not practical to separate
them in mapping. Individual areas of this map unit are 5
to 125 acres.

Typically, the Barnes soil has a surface layer of black
loam about 8 inches thick. The subsoil, from 8 to 18
inches, is dark brown loam in the upper part and dark
grayish brown loam in the lower part. The underlying
material, from 18 to 60 inches, is grayish brown loam in
the upper part and light olive brown loam in the lower
part. In places, more coarse fragments than normal are
found in this soil. In other places, the surface layer is
thinner and moderately eroded, and there is no subsoil.

Typically, the Sioux soil has a surface layer of black
loam about 5 inches thick. The next layer, from 5 to 9
inches, is very dark grayish brown gravelly loam. The
underlying material, from 9 to 60 inches, is dark brown,
brown, and dark yellowish brown very gravelly sand. In
places, more coarse sand and less gravel than normal
are in this soil. The surface layer in places is moderately
eroded. In other places, the soil is somewhat excessively
drained, the surface layer is more than 5 inches thick,
and the depth to sand and gravel is 9 to 20 inches.

Included with these soils in mapping, and making up
10 to 20 percent of the map unit, are small areas of the
moderately well drained Svea soil. It has a thicker sub-
soil and surface layer and is in swales and on the lower
slopes.

Permeability is moderately slow in the Barnes soil,
available water capacity is high, and runoff is medium
and rapid. Permeability is rapid in the Sioux soil, availa-
ble water capacity is very low, and runoff is slow. Sus-
ceptibility to soil blowing is low and to water erosion is
low to high.

Most areas of these soils are used for cultivated
crops. The potential is fair for crops, windbreaks, and
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most engineering uses. The potential is very poor for
wetland wildlife habitat and good for range and recre-
ational uses.

These soils are suited to wheat, oats, barley, flax, and
grass-legume hay. The main management concerns are
the very low available water capacity on Sioux soil and
the control of water erosion. Stubble mulching and high
stubble can help low available water capacity. Use of
crop residue and planting of grassed waterways where
necessary help control water erosion.

Using these soils for pastureland or rangeland helps
control erosion. Conserving soil moisture and overgraz-
ing are the main management limitations. Proper stock-
ing rates, pasture rotation, and timely delay of grazing
help keep the pasture and soil in good condition.

The Barnes soil is well suited to trees and shrubs in
windbreaks and environmental plantings. Nearly all cli-
matically adapted species have the potential to grow
well. The Sioux soil is not suited to trees and shrubs in
windbreaks and environmental plantings because of very
low available water capacity. Grass and weeds need to
be eliminated before the trees are planted, and ground
cover regrowth needs to be controlled for the entire life
of the plantings.

The soils in this map unit are suited to sanitary facili-
ties and buildings. The moderately slow permeability for
septic tanks on the Barnes soil can be overcome by
increasing the size of the absorption field. There is a
possibility of septic tank effluent contaminating ground
water supplies because of high seepage rates on the
Sioux soil. On the Barnes soil, the shrink-swell limitation
can be overcome by reinforcing foundations and base-
ment walls or by locating structures on the Sioux soil.
Alternate sites are needed for sewage lagoons on the
Sioux soil and on areas having 7 to 9 percent slopes.
These soils are not suited to wetland wildlife habitat.

This map unit is in capability subclass Ve.

28D—Barnes-Sioux loams, 9 to 15 percent slopes.
This map unit consists of deep, rolling soils on glacial till
plains, moraines, and eskers. The excessively drained
Sioux soil is very shallow over sand and gravel. It is on
hilltops and ridges dissected by narrow drainageways
and is 25 to 45 percent of the map unit. The well drained
Barnes soil is on side slopes and is 40 to 60 percent of
the map unit. Areas of the two soils are so intricately
mixed or individually so small in size that it is not practi-
cal to separate them in mapping. Individual areas of this
map unit are 5 to 300 acres.

Typically, the Barnes soil has a surface layer of black
loam about 8 inches thick. The subsoil, from 8 to 18
inches, is dark brown loam in the upper part and dark
grayish brown loam in the lower part. The underlying
material, from 18 to 60 inches, is grayish brown loam in
the upper part and light olive brown loam in the lower
part. In places, more coarse fragments than normal are

SOIL SURVEY

found in this soil. In other places the surface layer is
thinner and moderately eroded, and there is no subsoil.

Typically, the Sioux soil has a surface layer of black
loam about 5 inches thick. The next layer, from 5 to 9
inches, is very dark grayish brown gravelly loam. The
underlying material, from 9 to 60 inches, is dark brown,
brown, and dark yellowish brown very gravelly sand. In
places, more coarse sand and less gravel than normal
are in this soil, and the surface layer is moderately
eroded in some places. In other places, the soil is some-
what excessively drained, the surface layer is more than
5 inches thick, and the depth to sand and gravel is 9 to
20 inches.

Included with these soils in mapping, and making up
as much as 15 percent of the map unit, are small areas
of the moderately well drained Svea soil. This soil has a
thicker subsoil and surface layer and is in swales and on
the lower side slopes.

Permeability is moderately slow in the Barnes soil,
available water capacity is high, and runoff is very rapid.
Permeability is rapid in the Sioux soil, available water
capacity is very low, and runoff is medium. Susceptibility
to soil blowing is low and to water erosion is high or very
high.

Most areas of these soils are used for range. The
potential is fair for range, windbreaks, and for most engi-
neering and recreational uses. The potential is poor for
crops and very poor for wetland wildlife habitat. It is
generally not feasible to cultivate these soils because of
slope, the high hazard of water erosion, and very low
available water capacity on the Sioux soil.

Using these soils for pastureland or rangeland helps
control erosion. The main management concerns are
conserving soil moisture and overgrazing. Proper stock-
ing rates, pasture rotation, and timely delay of grazing
help keep the pasture and soil in good condition.

The Barnes soil is well suited to trees and shrubs in
windbreaks and environmental plantings. Nearly all cli-
matically adapted species grow well. The Sioux soil is
not suited to trees and shrubs in windbreaks and envi-
ronmental plantings because of very low available water
capacity. Grass and weeds need to be eliminated before
the trees are planted, and ground cover regrowth needs
to be controlled for the entire life of the plantings.

The soils in this map unit are suited to sanitary facili-
ties and buildings. The moderately slow permeability of
the Barnes soil is a limitation for septic tanks and can be
overcome by increasing the size of the absorption field.
There is a possibility of septic tank effluent contaminat-
ing ground water supplies because of the high seepage
rates on the Sioux soil. The slope limitation for buildings
can be overcome by cut and fill operations. On the Barnes
soil, the shrink-swell limitation can be overcome by rein-
forcing foundations and basement walls or by locating
structures on the Sioux soil. Alternate sites are needed for
sewage lagoons. These soils are not suited to wetland
wildlife habitat.
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This map unit is in capability subclass Vle.

30D—Barnes-Buse very stony loams, 6 to 25 per-
cent slopes. This map unit consists of deep, gently
rofling to hilly, well drained, very stony soils on glacial till
plains and moraines. Stones, mainly on hills and ridges,
cover 3 to 15 percent of the surface (fig. 8). The Barnes
soil is on side slopes and is 35 to 45 percent of the map
unit. The Buse soil is on hilltops and ridges and is 35 to
45 percent of the map unit. Areas of the two soils are so
intricately mixed or individually so small in size that it is
not practical to separate them in mapping. Individual
areas of this map unit are 5 to 600 acres.

Typically, the Barnes soil has a surface layer of black
loam about 8 inches thick. The subsoil, from 8 to 18
inches, is dark brown loam in the upper part and dark
brown loam in the lower part. The underlying material,
from 18 to 60 inches, is grayish brown loam in the upper
part and light olive brown loam in the lower part.

Typically, the Buse soil has a surface layer of very
dark gray loam about 8 inches thick. The underlying
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material, from 8 to 15 inches, is grayish brown and, from
15 to 60 inches, is light olive brown loam. In places,
generally on higher hilltops and ridges, the surface layer
is thinner and in other places the stone cover is more
than 25 percent. In places the soil is moderately eroded.

Included with these soils in mapping, and making up
15 to 20 percent of the map unit, are small areas of the
moderately well drained Svea soil, the very poorly
drained Parnell soil, and the poorly drained Tonka soil.
The Svea soil has a thicker subsoil and surface layer
and is in swales and on the lower side slopes. The
Parnell and Tonka soils are in deep depressions.

The soils in this map unit have moderately slow per-
meability. Available water capacity is high, and runoff is
rapid and very rapid. Susceptibility to soil blowing is low
and to water erosion is high or very high.

Most areas of these soils are used for range. The
potential is poor for crops, windbreaks, and for most
engineering and recreational uses. The potential is good
for range and is very poor for wetland wildlife habitat. It

Figure 8. —Stones on the surface of the Barnes soil limit its use to rangeland.



30

is generally not feasible to cultivate these soils because
of slope and stoniness.

Using these soils for rangeland helps control erosion.
Overgrazing resuits in reduced plant vigor and forage
yields. Proper stocking rates, pasture rotation, and timely
delay of grazing help keep the pasture and soil in good
condition.

These soils are generally not suited to trees and
shrubs in windbreaks because of stoniness and slope.
Environmental plantings for wildlife habitat, recreation, or
beautification can be made if the trees and shrubs are
hand-planted. Grass and weeds need to be eliminated
before the trees are planted, and ground cover regrowth
needs to be controlled for the entire life of the plantings.

The soils in this map unit are poorly suited to sanitary
facilities and buildings. The moderately slow permeability
is a limitation for septic tanks and can be overcome in
areas that have 6 to 15 percent slopes by enlarging the
size of the absorption field. The presence of large stones
is a limitation for buildings and septic tanks and can be
minimized by removing the stones. Alternate sites are
needed for buildings and septic tanks where areas have
15 to 25 percent slopes. These soils are not suited to
wetland wildlife habitat.

This map unit is in capability subclass Vis.

31B—Towner fine sandy loam, 1 to 6 percent
slopes. This deep, nearly level and gently sloping, mod-
erately well drained soil is on sand mantled glacial lake
and till plains. individual areas of this map unit are 5 to
150 acres.

Typically, the surface layer is black fine sandy loam
about 8 inches thick. The subsoil, from 8 to 18 inches, is
very dark grayish brown loamy fine sand. The underlying
material, from 18 to 60 inches, is brown loamy fine sand
in the upper part and light yellowish brown loam in the
middle and lower parts. In places, generally on some of
the higher knolls and rises, the surface layer is thinner
and moderately eroded, and the surface in some areas
has as much as 10 percent stone cover. In other places,
the slopes are moderate, and in some areas the surface
layer and subsoil are lighter in color, and the soil is well
drained.

Included with this soil in mapping, and making up as
much as 15 percent of the map unit, are small areas of
the well drained Esmond and Maddock soils and the
moderately well drained Hecla soil. The Esmond soil has
a loam surface layer. The Maddock and Hecla soils have
loamy fine sand and fine sand underlying material. The
Esmond soil is on the tops of some knolls and rises. The
Maddock soil is on the upper side slopes. The Hecla soil
is in some swales and drainageways.

This soil has rapid permeability in the upper part and
moderately slow permeability in the lower part. Available
water capacity is moderate, and runoff is slow. Suscepti-
bility to soil blowing is high and to water erosion is low.
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Most areas of this soil are used for cultivated crops,
hay, and pasture. The potential is good for range, wind-
breaks, and recreational uses. The potential is fair for
crops and most engineering uses and is poor for wetland
wildlife habitat.

This soil is suited to wheat, oats, barley, flax, and
grass-legume hay. When the soil is tilled, the main man-
agement concerns are low available water capacity and
control of soil blowing. These limitations can be alleviat-
ed by leaving high stubble and by the intensive use of
field windbreaks, annual buffer strips, and stubble mulch-
ing.

Using this soil for pastureland or rangeland helps con-
trol erosion. The main management concerns are con-
serving soil moisture and overgrazing. Proper stocking
rates, pasture rotation, and timely delay of grazing help
keep the pasture and soil in good condition.

This soil is well suited to trees and shrubs in wind-
breaks and environmental plantings. Potential is good for
growing all climatically adapted species. Grass and
weeds need to be eliminated before the trees are plant-
ed, and ground cover regrowth needs to be controlled
for the entire life of the plantings.

This soil is suited to sanitary facilities and buildings.
The moderately slow permeability is a limitation for
septic tanks and can be overcome by increasing the size
of the absorption field. Wetness is a limitation for build-
ings that can be minimized by foundation drainage or by
locating structures on the higher lying areas. This soil is
poorly suited to wetland wildlife habitat.

This map unit is in capability subclass llle.

33C—Dickey fine sandy loam, 6 to 9 percent
slopes. This deep, gently rolling, well drained soil is on
sand mantled glacial lake and till plains. Individual areas
of this map unit are 5 to 150 acres.

Typically, the surface layer is black fine sandy loam
about 8 inches thick. The subsoil, from 8 to 28 inches, is
very dark grayish brown loamy fine sand in the upper
part and brown loamy fine sand in the lower part. The
underlying material, from 28 to 60 inches, is light yellow-
ish brown loam in the upper part and light olive brown
loam in the lower part. In places, generally on some of
the higher knolls and ridges, the surface layer is thinner
and moderately eroded, and the surface in some of
these areas has as much as 10 percent stone cover. In
other places, generally in swales and drainageways, the
surface layer and subsoil are darker, and the soil is
moderately well drained.

Included with this soil in mapping, and making up as
much as 20 percent of the map unit, are small areas of
the well drained Esmond and Maddock soils and the
moderately well drained Hecla soil. The Esmond soil has
a loam surface layer. The Maddock and Hecla soils have
loamy fine sand and fine sand underlying material. The
Esmond soil is on tops of some knolls and ridges. The
Maddock soil is in the same landscape position as the
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Dickey soil. The Hecla soil is in some swales and drain-
ageways.

This soil has rapid permeability in the upper part and
moderately slow permeability in the lower part. Available
water capacity is moderate, and runoff is medium. Sus-
ceptibility to soil blowing is high and to water erosion is
moderate.

Most areas of this soil are used for cultivated crops,
hay, and pasture. The potential is fair for range, wind-
breaks, and for most engineering uses. The potential is
good for recreational uses, poor for crops, and very poor
for wetland habitat.

This soil is poorly suited to wheat, oats, barley, flax,
and grass-legume hay. When the soil is tilled, the main
management concerns are low available water capacity,
and. control of soil blowing and water erosion. High stub-
ble, intensive use of field windbreaks, annual buffer
strips, and stubble muiching help to alleviate the low
available water capacity and to control soil blowing.
Using crop residue and planting grassed waterways
where necessary help control water erosion.

Using this soil for pastureland or rangeland helps con-
trol erosion. The main management concerns are con-
serving soil moisture and overgrazing. Proper stocking
rates, pasture rotation, and timely delay of grazing help
keep the pasture and soil in good condition.

This soil is suited to trees and shrubs in windbreaks
and environmental plantings. Potential is good for grow-
ing some climatically adapted species. Grass and weeds
need to be eliminated before the trees are planted, and
ground cover regrowth needs to be controlled for the
entire life of the plantings.

This soil is suited to sanitary facilities and buildings.
The moderately slow permeability is a limitation for
septic tanks and can be overcome by increasing the size
of the absorption field. Alternate sites are needed for
sewage lagoons. This soil is generally not suited to wet-
land wildlife habitat.

This map unit is in capability subclass [Ve.

34—Embden-Heimdal complex, 1 to 3 percent
slopes. This map unit consists of deep, nearly level soils
on glacial uplands. The moderately well drained Embden
soil is in swales and on the lower side slopes and is 40
to 60 percent of the map unit. The well drained Heimdal
soil is on rises and is 20 to 40 percent of the map unit.
Areas of the two soils are so intricately mixed or individ-
ually so small in size that it is not practical to separate
them in mapping. Individual areas of this map unit are 5
to 150 acres.

Typically, the Embden soil has a surface layer of black
fine sandy loam about 12 inches thick. The subsoil, from
12 to 34 inches, is fine sandy loam. It is very dark
grayish brown in the upper part and dark brown in the
lower part. The underlying material, from 34 to 60
inches, is brown loamy fine sand. In places the surface
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layer is loam. In other places there are more pebbles
than normal throughout the soil.

Typically, the Heimdal soil has a surface layer of black
loam about 8 inches thick. The subsoil, from 8 to 19
inches, is very dark grayish brown loam in the upper part
and dark brown or brown loam in the lower part. The
underlying material, from 19 to 60 inches, is grayish
brown loam in the upper part, yellowish brown loam in
the middle part, and yellowish brown sandy loam in the
lower part. In places, the surface layer is sandy loam. In
other places, usually on tops of rises, the surface layer is
thinner and moderately eroded. A few rises are slightly
stony.

Included with these soils in mapping, and making up
10 to 20 percent of the map unit, are small areas of the
well drained Dickey soil, the moderately well drained
Towner soil, the poorly drained Tonka soil, and the very
poorly drained Parnell soil. The Dickey and Towner soils
have more sand in the subsoil and surface layer and are
in sandier areas of the side slopes and swales. The
Parnell and Tonka soils are in deep depressions.

Permeability in the Embden soil is moderately rapid,
available water capacity is moderate, and runoff is slow.
Permeability in the Heimdal soil is moderate, available
water capacity is high, and runoff is slow. Susceptibility
to soil blowing is high and to water erosion is low.

Most areas of these soils are used for cultivated
crops. The potential is good for crops, range, wind-
breaks, and recreational uses. The potential is fair for
most engineering uses and is poor for wetland wildlife
habitat.

These soils are well suited to wheat, oats, barley, flax,
and grass-legume hay. Control of soil blowing is the
main management concern. Intensive use of field wind-
breaks, annual buffer strips, and stubble mulching can
alleviate this limitation.

Using these soils for pastureland or rangeland helps
control erosion. Overgrazing results in reduced plant
vigor and forage yields. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

These soils are well suited to trees and shrubs in
windbreaks and environmental plantings. All climatically
adapted species have the potential to grow well on the
Embden soil. Nearly all climatically adapted species have
the potential to grow well on the Heimdal soil. Grass and
weeds need to be eliminated before the trees are plant-
ed, and ground cover regrowth needs to be controlled
for the entire life of the plantings.

The soils in this map unit are suited to sanitary facili-
ties and buildings. There is a possibility of septic tank
effluent contaminating ground water supplies because of
the high seepage rates on the Embden soil. Wetness is
a limitation for buildings on the Embden soil that can be
minimized by foundation drainage or by locating struc-
tures on the higher lying Heimdal soil. Seepage is a
limitation for sewage lagoons on the Heimdal soil and
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can be overcome by special treatment to seal the
bottom of the lagoon. Alternate sites are needed for
sewage lagoons on the Embden soil. These soils are
poorly suited to wetland wildlife habitat.

This map unit is in capability subclass llle.

34B—Embden-Heimdal complex, 3 to 6 percent
slopes. This map unit consists of deep, gently sloping
soils on glacial uplands. The moderately well drained
Embden soil is in swales and on the lower side slopes
and is 35 to 55 percent of the map unit. The well drained
Heimdal soil is on knolls, ridges, and upper side slopes
and is 25 to 45 percent of the map unit. Areas of the two
soils are so intricately mixed or individually so small in
size that it is not practical to separate them in mapping.
Individual areas of this map unit are 5 to 250 acres.

Typically, the Embden soil has a surface layer of black
fine sandy loam about 12 inches thick. The subsoil, from
12 to 34 inches, is very dark grayish brown fine sandy
loam in the upper part and dark brown fine sandy loam
in the lower part. The underlying material, from 34 to 60
inches, is brown loamy fine sand. In places, the surface
layer is loam. In other places, there are more pebbles
than typical throughout the soil.

Typically, the Heimdal soil has a surface layer of black
loam about 8 inches thick. The subsoil, from 8 to 19
inches, is very dark grayish brown loam in the upper part
and dark brown or brown loam in the lower part. The
underlying material, from 19 to 60 inches, is grayish
brown loam in the upper part, yellowish brown loam in
the middle part, and yellowish brown sandy clay loam in
the lower part. In places the surface layer is fine sandy
loam, and there is more fine sand than typical in the
subsoil and underlying material. In other places, general-
ly on the tops of knolls and ridges, the surface layer is
thinner and moderately eroded. A few knolls and ridges
are slightly stony.

Included with these soils in mapping, and making up
10 to 20 percent of the map unit, are small areas of the
well drained Dickey soil, the moderately well drained
Towner soil, the poorly drained Tonka soil, and the very
poorly drained Parnell soil. The Dickey and Towner soils
have more sand in the subsoil and surface layers and
are in the sandier areas of side slopes and swales. The
Parnell and Tonka soils are in deep depressions.

Permeability in the Embden soil is moderately rapid,
available water capacity is moderate, and runoff is slow
or moderate. Permeability in the Heimdal soil is moder-
ate, available water capacity is high, and runoff is slow
or medium. Susceptibility to soil blowing is high and to
water erosion is low or moderate.

Most areas of these soils are used for cultivated
crops. The potential is good for range, windbreaks, and
recreational uses. The potential is very poor for wetland
wildlife and is fair for crops and most engineering uses.

These soils are suited to wheat, oats, barley, flax, and
grass-legume hay. Control of soil blowing is the main
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management concern. This limitation can be alleviated
by the intensive use of field windbreaks, annual buffer
strips, and stubble muiching.

Using these soils for pastureland or rangeland helps
control erosion. Overgrazing results in reduced plant
vigor and forage yields. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

These soils are well suited to trees and shrubs in
windbreaks and environmental plantings. All climatically
adapted species have the potential to grow well in the
Embden soil. Nearly all climatically adapted species have
the potential to grow well on the Heimdal soil. Grass and
weeds need to be eliminated before the trees are plant-
ed, and ground cover regrowth needs to be controlied
for the entire life of the plantings.

The soils in this map unit are suited to sanitary facili-
ties and buildings. There is a possibility of septic tank
effluent contaminating ground water supplies because of
the high seepage rates on the Embden soil. Wetness is
a limitation for buildings on the Embden soil and can be
minimized by installing foundation drainage or by locating
structures on the higher lying Heimdal soil. Sewage la-
goons on the Heimdal soil can be treated for seepage by
sealing the bottom of the lagoon. Alternate sites are
needed for sewage lagoons on the Embden soil. These
soils are generally not suited to wetland wildlife habitat.

This map unit is in capability subclass llle.

34C—Embden-Heimdal complex, 6 to 9 percent
slopes. This map unit consists of deep, gently rolling
soils on sand mantled glacial moraines. The moderately
well drained Embden soil is in swales and on the lower
side slopes, and is 35 to 45 percent of the map unit. The
well drained Heimdal soil is on knolls, ridges, and upper
side slopes and is 35 to 45 percent of the map unit.
Areas of the two soils are so intricately mixed or individ-
ually so small in size that it is not practical to separate
them in mapping. Individual areas of this map unit are 5
to 125 acres.

Typically, the Embden soil has a surface layer of black
fine sandy loam about 12 inches thick. The subsoil, from
12 to 34 inches, is very dark grayish brown fine sandy
loam in the upper part and dark brown fine sandy loam
in the lower part. The underlying material, from 34 to 60
inches, is brown loamy fine sand. In places, the surface
layer is loam. In other places, there are more pebbles
than typical throughout the soil.

Typically, the Heimdal soil has a surface layer of black
loam about 8 inches thick. The subsoil, from 8 to 19
inches, is very dark grayish brown loam in the upper part
and dark brown or brown loam in the lower part. The
underlying material, from 19 to 60 inches, is grayish
brown loam in the upper part, yellowish brown loam in
the middle part, and yellowish brown sandy clay loam in
the lower part. In places, the surface layer is fine sandy
loam, and there is more fine sand than typical in the
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subsoil and underlying material. In other places, general-
ly on the tops of knolls and ridges, the surface layer is
thinner and moderately eroded. A few knolls and ridges
are slightly stony.

Included with these soils in mapping, and making up
15 to 20 percent of the map unit, are small areas of the
well drained Dickey soil, the moderately well drained
Towner sail, the poorly drained Tonka soil, and the very
poorly drained Parnell soil. The Dickey and Towner soils
have more sand in the subsoil and surface layer and are
in the sandier areas of the side slopes and swales. The
Parnell and Tonka soils are in deep depressions.

In the Embden soil, permeability is moderately rapid,
available water capacity is moderate, and runoff is
medium or rapid. In the Heimdal soil, permeability is
moderate, available water capacity is high, and runoff is
medium or rapid. Susceptibility to soil blowing is high and
to water erosion is moderate or high.

Most areas of these soils are used for cultivated
crops, hay, and- pasture. The potential is fair for crops,
windbreaks, and most engineering uses. The potential is
good for range and recreational uses, and is very poor
for wetland wildlife habitat.

These soils are suited to wheat, oats, barley, flax, and
grass-legume hay. When these soils are tilled, the main
management concerns are control of soil blowing and
water erosion. Intensive use of field windbreaks, annual
buffer strips, and stubble mulching can alleviate the soil
blowing limitation. Use of crop residue and planting
grassed waterways where necessary help control water
erosion.

Using these soils for pastureland or rangeland helps
control erosion. Overgrazing results in reduced plant
vigor and forage yields. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

The Embden soil is suited to trees and shrubs in
windbreaks and environmental plantings. Some climati-
cally adapted species have the potential to grow well.
The Heimdal soil is well suited to trees and shrubs in
windbreaks and environmental plantings. Nearly all cli-
matically adapted species have the potential to grow
well. Grass and weeds need to be eliminated before the
trees are planted, and ground cover regrowth needs to
be controlled for the entire life of the plantings.

The soils in this map unit are suited to sanitary facili-
ties and buildings. There is a possibility of septic tank
effluent contaminating ground water supplies because of
the high seepage rates on the Embden soil. The wet-
ness limitation for buildings on the Embden soil can be
minimized by foundation drainage or by locating struc-
tures on the higher lying Heimdal soil. Alternate sites are
needed for sewage lagoons. These soils generally are
not suited to wetland wildlife habitat.

This map unit is in capability subclass llle.
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41—Overly silty clay loam, 1 to 3 percent slopes.
This deep, nearly level, moderately well drained soil is on
glacial lake plains. Individual areas of this map unit are 5
to 160 acres.

Typically, the surface layer is black silty clay loam
about 10 inches thick. The subsoil, from 10 to 27 inches,
is silty clay loam. it is black in the upper part, very dark
gray in the middle part, and very dark grayish brown in
the lower part. The underlying material, from 27 to 60
inches, is silty clay loam. It is light brownish gray in the
upper part and olive in the lower part. In places the
surface layer is silt loam or silty clay. In other places, the
underlying material is clay loam.

Included with this soil in mapping, and making up as
much as 10 percent of the map unit, are small areas of
the somewhat poorly drained Bearden soils having lime
accumulation layers within a depth of 16 inches of the
surface. They are in some of the deeper swales.

This soil has moderately slow permeability. Available
water capacity is high, and runoff is slow. Susceptibility
to soil blowing and water erosion is fow.

Most areas of this soil are used for cultivated crops.
The potential is good for crops, range, and windbreaks.
The potential is poor for wetland wildlife habitat and is
fair for most engineering and recreational uses.

This soil is well suited to wheat, oats, barley, flax, and
grass-legqume hay. Use of crop residue helps maintain
good soil tilth.

This soil is well suited to pastureland or rangeland.
Overgrazing or grazing when the soil is wet causes sur-
face campaction, reduces soil tilth, and increases sur-
face runoff. Proper stocking rates, pasture rotation, and
timely delay of grazing help keep the pasture and soil in
good condition.

This soil is well suited to trees and shrubs in wind-
breaks and environmental plantings. Potential is good for
growing all climatically adapted species. Grass and
weeds need to be eliminated before the trees are plant-
ed, and ground cover regrowth needs to be controlled
for the entire life of the plantings.

This soil is suited to sanitary facilities and buildings.
The moderately siow permeability is a limitation for
septic tanks and can be overcome by increasing the size
of the absorption field. The shrink-swell limitation for
buildings can be overcome by reinforcing foundations
and basement walls. This soil is poorly suited to wetland
wildlife habitat.

This map unit is in capability subclass lic.

42—Gardena silt loam, 1 to 3 percent slopes. This
deep, nearly level, moderately well drained soil is on
glacial lake plains and in small lake basins on glacial
uplands. Individual areas of this map unit are 5 to 300
acres.

Typically, the surface layer is black silt loam about 15
inches thick. The subsoil, from 15 to 21 inches, is very
dark grayish brown silt loam. The underlying material,



34

from 21 to 60 inches, is light olive brown silt loam in the
upper and middle parts and olive silt loam in the lower
part. In places, the surface layer is loam or very fine
sandy loam.

Included with this soil in mapping, and making up as
much as 15 percent of the map unit, are small areas of
the poorly drained Borup soil and the somewhat poorly
drained Glyndon soil. The Borup and Glyndon soils have
layers of lime accumulation within a depth of 16 inches
of the surface, and are in swales.

This soil has moderate permeability. Available water
capacity is high or very high, and runoff is slow. Suscep-
tibility to soil blowing is moderate and to water erosion is
low.

Most areas of this soil are used for cultivated crops.
The potential is good for crops, range, windbreaks, and
for most engineering and recreational uses. The potential
is poor for wetland wildlife habitat.

This soil is well suited to wheat, oats, barley, flax, and
grass-legume hay. Control of soil blowing is the main
management concern. The use of field windbreaks,
annual buffer strips, and stubble mulching helps alleviate
this limitation.

Using this soil for pastureland or rangeland helps con-
trol erosion. Overgrazing results in reduced plant vigor
and forage yields. Proper stocking rates, pasture rota-
tion, and timely delay of grazing help keep the pasture
and soil in good condition.

This soil is well suited to trees and shrubs in wind-
breaks and environmental plantings. Potential is good for
growing all climatically adapted species. Grass and
weeds need to be eliminated before the trees are plant-
ed, and ground cover regrowth needs to be controlled
for the entire life of the plantings.

This soil is well suited to sanitary facilities and build-
ings. Wetness is a limitation for buildings and can be
minimized by foundation drainage. Sewage lagoons can
be treated for seepage by sealing the bottom of the
lagoon. This soil is poorly suited to wetland wildlife habi-
tat.

This map unit is in capability subclass lle.

42B—Gardena-Eckman silt loams, 3 to 6 percent
slopes. This map unit consists of deep, gently sloping
soils on glacial lake plains and in small lake basins on
glacial uplands. The moderately well drained Gardena
soil is in swales and on concave lower side slopes, and
is 50 to 60 percent of the map unit. The well drained
Eckman soil is on convex side slopes, and is 40 to 50
percent of the map unit. Areas of the two soils are so
intricately mixed or individually so small in size that it is
not practical to separate them in mapping. Individual
areas of this map unit are 5 to 300 acres.

Typically, the Gardena soil has a surface layer of black
silt loam about 15 inches thick. The subsoil, from 15 to
21 inches, is very dark grayish brown silt loam. The
underlying material, from 21 to 60 inches, is light olive
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brown silt loam in the upper and middle parts and olive
silt loam in the lower part. In places, the surface fayer is
loam or very fine sandy loam.

Typically, the Eckman soil has a surface layer of black
silt loam about 11 inches thick. The subsoil, from 11 to
26 inches, is very dark grayish brown silt loam in the
upper part and dark grayish brown silt loam in the middle
and lower parts. The underlying material, from 26 to 60
inches, is light olive brown silt loam. In places, the sur-
face layer is loam or very fine sandy loam. In other
places, generally on light colored knolls, the surface
layer is thinner, and there is no subsoil.

Included with these soils in mapping, and making up
as much as 10 percent of the map unit are small areas
of the somewhat poorly drained Glyndon soil. This soil
has layers of lime accumulation within a depth of 16
inches and is in some deeper swales.

The soils in this map unit have moderate permeability.
Available water capacity is high or very high for the
Gardena soil and high for the Eckman soil. Runoff is
medium. Susceptibility to soil blowing and water erosion
is moderate.

Most areas of these soils are used for cultivated
crops. The potential is good for crops, range, wind-
breaks, and for most engineering and recreational uses.
The potential is very poor for wetland wildlife habitat.

These soils are well suited to wheat, oats, barley, flax,
and grass-legume hay. The main management concerns
are control of soil blowing and water erosion. Field wind-
breaks, annual buffer strips, and stubble mulching help
to alleviate soil blowing. Use of crop residue and planting
of grassed waterways where necessary help control
water erosion.

Using these soils for pastureland or rangeland helps
control erosion. Overgrazing results in reduced plant
vigor and forage yields. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

These soils are well suited to trees and shrubs in
windbreaks and environmental plantings. All climatically
adapted species have the potential to grow well on the
Gardena soil. Nearly all climatically adapted species
have the potential to grow well on the Eckman soils.
Grass and weeds need to be eliminated before the trees
are planted, and ground cover regrowth needs to be
controlled for the entire life of the plantings.

The soils in this map unit are well suited to sanitary
facilities and buildings. Wetness is a limitation for build-
ings on the Gardena soil and can be minimized by foun-
dation drainage or by locating structures on the higher
lying Eckman soil. Sewage lagoons can be treated for
seepage by sealing the bottom of the lagoon. These
soils are generally not suited to wetland wildlife habitat.

This map unit is in capability subclass lle.

43C—Eckman-Zell silt loams, 6 to 9 percent
slopes. This map unit consists of deep, moderately slop-
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ing, well drained soils on glacial lake plains and in small
lake basins on glacial uplands. The Eckman soil is on
side slopes and is 40 to 50 percent of the map unit. The
Zel soil is on knolls and ridges and is 35 to 45 percent
of the map unit. Areas of the two soils are so intricately
mixed or individually so small in size that it is not practi-
cal to separate them in mapping. Individual areas of this
map unit are 5 to 100 acres.

Typically, the Eckman soil has a surface layer of black
silt loam about 11 inches thick. The subsoil, from 11 to
26 inches, is very dark grayish brown silt loam in the
upper part and dark grayish brown silt loam in the middle
and lower parts. The underlying material, from 26 to 60
inches, is light olive brown silt loam. In places, the sur-
face layer is loam or very fine sandy loam. In other
places, the slopes are strongly sloping.

Typically, the Zell soil has a surface layer of very dark
gray silt loam about 8 inches thick. The next layer, from
8 to 13 inches, is very dark grayish brown silt loam. The
underlying material, from 13 to 60 inches, is grayish
brown silt loam. In places, the surface layer is loam or
very fine sandy loam. In other places, generally on
higher knolls and ridges, the surface layer is thinner and
moderately eroded, and in places the slopes are strongly
sloping.

Included with these soils in mapping, and making up
15 to 20 percent of the map unit, are small areas of the
moderately well drained Gardena soil and the somewhat
poorly drained Glyndon soil. The Gardena soil has a
darker colored subsoil and surface layer, and is in
swales and on lower side slopes. The Glyndon soil has
layers of lime accumulation within a depth of 16 inches
of the surface and is in some deeper swales.

These soils have moderate permeability. Available
water capacity is high, and runoff is rapid. Susceptibility
to soil blowing is moderate and to water erosion is high.

Most areas of these soils are used for cultivated
crops, hay, and pasture. The potential is good for range
and for most engineering and recreational uses. The
potential is fair for crops and windbreaks and is very
poor for wetland wildlife habitat.

These soils are suited to wheat, oats, barley, flax, and
grass-legume hay. If these soils are tilled, the main man-
agement concerns are controlling soil blowing and water
erosion. Field windbreaks, annual buffer strips, and stub-
ble mulching help alleviate soil blowing. Use of crop
residue and planting of grassed waterways where neces-
sary help control water erosion.

Using these soils for pastureland or rangeland helps
control erosion. Overgrazing results in reduced plant
vigor and forage yields. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

The Eckman soil is well suited to trees and shrubs in
windbreaks and environmental plantings. Nearly all cli-
matically adapted species have the potential to grow
well. The Zell soil is poorly suited to trees and shrubs in
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windbreaks and environmental plantings, but is suited to
plantings for wildlife habitat, recreation, and beautifica-
tion where survival, growth, and vigor are not required or
expected to be optimum. Grass and weeds need to be
eliminated before the trees are planted, and ground
cover regrowth needs to be controlled for the entire life
of the plantings.

The soils in this map unit are well suited to sanitary
facilities and buildings. Alternate sites are needed for
sewage lagoons. These soils are generally not suited to
wetland wildlife habitat.

This map unit is in capability subclass lile.

44—Glyndon silt loam. This deep, level, somewhat
poorly drained soil is on glacial lake plains and in small
lake basins on glacial uplands. Individual areas of this
map unit are 5 to 75 acres.

Typically, the surface layer is black silt loam in the
upper part, very dark gray silt loam in the lower part, and
14 inches thick. The underlying material, from 14 to 29
inches, is light brownish gray silt loam. The underlying
material, from 29 to 60 inches, is light yellowish brown
very fine sandy loam in the upper part and multicolored
stratified silt loam and loamy very fine sand in the lower
part. In places, the surface layer is loam.

Included with this soil in mapping, and making up as
much as 15 percent of the map unit, are small areas of
the poorly drained Borup and Tonka soils and the mod-
erately well drained Gardena soil. The Borup and Tonka
soils are more poorly drained, and the Gardena soil has
no layers of lime accumulation within a depth of 16
inches of the surface. The Borup soil is in swales, the
Tonka soil is in depressions, and the Gardena soil is on
higher positions on the landscape.

Permeability is moderate in the upper part of the pro-
file and rapid in the lower part. Available water capacity
is high, and runoff is slow. Early in spring and after
unusually heavy rainy periods a high water table devel-
ops, resulting in wetness and some surface ponding.
Susceptibility to soil blowing is high.

Most areas of this soil are used for cuitivated crops.
The potential is good for crops, range, windbreaks, and
recreational uses. The potential is fair for most engineer-
ing uses and wetland wildlife habitat.

This soil is well suited to wheat, oats, barley, flax, and
grass-legume hay. The main management concern is
control of soil blowing. Intensive use of field windbreaks,
annual buffer strips, and stubble mulching help control
soil blowing.

Using this soil for pastureland or rangeland helps con-
trol erosion. Overgrazing results in reduced plant vigor
and forage yields. Proper stocking rates, pasture rota-
tion, and timely delay of grazing help keep the pasture
and soil in good condition.

This soil is well suited to trees and shrubs in wind-
breaks and environmental plantings. Potential is good for
growing all climatically adapted species. Grass and
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weeds need to be eliminated before the trees are plant-
ed, and ground cover regrowth needs to be controlled
for the entire life of the plantings.

This soil is suited to sanitary facilities and buildings.
Wetness is a limitation for buildings and can be mini-
mized by foundation drainage. Alternate sites are needed
for sewage lagoons. This soil is suited to wetland wildlife
habitat.

This map unit is in capability subclass lle.

45—Bearden silt loam. This deep, level, somewhat
poorly drained soil is on glacial lake plains. Individual
areas are 5 to 250 acres.

Typically, the surface layer is black silt loam about 10
inches thick. The next layer, from 10 to 14 inches, is
very dark gray light silty clay loam. The underlying mate-
rial, from 14 to 23 inches, is dark grayish brown silty clay
loam in the upper part, and from 23 to 60 inches it is
light olive brown silty clay loam in the upper part, light
olive brown silt loam in the middle part, and light olive
brown loam in the lower part. In places, the underlying
material is clay loam.

Included with this soil in mapping, and making up as
much as 15 percent of the map unit, are small areas of
the poorly drained and very poorly drained Colvin soil in
the deeper parts of swales.

This soil has moderately slow permeability. Available
water capacity is high, and runoff is slow. Early in spring
and after unusually heavy rainy periods a high water
table develops, resulting in wetness and some surface
ponding. Susceptibility to soil blowing is high.

Most areas of this soil are used for cultivated crops.
The potential is good for crops, windbreaks, and range.
The potential is poor for most engineering uses and is
fair for most recreational uses and wetland wildlife habi-
tat.

This soil is well suited to wheat, oats, barley, fiax, and
grass-legume hay. When this soil is tilled, control of soil
blowing is the main management concern. Intensive use
of field windbreaks, stripcropping, and annual buffer
strips help control soil biowing.

Using this soil for pastureland or rangeland helps con-
trol erosion. Overgrazing or grazing when the soil is wet
reduces surface infiltration and causes surface compac-
tion and poor soil tilth. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

This soil is well suited to trees and shrubs in wind-
breaks and environmental plantings. Potential is good for
growing all climatically adapted species. Grass and
weeds need to be eliminated before the trees are pilant-
ed, and ground cover regrowth needs to be controlled
for the entire life of the plantings.

This soil is poorly suited to sanitary facilities and build-
ings. The moderately slow permeability is a limitation _for
septic tanks and can be overcome by increasing the size
of the absorption field. Wetness is a limitation for build-
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ings that can be minimized by foundation drains. The
shrink-swell potential is a limitation for buildings that can
be overcome by reinforcing basement walls and founda-
tions. This sail is suited to wetland wildlife habitat.

This map unit is in capability subclass lle.

46—Borup silt loam. This deep, level, poorly drained
soil is on glacial lake plains and, less commonly, on
stream bottom lands. Individual areas of this map unit
are 5 to 100 acres.

Typically, the surface layer is silt loam about 12 inches
thick. It is black in the upper part and very dark gray in
the lower part. The underlying material, from 12 to 30
inches, is dark gray and gray silt loam. The underlying
material, from 30 to 60 inches, is grayish brown silt loam
in the upper part and olive brown very fine sandy loam in
the lower part. In places the soil is moderately saline.

Included with this soil in mapping, and making up as
much as 15 percent of the map unit, are small areas of
the very poorly drained Colvin soil, the somewhat poorly
drained Divide and Glyndon soils, and the poorly drained
and very poorly drained Marysland soil. The Colvin soil
contains more clay. The Divide and Marysland soils have
sand and gravel underlying material. The Glyndon soil is
better drained. The Colvin soil and the very poorly
drained Marysland soil are on the same landscape posi-
tion as this Borup soil. The Divide and Glyndon soils are
on slightly higher swells.

This Borup soil has moderately rapid permeability.
Available water capacity is high, and runoff is slow. Wet-
ness and some surface ponding occur in spring and after
heavy rainy periods. Susceptibility to soil blowing is high.

Most areas of this soil are used for pasture and hay-
land. The potential is good for range, crops, windbreaks,
and wetland wildlife habitat. The potential is poor for
recreational uses and most engineering uses.

Where drained, this soil is well suited to wheat, barley,
oats, grass-legume hay, and flax. Undrained areas are
best suited to native range and hay. Drainage can in-
crease the suitability for crops, however, adequate out-
lets are difficult to locate. If this soil is tilled, the main
management concerns are wetness and soil blowing.
Proper maintenance of surface drains helps reduce the
wetness. Intensive use of field windbreaks, stripcropping,
and annual buffer strips can control soil blowing.

Using this soil for pastureland or rangeland helps con-
trol erosion. Overgrazing or grazing when the soil is wet
reduces surface infiltration and causes surface compac-
tion and poor soil tilth. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

Where drained, this soil is well suited to trees and
shrubs in windbreaks and environmental plantings. Po-
tential is good for growing all climatically adapted spe-
cies. Grass and weeds need to be eliminated before the
trees are planted, and ground cover regrowth needs to
be controlled for the entire life of the plantings.
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This soil is poorly suited to sanitary facilities and build-
ings. Wetness is a severe limitation that can be over-
come in part by drainage; however, adequate outlets are
difficult to locate. Alternate sites are needed for buildings
and related uses. This soil is well suited to wetland
wildlife habitat.

This map unit is in capability subclass llw.

47—Fossum fine sandy loam. This deep, level,
poorly drained soil is on sandy glacial lake and outwash
plains. Individual areas of this map unit are 5 to 100
acres.

Typically, the surface layer is black fine sandy loam in
the upper part, very dark gray fine sandy loam in the
middle and lower parts, and about 19 inches thick. The
underlying material, from 19 to 60 inches, is dark grayish
brown loamy fine sand in the upper part, grayish brown
loamy fine sand in the middle part, and olive loamy fine
sand in the lower part. In places, layers of lime accumu-
lation are within a depth of 16 inches of the surface. In
other places the surface layer is loam or sandy loam.

Included with this soil in mapping, and making up as
much as 15 percent of the map unit, are small areas of
the moderately well drained Hecla soil on the higher
swells.

This Fossum soil has rapid permeability. Available
water capacity is low or moderate, and runoff is slow.
Early in spring and after unusually heavy rainy periods a
high water table develops, resulting in wetness. Suscep-
tibility to soil blowing is high.

Most areas of this soil are used for cultivated crops,
hay, and pasture. The potential is poor for crops and for
most engineering and recreational uses. The potential is
fair for range and is good for windbreaks and wetland
wildlife habitat.

This soil is poorly suited to wheat, oats, barley, flax,
and grass-legume hay. When this soil is tilled, the main
management concerns are wetness and control of soil
blowing. Adequate drainage outlets are often difficult to
locate. Maintaining surface drains, and intensive use of
field windbreaks, annual buffer strips, and stubble mulch-
ing can alleviate these limitations.

Using this soil for pastureland or rangeland helps con-
trol erosion. Overgrazing results in reduced plant vigor
and forage yields. Proper stocking rates, pasture rota-
tion, and timely delay of grazing help keep the pasture
and soil in good condition.

If drained, this soil is well suited to trees and shrubs in
windbreaks and environmental plantings. Potential is
good for growing all climatically adapted species. Grass
and weeds need to be eliminated before the trees are
planted, and ground cover regrowth needs to be con-
trolled for the entire life of the plantings. Undrained
areas are not suited to these uses.

This soil is poorly suited to sanitary facilities and build-
ings. Wetness and flooding are severe limitations that
can be overcome in part by drainage; however, adequate
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outlets are difficult to locate. Alternate sites are needed
for buildings and related uses. This soil is well suited to
wetland wildlife habitat.

This map unit is in capability subclass IVw.

50B—Great Bend silt loam, 3 to 6 percent slopes.
This deep, gently sloping, well drained soil is on glacial
lake plains and in small lake basins on glacial uplands.
Individual areas of this map unit are 5 to 175 acres.

Typically the surface layer is black silt loam about 9
inches thick. The subsoil, from 9 to 15 inches, is very
dark grayish brown silty clay loam. The underlying mate-
rial, from 15 to 60 inches, is olive brown silty clay loam
in the upper part, grayish brown and light olive brown silt
joam in the middle part, and light olive brown silt loam in
the lower part. In places, the surface layer is silty clay
loam or silty clay.

Included with this soil in mapping, and making up 10 to
20 percent of the map unit, are small areas of the some-
what poorly drained Bearden soil, the poorly drained
Colvin soil, and the moderately well drained Overly soil.
The Bearden and Colvin soils have layers of lime accu-
mulation within a depth of 16 inches of the surface and
are in some of the deeper swales. The Overly soil has a
thicker subsoil and surface layer and is in swales and on
the lower side slopes.

This soil has moderate permeability. Available water
capacity is high, and runoff is medium. Susceptibility to
soil blowing is low and to water erosion is moderate.

Most areas of this soil are used for cultivated crops.
The potential is good for crops, range, windbreaks, and
recreational uses. The potential is fair for most engineer-
ing uses and is very poor for wetland wildlife habitat.

This soil is well suited to wheat, oats, barley, flax, and
grass-legume hay. The main management concerns are
maintaining good soil tilth and controlling soil blowing.
Use of crop residue and planting of grassed waterways
where necessary can help control water erosion.

Using this soil for pastureland or rangeland helps con-
trol erosion. Overgrazing or grazing when the soil is wet
causes surface compaction, reduces soil tilth, and in-
creases surface runoff. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

This soil is well suited to trees and shrubs in wind-
breaks and environmental plantings. Potential is good for
growing nearly all climatically adapted speices. Grass
and weeds need to be eliminated before the trees are
planted, and ground cover regrowth needs to be con-
trolled for the entire life of the plantings.

This soil is suited to sanitary facilities and buildings.
The moderately slow permeability for septic tanks can be
overcome by increasing the size of the absorption field.
Shrink-swell is a limitation for buildings that can be over-
come by reinforcing foundations and basement walls.
Sewage lagoons can be treated for seepage by sealing
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the bottom of the lagoon. This soil is generally not suited
to wetland wildlife habitat.
This map unit is in capability subclass lle.

