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could cause misunderstanding of the detail of mapping and result in erroneous interpretations. Enlarged
maps do not show small areas of contrasting soils that could have been shown at a larger mapping scale.

HOW TO USE THIS SOIL SURVEY

THIS SOIL SURVEY contains information
that can be applied in managing farms,
ranches, and woodlands; in selecting sites for
roads, ponds, buildings, and other structures;
and in judging the suitability of tracts of land
for farming, industry, and recreation.

Locating Soils

All the soils of Richland County and the
Sheyenne National Grassland area of Ransom
County are shown on the detailed map at the
back of this publication. This map consists
of many sheets made from aerial photo-
graphs. Each sheet is numbered to correspond
with a number on the Index to Map Sheets.

On each sheet of the detailed map, soil
areas are outlined and are identified by sym-
bols. All areas marked with the same symbol
are the same kind of soil. The soil symbol is
inside the area if there is enough room;
otherwise, it is outside and a pointer shows
where the symbol belongs.

Finding and Using Information

The “Guide to Mapping Units” can be used
to find information. This guide lists all the
soils of the survey area in alphabetic order
by map symbol and gives the capability classi-
fication of each. It also shows the page where
each soil is described and the page for the
range site to which the soil has been assigned.

Individual colored maps showing the rela-
tive suitability or degree of limitation of soils
for many specific purposes can be developed
by using the soil map and information in the
text. Translucent material can be used as an
overlay over the soil map and colored, to

show soils that have the same limitation or
suitability. For example, soils that have a
slight limitation for a given use can be colored
green, those that have a moderate limitation
can be colored yellow, and those that have a
severe limitation can be colored red.

Farmers and those who work with farmers
can learn about use and management of the
soils from the soil descriptions and from the
discussions of the capability units, the range
sites, and the windbreak groups.

Foresters and others can refer to the sec-
tion ‘“Woodland and Windbreaks,” where
the soils of the survey area are grouped ac-
cording to their suitability for trees.

Game managers, sportsmen, and others
can find information about soils and wildlife
in the section “Wildlife and Recreation.”

Ranchers and others can find, under
“Range,” groupings of the soils according to
their suitability for range, and also the names
of many of the plants that grow on each
range site.

Engineers and builders can find, under
“Engineering Uses of the Soils,” tables that
contain test data, estimates of soil properties,
and information about soil features that af-
fect engineering practices.

Scientists and others can read about how
the soils formed and how they are classified
in the section “Formation and Classification
of the Soils.”

Newcomers in Richland County and the
Sheyenne National Grassland Area of Ran-
som County may be especially interested in
the section “General Soil Map,” where broad
patterns of soils are described. They may
also be interested in the information about
the survey area given in the section “Environ-
mental Factors Affecting Soil Use.”

Cover: Aerial view of Overly-Gardena association in Richland
County.
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SOIL SURVEY OF RICHLAND COUNTY AND SHEYENNE
NATIONAL GRASSLAND AREA OF RANSOM COUNTY,
NORTH DAKOTA

BY DONALD G. THOMPSON AND LLOYD L. JOOS, SOIL CONSERVATION SERVICE*

UNITED STATES DEPARTMENT OF AGRICULTURE, SOIL CONSERVATION SERVICE AND FOREST SERVICE, IN
COOPERATION WITH THE NORTH DAKOTA AGRICULTURAL EXPERIMENT STATION

THIS SURVEY AREA, in the southeastern part of
North Dakota (fig. 1), is made up of Richland
County and the Sheyenne National Grassland in the
eastern part of Ransom County. The total area sur-
veyed is 1,004,601 acres, of which 927,424 acres is
Richland County and 77,177 acres is in Ransom County.

The area has a subhumid continental climate char-
acterized by cold winters and warm summers. The
growing season is long enough for all commonly grown
crops to mature. The main physiographic features are
the Lake Agasgiz Plain, the Sheyenne Delta, which in-
cludes the Sandhills and a nearly level to hilly glacial-
till plain in the southwestern part of Richland County.
The Red River of the North and its south branch, the
Bois de Sioux, form the eastern boundary of the survey
area.

Approximately 18,350 people live in the survey area,
mostly on farms and ranches or in small towns of less
than 1,500 population. Wahpeton, the county seat of
Richland County, is the largest town in the survey area.
It has a population of 7,076. Most of the people in the
area depend on the production of crops and livestock

! Assisting with the fieldwork were PLATER T. CAMPBELL, WES-
LEY M. LARSEN, TERRY R. PETERSEN, and NORMAN D. PROCHNOW,
Soil Conservation Service, and THOMAS M. COLLINS, Forest
Service.

