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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.
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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.



10

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.
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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
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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.
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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,
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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

37

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