52B—Embden-Egeland fine sandy loams, 1 to 6
percent slopes. This map unit consists of deep, nearly
level and gently sloping soils on glacial outwash plains.
The moderately well drained Embden soil is in swales
and on lower side slopes, and is 40 to 55 percent of the
map unit. The well drained Egeland soil is on rises and
upper side slopes, and is 30 to 40 percent of the map
unit. Areas of the two soils are so intricately mixed or
individually so small in size that it is not practical to
separate them in mapping. Individual areas of this map
unit are 50 to 300 acres.

Typically, the Embden soil has a surface layer of black
fine sandy loam about 12 inches thick. The subsoil, from
12 to 34 inches, is very dark grayish brown fine sandy
loam in the upper part and dark brown fine sandy loam
in the lower part. The underlying material, from 34 to 60
inches, is brown loamy fine sand. In places the surface
layer is sandy loam and the underlying material below 40
inches is loam. In other places the surface layer is mod-
erately eroded, or there is no subsoil and the underlying
material is fine sand.

Typically, the Egeland soil has a surface layer of black
fine sandy loam about 7 inches thick. The subsoil, from 7
to 31 inches, is very dark grayish brown fine sandy loam
in the upper part, olive brown fine sandy loam in the
middle part, and light olive fine sandy loam in the lower
part. The underlying material, from 31 to 60 inches, is
grayish brown loamy fine sand in the upper part and dark
grayish brown loamy fine sand in the lower part. In
places the surface layer is sandy loam and the underly-
ing material below 40 inches is loam. In other places, the
surface layer is moderately eroded, and in places the
subsoil is loamy fine sand and the underlying material is
fine sand.

These soils have moderately rapid permeability. Availa-
ble water capacity is moderate, and runoff is slow. Sus-
ceptibility to soil blowing is high and to water erosion is
low.

Most areas of these soils are used for cultivated
crops. The potential is good for range, windbreaks, and
for most engineering and recreational uses. The potential
is fair for crops and is very poor for wetland wildlife
habitat.

These soils are suited to wheat, oats, barley, flax, and
grass-legume hay. The main management concerns are
low available water capacity and control of soil blowing.
High stubble, intensive use of field windbreaks, annual
buffer strips, and stubble mulching can alleviate these
limitations.

Using these soils for pastureland or rangeland helps
control erosion. The main management concerns are
conserving soil moisture and overgrazing. Proper stock-
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ing rates, pasture rotation, and timely delay of grazing
help keep the pasture and soil in good condition.

The Embden soil is well suited to trees and shrubs in
windbreaks and environmental plantings. All climatically
adapted species have the potential to grow well. The
Egeland soil is suited to trees and shrubs in windbreaks
and environmental plantings. Some climatically adapted
species have the potential to grow well. Grass and
weeds need to be eliminated before the trees are plant-
ed, and ground cover regrowth needs to be controlled
for the entire life of the plantings.

The soils in this map unit are well suited to sanitary
facilities and buildings. There is a possibility of septic
tank effluent contaminating ground water supplies be-
cause of the high seepage rates. Wetness is a limitation
for buildings on the Embden soil and can be minimized
by foundation drainage or by locating structures on the
higher lying Egeland soil. Alternate sites are needed for
sewage lagoons. These soils are generally not suited to
wetland wildlife habitat.

This map unit is in capability subclass llle.

53—Hecla fine sandy loam, 1 to 3 percent slopes.
This deep, nearly level, moderately well drained soil is on
sandy plains. Individual areas of this map unit are 5 to
300 acres.

Typically, the surface layer is black fine sandy loam in
the upper part and very dark grayish brown fine sandy
loam in the lower part, and is about 26 inches thick. The
underlying material, from 26 to 60 inches, is brown fine
sand in the middle and lower parts. In places the surface
layer is sandy loam or loamy fine sand, in other places
the surface layer is moderately eroded. In places the
subsoil is fine sandy loam, and the underlying material is
loamy fine sand.

Included with this soil in mapping, and making up 15 to
20 percent of the map unit, are small areas of the some-
what excessively drained Arvilla soil, the well drained
Maddock soil, and the poorly drained Fossum soil. The
Arvilla soil has sand and gravel in the underlying material
and the Maddock soil has a thinner surface layer; they
are on higher positions on rises. The Fossum soil is
more poorly drained and is in lower positions in swales.

This Hecla soil has rapid permeability. Available water
capacity is low or moderate, and runoff is slow. Suscepti-
bility to soil blowing is high.

Most areas of this soil are used for cultivated crops,
hay, and pasture. The potential is good for range, wind-
breaks, and recreational uses. The potential is fair for
crops and for most engineering uses and is poor for
wetland wildlife habitat.

This soil is suited to wheat, oats, barley, flax, and
grass-legume hay. When this sail is tilled, the main man-
agement concerns are the low available water capacity
and control of soil blowing. High stubble, intensive use of
field windbreaks, annual buffer strips, and stubble mulch-
ing help alleviate these limitations.
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Using this soil for pastureland or rangeland helps con-
trol erosion. Conserving soil moisture and overgrazing
are the main management concerns. Proper stocking
rates, pasture rotation, and timely delay of grazing help
keep the pasture and soil in good condition.

This soil is well suited to trees and shrubs in wind-
breaks and environmental plantings. Potential is good for
growing all climatically adapted species. Grass and
weeds need to be eliminated before the trees are plant-
ed, and ground cover regrowth needs to be controlled
for the entire life of the plantings.

This soil is suited to sanitary facilities and buildings.
There is a possibility of septic tank effluent contaminat-
ing ground water supplies because of the high seepage
rates. Wetness is a limitation for buildings that can be
minimized by foundation drainage. Alternate sites are
needed for sewage lagoons. This soil is poorly suited to
wetland wildlife habitat.

This map unit is in capability subclass llle.

54B—Hecla-Maddock fine sandy loams, 3 to 6 per-
cent slopes. This map unit consists of deep, gently
sloping soils on sandy plains. The moderately well
drained Hecla soil is in swales and on the concave lower
side slopes and is 45 to 65 percent of the map unit. The
well drained Maddock soil is on knolls and upper side
slopes and is 25 to 45 percent of the map unit. Areas of
the two soils are so intricately mixed or individually so
small in size that it is not practical to separate them in
mapping. Individual areas of this map unit are 5 to 150
acres.

Typically, the surface layer of the Hecla soil is black
fine sandy loam in the upper part, very dark grayish
brown fine sandy loam in the lower part, and about 26
inches thick. The underlying material, from 26 to 60
inches, is brown fine sand in the upper part and light
olive brown fine sand in the middle and lower parts. In
some places the surface layer is sandy loam or loamy
fine sand, or it is moderately eroded. In places, the
subsoil is fine sandy loam, and the underlying material is
loamy fine sand.

Typically, the Maddock soil has a surface layer of very
dark gray fine sandy loam about 12 inches thick. The
subsoil, from 12 to 21 inches, is dark brown loamy fine
sand. The underlying material, from 21 to 60 inches, is
dark brown fine sand in the upper part and dark grayish
brown fine sand in the lower part. In places the surface
layer is sandy loam or loamy fine sand. In other places,
generally on tops of knolls, the surface layer is thinner
and moderately eroded. In places the subsoil is fine
sandy loam and the underlying material is loamy fine
sand.

Included with these soils in mapping, and making up
as much as 10 percent of the map unit, are small areas
of the poorly drained Fossum soil in lower positions in
the swales.
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The soils in this map unit have rapid permeability.
Available water capacity is low or moderate for the Hecla
soil and low for the Maddock soil, and runoff is slow.
Susceptibility to soil blowing is high and to water erosion
is fow.

Most areas of these soils are used for cultivated
crops, hay, and pasture. The potential is good for range,
windbreaks, and recreational uses. The potential is fair
for crops and for most engineering uses and is poor for
wetland wildlife habitat.

These soils are suited to wheat, oats, barley, flax, and
grass-legume hay. When these soils are tilled, the main
management concerns are low available water capacity
and control of soil blowing. High stubble, intensive use of
field windbreaks, annual buffer strips, and stubble mulch-
ing help alleviate these limitations.

Using these soils for pastureland or rangeland helps
control erosion. Conserving soil moisture and overgraz-
ing are the main management concerns. Proper stocking
rates, pasture rotation, and timely delay of grazing help
keep the pasture and soil in good condition.

The Hecla soil is well suited to trees and shrubs in
windbreaks and environmental plantings. All climatically
adapted species have the potential to grow well.

The Maddock soil is suited to trees and shrubs in
windbreaks and environmental plantings. Some climati-
cally adapted species have the potential to grow well.
Grass and weeds need to be eliminated before the trees
are planted, and ground cover regrowth needs to be
controlled for the entire life of the plantings.

The soils in this map unit are suited to sanitary facili-
ties and buildings. There is a possibility of septic tank
effluent contaminating ground water supplies because of
the high seepage rates. Wetness is a limitation for build-
ings on the Hecla soil and can be minimized by founda-
tion drainage or by locating structures on the higher lying
Maddock soil. Alternate sites are needed for sewage
lagoons. These soils are poorly suited to wetland wildlife
habitat.

This map unit is in capability subciass Ille.

58—Hecla-Maddock loamy fine sands, 1 to 3 percent
slopes. This map unit consists of deep, nearly level soils
on sandy plains. The moderately well drained Hecla soil
is in swales and on the concave lower side slopes and is
50 to 70 percent of the map unit. The well drained
Maddock soil is on rises and is 25 to 45 percent of the
map unit. Areas of the two soils are so intricately mixed
or individually so small in size that it is not practical to
separate them in mapping. Individual areas of this map
unit are 5 to 150 acres.

Typically, the surface layer of the Hecla soil is black in
the upper part, very dark grayish brown loamy fine sand
in the lower part, and about 26 inches thick. The underly-
ing material, from 26 to 60 inches, is brown fine sand in
the upper part and light olive brown fine sand in the
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middle and lower parts. In places; the surface layer is
loamy sand, and in other places it is moderately eroded.

Typically, the Maddock soil has a surface layer of very
dark gray loamy fine sand about 12 inches thick. The
subsoil, from 12 to 21 inches, is dark brown loamy fine
sand. The underlying material, from 21 to 60 inches, is
dark brown fine sand in the upper part and dark grayish
brown fine sand in the lower part. In places, the surface
layer is loamy sand. In other places, generally on tops of
rises, the surface layer is thinner and moderately eroded
with a few small blowout spots.

Included with these soils in mapping, and making up
as much as 15 percent of the map unit, are small areas
of the well drained Dickey soil, the moderately well
drained Towner soil, and the poorly drained Fossum soil.
The Dickey and Towner soils have fine sandy loam sur-
face layers and loam underlying material. The Dickey soil
is on the same landscape position as the Maddock soil,
and the Towner soil is in some swales. The Fossum soil
is in lower positions in the swales.

Permeability is rapid, available water capacity is low or
moderate for the Hecla soil and low for the Maddock
soil, and runoff is slow. Susceptibility to soil blowing is
very high.

Most areas of these soils are used for cultivated
crops, hay, and pasture. The potential is fair for range,
windbreaks, and for most engineering and recreational
uses. The potential is poor for crops and wetland wildlife
habitat.

These soils are poorly suited to wheat, oats, barley,
flax, and grass-legume hay. If these soils are tilled, the
main management concerns are low available water ca-
pacity and control of soil blowing. High stubble, intensive
use of field windbreaks, annual buffer strips, and stubble
mulching help alleviate these limitations.

Using these soils for pastureland or rangeland helps
control erosion. Conserving soil moisture and overgraz-
ing are the main management concerns. Proper stocking
rates, pasture rotation, and timely delay of grazing help
keep the pasture and soil in good condition.

The Hecla soil is well suited to trees and shrubs in
windbreaks and environmental. plantings. All climatically
adapted species have the potential to grow well on the
Hecla soil.

The Maddock soil is suited to trees and shrubs in
windbreaks and environmental plantings. Some climati-
cally adapted species have the potential to grow well on
the Maddock soil. Grass and weeds need to be eliminat-
ed before the trees are planted, and ground cover re-
growth needs to be controlled for the entire life of the
plantings.

The soils in this map unit are suited to sanitary facili-
ties and buildings. There is a possibility of septic tank
effluent contaminating ground water supplies because of
the high seepage rates. Wetness is a limitation for build-
ings on the Hecla soil and can be minimized by founda-
tion drainage or by locating structures on the higher lying
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Maddock soil. Alternate sites are needed for sewage
lagoons. These soils are poorly suited to wetland wildlife
habitat.

This map unit is in capability subclass IVe.

59B—Maddock-Hecla loamy fine sands, 3 to 6 per-
cent slopes. This map unit consists of deep, gently
sloping soils on sandy plains. The well drained Maddock
soil is on knolls and upper side slopes and is 45 to 65
percent of the map unit. The moderately well drained
Hecla soil is in swales and on concave lower side slopes
and is 25 to 45 percent of the map unit. Areas of the two
soils are so intricately mixed or individually so small in
size that it is not practical to separate them in mapping.
Individual areas of this map unit are 5 to 300 acres.

Typically, the Maddock soil has a surface layer of very
dark gray loamy fine sand about 12 inches thick. The
subsoil, from 12 to 21 inches, is dark brown loamy fine
sand. The underlying material, from 21 to 60 inches, is
dark brown fine sand in the upper part and dark grayish
brown fine sand in the lower part. In places, the surface
layer is loamy sand. In other places, generally on the
tops of knolls, the surface layer is thinner and somewhat
eroded with a few small blowout spots.

Typically, the surface layer of the Hecla soil is black
loamy fine sand in the upper part and very dark grayish
brown loamy fine sand in the lower part, and is about 26
inches thick. The underlying material, from 26 to 60
inches, is brown fine sand in the upper part and light
olive brown fine sand in the middle and lower parts. In
some places the surface layer is loamy sand, or it is
moderately eroded.

Included with these soils in mapping, and making up
as much as 15 percent of the map unit, are small areas
of the well drained Dickey soil and the poorly drained
Fossum soil. The Dickey soil has a fine sandy loam
surface layer and loam underlying material and is on the
same landscape position as the Maddock soil. The
Fossum soil is in lower positions in the swales.

Permeability is rapid, available water capacity is low for
the Maddock soil and low or moderate for the Hecla soil,
and runoff is slow. Susceptibility to soil blowing is very
high and to water erosion is low.

Most areas of these soils are used for cultivated
crops, hay, and pasture. The potential is fair for range,
windbreaks, and recreational uses. The potential is good
for most engineering uses, poor for crops, and very poor
for wetland wildlife habitat.

These soils are poorly suited to wheat, oats, barley,
flax, and grass-legume hay. If the soils are tilled, the
main management concerns are low available water ca-
pacity and control of soil blowing. High stubble, intensive
use of field windbreaks, annual buffer strips, and stubble
mulching can alleviate these limitations.

Using these soils for pastureland or rangeland helps
control erosion. Conserving soil moisture and overgraz-
ing are the main management concerns. Proper stocking
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rates, pasture rotation, and timely delay of grazing help
keep the pasture and soil in good condition.

The Maddock soil is suited to trees and shrubs in
windbreaks and environmental plantings. Some climati-
cally adapted species have the potential to grow well on
the Maddock soil.

The Hecla soil is well suited to trees and shrubs in
windbreaks and environmental plantings. All climatically
adapted species have the potential to grow well on the
Hecla soil. Grass and weeds need to be eliminated
before the trees are planted, and ground cover regrowth
needs to be controlled for the entire life of the plantings.

The soils in this map unit are well suited to sanitary
facilities and buildings. There is a possibility of septic
tank effluent contaminating ground water supplies be-
cause of the high seepage rates. Wetness is a limitation
for buildings on the Hecla soil and can be minimized by
foundation drainage or by locating structures on the
higher lying Maddock soil. Alternate sites are needed for
sewage lagoons. These soils are generally not suited to
wetland wildlife habitat.

This map unit is in capability subclass IVe.

59D—Maddock loamy fine sand, 6 to 15 percent
slopes. This deep, moderately sloping and strongly slop-
ing, well drained soil is on sandy plains and sand man-
tled moraines. Individual areas of this map unit are 5 to
150 acres.

Typically, the surface layer is very dark gray loamy fine
sand about 12 inches thick. The subsoil, from 12 to 21
inches, is dark brown loamy fine sand. The underlying
material, from 21 to 60 inches, is dark brown fine sand in
the upper part and dark grayish brown fine sand in the
lower part. In places the surface layer is loamy sand or
fine sandy loam. In other places, generally on tops of
knolls and ridges, the surface layer is thinner and moder-
ately eroded with a few small blowout spots. In addition,
the tops of knolls and ridges are slightly stony or gravelly
in places.

inciuded with this soil in mapping, and making up as
much as 15 percent of the map unit, are small areas of
the well drained Dickey soil and the moderately well
drained Hecla soil. The Dickey soil has a fine sandy
loam surface layer and loam underlying material and is
on knolls and ridges. The Hecla soil has a thicker sur-
face layer and is in swales.

This Maddock soil has rapid permeability. Available
water capacity is low, and runoff is medium or rapid.
Susceptibility to soil blowing is very high and to water
erosion is moderate or high.

Most areas of this soil are used for hay and range.
The potential is fair for range and for most engineering
and recreational uses. The potential is poor for crops
and windbreaks and is very poor for wetland wildlife
habitat. !t is generally not feasible to cultivate this soil
because of slope, the high hazard of soil blowing, and
the low available water capacity.
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Using this soil for pastureland or rangeland helps con-
trol erosion. Conserving soil moisture and overgrazing
are the main management concerns. Proper stocking
rates, pasture rotation, and timely delay of grazing help
keep the pasture and soil in good condition.

This soil is suited to sanitary facilities and buildings.
There is a possibility of septic tank effluent contaminat-
ing ground water supplies because of the high seepage
rates. Slope is a limitation for buildings that can be
overcome by cut and fill operations. Alternate sites are
needed for sewage lagoons. This soil is generally not
suited to wetland wildlife habitat.

This map unit is in capability subclass Vle.

61—Renshaw loam, 1 to 3 percent slopes. This
deep, nearly level, somewhat excessively drained soil is
on glacial outwash plains and stream terraces. The soil
is shallow over sand and gravel. Individual areas of this
map unit are 5 to more than 600 acres.

Typically, the surface layer is black loam about 7
inches thick. The subsoil, from 7 to 16 inches, is very
dark grayish brown loam in the upper part and dark
brown loam in the lower part. The underlying material,
from 16 to 60 inches, is dark brown and dark gray
coarse sand gravel. In places the surface layer and sub-
soil are sandy loam. In other places the soil is excessive-
ly drained, the surface layer is less than 7 inches thick,
and the depth to sand and gravel ranges from 9 to 16
inches.

Included with this soil in mapping, and making up 10 to
20 percent of the map unit, are small areas of the mod-
erately well drained Fordville soil. This soil is moderately
deep over sand and gravel and is in the swales.

This Renshaw soil has rapid permeability. Available
water capacity is low, and runoff is slow. Susceptibility to
soil blowing and water erosion is low.

Most areas of this soil are used for cultivated crops.
The potential is good for most engineering and recre-
ational uses and is poor for crops and windbreaks. The
potential is fair for range and is very poor for wetland
wildlife habitat.

This soil is poorly suited to wheat, oats, barley, flax,
and grass-legume hay. Low available water capacity is
the main management concern. Stubble mulching and
high stubble help alleviate this limitation.

This soil is suited to pastureland or rangeland. Con-
serving soil moisture and overgrazing are the main man-
agement concerns. Proper stocking rates, pasture rota-
tion, and timely delay of grazing help keep the pasture
and soil in good condition.

This soil is poorly suited to trees and shrubs in wind-
breaks and environmental plantings. Potential is good for
growing a few climatically adapted species. Grass and
weeds need to be eliminated before the trees are plant-
ed, and ground cover regrowth needs to be controlled
for the entire life of the plantings.
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This soil is well suited to sanitary facilities and build-
ings. There is a possibility of septic tank effluent con-
taminating groundwater supplies because of high seep-
age rates. Alternate sites are needed for sewage la-
goons. This soil is generally not suited to wetland wildlife
habitat.

This map unit is in capability subclass Ills.

61B—Renshaw loam, 3 to 6 percent slopes. This
deep, gently sloping, somewhat excessively drained soil
is on glacial outwash plains and stream terraces. The
soil is shallow over sand and gravel. Individual areas of
this map unit are 5 to 250 acres.

Typically, the surface layer is black loam about 7
inches thick. The subsoil, from 7 to 16 inches, is very
dark grayish brown loam in the upper part and dark
brown loam in the lower part. The underlying material,
from 16 to 60 inches, is dark brown and dark gray
coarse sand and gravel. In places the surface layer and
subsoil are sandy loam. In other places the soil is exces-
sively drained, the surface layer is less than 7 inches
thick, and the depth to sand and gravel ranges from 9 to
16 inches. in places the slopes are moderate.

Included with this soil in mapping, and making up as
much as 20 percent of the map unit are small areas of
the moderately well drained Fordville soil. This soil is
moderately deep over sand and gravel and is in swales.

This Renshaw soil has rapid permeability. Available
water capacity is low, and runoff is medium. Susceptibil-
ity to soil blowing is low and to water erosion is moder-
ate.

Most areas of this soil are used for cultivated crops.
The potential is good for most engineering and recre-
ational uses and is poor for crops and windbreaks. The
potential is fair for range and is very poor for wetland
wildlife habitat.

This soil is poorly suited to wheat, oats, barley, flax,
and grass-legume hay. The main management concerns
are low available water capacity and control of water
erosion. Stubble mulching and high stubble help alleviate
the low available water capacity. Use of crop residue
and planting of grassed waterways where necessary
help control water erosion.

Using this soil for pastureland or rangeland helps con-
trol erosion. Conserving soil moisture and overgrazing
are the main management concerns. Proper stocking
rates, pasture rotation, and timely delay of grazing help
keep the pasture and soil in good condition.

This soil is poorly suited to trees and shrubs in wind-
breaks and environmental plantings. Potential is good for
growing a few climatically adapted species. Grass and
weeds need to be eliminated before the trees are plant-
ed, and ground cover regrowth needs to be controlled
for the entire life of the plantings.

This soil is well suited to sanitary facilities and build-
ings. There is a possibility of septic tank effluent con-
taminating ground water supplies because of the high
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seepage rates. Alternate sites are needed for sewage
lagoons. This soil is generally not suited to wetland wild-
life habitat.

This map unit is in capability subclass llle.

63—Brantford loam, 1 to 3 percent slopes. This
deep, nearly level, well drained soil is on glacial outwash
plains and stream terraces. The soil is shallow over sand
and gravel that is mainly shale in origin. Individual areas
of this map unit are 5 to more than 600 acres.

Typically, the surface layer is black loam about 8
inches thick. The subsoil, from 8 to 13 inches, is dark
brown loam. The underlying material, from 13 to 60
inches, is dark grayish brown and is loam in the upper
part, loamy coarse sand and shaly coarse sand in the
middle part, and coarse sand and gravel in the lower
part. In places the surface layer is moderately eroded.

Included with this soil in mapping, and making up as
much as 20 percent of the map unit, are small areas of
the excessively drained Coe soil and the well drained
Vang soil. The Coe soil is very shallow over shaly sand
and gravel and is on some higher rises. The Vang soil is
moderately deep over shaly sand and gravel and is in
swales.

This Brantford soil has moderate permeability in the
upper part and very rapid permeability in the underlying
material. Available water capacity is low, and runoff is
slow. Susceptibility to soil blowing is moderate and to
water erosion is low.

Most areas of this soil are used for cultivated crops.
The potential is good for most engineering and recre-
ational uses and is poor for crops and windbreaks. The
potential is fair for range and is very poor for wetland
wildlife habitat.

This soil is poorly suited to wheat, oats, barley, flax,
and grass-legume hay. The main management concerns
are low available water capacity and control of soil blow-
ing. High stubble, use of field windbreaks, annual buffer
strips, and stubble mulching help alleviate these limita-
tions.

Using this soil for pastureland or rangeland helps con-
trol erosion. Conserving soil moisture and overgrazing
are the main management concerns. Proper stocking
rates, pasture rotation, and timely delay of grazing help
keep the pasture and soil in good condition.

This soil is poorly suited to trees and shrubs in wind-
breaks and environmental plantings. Potential is good for
growing a few climatically adapted species. Grass and
weeds need to be eliminated before the trees are plant-
ed, and ground cover regrowth needs to be controlled
for the entire life of the plantings.

This soil is well suited to sanitary facilities and build-
ings. There is a possibility of septic tank effluent con-
taminating ground water supplies because of the high
seepage rates. Alternate sites are needed for sewage
lagoons. This soil is generally not suited to wetland wild-
life habitat.
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This map unit is in capability subclass liis.

63B—Brantford loam, 3 to 6 percent slopes. This
deep, gently sloping, well drained soil is on glacial
outwash plains and stream terraces. The soil is shallow
over sand and gravel that is mainly shale in origin. Indi-
vidual areas of this map unit are 5 to 600 acres.

Typically, the surface layer is black loam about 8
inches thick. The subsoil, from 8 to 13 inches, is dark
brown loam. The underlying material, from 13 to 60
inches, is dark grayish brown and is loam in the upper
part, loamy coarse sand and shaly coarse sand in the
middle part, and coarse sand and gravel in the lower
part. In places the surface layer is moderately eroded.

Included with this soil in mapping, and making up as
much as 20 percent of the map unit, are small areas of
the excessively drained Coe soil and the well drained
Vang soil. The Coe soil is very shallow over shaly sand
and gravel and is on higher knolls and ridges. The Vang
soil is moderately deep over shaly sand and gravel and
is in swales.

This Brantford soil has moderate permeability in the
upper part and very rapid permeability in the underlying
material. Available water capacity is low, and runoff is
medium. Susceptibility to soil blowing and to water ero-
sion is moderate.

Most areas of this soil are used for cultivated crops.
The potential is good for most engineering and recre-
ational uses and is poor for crops and windbreaks. The
potential is fair for range and is very poor for wetland
wildlife habitat.

This soil is poorly suited to wheat, oats, barley, flax,
and grass-legume hay. The main management concerns
are low available water capacity and control of soil blow-
ing and water erosion. High stubble, use of field wind-
breaks, annual buffer strips, and stubble mulching can
alleviate the low available water capacity and soil blow-
ing. Use of crop residue and planting of grassed water-
ways where necessary help control water erosion.

Using this soil for pastureland or rangeland helps con-
trol erosion. Conserving soil moisture and overgrazing
are the main management concerns. Proper stocking
rates, pasture rotation, and timely delay of grazing help
keep the pasture and soil in good condition.

This soil is poorly suited to trees and shrubs in wind-
breaks and environmental plantings. Potential is good for
growing a few climatically adapted species. Grass and
weeds need to be eliminated before the trees are plant-
ed, and ground cover regrowth needs to be controlled
for the entire life of the plantings.

This soil is well suited to sanitary facilities and build-
ings. There is a possibility of septic tank effluent con-
taminating ground water supplies because of the high
seepage rates. Alternate sites are needed for sewage
lagoons. This soil is generally not suited to wetland wild-
life habitat.

This map unit is in capability subclass Ille.
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63C—Brantford loam, 6 to 9 percent slopes. This
deep, moderately sloping, well drained soil is on glacial
outwash plains and stream terraces. The soil is shallow
over sand and gravel that is mainly shale in origin. Indi-
vidual areas of this map unit are 5 to 200 acres.

Typically, the surface layer is black loam about 8
inches thick. The subsoil, from 8 to 13 inches, is dark
brown loam. The underlying material, from 13 to 60
inches, is dark grayish brown and is loam in the upper
part, loamy coarse sand and shaly coarse sand in the
two middle parts, and coarse sand and gravel in the
lower part. In places the surface layer is sandy loam, and
in other places it is moderately eroded.

Included with this soil in mapping, and making up as
much as 20 percent of the map unit, are small areas of
the excessively drained Coe soil and the well drained
Vang soil. The Coe soil is very shallow over shaly sand
and gravel and is on higher knolls and ridges. The Vang
soil is moderately deep over shaly sand and gravel and
is in swales.

This Brantford soil has moderate permeability in the
upper part and very rapid permeability in the underlying
material. Available water capacity is low, and runoff is
rapid. Susceptibility to soil blowing is moderate and to
water erosion is high.

Most areas of this soil are used for cultivated crops,
hay, and pasture. The potential is good for most engi-
neering and recreational uses and is poor for crops and
windbreaks. The potential is fair for range and is very
poor for wetland wildlife habitat.

This soil is poorly suited to wheat, oats, barley, flax,
and grass-legume hay. When this soil is tilled, the main
management concerns are low available water capacity
and control of soil blowing and water erosion. High stub-
ble, use of field windbreaks, annual buffer strips, and
stubble mulching can alleviate the low available water
capacity and soil blowing. Use of crop residue and plant-
ing of grassed waterways where necessary help control
water erosion.

Using this soil for pastureland or rangeland helps con-
trol erosion. Conserving soil moisture and overgrazing
are the main management concerns. Proper stocking
rates, pasture rotation, and timely delay of grazing help
keep the pasture and soil in good condition.

This soil is poorly suited to trees and shrubs in wind-
breaks and environmental plantings. Potential is good for
growing a few climatically adapted species. Grass and
weeds need to be eliminated before the trees are plant-
ed, and ground cover regrowth needs to be controlled
for the entire life of the plantings.

This soil is well suited to sanitary facilities and build-
ings. There is a possibility of septic tank effluent con-
taminating ground water supplies because of the high
seepage rates. Alternate sites are needed for sewage
lagoons. This soil is generally not suited to wetland wild-
life habitat.

This map unit is in capability subclass IVe.
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64—Divide loam, 1 to 3 percent slopes. This deep,
nearly level, somewhat poorly drained soil in on stream
terraces and glacial outwash plains. The soil is moder-
ately deep over sand and gravel. Individual areas of this
map unit are 5 to 400 acres.

Typically, the surface layer is black loam in the upper
part and very dark gray clay loam in the lower part about
10 inches thick. The underlying material, from 10 to 22
inches, is grayish brown clay loam. The underlying mate-
rial, from 22 to 60 inches, is dark grayish brown and dark
brown sand and gravel. In swales, the depth to sand and
gravel is generally greater than 22 inches, and on rises if’
is less than 22 inches. In places, the depth to high lime
is greater than 16 inches.

Inlcuded with this soil in mapping, and making up as
much as 15 percent of the map unit, are small areas of
the well drained Fordville soil, the poorly drained Marys-
land soil, and the somewhat excessively drained Ren-
shaw soil. The Fordville and Renshaw soils have no
layers of lime accumulation within a depth of 16 inches
of the surface, and are on higher rises. The more poorly
drained Marysland soil is on lower positions in swales.

This Divide soil has moderate permeability in the upper
part and very rapid permeability in the underlying materi-
al. Available water capacity is low or moderate, and
runoff is slow. Early in spring and after unusually heavy
rainy periods a temporary high water table develops,
resulting in wetness. Susceptibility to soil blowing is high
and to water erosion is low.

Most areas of this soil are used for cultivated crops.
The potential is fair for crops and recreational uses. The
potential is good for range and windbreaks and is poor
for most engineering uses and wetland wildlife habitat.

This soil is suited to wheat, oats, barley, flax, and
grass-legume hay. Wetness and control of soil blowing
are the main management concerns. Adequate outlets
for drainage are often difficult to locate. Maintaining sur-
face drains and intensive use of field windbreaks, annual
bufter strips, and stubble mulching can alleviate these
limitations.

Using this soil for pastureland or rangeland helps con-
trol erosion. Overgrazing or grazing when the soil is wet
causes surface compaction, reduces soil tiith, and in-
creases surface runoff. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

This soil is well suited to trees and shrubs in wind-
breaks and environmental plantings. Potential is good for
growing all climatically adapted species. Grass and
weeds need to be eliminated before the trees are plant-
ed, and ground cover regrowth needs to be controlled
for the entire life of the plantings.

This soil is poorly suited to sanitary facilities and build-
ings. There is a possibility of septic tank effluent con-
taminating ground water supplies because of the high
seepage rates. Wetness is a limitation for buildings that
can be minimized by foundation drainage. Alternate sites
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are needed for sewage lagoons. This soil is poorly suited
to wetland wildlife habitat.
This map unit is in capability subclass lils.

65—Vang loam, 1 to 3 percent slopes. This deep,
nearly level, well drained soil is on stream terraces and
glacial outwash plains. The soil is moderately deep over
sand and gravel that is mainly shale in origin. Individual
areas of this map unit are 5 to 400 acres.

Typically, the surface layer is black loam about 17
inches thick. The subsoil, from 17 to 30 inches, is very
dark brown loam in the upper part and brown and dark
brown loam in the lower part. The underlying material,
from 30 to 60 inches, is olive stratified shaly sand and
gravel.

Included with this soil in mapping, and making up 10 to
20 percent of the map unit, are small areas of the well
drained Brantford soil and the moderately well drained
Gardena soil. The Brantford soil is shallow over shaly
sand and gravel and is on rises. The Gardena soil has
silt loam from the surface layer through the underlying
material and is on the same landscape position as the
Vang soil.

This Vang soil has moderate permeability in the upper
part and very rapid permeability in the underlying materi-
al. Available water capacity is moderate, and runoff is
slow. Susceptibility to soil blowing and to water erosion
is low.

Most areas of this soil are used for cultivated crops.
The potential is good for range, windbreaks, and for
most engineering and recreational uses. The potential is
fair for most crops and is poor for wetland wildlife habi-
tat.

This soil is suited to wheat, oats, barley, flax, and
grass-legume hay. Low available water capacity is the
main management concern. Leaving high stubble and
stubble mulching can alleviate this limitation.

This soil is well suited to pastureland or rangeland.
Conserving soil moisture and overgrazing are the main
management concerns. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

This soil is well suited to trees and shrubs in wind-
breaks and environmental plantings. Potential is good for
growing nearly all climatically adapted species. Grass
and weeds need to be eliminated before the trees are
planted, and ground cover regrowth needs to be con-
trolied for the entire life of the plantings.

This soil is well suited to sanitary facilities and build-
ings. There is a possibility of septic tank effluent con-
taminating ground water supplies because of the high
seepage rates. Alternate sites are needed for sewage
lagoons. This soil is poorly suited to wetland wildlife
habitat.

This map unit is in capability subclass Iis.
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65B—Vang loam, 3 to 6 percent slopes. This deep,
gently sloping, well drained soil is on stream terraces
and glacial outwash plains. The soil is moderately deep
over sand and gravel that is mainly shale in origin. Indi-
vidual areas of this map unit are 5 to 100 acres.

Typically, the surface layer is black loam about 17
inches thick. The subsoil, from 17 to 30 inches, is very
dark brown loam in the upper part and brown and dark
brown loam in the lower part. The underlying material,
from 30 to 60 inches, is olive stratified shaly sand and
gravel.

Included with this soil in mapping, and making up 10 to
20 percent of the map unit, are small areas of the well
drained Brantford soil. This soil is shallow over shaly
sand and gravel and is on knolls and ridges.

This Vang soil has moderate permeability in the upper
part and very rapid permeability in the underlying materi-
al. Available water capacity is moderate, and runoff is
medium. Susceptibility to soil blowing is low and to water
erosion is moderate.

Most areas of this soil are used for cultivated crops.
The potential is good for range, windbreaks, and for
most engineering and recreational uses. The potential is
fair for crops and is very poor for wetland wildlife habitat.

This soil is suited to wheat, oats, barley, flax, and
grass-legume hay. The main management concerns are
low available water capacity and control of water ero-
sion. High stubble and stubble mulching can alleviate low
available water capacity. Use of crop residue and plant-
ing of grassed waterways where necessary help control
water erosion.

Using this soil for pastureland or rangeland helps con-
trol erosion. Conserving soil moisture and overgrazing
are the main management concerns. Proper stocking
rates, pasture rotation, and timely delay of grazing help
keep the pasture and soil in good condition.

This soil is well suited to trees and shrubs in wind-
breaks and environmental plantings. Potential is good for
growing nearly all climatically adapted species. Grass
and weeds need to be eliminated before the trees are
planted, and ground cover regrowth needs to be con-
trolled for the entire life of the plantings.

This soil is well suited to sanitary facilities and buiid-
ings. There is a possibility of septic tank effluent con-
taminating ground water supplies because of the high
seepage rates. Alternate sites are needed for sewage
lagoons. This soil is generally not suited to wetland wild-
life habitat.

This map unit is in capability subclass llle.

66—Marysland loam. This deep, level, poorly drained
soil is on stream terraces and glacial outwash plains.
The soil is moderately deep over sand. Individual areas
of this map unit are 5 to 350 acres.

Typically, the surface layer is black loam about 8
inches thick. The underlying material, from 8 to 26
inches, is dark gray clay loam and olive gray loam. The
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underlying material, from 26 to 60 inches, is dark grayish
brown coarse sand. In places, generally on swells, the
soil is somewhat poorly drained. In other places it is
moderately saline.

Included with this soil in mapping, and making up as
much as 10 percent of the map unit, are small areas of
the poorly drained Borup soil. This soil is on the same
landscape position as the Marysland soil and does not
have coarse sand in the underlying material.

This Marysland soil has moderate permeability in the
upper part and rapid permeability in the underlying mate-
rial. Available water capacity is moderate, and runoff is
slow. Early in spring and after unusually heavy rainy
periods a high water table develops, resulting in wetness
and some surface ponding. Susceptibility to soil blowing
is high.

Most areas of this soil are used for cultivated crops
and range. The potential is poor for crops and for most
engineering and recreational uses. The potential is fair
for range and is good for windbreaks and wetland wildlife
habitat.

This soil is poorly suited to wheat, oats, barley, flax,
and grass-legume hay. When this soil is tilled, the main
management concerns are wetness and control of soil
blowing. Adequate outlets for drainage water are often
difficult to locate. Maintaining surface drains and inten-
sive use of field windbreaks, annual buffer strips, and
stubble muliching can alleviate these limitations.

Using this soil for pastureland or rangeland helps con-
trol erosion. Overgrazing or grazing when the soil is wet
reduces surface infiltration and causes surface compac-
tion and poor soil tilth. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

Where drained, this soil is well suited to trees and
shrubs in windbreaks and environmental plantings. Po-
tential is good for growing all climatically adapted spe-
cies. Grass and weeds need to be eliminated before the
trees are planted, and ground cover regrowth needs to
be controlled for the entire life of the plantings. Un-
drained areas are unsuited to these uses.

This soil is poorly suited to sanitary facilities and build-
ings. Wetness is a severe limitation that can be over-
come in part by drainage; however, adequate outlets for
drainage water are difficult to locate. Alternate sites are
needed for buildings and related uses: This soil is well
suited to wetland wildlife habitat.

This map unit is in capability subclass IVw.

67—Marysland loam, wet. This deep, level, very
poorly drained soil is on glacial outwash plains and in old
stream channels. The soil is moderately deep over sand.
individual areas of this map unit are 5 to 100 acres.

Typically, the surface layer is black loam about 8
inches thick. The underlying material, from 8 to 26
inches, is dark gray clay loam and olive gray loam. The
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underlying material, from 26 to 60 inches, is dark grayish
brown coarse sand.

Included with this soil in mapping, and making up as
much as 20 percent of the map unit, are small areas of
the poorly drained Borup soil and the poorly drained and
very poorly drained Colvin soil. These soils are in the
same landscape position as the Marysland soil and do
not have coarse sand in the underlying material.

This Marysland soil has moderate permeability in the
upper part, and rapid permeability in the underlying mate-
rial. Available water capacity is moderate, and runoff is
slow. This soil is ponded early in spring and after heavy
rainy periods. The water table is near the surface
throughout most of the year. Susceptibility to soil blowing
is high.

Most areas of this soil are used for hay, range, and
wetland wildlife habitat. The potential is poor for crops,
windbreaks, and for most engineering and recreational
uses. The potential is fair for range and is good for
wetland wildlife habitat. It is generally not feasible to
cultivate this soil because of wetness, surface ponding,
and the absence of suitable outlets.

Using this soil for pastureland or rangeland helps con-
trol erosion. Overgrazing or grazing when the soil is wet
causes surface compaction and poor soil tilth. Proper
stocking rates, pasture rotation, and timely delay of graz-
ing help keep the pasture and soil in good condition.

This soil is poorly suited to sanitary facilities and build-
ings. Wetness and flooding are severe limitations that
can be overcome in part by drainage; however, adequate
outlets for drainage water are difficult to locate. Alternate
sites are needed for buildings and related uses. This soil
is well suited to wetland wildlife habitat.

This map unit is in capability subclass Vw.

68B—Arvilla sandy loam, 1 to 6 percent slopes.
This deep, nearly level and gently sloping, somewhat
excessively drained soil is on glacial outwash plains and
stream terraces. The soil is moderately deep over sand
and gravel. Individual areas of this map unit are 5 to 350
acres.

Typically, the surface layer is black sandy loam about
8 inches thick. The subsoil, from 8 to 15 inches, is dark
brown sandy loam. The underlying material, from 15 to
60 inches, is grayish brown sandy loam in the upper part
and yellowish brown coarse sand and gravel in the lower
part. The depth to sand and gravel is less on some
knolls and ridges and greater in some swales. In places
the slopes are maoderate.

Included with this soil in mapping, and making up as
much as 15 percent of the map unit, are small areas of
the excessively drained Sioux soil. This soil has a gravel-
ly loam and loam surface layer and is very shallow over
sand and gravel. It is on higher knolls and ridges.

This soil has rapid permeability. Available water capac-
ity is low, and runoff is slow. Susceptibility to soil blowing
is high and to water erosion is low.

SOIL SURVEY

Most areas of this soil are used for cultivated crops,
hay, and pasture. The potential is poor for crops and
windbreaks and is good for most engineering and recre-
ational uses. The potential is fair for range and is very
poor for wetland wildlife habitat.

This soil is poorly suited to wheat, oats, barley, flax,
and grass-legume hay. When this soil is tilled, the main
management concerns are low available water capacity
and control of soil blowing. High stubble, intensive use of
field windbreaks, annual buffer strips, and stubble mulch-
ing can alleviate these limitations.

Using this soil for pastureland or rangeland helps con-
trol erosion. Conserving soil moisture and overgrazing
are the main management concerns. Proper stocking
rates, pasture rotation, and timely delay of grazing help
keep the pasture and soil in good condition.

This soil is poorly suited to trees and shrubs in wind-
breaks and environmental plantings. Potential is good for
growing a few climatically adapted species. Grass and
weeds need to be eliminated before the trees are plant-
ed, and the ground cover regrowth needs to be con-
trolled for the entire life of the plantings.

This soil is well suited to sanitary facilities and build-
ings. There is a possibility of septic tank effluent con-
taminating ground water supplies because of the high
seepage rates. Alternate sites are needed for sewage
lagoons. This sail is not suited to wetland wildlife habitat.

This map unit is in capability subclass llle.

70B—Binford sandy loam, 1 to 6 percent slopes.
This deep, nearly level and gently sloping, well drained
and somewhat excessively drained soil is on glacial
plains and stream terraces. The soil is moderately deep
over sand and gravel that is mainly shale in origin. Indi-
vidual areas of this map unit are 5 to 100 acres.

Typically, the surface layer is black sandy loam in the
upper part, very dark gray sandy loam in the lower part,
and about 9 inches thick. The subsoil, from 9 to 20
inches, is dark brown sandy loam in the upper part and
dark grayish brown sandy loam in the lower part. The
underlying material, from 20 to 60 inches, is grayish
brown shaly sandy loam in the upper part and dark
grayish brown shaly coarse loamy sand in the middle
and lower parts. In places the soils are moderately slop-
ing, and in other areas the surface layer is moderately
eroded. In places the surface layer and subsoil are loam,
and in other areas the depth to shaly sand and gravel
ranges from 14 to 20 inches.

Included with this soil in mapping, and making up as
much as 20 percent of the map unit, are small areas of
the excessively drained Coe soil and the well drained
Vang soil. The Coe soil is very shallow over shaly sand
and gravel and is on higher knoils and ridges. The Vang
soil has a loam surface layer and subsoil and is in some
swales.
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This Binford soil has rapid permeability. Available
water capacity is low, and runoff is slow. Susceptibility to
soil blowing is high and to water erosion is low.

Most areas of this soil are used for cultivated crops,
hay, and pasture. The potential is poor for crops and
windbreaks and is good for most engineering and recre-
ational uses. The potential is fair for range and is very
poor for wetland wildlife habitat.

This soil is poorly suited to wheat, oats, barley, flax,
and grass-legume hay. When this soil is tilled, the main
management concerns are low available water capacity
and control of soil blowing. High stubble, intensive use of
field windbreaks, annual buffer strips, and stubble mulch-
ing can alleviate these limitations.

Using this soil for pastureland or rangeland helps con-
trol erosion. Conserving soil moisture and overgrazing
are the main management concerns. Proper stocking
rates, pasture rotation, and timely delay of grazing help
keep the pasture and soil in good condition.

This soil is poorly suited to trees and shrubs in wind-
breaks and environmental plantings. Potential is good for
growing a few climatically adapted species. Grass and
weeds need to be eliminated before the trees are plant-
ed, and ground cover regrowth needs to be controlled
for the entire life of the plantings.

This soil is well suited to sanitary facilities and build-
ings. There is a possibility of septic tank effluent con-
taminating ground water supplies because cf the high
seepage rates. Alternate sites are needed for sewage
lagoons. This soil is not suited to wetland wildlife habitat.

This map unit is in capability subclass llle.

71--Svea-Cresbard loams, 1 to 3 percent slopes.
This map unit consists of deep, nearly level, moderately
well drained soils on glacial till plains. The Svea soil is
on gentle rises and in some swales and is 60 to 80
percent of the map unit. The Cresbard soil is in swales
and on some rises and is 20 to 40 percent of the map
unit. Areas of the two soils are so intricately mixed or
individually so small in size that it is not practical to
separate them in mapping. Individual areas of this map
unit are 5 to 500 acres.

Typically, the Svea soil has a surface layer of black
loam about 12 inches thick. The subsoil, from 12 to 22
inches, is very dark grayish brown loam in the upper part
and dark grayish brown loam in the lower part. The
underlying material, from 22 to 60 inches, is grayish
brown loam. In places the soil is well drained, and the
black surface layer is less than 12 inches thick.

Typically, the Cresbard soil has a surface layer of very
dark gray loam about 6 inches thick. The subsurface
layer, from 6 to 8 inches, is dark grayish brown loam.
The subsoil, from 8 to 16 inches, is dark grayish brown
dense silty clay in the upper part and very dark grayish
brown dense silty clay in the lower part. The underlying
material from 16 to 60 inches is olive brown clay loam in
the upper part and dark grayish brown clay loam in the
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lower part. In places the subsoil is denser. In some of
these areas the surface layer is thinner and the soil is
somewhat poorly drained.

Included with these soils in mapping, and making up
as much as 15 percent of the map unit, are smalil areas
of the somewhat poorly drained Hamerly soil, the very
poorly drained Parnell soil, and the poorly drained Tonka
and Vallers soils. The Hamerly and Vallers soils are
around the margins of deep depressions and have layers
of lime accumulation within a depth of 16 inches of the
surface. The Parnell and Tonka soils are in deep depres-
sions.

Permeability in the Svea soil is slow, available water
capacity is high, and runoff is slow. Permeability in the
Cresbard soil is slow, available water capacity is moder-
ate, and runoff is slow. In areas of the Cresbard soil, the
surface is hard and crusted when dry and dispersed
when wet. The dense subsoil restricts the rooting depth
of plants. Susceptibility to soil blowing and to water ero-
sion is low.

Most areas of these soils are used for cultivated
crops. The potential is good for crops, range, and wind-
breaks. The potential is fair for most engineering and
recreational uses and is poor for wetland wildlife habitat.

These soils are well suited to wheat, oats, barley, flax,
and grass-legume hay. Maintaining good soil tilth is the
main management concern. Use of crop residue helps
control this limitation.

These soils are well suited to pastureland or range-
land. Overgrazing or grazing when the soil is wet causes
surface compaction, reduces soil tilth, and increases sur-
face runoff. Proper stocking rates, pasture rotation, and
timely delay of grazing help keep the pasture and soil in
good condition.

The Svea soil is well suited to trees and shrubs in
windbreaks and environmental plantings. All climatically
adapted species have the potential to grow well on the
Svea soil.

The Cresbard soil is suited to trees and shrubs in
windbreaks and environmental plantings. Many climati-
cally adapted species have the potential to grow well on
the Cresbard soils. Grass and weeds need to be elimi-
nated before the trees are planted, and ground cover
regrowth needs to be controlled for the entire life of the
plantings.

The soils in this map unit are suited to sanitary facili-
ties and buildings. The moderately slow or slow perme-
ability is a limitation for septic tanks that can be over-
come by increasing the size of the absorption field. Wet-
ness is a limitation for buildlings on the Svea soil and
can be minimized by foundation drainage. Shrink-swell is
a limitation for buildings that can be overcome by rein-
forcing foundations and basement walls. These soils are
poorly suited to wetland wildlife habitat.

This map unit is in capability subclass llis.
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71B-—Svea-Cresbard loams, 3 to 6 percent slopes.
This map unit consists of deep, gently sloping, moderate-
ly well drained soils on glacial till plains and valley foot
slopes. The Svea soil is on side slopes and in some
swales and is 60 to 80 percent of the map unit. The
Cresbard soil is in swales and on some side slopes and
is 20 to 40 percent of the map unit. Areas of the two
soils are so intricately mixed or individually so small in
size that it is not practical to separate them in mapping.
Individual areas of this map unit are 5 to 160 acres.

Typically, the Svea soil has a surface layer of black
loam about 12 inches thick. The subsoil, from 12 to 22
inches, is very dark grayish brown loam in the upper part
and dark grayish brown loam in the lower part. The
underlying material, from 22 to 60 inches, is grayish
brown loam. In places, generally on tops of knolls, the
soil is well drained, and the black surface layer is less
than 12 inches thick.

Typically, the Cresbard soil has a surface layer of very
dark gray loam about 6 inches thick. The subsurface
layer, from 6 to 8 inches, is dark grayish brown loam.
The subsoil, from 8 to 16 inches, is dense silty clay and
is dark grayish brown in the upper part and very dark
grayish brown in the lower part. The underlying material,
from 16 to 60 inches, is olive brown clay loam in the
upper part and dark grayish brown clay loam in the lower
part. In places, the subsoil is denser. In some of these
areas, the surface layer is thinner and the soil is some-
what poorly drained.

Included with these soils in mapping, and making up
as much as 15 percent of the map unit, are small areas
of the somewhat poorly drained Hamerly soil, the very
poorly drained Parnell soil, and the poorly drained Tonka
and Vallers soils. The Hamerly and Vallers soils are
around the margins of deep depressions and have layers
of lime accumulation within a depth of 16 inches. The
Parnell and Tonka soils are in deep depressions.

Permeability in the Svea soil is moderately slow, avail-
able water capacity is high, and runoff is medium. Per-
meability in the Cresbard soil is slow, available water
capacity is moderate, and runoff is medium. Areas of the
Cresbard soil have a surface that is hard and crusted
when dry and dispersed when wet. The dense subsoil
restricts the rooting depth of plants. Susceptibility to soil
blowing is low and to water erosion is moderate.

Most areas of these soils are used for cultivated
crops. The potential is fair for crops and for most engi-
neering and recreational uses. The potential is good for
range and windbreaks and is very poor for wetland wild-
life habitat.

These soils are suited to wheat, oats, barley, flax, and
grass-legume hay. The main management concerns are
maintaining good soil tilth and controlling water erosion.
Use of crop residue and planting of grassed waterways
where necessary help control water erosion.

Using these soils for pastureland or rangeland helps
control erosion. Overgrazing or grazing when the soil is
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wet causes surface compaction, reduces soil tilth, and
increases surface runoff. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

The Svea soil is well suited to trees and shrubs in
windbreaks and environmental plantings. All climatically
adapted species grow well on the Svea soils.

The Cresbard soil is suited to trees and shrubs in
windbreaks and environmental plantings. Many climati-
cally adapted species have the potential to grow well on
the Cresbard soil. Grass and weeds need to be elimi-
nated before the trees are planted, and ground cover
regrowth needs to be controlled for the entire life of the
plantings.

The soils in this map unit are suited to sanitary facili-
ties and buildings. The moderately slow or slow perme-
ability is a limitation for septic tanks and can be over-
come by increasing the size of the absorption field. Wet-
ness is a limitation for buildings on the Svea soil and can
be minimized by foundation drainage. Shrink-swell is a
limitation for buildings that can be overcome by reinforc-
ing foundations and basement walls. These soils are
generally not suited to wetland wildlife habitat.

This map unit is in capability subclass llle.

73—Larson-Cathay loams, 1 to 3 percent slopes.
This map unit consists of deep, nearly level soils on
glacial till plains. The moderately well drained and some-
what poorly drained Larson soil is in swales and on
slopes and is 40 to 60 percent of the map unit. The
moderately well drained Cathay soil is in swales and on
side slopes and is 30 to 50 percent of the map unit.
Areas of the two soils are so intricately mixed or individ-
ually so small in size that it is not practical to separate
them in mapping. Individual areas of this map unit are 5
to 150 acres.

Typically, the Larson soil has a surface layer of black
loam about 6 inches thick. The subsurface layer is very
dark gray loam 6 to 7 inches thick. The subsoil, from 7
to 20 inches, is dense clay loam and is very dark brown
in the upper part and very dark grayish brown in the
middle and lower parts. The underlying material, from 20
to 60 inches, is light brownish gray clay loam in the
upper part, grayish brown clay loam in the middle part,
and light olive brown clay loam in the lower part. In
places the slopes are gentle. In places the surface layer
ranges from 3 to 6 inches thick, and the subsoil is more
dense. In other places, particutarly the southwestern part
of the county, the surface layer is silt loam or very fine
sandy loam. In parts of this area the underlying material
has a higher clay content.

Typically, the Cathay socil has a surface layer of black
loam about 8 inches thick. The subsurface layer is dark
grayish brown loam 8 to 9 inches thick. The subsoil, from
9 to 17 inches, is dense clay loam and is very dark
grayish brown in the upper part and olive brown in the
lower part. The underlying material, from 17 to 60
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inches, is light olive brown clay loam in the upper part,
olive brown and grayish brown clay loam in the middle
part, and olive brown clay loam in the lower part. In
places, the slopes are gentle. In other places, particularly
the southwestern part of the county, the surface layer is
silt loam or very fine sandy loam. In parts of this area the
underlying material has a higher clay content.

Included with these soils in mapping, and making up
as much as 15 percent of the map unit, are small areas
of the moderately well drained Emrick soil, the very
poorly drained Parnell soil, and the poorly drained Tonka
and Vallers soils. The Emrick soil is on rises, has a
thicker subsoil and surface layer, and the subsoil is not
dense. The Vallers soil has layers of lime accumulation
within a depth of 16 inches and is around the margins of
deep depressions. The Parnell and Tonka soils are in
deep depressions.

_ Permeability in the Larson soil is slow, available water
capacity is moderate, and runoff is slow. Permeability in
the Cathay soil is slow, available water capacity is high,
and runoff is slow. The surface is hard and crusted when
dry and dispersed when wet. The dense subsoil restricts
the rooting depth of plants. Susceptibility to soil blowing
and to water erosion is low.

Most areas of these soils are used for cuitivated
crops, hay, and range. The potential is fair for range and
for most engineering and recreational uses. The potential
is poor for crops, windbreaks, and wetland wildlife habi-
tat.

These soils are poorly suited to wheat, oats, barley,
flax, and grass-legume hay. When these soils are tilled,
the main management concern is improving soil tilth.
Use of crop residue, green manure crops, and deep
plowing to break up the dense subsoil can alleviate this
limitation.

These soils are suited to pastureland or rangeland.
Overgrazing or grazing when the soil is wet causes sur-
face compaction, reduces soil tilth, and increases sur-
face runoff. Proper stocking rates, pasture rotation, and
timely delay of grazing help keep the pasture and soil in
good condition.

The Larson soil is generally not suited to trees and
shrubs in windbreaks and environmental plantings be-
cause of excess sodium and restricted root growth. The
Cathay soil is suited to trees and shrubs in windbreaks
and environmental plantings. Many climatically adapted
species have the potential to grow well on the Cathay
soils. Grass and weeds need to be eliminated before the
trees are planted, and ground cover regrowth needs to
be controlled for the entire life of the plantings.

The soils in the map unit are suited to sanitary facili-
ties and buildings. The slow permeability is a limitation
for septic tanks on the Cathay soil and can be overcome
by increasing the size of the absorption field. Wetness is
a iimitation for buildings that can be minimized by foun-
dation drainage. Shrink-swell is a limitation for buildings
that can be overcome by reinforcing foundations and
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basement walls. Alternate sites are needed for septic
tanks on the Larson soil. Onsite investigations are
needed in areas proposed for irrigation to locate more
clayey underlying material. These soils are generally not
suited to wetland wildlife habitat.

This map unit is in capability subclass IVs.

74B—Cavour-Miranda complex, 1 to 6 percent
slopes. This map unit consists of deep, nearly level and
gently sloping soils on glacial till piains. The moderately
well drained Cavour soil is in swales and on slopes and
is 35 to 55 percent of the map unit. The moderately well
drained and somewhat poorly drained Miranda soil is in
micro depressions within swales and slopes and is 25 to
45 percent of the map unit. Areas of the two soils are so
intricately mixed or individually so small in size that it is
not practical to separate them in mapping. Individual
areas of this map unit are 5 to 150 acres.

Typically, the Cavour soil has a surface layer of black
silt loam, loam, or clay loam about 7 inches thick. The
subsurface layer, from 7 to 10 inches, is very dark gray
silt loam. The subsoil, from 10 to 23 inches, is dense
black clay. The underlying material, from 23 to 60
inches, is dark grayish brown clay loam in the upper part,
olive brown clay loam in the middle part, and light olive
brown clay loam in the lower part. In places there is no
subsurface layer, and the subsoil is less dense. in other
places, particularly on valley foot slopes, the underlying
material is shaly clay.

Typically, the Miranda soil has a surface layer of black
loam about 3 inches thick. The subsurface layer is very
dark gray loam about 2 inches thick. The subsoil, from 5
to 22 inches, is dense clay loam and is very dark gray in
the upper part, black and very dark gray in the middle
part, and very dark grayish brown in the lower part. The
underlying material, from 22 to 60 inches, is dark grayish
brown clay loam in the upper part and olive brown clay
loam in the lower part.

included with these soils in mapping, and making up
15 to 20 percent of the map unit, are small areas of the
well drained Barnes and Buse soils, the poorly drained
Tonka soil, and the very poorly drained Parnell soil. The
Barnes and Buse soils are on the upper side slopes and
crests of knolls. The Tonka and Parnell soils are in deep
depressions.

Permeability in the Cavour soil is very slow, available
water capacity is moderate, and runoff is medium. Per-
meability in the Miranda soil is slow, available water
capacity is moderate or high, and runoff is medium. The
surface is hard and crusted when dry and dispersed
when wet. The dense subsoil restricts the rooting depth
of plants. Susceptibility to soil blowing is low and to
water erosion is moderate.

Most areas of these soils are used for range, pasture,
and hayland. The potential is poor for crops, windbreaks,
and for most engineering and recreational uses. The
potential is very poor for wetland wildlife habitat and fair
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for range. It is generally not feasible to cultivate these
soils because of excess sodium, salinity, and restricted
root growth.

Using these soils for pastureland or hayland helps
control erosion and protect the soil. Overgrazing or graz-
ing when the soil is wet causes surface compaction,
reduces soil tilth, and increases surface runoff. Proper
stocking rates, pasture rotation, and timely delay of graz-
ing help keep the pasture and soil in good condition.

The soils in this map unit are poorly suited to sanitary
facilities and buildings. The very slow permeability is a
limitation for septic tanks that can be overcome by in-
creasing the size of the absorption field. Shrink-swell is a
limitation for buildings that can be overcome by reinforc-
ing foundations and basement walls. Better suited sites
for septic tanks and buildings are generally nearby.
These soils are not suited to wetland wildlife habitat.

This map unit is in capability subclass Vls.

75—Ryan silty clay. This deep, level, poorly drained
soil is on stream bottom lands, low terraces, and glacial
lake plains. Individual areas of this map unit are 5 to 350
acres.

Typically, the surface layer is black silty clay about 3
inches thick. The subsoil, from 3 to 16 inches, is dense
black silty clay. The underlying material, from 16 to 60
inches, is black silty clay in the upper part, very dark
gray silty clay in the middle part, and olive gray silty clay
in the lower part.

included with this soil in mapping, and making up as
much as 15 percent of the map unit, are small areas of
the poorly drained Lamoure soil and the very poorly
drained Rauville soil. They have a thicker surface layer,
do not have excess sodium in the subsoil, and are in
lower positions in the landscape.

This Ryan soil has very slow permeability. Available
water capacity is moderate, and runoff is slow. In spring
and after heavy rainy periods there is wetness and occa-
sional surface ponding. The surface is hard and crusted
when dry and dispersed when wet. The dense subsoil
restricts the rooting depth of plants. Susceptibility to soil
blowing is high.

Most areas of this soil are used for hay, pasture, and
range. The potential is poor for crops, range, wind-
breaks, and for most engineering and recreational uses.
The potential is fair for most wetland wildlife habitat. it is
generally not feasible to cultivate this soil because of
wetness, poor soil tilth, the dense subsoil, and the high
hazard of soil blowing.

Using this soil for pastureland or rangeland helps con-
trol erosion. Overgrazing or grazing when the soil is wet
reduces surface infiltration and causes surface compac-
tion, and poor soil tilth. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

This soil is poorly suited to sanitary facilities and build-
ings. Wetness is a severe limitation that can be over-
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come in part by drainage; however, adequate outlets are
difficult to locate. Alternate sites are needed for buildings
and related uses. This soil is suited to wetland wildlife
habitat.

This map unit is in capability subclass Vis.

78—LaDelle-Aberdeen silt loams. This map unit con-
sists of deep, level, moderately well drained soils on
stream bottom lands. The LaDelle soil is on slightly
higher convex side slopes and is 60 to 80 percent of the
map unit. The Aberdeen soil is on slightly lower concave
side slopes and is 20 to 40 percent of the map unit.
Areas of the two soils are so intricately mixed or individ-
ually so small in size that it is not practical to separate
them in mapping. Individual areas of this map unit are 5
to 75 acres.

Typically, the LaDelle soil has a surface layer of black
silt loam about 17 inches thick. The subsoil, from 17 to
27 inches, is very dark gray silt loam. The underlying
material, from 27 to 60 inches, is dark gray silt loam in
the upper part and grayish brown clay loam in the lower
part, with a buried surface layer of very dark clay loam
from a depth of 42 to 46 inches. In places, the surface
layer is silty clay loam.

Typically, the Aberdeen soil has a surface layer of
black silt loam about 7 inches thick. The subsurface
layer is very dark gray silt loam 7 to 9 inches thick. The
subsoil, from 9 to 26 inches, is dense silty clay and is
black in the upper and middle parts and very dark gray-
ish brown in the lower part. The underlying material, from
26 to 60 inches, is silty clay loam and is grayish brown in
the upper part, light brownish gray in the middle part,
and olive in the lower part. In places the surface layer is
silty clay loam.

Included with these soils in mapping, and making up
as much as 15 percent of the map unit, are small areas
of the poorly drained Lamoure and Ryan soils in deeper
swales.

Permeability in the LaDelle soil is moderate, available
water capacity is high or very high, and runoff is slow.
Permeability in the Aberdeen soil is slow, available water
capacity is high, and runoff is slow. In some years, there
is flooding early in spring and after unusually heavy rainy
periods. In areas of the Aberdeen soil, the surface is
hard and crusted when dry and dispersed when wet. The
dense subsoil restricts the rooting depth of plants. Sus-
ceptibility of these soils to soil blowing is low.

Most areas of these soils are used for cultivated
crops, hay, and pasture. The potential is good for crops,
range, and windbreaks. The potential is fair for recre-
ational uses and is poor for most engineering uses and
wetland wildlife habitat.

These soils are well suited to wheat, oats, barley, flax,
and grass-tegume hay. When these soils are tilled, the
main management concern is maintaining good soil tilth.
Use of crop residue helps control this limitation.



BENSON COUNTY AREA, NORTH DAKOTA

These soils are well suited to pastureland or range-
land. Overgrazing or grazing when the soil is wet re-
duces surface infiltration and causes surface compaction
and poor soil tilth. Proper stocking rates, pasture rota-
tion, and timely delay of grazing help keep the pasture
and soil in good condition.

The LaDelle soil is well suited to trees and shrubs in
windbreaks and environmental plantings. All climatically
adapted species have the potential to grow well on the
LaDelle soils. The Aberdeen soil is suited to trees and
shrubs in windbreaks and environmental plantings. Many
climatically adapted species have the potential to grow
well on the Aberdeen soils. Grass and weeds need to be
eliminated before the trees are planted, and ground
cover regrowth needs to be controlled for the entire life
of the plantings.

The soils in this map unit are poorly suited to sanitary
facilities and buildings. Flooding is a severe limitation for
buildings that can be partly overcome by constructing
dikes and levees. Alternate sites are needed for build-
ings and related uses. These soils are poorly suited to
wetland wildlife habitat.

This map unit is in capability subclass llis.

82B—Darnen loam, 3 to 6 percent slopes. This
deep, gently sloping, moderately well drained soil is on
colluviai-alluvial material in stream valleys. Individual
areas of this map unit are 5 to 125 acres.

Typically, the surface layer is black loam about 22
inches thick. The subsoil, from 22 to 34 inches, is very
dark grayish brown loam in the upper part and dark
grayish brown loam in the lower part. The underlying
material, from 34 to 60 inches, is grayish brown loam in
the upper part and dark grayish brown loam in the
middle and lower parts. In places the slopes are moder-
ate. In other places, the surface layer and subsoil are
thinner, contain less clay, or are silt loam.

This soil has moderate permeability. Available water
capacity is high, and runoff is medium. During periods of
heavy runoff, small gullies are cut and fresh alluvium-
colluvium is deposited. Susceptibility to soil blowing is
slight and to water erosion is moderate.

Most areas of this soil are used for cultivated crops,
hay, and pasture. The potential is good for crops, range,
windbreaks, and for recreational uses. The potential is
fair for most engineering uses and poor for wetland wild-
life habitat.

This soil is well suited to wheat, oats, barley, flax, and
grass-legume hay. When this soil is tilled, the main man-
agement concerns are maintaining soil tiith and control-
ling water erosion. Use of crop residue and planting of
grassed waterways where necessary help control water
erosion.

Using this soil for pastureland or rangeland helps con-
trol erosion. Overgrazing or grazing when the soil is wet
causes surface compaction, reduces soil tilth, and in-
creases surface runoff. Proper stocking rates, pasture
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rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

This soil is well suited to trees and shrubs in wind-
breaks and environmental plantings. Potential is good for
growing all climatically adapted species. Grass and
weeds need to be eliminated before the trees are plant-
ed, and ground cover regrowth needs to be controlled
for the entire life of the plantings.

This soil is suited to sanitary facilities and buildings.
The slow absorption of effluent is a limitation for septic
tanks and can be overcome by increasing the size of the
absorption field. Shrink-swell is a limitation for buildings
that can be overcome by reinforcing foundations and
basement walls. Sewage lagoons can be specially treat-
ed for seepage by sealing the bottom of the lagoon. This
soil is poorly suited to wetland wildlife habitat.

This map unit is in capability subclass lle.

83—LaDelle silt loam. This deep, level, moderately
well drained soil is on stream bottom lands. Individual
areas of this map unit are 5 to 100 acres.

Typically, the surface layer is black silt loam about 17
inches thick. The subsoil, from 17 to 27 inches, is very
dark gray silt loam. The underlying material, from 27 to
60 inches, is dark gray silt loam in the upper part and
grayish brown clay loam in the lower part, with a buried
surface layer of very dark gray clay loam from a depth of
42 to 46 inches. In places the surface layer is silty clay
loam. In other places, the surface layer, subsoil, and
underlying material are loam.

Included with this soil in mapping, and making up as
much as 10 percent of the map unit, are small areas of
the poorly drained Lamoure soil on lower positions in the
landscape.

This LaDelle soil has moderate permeability. Available
water capacity is high or very high, and runoff is slow. In
some years there is flooding early in spring and after
unusually heavy rainy periods. Susceptibility to soil blow-
ing is low.

Most areas of this soil are used for cultivated crops,
hay, and pasture. The potential is good for crops, range,
and windbreaks. The potential is fair for recreational
uses and is poor for most engineering uses and wetland
wildlife habitat.

This soil is well suited to wheat, oats, barley, flax, and
grass-legume hay. When this soil is tilled, the main man-
agement concern is maintaining good soil tilth. Use of
crop residue helps control this limitation.

This soil is well suited to pastureland or rangeland.
Overgrazing or grazing when the soil is wet reduces
surface infiltration and causes surface compaction and
poor soil tilth. Proper stocking rates, pasture rotation,
and timely delay of grazing help keep the pasture and
soil in good condition.

This soil is well suited to trees and shrubs in wind-
breaks and environmental plantings. Potential is good for
growing all climatically adapted species. Grass and
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weeds need to be eliminated before the trees are plant-
ed, and ground cover regrowth needs to be controlled
for the entire life of the plantings.

This soil is poorly suited to sanitary facilities and build-
ings. Fiooding is a severe limitation that can be partly
overcome for buildings by constructing dikes and levees.
Aiternate sites are needed for buildings and related
uses. This soil is poorly suited to wetland wildlife habitat.

This map unit is in capability subclass llc.

85—Lamoure silt loam. This deep, level, poorly
drained soil is on stream bottom lands. individual areas
of this map unit range from 5 to 150 acres.

Typically, the surface layer is black silt loam in the
upper part and black silty clay loam in the lower part,
and is about 12 inches thick. The subsoil, from 12 to 26
inches, is very dark gray silty clay loam. The underlying
material, from 26 to 60 inches, is silty clay loam and is
dark grayish brown in the upper part and olive gray in
the lower part. In places, the upper part of the surface
layer is silty clay loam. in other places, the soil is slightly
saline or moderately saline, and in places the soil is very
poorly drained.

Included with this soil in mapping, and making up as
much as 15 percent of the map unit, are small areas of
the moderately well drained LaDelle soil on swells.

This Lamoure soil has moderate permeability. Availa-
ble water capacity is high, and runoff is slow. Early in
spring and after unusually heavy rainy periods a high
water table develops, resulting in wetness and some
surface ponding or fiooding. Susceptibility to soii blowing
is high.

Mgst areas of this soil are used for hay and range.
The potential is poor for crops and for most engineering
and recreational uses. The potential is good for range
and windbreaks and is fair for wetland wildlife habitat.

This soil is poorly suited to wheat, oats, barley, flax,
and grass-legume hay. When this soil is tilled, the main
management concerns are wetness, surface ponding or
flooding, and control of soil blowing. Adequate outlets for
drainage water are often difficult to locate. Maintaining
surface drains and intensive use of field windbreaks,
annual buffer strips, and stubble muiching can alleviate
these limitations.

Using this soil for pastureland or rangeland helps con-
trol erosion. Qvergrazing or grazing when the soil is wet
reduces surface infiltration and causes surface compac-
tion and poor soil tilth. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

Where drained, this soil is well suited to trees and
shrubs in windbreaks and environmental plantings. Po-
tential is good for growing all climatically adapted spe-
cies. Grass and weeds need to be eliminated before the
trees are planted, and ground cover regrowth needs to
be controlled for the entire life of the plantings. Un-
drained areas are not suited to these uses.
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This soil is poorly suited to sanitary facilities and build-
ings. Wetness and flooding are severe limitations that
can be overcome in part by drainage; however, adequate
outlets for drainage are difficult to locate. Alternate sites
are needed for buildings and related uses. This soil is
suited to wetland wildlife habitat.

This map unit is in capability subclass IVw.

86—LaDelle silt loam, channeled. This deep, level,
moderately well drained soil is on stream bottom lands.
Individual areas of this map unit are 5 to 200 acres.

Typically, the surface layer is black silt loam about 17
inches thick. The subsoil, from 17 to 27 inches, is very
dark gray silt loam. The underlying material, from 27 to
60 inches, is dark gray silt loam in the upper part and
grayish brown clay loam in the lower part, with a buried
surface layer of very dark gray clay loam from a depth of
42 to 46 inches. In some places, the surface layer is silty
clay foam or loam.

Included with this soil in mapping, and making up 10 to
20 percent of the map unit, are small areas of the poorly
drained Colvin, Lamoure, and Marysland soils and the
very poorly drained Rauville soil. They are in channels
and are more poorly drained.

This LaDelle soil has moderate permeability. Available
water capacity is high or very high, and runoff is slow.
There is often flooding early in spring and after unusually
heavy rainy periods. The many channels restrict cultiva-
tion. Susceptibility to soil blowing is low.

Most areas of this soil are used for pasture and range.
The potential is good for range and windbreaks and is
fair for wetland wildlife habitat. The potential is poor for
crops and for most engineering and recreational uses. It
is generally not feasible to cultivate this soil because of
frequent flooding and the many channels.

This soil is well suited to pastureland or rangeland.
Overgrazing or grazing when the soil is wet reduces
surface infiltration and causes surface compaction and
poor soil tilth. Proper stocking rates, pasture rotation,
and timely delay of grazing will help keep the pasture
and soil in good condition.

This soil is well suited to trees and shrubs in wind-
breaks and environmental plantings. Potential is good for
growing all climatically adapted species. Grass and
weeds need to be eliminated before the trees are plant-
ed, and ground cover regrowth needs to' be controlled
for the entire life of the plantings.

This soil is poorly suited to sanitary facilities and build-
ings. Flooding is a severe limitation that can be partly
overcome for buildings by constructing dikes and levees.
Alternate sites are needed for buildings and related
uses. This soil is suited to wetland wildlife habitat.

This map unit is in capability subclass Vle.

89—Grano silty clay. This deep, level, poorly drained
and very poorly drained soil is on glacial lake and till
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plains. Individual areas of this map unit are 5 to 250
acres.

Typically, the surface layer is black silty clay about 10
inches thick. The underlying material, from 10 to 60
inches, is very dark gray and dark gray clay in the upper
part, dark gray clay in the middle part, and olive gray
clay in the lower part. In places, the surface layer is silty
clay loam or clay, and in other places it is moderately
saline.

Included with this soil in mapping, and making up 10 to
20 percent of the map unit, are small areas of the very
poorly drained Parnell soil and the poorly drained Tonka
and Vallers soils. The Parnell and Tonka soils have a
subsoil and are in the same landscape position as the
Grano soil. The Vallers soil has layers of lime accumula-
tion within a depth of 16 inches of the surface and is on
the margins of depressions.

This soil has slow permeability. Available water capac-
ity is high, and runoff is slow. Early in spring and after
unusually heavy rainy periods a high water table devel-
ops, resulting in wetness and some surface ponding.
Susceptibility to soil blowing is high.

Most areas of this soil are used for hay, pasture, and
range. The potential is poor for crops, windbreaks, and
for most engineering and recreational uses. The potential
is fair for range and good for wetland wildlife habitat. It is
generally not feasible to cultivate this soil because of
wetness, surface ponding, and the absence of suitable
outlets.

Using this soil for pastureland or rangeland helps con-
trol erosion. Overgrazing or grazing when the soil is wet
causes surface compaction and poor soil tilth. Proper
stocking rates, pasture rotation, and timely delay of graz-
ing help keep the pasture and soil in good condition.

This soil is poorly suited to sanitary facilities and build-
ings. Wetness is a severe limitation that can be over-
come in part by drainage; however, adequate outlets for
drainage water are difficult to locate. Alternate sites are
needed for buildings and related uses. This soil is well
suited to wetland wildlife habitat.

This map unit is in capability subclass Vw.

90—Parnell and Lallie soils, ponded. This map unit
consists of deep, level, very poorly drained soils on gla-
cial till and lake plains. Any one area can consist entirely
of all Laltie soil or all Parnell soil or any combination of
each. Typically, the Lallie soil is on lake plains and the
Parnelf soil is on glacial till. Individual areas of this map
unit are 5 to more than 600 acres.

Typically, the Parnell soil has a surface layer of biack
silty clay loam about 14 inches thick. The subsoil, from
14 to 36 inches, is black silty clay. The underlying mate-
rial, from 36 to 60 inches, is silty clay loam and is dark
gray in the upper part and olive gray in the lower part.

Typically, the Lallie soil has a surface layer of black
joam, silt loam, sandy loam, or silty clay loam about 2
inches thick. The underlying material, from 2 to 60
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inches, is silty clay in the upper part, multicolored silty
clay in the middle part, and olive and light olive brown
silty clay in the lower two parts.

These soils have slow permeability. Available water
capacity is high, and runoff is ponded. These soils are
often ponded throughout the year. Susceptibility to soil
blowing is low.

Most areas of these soils are used for wetland wildlife
habitat (fig. 9). The potential is poor for crops, range,
windbreaks, and for most engineering and recreational
uses. The potential is good for wetland wildlife habitat. It
is generally not feasible to cultivate these soils for crop-
land, rangeland, or windbreaks because of surface pond-
ing and the absence of suitable outlets.

The soils in this map unit are not suited to sanitary
facilities and buildings. Surface ponding is a severe limi-
tation. Qutlets for drainage water are difficult to locate.
Alternate sites are needed for buildings and related
uses. These soils are well suited to wetland wildlife habi-
tat.

This map unit is in capability subclass Viilw.

91C—Sioux gravelly loam, 1 to 9 percent slopes.
This deep, nearly level to moderately sloping, excessive-
ly drained soil is on glacial outwash plains and stream
terraces. The soil is very shallow over sand and gravel.
Individual areas of this map unit are 5 to 200 acres.

Typically, the surface layer is black gravelly loam
about 5 inches thick. The next layer, from 5 to 9 inches,
is very dark grayish brown gravelly loam. The underlying
material, from 9 to 60 inches, is dark brown, brown, and
dark yellowish brown very gravelly sand. In places the
surface layer is loam, coarse sandy loam, or sandy loam;
and in places the subsoil is sandy loam or loam. In some
of these areas, the soil is somewhat excessively drained,
the surface layer is more than 5 inches thick, and the
depth to sand and gravel is 9 to 20 inches.

This soil has rapid permeability. Available water capac-
ity is very low, and runoff is slow. Susceptibility to soil
blowing is low and to water erosion is low or moderate.

Most areas of this soil are used for hay and pasture.
The potential is good for most engineering and recre-
ational uses. The potential is poor for crops and wind-
breaks, fair for range, and very poor for wetland wildife
habitat. It is generally not feasible to cultivate this soil
because of very low available water capacity and low
natural fertility.

Using this soil for pastureland or rangeland helps con-
trol erosion. Conserving soil moisture and overgrazing
are the main management concerns. Proper stocking
rates, pasture rotation, and timely delay of grazing help
keep the pasture and soil is good condition.

This soil is well suited to sanitary facilities and build-
ings. There is a possibility of septic tank effluent con-
taminating ground water supplies because of the high
seepage rates. Alternate sites are needed for sewage
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Figure 9.—Typical vegetation and surface ponding of Parnell and Lallie soils used for wetland wildlife habitat.

lagoons. This soil is not suited to wetland wildlife habitat.
This map unit is in capability subclass Vis.

91E—Sioux gravelly loam, 9 to 25 percent slopes.
This deep, strongly sloping and moderately steep, exces-
sively drained soil is on glacial moraines, glacial outwash
plains, and stream terraces. The soil is shallow over
sand and gravel. Individual areas of this map unit are 5
to 250 acres.

Typically, the surface layer is black gravelly loam
about 5 inches thick. The next layer, from 5 to 9 inches,
is very dark grayish brown gravelly loam. The underlying
material, from 9 to 60 inches, is dark brown, brown, and
dark yellowish brown very gravelly sand. In places the
surface layer is loam, coarse sandy loam, or sandy loam,
and in places the subsoil is sandy loam or loam. In some
of these areas the soil is somewhat excessively drained,
the surface layer is more than 5 inches thick, and the
depth to sand and gravel is 9 to 20 inches.

This soil has rapid permeability. Available water capac-
ity is very low, and runoff is rapid. Susceptibility to soil
blowing is low and to water erosion is high or very high.

Most areas of this soil are used for range. The poten-
tial is fair for range and for most engineering and recre-
ational uses. The potential is poor for crops and wind-
breaks and is very poor for wetland wildlife habitat. It is
generally not feasible to cultivate this soil because of
very low available water capacity, low natural fertility,
and the high hazard of water erosion.

Using this soil for pastureland or rangeland helps con-
trol erosion. Conserving soil moisture and overgrazing
are the main management concerns. Proper stocking
rates, pasture rotation, and timely delay of grazing help
keep the pasture and soil in good condition.

This soil is suited to sanitary facilities and buildings.
There is a possibility of septic tank effluent contaminat-
ing ground water supplies because of the high seepage
rates. Slope is a limitation for buildings that can be
overcome by cut and fill operations in areas that have 9
to 15 percent slopes. Alternate sites are needed for
sewage lagoons, buildings, and septic tanks where areas
have 15 to 25 percent slopes. This soil is not suited to
wetland wildlife habitat.

This map unit is in capability subclass Vllis.
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98C—Coe shaly loam, 1 to 9 percent slopes. This
deep, nearly level to moderately sloping, excessively
drained soil is on glacial outwash plains and stream
terraces. The soil is very shallow over sand and gravel
that is mainly shale in origin. Individual areas of this map
unit are 5 to 150 acres.

Typically, the surface layer is black shaly loam about 7
inches thick. The underlying material, from 7 to 60
inches, is dark gray and dark grayish brown and is shaly
coarse sand in the upper part and shaly coarse sand
and gravel in the lower part. In places, the surface layer
is loam or coarse sandy loam. It is thicker on some
lower side slopes and thinner and eroded on the tops of
some knolls and ridges. In other places, there is no
shale in the underlying material.

Included with this soil in mapping, and making up 15 to
20 percent of the map unit, are small areas of the well
drained Brantford and Vang soils. They are deeper to
shaly sand and gravel and are on the lower side slopes
and in swales.

This Coe soil has moderate or moderately rapid per-
meability in the upper part and very rapid permeability in
the underlying material. Available water capacity is very
low, and runoff is slow. Susceptibility to soil blowing is
moderate and to water erosion is low or moderate.

Most areas of this soil are used for tame and native
hay. The potential is poor for crops and windbreaks and
is fair for range and most recreational uses. The poten-
tial is good for most engineering uses and is very poor
for wetland wildlife habitat. It is generally not feasible to
cultivate this soil because of very low available water
capacity and low natural fertillty.

Using this soil for pastureland or rangeland helps con-
trol erosion and protect the soil. Conserving soil moisture
and overgrazing are the main management concerns.
Proper stocking rates, pasture rotation, and timely delay
of grazing help keep the pasture and soil in good condi-
tion.

This soil is well suited to sanitary facilities and build-
ings. There is a possiblity of septic tank effluent contami-
nating ground water supplies because of the high seep-
age rates. Alternate sites are needed for sewage la-
goons. This soil is not suited to wetland wildlife habitat.

This map unit is in capability subclass Vis.

98E—Coe shaly loam, 9 to 25 percent slopes. This
deep, strongly sloping and moderately steep, excessively
drained soil is on glacial moraines, glacial outwash
plains, and stream terraces. The soil is very shallow over
sand and gravel that is mainly shale in origin. Individual
areas of this map unit are 5 to 350 acres.

Typically, the surface layer is black shaly loam about 7
inches thick. The underlying material, from 7 to 60
inches, is dark gray and dark grayish brown and is shaly
coarse sand in the upper part and shaly coarse sand
and gravel in the lower part. In places, the surface layer
is loam or coarse sandy loam. It is thicker on some
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lower side slopes and thinner and eroded on some hill-
tops and ridges. In other places, shale is not in the
underlying material.

Included with this soil in mapping, and making up 15 to
20 percent of the map unit, are small areas of the well
drained Brantford and Vang soils. The included soils are
deeper to shaly sand and gravel and are on the lower
side slopes and in swales.

This soil has moderate or moderately rapid permeabil-
ity in the upper part and very rapid permeability in the
underlying material. Available water capacity is very low,
and runoff is rapid. Susceptibility to soil blowing is mod-
erate and to water erosion is high or very high.

Most areas of this soil are used for range. The poten-
tial is fair for range and for most engineering and recre-
ational uses. The potential is poor for crops and wind-
breaks and very poor for wetland wildlife habitat. it is
generally not feasible to cultivate this soil because of
very low available water capacity, low natural fertility,
and the high hazard of water erosion.

Using this soil for pastureland or rangeland helps con-
trol erosion. Conserving soil moisture and overgrazing
are the main management concerns. Proper stocking
rates, pasture rotation, and timely delay of grazing help
keep the pasture and soil in good condition.

This soil is suited to sanitary facilities and buildings.
There is a possibility of septic tank effluent contaminat-
ing ground water supplies because of the. high seepage
rates. Slope is a limitation for buildings that can be
overcome by cut and fill operations in areas that have 9
to 15 percent slopes. Alternate sites are needed for
sewage lagoons, buildings, and septic tanks where areas
have 15 to 25 percent slopes.. This soil is not suited to
wetland wildlife habitat.

This map unit is in capability subclass Vlis.

99C—Claire loamy coarse sand, loamy substratum,
1 to 9 percent slopes. This deep, nearly level to moder-
ately sloping, excessively drained soil is in dry lake
basins. Individual areas of this map unit are 5 to more
than 600 acres.

Typically, the surface layer is very dark grayish brown
loamy coarse sand about 5 inches thick. The next layer,
from 5 to 42 inches, is dark grayish brown and grayish
brown coarse sand. A buried surface layer of very dark
grayish brown and black loamy coarse sand is common
throughout this layer. The underlying material, from 42 to
60 inches, is black and very dark grayish brown sandy
clay loam. In places, the surface layer through the under-
lying material is coarse sand and fine gravel. In other
places the surface is stony.

Included with this soil in mapping, and making up as
much as 15 percent of the map unit, are small areas of
the somewhat poorly drained Aquents soil and the poorly
drained Minnewaukan and Lallie soils. The Aquents,
Minnewaukan, and Lallie soils are in lower positions ad-
jacent to beaches and sandbars.
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This Claire soil has very rapid permeability in the upper
part and moderately slow permeability in the lower part.
Available water capacity is very low, and runoff is slow.
Susceptibility to soil blowing is very high and to water
erosion is low.

Most areas of this soil are used for range. The poten-
tial is poor for crops and windbreaks and fair for range
and recreational uses. The potential is good for most
engineering uses and is very poor for wetland wildlife
habitat. It is generally not feasible to cultivate this soil
because of very low available water capacity, low natural
fertility, and the high hazard of soil blowing.

Using this soil for pastureland or rangeland helps con-
trol erosion. Conserving soil moisture and overgrazing
are the main management concerns. Proper stocking
rates, pasture rotation, and timely delay of grazing help
keep the pasture and soil in good condition.

This soil is well suited to sanitary facilities and build-
ings. There is a possibility of septic tank effluent con-
taminating ground water supplies because of the high
seepage rates. Alternate sites are needed for sewage
lagoons. This soil is generally not suited to wetland wild-
life habitat.

This map unit is in capability subclass VIlis.

101—Lallie loam. This deep, level, poorly drained soil
is in dry lake basins. Individual areas of this map unit are
5 to more than 600 acres.

Typically, the surface layer is black loam about 2
inches thick. The underlying material, from 2 to 60
inches, is silty clay and is gray in the upper part, multico-
lored in the middle part, and olive and light olive brown
in the lower two parts. In places, the soil is slightly saline
or moderately saline. In other places, the surface layer is
silt loam, sandy loam, or silty clay loam.

Included with this soil in mapping, and making up as
much as 15 percent of the map unit, are small areas of
the poorly drained Minnewaukan soil, the somewhat
poorly drained Aquents soil, and the excessively drained
Claire soil. The Minnewaukan soil has a loamy fine sand
surface layer and fine sand underlying material, is adja-
cent to beaches, and is on sandbars. The Aquents soil is
on slightly higher positions adjacent to beaches. The
Claire soil has coarse sand and gravel throughout and is
on beaches.

This Lallie soil has slow permeability. Available water
capacity is high, and runoff is slow. Early in spring and
after heavy rainy periods this soil is ponded. The water
table is within a depth of 5 feet throughout most of the
year. Susceptibility to soil blowing is high.

Most areas of this soil are used for hay and range.
The potential is poor for crops, windbreaks, and for most
engineering and recreational uses. The potential is fair
for range and is good for wetland wildlife habitat.

This soil is poorly suited to wheat, oats, barley, flax,
and grass-legume hay. When this soil is tilled, the main
management concerns are wetness, surface ponding of
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water (fig. 10), controlling soil blowing, and low natural
fertility. Adequate outlets for drainage water are often
difficult to locate. Maintaining surface drains helps
reduce wetness and surface ponding. Intensive use of
annual buffer strips and stubble mulching help alleviate
soil blowing. Making recommended fertilizer applications
and planting soil-building crops such as legumes help
improve the natural fertility of the soil.

Using this soil for pastureland or rangeland helps con-
trol erosion. Overgrazing or grazing when the soil is wet

Figure 10.—Surtace condition of the Lallie soils following removal of
surface water.
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reduces surface infiltration and causes surface compac-
tion and poor soil tilth. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

This soil is poorly suited to sanitary facilities and build-
ings. Wetness and flooding are severe limitations. Wet-
ness can be overcome by adding fill, and flooding can
be overcome in part by constructing dikes and levees.
Alternate sites are needed for buildings and related
uses. This soil is well suited to wetland wildlife habitat.

This map unit is in capability subclass IVw.

104—Lallie loam, saline. This deep, level, poorly
drained, moderately saline soil is in dry lake basins. Indi-
vidual areas of this map unit are 5 to 200 acres.

Typically, the surface layer is black loam about 2
inches thick. The underlying material, from 2 to 60
inches, is silty clay and is gray in the upper part, multico-
lored in the middle part, and olive and light olive brown
in the lower two parts. In places, the soil is slightly saline
or strongly saline. In other places, the surface layer is silt
loam, sandy loam, or silty clay loam.

Included with this soil in mapping, and making up as
much as 5 percent of the map unit, are some gently
sloping to steep soils on short slopes.

This Lallie soil has slow permeability. Available water
capacity is moderate, and runoff is slow. Early in spring
and after heavy rainy periods this soil is ponded. The
water table is within a depth of 5 feet throughout most of
the year. The high salt content restricts plant growth.
Susceptibility to soil blowing is high.

Most areas of this soil are used for hay and range.
The potential is poor for crops, range, windbreaks, and
for most engineering and recreational uses. The potential
is good for wetland wildlife habitat. It is generally not
feasible to cultivate this soil because of wetness, surface
ponding of water, and salinity.

Using this soil for pastureland or rangeland helps con-
trol erosion. Overgrazing or grazing when the soil is wet
reduces surface infiltration and causes surface compac-
tion and poor soil tilth. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

This soil is poorly suited to sanitary facilities and build-
ings because of wetness and flooding. Wetness can be
overcome by adding fill, and flooding can be overcome
in part by constructing dikes and levees. The salinity
hinders landscaping. Alternate sites are needed for build-
ings and related uses. This soil is well suited to wetland
wildlife habitat.

This map unit is in capability subclass VIs.

106—Lallie loam, wet. This deep, level, very poor
drained soil is in lake basins. Individual areas of this map
unit are 5 to more than 600 acres.

Typically, the surface layer is black loam about 2
inches thick. The underlying material, from 2 to 60
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inches, is silty clay and is gray in the upper part, multico-
lored in the middle part, and olive and light olive brown
in the lower two parts. In places the soil is slightly saline
or moderately saline. In other places, the surface layer is
silt loam, sandy loam, or silty clay loam.

This soil has slow permeability. Available water capac-
ity is high, and runoff is slow. Early in spring and after
heavy rainy periods this soil is ponded. The water table
is near the surface throughout most of the year. Suscep-
tibility to soil blowing is high.

Most areas of this soil are used for range and wetland
wildlife habitat. The potential is poor for crops, wind-
breaks, and for most engineering and recreational uses.
The potential is fair for range and is good for wetland
wildife habitat. It is generally not feasible to cultivate this
soil because of wetness, surface ponding of water, and
the absence of suitable outlets.

Using this soil for pastureland or rangeland helps con-
trol erosion. Overgrazing or grazing when the soil is wet
causes surface compaction and poor soil tilth. Proper
stocking rates, pasture rotation, and timely delay of graz-
ing help keep the pasture and soil in good condition.

This soil is poorly suited to sanitary facilities and build-
ings because of wetness and flooding. These limitations
can be partly overcome by drainage; however, adequate
outlets for drainage water are difficult to locate. Alternate
sites are needed for buildings and related uses. This soil
is well suited to wetland wildlife habitat.

This map unit is in capability subclass Vw.

107—Minnewaukan loamy fine sand, 1 to 3 percent
slopes. This deep, nearly level, poorly drained soil is in
dry lake basins. Individual areas of this map unit are 5 to
100 acres.

Typically, the surface layer is very dark gray loamy fine
sand about 2 inches thick. The next layer is very dark
grayish brown loamy fine sand 2 to 5 inches. The under-
lying material, from 5 to 60 inches, is olive gray, grayish
brown, and dark grayish brown fine sand in the two
upper parts and olive gray fine sand in the two lower
parts. In places the surface layer is fine sandy loam or
loamy sand. In other places the slope is gentle, and in
places the soil is slightly saline or moderately saline.

Included with this soil in mapping, and making up as
much as 15 percent of the map unit, are small areas of
the poorly drained Lallie soil which has silty clay underly-
ing material and is adjacent to beaches and sandbars on
the lake plain.

This Minnewaukan soil has rapid permeability. Availa-
ble water capacity is low, and runoff is slow. Early in
spring and after heavy rainy periods there is wetness
and some surface ponding. The water table is within a
depth of 5 feet throughout most of the year. Susceptibil-
ity to soil blowing is very high.

Most areas of this soil are used for range. The poten-
tial is poor for crops, for most engineering and recre-
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ational uses, and for wetland wildlife habitat. The poten-
tial is fair for range and is good for windbreaks.

This soil is poorly suited to wheat, oats, barley, flax,
and grass-legume hay. When this soil is tilled, the main
management concerns are wetness and control of soil
blowing. Adequate outlets for drainage water are often
difficult to locate. Maintaining surface drains and inten-
sive use of field windbreaks, annual buffer strips, and
stubble mulching can alleviate these limitations.

Using this soil for pastureland or rangeland helps con-
trol erosion. Overgrazing results in reduced plant vigor
and forage yields. Proper stocking rates, pasture rota-
tion, and timely delay of grazing help keep the pasture
and soil in good condition.

If drained, this soil is well suited to trees and shrubs in
windbreaks and environmental plantings. Potential is
good for growing all climatically adapted species. Grass
and weeds need to be eliminated before the trees are
planted, and ground cover regrowth needs to be con-
trolled for the entire life of the plantings. Undrained
areas are not suited to these uses.

This soil is poorly suited to sanitary facilities and build-
ings. Wetness and flooding are severe limitations that
can be overcome in part by drainage; however, adequate
outlets for drainage water are difficult to locate. Alternate
sites are needed for buildings and related uses. This soil
is poorly suited to wetland wildlife habitat.

This map unit is in capability subclass 1Vs.

109—Aquents. These deep, level to moderately slop-
ing, somewhat poorly drained soils are on glacial till.
Individual areas of this map unit are 5 to 500 acres.

Typically, the surface layer is black silty clay loam
about 1 inch thick. The underlying material, from 1 inch
to 60 inches, is multicolored silty clay. In places the
surface is stony, and in other places the soil is slightly
saline or moderately saline. In other places the subsoil is
clay loam or loam.

Included with these soils in mapping, and making up
as much as 15 percent of the map unit, are small areas
of the poorly drained Lallie and Minnewaukan soils and
the excessively drained Claire soil. The Lallie soil is on
lake plains. The Minnewaukan and Claire soils are sandy
through the underlying material and are on beaches. In
addition, the Minnewaukan soil is on sandbars in lake
basins.

The soils in this map unit have slow permeability.
Available water capacity is high, and runoff is slow to
rapid. Susceptibility to soil blowing is high and to water
erosion is low to high.

Most areas of these soils are used for range. The
potential is poor for crops, windbreaks, and for most
engineering and recreational uses. The potential is fair
for range and wetland wildlife habitat.

These soils are poorly suited to wheat, oats, barley,
flax, and grass-legume hay. When this soil is tilled, the
main management concerns are low natural fertility and
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control of soil blowing and water erosion. Applying rec-
ommended fertilizer and planting soil-building crops such
as legumes can improve natural fertility. Intensive use of
annual buffer strips and stubble mulching can alleviate
soil blowing. Use of crop residue and planting of grassed
waterways where necessary help control water erosion.

Using these soils for pastureland or rangeland helps
control erosion. Overgrazing or grazing when the soil is
wet causes surface compaction, reduces soil tilth, and
increases surface runoff. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

These soils are poorly suited to sanitary facilities and
buildings. The slow permeability is a limitation for septic
tanks and can be overcome by increasing the size of the
absorption field. Wetness is a limitation for buildings that
can be minimized by foundation drainage.

These soils are suited to wetland wildlife habitat.

This map unit is in capability subclass IVw.

110B—Aastad-Bottineau loams, 3 to 6 percent
slopes. This map unit consists of deep, gently sloping
soils on glacial till plains and moraines. The moderately
well drained Aastad soil is in swales and is 40 to 60
percent of the map unit. The well drained Bottineau soil
is on knolls and higher positions and is 35 to 50 percent
of the map unit. Areas of the two soils are so intricately
mixed or individually so small in size that it is not practi-
cal to separate them in mapping. Individual areas of this
map unit are 5 to 250 acres.

Typically, the Aastad soil has a surface layer of black
loam about 18 inches thick. The subsoil, from 18 to 38
inches, is very dark grayish brown clay loam in the upper
part and dark grayish brown clay loam in the lower part.
The underlying material, from 38 to 60 inches, is grayish
brown loam in the upper part and light olive gray loam in
the lower part.

Typically, the Bottineau soil has a black surface layer
about 9 inches thick. It is loam in the upper part and clay
loam in the lower part. The subsoil, from 9 to 19 inches,
is clay loam. It is very dark grayish brown in the upper
part and dark grayish brown in the lower part. The under-
lying material, from 19 to 60 inches, is loam. It is light
olive brown in the upper and middle parts and olive
brown in the lower part.

Included with these soils in mapping, and making up
as much as 15 percent of the map unit, are small areas
of the very poorly drained Parnell soil and the poorly
drained Tonka soil. Both of these soils are in deep de-
pressions.

The soils in this map unit have moderately slow per-
meability. Available water capacity is high, and runoff is
medium. Susceptibility to soil blowing is low and to water
erosion is moderate.

Most areas of these soils are used for woodland pas-
ture, but some areas cleared of trees are used for crops.
The potential is good for crops, range, windbreaks, and
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recreational uses. The potential is fair for most engineer-
ing uses and is very poor for wetland wildlife habitat.

These soils are well suited to wheat, oats, barley, flax,
and grass-legume hay. Controlling water erosion and
maintaining good soil tith are the main management
concerns. Use of crop residue and planting of grassed
waterways where necessary help control erosion.

Using these soils for pastureland or rangeland helps
control erosion. Overgrazing when the soil is wet causes
surface compaction, reduces soil tilth, and increases sur-
face runoff. Proper stocking rates, pasture rotation, and
timely delay of grazing help keep the pasture and soil in
good condition.

These soils are well suited to trees and shrubs in
windbreaks and environmental plantings. All climatically
adapted species have the potential to grow well on the
Aastad soil. Nearly all climatically adapted species have
the potential to grow well on the Bottineau soil. Grass
and weeds need to be eliminated before the trees are
planted, and ground cover regrowth needs to be con-
trolled for the entire life of the plantings. When these
soils are cleared for cultivation, remaining belts of native
trees serve as natural windbreaks.

The soils in this map unit are suited to sanitary facili-
ties and buildings. The moderately slow permeability is a
limitation for septic tanks and can be overcome by in-
creasing the size of the absorption field. Wetness is a
limitation for buildings on the Aastad soil and can be
minimized by foundation drainage or by locating struc-
tures on the higher lying Bottineau soil. Shrink-swell is a
limitation for buildings that can be overcome by reinforc-
ing basement walls and foundations. These soils are
generally not suited to wetland wildlife habitat.

This map unit is in capability subclass lle.

112F—Edgeley Variant loam, 15 to 60 percent
slopes. This deep, moderately steep to very steep, well
drained soil is on glacial till plains, glacial moraines, and
stream breaks. The glacial till is underlain by shale. Indi-
vidual areas of this map unit are 5 to 300 acres.

Typically, the surface layer is black loam about 11
inches thick. The underlying material, from 11 to 60
inches, is dark grayish brown clay loam in the upper part
and dark olive gray very shaly loam in the lower part. In
places, the underlying material below a depth of 40
inches is consolidated shale. In other places this soil has
a subsoil.

Included with this soil in mapping, and making up 10 to
20 percent of the map unit, are small areas of the mod-
erately well drained Aastad soil and the well drained
Bottineau and Buse soils. These soils do not have large
quantities of shale in the underlying material. The Aastad
soil is in swales and on the concave lower side slopes,
the Bottineau soil is on side slopes, and the Buse soil is
on ridges and hilltops.

This Edgeley soil has moderate permeability. Available
water capacity is moderate, and runoff is very rapid.
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Susceptibility to soil blowing is slight and to water ero-
sion is very high.

Most areas of this soil are used for woodland pasture.
The potential is poor for crops, windbreaks, and for most
engineering and recreational uses. The potential is fair
for range and is very poor for wetland wildlife habitat. It
is generally not feasible to cultivate this soil because of
slope and the high hazard of water erosion.

Using this soil for pastureland or rangeland helps con-
trol erosion. Conserving soil moisture and overgrazing
are the main management concerns. Proper stocking
rates, pasture rotation, and timely delay of grazing help
keep the pasture and soil in good condition.

This soil is poorly suited to trees and shrubs in wind-
breaks and environmental plantings. It is suited to plant-
ings for wildlife habitat, recreation, and beautification
where survival, growth, and vigor are not required or
expected to be optimum.

This soil is poorly suited to sanitary facilities and build-
ings because of the severe limitation of slope. Alternate
sites are needed for buildings and related uses. This soil
is not suited to wetland wildlife habitat.

This map unit is in capability subclass Vile.

113C—Bottineau loam, 6 to 9 percent slopes. This
deep, gently rolling, well drained soil is on glacial till
plains and moraines. Individual areas of this map unit are
5 to 200 acres.

Typically, the surface layer is black loam in the upper
part, clay loam in the lower part, and about 9 inches
thick. The subsoil, from 9 to 19 inches, is very dark
grayish brown clay loam in the upper part and dark
grayish brown clay loam in the lower part. The underlying
material, from 19 to 60 inches, is light olive brown loam
in the upper part and olive brown loam in the lower part.
In places, generally on tops of knolls and ridges, the
surface layer is thinner, and there is no subsaoil.

Included with this soil in mapping, and making up 15 to
20 percent of the map unit, are small areas of the mod-
erately well drained Aastad soil, the poorly drained
Tonka soil, and the very poorly drained Parnell soil. The
Aastad soil has a thicker subsoil and surface layer and is
in swales and on lower slopes. The Tonka and Parnell
soils are in deep depressions.

This Bottineau soil has moderately slow permeability.
Available water capacity is high, and runoff is rapid. Sus-
ceptibility to soil blowing is low and to water erosion is
high.

Most areas of this soil are used for woodland pasture,
but some areas are cleared of trees and used for crops.
The potential is good for range, windbreaks, and recre-
ational uses. The potential is very poor for wetland wild-
life habitat and is fair for crops and most engineering
uses.

This soil is suited to wheat, oats, barley, flax, and
grass-legume hay. When this soil is tilled, the main man-
agement concern is control of water erosion. Proper
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placement of grassed waterways and use of crops resi-
due help reduce this limitation.

Using this soil for pastureland or rangeland helps con-
trol erosion. Overgrazing results in reduced plant vigor
and forage yields. Proper stocking rates, pasture rota-
tion, and timely delay of grazing help keep the pasture
and soil in good condition.

This soil is well suited to trees and shrubs in wind-
breaks and environmental plantings. Potential is good for
growth of nearly all climatically adapted species. Grass
and weeds are eliminated before the trees are planted,
and ground cover regrowth is controlled for the entire life
of the plantings.

This soil is suited to sanitary facilities and buildings.
The moderately slow permeability is a limitation for
septic tanks and can be overcome by increasing the size
of the absorption field. Shrink-swell is a limitation for
buildings that can be overcome by reinforcing founda-
tions and basement walls. Alternate sites are needed for
sewage lagoons. This soil is generally not suited to wet-
land wildlife habitat.

This map unit is in capability subclass llle.

113D—Bottineau loam, 9 to 15 percent slopes. This
deep, rolling, well drained soil is on glacial till plains and
moraines. Individual areas of this map unit are 5 to 500
acres.

Typically, the surface layer is black loam in the upper
part, black clay loam in the lower part, and about 9
inches thick. The subsoil, from 9 to 19 inches, is very
dark grayish brown clay loam in the upper part and dark
grayish brown clay loam in the lower part. The underlying
material, from 19 to 60 inches, is light olive brown loam
in the upper and middle parts and olive brown loam in
the lower part. In places, generally on hilltops and ridges,
the surface layer is thinner, and there is no subsoil.

Included with this soil in mapping, and making up 15 to
20 percent of the map unit, are small areas of the mod-
erately well drained Aastad soil, the poorly drained
Tonka soil, and the very poorly drained Parnell soil. The
Aastad soil has a thicker subsoil and surface layer and is
in swales and on lower slopes. The Tonka and Parneli
soils are in deep depressions.

This Bottineau soil has moderately slow permeability.
Available water capacity is high, and runoff is very rapid.
Susceptibility to soil blowing is low and to water erosion
is very high.

Most areas of this soil are used for woodland pasture.
The potential is fair for crops and for most engineering
and recreational uses. The potential is good for range
and windbreaks and is very poor for wetland wildlife
habitat.

This soil is suited to wheat, oats, barley, flax, and
grass-legume hay. When this soil is tilled, the main man-
agement concern is control of water erosion. Proper
placement of grassed waterways and use of crop resi-
due can reduce this limitation.

SOIL SURVEY

Using this soil for pastureland or rangeland helps con-
trol erosion. Overgrazing results in reduced plant vigor
and forage yields. Proper stocking rates, pasture rota-
tion, and timely delay of grazing help keep the pasture
and soil in good condition.

This soil is well suited to trees and shrubs in wind-
breaks and environmental plantings. Potential is good for
growing nearly all climatically adapted species. Grass
and weeds need to be eliminated before the trees are
planted, and ground cover regrowth needs to be con-
trolied for the entire life of the plantings.

This soil is suited to sanitary facilities and buildings.
The moderately slow permeability is a limitation for
septic tanks and can be overcome by increasing the size
of the absorption field. Slope is a limitation for buildings
that can be overcome by cut and fill operations, and
shrink-swell is a limitation that can be overcome by rein-
forcing foundations and basement walls. Alternate sites
are needed for sewage lagoons. This soil is generally not
suited to wetland wildlife habitat.

This map unit is in capability subclass IVe.

119—Aberdeen silty clay loam. This deep, level,
moderately well drained soil is on glacial lake plains.
individual areas of this map unit are 5 to more than 600
acres.

Typically, the surface layer is black silty clay loam
about 7 inches thick. The subsurface layer is very dark
gray silt loam 2 inches thick. The subsoil, from 9 to 26
inches, is dense silty clay and is black in the upper part
and very dark grayish brown in the lower part. The un-
derlying material, from 26 to 60 inches, is siity clay loam
and is grayish brown in the upper part, light brownish
gray in the middle part, and olive in the lower part. In
places, the surface layer is silt loam. In other places, the
surface layer is loam or clay loam, and the underlying
material is clay loam.

Included with this soil in mapping, and making up as
much as 20 percent of the map unit, are small areas of
the poorly drained Colvin and Hegne soils and the mod-
erately well drained Gardena and Overly soils. The
Colvin and Hegne soils have layers of lime accumulation
within a depth of 16 inches of the surface and are in
some of the deeper swales. The soils in this map unit
are moderately saline. The Gardena and Overly soils do
not have a dense subsoil and are on some of the higher
swells.

This Aberdeen soil has slow permeability. Available
water capacity is high, and runoff is slow. The surface is
hard and crusted when dry and dispersed when wet. The
dense subsoil restricts the rooting depth of plants. Sus-
ceptiblity to soil blowing is low.

Most areas of this soil are used for cultivated crops,
hay, and pasture. The potential is fair for crops, wind-
breaks, and recreational uses. The potential is good for
range, poor for most engineering uses, and very poor for
wetland wildlife habitat.
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This soil is suited to wheat, oats, barley, flax, and
grass-legume hay. If the soil is tilled, the main manage-
ment concern is maintaining good soil tilth. Use of crop
residue helps control this limitation.

This soil is well suited to pastureland or rangeland.
Overgrazing or grazing when the soil is wet reduces
surface infiltration and causes surface compaction and
poor soil tilth. Proper stocking rates, pasture rotation,
and timely delay of grazing help keep the pasture and
soil in good condition.

This soil is suited to trees and shrubs in windbreaks
and environmental plantings. Potential is good for graz-
ing many climatically adapted species. Grass and weeds
need to be eliminated before the trees are planted, and
ground cover regrowth needs to be controlled for the
entire life of the plantings.

This soil is poorly suited to sanitary facilities and build-
ings. The slow permeability is a limitation for septic tanks
and can be overcome by increasing the size of the
absorption field. Shrink-swell is a limitation for buildings
that can be overcome by reinforcing foundations and
basement walls. This soil is generally not suited to wet-
land wildlife habitat.

This map unit is in capability subclass llls.

122—Fram-Cathay loams, 1 to 3 percent slopes.
This map unit consists of deep, nearly level soils on
glacial till plains. The somewhat poorly drained Fram soil
is in swales and on concave side slopes of rises and is
50 to 60 percent of the map unit. The moderately well
drained Cathay soil is on rises slightly above the Fram
soil and is 30 to 40 percent of the map unit. Areas of the
two soils are so intricately mixed or individually so small
in size that it is not practical to separate them in map-
ping. Individual areas of this map unit are 5 to 600 acres.

Typically, the surface layer of the Fram soil is black
loam in the upper part, very dark gray loam in the lower
part, and 13 inches thick. The underlying material, from
13 to 27 inches, is grayish brown loam. The underlying
material, from 27 to 60 inches, is light olive brown and
olive brown loam. In places, particularly the southwest-
ern part of the county, the surface layer to the underlying
material is silt loam or very fine sandy loam. in parts of
this area there is a higher clay content in the underlying
material. In other places, the surface layer through the
underlying material has higher clay content. In parts of
this area the soil is moderately saline.

Typically, the Cathay soil has a surface layer of black
loam about 8 inches thick. The subsurface layer, from 8
to 9 inches, is dark grayish brown loam. The subsoil,
from 9 to 17 inches, is dense clay loam and is very dark
grayish brown in the upper part and olive brown in the
lower part. The underlying material, from 17 to 60
inches, is clay and is light olive brown in the upper part,
olive brown and grayish brown in the middle part, and
olive brown in the lower part. In places the subsoil is
denser, and in some of these areas the soil is somewhat
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poorly drained. In other places, particularly the south-
western part of the county, the surface layer is silt loam
or very fine sandy loam. In parts of this area the underly-
ing material has a higher clay content.

Included with these soils in mapping, and making up
as much as 15 percent of the map unit, are small areas
of the moderately well drained Emrick soil, the poorly
drained Tonka soil, and the very poorly drained Parnell
soil. The Emrick soil has a thicker subsoil and surface
layer, a less dense subsoil, and is on the rises. The
Tonka and Parnell soils are in deep depressions.

Permeability in the Fram soil is moderate, available
water capacity is high, and runoff is slow. Permeability in
the Cathay soil is slow, available water capacity is high,
and runoff is slow. Early in spring and after unusually
heavy rainy periods a high water table develops, result-
ing in wetness. The surface in areas of the Cathay soil is
hard and crusted when dry and dispersed when wet. The
dense subsoil restricts the rooting depth of plants. Sus-
ceptibility to soil blowing is high and to water erosion is
low.

Most areas of these soils are used for cultivated
crops. The potential is good for crops, range, and wind-
breaks. The potential is fair for recreational uses and is
poor for most engineering uses and wetland wildlife habi-
tat.

These soils are well suited to wheat, oats, barley, flax,
and grass-legume hay. Maintaining good soil tilth and
controlling soil blowing are the main management con-
cerns. Use of crop residue and intensive use of field
windbreaks, annual buffer strips, and stubble mulching
can alleviate these limitations.

Using these soils for pastureland or rangeland helps
control erosion. Overgrazing results in reduced plant
vigor and forage yields. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

The Fram soil is well suited to trees and shrubs in
windbreaks and environmental plantings. All climatically
adapted species have the potential to grow well on the
Fram soil. The Cathay soil is suited to trees and shrubs
in windbreaks and environmental plantings. Many climati-
cally adapted species have the potential to grow well on
the Cathay soil. Grass and weeds need to be eliminated
before the trees are planted, and ground cover regrowth
needs to be controlled for the entire life of the plantings.

The soils in this map unit are poorly suited to sanitary
facilities and buildings. The slow permeability is a limita-
tion for septic tanks on the Cathay soil and can be
overcome by increasing the size of the absorption field.
Wetness is a limitation for buildings that can be mini-
mized by foundation drainage. Shrink-swell is a limitation
for buildings on the Cathay soil and can be overcome by
reinforcing foundations and basement walls. In areas
proposed for irrigation, onsite investigations are needed
to locate more clayey underlying material. These soils
are poorly suited to wetland wildlife habitat.
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This map unit is in capability subclass llis.

123—Emrick-Cathay loam, 1 to 3 percent slopes.
This map unit consists of deep, nearly level, moderately
drained soils on glacial till plains. The Emrick soil is on
gentle rises and in some swales and is 50 to 75 percent
of the map unit. The Cathay soil is in swales and on
some rises and is 25 to 50 percent of the map unit.
Areas of the two soils are so intricately mixed or individ-
ually so small in size that it is not practical to separate
them in mapping. Individual areas of this map unit are 5
to 500 acres.

Typically, the Emrick soil has a surface layer of black
loam about 16 inches thick. The subsoil, from 16 to 34
inches, is very dark grayish brown loam. The underlying
material, from 34 to 60 inches, is light olive brown loam
in the upper and middle parts and olive brown loam in
the lower part. In places, particularly the southwestern
part of the county, the surface layer to the underlying
material is silt loam or very fine sandy loam. In addition,
in parts of this area the underlying material has higher
clay content. in other places the soil is well drained, and
the black surface layer is 8 to 16 inches thick.

Typically, the Cathay soil has a surface layer of black
loam about 8 inches thick. The subsurface layer, from 8
to 19 inches, is dark grayish brown loam. The subsoil,
from 9 to 17 inches, is dense clay loam and is very dark
grayish brown in the upper part and olive brown in the
lower part. The underlying material, from 17 to 60
inches, is clay loam and is light olive brown in the upper
part, olive brown and grayish brown in the middle part,
and olive brown in the lower part. In places the subsoil is
denser, the surface layer is thinner, and the soil is some-
what poorly drained. In other places, particularly the
southwestern part of the county, the surface layer is silt
loam or very fine sandy loam. In addition, in parts of this
area the underlying material has higher clay content.

Included with these soils in mapping, and making up
as much as 20 percent of the map unit, are small areas
of the somewhat poorly drained Fram soil, the poorly
drained Tonka soil, and the very poorly drained Parnell
soil. The Fram soil has layers of lime accumulation within
a depth of 16 inches and is around the margins of deep
depressions. The Tonka and Parnell soils are in deep
depressions.

Permeability in the Emrick soil is moderate, available
water capacity is high, and runoff is slow. Permeability in
the Cathay soil is slow, available water capacity is high,
and runoff is slow. The surface layer in areas of Cathay
soil is hard and crusted when dry and dispersed when
wet. The dense subsoil restricts the rooting depth of
plants. Susceptibility to soil blowing is moderate and to
water erosion is low.

Most areas of these soils are used for cultivated
crops. The potential is good for crops, range, wind-
breaks, and recreational uses. The potential is fair for

SOIL SURVEY

most engineering uses and is poor for wetland wildlife
habitat.

These soils are well suited to wheat, oats, barley, flax,
and grass-legume hay. Maintaining good soil tilth and
controlling soil blowing are the main management con-
cerns. Use of crop residue, field windbreaks, annual
buffer strips, and stubble muiching can alleviate these
limitations.

Using these soils for pastureland or rangeland helps
control erosion. Overgrazing results in reduced plant
vigor and forage yields. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

The Emrick soil is well suited to trees and shrubs in
windbreaks and environmental plantings. All climatically
adapted species have the potential to grow well on the
Emrick soil. The Cathay soil is suited to trees and shrubs
in windbreaks and environmental plantings. Many climati-
cally adapted species have the potential to grow well on
the Cathay soil. Grass and weeds need to be eliminated
before the trees are planted, and ground cover regrowth
needs to be controlled for the entire life of the plantings.

The soils in this map unit are suited to sanitary facili-
ties and buildings. The slow permeability is a limitation
for septic tanks on the Cathay soil and can be overcome
by increasing the size of the absorption field. Wetness is
a limitation for buildings on the Cathay soil that can be
minimized by foundation drainage or by locating struc-
tures on the higher lying Emrick soil. Shrink-swell is a
limitation for buildings on the Cathay soil that can be
overcome by reinforcing foundations and basement
walls. Sewage lagoons on the Emrick soil can be treated
for seepage by sealing the bottom of the lagoon. In
areas proposed for irrigation, onsite investigations are
needed to locate more clayey underlying material. These
soils are poorly suited to wetland wildlife habitat.

This map unit is in capability subclass lils.

123B—Emrick-Cathay loams, 3 to 6 percent slopes.
This map unit consists of deep, gently sloping, moderate-
ly well drained soils on glacial till plains. The Emrick soil
is on side slopes and in some swales and is 50 to 75
percent of the map unit. The Cathay soil is in swales and
on some side slopes and is 25 to 50 percent of the map
unit. Areas of the two soils are so intricately mixed or
individually so small in size that it is not practical to
separate them in mapping. Individual areas of this map
unit are 5 to 150 acres.

Typically, the Emrick soil has a surface layer of black
loam about 16 inches thick. The subsoil, from 16 to 34
inches, is very dark grayish brown loam. The underlying
material, from 34 to 60 inches, is light olive brown loam
in the upper and middle parts and olive brown loam in
the lower part. In places, particularly the southwestern
part of the county, the surface layer and subsoil are silt
loam or very fine sandy loam. In addition, in parts of this
area the underlying material has higher clay content. In
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other places, usually on the tops of knolis, the soil is well
drained, and the black surface layer is 8 to 16 inches
thick.

Typically, the Cathay soil has a surface layer of black
loam about 8 inches thick. The subsurface layer, from 8
to 9 inches, is dark grayish brown loam. The subsoail,
from 9 to 17 inches, is dense clay loam and is very dark
grayish brown in the upper part and olive brown in the
lower part. The underlying material, from 17 to 60
inches, is clay loam and is light olive brown in the upper
part, olive brown and grayish brown in the middle part,
and olive brown in the lower part. In places, the subsoil
is denser, and in some of these areas the surface layer
is thinner, and the soil is somewhat poorly drained. In
other places, particularly the southwestern part of the
county, the surface layer is silt loam or very fine sandy
joam. In addition, in parts of this area the underlying
material has higher clay content.

Included with these soils in mapping, and making up
as much as 20 percent of the map unit, are small areas
of the somewhat poorly drained Fram soil, the poorly
drained Tonka soil, and the very poorly drained Parneil
soil. The Fram soil has layers of lime accumulation within
a depth of 16 inches and is around the margins of deep
depressions. The Tonka and Parnell soils are in deep
depressions.

Permeability in the Emrick soil is moderate, available
water capacity is high, and runoff is medium. Permeabil-
ity in the Cathay soil is slow, available water capacity is
high, and runoff is medium. The surface in areas of the
Cathay soil is hard and crusted when dry and dispersed
when wet. The dense subsoil restricts the rooting depth
of plants. Susceptibility to soil blowing and water erosion
is moderate.

Most areas of these soils are used for cultivated
crops. The potential is good for crops, range, wind-
breaks, and recreational uses. The potential is fair for
most engineering uses and is very poor for wetland wild-
life habitat.

These soils are well suited to wheat, oats, barley, flax,
and grass-legume hay. The main management concerns
are maintaining good soil tilth and controlling soil blowing
and water erosion. Use of crop residue helps maintain
good soil tilth. Use of field windbreaks, annual buffer
strips, and stubble mulching can alleviate soil blowing.
Use of crop residue and planting of grassed waterways
where necessary help control water erosion.

Using these soils for pastureland or rangeland helps
control erosion. Overgrazing results in reduced plant
vigor and forage yields. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

The Emrick soil is well suited to trees and shrubs in
windbreaks and environmental plantings. All climatically
adapted species have the potential to grow well on the
Emrick soil. The Cathay soil is suited to trees and shrubs
in windbreaks and environmental plantings. Many climati-
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cally adapted species have the potential to grow well on
the Cathay soil. Grass and weeds need to be eliminated
before the trees are planted, and ground cover regrowth
needs to be controlled for the entire life of the plantings.
The soils in this map unit are suited to sanitary facili-
ties and buildings. The slow permeability is a limitation
for septic tanks on the Cathay soil and can be overcome
by increasing the size of the absorption field. Wetness is
a limitation for buildings on the Cathay soil and can be
minimized by foundation drainage or by locating struc-
tures on the higher lying Emrick soil. Shrink-swell is a
limitation for buildings on the Cathay soil and can be
overcome by reinforcing foundations and basement
walls. Sewage lagoons on the Emrick soil can be treated
for seepage by sealing the bottom of the lagoon. In
areas proposed for irrigation, onsite investigations are
needed to locate more clayey underlying material. These
soils are generally not suited to wetland wildlife habitat.
This map unit is in capability subclass llle.

124C—Heimdal-Sioux loams, 3 to 9 percent slopes.
This map unit consists of deep, gently sloping and mod-
erately sloping soils on glacial till plains and eskers. The
well drained Heimdal soil is on side slopes and is 35 to
50 percent of the map unit. The excessively drained
Sioux soil is very shallow over sand and gravel, is on
knolls and ridges, and is 30 to 45 percent of the map
unit. Areas of the two soils are so intricately mixed or
individually so small in size that it is not practical to
separate them in mapping. Individual areas of this map
unit are 5 to 225 acres.

Typically, the Heimdal soil has a surface layer of biack
loam about 8 inches thick. The subsoil, from 8 to 19
inches, is very dark grayish brown loam in the upper part
and dark brown or brown loam in the lower part. The
underlying material, from 19 to 60 inches, is grayish
brown loam in the upper part, yellowish brown loam in
the middle part, and yellowish brown sandy loam in the
lower part. In places there are more coarse fragments
than normal. In other places the surface layer is thinner
and moderately eroded, and there is no subsoil.

Typically, the Sioux soil has a surface layer of black
loam about 5 inches thick. The next layer, from 5 to 9
inches, is very dark grayish brown gravelly loam. The
underlying material, from 9 to 60 inches, is dark brown,
brown, and dark yellowish brown very gravelly sand. In
places there is more coarse sand and less gravel than
normal, and the surface layer in some places is moder-
ately eroded. In other places the soil is somewhat exces-
sively drained, the surface layer is more than 5 inches
thick, and the depth to sand and gravel is 9 to 20
inches.

Included with these soils in mapping, and making up
10 to 20 percent of the map unit, are small areas of the
moderately well drained Emrick soil. This soil has a
thicker subsoil and surface layer and is in swales and on
lower slopes.
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Permeability in the Heimdal soil is moderate, available
water capacity is high, and runoff is medium and rapid.
Permeability in the Sioux soil is very rapid, available
water capacity is very low, and runoff is slow. Suscepti-
bility to soil blowing is moderate and to water erosion is
low to high.

Most areas of these soils are used for cultivated
crops, hay, and pasture. The potential is good for range
and for most engineering and recreational uses. The
potential is fair for crops and windbreaks and is very
poor for wetland wildlife habitat.

These soils are suited to wheat, oats, barley, flax, and
grass-legume hay. When the soils are tilled, the main
management concerns are the very low available water
capacity in areas of the Sioux soil and control of soil
blowing and water erosion. High stubble, use of field
windbreaks, annual buffer strips, and stubble mulching
help alleviate the very low available water capacity and
soil blowing. Use of crop residue and planting of grassed
waterways where necessary help control water erosion.

Using these soils for pastureland or rangeland helps
control erosion. Conserving soil moisture and overgraz-
ing are the main management problems. Proper stocking
rates, pasture rotation, and timely delay of grazing help
keep the pasture and soil in good condition.

The Heimdal soil is well suited to trees and shrubs in
windbreaks and environmental plantings. The Sioux soil
is not suited because of very low available water capac-
ity. Nearly .all climatically adapted species have the po-
tential to grow well on the Heimdal soil. Grass and
weeds need to be eliminated before the trees are plant-
ed, and ground cover regrowth needs to be controlled
for the entire life of the plantings.

The soils in this map unit are well suited to sanitary
facilities and buildings. There is a possibility of septic
tank effluent contaminating ground water supplies be-
cause of the high seepage rates on the Sioux soil.
Sewage lagoons on the Heimdal soil can be treated for
seepage by sealing the bottom of the lagoon. Alternate
sites are needed for sewage lagoons on the Sioux soil.
These soils are not suited to wetland wildlife habitat.

This map unit is in capability subclass IVe.

125C—Heimdal-Emrick very stony loams, 1 to 9
percent slopes. This map unit consists of deep, nearly
level to moderately sloping, very stony soils on glacial till
plains and moraines. Stones, mainly on knolls and
ridges, cover 3 to 15 percent of the surface. The well
drained Heimdal soil is on knolls, ridges, and upper
slopes and is 50 to 70 percent of the map unit. The
moderately well drained Emrick soil is in swales and on
lower slopes and is 30 to 50 percent of the map unit.
Areas of the two soils are so intricately mixed or individ-
ually so small in size that it is not practical to separate
them in mapping. Individual areas of this map unit are 5

to 175 acres.

SOIL SURVEY

Typically, the Heimdal soil has a surface layer of black
loam about 8 inches thick. The subsoil, from 8 to 19
inches, is very dark grayish brown loam in the upper part
and dark brown or brown loam in the lower part. The
underlying material, from 19 to 60 inches, is grayish
brown loam in the upper part, yellowish brown loam in
the middle part, and yellowish brown sandy clay loam in
the lower part. In places, generally on tops of knolls and
ridges, the surface layer is thinner.

Typically, the Emrick soil has a surface layer of black
loam about 16 inches thick. The subsoil, from 16 to 34
inches, is very dark grayish brown loam. The underlying
material, from 34 to 60 inches, is light olive brown loam
in the upper and middle parts and olive brown loam in
the lower part.

Included with these soils in mapping, and making up
as much as 15 percent of the map unit, are small areas
of the poorly drained Tonka soil and the very poorly
drained Parnell soil. They are in deep depressions.

The soils in this map unit have moderate permeability.
Available water capacity is high, and runoff is slow to
rapid. Susceptibility to soil blowing is low and to water
erosion is low to high.

Most areas of these soils are used for range. The
potential is poor for crops and windbreaks and fair for
most engineering and recreational uses. The potential is
good for range and very poor for wetland wildlife habitat.
It is generally not feasible to cultivate these soils be-
cause of stoniness.

Using these soils for pastureland or rangeland helps
control erosion. Overgrazing results in reduced plant
vigor and forage yields. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition. Environmental plantings
for wildlife habitat, recreation, or beautification are feasi-
ble if the trees and shrubs are hand-planted. Grass and
weeds need to be eliminated before the trees are plant-
ed, and ground cover regrowth needs to be controlled
for the entire life of the plantings.

The soils in this map unit are suited to sanitary facili-
ties and buildings. Removing large stones helps minimize
the limitation for septic tanks, dwellings, and sewage
lagoons. Sewage lagoons can be treated for seepage by
sealing the bottom of the lagoon. Alternate sites are
needed for sewage lagoons where areas have 7 to 9
percent siopes. These soils are generally not suited to
wetland wildlife habitat.

This map unit is in capability subclass Vls.

125F—Heimdal-Esmond very stony loams, 9 to 40
percent slopes. This map unit consists of deep, rolling
to very steep, well drained, very stony soils on glacial
moraines and coulee breaks. On moraines, the drain-
ageways extend to concave lower slopes and swales.
The swales sometimes contain small deep depressions.
Stones, mainly on hills and ridges, cover 3 to 15 percent
of the surface. The Heimdal soil is on side slopes and is
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35 to 50 percent of the map unit. The Esmond soil is on
hilltops and ridges and is 30 to 45 percent of the map
unit. Areas of the two soils are so intricately mixed or
individually so smali in size that it is not practical to
separate them in mapping. Individual areas of this map
unit are 5 to more than 600 acres.

Typically, the Heimdal soil has a surface layer of black
loam .about 8 inches thick. The subsoil, from 8 to 19
inches, is very dark grayish brown loam in the upper part
and dark brown or brown loam in the lower part. The
underlying material, from 19 to 60 inches, is grayish
brown loam in the upper part, yellowish brown loam in
the middle part, and yellowish brown sandy clay loam in
the lower part. In places, the underlying material has a
higher clay content.

Typically, the Esmond soil has a surface layer of black
loam about 9 inches thick. The underlying material, from
9 to 23 inches, is dark grayish brown and grayish brown
loam. The underlying material, from 23 to 60 inches, is
light olive brown loam. In places the underlying material
has a higher clay content.

Included with these soils in mapping, and making up
10 to 20 percent of the map unit, are small areas of the
moderately well drained Emrick soil, the very poorly
drained Parnell soil, and the poorly drained Tonka soil.
The Emrick soil has a thicker subsoil and surface layer
and is in swales, on lower slopes, and in drainageways.
The Parnell and Tonka soils are in depressions.

The soils in this map unit have moderate permeability.
Available water capacity is high, and runoff is very rapid.
Susceptibility to soil blowing is low and to water erosion
is very high.

Most areas of these soils are used for range. The
potential is poor for crops, windbreaks, and for most
engineering and recreational uses. The potential is good
for range and is very poor for wetland wildlife habitat. It
is generally not feasible to cultivate these soils because
of stoniness and slope.

Using these soils for pastureland or rangeland helps
control erosion. Overgrazing results in reduced plant
vigor and forage yields. Proper stocking rates, pasture
rotation, and timely delay. of grazing help keep the pas-
ture and soil in good condition.

Environmental plantings for wildlife habitat, recreation,
or beautification are feasible if the trees and shrubs are
hand-planted. Grass and weeds need to be eliminated
before the trees are planted, and ground cover regrowth
needs to be controlled for the entire life of the plantings.

The soils in this map unit are poorly suited to sanitary
facilities and buildings. Removal of large stones helps
minimize the limitation for dwellings and septic tanks.
Slope is a limitation for buildings that can be overcome
by cut and fill operations in areas that have 9 to 15
percent slopes. Alternate sites are needed for sewage
lagoons, dwellings, and septic tanks where areas have
15 to 40 percent slopes. These soils are generally not
suited to wetland wildlife habitat.
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This map unit is in capability subclass Vlis.

126—Fram loam, saline, 1 to 3 percent slopes. This
deep, nearly level, somewhat poorly drained, moderately
saline soil is on glacial till plains. Individual areas of this
map unit are 5 to 200 acres.

Typically, the surface layer is black loam in the upper
part, very dark gray loam in the lower part, and about 13
inches thick. The next layer, from 13 to 27 inches, is
grayish brown loam. The underlying material, from 27 to
60 inches, is light olive brown loam in the upper part and
olive brown loam in the lower part. In places, particularly
the southwestern part of the county, the surface layer to
the underlying material is silt loam or very fine sandy
loam. In other places, there is a higher clay content in
the underlying material. In places, the soil is slightly
saline or strongly saline. Elsewhere the soil is poorly
drained and has a higher clay content from the surface
layer through the underlying material.

Included with this soil in mapping, and making up 10 to
20 percent of the map unit, are small areas of the mod-
erately well drained Cathay and Emrick soils, the poorly
drained Tonka soil, and the very poorly drained Parnell
soil. The Cathay soil contains excess sodium in the sub-
soil. The Emrick soil has no layers of lime accumulation
within a depth of 16 inches. The Cathay and Emrick soils
are on higher rises. The Tonka and Parnell soils are in
deep depressions.

This Fram soil has moderate permeability. Available
water capacity is moderate, and runoff is slow. Early in
spring and after unusually heavy rainy periods a high
water table develops, resulting in wetness. The high salit
content restricts plant growth. Susceptibility to soil blow-
ing is high and to water erosion is low.

Most areas of this soil are used for cultivated crops,
hay, and range. The potential is fair for crops, range, and
wetland wildlife habitat. The potential is poor for wind-
breaks and for most engineering and recreational uses.

This soil is suited to wheat, oats, barley, flax, and
grass-legume hay. When this soil is tilled, the main man-
agement concerns are wetness, salinity, and control of
soil blowing. Adequate outlets for drainage water are
often difficult to locate. Maintaining surface drains re-
duces the wetness. Planting saline-tolerant crops, avoid-
ing summer fallow, and avoiding deep tillage reduce sa-
linity. Intensive use of annual buffer strips and stubblé
muiching alleviate soil blowing.

Using this soil for pastureland or rangeland helps con-
trol erosion. Overgrazing results in reduced plant vigor
and forage yields. Proper stocking rates, pasture rota-
tion, and timely delay of grazing help keep the pasture
and soil in good condition.

This soil is poorly suited to sanitary facilities and build-
ings. Wetness is a severe limitation that can be over-
come in part by drainage; however, adequate outlets for
drainage water are difficult to locate. The salinity hinders
fandscaping. Alternate sites are needed for buildings and
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related uses. This soil is suited to wetland wildlife habi-
tat.
This-map unit is in capability subclass Illw.

127—Fram loam, 1 to 3 percent slopes. This deep,
nearly level, somewhat poorly drained soil is on glacial
till plains. Individual areas of this map unit are 5 to 200
acres.

Typically, the surface layer is black loam in the upper
part and very dark gray loam in the lower part and is
about 13 inches thick. The next layer, from 13 to 27
inches, is grayish brown loam. The underlying material,
from 27 to 60 inches, is light olive brown loam in the
upper part and olive brown loam in the lower part. In
places, particularly the southwestern part of the county,
the surface layer to the underlying material is silt loam or
very fine sandy loam. In addition, in parts of this area the
underlying material has higher clay content. In other
places, the soil is poorly drained, and there is a higher
clay content from the surface through the underlying
material.

Included with this soil in mapping, and making up 10 to
20 percent of the map unit, are small areas of the mod-
erately well drained Cathay and Emrick soils, the poorly
drained Tonka soil, and the very poorly drained Parnell
soil. The Cathay soil contains excess sodium in the sub-
soil. The Emrick soil has no layers of lime accumulation
within a depth of 16 inches. The Cathay and Emrick soils
are on higher rises. The Tonka and Parnell soils are in
deep depressions.

This Fram soil has moderate permeability. Available
water capacity is high, and runoff is slow. Early in spring
and after unusually heavy rainy periods a high water
table develops, resulting in wetness. Susceptibility to soil
blowing is high and to water erosion is low.

Most areas of this soil are used for cultivated crops.
The potential is good for crops, range, and windbreaks.
The potential is fair for wetland wildlife habitat and is
poor for most engineering and recreational uses.

This soil is well suited to wheat, oats, barley, flax, and
grass-legume hay. Wetness and control of soil blowing
are the main management concerns. Adequate outlets
for drainage water are often difficult to locate. Maintain-
ing surface drains and intensive use of field windbreaks,
annual buffer strips, and stubble mulching can alleviate
these limitations.

Using this soil for pastureland or rangeland helps con-
trol erosion. Overgrazing results in reduced plant vigor
and forage yields. Proper stocking rates, pasture rota-
tion, and timely delay of grazing help keep the pasture
and soil in good condition.

This soil is well suited to trees and shrubs in wind-
breaks and environmental plantings. Potential is good for
growing all climatically adapted species. Grass and
weeds need to be eliminated before the trees are plant-
ed, and ground cover regrowth needs to be controlled
for the entire life of the plantings.

SOIL SURVEY

This soil is poorly suited to sanitary facilities and build-
ings. Wetness is a severe limitation that can be over-
come in part by drainage; however, adequate outlets for
drainage water are difficult to locate. Alternate sites are
needed for buildings and related uses. This soil is suited
to wetland wildlife habitat.

This map unit is in capability subclass Ilw.

129—Colvin and Borup silt loams, saline. This map
unit consists of deep, level, poorly drained, moderately
saline soils on glacial lake plains, in drainageways, and
adjacent to old stream channels. Any area can consist
entirely of the Colvin soil or the Borup soil or any combi-
nation of the two soils. Individual areas of this map unit
are 5 to 350 acres.

Typically, the surface layer of the Colvin soil is black
silt loam in the upper part and very dark gray silt loam in
the lower part and is about 12 inches thick. The underly-
ing material, from 12 to 30 inches, is dark gray silty clay
loam. The underlying material, from 30 to 60 inches, is
dark gray silty clay loam in the upper part and olive gray
and olive loam in the lower part. In places the surface
layer is silty clay loam. In other places, generally in
deeper swales, the soil is very poorly drained. Also in
places the soil is slightly saline or strongly saline.

Typically, the surface layer of the Borup soil is black
silt loam in the upper part and very dark gray silt loam in
the lower part and is about 12 inches thick. The next
layer, from 12 to 30 inches, is dark gray'silt loam in the
upper part and gray silt loam in thé lower part. In places,
generally in deeper swales, the soil is very poorly
drained. In other places it is slightly saline or strongly
saline.

Included with these soils in mapping, and making up
as much as 10 percent of the map unit, are small areas
of the poorly drained Fossum soil. It has a fine sandy
loam surface layer and sandy underlying material and is
in the same landscape position as the Colvin and Borup
soils.

Permeability in the Colvin soil is moderately slow,
available water capacity is high, and runoff is slow. Per-
meability in the Borup soil is moderately rapid, available
water capacity is moderate, ahd runoff is slow. Early in
spring and after unusually heavy rainy periods a high
water table develops, resulting in wetness and some
surface ponding. The high salt content restricts plant
growth. Susceptibility to soil blowing is high.

Most areas of these soils are used for hay, pasture,
and range. The potential is poor for crops, windbreaks,
and for most engineering and recreational uses. The
potential is fair for range and good for wetland wildlife
habitat.

These soils are poorly suited to wheat, oats, barley,
flax, and grass-legume hay. When these soils are tilled,
the main management concerns are wetness, salinity,
and control of soil blowing. Adequate outlets for drainage
water are often difficult to locate. Maintaining surface



BENSON COUNTY AREA, NORTH DAKOTA

drains reduces wetness. Planting saline-tolerant crops,
avoiding summer fallow, and avoiding deep tillage reduce
salinity. Intensive use of annual buffer strips and stubble
mulching alleviate soil blowing.

Using these soils for pastureland or rangeland helps
control erosion. Overgrazing or grazing when the soil is
wet reduces surface infiltration and causes surface com-
paction and poor soil tilth. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

The soils in this map unit are poorly suited to sanitary
facilities and buildings. Wetness is a severe limitation
that can be overcome in part by drainage; however,
adequate outlets for drainage water are difficult to
locate. The salinity hinders landscaping. Alternate sites
are needed for building and related uses. These soils are
well suited to wetland wildlife habitat.

This map unit is in capability subclass IVw.

131D—Miranda Variant loam, 3 to 15 percent
slopes. This deep, undulating to rolling, moderately well
drained and somewhat poorly drained soil is on coulee
side slopes and foot slopes. Individual areas of this map
unit are 5 to 200 acres.

Typically, the surface layer is black loam about 1 inch
thick. The subsoil, from 1 inch to 13 inches, is dense
silty clay. The upper part is black and the lower part is
very dark grayish brown. The underlying material, from
13 to 42 inches, is silty clay and is dark grayish brown in
the upper part and olive gray in the middle and lower
parts. Below a depth of 42 inches is weathered shale
bedrock. In places the subsoil is less dense. In other
places the surface is stony, and in places the soil is
strongly saline.

Inciuded with this soil in mapping, and making up as
much as 15 percent of the map unit, are small areas of
the moderately well drained Darnen soil and the well
drained Esmond soil. These soils do not have a dense
subsoil. The Darnen soil is in draws and on fans. The
Esmond soil is on higher convex slopes.

This Miranda soil has very slow permeability. Available
water capacity is moderate and high, and runoff is
medium to very rapid. The surface is hard and crusted
when dry and dispersed when wet. The dense subsoil
restricts the rooting depth of plants. Susceptibility to soil
blowing is low and to water erosion is moderate to very
high.

Most areas of this soil are used for range. The poten-
tial is poor for crops, windbreaks, and for most recre-
ational uses. The potential is fair for range and most
engineering uses and is very poor for wetland wildlife
habitat. It is generally not feasible to cultivate this soil
because of excess sodium, salinity, and restricted root
growth.

This soil is best suited to pastureland or rangeland.
Overgrazing or grazing when the soil is wet causes sur-
face compaction, reduces soil tilth, and increases sur-
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face runoff. Proper stocking rates, pasture rotation, and
timely delay of grazing help keep the pasture and soil in
good condition.

This soil is suited to buildings and sanitary facilities.
The very slow permeability is a limitation for septic tanks
and can be overcome by increasing the size of the
absorption field. Shrink-swell is a limitation for buildings
that can be overcome by reinforcing foundations and
basement walls. The excess sodium and salinity hinder
landscaping. Better suited sites for septic tanks and
buildings are generally nearby. This soil is generally not
suited to wetland wildlife habitat.

This map unit is in capability subclass Vls.

133—Fordville loam, 1 to 3 percent slopes. This
deep, nearly level, well drained soil is on stream terraces
and glacial outwash plains, and is moderately deep over
sand and gravel. Individual areas of this map unit are 5
to more than 600 acres.

Typically, the surface layer is very dark gray loam
about 10 inches thick. The subsoil, from 10 to 20 inches,
is very dark grayish brown loam in the upper part and
dark brown loam in the lower part. The underlying mate-
rial, from 20 to 60 inches, is dark grayish brown coarse
sandy loam in the upper part, grayish brown sand and
gravel in the middle part, and dark grayish brown sand
and gravel in the lower part. In places the soils are
gently sloping.

Included with this soil in mapping, and making up as
much as 15 percent of the map unit, are small areas of
the somewhat excessively drained Renshaw soil. This
soil is shaliow over sand and gravel and is on the higher
rises.

This soil has moderate permeability in the upper part
and rapid permeability in the underlying material. Availa-
ble water capacity is low, and runoff is slow. Susceptibil-
ity to soil blowing and to water erosion is low.

Most areas of this soil are used for cultivated crops.
The potential is good for range, windbreaks, and for
most engineering and recreational uses. The potential is
fair for crops and is very poor for wetland wildlife habitat.

This soil is suited to wheat, oats, barley, flax, and
grass-legume hay. Low available water capacity is the
main management concern. High stubble and stubble
mulching can alleviate this limitation.

This soil is well suited to pastureland or rangeland.
Conserving soil moisture and overgrazing are the main
management concerns. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

This soil is well suited to trees and shrubs in wind-
breaks and environmental plantings. Potential is good for
growing nearly all climatically adapted species. Grass
and weeds need to be eliminated before the trees are
planted, and ground cover regrowth needs to be con-
trolled for the entire life of the plantings.
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This soil is well suited to sanitary facilities and build-
ings. There is a possibility of septic tank effluent con-
taminating ground water supplies because of the high
seepage rates. Alternate sites are needed for sewage
lagoons. This soil is generally not suited to wetland wild-
life habitat.

This map unit is in capability subclass Ills.

134—Borup-Vallers complex, 1 to 3 percent slopes.
This map unit consists of deep, nearly level, poorly
drained soils on glacial lake plains. The Borup soil is on
foot slopes and is 35 to 60 percent of the map unit. The
Vallers soil is on side slopes and is 30 to 55 percent of
the map unit. Areas of the two soils are so intricately
mixed or individually so small in size that it is not practi-
cal to separate them in mapping. Individual areas of this
map unit are 5 to 150 acres.

Typically, the surface layer of the Borup soil is silt
loam about 12 inches thick. It is black in the upper part
and very dark gray in the lower part. The underlying
material, from 12 to 30 inches, is dark gray and gray siit
loam. The underlying material, from 30 to 60 inches, is
grayish brown silt loam and olive brown very fine sandy
loam. In places, 1 to 10 percent of the surface is cov-
ered by stones.

Typically, the Vallers soil has a surface layer of black
loam about 9 inches thick. The underlying material, from
9 to 22 inches, is gray and olive gray clay loam. From 22
to 60 inches it is olive gray and gray clay loam in the
upper part and gray clay loam in the lower part.

Included with these soils in mapping, and making up
as much as 10 percent of the map unit, are small areas
of the very poorly drained Rauville soil on the wetter
seep areas.

Permeability in the Borup soil is moderately rapid,
available water capacity is high, and runoff is slow. Per-
meability in the Vallers soil is moderately slow, available
water capacity is high, and runoff is slow. In spring and
after heavy rainy periods, wetness results from seepage.
Susceptibility to soil blowing is high and to water erosion
is low.

Most areas of these soils are used for native range,
pasture, and hayland. The potential is good for range,
windbreaks, and wetland wildlife habitat. The potential is
poor for crops and for most engineering and recreational
uses. It is generally not feasible to cultivate these soils
because of wetness resulting from nearly continuous
seepage.

Using these soils for pastureland or rangeland helps
control erosion: Overgrazing or grazing when the soil is
wet causes surface compaction, decreases water infiltra-
tion, and increases surface runoff. Proper stocking rates,
pasture rotation, and timely delay of grazing help keep
the pasture and soil in good condition.

If drained, these soils are well suited to trees and
shrubs in windbreaks and environmental plantings. All
climatically adapted species have the potential to grow
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well. Grass and weeds need to be eliminated before the
trees are planted, and ground cover regrowth needs to
be controlled for the entire life of the plantings. Un-
drained areas are not suited to these uses.

The soils in this map unit are poorly suited to sanitary
facilities and buildings. Wetness from nearly continuous
seepage is a severe limitation. Alternate sites are
needed for buildings and related uses. These soils are
well suited to wetland wildlife habitat.

This map unit is in capability subclass Vw.

135—Miranda-Larson complex, 1 to 3 percent
slopes. This map unit consists of deep, nearly level,
moderately well drained and somewhat poorly drained
soils on stream bottom lands and in small basins or flats
on giacial till plains. The Miranda soil is in micro depres-
sions and is 35 to 55 percent of the map unit. The
Larson soil is in swales and on slopes and is 30 to 50
percent of the map unit. Areas of the two soils are so
intricately mixed or individually so small in size that it is
not practical to separate them in mapping. Individual
areas of this map unit are 5 to 200 acres.

Typically, the Miranda soil has a surface layer of black
loam or clay loam about 3 inches thick. The subsurface
layer, from 3 to 5 inches is very dark gray loam. The
subsoil, from 5 to 22 inches, is dense clay loam and is
very dark gray in the upper part, black and very dark
gray in the middle part, and very dark grayish brown in
the two lower parts. The underlying material, from 22 to
60 inches, is clay loam and is dark grayish brown in the
upper part and olive brown in the lower part. In places,
the soil has lower clay content.

Typically, the Larson soil has a surface layer of black
loam about 6 inches thick. The subsurface layer, from 6
to 7 inches, is very dark gray loam. The subsoil, from 7
to 20 inches, is dense clay loam and is very dark brown
in the upper part and very dark grayish brown in the
middle and lower parts. The underlying material, from 20
to 60 inches, is clay loam and is light brownish gray in
the upper part, grayish brown in the middle part, and
light olive brown in the lower part. In places, the subsoil
is less dense.

Included with these soils in mapping, and making up
as much as 15 percent of the map unit, are small areas
of the very poorly drained Parnell soil and the poorly
drained Tonka and Vallers soils. The Vallers soil has
layers of lime accumulation within a depth of 16 inches
around the margins of deep depressions. In places, this
soil is moderately saline. The Parnell and Tonka soils are
in deep depressions.

Permeability of the Miranda soil is very slow, available
water capacity is moderate or high, and runoff is slow.
Permeability of the Larson soil is slow, available water
capacity is moderate, and runoff is slow. The surface is
hard and crusted when dry and dispersed when wet. The
dense subsoil restricts the rooting depth of plants. Sus-
ceptibility to soil blowing and to water erosion is low.
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Most areas of these soils are used for range. The
potential is poor for crops, range, and windbreaks. The
potential is very poor for wetland wildlife habitat and is
fair for most engineering and recreational uses. It is
generally not feasible to cultivate these soils because of
excess sodium, salinity, and restricted root growth.

These soils are best suited to pastureland or range-
land. Overgrazing or grazing when the soil is wet causes
surface compaction, reduces soil tilth, and increases sur-
face runoff. Proper stocking rates, pasture rotation, and
timely delay of grazing help keep the pasture and soil in
good condition.

The soils in this map unit are suited to sanitary facili-
ties and buildings. The very slow permeability is a limita-
tion for septic tanks that can be overcome by increasing
the size of the absorption field. Shrink-swell is a limita-
tion for buildings that can be overcome by reinforcing
foundations and basement walls. The excess sodium
and salinity hinder landscaping. Better suited sites for
septic tanks and buildings are generally nearby. These
soils are generally not suited to wetland wildlife habitat.

This map unit is in capability subclass VIs.

137—Stirum loamy fine sand. This deep, level,
poorly drained soil is on glacial outwash and lake plains.
Individual areas of this map unit are 5 to 100 acres.

Typically, the surface layer is black loamy fine sand
about 8 inches thick. The subsurface layer, from 8 to 9
inches, is black loamy fine sand. The subsoil, from 9 to
18 inches, is dense, very dark gray, fine sandy loam. The
underlying material, from 18 to 60 inches, is loamy fine
sand and is olive gray in the upper and lower parts and
olive in the middle part. In places, the surface layer is
fine sandy loam or loam. In other places, there is sand
and gravel beginning at a depth of 20 to 40 inches.

Included with this soil in mapping, and making up as
much as 15 percent of the map unit, are small areas of
the moderately well drained Hecla and Letcher soils. The
Hecla soil does not have a dense subsoil and is on
some higher swells. The Letcher soil is better drained
and is in the same landscape position as the Stirum soil.

This Stirum soil has moderately slow permeability.
Available water capacity is moderate, and runoff is slow.
Early in spring and after unusually heavy rainy periods a
high water table develops, resulting in wetness and
some surface ponding. The surface is hard and crusted
when dry and dispersed when wet. The dense subsoil
restricts the rooting depth of plants. Susceptibility to soil
blowing is very high.

Most areas of this soil are used for cultivated crops,
hay, and pasture. The potential is poor for crops, wind-
breaks, and for most engineering and recreational uses.
The potential is fair for range and wetland wildlife habi-
tat.

This soil is poorly suited to wheat, oats, barley, flax,
and grass-legume hay. When this soil is tilled, the main
management concerns are wetness, improving soil tilth,
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and controlling soil blowing. Adequate outlets for drain-
age water are often difficult to locate. Maintaining sur-
face drains can alleviate wetness. Use of crop residue,
green manure crops, and deep plowing to break up the
dense subsoil can reduce the soil tilth condition. Inten-
sive use of annual buffer strips and stubble mulching
help control soil blowing.

Using this soil for pastureland or rangeland helps con-
trol erosion. Overgrazing results in reduced plant vigor
and forage vyields. Proper stocking rates, pasture rota-
tion, and timely delay of grazing help keep the pasture
and soil in good condition.

This soil is poorly suited to sanitary facilities and build-
ings. Wetness and fiooding are severe limitations that
can be overcome in part by drainage; however, adequate
outlets are difficult to locate. Alternate sites are needed
for buildings and related uses. This soil is suited to
wetland wildlife habitat.

This map unit is in capability subclass IVw.

140B—Svea-Buse loams, 3 to 6 percent slopes.
This map unit consists of deep, undulating soils on gla-
cial till plains and moraines. The moderately well drained
Svea soil is in swales and on concave lower siopes, and
is 40 to 50 percent of the map unit. The well drained
Buse soil is on upper slopes and tops of knolls and is 40
to 50 percent of the map unit. Areas of the two soils are
so intricately mixed or individually so small in size that it
is not practical to separate them in mapping. Individual
areas of this map unit are 5 to 600 acres.

Typically, the Svea soil has a surface layer of black
loam about 12 inches thick. The subsoil, from 12 to 22
inches, is very dark grayish brown loam in the upper part
and dark grayish brown loam in the lower part. The
underlying material, from 22 to 60 inches, is grayish
brown loam.

Typically, the Buse soil has a surface layer of very
dark gray loam about 8 inches thick. The underlying
material, from 8 to 15 inches, is grayish brown loam. The
underlying material, from 15 to 60 inches, is light olive
brown loam. In places, generally on side slopes, there is
a subsoil. In other places, generally on higher knolls, the
surface layer is thinner and moderately eroded.

Included with these soils in mapping, and making up
as much as 15 percent of the map unit, are small areas
of the somewhat poorly drained Hamerly soil, the very
poorly drained Parnell soil, and the poorly drained Tonka
and Vallers soils. The Hamerly and Vallers soils are
around the margins of deep depressions and have layers
of lime accumulation within a depth of 16 inches. The
Parnell and Tonka soils are in deep depressions.

The soils in this map unit have moderately slow per-
meability. Available water capacity is high, and runoff is
medium. Susceptibility to soil blowing is low and to water
erosion is moderate.

Most areas of these soils are used for cuitivated
crops. The potential is good for crops, range, and recre-
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ational uses. The potential is very poor for wetland wild-
life habitat and is fair for windbreaks and most engineer-
ing uses.

These soils are well suited to wheat, oats, barley, flax,
and grass-legume hay. Maintaining good soil tilth and
controlling water erosion are the main management con-
cerns. Use of crop residue and planting of grassed wa-
terways where necessary help control water erosion.

Using these soils for pastureland or rangeland helps
control erosion. Overgrazing or grazing when the soil is
wet causes surface compaction, reduces soil tilth, and
increases surface runoff. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

The Svea soil is well suited to trees and shrubs in
windbreaks and environmental plantings. All climatically
adapted species have the potential to grow well. The
Buse soil is poorly suited to trees and shrubs in wind-
breaks and environmental plantings, but is suited to
plantings for wildlife habitats, recreation, and beautifica-
tion where survival, growth, and vigor are not required or
expected to be optimum. Grass and weeds need to be
eliminated before the trees are planted, and ground
cover regrowth needs to be controlled for the entire life
of the plantings.

The soils in this map unit are suited to sanitary facili-
ties and buildings. The moderately slow permeability is a
limitation for septic tanks and can be overcome by in-
creasing the size of the absorption field. The wetness
limitation for buildings on the Svea soil can be minimized
by foundation drainage or by locating structures on the
high lying Buse soil. The shrink-swell potential is a limita-
tion for buildings that can be overcome by reinforcing
foundations and basement walls. These soils are gener-
ally not suited to wetland wildlife habitat.

This map unit is in capability subclass lle.

i41—Embden-Letcher fine sandy loams, 1 to 3
percent slopes. This map unit consists of deep, nearly
level, moderately well drained soils on glacial outwash
plains. The Embden soil is on rises and is 50 to 60
percent of the map unit. The Letcher soil is in swales
and is 40 to 50 percent of the map unit. Areas of the two
soils are so intricately mixed or individually so small in
size that it is not practical to separate them in mapping.
Individual areas of this map unit are 5 to 200 acres.

Typically, the Embden soil has a surface layer of black
fine sandy loam about 12 inches thick. The subsoil, from
12 to 34 inches, is fine sandy loam and is very dark
grayish brown in the upper part and dark brown in the
lower part. The underlying material, from 34 to 60
inches, is brown loamy fine sand. In places, the Embden
soil is gently sloping.

Typically, the Letcher soil has a surface fayer of black
fine sandy loam about 9 inches thick. The subsurface
layer, from 9 to 10 inches, is dark grayish brown loamy
fine sand. The subsoil, from 10 to 23 inches, is dense
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fine sandy loam and is dark grayish brown in the upper
part and brown in the lower part. The underlying materi-
al, from 23 to 60 inches, is light olive brown and is fine
sandy loam in the upper part, loam in the middle part,
and sand in the lower part. in places, the combined
thickness of the surface and subsurface layers is 5
inches or less.

Permeability in the Embden soil is moderately rapid,
available water capacity is moderate, and runoff is slow.
Permeability in the Letcher soil is slow in the subsoil and
moderately rapid in the underlying material. Available
water capacity is moderate, and runoff is slow. The sur-
face in areas of the Letcher soil is hard and crusted
when dry and dispersed when wet. The dense subsoil
restricts the rooting depth of plants. Susceptibility to soil
blowing is high.

Most areas of these soils are used for cultivated
crops. The potential is fair for crops, windbreaks, and for
most engineering uses. The potential is poor for wetland
wildlife habitat and good for range and recreational uses.

These soils are suited to wheat, oats, barley, flax, and
grass-legume hay. The main management concerns are
improving soil tilth in areas of the Letcher soil and con-
trolling soil blowing. Use of crop residue, green manure
crops, and deep plowing to break up the dense subsoil
help improve soil tilth. Intensive use of field windbreaks,
annual buffer strips, and stubble mulching help control
soil blowing.

Using these soils for pastureland or rangeland helps
control erosion. Overgrazing results in reduced plant
vigor and forage yields. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

The Embden sail is well suited to trees and shrubs in
windbreaks and environmental plantings. All climatically
adapted species have the potential to grow well. The
Letcher soil is generally not suited to trees and shrubs in
windbreaks and environmental plantings because of
excess sodium and restricted root growth. Grass and
weeds need to be eliminated before the trees are plant-
ed, and ground cover regrowth needs to be controlled
for the entire life of the plantings.

The soils in this map unit are suited to sanitary facili-
ties and buildings. The slow permeability is a limitation
for septic tanks on the Letcher soil and can be over-
come by increasing the size of the absorption field.
There is a possibility of septic tank effluent contaminat-
ing ground water supplies because of the high seepage
rates. Wetness is a limitation for buildings that can be
minimized by foundation drainage. Alternate sites are
needed for sewage lagoons. These soils are poorly
suited to wetland wildlife habitat.

This map unit is in capability subclass lile.

144—Hamerly-Cresbard loams, 1 to 3 percent
slopes. This map unit consists of deep, nearly level soils
on glacial till plains. The somewhat poorly drained Ha-
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merly soil is in swales, on concave slopes of rises, and
is 50 to 80 percent of the map unit. The moderately well
drained Cresbard soil is on slopes of rises, is slightly
above the Hamerly soil, and is 20 to 40 percent of the
map unit. Areas of the two soils are so intricately mixed
or individually so small in size that it is not practical to
separate them in mapping. Individual areas of this map
unit are 5 to 300 acres.

Typically, the surface layer of the Hamerly soil is loam
about 9 inches thick. It is black in the upper part and
very dark gray in the lower part. The underlying material,
from 9 to 22 inches, is grayish brown and. brown clay
loam. The underlying material, from 22 to 60 inches, is
light olive brown loam. ,

Typically, the Cresbard soil has a surface layer of very
dark gray loam about 6 inches thick. The subsurface
layer, from 6 to 8 inches, is dark grayish brown loam.
The subsoil, from 8 to 16 inches, is dense silty clay and
is dark grayish brown in the upper part and very dark
grayish brown in the lower part. The underlying material,
from -16 to 60 inches, is olive brown clay loam in the
upper part and dark grayish brown clay loam in the lower
part.

Included with these soils in mapping, and making up
as much as 15 percent of the map unit, are small areas
of the poorly drained Tonka soil and the very poorly
drained Parnell soil. The Tonka and Parnell soils are in
deep depressions.

Permeability in the Hamerly soil is moderately slow,
available water capacity is high and runoff is slow. Per-
meability in the Cresbard soil is slow, available water
capacity is moderate, and runoff is slow. Early in spring
and after unusually heavy rainy periods a high water
table develops, resulting in wetness and some surface
ponding. The surface in areas of the Cresbard soil is
hard and crusted when dry and dispersed when wet. The
dense subsoil restricts the rooting depth of plants. Sus-
ceptibility to soil blowing is high and to water erosion is
low.

Most areas of these soils are used for cultivated
crops. The potential is good for crops, range, and wind-
breaks. The potential is fair for recreational uses and is
poor for most engineering uses and wetland wildlife habi-
tat.

These soils are well suited to wheat, oats, barley, flax,
and grass-legume hay. The main management concerns
are maintaining good soil tilth and controlling soil blow-
ing. Use of crop residue and intensive use of field wind-
breaks, annual buffer strips, and stubble mulching can
alleviate these limitations.

Using these soils for pastureland or rangeland helps
control erosion. Overgrazing or grazing when the soil is
wet causes surface compaction, reduces soil tiith, and
increases surface runoff. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.
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The Hamerly soil is well suited to trees and shrubs in
windbreaks and environmental plantings, and all climati-
cally adapted species have the potential to grow well on
the Hamerly soil. The Cresbard soil is suited to trees and
shrubs in windbreaks and environmental plantings. Many
climatically adapted species have the potential to grow
well on the Cresbard soil. Grass and weeds need to be
eliminated before the trees are planted, and ground
cover regrowth needs to be controlled for the entire life
of the plantings.

The soils in this map unit are poorly suited to sanitary
facilities and buildings. The moderately slow permeability
is a limitation for septic tanks and can be overcome by
increasing the size of the absorption field. Wetness is a
limitation for buildings on the Hamerly soil and can be
minimized by foundation drainage. Shrink-swell is a limi-
tation for buildings that can be overcome by reinforcing
foundations and basement walls. These soils are poorly
suited to wetland wildlife habitat.

This map unit is in capability subclass Ilis.

144B—Hamerly-Cresbard loams, 3 to 6 percent
slopes. This map unit consists of deep, gently sloping
soils on glacial tili plains. The somewhat poorly drained
Hamerly soil is in swales, on the concave lower slopes,
and is 50 to 80 percent of the map unit. The moderately
well drained Cresbard soil is on lower slopes, is slightly
above the Hamerly soil, and is 20 to 40 percent of the
map unit. Areas of the two soils are so intricately mixed
or individually so small in size that it is not practical to
separate them in mapping. Individual areas of this map
unit are 5 to 125 acres.

Typically, the surface layer of the Hamerly soil is loam
about 9 inches thick. It is black in the upper part and
very dark gray in the lower part. The underlying material,
from 9 to 22 inches, is grayish brown and brown clay
loam. The underlying material, from 22 to 60 inches, is
light olive brown loam.

Typically, the Cresbard soil has a surface layer of very
dark gray loam about 6 inches thick. The subsurface
layer, from 6 to 8 inches, is dark grayish brown loam.
The subsoil, from 8 to 16 inches, is dense silty clay and
is dark grayish brown in the upper part and very dark
grayish brown in the lower part. The underlying material,
from 16 to 60 inches, is olive brown clay loam in the
upper part and dark grayish brown clay loam in the lower
part.

included with these soils in mapping, and making up
15 to 20 percent of the map unit, are small areas of the
well drained Barnes soil, the moderately well drained
Svea soil, the poorly drained Tonka soil, and the very
poorly drained Parnell soil. The Barnes and Svea soils
are on knolls and side slopes. The Tonka and Parnell
soils are in deep depressions.

Permeability in the Hamerly soil is moderately slow,
available water capacity is high, and runoff is medium.
Permeability in the Cresbard soil is slow, available water
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capacity is moderate, and runoff is medium. Early in
spring and after unusually heavy rainy periods there is
surface ponding in areas of the Cresbard soil. The sur-
face in areas of the Cresbard soil is hard and crusted
when dry and dispersed when wet. The dense subsoil
restricts the rooting depth of plants. Susceptibility to soil
blowing is high and to water erosion is moderate.

Most areas of these soils are used for cultivated
crops. The potential is good for range and windbreaks
and is fair for crops and recreational uses. The potential
is very poor for wetland wildlife habitat and poor for most
engineering uses.

These soils are suited to wheat, oats, barley, flax, and
grass-legume hay. The main management concerns are
maintaining good soil tilth and controlling soil blowing
and water erosion. Use of crop residue helps maintain
good soil tilth. Intensive use of field windbreaks, annual
buffer strips, and stubble mulching helps alleviate soil
blowing. Use of crop residue and planting of grassed
waterways where necessary help control water erosion.

Using these soils for pastureland or rangeland helps
control erosion. Overgrazing or grazing when the soil is
wet causes surface compaction, reduces soil tilth, and
increases surface runoff. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

The Hamerly soil is well suited to trees and shrubs in
windbreaks and environmental plantings, and all climati-
cally adapted species have the potential to grow well on
the Hamerly soil. The Cresbard soil is suited to trees and
shrubs in windbreaks and environmental plantings. Many
climatically adapted species have the potential to grow
well on the Cresbard soil. Grass and weeds need to be
eliminated before the trees are planted, and ground
cover regrowth needs to be controlled for the entire life
of the plantings.

The soils in this map unit are poorly suited to sanitary
facilities and buildings. The moderately slow permeability
is a limitation for septic tanks and can be overcome by
increasing the size of the absorption field. Wetness is a
limitation for buildings on the Hamerly soil that can be
minimized by foundation drainage. Shrink-swell is a limi-
tation for buildings that can be overcome by reinforcing
foundations and basement walls. These soils are gener-
ally not suited to wetland wildlife habitat.

This map unit is in capability subclass lile.

145—Grano slity clay, saline. This deep, level, poorly
drained and very poorly drained, moderately saline soil is
on glacial lake plains. Individual areas of this map unit
are 5 to more than 600 acres.

Typically, the surface layer is black silty clay about 10
inches thick. The underlying material, from 10 to 60
inches, is very dark gray and dark gray clay in the upper
part, dark gray clay in the middle part, and olive gray
clay in the lower part. In places, layers of lime accumula-
tion are within a depth of 16 inches. In other places, the
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surface layer is more than 10 inches thick, and there is a
subsoil. In addition, in places the soil is slightly saline or
strongly saline.

This soil has slow permeability. Available water capac-
ity is moderate, and runoff is slow. Early in spring and
after unusually heavy rainy periods a high water table
develops, resulting in wetness and some surface pond-
ing. The high salt content restricts plant growth. Suscep-
tibility to soil blowing is high.

Most areas of this soil are used for hay, pasture, and
range. The potential is poor for crops, windbreaks, and
for most engineering and recreational uses. The potential
is fair for range and is good for wetland wildlife habitat. It
is generally not feasible to cultivate this soil because of
wetness, salinity (fig. 11), and the high hazard of soil
blowing.

Using this soil for pastureland or rangeland helps con-
trol erosion. Overgrazing or grazing when the soil is wet
reduces surface infiltration and causes surface compac-
tion and poor soil tilth. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition.

This soil is poorly suited to sanitary facilities and build-
ings. Wetness is a severe limitation that can be over-
come in part by drainage; however, adequate outlets for
drainage water are difficult to locate. The salinity hinders
landscaping. Alternate sites are needed for buildings and
related uses. This soil is well suited to wetland wildlife
habitat.

This map unit is in capability subclass VIs.

146—Hamerly-Tonka loams, 0 to 3 percent slopes.
This map unit consists of deep, level and nearly level
soils on glacial till plains. The somewhat poorly drained
Hamerly soil is on convex slopes between depressions,
on margins of depressions, and is 60 to 80 percent of
the map unit. The poorly drained Tonka soil is in depres-
sions and is 10 to 30 percent of the map unit. Areas of
the two soils are so intricately mixed or individually so
small in size that it is not practical to separate them in
mapping. Individual areas of this map unit are 5 to 600
acres.

Typically, the surface layer of the Hamerly soil is black
loam in the upper part, very dark gray loam in the iower
part, and is about 9 inches thick. The underlying materi-
al, from 9 to 22 inches, is grayish brown and brown clay
loam. The underlying material, from 22 to 60 inches, is
light olive brown loam. In places, generally on the mar-
gins of depressions, the soil is poorly drained and some
of the soil is moderately saline. In other places, the
slopes of the Hamerly soil are gently sloping.

Typically, the Tonka soil has a surface layer of black
loam about 14 inches thick. The subsurface layer, from
14 to 22 inches, is dark gray silt loam. The subsoil, from
22 to 52 inches, is very dark grayish brown silty clay in
the upper part and olive gray silty clay loam in the lower
part. The underlying material, from 52 to 60 inches, is
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Figure 11.—0n Grano saline soils the salinity affects crop
emergence, growth, and yield.

olive gray silty clay loam. In places, the surface layer is
silt loam.

Included with these soils in mapping, and making up
as much as 15 percent of the map unit, are small areas
of the well drained Barnes soil, the very poorly drained
Parnell soil, and the moderately well drained Svea soil.
The Barnes and Svea soils are better drained, are on
higher slopes, and are above the Hamerly soil. The Par-
nell soil does not have a light colored subsurface layer
and is in the deeper part of the depressions.
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Permeability in the Hamerly 'soil is moderately slow,
available water capacity is high, and runoff is slow or
ponded. Permeability in the Tonka soil is slow, available
water capacity is high, and runoff is slow or ponded.
Early in spring and after heavy rainy periods a high water
table develops, resulting in wetness and some surface
ponding, particularly in areas of the Tonka soil. Suscepti-
bility to soil blowing is high and to water erosion is low.

Most areas of these soils are used for cultivated
crops. The potential is good for range, windbreaks, and
wetland wildlife habitat. The potential is fair for crops and
is poor for most engineering and recreational uses.

These soils are suited to wheat, oats, barley, flax, and
grass-legume hay. The main management concerns are
wetness, surface ponding, and control of soil blowing.
Adequate outlets for drainage water are often difficult to
locate. Maintaining surface drains and intensive use of
field windbreaks, annual buffer strips, and stubble mulch-
ing help alleviate these limitations.

Using these soils for pastureland or rangeland helps
control erosion. Overgrazing or grazing when the soil is
wet causes surface compaction, reduces soil tilth, and
increases surface runoff. Proper stocking rates, pasture
rotation, and timely delay of grazing help keep the pas-
ture and soil in good condition. )

These soils are suited to trees and shrubs in wind-
breaks and environmental plantings. Undrained areas of
the Tonka soil are not suited to trees and shrubs in
windbreaks and environmental plantings. Potential is
good for growing all climatically adapted species. Grass
and weeds need to be eliminated, and ground cover
regrowth needs to be controlied for the entire life of the
plantings.

The soils in this map unit are poorly suited to sanitary
facilities and buildings. Wetness and flooding are severe
limitations that can be overcome in part by drainage;
however, adequate outlets for drainage water are difficult
to locate. Alternate sites are needed for buildings and
related uses. These soils are well suited to wetland wild-
life habitat.

This map unit is in capability subclass [Hw.

149B—Maddock loamy fine sand, 1 to 6 percent
slopes. This deep, nearly level and gently sloping, well
drained soil is on sandy plains. Individual areas of this
map unit are 5 to more than 400 acres.

Typically, the surface layer is very dark gray loamy fine
sand about 12 inches thick. The subsoil, from 12 to 21
inches, is dark brown loamy fine sand. The underlying
material, from 21 to 60 inches, is dark brown fine sand in
the upper part and dark grayish brown fine sand in the
lower part. In places, generally on the tops of knolls and
ridges, the surface layer is thinner and moderately
eroded with a few small blowout spots.

Included with this soil in mapping, and making up as
much as 15 percent of the map unit, are small areas of
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the moderately well drained Hecla soil. This soil has a
thicker surface layer and is in swales.

This Maddock soil has rapid permeability. Available
water capacity is low, and runoff is slow. Susceptibility to
soil blowing is very high and to water erosion is low.

Most areas of this soil are used for range. The poten-
tial is fair for range, windbreaks, and recreational uses.
The potential is good for most engineering uses, is poor
for crops, and is very poor for wetland wildlife habitat.

This soil is poorly suited to wheat, oats, barley, flax,
and grass-legume hay. If these soils are tilled, the main
management concerns are low available water capacity
and control of soil blowing. High stubble, intensive use of
field windbreaks, annual buffer strips, and stubble mulch-
ing help alleviate these limitations.

Using this soil for pastureland or rangeland helps con-
trol erosion. Conserving soil moisture and overgrazing
are the main management concerns. Proper stocking
rates, pasture rotation, and timely delay of grazing help
keep the pasture and soil in good condition.

This soil is suited to trees and shrubs in windbreaks
and environmental plantings. Potential is good for grow-
ing some climatically adapted species. Grass and weeds
need to be eliminated before the trees are planted, and
ground cover regrowth needs to be controlled for the
entire life of the plantings.

This soil is well suited to sanitary facilities and build-
ings. There is a possibility of septic tank effluent con-
taminating groundwater supplies because of the high
seepage rates. Alternate sites are needed for sewage
lagoons. This soil is generally not suited to wetland wild-
life habitat.

This map unit is in capability subclass IVe.

150—Pits, gravel. Most areas of this map unit are not
used for any particular purpose other than mining the
remaining sand and gravel. Potential is poor for crops,
range, windbreaks, most engineering and recreationa!
uses, and wetland wildlife habitat.

These areas are generally not suited to agricuitural
uses unless they are reclaimed by leveling and adding
topdressing with suitable topsoil material. On unre-
claimed areas, climatically adapted trees and shrubs can
be planted on pit bottoms for wildlife habitat and for
aesthetic value.

These areas are generally not suited to most engineer-
ing uses unless they are level and reclaimed. Drainage
outlets need to be provided for ponded areas and places
having a seasonal high water table. Onsite investigations
are needed to evaluate these materials for specific uses,
such as sanitary facilities and building sites.

These areas are generally not suited to most recre-
ational uses unless they are reclaimed by leveling and
topdressing with suitable topsoil material. They are gen-
erally not suited to wetland wildlife habitat except in
areas that have a seasonal high water table.

This map unit is in capability subclass Vliis.
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Use and management of the soils

This soil survey is an inventory and evaluation of the
soils in the survey area. It can be used to adjust land
uses to the limitations and potentials of natural re-
sources and the environment. Also, it can help avoid
soil-related failures in land uses.

In preparing a soil survey, soil scientists, conservation-
ists, engineers, and others collect extensive field data
about the nature and behavior characteristics of the
soils. They collect data on erosion, droughtiness, flood-
ing, and other factors that affect various soil uses and
management. Field experience and collected data on
soil properties and performance are used as a basis in
predicting soil behavior.

Information in this section can be used to plan the use
and management of soils for crops and pasture; as ran-
geland and woodland; as sites for buildings, sanitary
facilities, highways and other transportation systems, and
parks and other recreation facilities; and for wildlife habi-
tat. It can be used to identify the potentials and limita-
tions of each soil for specific land uses and to help
prevent construction failures caused by unfavorable soil
properties.

Planners and others using soil survey information can
evaluate the effect of specific land uses on productivity
and on the environment in all or part of the survey area.
The survey can help planners to maintain or create a
land use pattern in harmony with the natural soil.

Contractors can use this survey to locate sources of
sand and gravel, roadfill, and topsoil. They can use it to
identify areas where bedrock, wetness, or very firm soil
layers can cause difficulty in excavation.

Health officials, highway officials, engineers, and
others may also find this survey useful. The survey can
help them plan the safe disposal of wastes and locate
sites for pavements, sidewalks, campgrounds, play-
grounds, lawns, and trees and shrubs.

Crops and pasture

Edward 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 addition, 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 classi-
fication used by the Soil Conservation Service is ex-
plained; 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 ag-
ricultural potential of the survey area and about the man-
agement practices that are needed. The information is
useful to equipment dealers, land improvement contrac-
tors, fertilizer companies, processing companies, plan-
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ners, conservationists, and others. For each kind of soil,
information about management is presented in the sec-
tion “Soil maps for detailed planning.” Planners of man-
agement systems for individual fields or farms should
also consider the detailed information given in the de-
scription of each soil.

In 1967, more than 672,000 acres in the Benson
County Area was used for crops and pasture, according
to the North Dakota Conservation Needs Inventory of
July, 1970. Of this total, 42,000 acres was used for
pasture; 3,450 acres for row crops, mainly corn; 349,600
acres for close-grown crops, mainly wheat, barley, oats
and flax; and 174,000 acres for summer fallow. Since
1967, the acreage in close-grown crops has increased,
and the acreage in pasture, row crops, and summer
fallow has decreased, mainly because of higher grain
prices and changes in agricultural programs.

Potential is good in the Benson County Area for in-
creased production of food and fiber. Extending the
latest crop production technology to all cropland in the
county helps increase production. This soil survey facili-
tates the application of this technology.

The main management needs for use of the soils in
the Benson County Area are controlling soil blowing and
water erosion, conserving moisture, and maintaining fer-
tility.

Soil blowing is a hazard on nearly all soils in the
survey area, but it is most severe on the sandy Dickey,
Egeland, Embden, Hecla, Maddock, and Towner sails. [t
can damage these soils in a very short time if winds are
strong and the soils are dry and bare of vegetation or
surface mulch. Water erosion is a hazard mainly on the
gently rolling and steeper soils such as the Barnes,
Buse, Esmond, and Heimdal soils. Measures that help to
control soil blowing and water erosion are use of cover
crops, stripcrops, buffer strips, windbreaks, contour til-
lage, diversions and waterways, minimum tillage, timely
and emergency tillage, grasses and legumes in the crop-
ping system, and crop residue. A combination of several
measures is generally used.

Moisture is generally conserved by reducing evapora-
tion, limiting runoff, increasing infiltration, and controlling
weeds. Some effective management practices are stub-
ble mulching, contour tillage, stripcropping, field wind-
breaks and buffer strips, timely and minimal ftillage,
grasses and legumes grown in the cropping system, crop
residue maintained on the surface, and fertilizer. Periods
of fallow help to control weeds and store available mois-
ture in the soil.

Among the measures that help to maintain fertility are
the application of fertilizer; the plowing down of green
manure and barnyard manure; the inclusion of cover
crops, grasses, and legumes in the cropping system; and
the use of summer fallow. Most measures used to con-
trol soil blowing and water erosion also help to maintain
fertility.
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Artificial drainage, stone removal, and reduction of sa-
linity help offset the effects of unfavorable soil character-
istics. Draining soils that are somewhat poorly drained to
very poorly drained can increase yields and the choice of
crops. Many areas, however, do not have suitable out-
lets. Some stone removal is usually necessary on soils
that formed in glacial till, such as the Esmond, Heimdal,
and Barnes soils. Saline soils benefit from the elimina-
tion of summer fallow and the growth of the most salt-
tolerant grain crops, green manure crops, and tame and
native grasses.

The most commonly used conservation practices,
such as growing green manure crops and including
grasses and legumes in the cropping system, help main-
tain good soil tilth. Heavy textured soils, such as Fargo
and Hegne, are often plowed in fall at the right moisture
content to maintain tilth and to prepare a good seedbed.

Some crops commonly grown and suited to the soils
and climate of the county are wheat, barley, oats, flax,
rye, legumes, and tame grasses. Crops not commonly
grown, but suitable, are potatoes, sunflowers, buck-
wheat, and dry edible beans such as pinto beans. The
acreage of sunflowers is increasing.

Information and specifications on practices and crops
described in this section can be obtained from local
offices of the Cooperative Extension Service and the Soil
Conservation Service.

Yields per acre

The average vyields 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.

The yields are based mainly on the experience and
records of farmers, conservationists, and extension
agents. Available yield data from nearby counties and
results of field trials and demonstrations are also consid-
ered.

The management needed to obtain the indicated
yields of the various crops depends on the kind of soil
and the crop. Management can include drainage, erosion
control, and protection from flooding; the proper planting
and seeding rates; suitable high-yielding crop varieties;
appropriate and timely tillage; 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
residue, barnyard manure, and green-manure crops; and
harvesting that insures the smallest possible loss.

The estimated yields reflect the productive capacity of
each soil for each of the principal crops. Yields are likely
to increase as new production technology is developed.
The productivity of a given soil compared with that of
other soils, however, is not likely to change.
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Crops other than those shown in table 5 are grown in
the survey area, but estimated yields are not listed be-
cause the acreage of such crops is small. The local
office of the Soil Conservation Service or of the Cooper-
ative Extension Service can provide information about
the management and productivity of the soils.

Land capability classification

Land capability classification shows, in a general way,
the suitability of soils for most kinds of field crops. Crops
that require special management are excluded. The soils
are grouped according to their limitations for field crops,
the risk of damage if they are used for crops, and the
way they respond to management. The grouping does
not take into account major and generally expensive
landforming that would change slope, depth, or other
characteristics of the soils, nor does it consider possible
but unlikely major reclamation projects. Capability classi-
fication is not a substitute for interpretations designed to
show suitability and limitations of groups of soils for
rangeland, for woodland, and for engineering purposes.

In the capability system, soils are generally grouped at
three levels: capability class, subclass, and unit. Only
class and subclass are used in this survey. These levels
are defined in the following paragraphs.

Capability classes, the broadest groups, are designat-
ed by Roman numerals | through VHI. The numerals
indicate progressively greater limitations and narrower
choices for practical use. The classes are defined as
follows:

Class | soils have slight limitations that restrict their
use.

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

Class Il soils have severe limitations that reduce the
choice of plants or that require special conservation
practices, or both.

Class |V 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 VIl soils have very severe limitations that make
them unsuitable for cultivation.

Class VIl soils and miscellaneous areas have limita-
tions that nearly preclude their use for commercial crop
production.

Capability subclasses are soil groups within one class.
They are designated by adding a small letter, e, w, s, or
¢, to the class numeral, for example, lle. 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
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cultivation (in some soils the wetness can be partly cor-
rected by artificial 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 very cold
or very dry.

In class | 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. They have
other limitations that restrict their use to pasture, range-
land, woodland, wildlife habitat, or recreation.

Rangeland

H. Dee Galt, range conservationist, Soil Conservation Service, pre-
pared this section.

About 12 percent of Benson County Area is rangeland.
The main areas of rangeland are located along the
Sheyenne River valley in the southwestern part of the
survey area, in the western part, and adjacent to Devils
Lake in the southeastern part. These lands are generally
best suited to grazing or hay because of shallow soil
depths, excess stoniness, steepness of slope, coarse
sandy soils, or wet soils.

Most of the livestock operations are combined with
grain farming. The most common livestock operation is
cow-calf-yearling. The yearlings are usually fed hay and
grain raised on the farm. Livestock operations vary in
size depending on the amount of grazing and hayland
available. An average size livestock-grain unit is about
1,500 acres. Introduced pastures of smooth brome or
crested wheatgrass are used for spring grazing on some
enterprises. The cattle herds are grazed on rangeland
and pastureland during spring, summer, and fall. Cattle
are brought to the farmsteads about December for the
winter feeding period which lasts until April or May.

About 54 percent of the rangelands need improve-
ment, according to the 1970 Conservation Needs Inven-
tory conducted by the Soil Conservation Service. Ranges
that have been depleted by continued heavy grazing
produce only about one-third of their potential. The taller
grasses have been replaced by short grasses and weedy
plants. Productivity can be increased by range manage-
ment or a combination of management and range im-
provement practices, such as brush control, range seed-
ing, or mechanical treatment.

in the northwestern part of the county, deep sandy
soils have a moderate to severe hazard of soil blowing.
Most of these soils are best suited to grasslands. Most
of the lowlands associated with Devils Lake are very wet
during spring and early in summer, which limits their use
for grazing and haying. Grazing during spring and early in
summer causes depletion of native vegetation from
trampling. Much of the land adjacent to Devils Lake is



BENSON COUNTY AREA, NORTH DAKOTA

woodland. About one-third of the wooded area is grazed
by cattle and produces good quality summer forage.

The main management concern on most of the range-
land is control of grazing to maintain or improve the
kinds and amounts of plants making up the potential
plant community. Poor management resulis in soil biow-
ing and invasion of brush or other weedy plants on
rangelands. Potential is good for increasing productivity
of the range, if sound range management based on the
rangeland inventories and soil survey information is ap-
plied.

In areas that have similar climate and topography,
differences in the kind and amount of vegetation pro-
duced on rangeland are closely related to the kind of
soil. Effective management is based on the relationship
between the soils and vegetation and water.

Table 6 shows, for each soil in the survey area, the
range site; the total annual production of vegetation in
tavorable, normal, and unfavorable years; the character-
istic vegetation; and the average percentage of each
species. Only those soils that are used as or are suited
to rangeland are listed. Explanation of the column head-
ings in table 6 follows.

A range site is a distinctive kind of rangeland that
produces a characteristic natural plant community that
differs from natural plant communities on other range
sites in kind, amount, and proportion of range plants.
The relationship between soils and vegetation was es-
tablished during this survey; thus, range sites generally
can be determined directly from the soil map. Soil prop-
erties that affect moisture supply and plant nutrients
have the greatest influence on the productivity of range
plants. Soil reaction, salt content, and a seasonal high
water table are also important.

Total production is the amount of vegetation that can
be expected to grow annually on well managed range-
land that is supporting the potential natural plant commu-
nity. It includes all vegetation, whether or not it is palat-
able to grazing animals. It includes the current year's
growth of leaves, twigs, and fruits of woody plants. It
does not include the increase in stem diameter of trees
and shrubs. 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 pre-
cipitation and the temperatures make growing conditions
substantially better than average. In a normal year, grow-
ing conditions are about average. In an unfavorable year,
growing conditions are well below average, generally be-
cause of low available soil moisture.

Dry weight is the total annual yield per acre reduced to
a common percent of air-dry moisture.

Characteristic vegelation—the grasses, forbs, and
shrubs that make up most of the potential natural plant
community on each soil—is listed by common name.
Under composition, the expected percentage of the total
annual production is given for each species making up
the characteristic vegetation. The amount that can be
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used as forage depends on the kinds of grazing animals
and on the grazing season.

Range management requires a knowledge of the kinds
of soil and of the potential natural plant community. It
also requires an evaluation of the present range condi-
tion. Range condition is determined by comparing the
present plant community with the potential natural plant
community on a particular range site. The more closely
the existing community resembles the potential commu-
nity, the better the range condition. Range condition is
an ecological rating only. It does not have a specific
meaning that pertains to the present plant community in
a given use.

The objective in range management is to control graz-
ing so that the plants growing on a site are about the
same in kind and amount as the potential natural plant
community for that site. Such management generally re-
sults in the optimum production of vegetation, conserva-
tion of water, and control of erosion. Sometimes, howev-
er, a range condition somewhat below the potential
meets grazing needs, provides wildlife habitat, and pro-
tects soil and water resources.

Windbreaks and environmental plantings

Elmer R. Umland, forester, Soil Conservation Service, assisted in
preparing this section.

There are approximately 14,000 acres of native wood-
fand in the survey area. About 12,500 acres of woodland
grows on the Aastad and Bottineau soils and the Edge-
ley variant soils on the slopes adjacent to Devils Lake
(5). The Edgeley variant soils support an almost pure
stand of bur oak. The Aastad, Bottineau, Barnes, and
Buse soils are under the 1,100 acres of native woodland
in the Wood Lake area. The 300 acres of native wood-
land around Pleasant Lake grows mainly on Maddock,
Hecla, and Fossum soils. The remaining 400 acres of
woodland is in the Sheyenne River valley and grows
principally on Esmond, Heimdal, and Darnen soils.

The principal species of trees and shrubs in the Devils
Lake and Wood Lake areas consist of bur oak, green
ash, basswood, chokecherry, hawthorn, wild plum, silver-
berry, snowberry, currant, dogwood, Woods rose, june-
berry, buffaloberry, cottonwood, willow, and aspen. In the
Pleasant Lake area they are American elm, green ash,
bur oak, chokecherry, hawthorn, and buffaloberry; and in
the Sheyenne Valiley they are wild plum, chokecherry,
green ash, and shrub willows.

The early settlers used trees for lumber, tence posts,
and fuel. Now, trees and shrubs are mainly used for
erosion control, livestock protection, wildlife habitat, rec-
reation, aesthetic purposes, watershed protection, and
for protection of homes, gardens, and crops.

Windbreaks have been planted in Benson County Area
since the days of the early settlers. Most of these early
plantings were used for farmstead and feedlot protec-
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tion. Tree plantings are still needed around many farm-
steads; however, the major need for windbreaks is in
cultivated areas where the hazard of soil blowing is seri-
ous.

ltems to be considered before planting a windbreak
are the purpose of the planting, suitability of the soils,
adaptability of the windbreak, and selection of a source
of hardy trees and shrubs of the adaptable species. Poor
soils, poor tree and shrub stock, and improper design
result in unsatisfactory windbreaks.

The establishment of a windbreak and the growth of
the trees and shrubs also depend upon the suitable
preparation of the site and the adequate maintenance
after the trees are planted. Grass and weeds need to be
eliminated before the planting is made, and the regrowth
of ground cover needs to be controlled throughout the
life of the windbreak. Some replanting of the trees and
shrubs is necessary during the first and second years
after planting.

Windbreaks protect livestock, buildings, and yards
from wind and snow. They also protect fruit trees and
gardens, and they furnish habitat for wildlife. Several
rows of low- and high-growing broadleaf and coniferous
trees and shrubs 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 depends on the erodibility
of the soil. Field windbreaks protect cropland and crops
from wind, hold snow on the fields, and provide food and
cover for wildlife.

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. To insure plant survival, a healthy planting stock
of suitable species should be planted properly on a well
prepared site and maintained in good condition.

Table 7 shows the height that locally grown trees and
shrubs are expected to reach in 20 years on various
soils. The estimates in table 7 are based on measure-
ments and observation of established plantings that have
been given adequate care. They can be used as a guide
in planning windbreaks and screens. Additional informa-
tion on planning windbreaks and screens and planting
and caring for trees and shrubs can be obtained from
local offices of the Soil Conservation Service or the
Cooperative Extension Service or from a nursery.

Engineering

Owen J. Kvittem, engineer, Soil Conservation Service, assisted in
writing this section.

This section provides information for planning land
uses related to urban development and to water man-
agement. Soils are rated for various uses, and the most
limiting features are identified. The ratings are given in
the following tables: Building site development, Sanitary
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facilities, Construction materials, and Water manage-
ment. The ratings are based on observed performance
of the soils and on the estimated data and test data in
the ““Soil properties” section.

Information in this section is intended for land use
planning, for evaluating land use alternatives, and for
planning site investigations prior to design and construc-
tion. The information, however, has limitations. For ex-
ample, estimates and other data generally apply only to
that part of the soil within a depth of 5 or 6 feet. Be-
cause of the map scale, small areas of different soils
may be included within the mapped areas of a specific
solil.

The information is not site specific and does not elimi-
nate the need for onsite investigation of the soils or for
lesting and analysis by personnel experienced in the
design and construction of engineering works.

Government ordinances and regulations that restrict
certain land uses or impose specific design criteria were
not considered in preparing the information in this sec-
tion. Local ordinances and regulations need to be con-
sidered in planning, in site selection, and in design.

Soil properties, site features, and observed perform-
ance were considered in determining the ratings in this
section. During the fieldwork for this soil survey, determi-
nations were made about grain-size distribution, liquid
limit, plasticity index, soil reaction, depth to bedrock,
hardness of bedrock within 5 to 6 feet of the surface,
soil wetness, depth to a seasonal high water table,
slope, likelihood of flooding, natural soil structure aggre-
gation, and soil density. Data were collected about kinds
of clay minerals, mineralogy of the sand and silt frac-
tions, and the kind of adsorbed cations. Estimates were
made for erodibility, permeability, corrosivity, shrink-swell
potential, available water capacity, and other behavioral
characteristics affecting engineering uses.

This information can be used to (1) evaluate the po-
tential of areas for residential, commercial, industrial, and
recreation uses; (2) make preliminary estimates of con-
struction conditions; (3) evaluate alternative routes for
roads, streets, highways, pipelines, and underground
cables; (4) evaluate alternative sites for sanitary landfills,
septic tank absorption fields, and sewage lagoons; (5)
plan detailed onsite investigations of soils and geology;
(6) locate potential sources of gravel, sand, earthfill, and
topsoil; (7) plan drainage systems, irrigation systems,
ponds, terraces, and other structures for soil and water
conservation; and (8) predict performance of proposed
small structures and pavements by comparing the per-
formance of existing similar structures on the same or
similar soils.

The information in the tables, along with the soil maps,
the soil descriptions, and other data provided in this
survey can be used to make additional interpretations.

Some of the terms used in this soil survey have a
special meaning in soil science and are defined in the
Glossary.
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Building site development

Table 8 shows the degree and kind of soil limitations
that affect shallow excavations, dwellings with and with-
out basements, small commercial buildings, and local
roads and streets. The limitations are considered s/ight if
soil properties and site features are generally favorable
for the indicated use and limitations are minor and easily
overcome; moderate if soil properties or site features are
not favorable for the indicated use and special planning,
design, or maintenance is needed to overcome or mini-
mize the limitations; and severe if soil properties or site
features are so unfavorable or so difficult to overcome
that special design, significant increases in construction
costs, and possibly increased maintenance are required.
Special feasibility studies may be required where the soil
limitations are severe.

Shallow excavations are trenches or holes dug to a
maximum depth of 5 or 6 feet for basements, graves,
utility lines, open ditches, and other purposes. The rat-
ings are based on soil properties, site features, and ob-
served performance of the soils. The ease of digging,
filling, and compacting is affected by the depth to bed-
rock, a cemented pan, or a very firm dense layer; stone
content; soil texture; and slope. The time of the year that
excavations can be made is affected by the depth to a
seasonal high water table and the susceptibility of the
soil to flooding. The resistance of the excavation walls or
banks to sloughing or caving is affected by soil texture
and the depth to the water table.

Dwellings and small commercial buildings are struc-
tures built on shallow foundations on undisturbed soil.
The load limit is the same as that for single-family dwell-
ings no higher than three stories. Ratings are made for
small commercial buildings without basements, for dwell-
ings with basements, and for dwellings without base-
ments. The ratings are based on soil properties, site
features, and observed performance of the soils. A high
water table, flooding, shrink-swell potential, and organic
layers can cause the movement of footings. A high water
table, depth to bedrock or to a cemented pan, large
stones, and flooding affect the ease of excavation and
construction. Landscaping and grading that require cuts
and fills of more than 5 to 6 feet are not considered.

Local roads and streets have an all-weather surface
and carry automobile and light truck traffic all year. They
have a subgrade of cut or fill soil material, a base of
gravel, crushed rock, or stabilized soil material, and a
flexible or rigid surface. Cuts and fills are generally limit-
ed to less than 6 feet. The ratings are based on soil
properties, site features, and observed performance of
the soils. Depth to bedrock or to a cemented pan, a high
water table, flooding, large stones, and slope affect the
ease of excavating and grading. Soil strength (as in-
ferred from the engineering classification of the soil),
shrink-swell potential, frost action potential, and depth to
a high water table affect the traffic supporting capacity.
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Sanitary facilities

Table 9 shows the degree and the kind of soil limita-
tions that affect septic tank absorption fields, sewage
lagoons, and sanitary landfills. The limitations are consid-
ered slight it soil properties and site features are gener-
ally favorable for the indicated use and limitations are
minor and easily overcome; moderate if soil properties or
site features are not favorable for the indicated use and
special planning, design, or maintenance is needed to
overcome or minimize the limitations; and severe if soil
properties or site features are so unfavorable or so diffi-
cult to overcome that special design, significant in-
creases in construction costs, and possibly increased
maintenance are required.

Table 9 also shows the suitability of the soils for use
as daily cover for landfills. A rating of good indicates that
soil properties and site features are favorable for the use
and good performance and low maintenance can be
expected; fair indicates that soil properties and site fea-
tures are moderately favorable for the use and one or
more soil properties or site features make the soil less
desirable than the soils rated good; and poor indicates
that one or more soil properties or site features are
unfavorable for the use and overcoming the unfavorable
properties requires special design, extra maintenance, or
costly alteration.

Septic tank absorption fields are areas in which efflu-
ent from a septic tank is distributed into the soil through
subsurface tiles or perforated pipe. Only that part of the
soil between depths of 24 and 72 inches is evaluated.
The ratings are based on soil properties, site features,
and observed performance of the soils. Permeability, a
high water table, depth to bedrock or to a cemented
pan, and flooding affect absorption of the effluent. Large
stones and bedrock or a cemented pan interfere with
installation.

Unsatisfactory performance of septic tank absorption
fields, including excessively slow absorption of effluent,
surfacing of effluent, and hillside seepage, can affect
public health. Ground water can be polluted if highly
permeable sand and gravel or fractured bedrock is less
than 4 feet below the base of the absorption field, if
slope is excessive, or if the water table is near the
surface. There must be unsaturated soil material beneath
the absorption field to effectively filter the effluent. Many
local ordinances require that this material be of a certain
thickness.

Sewage lagoons are shallow ponds constructed to
hold sewage while aerobic bacteria decompose the solid
and liquid wastes. Lagoons should have a nearly level
floor surrounded by cut slopes or embankments of com-
pacted soil. Lagoons generally are designed to hold the
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.
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Table 9 gives ratings for the natural soil that makes up
the lagoon floor. The surface layer and, generally, 1 or 2
feet of soil material below the surface layer are excavat-
ed to provide material for the embankments. The ratings
are based on soil properties, site features, and observed
performance of the soils. Considered in the ratings are
slope, permeability, a high water table, depth to bedrock
or to a cemented pan, flooding, large stones, and con-
tent of organic matter.

Excessive seepage due to rapid permeability of the
soil or a water table that is high enough to raise the level
of sewage in the lagoon causes a lagoon to function
unsatisfactorily. Pollution results if seepage is excessive
or if floodwater overtops the lagoon. A high content of
organic matter is detrimental to proper functioning of the
lagoon because it inhibits aerobic activity. Slope, bed-
rock, and cemented pans can cause construction prob-
lems, and large stones can hinder compaction of the
lagoon floor.

Sanitary landfills are areas where solid waste is dis-
posed of by burying it in soil. There are two types of
landfill—trench and area. In a trench landfill, the waste is
placed in a trench. It is spread, compacted, and covered
daily with a thin layer of soil excavated at the site. In an
area landfill, the waste is placed in successive layers on
the surface of the soil. The waste is spread, compacted,
and covered daily with a thin layer of soil from a source
away from the site.

Both types of landfil must be able to bear heavy
vehicular traffic. Both types involve a risk of ground
water poliution. Ease of excavation and revegetation
needs to be considered.

The ratings in table 9 are based on soil properties, site
features, and observed performance of the soils. Perme-
ability, depth to bedrock or to a cemented pan, a high
water table, slope, and flooding affect both types of
landfill. Texture, stones and boulders, highly organic
layers, soil reaction, and content of salts and sodium
affect trench type landfills. Unless otherwise stated, the
ratings apply only to that part of the soil within a depth
of about 6 feet. For deeper trenches, a limitation rated
slight or moderate may not be valid. Onsite investigation
is needed.

Daily cover for landfill is the soil material that is used
to cover compacted solid waste in an area type sanitary
landfill. The soil material is obtained offsite, transported
to the landfill, and spread over the waste.

Soil texture, wetness, coarse fragments, and slope
affect the ease of removing and spreading the material
during wet and dry periods. Loamy or silty soils that are
free of large stones or excess gravel are the best cover
for a landfill. Clayey soils are sticky or cloddy and are
difficult to spread; sandy soils are subject to soil blowing.

After soil material has been removed, the soil material
remaining in the borrow area must be thick enough over
bedrock, a cemented pan, or the water table to permit
revegation. The soil material used as final cover for a
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landfill should be suitable for plants. The surface layer
generally has the best workability, more organic matter,
and the best potential for plants. Material from the sur-
face layer should be stockpiled for use as the final
cover.

Construction materials

Table 10 gives information about the soils as a source
of roadfill, sand, gravel, and topsoil. The soils are rated
good, fair, or poor as a source of roadfill and topsoil.
They are rated as a probable or improbable source of
sand and gravel. The ratings are based on soil proper-
ties and site features that affect the removal of the soil
and its use as construction material. Normal compaction,
minor processing, and other standard construction prac-
tices are assumed. Each soil is evaluated to a depth of 5
or 6 feet.

Hoadfill is soil material that is excavated in one place
and used in road embankments in another place. In this
table, the soils are rated as a source of roadfill for low
embankments, generally less than 6 feet high and less
exacting in design than higher embankments.

The ratings are for the soil material below the surface
layer to a depth of 5 or 6 feet. It is assumed that soil
layers will be mixed during excavating and spreading.
Many soils have layers of contrasting suitability within
their profile. The table showing engineering index proper-
ties provides detailed information about each soil layer.
This information can help determine the suitability of
each layer for use as roadfill. The performance of soil
after it is stabilized with lime or cement is not considered
in the ratings.

The ratings are based on soil properties, site features,
and observed performance of the soils. The thickness of
suitable material is a major consideration. The ease of
excavation is affected by large stones, a high water
table, and slope. How well the soil performs in place
after it has been compacted and drained is determined
by its strength (as inferred from the engineering classifi-
cation of the soil) and shrink-swell potential.

Soils rated good contain significant amounts of sand
or gravel or both. They have at least 5 feet of suitable
material, low shrink-swell potential, few cobbles and
stones, and slopes of 15 percent or less. Depth to the
water table is more than 3 feet. Soils rated fair are more
than 35 percent silt- and clay-sized particles and have a
plasticity index of less than 10. They have moderate
shrink-swell potential, slopes of 15 to 25 percent, or
many stones. Depth to the water table is 1 to 3 feet.
Soils rated poor have a plasticity index of more than 10,
a high shrink-swell potential, many stones, or slopes of
more than 25 percent. They are wet, and the depth to
the water table is less than 1 foot. They may have layers
of suitable material, but the material is less than 3 feet
thick.
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Sand and gravel are natural aggregates suitable for
commercial use with a minimum of processing. Sand and
gravel are used in many kinds of construction. Specifica-
tions for each use vary widely. In table 10, only the
probability of finding material in suitable quantity is evalu-
ated. The suitability of the material for specific purposes
is not evaluated, nor are factors that affect excavation of
the material.

The properties used to evaluate the soil as a source of
sand or gravel are gradation of grain sizes (as indicated
by the engineering classification of the soil), the thick-
ness of suitable material, and the content of rock frag-
ments. Kinds of rock, acidity, and stratification are given
in the soil series descriptions. Gradation of grain sizes is
given in the table on engineering index properties.

A soil rated as a probable source has a layer of clean
sand or gravel or a layer of sand or gravel that is up to
12 percent silty fines. This material must be at least 3
feet thick and less than 50 percent, by weight, large
stones. All other soils are rated as an improbable
source. Coarse fragments of soft bedrock, such as shale
and siltstone, are not considered to be sand and gravel.

Topsoil is used to cover an area so that vegetation
can be established and maintained. The upper 40 inches
of a soil is evaluated for use as topsoil. Also evaluated is
the reclamation potential of the borrow area.

Plant growth is affected by toxic material and by such
properties as soil reaction, available water capacity, and
fertility. The ease of excavating, loading, and spreading
is affected by rock fragments, slope, a water table, soil
texture, and thickness of suitable material. Reclamation
of the borrow area is affected by slope, a water table,
rock fragments, bedrock, and toxic material.

Soils rated good have friable loamy material to a depth
of at least 40 inches. They are free of stones and cob-
bles, have little or no gravel, and have slopes of less
than 8 percent. They are low in content of soluble salts,
are naturally fertile or respond well to fertilizer, and are
not so wet that excavation is difficult.

Soils rated fair are sandy soils, loamy soils that have a
relatively high content of clay, soils that have only 20 to
40 inches of suitable material, soils that have an appre-
ciable amount of gravel, stones, or soluble salts, or soils
that have slopes of 8 to 15 percent. The soils are not so
wet that excavation is difficult.

Soils rated poor are very sandy or clayey, have less
than 20 inches of suitable material, have a large amount
of gravel, stones, or soluble salts, have slopes of more
than 15 percent, or have a seasonal water table at or
near the surface.

The surface layer of most soils is generally preferred
for topsoil because of its organic matter content. Organic
matter greatly increases the absorption and retention of
moisture and nutrients for plant growth.

81

Water management

Table 11 gives information on the soil properties and
site features that affect water management. The degree
and kind of soil limitations are given for pond reservoir
areas; embankments, dikes, and levees; and aquifer-fed
ponds. The limitations are considered sfight if soii prop-
erties and site features are generally favorable for the
indicated use and limitations are minor and are easily
overcome; moderate if soil properties or site features are
not favorable for the indicated use and special planning,
design, or maintenance is needed to overcome or mini-
mize the limitations; and severe if soil properties or site
features are so unfavorable or so difficuit to overcome
that special design, significant increase in construction
costs, and possibly increased maintenance are required.

This table also gives for each soil the restrictive fea-
tures that affect drainage, irrigation, terraces and diver-
sions, and grassed waterways.

Pond reservoir areas hold water behind a dam or em-
bankment. Soils best suited to this use have low seep-
age potential in the upper 60 inches. The seepage po-
tential is determined by the permeability of the soil and
the depth to fractured bedrock or other permeable mate-
rial. Excessive slope can affect the storage capacity of
the reservoir area.

Embankments, dikes, and levees are raised structures
of soil material, generally less than 20 feet high, con-
structed to impound water or to protect land against
overflow. In this table, the soils are rated as a source of
material for embankment fill. The ratings apply to the soil
material below the surface layer to a depth of about 5
feet. 1t is assumed that soil layers will be uniformly mixed
and compacted during construction.

The ratings do not indicate the ability of the natural
soil to support an embankment. Soil properties to a
depth even greater than the height of the embankment
can affect performance and safety of the embankment.
Generally, deeper onsite investigation is needed to de-
termine these properties.

Soil material in embankments must be resistant to
seepage, piping, and erosion and have favorable com-
paction characteristics. Unfavorable features include less
than 5 feet of suitable material and a high content of
stones or boulders, organic matter, or salts or sodium. A
high water table affects the amount of usable material. It
also affects trafficability.

Drainage is the removal of excess surface and subsur-
face water from the soil. How easily and effectively the
soil is drained depends on the depth to bedrock, to a
cemented pan, or to other layers that affect the rate of
water movement; permeability; depth to a high water
table or depth of standing water if the soil is subject to
ponding; slope; susceptibility to flooding; subsidence of
organic layers; and potential frost action. Excavating and
grading and the stability of ditchbanks are affected by
depth to bedrock or to a cemented pan, large stones,
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slope, and the hazard of cutbanks. The productivity of
the soil after drainage is adversely affected by extreme
acidity or by toxic substances in the root zone, such as
salts, sodium, or sulfur. Availability of drainage outlets is
not considered in the ratings.

Irrigation is the controlled application of water to sup-
plement rainfall and support plant growth. The design
and management of an irrigation system are affected by
depth to the water table, the need for drainage, flooding,
available water capacity, intake rate, permeability, ero-
sion hazard, and slope. The construction of a system is
affected by large stones and depth to bedrock or to a
cemented pan. The performance of a system is affected
by the depth of the root zone, the amount of salts or
sodium, and soil reaction.

Terraces and diversions are embankments or a combi-
nation of channels and ridges constructed across a
slope to reduce erosion and conserve moisture by inter-
cepting runoff. Slope, wetness, large stones, and depth
to bedrock or to a cemented pan affect the construction
of terraces and diversions. A restricted rooting depth, a
severe hazard of wind or water erosion, an excessively
coarse texture, and restricted permeability adversely
affect maintenance.

Grassed waterways are natural or constructed chan-
nels, generally broad and shallow, that conduct surface
water to outlets at a nonerosive velocity. Large stones,
wetness, slope, and depth to bedrock or to a cemented
pan affect the construction of grassed waterways. A
hazard of wind erosion, low available water capacity,
restricted rooting depth, toxic substances such as salts
or sodium, and restricted permeability adversely affect
the growth and maintenance of the grass after construc-
tion.

Recreation

James R. Thompson, resource conservation and development coor-
dinator, Soil Conservation Service, helped prepare this section.

Most of the recreational developments in the survey
area are in municipal or town parks and are adjacent to
Devils Lake. Picnic sites are available at Leeds, Esmond,
Maddock, Minnewaukan, Pleasant Lake, and Sully’s Hill.
No privately developed camping areas are in the survey
area. Public trails and paths are provided at Sully’s Hill.

State-owned tracts totaling 1,430 acres and 7,850
acres are managed by the Department of the Interior.
They are the only public lands available in the survey
area for public use. They provide for such activities as
hiking, nature study, birding, and hunting. Public access
to fishing waters is available.

The soils of the survey area are rated in table 12
according to limitations that affect their suitability for
recreation. The ratings are based on restrictive soil fea-
tures, such as wetness, slope, and texture of the surface
layer. Susceptibility to flooding is considered. Not consid-
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ered in the ratings, but important in evaluating a site, are
the location and accessibility of the area, the size and
shape of the area and its scenic quality, vegetation,
access to water, potential water impoundment sites, and
access to public sewerlines. The capacity of the soil to

-absorb septic tank effluent and the ability of the soil to

support vegetation are also important. Soils subject to
flooding are limited for recreation use by the duration
and intensity of flooding and the season when flooding
occurs. In planning recreation facilities, onsite assess-
ment of the height, duration, intensity, and frequency of
flooding is essential.

In table 12, the degree of soil limitation is expressed
as slight, moderate, or severe. Slight means that soil
properties are generally favorable and that limitations are
minor and easily overcome. Moderate means that limita-
tions can be overcome or alleviated by planning, design,
or special maintenance. Severe means that soil proper-
ties are unfavorable and that limitations can be offset
only by costly soil reclamation, special design, intensive
maintenance, limited use, or by a combination of these
measures.

The information in table 12 can be supplemented by
other information in this survey, for example, interpreta-
tions for septic tank absorption fields in table 9 and
interpretations for dwellings without basements and for
local roads and streets in table 8.

Camp areas require site preparation such as shaping
and leveling the 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
have mild slopes and are not wet or subject to flooding
during the period of use. The surface has few or no
stones or boulders, absorbs rainfall readily but remains
firm, and is not dusty when dry. Strong slopes and
stones or boulders can greatly increase the cost of con-
structing campsites.

Picnic areas are subject to heavy foot traffic. Most
vehicular traffic is confined to access roads and parking
areas. The best soils for 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 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 and boulders, is firm after rains,
and is not dusty when dry. If grading is needed, the
depth of the soil over bedrock or a hardpan should be
considered.

Paths and trails for hiking, horseback riding, and bicy-
cling should require little or no cutting and filling. The
best soils are not wet, are firm after rains, are not dusty
when dry, and are not subject to flooding more than
once a year during the period of use. They have moder-
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ate slopes and few or no stones or boulders on the
surface.

Golf fairways are subject to heavy foot traffic and
some light vehicular traffic. Cutting or filling may be re-
quired. The best soils for use as golf fairways are firm
when wet, are not dusty when dry, and are not subject to
prolonged flooding during the period of use. They have
moderate slopes and no stones or boulders on the sur-
face. The suitability of the soil for tees or greens is not
considered in rating the soils.

Wildlife habitat

James E. Schmidt, biologist, Soil Conservation Service, helped pre-
pare this section.

Hunting and fishing are important to the economy of
the Benson County Area.

The numbers of wildlife have been reduced substan-
tially since pre-settlement of the area, but the kinds are
similar, and habitat is available for a wide variety of
species. The development and management of fisheries
helped increase fishing opportunities.

The most important game species in Benson County
Area are ducks; geese for hunting populations and not
as breeders; gray partridge; sharp-tailed grouse; and
white-tailed deer. There are few pheasant. Mourning
dove, cottontail, and fox squirrel are underutilized as
game species. Red fox, jackrabbit, muskrat, and mink
are important furbearers.

Popular non-game species of wildlife are songbirds,
mourning doves, meadowlarks, raptors, marsh hawks,
owls, shore birds, snipes, and curlews.

Using wetlands as defined by Circular 39, Wetlands of
the United States, Fish and Wildlife Service, U.S. Depart-
ment of the Interior, Tonka silt loam supports vegetation
associated with Wetland Type 1; Parnell silty clay loam,
Wetland Type 3; and Parnell and Lallie soils, ponded
Wetland Type 4. included in the water areas shown on
the soil map are Wetland types 5 and 10. These are
inland open freshwater and inland saline marshes. All
wetland types are important to the production of water
fowl and other water related wildlife.

Soils affect the kind and amount of vegetation that is
available to wildlife as food and cover. They also affect
the construction of water impoundments. The kind and
abundance of wildlife depend largely on the amount and
distribution of food, cover, and water. Wildlife habitat can
be created or improved by planting appropriate vegeta-
tion, by maintaining the existing plant cover, or by pro-
moting the natural establishment of desirable plants.

In table 13, the soils in the survey area are rated
according to their potential for providing habitat for var-
ious kinds of wildlife. This information can be used in
planning parks, wildlife refuges, nature study areas, and
other developments for wildlife; in selecting soils that are
suitable for establishing, improving, or maintaining specif-

83

ic elements of wildlife habitat; and in 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 indicates that the element or
kind of habitat is easily established, improved, or main-
tained. Few or no limitations affect management, and
satisfactory results can be expected. A rating of fair
indicates that the element or kind of habitat can be
established, improved, or maintained in most places.
Moderately intensive management is required for satis-
factory results. A rating of poor indicates that limitations
are severe for the designated element or kind of habitat.
Habitat can be created, improved, or maintained in most
places, but management is difficult and must be inten-
sive. A rating of very poor indicates that restrictions for
the element or kind of habitat are very severe and that
unsatisfactory results can be expected. Creating, improv-
ing, or maintaining habitat is impractical or impossible.

The elements of wildlife habitat are described in the
following paragraphs.

Grain and seed crops are domestic grains and seed-
producing herbaceous plants. Soil properties and fea-
tures that affect the growth of grain and seed crops are
depth of the root zone, texture of the surface layer,
available water capacity, wetness, slope, surface stoni-
ness, and flood hazard. Soil temperature and soil mois-
ture are also considerations. Examples of grain and seed
crops are corn, wheat, sunflower, rye, oats, and barley.

Grasses and legumes are domestic perennial grasses
and herbaceous legumes. Soil properties and features
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 temperature and soil moisture are also
considerations. Examples of grasses and legumes are
tall wheatgrass, slender wheatgrass, bromegrass, clover,
and alfalfa.

Wild herbaceous plants are native or naturally estab-
lished grasses and forbs, including weeds. Soil proper-
ties and features that affect the growth of these plants
are depth of the root zone, texture of the surface layer,
available water capacity, wetness, surface stoniness, and
flood hazard. Soil temperature and soil moisture are also
considerations. Examples of wild herbaceous plants are
bluestem, goldenrod, wheatgrass, indiangrass, and
grama.

Shrubs are bushy woody plants that produce fruit,
buds, twigs, bark, and foliage. Soil properties and fea-
tures that affect the growth of shrubs are depth of the
root zone, available water capacity, salinity, and soil
moisture. Examples of shrubs are chokecherry, june-
berry, snowberry, and silverberry.

Wetland plants are annual and perennial wild herba-
ceous plants that grow on moist or wet sites. Submerged
or floating aquatic plants are excluded. Soil properties
and features affecting wetland plants are texture of the
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surface layer, wetness, reaction, salinity, slope, and sur-
face stoniness. Examples of wetland plants are
smartweed, wild millet, cattail, saltgrass, cordgrass,
rushes, sedges, and reeds.

Shallow water areas have an average depth of less
than 5 feet. Some are naturally wet areas. Others are
created by dams, levees, or other water-control struc-
tures. Soil properties and features affecting shallow
water areas are depth to bedrock, wetness, surface
stoniness, slope, and permeability. Examples of shaliow
water areas are marshes, waterfowl feeding areas, and
ponds.

The habitat for various kinds of wildlife is described in
the following paragraphs.

Habitat for openland wildlife consists of cropland, pas-
ture, meadows, and areas that are overgrown with
grasses, herbs, and shrubs. These areas produce grain
and seed crops, grasses and legumes, and wild herba-
ceous plants. The wildiife attracted to these areas in-
clude gray partridge, pheasant, meadowlark, field spar-
row, cottontail, and red fox.

Habitat for wetland wildlife consists of open, marshy or
swampy shallow water areas. Some of the wildlife at-
tracted to such areas are ducks, geese, herons, shore
birds, muskrat, mink, redwind blackbirds, and beaver.

Habitat for rangeland wildlife consists of areas of
shrubs and wild herbaceous plants. Wildlife attracted to
rangeland include white-tailed deer, grouse, raptors,
meadowlark, and lark bunting.

Soil properties

Data relating to soil properties are collected during the
course of the soil survey. The data and the estimates of
soil and water features, listed in tables, are explained on
the following pages.

Estimates of soil properties are based on field exami-
nations, on laboratory tests of samples from the survey
area, and on laboratory tests of samples of similar soils
in nearby areas. Tests verify field observations, verify
properties that cannot be estimated accurately by field
observation, and help characterize key soils.

The estimates of soil properties shown in the tables
include the range of grain-size distribution and Atterberg
limits, the engineering classifications, and the physical
and chemical properties of the major layers of each soil.
Pertinent soil and water features also are given.

Engineering index properties

Table 14 gives estimates of the engineering classifica-
tion and of the range of index properties for the major
layers of each soil in the survey area. Most soils have
layers of contrasting properties within the upper 5 or 6
feet.
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Depth to the upper and lower boundaries of each layer
is indicated. The range in depth and information on other
properties of each layer are given for each soil series
under “Soil series and morphology.”

Texture is given 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 the
fraction of the soil that is less than 2 millimeters in
diameter. “Loam,” for example, is soil that is 7 to 27
percent clay, 28 to 50 percent silt, and less than 52
percent sand. If a soil contains particles coarser, than
sand, an appropriate modifier is added, for example,
“gravelly.” Textural terms are defined in the Glossary.

Classification of the soils is determined according to
the Unified soil classification system (2) and the system
adopted by the American Association of State Highway
and Transportation Officials (7).

The Unified system classifies soils according to prop-
erties that affect their use as construction material. Soils
are classified according to grain-size distribution of the
fraction less than 3 inches in diameter and according to
plasticity index, liquid limit, and organic matter content.
Sandy and gravelly soils are identified as GW, GP, GM,
GC, SW, SP, SM, and SC; silty and clayey soils as ML,
CL, OL, MH, CH, and OH; and highly organic soils as Pt.
Soils exhibiting engineering properties of two groups can
have a dual classification, for example, SP-SM.

The AASHTO system classifies soils according to
those properties that affect roadway construction and
maintenance. In this system, the fraction of a mineral soil
that is less than 3 inches in diameter is classified in one
of seven groups 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 (silt and clay). At the other extreme, soils in
group A-7 are fine grained. Highly organic soils are clas-
sified in group A-8 on the basis of visual inspection.

If laboratory data are available, the A-1, A-2, and A-7
groups are further classified as A-1-a, A-1-b, A-2-4, A-2-
5, A-2-6, A-2-7, A-7-5, A-7-6. As an additional refine-
ment, the suitability of a soil as subgrade material can be
indicated by a group index number. Group index num-
bers range from 0 for the best subgrade material to 20
or higher for the poorest.

Rock fragments larger than 3 inches in diameter are
indicated as a percentage of the total soil on a dry-
weight basis. The percentages are estimates determined
mainly by converting volume percentage in the field to
weight percentage.

Percentage (of soil particles) passing designated
sieves is the percentage of the soil fraction less than 3
inches in diameter based on an oven-dry weight. The
sieves, numbers 4, 10, 40, and 200 (USA Standard
Series), have openings of 4.76, 2.00, 0.420, and 0.074
millimeters, respectively. Estimates are based on labora-
tory tests of soils sampled in the survey area and in
nearby areas and on estimates made in the field.
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Liquid limit and plasticity index (Atterberg limits) indi-
cate the plasticity characteristics of a soil. The estimates
are based on test data from the survey area or from
nearby areas and on field examination.

The estimates of grain-size distribution, liquid limit, and
plasticity index are rounded to the nearest 5 percent.
Thus, if the ranges of gradation and Atterberg limits
extend a marginal amount (1 or 2 percentage points)
across classification boundaries, the classification in the
marginal zone is omitted in the table.

Physical and chemical properties

Table 15 shows estimates of some characteristics and
features that affect soil behavior. These estimates are
given for the major layers of each soil in the survey area.
The estimates are based on field observations and on
test data for these and similar soils.

The amount and kind of clay greatly affect the fertility
and physical condition of the soil. They determine the
ability of the soil to adsorb cations and to retain mois-
ture. They influence shrink-swell potential, permeability,
and plasticity, the ease of soil dispersion, and other soil
properties. The amount and kind of clay in a soil also
affect tillage and earth-moving operations.

Permeability refers to the ability of a soil to transmit
water or air. The estimates indicate the rate of downward
movement of water when the soil is saturated. They are
based on soil characteristics observed in the field, par-
ticularly structure, porosity, and texture. Permeability is
considered in the design of soil drainage systems, septic
tank absorption fields, and construction where the rate of
water movement under saturated conditions affects be-
havior.

Available water capacity refers to the quantity of water
that the soil is capable of storing for use by plants. The
capacity for water storage is given in inches of water per
inch of soil for each major soil layer. The capacity varies,
depending on soil properties that affect the retention of
water and the depth of the root zone..The most impor-
tant properties are the content of organic matter, soil
texture, bulk density, and soif structure. Available water
capacity is an important factor in the choice of piants or
crops to be grown and in the design and management of
irrigation systems. Available water capacity is not an
estimate of the quantity of water actually available to
plants at any given time.

Soil reaction is a measure of acidity or alkalinity and is
expressed as a range in pH values. The range in pH of
each major horizon is based on many field tests. For
many soils, values have been verified by laboratory anal-
yses. Soil reaction is important in selecting crops and
other plants, in evaluating soil amendments for fertility
and stabilization, and in determining the risk of corrosion.

Salinity is a measure of soluble salts in the soil at
saturation. It is expressed as the electrical conductivity
of the saturation extract, in millimhos per centimeter at
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25 degrees C. Estimates are based on field and labora-
tory measurements at representative sites of nonirrigated
soils. The salinity of irrigated soils is affected by the
quality of the irrigation water and by the frequency of
water application. Hence, the salinity of soils in individual
fields can differ greatly from the value given in the table.
Salinity affects the suitability of a soil for crop production,
the stability of soil if used as construction material, and
the potential of the soil to corrode metal and concrete.

Shrink-swell potential is the potential for volume
change in a soil with a loss or gain in moisture. Volume
change occurs mainly because of the interaction of clay
minerals with water and varies with the amount and type
of clay minerals in the soil. The size of the load on the
soil and the magnitude of the change in soil moisture
content influence the amount of swelling of soils in
place. Laboratory measurements of swelling of undis-
turbed clods were made for many soils. For others,
swelling was estimated on the basis of the kind and
amount of clay minerals in the soil and on measure-
ments of similar soils.

If the shrink-swell potential is rated moderate to very
high, shrinking and swelling can cause damage to build-
ings, roads, and other structures. Special design is often
needed.

Shrink-swell potential classes are based on the
change in length of an unconfined clod as moisture con-
tent is increased from air-dry to field capacity. The
change is based on the soil fraction less than 2 miflime-
ters in diameter. The classes are /ow, a change of less
than 3 percent; moderate, 3 to 6 percent; and high, more
than 6 percent. Very high, greater than 9 percent, is
sometimes used.

Erosion factor K indicates the susceptibility of a soil to
sheet and rill erosion by water. Factor K is one of six
factors used in the Universal Soil Loss Equation (USLE)
to predict the average annual rate of soil loss by sheet
and rill erosion in tons per acre per year. The estimates
are based primarily on percentage of silt, sand, and
organic matter (up to 4 percent) and on soil structure
and permeability. Values of K range from 0.05 to 0.69.
The higher the value the more susceptible the soil is to
sheet and rill erosion by water.

Erosion factor T is an estimate of the maximum aver-
age annual rate of soil erosion by wind or water that can
occur without affecting crop productivity over a sustained
period. The rate is in tons per acre per year.

Wind erodibility groups are made up of soils that have
similar properties affecting their resistance to wind ero-
sion in cultivated areas. The groups indicate the suscep-
tibility of soil to wind erosion and the amount of soil lost.
Soils are grouped according to the following distinctions:

1. Sands, coarse sands, fine sands, and very fine
sands. These soils are generally not suitable for crops.
They are extremely erodible, and vegetation is difficult to
establish.
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2. Loamy sands, loamy fine sands, and loamy very
fine sands. These soils are very highly erodible. Crops
can be grown if intensive measures to control wind ero-
sion are used.

3. Sandy loams, coarse sandy loams, fine sandy
loams, and very fine sandy loams. These soils are highly
erodible. Crops can be grown if intensive measures to
control wind erosion are used.

4L. Calcareous loamy soils that are less than 35 per-
cent clay and more than 5 percent finely divided calcium
carbonate. These soils are erodible. Crops can be grown
it intensive measures to control wind erosion are used.

4. Clays, silty clays, clay loams, and silty clay loams
that are more than 35 percent clay. These soils are
moderately erodible. Crops can be grown if measures to
control wind erosion 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
percent finely divided calcium carbonate. These soils are
slightly erodible. Crops can be grown if measures to
control wind erosion 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. Crops can easily be grown.

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

8. Stony or gravelly soils and other soils not subject
to wind erosion.

Organic matter is the plant and animal residue in the
soil at various stages of decomposition.

In table 15, the estimated content of organic matter of
the plow layer is expressed as a percentage, by weight,
of the soil material that is less than 2 millimeters in
diameter.

The content of organic matter of a soil can be main-
tained or increased by returning crop residue to the soil.
Organic matter affects the available water capacity, infil-
tration rate, and tilth. It is a source of nitrogen and other
nutrients for crops.

Soil and water features

Table 16 gives estimates of various soil and water
features. The estimates are used in land use planning
that involves engineering considerations.

Hydrologic soil groups are used to estimate runoff
from precipitation. Soils not protected by vegetation are
assigned to one of four groups. They are grouped ac-
cording to the intake of water when the soils are thor-
oughly wet and receive precipitation from long-duration
storms.

The four hydrologic soil groups are:

SOIL SURVEY

Group A. Soils having a high infiltration rate (low runoff
potential) when thoroughly wet. These consist mainly of
deep, well drained to excessively drained sands or grav-
elly sands. These soils have a high rate of water trans-
mission.

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 having a
layer that impedes the downward movement of water or
soils of 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 clays that have a high shrink-swell potential,
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 material.
These soils have a very slow rate of water transmission.

Flooding, the temporary inundation of an area, is
caused by overflowing streams, by runoff from adjacent
slopes, or by tides. Water standing for short periods after
rainfall or snowmelt and water in swamps and marshes
is not considered flooding.

Table 16 gives the frequency and duration of flooding
and the time of year when flooding is most likely.

Frequency, duration; and probable dates of occurrence
are estimated. Frequency is expressed as none, rare,
common, occasional, and frequent. None means that
flooding is not probable; rare that it is unlikely but possi-
ble under unusual weather conditions; common that it is
likely under normal conditions; occasional that it occurs
on an average of once or less in 2 years; and frequent
that it occurs on an average of more than once in 2
years. Duration is expressed as very brief if less than 2
days, brief if 2 to 7 days, and /ong if more than 7 days.
Probable dates are expressed in months; November-
May, for example, means that flooding can occur during
the period November through May.

The information is based on evidence in the soil pro-
file, namely thin strata of gravel, sand, silt, or clay depos-
ited by floodwater; irregular decrease in organic matter
content with increasing depth; and absence of distinctive
horizons that form in soils that are not subject to flood-
ing.

Also considered is local information about the extent
and levels of flooding and the relation of each soil on
the landscape to historic floods. Information on the
extent of flooding based on soil data is less specific than
that provided by detailed engineering surveys that delin-
eate flood-prone areas at specific flood frequency levels.

High water lable (seasonal) is the highest level of a
saturated zone in the soil in most years. The depth to a
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seasonal high water table applies to undrained soils. The
estimates are based mainly on the evidence of a saturat-
ed zone, namely grayish colors or mottles in the soil.
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. A water table that is
seasonally high for less than 1 month is not indicated in
table 16.

An apparent water table is a thick zone of free water
in the soil. It is indicated by the level at which water
stands in an uncased borehole after adequate time is
allowed for adjustment in the surrounding soil. An arte-
sian water table is under hydrostatic head, generally be-
neath an impermeable layer. When this layer is penetrat-
ed, the water level rises in an uncased borehole. A
perched water table is water standing above an unsatu-
rated zone. In places an upper, or perched, water table
is separated from a lower one by a dry zone.

Only saturated zones within a depth of about 6 feet
are indicated. A plus sign preceding the range in depth
indicates that the water table is above the surface of the
soil. The first numeral in the range indicates how high
the water rises above the surface. The second numeral
indicates the depth below the surface.

Potential frost action is the likelihood of upward or
lateral expansion of the soil caused by the formation of
segregated ice lenses (frost heave) and the subsequent
collapse of the soil and loss of strength on thawing.
Frost action occurs when moisture moves into the freez-
ing zone of the soil. Temperature, texture, density, per-
meability, content of organic matter, and depth to the
water table are the most important factors considered in
evaluating the potential for frost action. It is assumed
that the soil is not insulated by vegetation or snow and is
not artificially drained. Silty and highly structured clayey
soils that have a high water table in winter are most
susceptible to frost action. Well drained, very gravelly, or
very sandy soils are the least susceptible. Frost heave
and low soil strength during thawing cause damage
mainly to pavements and other rigid structures.

Risk of corrosion pertains to potential soil-induced
electrochemical or chemical action that dissolves or
weakens uncoated steel or concrete. The rate of corro-
sion of uncoated steel is related to such factors as soil
moisture, particle-size distribution, acidity, and electrical
conductivity of the soil. The rate of corrosion of concrete
is based mainly on the sulfate and sodium content, tex-
ture, moisture content, and acidity of the soil. Special
site examination and design may be needed if the com-
bination of factors creates a severe corrosion environ-
ment. The steel in installations that intersect soil bound-
aries or soil layers is more susceptible to corrosion than
steel in installations that are entirely within one kind of
soil or within one soil layer.

For uncoated steel, the risk of corrosion, expressed as
low, moderate, or high, is based on soil drainage class,

87

total acidity, electrical resistivity near field capacity, and
electrical conductivity of the saturation extract.

For concrete, the risk of corrosion is also expressed
as low, moderate, or high. 1t is based on soil texture,
acidity, and amount of sulfates in the saturation extract.

Soil series and morphology

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

Characteristics of the soil and the material in which it
formed are identified for each series. The soil is com-
pared with similar soils and with nearby soils of other
series. A pedon, a small three-dimensional area of soil,
that is typical of the series in the survey area is de-
scribed. The detailed description of each soil horizon
follows standards in the Soil Survey Manual (8). Many of
the technical terms used in the descriptions are defined
in Soil Taxonomy (9). Unless otherwise stated, colors in
the descriptions are for moist soil. Following the pedon
description is the range of important characteristics of
the soils in the series.

The map units of each soil series are described in the
section ““Soil maps for detailed planning.”

Aastad series

The Aastad series consists of deep, moderately well
drained soils on glacial till plains and moraines. Perme-
ability of these soils is moderately slow. These soils
formed in loamy glacial till. Slope is 3 to 6 percent.

Aastad soils are similar to the Svea soils and are near
the Barnes, Bottineau, Edgeley variant, and Svea soils.
The Barnes and Bottineau soils have a mollic epipedon
less than 16 inches thick. Edgeley variant soils formed in
a thin layer of glacial till or glaciofluvial deposits overly-
ing shale bedrock. Svea soils have less clay in the
solum.

Typical pedon of Aastad loam, from an area of
Aastad-Bottineau loams, 3 to 6 percent slopes, 2,600
feet south and 1,420 feet east of the northwest corner of
sec. 13, T. 152 N., R. 65 W.

A11—0 to 8 inches; black (10YR 2/1) loam, very dark
gray (10YR 3/1) dry; moderate medium subangular
blocky structure parting to moderate very fine granu-
lar; hard, friable, slightly sticky, and slightly plastic;
about 2 percent pebbles; neutral; clear smooth
boundary.

A12—8 to 18 inches; black (10YR 2/1) loam, very dark
gray (10YR 3/1) dry; weak medium prismatic struc-
ture parting to moderate very fine subangular blocky;
hard, friable, slightly sticky, and slightly pastic; about
2 percent pebbles; neutral; clear wavy boundary.
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B21—18 to 22 inches; very dark grayish brown (2.5Y
3/2) clay loam, dark grayish brown (2.5Y 4/2) dry;
moderate medium prismatic structure parting to
moderate very fine subangular blocky; very hard,
friable, sticky, and plastic; shiny surfaces on most
peds; about 2 percent pebbles; neutral; gradual
wavy boundary.

B22—22 to 38 inches; dark grayish brown (2.5Y 4/2)
clay loam, grayish brown (2.5Y 5/2) dry; moderate
coarse and medium prismatic structure parting to
moderate very fine subangular blocky; very hard,
friable, sticky, and plastic; about 2 percent pebbles;
slight effervescence; mildly alkaline; gradual wavy
boundary.

C1ca—38 to 50 inches; grayish brown (2.5Y 5/2) loam,
light gray (2.5Y 7/2) dry; few fine distinct dark yel-
lowish brown (10YR 4/4) mottles; weak fine and
medium subangular blocky structure; hard, friable,
sticky, and plastic; many medium soft masses of
segregated lime; about 5 percent pebbles; strong
effervescence; mildly alkaline; gradual wavy bound-
ary.

C2—50 to 60 inches; light olive brown (2.5Y 5/4) loam,
pale yellow (2.5Y 7/4) dry; few fine distinct dark
yellowish brown (10YR 4/4) and common fine faint
dark gray (5Y 4/1) mottles; massive; hard, friable,
sticky, and plastic; about 5 percent pebbles and
cobbles; some of which are shale; slight efferves-
cence; mildly alkaline.

The thickness of the solum and depth to carbonates is
18 to 40 inches. Thickness of the mollic epipedon is 16
to 24 inches.

An O1 horizon is present in some profiles. The A
horizon has hue of 10YR, value of 2 in the upper part
and 2 or 3 in the lower part (3 or 4 dry), and chroma of
1.

The B2 horizon has hue of 2.5Y and 10YR in the
upper part of some pedons, value of 3 or 4 (4 or 5 dry),
and chroma of 2 through 4.

The C horizon has hue of 2.5Y, value of 5 or 6 (6 or 7
dry), and chroma of 2 or 4. Texture is loam or clay loam.
Reaction is mildly alkaline or moderately alkaline. Mottles
are common.

Aberdeen series

The Aberdeen series consists of deep, moderately well
drained, slowly permeable, sodic soils on glacial lake
plains. These soils formed in silty, calcareous lacustrine
deposits. Slope is 0 to 1 percent.

Aberdeen soils are similar to the Cathay and Cresbard
soils, and are near the LaDelle, Colvin, and Overly soils.
Cathay and Cresbard soils formed in material weathered
from glacial till sediment. LaDelle, Colvin, and Overly
soils have no natric horizon.
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Typical pedon from an area of Aberdeen silty clay
loam, 1,680 feet north and 1,365 feet west of the south-
east corner of sec. 25, T. 156 N., R. 67 W.

Ap—O0 to 7 inches; black (10YR 2/1) silty clay loam, very
dark gray (10YR 3/1) dry; moderate medium suban-
gular blocky structure parting to moderate fine su-
bangular blocky; slightly hard, friable, slightly sticky,
and slightly plastic; neutral; abrupt smooth boundary.

A2-7 to 9 inches; very dark gray (10YR 3/1) silt loam,
gray (10YR 5/1 and 10YR 6/1) dry; moderate
medium platy structure parting to moderate thin
platy; slightly hard, friable, slightly sticky, and slightly
plastic; neutral; clear wavy boundary.

B&A—9 to 12 inches; black (10YR 2/1) silty clay (B),
dark gray (10YR 4/1) dry; weak medium columnar
structure parting to strong medium angular blocky;
hard, firm, very sticky, and very plastic; with very
dark gray (10YR 3/1) silt loam (A), gray (10YR 5/1
and 10YR 6/1) dry coatings on faces of peds; slight-
ly hard, friable, slightly sticky, and slightly plastic;
neutral; clear wavy boundary.

B21t—12 to 22 inches; black (10YR 2/1) silty clay, very
dark gray (10YR 3/1) dry; moderate medium pris-
matic structure parting to strong medium angular
block; very hard, very firm, very sticky, and very
plastic; neutral; clear smooth boundary.

B22t—22 to 26 inches; very dark grayish brown (2.5Y
3/2) silty clay, grayish brown (2.5Y 5/2) dry; moder-
ate medium prismatic structure parting to strong
medium angular blocky; very hard, very firm, very
sticky, and very plastic; mildly alkaline; clear smooth
boundary.

Clcs—26 to 36 inches; grayish brown (2.5Y 5/2) silty
clay loam, light gray (2.5Y 7/2) dry; weak medium
prismatic structure parting to moderate medium su-
bangular blocky, massive in the lower part; hard,
firm, sticky, and plastic; violent effervescence; very
few fine nests of gypsum; moderately alkaling; dif-
fuse wavy boundary.

C2cs—36 to 43 inches; light brownish gray (2.5Y 6/2)
silty clay loam, white (2.5Y 8/2) dry; few fine distinct
light yellowish brown (2.5Y 6/4) mottles; massive
and laminated; hard, firm, sticky, and plastic; violent
effervescence; very few fine nests of gypsum; mod-
erately alkaline; diffuse wavy boundary.

C3—43 to 60 inches; olive (5Y 5/3) silty clay loam, pale
yellow (5Y 7/3) dry; common fine prominent gray (N
5/0) mottles; massive and laminated; hard, firm,
sticky and plastic; strong effervescence; very few
fine nests of gypsum; moderately alkaline.

The thickness of the solum is 19 to 36 inches. Typical-
ly, the Ap horizon is silty clay loam, but silt loam is in the
range. It is 6 to 10 inches thick. There are no A2 and
B&A horizons where the upper part of the B horizon is
mixed by deep tillage with the A1 and A2 horizons.
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The B2t horizon has hue or 10YR or 2.5Y, value of 2
or 3 (3 through 5 dry), and chroma of 1 through 3.
Texture is silty clay, silty clay loam, or clay. Some
pedons have a B3 horizon. In some profiles, there is no
calcium sulfate, soluble salts, or both, in the lower part of
the B horizon or upper part of the C horizon.

The C horizon has hue of 2.5Y or 5Y, value of 4
through 6 (6 through 8 dry), and chroma of 2 through 4.
Texture ranges from silt loam to clay.

In some profiles the A horizon is buried. Some profiles
contain loam, clay loam till, or thin sand lenses below a
depth of 40 inches.

Arvilla series

The Arvilla series consists of deep, somewhat exces-
sively drained, rapidly permeable soils on stream ter-
races and outwash plains. These soils are shallow or
moderately deep over sand and gravel. They formed in a
thin mantle of moderately coarse textured material over-
lying sand and gravel. Slope is 1 to 6 percent.

Arvilla soils are similar to the Binford soils, and are
near the Renshaw and Sioux soils. Binford soils contain
a high amount of shale particles. Renshaw soils have
more clay and less sand in the upper parts of the pedon.
Sioux soils do not have a cambic horizon and have sand
and gravel within a depth of 14 inches.

Typical pedon from an area of Arvilla sandy loam, 1 to
6 percent slopes, 2,190 feet north and 120 feet west of
the southeast corner of sec. 31, T. 153 N, R. 71 W.

Ap—0 to 8 inches; black (10YR 2/1) sandy loam, dark
gray (10YR 4/1) dry; weak fine granular structure;
slightly hard, very friable, nonsticky, and slightly
plastic; about 5 percent gravel; neutral; abrupt
smooth boundary.

B2—8 to 15 inches; dark brown (10YR 3/3) sandy loam,
brown (10YR 5/3) dry; weak coarse prismatic struc-
ture parting to weak medium subangular blocky;
slightly hard, very friable, slightly sticky, and slightly
plastic; about 2 to 5 percent gravel; neutral;, clear
wavy boundary.

C1ica—15 to 22 inches; grayish brown (2.5Y 5/2) sandy
loam, light brownish gray (2.5Y 6/2) dry; weak
coarse subangular blocky structure; slightly hard,
very friable, slightly sticky, and slightly plastic; many
medium segregations of lime; about 5 to 10 percent
gravel; violent effervescence; mildly alkaline; clear
wavy boundary.

IC2—22 to 60 inches; yellowish brown (10YR 5/4)
coarse sand and gravel, light yellowish brown (10YR
6/4) dry; single grain; loose, nonsticky, and nonplas-
tic; lime coats on bottom of pebbles; about 10 to 20
percent gravel; strong effervescence; mildly alkaline.
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The thickness of the solum and depth to sand and
gravel is 14 to 25 inches. Thickness of the mollic epipe-
don is 7 to 20 inches.

The A horizon has hue of 10YR, value of 2 or 3 (3 or
4 dry), and chroma of 1. It is 6 to 12 inches thick.

The B2 horizon has hue of 10YR, value of 3 or 4 (4 or
5 dry), and chroma of 2 or 3. it is mainly sandy loam, but
the range includes light loam and coarse sandy loam. It
is 6 to 12 inches thick.

The C1ca horizon has hue of 2.5Y or 10YR, value of 4
or 5 (5 or 6 dry), and chroma of 2 through 4. It is sandy
loam or coarse sandy loam and is mildly alkaline or
moderately alkaline. Some pedons do not have a Clica
horizon. The IIC horizon has hue of 2.5Y or 10YR, value
of 4 or 5 (5 or 6 dry), and chroma of 2 through 4.
Typically, it is coarse sand and gravel or sand and
gravel. In the upper part of the horizon, lime coats the
underside of the pebbles, but in some pedons the lime is
in segregated masses. Reaction is miidly alkaline or
moderately alkaline.

Barnes series

The Barnes series consists of deep, well drained soils
on glacial till plains. Permeability on these soils is moder-
ately slow. These soils formed in loamy, calcareous gla-
cial till (fig. 12). Slope is 1 to 25 percent.

Figure 12 —Profile of Barnes loam showing dark surface layer and
calcium accumulation at about 18 inches.
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Barnes soils are similar to the Buse, Heimdal, and
Svea soils, and are near the Buse, Hamerly, and Svea
soils. Buse soils do not have a cambic horizon and have
a thinner mollic epipedon. Heimdal soils have less than
18 percent clay. Svea soils have a mollic epipedon more
than 16 inches thick, and are below the Barnes soils on
concave and nearly level positions. The somewhat
poorly drained Hamerly soils are on the edges of shallow
depressions and have a horizon of lime accumulation.

Typical pedon of Barnes loam, from an area of
Barnes-Svea loams, 3 to 6 percent slopes, 550 feet
south and 1,420 feet west of the northeast corner of
sec. 32, T. 1562 N, R. 66 W.

Ap—0 to 8 inches; black (10YR 2/1) loam, dark gray
(10YR 4/1) dry; weak fine granular structure parting
to weak very fine granular; hard, friable, slightly
sticky, and slightly plastic; about 2 percent coarse
fragments; neutral; abrupt smooth boundary.

B2—8 to 14 inches; dark brown (10YR 4/3) loam, brown
(10YR 5/3) dry; moderate medium prismatic struc-
ture parting to moderate medium subangular blocky;
hard, friable, slightly sticky, and plastic; few thin clay
films on vertical faces of peds; very dark brown
(10YR 2/2) coatings on peds; about 2 percent
coarse fragments; neutral; clear smooth boundary.

B3—14 to 18 inches; dark grayish brown (2.5Y 4/2)
loam, light brownish gray (2.5Y 6/2) dry; moderate
medium prismatic structure parting to moderate
medium subangular blocky; hard, friable, slightly
sticky, and plastic; about 2 percent coarse frag-
ments; slight effervescence; mildly alkaline; clear
smooth boundary.

C1ca—18 to 34 inches; grayish brown (2.5Y 5/2) loam,
light gray (2.5Y 7/2) dry; weak coarse prismatic
structure parting to weak fine subangular blocky;
hard, friable, sticky, and plastic; many fine and
medium soft masses of segregated lime; about 5
percent coarse fragments; violent effervescence;
mildly alkaline; gradual wavy boundary.

C2—34 to 60 inches; light olive brown (2.5Y 5/4) loam,
light gray (2.5Y 7/2) dry; few fine prominent strong
brown (7.5YR 5/6) mottles; weak medium platy
structure and weak very fine subangular blocky;
hard, friable, sticky, and plastic; about 2 to 5 percent
coarse fragments; strong effervescence; moderately
alkaline.

The thickness of the solum is 10 to 22 inches. The 10-
to 40-inch control section averages from 18 to 30 per-
cent clay.

The A horizon has hue of 10YR, value of 2 or 3 (3 or
4 dry), and chroma of 1. It is 6 to 9 inches thick.

The B2 horizon has hue of 10YR, value of 3 or 4 (5 or
6 dry), and chroma of 2 or 3. It is typically loam, but the
range includes light clay loam. The B2 horizon is 5 to 12
inches thick. There is no B3 horizon in some pedons.
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The C horizon has hue of 2.5Y, value of 4 or 5 (5
through 7 dry), and chroma of 2 through 4. The lower
part of the C horizon has few to many mottles.

Bearden series

The Bearden series consists of deep, somewhat
poorly drained soils on glacial lake plains. Permeability
on these soils is moderately slow. These soils formed in
calcareous lacustrine sediment. Slope is 0 to 1 percent.

Bearden soils are similar to the Colvin and Glyndon
soils and are near the Colvin, Great Bend, and Overly
soils. Colvin soils are poorly drained and are in swales
and lower lying flats. Glyndon soils contain more silt,
very fine sand, and less clay. Great Bend and Overly
soils are better drained, have a B2 horizon, and are at
higher elevations on the lake plain.

Typical pedon from an area of Bearden silt loam, 648
feet west and 70 feet north of the southeast corner of
sec. 24, T. 156 N., R. 67 W.

Ap—O0 to 10 inches; black (10YR 2/1) silt loam, very
dark gray (10YR 3/1) dry; moderate very fine granu-
lar structure; hard, friable, slightly sticky, and plastic;
slight effervescence; mildly alkaline; abrupt smooth
boundary.

ACca—10 to 14 inches; very dark gray (10YR 3/1) light
silty clay loam, dark gray (10YR 4/1) dry; weak
medium and coarse subangular blocky structure
parting to moderate very fine granular; hard, friable,
sticky, and plastic; strong effervescence; mildly alka-
line; clear wavy boundary.

Cica—14 to 23 inches; dark grayish brown (2.5Y 4/2)
light silty clay loam, grayish brown (10YR 5/2) dry;
few fine prominent pale yellow (2.5Y 7/4) mottles;
weak medium and coarse subangular blocky struc-
ture parting to weak very fine granular; hard, friable,
sticky, and plastic; few gypsum crystals in the lower
part; violent effervescence; mildly alkaline; clear
wavy boundary.

C2—-23 to 38 inches; light olive brown (2.5Y 5/4) light
silty clay loam, light yellowish brown (2.5Y 6/4) dry;
common fine prominent gray (5Y 5/1) mottles; weak
coarse subangular blocky structure parting to weak
thin platy; hard, friable, sticky, and plastic; few nests
and crystals of gypsum; strong effervescence; mod-
erately alkaline; gradual wavy boundary.

C3—38 to 48 inches; light olive brown (2.5Y 5/4) silt
loam, light yellowish brown (2.5Y 6/4) dry; many
medium prominent gray (5Y 5/1) and many fine faint
yellowish brown (10YR 5/4) mottles; weak medium
and thin platy structure; hard, friable, sticky, and
plastic; strong effervescence; moderately alkaline;
clear wavy boundary.

[IC4—48 to 60 inches; light olive brown (2.5Y 5/4) loam,
light yellowish brown (2.5Y 6/4) dry; many medium
prominent gray (5Y 5/1) and many fine faint yellow-
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ish brown (10YR 5/4) mottles; massive; hard, friable,
slightly sticky, and slightly plastic; strong efferves-
cence; moderately alkaline.

The thickness of the mollic epipedon is 7 to 16 inches.
Carbonates are present throughout the profile.

The A horizon has hue of 10YR or 2.5Y, value of 2 (3
or 4 dry), and chroma of 1 or 2. The ACca horizon has
hue of 10YR or 2.5Y, value of 3 or 4 (4 through 6 dry),
and chroma of 1 or 2. It is light silty clay loam or silt
loam. There is no ACca horizon in some pedons.

The Cica horizon has hue of 10YR or 2.5Y, value of 4
or 5 (5 through 7 dry), and chroma of 2 through 4. It is
silty clay loam or silt loam. The C horizon has hue of
2.5Y, value of 4 through 6 (5 through 7 dry), and chroma
of 4. In some pedons, there is no IIC horizon between
depths of 40 and 60 inches. The C horizon has hue of
2.5Y, value of 4 through 6 (5 through 7 dry), and chroma
of 4. In some pedons there is no 1IC horizon between
depths of 40 and 60 inches.

Binford series

The Binford series consists of deep, well drained and
somewhat excessively drained, rapidly permeable soils
on glacial outwash plains and stream terraces. These
soils are shallow or moderately deep over sand and
gravel that is mainly shale in origin. They formed in
outwash containing a large amount of shale. Slope is 1
to 6 percent.

Binford soils are similar to the Arvilla soils and are
near the Brantford, Coe, and Vang soils. Arvilla soils do
not contain a high amount of shale particles in the C
horizon. Brantford and Vang soils have more clay and
less sand in the upper part of the pedon, and are deeper
to shaly sand and gravel. Coe soils are more shallow to
shaly sand and gravel and have no cambic horizon.

Typical pedon from an area of Binford sandy loam, 1
to 6 percent slopes, 2,120 feet north and 75 feet west of
southeast corner of sec. 35, T. 151 N.,, R. 65 W.

Ap—O0 to 6 inches; black (10YR 2/1) sandy loam, dark
gray (10YR 4/1) dry; weak, fine and medium suban-
gular blocky structure; soft, very friable, nonsticky,
and slightly plastic; neutral; abrupt smooth boundary.

A12—6 to 9 inches; very dark gray (10YR 3/1) sandy
loam, dark gray (10YR 4/1) dry; moderate medium
subangular blocky structure; slightly hard, very fri-
able, nonsticky, and slightly plastic; mildly alkaline;
clear wavy boundary.

B21—9 to 15 inches; dark brown (10YR 3/3) sandy
loam, dark grayish brown (10YR 4/2) dry; weak
medium prismatic structure parting to moderate
medium and coarse subangular blocky; slightly hard,
very friable, nonsticky, and slightly plastic; mildly al-
kaline; clear wavy boundary.
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B22—15 to 20 inches; dark grayish brown (2.5Y 4/2)
sandy loam, light brownish gray (2.5Y 6/2) dry; weak
fine and medium subangular blocky structure; soft,
very friable, nonsticky, and slightly plastic; mildly al-
kaline; clear wavy boundary.

[IC1ca—20 to 24 inches; grayish brown (2.5Y 5/2) shaly
sandy loam, light brownish gray (2.5Y 6/2) dry;
single grain; loose, nonsticky, and nonplastic; about
20 percent shale fragments; strong effervescence;
mildly alkaline; clear wavy boundary.

IIC2—24 to 37 inches; dark grayish brown (2.5Y 4/2)
shaly coarse loamy sand, light brownish gray (2.5Y
6/2) dry; single grain; loose, nonsticky, and nonplas-
tic; about 15 percent shale fragments; strong ef-
fervescence; mildly alkaline; clear wavy boundary.

IC3—37 to 60 inches; dark grayish brown (2.5Y 4/2)
shaly coarse loamy sand, light brownish gray (2.5Y
6/2) dry; single grain; loose, nonsticky, and nonplas-
tic; about 10 percent shale fragments; strong ef-
fervescence; mildly alkaline.

The thickness of the solum and depth to underlying
sand and gravel is 14 to 25 inches. The Ap horizon is 5
to 9 inches thick.

The B2 horizon has hue of 10YR or 2.5Y, value of 2
through 4 (4 through 6 dry), and chroma of 1 through 3.
In some profiles it has organic coatings on faces of
peds.

The IIC horizon is shaly sand, shaly sandy loam or
gravel or shaly loamy coarse sand. Some profiles con-
tain thin lenses of granitic sand and gravel in the IIC
horizon. In the upper part of the horizon, lime coats the
undersides of pebbles, but in some pedons lime is in
soft, segregated masses.

Borup series

The Borup series consists of deep, poorly drained
soils on glacial lake plains. Permeability on these soils is
moderately rapid. These soils formed in medium tex-
tured, calcareous lacustrine sediment. Slope is 0 to 3
percent.

Borup soils are similar to the Colvin and Glyndon soils,
and are near the Glyndon soils. Colvin soils contain
more clay. Glyndon soils are somewhat poorly drained
and are on slightly higher positions.

Typical pedon from an area of Borup silt loam, 560
feet west and 2,225 feet south of the northeast corner of
sec. 31, T. 155 N, R. 69 W.

Ap—O0 to 7 inches; black (10YR 2/1) silt loam, dark gray
(10YR 4/1) dry; moderate very fine granular struc-
ture; hard, very friable, slightly sticky, and slightly
plastic; strong effervescence; mildly alkaline; abrupt
smooth boundary.

Al12ca—7 to 12 inches; very dark gray (10YR 3/1) silt
loam, gray (10YR 5/1) dry; weak coarse subangular
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blocky structure parting to moderate very fine granu-
lar; hard, friable, slightly sticky, and slightly plastic;
strong effervescence; disseminated lime throughout;
mildly alkaline; gradual broken boundary.

Clca—12 to 18 inches; dark gray (5Y 4/1) silt loam, light
gray and gray (5Y 6/1) and 5/1) dry; weak coarse
subangular blocky structure parting to moderate very
fine subangular blocky and granular; hard, friable,
slightly sticky, and plastic; very dark gray (10YR 3/1)
streaks and tongues; violent effervescence; dissemi-
nated lime throughout; mildly alkaline; gradual
broken boundary.

C2ca—18 to 30 inches; gray (5Y 5/1) silt loam, light gray
(8Y 7/1) dry; many fine faint olive gray (5Y 5/2)
mottles; weak coarse subangular blocky structure
parting to moderate very fine granular and subangu-
lar blocky; hard, friable, slightly sticky, and plastic;
few very dark gray (10YR 3/1) streaks; violent ef-
fervescence; disseminated lime throughout; mildly
alkaline; gradual wavy boundary.

C3g—30 to 34 inches; grayish brown (2.5Y 5/2) silt
loam, light gray (2.5Y 7/2) dry; many large faint gray
(5Y 5/1) and many large distinct light yellowish
brown (10YR 6/4) mottles; weak coarse subangular
blocky structure parting to moderate very fine granu-
lar and subangular blocky; hard, friable, slightly
sticky, and plastic; strong effervescence; mildly alka-
line; gradual wavy boundary.

C4g—34 to 60 inches; olive brown (2.5Y 4/4) and gray
(6Y 5/1) very fine sandy loam, yellowish brown
(10YR 5/4) and light gray (5Y 6/1) dry; few fine
prominent dark reddish brown (5Y 2/2) mottles;
single grain; hard, very friable, nonsticky, and slightly
plastic; slight effervescence; mildly alkaline.

The thickness of the solum and the mollic epipedon is
7 to 18 inches. Depth to the calcic horizon is less than
16 inches. Some pedons are saline.

The A horizon has hue of 10YR, value of 2 or 3 (4 or
5 dry), and chroma of 1; oritis N 2/0 or N 3/0 (N 4/0 or
N 5/0 dry).

The Cca horizon has hue of 2.5Y or 5Y, value of 4 or
5 (5 through 7 dry), and chroma of 1 or 2. It is silt loam
or very fine sandy loam. Typically, the C horizon is silty
loam or very fine sandy loam but ranges to very fine
sand. Some pedons have stratified sand, fine gravel, or
loam below a depth of 40 inches.

Bottineau series

The Bottineau series consists of deep, well drained
soils on glacial till plains and moraines. Permeability on
these soils is moderately slow. These soils formed in
loamy glacial till. Slope is 3 to 15 percent.

Bottineau soils are similar to the Barnes soils and are
near the Edgeley variant, Parnell, and Tonka soils.
Barnes and Edgeley variant soils have no argillic horizon.
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In addition, Edgeley variant soils contain large amounts
of shale fragments and are steeper. Parnell and Tonka
soils are in potholes and are more poorly drained.
Typical pedon from an area of Bottineau loam, 9 to 15
percent slopes, 2,040 feet west and 150 feet north of
the southeast corner of sec. 34, T. 153 N,, R. 64 W.

A11—0 to 6 inches; black (10YR 2/1) loam, very dark
gray (10YR 3/1) dry; moderate fine granular struc-
ture; slightly hard, very friable, slightly sticky, and
slightly plastic; 2 to 5 percent pebbles; slightly acid;
clear smooth boundary.

A12—6 to 9 inches; black (10YR 2/1) light clay loam,
dark gray (10YR 4/1) dry; moderate medium and
fine subangular blocky structure; very hard, friable,
slightly sticky, and plastic; common uncoated sand
grains on faces of peds; 2 to 5 percent pebbles;
slightly acid; clear wavy boundary.

B2t—9 to 16 inches; very dark grayish brown (2.5Y 3/2)
clay loam, grayish brown (2.5Y 5/2) dry; weak
coarse prismatic structure parting to moderate
medium subangular blocky and strong fine angular
blocky; very hard, firm, sticky, and plastic; common
moderately thick very dark grayish brown (10YR
3/2) clay films on faces of peds; common uncoated
sand grains on faces of peds; 2 to 5 percent peb-
bles; neutral; clear wavy boundary.

B3—16 to 19 inches; dark grayish brown (2.5Y 4/2) clay
loam, light brownish gray (2.5Y 6/2) dry; weak
coarse prismatic structure parting to moderate
medium angular blocky; hard, friable, sticky, and
plastic; 2 to 5 percent pebbles; slight effervescence;
mildly alkaline; gradual wavy boundary.

Ctca—19 to 33 inches; light olive brown (2.5Y 5/4)
loam, light gray (2.5Y 7/2) dry; weak coarse and
medium subangular blocky structure; hard, friable,
sticky, and plastic; common fine masses of lime; 2
to 5 percent pebbles; strong effervescence; mildly
alkaline; gradual wavy boundary.

C2ca—33 to 54 inches; light olive brown (2.5Y 5/4)
loam, pale yellow (2.5Y 7/4) dry; massive; hard,
friable, sticky, and plastic; 2 to 5 percent pebbies;
strong effervescence; mildly alkaline; gradual wavy
boundary.

C3—54 to 60 inches; olive brown (2.5Y 4/4) loam, light
yellowish brown (2.5Y 6/4) dry; few fine distinct
brown (7.5YR 4/4) mottles; massive; hard, friable,
sticky, and plastic; 2 to 5 percent pebbles and shale
fragments; strong effervescence; moderately alka-
line.

The thickness of the solum is 16 to 30 inches. The
mollic epipedon is 7 to 16 inches thick. The pedon con-
tains 2 to 10 percent pebbles by volume.

The A horizon has hue of 10YR value of 2 or 3 (3 or 4
dry), and chroma of 1.
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The B2t horizon has hue of 10YR or 2.5Y, value of 3
or 4 (5 or 6 dry), and chroma of 2 or 3. It is loam or clay
loam. There is no B3 horizon in some pedons.

The C horizon has hue of 2.5Y, value of 4 or 5 (6 or 7
dry), and chroma of 2 or 4. It is loam or clay loam.

Brantford series

The Brantford series consists of deep, well drained
soils on glacial outwash plains and stream terraces.
These soils are moderately permeable in the upper part
and very rapidly permeable in the underlying material.
They are shallow over sand and gravel that is mainly
shale in origin. These soils formed in outwash containing
a large amount of shale. Slope is 1 to 9 percent.

Brantford soils are similar to the Renshaw soils and
are near the Binford, Coe, and Vang soils. Renshaw soils
do not contain a high amount of shale particles in the |IC
horizon. Binford soils have less clay and more sand in
the upper part of the pedon and are more shallow to
shaly sand and gravel. Coe soils have no cambic horizon
and are more shallow to shaly sand and gravel. Vang
soils are deeper to shaly sand and gravel.

Typical pedon from an area of Brantford loam, 1 to 3
percent slopes, 1,030 feet east and 75 feet north of the
southwest corner of sec. 7, T. 151 N., R. 65 W.

Ap—O0 to 6 inches; black (10YR 2/1) loam, very dark
grayish brown (10YR 3/2) dry; weak medium suban-
gular blocky structure parting to moderate medium
and fine granular; slightly hard, friable, slightly sticky,
and slightly plastic; slightly acid, abrupt smooth
boundary.

A12—6 to 8 inches; black (10YR 2/1) loam, very dark
grayish brown (10YR 3/2) dry; weak medium pris-
matic structure parting to moderate medium suban-
gular blocky; hard, friable, slightly sticky, and slightly
plastic; slightly acid; abrupt smooth boundary.

B2—8 to 13 inches; dark brown (2.5Y 4/2) loam, brown
(2.5Y 5/4) dry; weak medium prismatic structure
parting to moderate medium subangular blocky;
hard, friable, slightly sticky, and slightly plastic; neu-
tral; abrupt smooth boundary.

C1—13 to 16 inches; dark grayish brown (2.5Y 4/2)
loam, light brownish gray (2.5Y 6/2) dry; weak
medium and fine subangular blocky structure parting
to weak fine granular; soft, very friable, slightly
sticky, and slightly plastic; lime crusts on gravel;
about 10 percent gravel; mildly alkaline, clear wavy
boundary.

IC2—16 to 19 inches; dark grayish brown (2.5Y 4/2)
shaly loamy coarse sand, light brownish gray (2.5Y
6/2) dry; single grain; loose, nonsticky, and nonplas-
tic; about 40 percent gravel; slight effervescence,
moderately alkaline; clear wavy boundary.

IC3—19 to 34 inches; dark grayish brown (2.5Y 4/2)
very shaly coarse sand, light brownish gray (2.5Y
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6/2) dry; single grain; loose, nonsticky, and nonplas-
tic; about 40 percent gravel; strong effervescence,
moderately alkaline; clear wavy boundary.

IIC4—34 to 60 inches; dark grayish brown (2.5Y 4/2)
very gravelly coarse sand, light brownish gray (2.5Y
6/2) dry; single grain; loose, nonsticky, and nonplas-
tic; about 35 percent gravel; strong effervescence;
moderately alkaline.

The thickness of the solum and depth to underlying
sand and gravel is 10 to 20 inches but is typically 15 to
20 inches. The A horizon is 4 to 12 inches thick.

The B2 horizon has hue of 2.5Y, value of 3 or 4 (4 or
5 dry), and chroma of 1 through 4. It is 4 to 12 inches
thick.

The HIIC horizon contains at least 35 percent shale
fragments by volume. In the upper part of the horizon,
lime coats the undersides of pebbles.

Buse series

The Buse series consists of deep, well drained soils
on convex slopes of glacial moraines and till plains.
Permeability is moderately slow. These soils formed in
foamy, calcareous glacial till. Slope is 3 to 25 percent.

Buse soils are similar to the Esmond and Hamerly
soils and are near the Barnes and Svea soils. Esmond
soils have less clay in the control section. Hamerly soils
are somewhat poorly drained. Barnes soils have a B2
horizon. Svea soils have a mollic epipedon more than 16
inches thick.

Typical pedon of Buse loam from an area of Barnes-
Buse loams, 6 to 9 percent slopes, 950 feet south and
2,540 feet west of the northeast corner of sec. 12, T.
151 N., R. 67 W.

Ap—oO0 to 8 inches; very dark gray (10YR 3/1) loam, gray
(10YR 5/1) dry; weak very fine and fine granular
structure; slightly hard, friable, slightly sticky, and
slightly plastic; about 5 percent pebbles and coarse
fragments; strong effervescence; mildly alkaline;
abrupt smooth boundary.

C1ca—8 to 15 inches; grayish brown (2.5Y 5/2) heavy
loam, light gray (2.5Y 7/2) dry; weak coarse prismat-
ic structure parting to weak fine subangular blocky;
hard, friable, sticky, and plastic; few fine segrega-
tions of lime; about 5 percent pebbles and coarse
fragments; violent effervescence; mildly alkaline;
gradual wavy boundary.

C2—15 to 34 inches; light olive brown (2.5Y 5/4) heavy
loam, light brownish gray (2.5Y 6/2) dry; weak
coarse prismatic structure parting to weak fine su-
bangular blocky; hard, friable, slightly sticky, and
plastic; about 5 percent pebbles and coarse frag-
ments; strong effervescence; mildly alkaline; gradual
wavy boundary.
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C3—34 to 60 inches; light olive brown (2.5Y 5/4) heavy
loam, light yellowish brown (2.5Y 6/4) dry; few fine
distinct strong brown (7.5YR 5/6) mottles; weak fine
subangular blocky structure; hard, friable, slightly
sticky, and plastic; about 5 percent pebbles and
coarse fragments; strong effervescence; mildly alka-
line.

The mollic epipedon is 7 to 10 inches. The depth to
carbonates is 0 to 10 inches. The profile contains 2 to
10 percent coarse fragments by volume. The 10 - to 40-
inch control section averages from 20 to 25 percent clay.

The A horizon has hue of 10YR, value of 2 or 3 (4 or
5 dry), and chroma of 1. Reaction is neutral or mildly
alkaline.

The C1ca horizon has hue of 10YR or 2.5Y, value of 4
or 5 (5 through 7 dry), and chroma of 2 through 4. Lime
segregations are few or common.

The C horizon has hue of 10YR or 2.5Y, value of 5 or
6 (6 or 7 dry), and chroma of 2 through 4. Typically, the
C horizon is heavy loam, but the range includes clay
loam. It is mildly alkaline to moderately alkaline.

Cathay series

The Cathay series consists of deep, moderately well
drained, slowly permeable, sodic soils on glacial til
plains, basins, coulees and drainageways. These soils
formed in loamy glacial till. Slope is 1 to 6 percent.

These soils do not have the degree of interfingering of
the Albic horizon into the natric horizon that is character-
istic of the Glossic -Udic Natriborolls. This difference
does not alter the usefulness and behavior of the soils.

Cathay soils are similar to the Cresbard and Larson
soils and are near the Emrick, Fram, and Larson soils.
Cresbard soils have more clay in the B2t horizon. Larson
soils have a thinner A horizon and do not have interfin-
gering of A2 horizon material into the B2t horizon.
Emrick and Fram soils have no natric B2t horizon. Fram
soils contain a calcic horizon.

Typical pedon of Cathay loam from an area of Fram-
Cathay loams, 1 to 3 percent slopes, 1,380 feet north
and 1,340 feet east of the southwest corner of sec. 5, T.
152 N., R. 70 W.

A1—0 to 8 inches; black (10YR 2/1) loam, very dark
gray (10YR 3/1) dry; weak coarse subangular blocky
structure parting to weak fine subangular blocky;
soft, friable, slightly sticky, and slightly plastic; mildly
alkaline; abrupt smooth boundary.

A2—8 to 9 inches; dark grayish brown (10YR 4/2) loam,
grayish brown (10YR 5/2) dry; moderate coarse and
medium platy structure; slightly hard, friable, slightly
sticky, and slightly plastic; moderately alkaline; clear
wavy boundary.

B21t—9 to 13 inches; very dark grayish brown (10YR
3/2) clay loam, dark grayish brown (10YR 4/2) dry,
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weak coarse columnar structure parting to moderate
medium prismatic and strong fine angular blocky;
hard, firm, sticky, and plastic; many thin organic
stains and clay films on faces of peds; moderately
alkaline; clear wavy boundary.

B22t—13 to 17 inches; olive brown (2.5Y 4/4) clay loam,
light olive brown (2.5Y 5/4) dry; strong medium an-
gular blocky structure; hard, firm, sticky, and plastic;
few thin clay films on faces of peds and lime pores;
strongly alkaline; clear wavy boundary.

C1ica—17 to 25 inches; light olive brown (2.5Y 5/4) clay
loam, pale yellow (2.5Y 7/4) dry; massive; hard, firm,
sticky, and plastic; violent effervescence; strongly
alkaline; diffuse wavy boundary.

C2cacs—25 to 48 inches; olive brown and grayish brown
(2.5Y 4/4 and 5/2) clay loam, light yellowish brown
and light gray (2.5Y 6/4 and 7/2) dry; massive; hard,
firm, sticky, and plastic; violent effervescence;
common fine nests of gypsum crystals; strongly al-
kaline; diffuse wavy boundary.

C3cacs—48 to 60 inches; olive brown (2.5Y 4/4) clay
loam, light yellowish brown (2.5Y 6/4) dry; massive;
hard, firm, sticky, and plastic; strong effervescence;
common fine nests of gypsum crystals; strongly al-
kaline.

The thickness of the solum is 16 to 36 inches. Some
pedons have no A2 horizon but have an A & B horizon.
The A & B horizon is 1/2 inch to 4 inches thick and
typically loam or silt loam.

The B2t horizon has hue of 10YR or 2.5Y, value of 3
or 4 (3 through 5) dry), and chroma of 1 through 4. It is 8
to 20 inches in thickness and is typically clay loam, but
ranges to loam.

The C horizon has hue of 2.5Y, value of 3 through 6 (5
through 7 dry), and chroma of 2 through 4. It is loam or
clay loam. Some pedons have stratified sand in the C
horizon.

Cavour series

The Cavour series consists of deep, moderately well
drained, very slowly permeable sodic soils on till plains
and foot slopes. These soils formed in loamy glacial till.
Slope is 1 to 6 percent.

Cavour soils are similar to the Cresbard, Larson, and
Miranda soils and are near the Barnes, Hamerly, and
Svea soils. Cresbard soils have interfingering of A2 hori-
zon material into the B2t horizon. Larson soils have less
clay in the B2t horizon. Miranda soils have a thinner
solum and accumulations of salts nearer the surface.
Barnes, Hamerly, and Svea soils do not have a natric
horizon.

Typical pedon of Cavour silt loam, from an area of
Cavour-Miranda complex, 1 to 6 percent slopes, 72 feet
west and 2,370 feet north of the southeast corner of
sec. 30, T. 151 N, R. 67 W.
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A1—0 to 7 inches; black (10YR 2/1) silt loam, dark gray
(10YR 4/1) dry; weak fine subangular blocky struc-
ture parting to weak fine granular; slightly hard, very
friable, slightly sticky, and slightly plastic; neutral;
gradual smooth boundary.

A2—7 to 10 inches; very dark gray (10YR 3/1) silt loam,
light gray and gray (10YR 6/1) dry; weak thin platy
structure parting to weak fine granular; soft, very
friable, slightly sticky, and slightly plastic; mildly alka-
line; abrupt wavy boundary.

B21t—10 to 14 inches; black (10YR 2/1) clay, very dark
gray (10YR 3/1) dry; moderate medium columnar
structure parting to moderate medium angular
blocky; very hard, very firm, very sticky, and very
plastic; many moderately thick clay films on faces of
peds and in pores; dark gray (10YR 4/1) column
tops, light gray (10YR 7/1) dry; moderately alkaline;
gradual wavy boundary.

B22t——14 to 23 inches; black (10YR 2/1) clay, dark gray
(10YR 4/1) dry; moderate medium prismatic struc-
ture parting to moderate medium angular blocky;
very hard, very firm, very sticky, and very plastic;
continuous moderately thick clay films on faces of
peds and in pores; moderately alkaline; gradual
wavy boundary.

C1sa—23 to 34 inches; dark grayish brown (2.5Y 4/2)
clay loam, light brownish gray (2.5Y 6/2) dry; weak
medium subangular blocky structure parting to weak
fine subangular blocky; slightly hard, friable, sticky,
and plastic; violent effervescence; strongly alkaline;
gradual wavy boundary.

C2—34 to 45 inches; olive brown (2.5Y 4/4) clay loam,
light brownish gray (2.5Y 6/2) dry; many fine distinct
pale olive (5Y 6/3), few medium distinct dark brown
(7.5YR 4/4), and few fine distinct yellowish brown
(10YR 5/6) mottles; weak medium and fine suban-
gular blocky structure; slightly hard, friable, sticky,
and plastic; strong effervescence; strongly alkaline;
abrupt wavy boundary.

C3—45 to 60 inches; light olive brown (2.5Y 5/4) clay
loam, light gray (2.5Y 7/2) dry; common fine faint
light yellowish brown (2.5Y 6/4) mottles; moderate
medium subangular blocky structure; hard, firm, very
sticky, and very plastic; strong effervescence;
strongly alkaline.

The thickness of the solum and the depth to carbon-
ates is 18 to 24 inches.

The A1 horizon has hue of 10YR, value of 2 (3 or 4
dry), and chroma of 1. It is silt loam, loam, or clay loam
and is 4 to 8 inches thick. The A2 horizon has hue of
10YR, value of 3 or 4 (5 or 6 dry), and chroma of 1. It is
silt loam or loam and is 1 to 3 inches thick. In cultivated
fields, the A1 horizon, the A2 horizon, and the upper part
of the B2t horizon are mixed.

The B2t horizon has hue of 10YR, value of 2 through
4 (3 through 5 dry), and chroma of 1. It is silty clay, clay,
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or clay loam and is from 35 to 45 percent clay. The
horizon is 9 to 24 inches thick. Reaction is mildly alkaline
or moderately alkaline. A B3 horizon containing salts is
in some pedons.

The C horizon has hue of 2.5Y, value of 4 or 5 (6 or 7
dry), and chroma of 2 or 4. It is clay loam or silty clay
loam and is moderately alkaline or strongly alkaline.

Claire series

The Claire series consists of deep, excessively
drained, soils on old lake beaches and sand bars. They
are rapidly permeable in the upper part of the profile.
Permeability in the lower part is moderately slow. These
soils formed in water-sorted material. Slope is 1 to 9
percent.

These soils have an irregular distribution of organic
matter and are located on lake beaches. In these re-
spects they differ from the defined Claire series. These
differences do not alter the usefulness and behavior of
the soils.

Claire soils are near the Sioux soils. Sioux soils have a
thicker A horizon and contain more gravel throughout the
profile.

Typical pedon from an area of Claire loamy coarse
sand, loamy substratum, 1 to 9 percent slopes, 155 feet
west and 95 feet north of the southeast corner of sec. 1,
T.153 N, R. 66 W.

A1—0 to 5 inches; very dark grayish brown (10YR 3/2)
loamy coarse sand, dark grayish brown (10YR 4/2)
dry; single grain, loose, nonsticky, and nonplastic;
mildly alkaline; abrupt smooth boundary.

C1—5 to 8 inches; dark grayish brown (2.5Y 4/2) coarse
sand, light brownish gray (2.5Y 6/2) dry; single
grain, loose, nonsticky, and nonplastic; about 6 per-
cent gravel; mildly alkaline; clear wavy boundary.

C2—8 to 25 inches; grayish brown (2.5Y 5/2) coarse
sand, light gray (2.5Y 7/2) dry; single grain; loose,
nonsticky, and nonplastic; about 6 percent gravel;
mildly alkaline; clear wavy boundary.

A1b1—25 to 28 inches; very dark grayish brown (2.5Y
3/2) loamy coarse sand, dark grayish brown (2.5Y
4/2) dry; single grain; loose, nonsticky, and nonplas-
tic; about 14 percent gravel; mildly alkaline; abrupt
smooth boundary.

C3—28 to 39 inches; dark grayish brown (2.5Y 4/2) and
very dark grayish brown (2.5Y 3/2) coarse sand,
grayish brown (2.5Y 5/2) and dark grayish brown
(2.5Y 4/2) dry; single grain; loose, nonsticky, and
nonplastic; about 14 percent gravel; mildly alkaline;
clear wavy boundary.

A1b2—39 to 42 inches; black (10YR 2/1) loamy coarse
sand; dark gray (10YR 4/1) dry; single grain; loose,
nonsticky, and nonplastic; about 5 percent gravel,
mildly alkaline; clear wavy boundary.
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IIA1b3—42 to 47 inches; black (10YR 2/1) sandy clay
loam, dark gray (10YR 4/1) dry; massive; slightly
hard, firm, sticky, and plastic; mildly alkaline, clear
wavy boundary.

IC4—47 to 60 inches; very dark grayish brown (2.5Y
3/2) sandy clay loam, grayish brown (2.5Y 5/2) dry;
massive; slightly hard, firm, sticky, and plastic; slight
effervescence; mildly alkaline.

Depth to sandy clay loam, clay loam, or loam is 40 to
60 inches. The 10- to 40-inch control section is typically
coarse sand having less than 50 percent medium and
fine sand.

The A horizon has hue of 10YR, value of 2 or 3 (4 or
5 dry), and chroma of 1 or 2.

The C horizon has hue of 2.5Y or 5Y, value of 3
through 5 (4 through 7 dry), and chroma of 2 or 3. Some
pedons have no buried A horizon within a depth of 40
inches.

Coe series

The Coe series consists of deep, excessively drained
soils on outwash plains and stream valleys or coulee
side slopes. Permeability in the upper part of these soils
is moderate or moderately rapid and is very rapid in the
underlying material. These soils are shallow over sand
and gravel. They formed in outwash containing a large
amount of shale. Slope is 1 to 25 percent.

Coe soils are similar to the Binford, Brantford, and
Sioux soils and are near the Brantford and Vang soils.
Binford, Brantford, and Vang soils have a B horizon.
Sioux soils have no shaly C horizon.

Typical pedon from an area of Coe shaly loam, 9 to 25
percent slopes, 1,470 feet south and 105 feet east of
the northwest corner of sec. 23., T. 152 N., R. 66 W.

Ap—0 to 7 inches; black (10YR 2/1) shaly loam, dark
gray (10YR 4/1) dry; weak fine granular structure,
slightly hard, very friable, slightly sticky, and slightly
plastic; slight effervescence; mildly alkaline; clear
smooth boundary.

C1—7 to 18 inches; dark gray (5Y 4/1) and dark grayish
brown (2.5Y 4/2) shaly coarse sand, gray (5Y 5/1)
and light brownish gray (2.5Y 6/2) dry; single grain;
loose, nonsticky, and nonplastic; few segregations
of lime and lime coats on bottom of pebbles; slight
and strong effervescence; mildly alkaline; gradual
smooth boundary.

C2—18 to 60 inches; dark gray (5Y 4/1) and dark gray-
ish brown (2.5Y 4/2) shaly coarse sand and gravel,
gray (5Y 5/1) and light brownish gray (2.5Y 6/2) dry;
single grain; loose, nonsticky, and nonplastic; slight
effervescence; moderately alkaline.

SOIL SURVEY

The thickness of the solum and the depth to sand and
gravel is 6 to 10 inches. Carbonates are common
throughout the profile.

The A horizon has hue of 10YR, value of 2 or 3 (4 or
5 dry), and chroma of 1. Reaction is neutral or mildly
alkaline.

The C horizon has hue of 2.5Y and 5Y, value of 4 or 5
(5 through 7 dry), and chroma of 1 through 3.

Colvin series

The Colvin series consists of deep, poorly drained and
very poorly drained soils in shaliow depressions on gla-
cial lake plains and in old stream channels. Permeability
of these soils is moderately slow. These soils formed in
silty calcareous alluvium and lacustrine sediment. Slope
is 0 to 1 percent.

Colvin soils are similar to the Bearden, Borup, and
Vallers soils and are near the Aberdeen and Overly soils.
Bearden soils are somewhat poorly drained. Borup soils
contain less clay. Vallers soils contain more sand and
formed in glacial tili. Aberdeen soils are sodic. Overly
soils have a B horizon and have no calcic horizon within
a depth of 16 inches.

Typical pedon from an area of Colvin silt loam, 700
feet east and 155 feet south of the northwest corner of
sec. 31, T. 152 N,, R. 71 W.

Ap—0 to 7 inches; black (10YR 2/1) silt loam, dark gray
(10YR 4/1) dry; weak fine granular structure; hard,
friable, slightly sticky, and slightly plastic; strong ef-
fervescence; mildly alkaline; abrupt smooth bound-
ary.

A12—7 to 12 inches; very dark gray (N 3/0) silt loam,
dark gray (N 4/0) dry; weak medium and coarse
subangular blocky structure parting to moderate very
fine granular; hard, friable, slightly sticky, and slightly
plastic; violent effervescence; mildly alkaline; clear
wavy boundary.

C1ca—12 to 18 inches; dark gray (N 4/0) silty clay loam,
gray (N 6/0) dry; weak medium and coarse suban-
gular blocky structure parting to moderate very fine
granular; hard, friable, sticky, and plastic; violent ef-
fervescence; mildly alkaling; clear wavy boundary.

C2ca—18 to 30 inches; dark gray (5Y 4/1) silty clay
loam, gray (5Y 6/1) dry; few fine distinct olive (5Y
5/3) mottles; weak medium and coarse subangular
blocky structure parting to moderate very fine granu-
lar; hard, friable, sticky, and plastic; violent efferves-
cence; mildly alkaline; clear wavy boundary.

C3g—30 to 44 inches; dark gray (5Y 4/1) silty clay loam,
gray (5Y 6/1) dry, few fine distinct olive (5Y 5/3)
mottles; weak coarse subangular blocky structure
parting to weak very fine granular; hard, friable,
sticky, and plastic; strong effervescence; mildly alka-
line; clear wavy boundary.
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C4g—44 to 60 inches; olive gray and olive (5Y 5/2 and
5/3) loam, light gray and pale yellow (5Y 7/2 and
7/3) dry; many large distinct yellowish brown (10YR
5/4) mottles; massive; hard, friable, slightly sticky,
and slightly plastic; strong effervescence; mildly al-
kaline.

The thickness of the solum and mollic epipedon is 7 to
16 inches. Some pedons are saline. Reaction of the
pedon is mildiy alkaline or moderately alkaline.

The A horizon has hue of 10YR, value of 2 or 3 (3 or
4 dry), and chroma of 1, oris N 2/0 or N 3/0 (N 3/0 or
N 4/0 dry). It is silt loam or silty clay loam.

The Cca horizon has hue of 2.5Y or 5Y, value of 4
through 6 (5 through 8 dry), and chroma of 1 or 2; or it is
N 4/0 through N 6/0 (N 5/0 through N 8/0 dry). It is sit
loam or silty clay loam. Mottles are at a depth of about
20 inches, range from few to many, and are faint or
distinct. The Cg horizon has hue of 5Y, value of 4
through 6 (5 through 7 dry), and chroma of 1 through 3.
It is silt loam or silty clay loam, but some pedons, below
a depth of 40 inches, have stratified sand, loam, or clay
loam.

Cresbard series

The Cresbard series consists of deep, moderately well
drained, slowly permeable sodic soils on till plains and
foot slopes. These soils formed in loamy, calcareous
glacial till or loamy local alluvium over glacial till. Slope is
1 to 6 percent.

These soils do not have the degree of interfingering of
the albic horizon into the natric horizon that is character-
istic of the Glossic Udic Natriborolls. This differences
does not alter the usefulness and behavior of the soils.

Cresbard soils are similar to the Aberdeen, Cathay,
and Cavour soils and are near the Cavour, Hamerly, and
Svea soils. Aberdeen soils formed in lacustrine sediment.
Cathay soils contain less clay in the B2t horizon. Cavour
soils do not have interfingering of A2 horizon material
into the B2 horizon. Hamerly and Svea soils do not have
a natric horizon.

Typical pedon of Cresbard loam, from an area of
Svea-Cresbard loams, 3 to 6 percent slopes, 1,330 feet
south and 165 feet east of the northwest corner of sec.
5.T.1565 N, R. 70 W.

A1—0 to 6 inches; very dark gray (10YR 3/1) loam, dark
gray (10YR 4/1) dry; moderate medium subangular
blocky and granular structure; slightly hard, friable,
slightly sticky, and slightly plastic; neutral; abrupt
smooth boundary.

A2—6 to 8 inches; dark grayish brown (10YR 4/2) loam,
grayish brown (10YR 5/2) dry; moderate coarse and
medium subangular blocky structure parting to mod-
erate medium platy; slightly hard, friable, nonsticky,
and slightly plastic; neutral; abrupt wavy boundary.
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B21t—8 to 12 inches; dark grayish brown (10YR 4/2)
silty clay, grayish brown (10YR 5/2) dry; moderate
medium prismatic structure parting to strong fine an-
gular blocky; very hard, very firm, very sticky, and
very plastic; light brownish gray (10YR 6/2) dry very
fine sand grains coating the upper 1-1/2 inches of
the prisms; moderately alkaline; gradual smooth
boundary.

B22t—12 to 16 inches; very dark grayish brown (2.5Y
3/2) silty clay, grayish brown (2.5Y 5/2) dry; moder-
ate medium prismatic structure parting to strong
medium and fine angular blocky; very hard, very
firm, very sticky, and very plastic; many moderately
thick clay films on faces of peds and-in pores; mod-
erately alkaline; gradual wavy boundary.

Cica—16 to 24 inches; olive brown (2.5Y 4/4) clay
loam, light olive brown (2.5Y 5/4) dry; moderate
medium subangular blocky structure parting to mod-
erate fine subangular blocky; slightly hard, friable,
sticky, and plastic; common medium and fine soft
masses of segregated lime; violent effervescence;
strongly alkaline; gradual wavy boundary.

C2—24 to 32 inches; dark grayish brown (2.5Y 4/2) clay
loam, light brownish gray (2.5Y 6/2) dry; common
fine distinct dark gray (N 4/0) mottles; moderate
medium subangular blocky structure parting to mod-
erate fine subangular blocky; hard, friable, sticky,
and plastic; strong effervescence; moderately alka-
line; gradual wavy boundary.

C3—32 to 60 inches; dark grayish brown (2.5Y 4/2) clay
loam, light brownish gray (2.5Y 6/2) dry; few fine
distinct dark gray (N 4/0) mottles; strong medium
subangular blocky structure; hard, friable, sticky, and
plastic; slight effervescence; moderately alkaline.

The thickness of the solum and the depth to carbon-
ates is 16 to 36 inches.

The A1 horizon has hue of 10YR, value of 2 or 3 (3 or
4 dry), and chroma of 1. Typically, it is loam, but clay
foam is in the range. The A1 horizon is 5 to 10 inches
thick. The A2 horizon has hue of 10YR, value of 3 or 4
(5 or 6 dry), and chroma of 1 or 2. It is loam or silt loam
and is 1/2 inch to 3 inches thick. In cultivated areas the
A1 and A2 horizons are mixed.

The B2t horizon has hue of 10YR or 2.5Y, value of 3
or 4 (4 or 5 dry), and chroma of 1 or 2. It is silty clay or
clay and is 8 to 12 inches thick. Some pedons have a
B3 horizon.

The C horizon has hue of 2.5Y, value of 4 or 5 (&
through 7 dry), and chroma of 2 or 4. Typically, it is clay
loam, but the range includes loam. In some pedons,
crystals of calcium sulfate and other salts are in the
upper part of the C horizon.
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Darnen series

The Darnen series consists of deep, moderately well
drained, moderately permeable soils on colluvial-alluvial
sediment in stream valleys. These soils formed in loamy
colluvium and alluvium. Slope is 3 to 6 percent.

Darnen soils are similar to the Aastad and Svea soils
and are near the Esmond, Heimdal, Lamoure, and Ryan
soils. Aastad soils have a higher clay content in the B
horizon and a thinner mollic epipedon. Svea soils have a
thinner A horizon and a calcic horizon at a depth of
about 22 inches. Esmond and Heimdal soils have a
lower clay content and formed in glacial till. Ryan soils
have a natric horizon and are poorly drained. Lamoure
soils contain more silt, are poorly drained, and are cal-
careous throughout.

Typical pedon from an area of Darnen loam, 3 to 6
percent slopes, 1,480 feet north and 350 feet east of the
southwest corner of sec. 28, T. 152 N., R 65 W.

Ap—0 to 7 inches; black (10YR 2/1) loam, very dark
gray (10YR 3/1) dry; weak fine subangular blocky
structure parting to moderate fine granular; soft, fri-
able, slightly sticky, and slightly plastic; neutral;
abrupt smoath boundary.

A12—7 to 18 inches; black (10YR 2/1) loam, very dark
gray (10YR 3/1) dry; moderate medium subangular
blocky structure parting to moderate fine subangular
blocky; soft, friable, slightly sticky, and slightly plas-
tic; neutral; abrupt wavy boundary.

A13—18 to 22 inches; black (10YR 2/1) loam, dark gray
(10YR 4/1) dry; moderate medium subangular
blocky structure parting to moderate fine subangular
blocky; slightly hard, friable, slightly sticky, and
slightly plastic; slightly acid; clear wavy boundary.

B1—22 to 28 inches; very dark grayish brown (2.5Y 3/2)
loam, dark grayish brown (2.5Y 4/2) dry; weak
medium prismatic structure parting to moderate
medium subangular blocky; slightly hard, friable,
slightly sticky, and slightly plastic; neutral; clear wavy
boundary.

B2—28 to 34 inches; dark grayish brown (2.5Y 4/2)
loam, light brownish gray (2.5Y 6/2) dry; weak
medium prismatic structure parting to moderate
medium subangular blocky; slightly hard, friable,
slightly sticky, and slightly plastic; slightly acid; clear
wavy boundary.

Ct1ca—34 to 45 inches; grayish brown (2.5Y 5/2) loam,
light gray (2.5Y 7/2) dry; massive; soft, friable,
slightly sticky, and slightly plastic; violent etferves-
cence; about 2 percent pebbles; mildly alkaline;
gradual wavy boundary.

C2ca—45 to 52 inches; dark grayish brown (2.5Y 4/2)
loam, light gray (2.5Y 7/2) dry; massive; soft, friable,
slightly sticky, and slightly plastic; violent efferves-
cence: about 2 percent pebbles; mildly alkaline;
gradual wavy boundary.

SOIL SURVEY

C3—52 to 60 inches; dark grayish brown (2.5Y 4/2)
loam, light brownish gray (2.5Y 6/2) dry; massive;
soft, friable, slightly sticky, and slightly plastic; strong
effervescence with violently effervescent lime in
medium irregularly shaped segregated soft masses;
about 2 percent pebbles; mildly alkaline.

The thickness of the solum is 30 to 50 inches. The
mollic epipedon is 20 to 48 inches thick. Depth to car-
bonates varies from 20 to 50 inches. The 10- to 40-inch
control section averages from 18 to 30 percent clay.

The A horizon has hue of 10YR, value of 2 in the
upper part and 2 or 3 in the lower part, and chroma of 1
or 2. ltis 18 to 29 inches thick. Some pedons have a
thin A3 horizon.

The B horizon has hue of 10YR or 2.5Y, value of 3
through 5, and chroma of 2 through 4. It is typically
loam, but light clay loam is in the range. The horizon is 0
to 18 inches thick, but it is usually 8 to 18 inches thick.

The C horizon has hue of 2.5Y, value of 4 through 6,
and chroma of 2 through 6. it is typically loam, but light
clay loam is in the range. Some pedons are sandy loam,
clay loam, or clay below a depth of 40 inches. Some
pedons have a buried A horizon below a depth of 40
inches.

Dickey series

The Dickey series consists of deep, well drained soils
on sandy mantled glacial plains, moraines, or lake plains.
Permeability of these soils is rapid in the upper part and
moderately slow in the lower part. These soils formed in
aeolian material deposited over loamy glacial till or silty
lacustrine sediment. Slope is 6 to 9 percent.

Dickey soils are similar to the Hecla, Maddock, and
Towner soils and are near the Egeland, Embden, Hecla,
Maddock, and Towner soils. Egeland, Embden, Hecla,
and Maddock soils have no loamy IIC horizon. Towner
soils have a mollic epipedon more than 16 inches thick.

Typical pedon from an area of Dickey fine sandy loam,
6 to 9 percent slopes, 140 feet south and 95 feet east of
the northwest corner of sec. 15, T. 156 N., R. 71 W.

Ap—0 to 8 inches; black (10YR 2/1) fine sandy loam,
dark gray (10YR 4/1) dry; weak medium and fine
subangular blocky structure parting to weak fine
granular; soft, very friable, nonsticky, and nonplastic;
neutral; abrupt smooth boundary.

B2—8 to 14 inches; very dark grayish brown (10YR 3/2)
loamy fine sand, grayish brown (10YR 5/2) dry;
weak medium and fine subangular blocky structure;
soft, very friable, nonsticky, and nonplastic; neutral;
clear smooth boundary.

B3—14 to 28 inches; brown (10YR 4/3) loamy fine sand,
pale brown (10YR 6/3) dry, weak medium subangu-
lar blocky structure parting to single grain; soft, very
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friable, nonsticky, and nonplastic; neutral; clear wavy
boundary.

IIC1ca—28 to 36 inches; light yellowish brown (2.5Y 6/4)
heavy loam, white (2.5Y 8/2) dry; weak medium
platy structure parting to weak very fine subangular
blocky; hard, friable, sticky, and plastic; about 2 per-
cent pebbles and coarse fragments; violent efferves-
cence; mildly alkaline; gradual wavy boundary.

11C2—36 to 60 inches; light olive brown (2.5Y 5/4) heavy
loam, pale yellow (2.5Y 7/4) dry; common medium
prominent gray (5Y 5/1) and few fine distinct strong
brown (7.5YR 5/6) mottles; weak medium platy
structure parting to weak very fine subangular
blocky; hard, friable, sticky, and plastic; about 2 per-
cent pebbles and coarse fragments; strong efferves-
cence; moderately alkaline.

The depth to the IIC horizon and to carbonates is 20
to 40 inches. The mollic epipedon is less than 16 inches
thick.

The A horizon has hue of 10YR, value of 2 (3 or 4
dry), and chroma of 1.

The B horizon has hue of 10YR, value of 3 or 4 (4
through 6 dry), and chroma of 2 or 3. It is loamy sand or
loamy fine sand.

The IC horizion has hue of 2.5Y, value of 5 or 6 (6
through 8 dry), and chroma of 2 or 4. Typically, it is
heavy loam, but the range includes clay loam, silt loam,
or silty clay loam. Mottles range from none to common in
the lower part. The IIC horizon contains less than 5
percent coarse fragments. Some pedons have a stone
or pebble contact layer at the upper boundary of the IIC
horizon.

Divide series

The Divide series consists of deep, somewhat poorly
drained soils on stream terraces and outwash plains.
These soils are moderately permeable in the upper part
and very rapidly permeable in the underlying material.
They are moderately deep over sand and gravel. These
soils formed in loamy alluvium over sand and gravel.
Slope is 1 to 3 percent.

Divide soils are similar to the Marysland soils and are
near the Arvilla, Fordville, and Renshaw soils. Marysland
soils are poorly drained and very poorly drained. Arvilla,
Fordville, and Renshaw soils have a B2 horizon and are
better drained.

Typical pedon from an area of Divide loam, 1 to 3
percent slopes, 265 feet west and 2,110 feet north of
the southeast corner of sec. 23, T. 151 N., R. 66 W.

Ap—0 to 7 inches; black (10YR 2/1) loam, very dark
gray (10YR 3/1) dry; moderate medium subangular
blocky structure parting to moderate fine granular;
slightly hard, friable, slightly sticky, and slightly plas-
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tic; about 2 percent pebbles; mildly alkaline; abrupt
smooth boundary.

A12—7 to 10 inches; very dark gray (10YR 3/1) clay
loam, dark gray (10YR 4/1) dry; moderate medium
prismatic structure parting to moderate fine granular,
hard, friable, sticky, and plastic; about 2 percent
pebbles; strong effervescence; moderately alkaline;
gradual wavy boundary.

C1ca—10 to 20 inches; grayish brown (10YR 5/2) clay
loam, light gray (10YR 7/1) dry; moderate coarse
prismatic structure parting to moderate fine granular,
hard, friable, sticky, and plastic; very dark gray (N
3/0) coatings on faces of peds; about 2 percent
pebbles; violent effervescence; moderately alkaline;
clear wavy boundary.

C2ca—20 to 22 inches; grayish brown (2.5Y 5/2) clay
loam, light gray (2.5Y 7/2) dry; moderate medium
subangular blocky structure parting to moderate fine
granular; hard, friable, sticky, and plastic; about 2
percent pebbles; violent effervescence; moderately
alkaline; gradual wavy boundary.

IC3—22 to 30 inches; dark grayish brown (2.5Y 4/2)
very gravelly sand, light brownish gray (2.5Y 6/2)
dry; single grain; loose, nonsticky, and nonplastic;
about 55 percent gravel; violent effervescence; mod-
erately alkaline; gradual wavy boundary.

IIC4—30 to 36 inches; dark brown (10YR 4/3) gravelly
coarse sand, brown (10YR 5/3) dry; single grain;
loose, nonsticky, and nonplastic; about 30 percent
gravel; slight effervescence; moderately alkaline;
clear smooth boundary.

IIC5—36 to 42 inches; dark grayish brown (2.5Y 4/2)
gravelly coarse sand, light brownish gray (2.5Y 6/2)
dry; single grain; loose, nonsticky, and nonplastic;
about 45 percent gravel; strong effervescence; mod-
erately alkaline; gradual wavy boundary.

[IC6—42 to 60 inches; dark brown (10YR 4/3) gravelly
coarse sand brown (10YR 5/3) dry; single grain;
loose, nonsticky, and nonplastic; about 45 percent
gravel; slight effervescence to strong effervescence;
moderately alkaline.

The depth to the IIC horizon is 20 to 36 inches, but is
typically 22 to 30 inches thick. Thickness of the mollic
epipedon is 7 to 16 inches.

The A horizon has hue of 10YR, value of 2 or 3 (3
through 5 dry), and chroma of 1.

The Cca horizon has hue of 10YR or 2.5Y, value of 4
or 5.(6 or 7 dry), and chroma of 1 or 2. It is typically clay
loam but ranges to loam. The Cca horizon has faint to
distinct mottles in some pedons. In other pedons, crys-
tals of calcium sulfate and other salts are in the Cca
horizon. The IIC horizon has hue of 10YR or 2.5Y, value
of 4 or 5 (5 or 6 dry), and chroma of 2 through 4. It is
sand and gravel of granitic origin, but some .is of shale
origin. In some pedons, the sand and gravel is stratified.
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Eckman series

The Eckman series consists of deep, well drained,
moderately permeable soils on glacial lake plains and in
small lake basins on glacial uplands. These soils formed
in medium textured, calcareous lacustrine sediment.
Slope is 3 to 15 percent.

Eckman soils are similar to the Gardena, Zell, and
Great Bend soils and are near the Gardena, Giyndon,
and Zell soils. Gardena soils have a mollic epipedon
more than 16 inches thick. Zell soils have a thinner A
horizon and have no B2 horizon. Great Bend soils have
a fine-silty control section. Glyndon soils have no B2
horizon, have a calcic horizon at a depth of less than 16
inches; and are somewhat poorly drained.

Typical pedon of Eckman silt loam, from an area of
Eckman-Zell silt loams, 6 to 9 percent slopes, 1,300 feet
west and 490 feet south of the northeast corner of sec.
5, T.153 N, R. 66 W.

Ap—oO0 to 6 inches; black (10YR 2/1) silt loam, dark gray
(10YR 4/1) dry; weak fine subangular blocky struc-
ture parting to weak fine granular; soft, friable, non-
sticky, and slightly plastic; mildly alkaline; clear
smooth boundary.

A12—6 to 11 inches; black (10YR 2/1) silt loam, dark
gray (10YR 4/1) dry; weak medium prismatic struc-
ture parting to moderate fine and medium subangu-
lar blocky; soft, friable, nonsticky, and slightly plas-
tic; mildly alkaline; clear smooth boundary.

B21—11 to 15 inches; very dark grayish brown (10YR
3/2) silt loam, dark grayish brown (10YR 4/2) dry;
weak medium prismatic structure parting to moder-
ate fine and medium subangular blocky; soft, friabie,
nonsticky, and slightly plastic; mildly alkaline; clear
wavy boundary.

B22—15 to 22 inches; dark grayish brown (10YR 4/2)
sit loam, grayish brown (10YR 5/2) dry; weak
medium prismatic structure parting to moderate fine
and medium subangular blocky; soft, friable, non-
sticky, and slightly plastic; mildly alkaline; clear wavy
boundary.

B3—22 to 26 inches; dark grayish brown (2.5Y 4/2) silt
loam, grayish brown (2.5Y 5/2) dry; weak medium
prismatic structure parting to moderate fine and
medium subangular blocky; soft, friable, nonsticky,
and slightly plastic; slight effervescence; moderately
alkaline; clear wavy boundary.

C1ca—26 to 34 inches; light olive brown (2.5Y 5/4) silt
loam, pale olive (5Y 6/3) dry; moderate fine suban-
gular blocky structure; soft, friable, nonsticky, and
slightly plastic; violent effervescence; moderately al-
kaline; clear wavy boundary.

C2-—34 to 60 inches; light olive brown (2.5Y 5/4) silt
loam, pale olive (5Y 6/3) dry, massive; soft, friable,
nonsticky, and slightly plastic; strong effervescence;
moderately alkaline.

SOIL SURVEY

The depth to carbonates is 15 to 36 inches and the
thickness of the solum is 15 to 44 inches.

The A horizon has hue of 10YR, value of 2 or 3 (3
through 5 dry), and a chroma of 1. It is 7 to 14 inches
thick.

The B horizon has hue of 10YR or 2.5Y. It is 8 to 30
inches thick.

The C horizon has hue of 2.5Y, and it is 2.5Y or 5Y
dry. In some pedons, the HC horizon is silt, very fine
sand, or fine sandy loam. Some pedons have sand, clay,
or loam glacial till below a depth of 40 inches.

Edgeley variant

The Edgeley variant consists of deep, well drained,
moderately permable soils on glacial till plains, glacial
moraines, and stream breaks. These soils formed in
loamy glacial till which is moderately deep over unconso-
lidated shale. Slope is 15 to 60 percent.

The Edgeley variant is similar to the Barnes and Brant-
ford soils, and is near the Bottineau, Aastad, and Buse
soils. Barnes, Bottineau, Aastad, and Buse soils do not
have large gquantities of shale in the underlying material.
Buse soils have a thinner A horizon. Bottineau soils have
an argillic horizon, and Aastad soils have a mollic epipe-
don that is at least 16 inches thick. Brantford soils devel-
oped in glacial outwash and are fine-loamy over sandy or
sandy-skeletal.

Typical pedon from an area of Edgeley Variant loam,
15 to 60 percent slopes, 900 feet east and 250 feet
north of the southwest corner of sec. 11, T. 1562 N, T.
65 W.

A1—0 to 11 inches; black (10YR 2/1) loam, very dark
gray (10YR 3/1) dry; weak fine and medium granular
structure; slightly hard, friable, slightly sticky, and
slightly plastic; neutral; about 4 percent shale frag-
ments; clear wavy boundary.

C1—11 to 24 inches; dark grayish brown (2.5Y 4/2) clay
loam, grayish brown (10YR 5/2) dry; massive; slight-
ly hard, firm, sticky, and plastic; slightly acid; about
10 percent shale fragments; gradual wavy boundary.

IIC2—24 to 60 inches; dark olive gray (5Y 3/2) very
shaly loam, olive gray (5Y 5/2) dry; massive; loose,
slightly sticky, and slightly plastic; neutral; about 55
percent shale fragments.

The thickness of the A horizon is 10 to 20 inches.
Some pedons have a B2 horizon. In some areas, Pierre
shale is the parent material, while in other areas glacial
till overlies the shale.

The A horizon has hue of 10YR, value of 2 or 3 (3 or
4 dry), and a chroma of 1.

The C horizon has hue of 10YR through 5Y, value of 3
through 5, (5 through 7 dry), and chroma of 1 through 3.
It is loam or clay loam in the upper part and very shaly
loam or very shaly clay loam in the lower part.
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Egeland series

The Egeland series consists of deep, well drained soils
on sandy and loamy terraces and upland plains. Perme-
ability of these soils is moderately rapid. These soils
formed in sandy and loamy glacial outwash and lacus-
trine sediment. Slope is 1 to 6 percent.

Egeland soils are similar to the Embden soils and are
near the Dickey, Embden, Hecla, Maddock, and Towner
soils. Embden soils have a mollic epipedon more than 16
inches thick. Dickey, Hecla, Maddock, and Towner soils
contain more sand in the solum.

Typical pedon of Egeland fine sandy loam, from an
area of Embden-Egeland fine sandy loams, 1 to 6 per-
cent slopes, 1,740 feet east and 1,425 feet south of the
northwest corner of sec. 19, T. 156 N, R. 71 W.

Ap—0 to 7 inches; black (10YR 2/1) fine sandy loam,
dark gray (10YR 4/1) dry; weak fine granular struc-
ture; slightly hard, very friable, nonsticky, and slightly
plastic; slightly acid; abrupt smooth boundary.

B21—7 to 13 inches; very dark grayish brown (10YR
3/2) fine sandy loam, dark grayish brown (10YR
4/2) dry; weak coarse prismatic structure parting to
weak medium subangular blocky; slightly hard, very
friable, slightly sticky, and slightly plastic; slightly
acid; gradual smooth boundary.

B22—13 to 24 inches; olive brown (2.5Y 4/4) fine sandy
loam, light olive brown (2.5Y 5/4) dry; weak coarse
prismatic structure parting to weak medium suban-
gular blocky; slightly hard, very friable, slightly sticky,
and slightly plastic; neutral; gradual smooth bound-
ary.

B3—24 to 31 inches; light olive brown (2.5Y 5/4) fine
sandy loam, light yellowish brown (2.5Y 6/4) dry;
weak coarse prismatic -structure; slightly hard, very
friable, nonsticky, and nonplastic; neutral; gradual
wavy boundary.

Cica—31 to 46 inches; grayish brown (2.5Y 5/2) loamy
fine sand, light brownish gray (2.5Y 6/2) dry; single
grain; slightly hard, very friable and loose, nonsticky,
and nonplastic; strong effervescence; mildly alkaline;
gradual boundary.

C2—46 to 60 inches; dark grayish brown (2.5Y 4/2)
loamy fine sand, light brownish gray (2.5Y 6/2) dry;
common medium faint gray (5Y 5/1) mottles; single
grain; slightly hard, very friable and loose, nonsticky,
and nonplastic; common medium soft masses of
segregated lime; slight effervescence; mildly alka-
line.

The thickness of the solum and the depth to carbon-
ates is typically 24 to 34 inches but ranges from 20 to 40
inches. Thickness of the mollic epipedon is 8 to 16
inches.

The A horizon has hue of 10YR, value of 2 or 3 (3 or
4 dry), and chroma of 1. Itis 6 to 8 inches thick.
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The B2 horizon has hue of 10YR or 2.5Y, value of 3 or
4 (4 or 5 dry), and chroma of 2 through 4. It is sandy
loam or fine sandy loam. Combined thickness of the B2
and B3 horizons is 14 to 32 inches.

The C horizon has hue of 10YR or 2.5Y, value of 4 or
5 (5 through 7 dry), and chroma of 2 through 4. It is fine
sandy loam, loamy fine sand, or fine sand. Some pedons
have a loamy IIC horizon below a depth of 40 inches.

Embden series

The Embden series consists of deep, moderately well
drained soils on uplands. Permeability of these soils is
moderately rapid. These soils formed in sandy and loamy
outwash and lacustrine sediment. Slope is 1 to 9 per-
cent.

Embden soils are similar to the Egeland soils and are
near the Dickey, Egeland, Hecla, Maddock, and Towner
soils. Egeland soils have a mollic epipedon less than 16
inches thick. Dickey, Hecla, Maddock, and Towner soils
contain more sand in the solum.

Typical pedon of Embden fine sandy loam, from an
area of Embden-Egeland fine sandy loams, 1 to & per-
cent slopes, 1,800 feet east and 150 feet south of the
northwest corner of sec. 30, T. 156 N, R. 71 W,

A1—0 to 12 inches; black (10YR 2/1) fine sandy loam,
dark gray (10YR 4/1) dry; weak fine granular struc-
ture; hard, very friable, slightly sticky, and slightly
plastic; neutral; clear smooth boundary.

B2—12 to 20 inches; very dark grayish brown (10YR
3/2) fine sandy loam, dark grayish brown (10YR
4/2) dry; weak medium subangular blocky structure
parting to weak fine granular; hard, very friable,
slightly sticky, and nonplastic; neutral; clear smooth
boundary.

B3—20 to 34 inches; dark brown (10YR 3/3) fine sandy
loam, brown (10YR 5/3) dry; common fine distinct
grayish brown (2.5Y 5/2) mottles; single grain; hard,
very friable, nonsticky, and nonplastic; neutral; grad-
ual boundary.

C—34 to 60 inches; brown (10YR 5/3) loamy fine sand,
pale brown (10YR 6/3) dry; single grain; slightly
hard, loose, nonsticky, and nonplastic; neutral.

The thickness of the solum is 24 to 40 inches. Thick-
ness of the mollic epipedon is 16 to 40 inches.

The A horizon has hue of 10YR, value of 2 or 3 (3 or
4 dry), and chroma of 1. It is fine sandy loam, sandy
loam, or loam and is 10 to 20 inches thick.

The B2 horizon has hue of 10YR, value of 2 or 3 (3 or
4 dry), and chroma of 2 or 3. It is fine sandy loam or
sandy loam and is 6 to 20 inches thick. There is no B3
horizon in some pedons.

The C horizon has hue of 10YR or 2.5Y, value of 4 or
5 (5 or 6 dry), and chroma of 2 through 4. It is loamy fine
sand, but ranges to fine sandy loam and sandy loam. In
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some pedons, a Cca horizon is in the upper part of the C
horizon. A loamy lIC horizon is below a depth of 40
inches in some pedons.

Emrick series

The Emrick series consists of deep, moderately well
drained, moderately permeable soils on glacial uplands.
These soils formed in loamy, calcareous glacial till. Slope
is 1 to 9 percent.

Emrick soils are similar to the Embden, Gardena, and
Svea soils and are near the Esmond, Fram, and Heimdal
soils. Embden soils contain more sand. Gardena soils
contain more silt and very fine sand. Svea soils contain
more clay. Esmond soils have no B horizon. Fram soils
have a calcic horizon within a depth of 16 inches. Heim-
dal soils have a mollic epipedon less than 16 inches
thick.

Typical pedon of Emrick loam, from an area of Emrick-
Heimdal loams, 1 to 3 percent slopes, 1,110 feet south
and 700 feet east of the northwest corner of sec. 30, T.
155 N, R. 71 W.

Ap—O0 to 6 inches; black (10YR 2/1) loam, very dark
gray (10YR 3/1) dry; weak medium granular struc-
ture; soft, very friable, nonsticky, and nonplastic;
neutral; abrupt smooth boundary.

A12—6 to 16 inches; black (10YR 2/1) loam, very dark
gray (10YR 3/1) dry; moderate medium angular
blocky structure; soft, very friable, nonsticky, and
nonplastic; neutral; clear wavy boundary.

B21—16 to 23 inches; very dark grayish brown (10YR
3/2) loam, dark grayish brown (10YR 4/2) dry; weak
medium prismatic structure parting to moderate
medium angular blocky; slightly hard, friable, non-
sticky, and nonplastic; about 2 percent pebbles;
neutral; clear wavy boundary.

B22—23 to 34 inches; very dark grayish brown (10YR
3/2) loam, grayish brown (10YR 5/2) dry; weak
medium prismatic structure parting to moderate
medium angular blocky; slightly hard, friable, non-
sticky, and nonplastic; about 2 percent pebbles;
neutral; gradual wavy boundary.

Cica—34 to 42 inches; light olive brown (2.5Y 5/4)
loam, pale yellow (2.5Y 7/4) dry; weak medium an-
gular blocky structure in the upper part and massive
in the lower part; slightly hard, friable, nonsticky, and
nonplastic; about 2 percent pebbles; strong efferves-
cence; mildly alkaline; gradual wavy boundary.

C2ca—42 to 48 inches; light olive brown (2.5Y 5/4)
loam, light gray (2.5Y 7/2) dry; massive; slightly
hard, friable, nonsticky, and nonplastic; about 2 per-
cent pebbles; violent effervescence; mildly alkaline;
gradual wavy boundary.

C3—48 to 60 inches; olive brown (2.5Y 4/4) loam, light
yellowish brown (2.5Y 6/4) dry; massive; slightly
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hard, friable, nonsticky, and nonplastic; about 2 per-
cent pebbles; strong effervescence; mildly alkaline.

The thickness of the solum, mollic epipedon, and the
depth to carbonates is 16 to 36 inches.

The A horizon has hue of 10YR, value of 2 or 3 (3 or
4 dry) and chroma of 1. It is 8 to 18 inches thick.

The B2 horizon has hue of 10YR or 2.5Y, value of 3 or
4 (4 or 5 dry), and chroma of 2 or 3. It is 6 to 20 inches
thick. In some pedons, the lower part of the B horizon
and the C horizon are mottled.

The C horizon has hue of 2.5Y and 5Y, value of 4
through 6 (5 through 7 dry), and chroma of 2 through 4.

Esmond series

The Esmond series consists of deep, well drained,
moderately permeable soils on convex slopes of glacial
moraines and till plains. These soils formed in loamy
calcareous glacial till. Slope is 6 to 40 percent.

Esmond soils are similar to the Buse soils and are
near the Fram, Emrick, and Heimdal soils. Buse soils
have more clay in the control section. Fram soils are
somewhat poorly drained and have a calcic horizon.
Emrick soils have a mollic epipedon more than 16 inches
thick. Heimdal soils have a B2 horizon.

Typical pedon of Esmond loam, from an area of Heim-
dal-Esmond loams, 6 to 9 percent slopes, 1,700 feet
south and 590 feet west of the northeast corner of sec.
22, T. 163 N, R. 69 W.

Ap—0 to 9 inches; black (10YR 2/1) loam, dark gray
(10YR 4/1) dry; weak fine granular structure; soft,
friable, slightly sticky, and slightly plastic; mildly alka-
line; clear wavy boundary.

Cica—9 to 16 inches; dark grayish brown (2.5Y 4/2)
loam, grayish brown (2.5Y 5/2) dry; weak, medium
subangular blocky structure; soft, friable, slightly
sticky, and slightly plastic; violent effervescence;
mildly alkaline; gradual wavy boundary.

C2ca—16 to 23 inches; grayish brown (2.5Y 5/2) loam,
light gray (2.5Y 7/2) dry; weak medium and fine
subangular blocky structure; soft, friable, slightly
sticky, and slightly plastic; violent effervescence;
moderately alkaline; gradual wavy boundary.

C3—23 to 60 inches; light olive brown (2.5Y 5/4) loam,
light yellowish brown (2.5Y 6/4) dry; massive; soft,
friable, slightly sticky, and slightly plastic; strong ef-
fervescence; moderately alkaline.

The mollic epipedon is 7 to 10 inches thick. The 10- to
40-inch control section averages from 14 to 18 percent
clay.

The A horizon has hue of 10YR, value of 2 or 3 (4 or
5 dry), and chroma of 1. It is not effervescent or is
slightly effervescent. Reaction is neutral or mildly alka-
line. Some profiles have an AC horizon.
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The Cca horizon has hue of 10YR or 2.5Y, value of 4
or 5 (5 through 7 dry), and chroma of 2 through 4. Some
pedons have segregated lime in these horizons. The C
horizon has hue of 2.5Y, value of 4 or 5 (5 through 7
dry), and chroma of 2 or 4. It is mildly alkaline or moder-
ately alkaline.

Fargo series

The Fargo series consists of deep, poorly drained,
slowly permeable soils in glacial lake basins. These soils
formed in calcareous, clayey lacustrine sediments. Slope
is 0 to 1 percent.

These soils do not have mottles directly below the
mollic epipedon defined for the Fargo series. The differ-
ence does not alter the usefulness or behavior of the
soils.

Fargo soils are similar to and are near the Grano and
Hegne soils. Grano and Hegne soils have no B horizon.

Typical pedon from an area of Fargo silty clay loam,
1,410 feet east and 90 feet north of the southwest
corner of sec. 13, T. 155 N., R. 67 W.

Ap—O0 to 9 inches; black (10YR 2/1) silty clay loam, dark
gray (10YR 4/1) dry; strong, very fine and fine
granular structure; hard, firm, very sticky, and very
plastic; neutral; abrupt smooth boundary.

A12—9 to 12 inches; black (5Y 2/1) silty clay, dark gray
(5Y 4/1) dry; weak medium prismatic structure part-
ing to strong very fine angular blocky; very hard,
firm, very sticky, and very plastic; mildly alkaline;
abrupt irregular boundary.

B21—12 to 22 inches; olive gray (5Y 4/2) clay, olive
gray (5Y 5/2) dry; weak medium prismatic structure
parting to strong very fine angular blocky; very hard,
firm, very sticky, and very plastic; tongues of the A
horizon extend into this horizon; slight efferves-
cence; mildly alkaline; clear wavy boundary.

B22—22 to 30 inches; olive gray (5Y 4/2) clay, olive
gray (5Y 5/2) dry; many fine faint olive (5Y 5/3)
mottles; weak medium prismatic structure parting to
strong very fine angular blocky and subangular
blocky; very hard, firm, very sticky, and very plastic;
slight effervescence; moderately alkaline; gradual
wavy boundary.

C1gca—30 to 44 inches; olive gray (5Y 4/2) silty clay,
light olive gray (5Y 6/2) dry; many fine and medium
faint dark gray (5Y 4/1) and distinct yellowish brown
(10YR 5/4) mottles; moderate very fine subangular
blocky structure parting to moderate, very fine and
fine granular; very hard, firm, very sticky, and very
plastic; common nests and crystals of calcium sul-
fate; strong effervescence; moderately alkaline;
gradual wavy boundary.

C2g—44 to 60 inches; olive (5Y 4/3) and dark gray (5Y
4/1) silty clay, pale olive (5Y 6/3) dry; many medium
distinct yellowish brown (10YR 5/4) mottles; mas-
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sive, laminated with lenses of silty material;, very
hard, firm, very sticky, and very plastic; common
nests and crystals of calcium sulfate; strong ef-
fervescence; mildly alkaline.

The thickness of the solum is 16 to 36 inches. Thick-
ness of the mollic epipedon is 8 to 24 inches. Depth to
carbonates is 11 to 24 inches.

The A horizon has hue of 10YR through 5Y, value of 2
(3 or 4 dry), and chroma of 1; oritis N 2/0 (N 3/0 or N
4/0 dry). ltis 7 to 15 inches thick.

The B2 horizon has hue of 2.5Y or 5Y, value of 2
through 4 (3 through 5 dry), and chroma of 1 or 2. It is
silty clay or clay and is 12 to 25 inches thick.

The Cg horizon has hue of 2.5Y or 5Y, value of 4 or 5
(6 or 7 dry), and chroma of 1 through 3. It is silty clay or
clay in the upper part and laminated silty clay loam, silty
clay, or clay in the lower part. Lime accumulation is in
the upper part of the horizon. Mottles range from
common to many.

Fordville series

The Fordville series consists of deep, well drained
soils on stream terraces and outwash plains. These soils
are moderately permeable in the upper part and rapidly
permeable in the underlying material. They are moder-
ately deep over sand and gravel. These soils formed in
loamy alluvium over stratified sand and gravel. Slope is 1
to 3 percent.

Fordville soils are similar to the Arvilla, Brantford, Ren-
shaw, and Vang soils, and are near the Arvilla, Divide,
Renshaw, and Sioux soils. Arvilla, Brantford, Renshaw,
and Sioux soils have a mollic epipedon less than 16
inches thick. Sioux soils have sand and gravel at a depth
of less than 14 inches. Vang soils have 50 percent or
more coarse shale fragments in the IIC horizon. Divide
soils are somewhat poorly drained and have a calcic
horizon within a depth of 16 inches.

Typical pedon from an area of Fordville loam, 1 to 3
percent slopes, 2,500 feet north and 190 feet east of the
southwest corner of sec. 9, T. 152 N, R. 71 W.

Ap—O0 to 7 inches; black (10YR 2/1) loam, very dark
gray (10YR 3/1) dry; weak fine and medium granular
structure; slightly hard, very friable, slightly sticky,
and slightly plastic; neutral; abrupt smooth boundary.

A12—7 to 10 inches; black (10YR 2/1) loam, very dark
gray (10YR 3/1) dry; weak fine subangular blocky
structure parting to moderate medium granular,
slightly hard, very friable, slightly sticky, and slightly
plastic; neutral; clear wavy boundary.

B21—10 to 17 inches; very dark grayish brown (10YR
3/2) loam, dark grayish brown (10YR 4/2) dry; weak
medium prismatic structure parting to moderate
medium subangular blocky; hard, very friable, slightly
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sticky, and slightly plastic; neutral; clear wavy
boundary.

B22—17 to 20 inches; dark brown (10YR 3/3) loam,
brown (10YR 5/3) dry; weak medium prismatic
structure parting to moderate medium subangular
bltocky; slightly hard, very friable, slightly sticky, and
slightly plastic; mildly alkaline; clear wavy boundary.

IIC1ca—20 to 24 inches; dark grayish brown (10YR 4/2)
coarse sandy loam, pale brown (10YR 6/3) dry;
single grain; loose, nonsticky, and nonplastic; about
10 percent gravel; many medium soft masses of
lime; violent effervescence; mildly alkaline; gradual
wavy boundary.

[IC2—24 to 36 inches; grayish brown (10YR 5/2) sand
and gravel, pale brown (10YR 6/3) dry; single grain;
loose, nonsticky, and nonplastic; about 15 percent
gravel; thin lime crusts on the underside of pebbles;
strong effervescence; moderately alkaline; gradual
wavy boundary.

IIC3—36 to 47 inches; grayish brown (2.5Y 5/2) sand
and gravel, light brownish gray (2.5Y 6/2) dry; single
grain; loose, nonsticky, and nonplastic; about 10
percent gravel; strong effervescence; mildly alkaline;
gradual wavy boundary.

IIC4—47 to 60 inches; dark grayish brown (2.5Y 4/2)
sand and gravel, light brownish gray (2.5Y 6/2) dry;
single grain; loose, nonsticky, and nonplastic; about
10 percent gravel; slight effervescence; mildly alka-
line.

The depth to sand and gravel and carbonates is 20 to
26 inches, but the range includes 20 to 40 inches. Thick-
ness of the mollic epipedon is 16 to 26 inches and
includes all or most of the B horizon.

The A horizon has hue of 10YR, value of 2 or 3 (3 or
4 dry); and chroma of 1. It is 6 to 10 inches thick.

The B2 horizon has hue of 10YR, value of 3 or 4 (4 or
5 dry), and chroma of 2 or 3. It is 9 to 16 inches thick.
Some pedons have a B3 horizon.

The IIC horizon has hue of 10YR or 2.5Y, value of 4 or
5 (5 or 6 dry), and chroma of 2 or 3.

Fossum series

The Fossum series consists of deep, poorly drained,
rapidly permeable soils on glacial lake and outwash
plains. These soils formed in loamy and sandy outwash
and lacustrine sediment. Slope is 0 to 1 percent.

Fossum soils are near the Hecla and Maddock soils.
Hecla soils are moderately well drained and Maddock
soils are well drained. In addition, these soils are not
calcareous to the surface.

Typical pedon from an area of Fossum fine sandy
loam, 320 feet east and 235 feet north of the southeast
corner of sec. 12, T. 156 N., R. 71 W.
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A11—0 to 8 inches; black (10YR 2/1) fine sandy loam,
very dark gray (10YR 3/1) dry; weak medium and
coarse subangular blocky structure parting to weak
fine subangutar blocky; soft, very friable, nonsticky,
and slightly plastic; slight effervescence; moderately
alkaline; clear smooth boundary.

A12—8 to 12 inches; very dark gray (10YR 3/1) fine
sandy loam, dark gray (10YR 4/1) dry; weak
medium and coarse subangular blocky structure
parting to weak fine subangular blocky; soft, very
friable, nonsticky, and slightly plastic; strong ef-
fervescence; moderately alkaline; diffuse wavy
boundary.

A13—12 to 19 inches; very dark gray (10YR 3/1) fine
sandy loam, gray (10YR 5/1) dry; weak fine and
medium subangular blocky structure; soft, very fri-
able, nonsticky, and slightly plastic; strong efferves-
cence; moderately alkaline; clear wavy boundary.

C1—19 to 33 inches; dark grayish brown (2.5Y 4/2)
loamy fine sand, grayish brown (2.5Y 5/2) dry;
common medium distinct olive brown (2.5Y 4/4)
mottles; massive; soft, very friable, nonsticky, and
nonplastic; strong effervescence; moderately alka-
line; clear wavy boundary.

C2—33 to 48 inches; grayish brown (2.5Y 5/2) loamy
fine sand, light brownish gray (2.5Y 6/2) dry;
common medium distinct olive brown (2.5Y 4/4)
mottles; massive; soft, very friable, nonsticky, and
nonplastic; strong effervescence; moderately alka-
line; clear wavy boundary.

C3—48 to 60 inches; olive (5Y 4/3) loamy fine sand,
olive (5Y 5/3) dry; common medium prominent yel-
lowish brown (10YR 5/6) mottles; massive; soft,
very friable, nonsticky, and nonplastic; mildly alka-
line.

The thickness of the mollic epipedon is 10 to 24
inches.

The A horizon has hue of 10YR or 2.5Y, value of 2 or
3, and chroma of 1 or 2. Some pedons have mottles in
the lower part of the A horizon. Some pedons have
textures coarser than loamy fine sand in the lower part
of the A horizon.

The C horizon has hue of 2.5Y or 5Y, value of 4
through 6, and chroma of 1 through 3. It has few to
many mottles. The C horizon is typically loamy fine sand;
but sand, fine sand, and loamy sand are in the range.

Fram series

The Fram series consists of deep, somewhat poorly
drained, moderately permeable soils on glacial till plains
that have numerous depressions. These soils formed in
loamy glacial till. Slope is 1 to 3 percent.

Fram soils are similar to the Hamerly soils and are
near the Cathay, Emrick, Heimdal, Larson, and Vallers
soil. Hamerly and Vallers soils contain 18 to 34 percent
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clay in the control section. Cathay and Larson soils have
a natric horizon. Emrick and Heimdal soils have a B
horizon and are on higher lying positions in the land-
scape.

Typical pedon of Fram loam, from an area of Fram-
Emrick loams, 1 to 3 percent slopes, 1,374 feet east and
260 feet south of the northwest corner of sec. 9, T. 151
N., R. 67 W.

Ap—0 to 10 inches; black (10YR 2/1) loam, dark gray
(10YR 4/1) dry; weak very fine and fine granular
structure; slightly hard, very friable, slightly sticky,
and slightly plastic; slight effervescence; mildly alka-
line; abrupt smooth boundary.

A12ca—10 to 13 inches; very dark gray (10YR 3/1)
loam, gray (10YR 5/1) dry; few fine distinct grayish
brown (2.5Y 5/2) mottles; weak coarse subangular
blocky structure parting to weak very fine and fine
granular; slightly hard, very friable, slightly sticky,
and plastic; strong effervescence; mildly alkaline;
clear wavy boundary.

Cica—13 to 27 inches; grayish brown (2.5Y 5/2) loam,
light brownish gray (2.5Y 6/2) dry; few fine faint dark
grayish brown (2.5Y 4/2) mottles; weak coarse su-
bangular blocky structure; slightly hard, very friable,
sticky, and plastic; few threads of gypsum; 2 to 5
percent pebbles; violent effervescence; mildly alka-
line; clear wavy boundary.

C2—27 to 38 inches; light olive brown (2.5Y 5/4) loam,
pale yellow (2.5Y 7/4) dry; weak coarse subangular
blocky structure parting to weak medium platy; hard,
very friable, slightly sticky, and slightly plastic; strong
effervescence; moderately alkaline; clear wavy
boundary.

C3—38 to 60 inches; olive brown (2.5Y 4/4) loam, light
brownish gray (2.5Y 6/2) dry; few fine distinct gray-
ish brown (2.5Y 5/2) mottles; hard, friable, slightly
sticky, and slightly plastic; 2 to 5 percent pebbles
and shale fragments; strong effervescence; moder-
ately alkaline.

The thickness of the mollic epipedon is 7 to 16 inches.
The pedon contains up to 10 percent coarse fragments.
Some pedons are saline.

The A horizon has hue of 10YR, value of 2 or 3 (3
through 5 dry), and chroma of 1.

The Cca horizon has hue of 2.5Y, value of 4 through 6
(5 through 7 dry), and chroma of 2. Mottles range from
none to few. Some pedons have a layer of sand, gravel,
or stones at a depth of 20 to 40 inches. The C horizon
has hue of 2.5Y, value of 4 or 5 (6 or 7 dry), and chroma
of 2 or 4. Mottles range from none to common.

Gardena series

The Gardena series consists of deep, moderately well
drained, moderately permeable soils on glacial lake
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plains and in small lake basins on glacial uplands. These
soils formed in medium textured, calcareous lacustrine
sediment. Slope is 1 to 6 percent.

Gardena soils are similar to the Glyndon soils and are
near the Borup and Glyndon soils. The poorly drained
Borup soils and the somewhat poorly drained Glyndon
soils do not have a B horizon but have a calcic horizon
within a depth of 16 inches.

Typical pedon from an area of Gardena silt loam, 1 to
3 percent slopes, 1,310 feet south and 280 feet west of
the northeast corner of sec. 5, T. 153 N., R. 66 W.

Ap—O0 to 7 inches; black (10YR 2/1) silt loam, very dark
gray (10YR 3/1) dry; weak fine subangular blocky
structure parting to weak fine granular; slightly hard,
friable, nonsticky, and slightly plastic; mildly alkaline;
abrupt smooth boundary.

A12—7 to 15 inches; black (10YR 2/1) silt loam, very
dark gray (10YR 3/1) dry; moderate medium suban-
gular blocky structure parting to moderate fine su-
bangular blocky; slightly hard, friable, nonsticky, and
slightly plastic; mildly alkaline; clear wavy boundary.

B21—15 to 18 inches; very dark grayish brown (10YR
3/2) silt loam, dark grayish brown (10YR 4/2) dry;
weak medium prismatic structure parting to moder-
ate medium subangular blocky; slightly hard, friable,
nonsticky, and slightly plastic; moderately alkaline;
gradual wavy boundary.

B22—18 to 21 inches; very dark grayish brown (10YR
3/2) silt loam, grayish brown (10YR 5/2) dry; weak
medium prismatic structure parting to moderate
medium subangular blocky; slightly hard, friable,
nonsticky, and slightly plastic; moderately alkaline;
clear wavy boundary.

C1ca—21 to 28 inches; light olive brown (2.5Y 5/4) silt
loam, pale yellow (2.5Y 7/4) dry; weak fine and
medium subangular blocky structure; slightly hard,
friable, nonsticky, and slightly plastic; violently effer-
vescent; moderately alkaline; gradual wavy bound-
ary.

C2ca—28 to 41 inches; light olive brown (2.5Y 5/4) silt
loam, pale yellow (2.5Y 7/4) dry; massive; slightly
hard, friable, nonsticky, and slightly plastic; violent
effervescence; moderately alkaline; gradual wavy
boundary.

C3—41 to 60 inches; olive (5Y 5/3) silt loam, pale yellow
(5Y 7/3) dry; massive; slightly hard, friable, non-
sticky, and slightly plastic; strong effervescence,
moderately alkaline.

The thickness of the solum and the depth to carbon-
ates is 18 to 36 inches. Thickness of the mollic epipedon
is 16 to 30 inches.

The A horizon has hue of 10YR, value of 2 or 3 (3 or
4 dry), and chroma of 1. It is 12 to 20 inches thick.

The B2 horizon has hue of 10YR, value of 3 or 4 (4 or
5 dry), and chroma of 2 or 3. It is 6 to 16 inches thick.
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The Cca horizon has hue of 2.5Y, value of 4 or 5 (6 or
7 dry), and chroma of 2 or 4. In some pedons, there is
no Cca horizon. The lower part of the C horizon has hue
of 2.5Y or 5Y, value of 4 or 5 (6 or 7 dry), and chroma of
2 through 4. It is silt loam, but some pedons have loam
below a depth of 40 inches. Mottles range from none to
many.

Glyndon series

The Glyndon series consists of deep, somewhat poorly
drained, soils on glacial lake plains. These soils are
moderately permeable in the upper part of the profile
and rapidly permeable in the lower part. They formed in
medium textured, calcareous lacustrine sediment. Slope
is 0 to 1 percent.

Glyndon soils are similar to Borup and Gardena soils,
and are near Borup, Gardena, and Marysland soils.
Borup soils are poorly drained. Gardena soils have a B
horizon but do not have a calcic horizon within a depth
of 16 inches. Marysland soils are very poorly drained or
poorly drained and have a sand and gravel |IC horizon at
a depth of 20 to 40 inches.

Typical pedon from an area of Glyndon siit loam,
1,490 feet north and 1,380 feet east of the southwest
corner of sec. 13, T. 156 N., R. 67 W.

Ap—O0 to 8 inches; black (10YR 2/1) silt loam, dark gray
(10YR 4/1) dry; weak fine granular structure; slightly
hard, very friable, slightly sticky, and slightly plastic;
slight effervescence; mildly alkaline; abrupt smooth
boundary.

A12-—-8 to 14 inches; very dark gray (10YR 3/1) silt
loam, gray (10YR 5/1) dry; common fine prominent
olive brown (2.5Y 4/4) mottles; weak coarse suban-
gular blocky structure; slightly hard, very friable,
slightly sticky, and slightly plastic; strong efferves-
cence; mildly alkaline; clear wavy boundary.

Cica—14 to 29 inches; light brownish gray (2.5Y 6/2)
silt loam, white (2.5Y 8/2) dry; common fine distinct
light olive brown (2.5Y 5/4) mottles; weak coarse
subangular blocky structure; slightly hard, very fri-
able, slightly sticky, and slightly plastic; violent ef-
fervescence; moderately alkaline; gradual wavy
boundary.

C2—29 to 46 inches; light yellowish brown (2.5Y 6/4)
very fine sandy loam, pale yellow (2.5Y 7/4) dry;
common fine distinct grayish brown (2.5Y 5/2) mot-
tles; massive; slightly hard, very friable, slightly
sticky, and slightly plastic; strong effervescence;
moderately alkaline; gradual wavy boundary.

C3g—46 to 60 inches; multicolored stratified silt loam
and loamy very fine sand; massive; hard, very fri-
able, slightly sticky, and slightly plastic; strong ef-
fervescence; mildly alkaline.

SOIL SURVEY

The thickness of the mollic epipedon is 7 to 16 inches.
Depth to the calcic horizon is less than 16 inches.

The A horizon has hue of 10YR, value of 2 or 3 (4 or
5 dry), and chroma of 1 or 2.

The Cca horizon has hue of 10YR or 2.5Y, value of 4
through 6 (6 through 8 dry), and chroma of 2. It is
typically silt loam but range includes loam and very fine
sandy toam. Mottles range from none to common. The C
horizon is stratified silt loam and loamy very fine sand,
but the range includes very fine sandy loam or loam. A
few pedons contain fine sand below a depth of 40
inches.

Grano series

The Grano series consists of deep, poorly drained and
very poorly drained, slowly permeable soils in shailow,
closed depressions on glacial lake plains and till plains.
These soils formed in clayey, calcareous lacustrine sedi-
ment. Slope is 0 to 1 percent.

Grano soils are similar to the Fargo and Hegne soils
and are near the Parnell and Vallers soils. Fargo and
Parnell soils have a B horizon. Hegne and Vallers soils
have a calcic horizon within a depth of 16 inches. Vallers
soils contain less than 35 percent clay in the control
section.

Typical pedon from an area of Grano silty clay, 640
feet west and 140 feet south of the northeast corner of
sec. 36, T. 155 N,, R. 67 W.

Ap—O0 to 10 inches; black (5Y 2/1) silty clay, very dark
gray (8Y 3/1) dry; moderate v