Seate Agricuiturel Experinent Ststion s1 Fargo

Figure 1.—Location of Richland County and the Sheyenne
National Grassland Area of Ransom County in North Dakota.

and on related agricultural enterprises for their liveli-
hood.

About 93 percent of the survey area is in farms and
ranches, and about 70 percent is used for cultivated
crops. Nearly all soils of the lake plain and most soils
of the till plain and the Sheyenne Delta are suited to
crops and are intensively cultivated. Corn, soybeans,
spring wheat, oats, and barley are the main crops. Flax
and alfalfa are other important crops.

The Sheyenne Delta includes many areas of dunes
where the soils are too sandy and too choppy and
irregular in slope for cultivation and are used for graz-
ing. Beef cattle production is the major enterprise for
farmers and ranchers in these areas. Some small areas
on the till plain are too steep, too poorly drained, or too
shallow for cultivation and are used for grazing beef
and dairy cattle.

In addition to the crops now grown in the survey
area, the potential is high for increasing the production
of sugar beets if new processing plants now in the
planning stages are constructed.

How This Survey Was Made

Soil scientists made this survey to learn what kinds
of soil are in Richland County and the Sheyenne Na-
tional Grassland Area of Ransom County, where they
are located, and how they can be used. The soil scientists
went into the survey area knowing they likely would
find many soils they had already seen and perhaps
some they had not. They observed the steepness, length
and shape of slopes, the size and nature of streams, the
kinds of native plants or crops, the kinds of rock, and
many facts about the soils. They dug many holes to
expose soil profiles. A profile is the sequence of natural
layers, or horizons, in a soil ; it extends from the surface
down into the parent material that has not been changed
much by leaching or by the action of plant roots.

The soil scientists made comparisons among the pro-
files they studied and they compared these profiles with
those in counties nearby and in places more distant.
They classified and named the soils according to nation-
wide, uniform procedures. The soil series and the soil
phase are the categories of soil clagsification most used
in a local survey.

1



2 SOIL SURVEY

Soils that have profiles almost alike make up a soil
series. Except for different texture in the surface layer,
all the soils of one series have major horizons that are
similar in thickness, arrangement, and other important
characteristics. Each soil series is named for a town or
other geographic feature near the place where a soil of
that series was first observed and mapped. Fargo and
Wahpeton, for example, are the names of two soil series.
All the soils in the United States having the same series
name are essentially alike in those characteristics that
affect their behavior in the undisturbed landscape.

Soils of one series can differ in texture of the surface
layer and in slope, stoniness, or some other character-
istic that affects use of the soils by man. On the basis of
such differences a soil series is divided into phases.
The name of a soil phase indicates a feature that affects
management. For example, Fargo silty clay is one of
several phases within the Fargo series.

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

The areas shown on a soil map are called mapping
units. On most maps detailed enough to be useful in
planning the management of farms and fields, a map-
ping unit is nearly equivalent to a soil phase. It is not
exactly equivalent, because it is not practical to show on
such a map all the small, scattered bits of soil of some
kind that have been seen within an area that is domi-
nantly of a recognized soil phase.

Some mapping units are made up of soils of different
series, or of different phases within one series. Two
such kinds of mapping units are shown on the soil map
of the survey area: soil complexes and undifferentiated
groups.

A s0il complex consists of areas of two or more soils,
so intricately mixed or so small in size that they cannot
be shown separately on the soil map. Each area of a
complex contains some of each of the two or more
dominant soils, and the pattern and relative proportions
are about the same in all areas. Generally, the name of a
soil complex consists of the names of the dominant soils,
joined by a hyphen. Embden-Tiffany fine sandy loams
is an example.

An undifferentiated group is made up of two or more
soils that could be delineated individually but are shown
as one unit because, for the purpose of the soil survey,
there ig little value in separating them. The pattern
and proportion of soils are not uniform. An area shown
on the map may be made up of only one of the dominant
soils, or of two or more. If there are two or more domi-
nant series represented in the group, the name of the
group ordinarily consists of the names of the dominant
soils, joined by “and.” Arveson and Fossum loams is an
undifferentiated group in the survey area.

In most areas surveyed there are places where the
soil material is so wet, so shallow, so severely eroded, or
so variable that it has not been classified by soil series.
These places are shown on the soil map and are de-
scribed in the survey, but they are called land types and

are given descriptive names. Marsh is a land type in this
survey.

While a soil survey is in progress, soil scientists take
soil samples needed for laboratory measurements and
for engineering tests. Laboratory data from the same
kind of soil in other places are also assembled. Data on
vields of crops under defined practices are assembled
from farm records and from field or plot experiments
on the same kind of soil. Yields under defined manage-
ment are estimated for all the soils.

Soil scientists observe how soils behave when used
as a growing medium for native and cultivated plants
and as material for structures, foundations for struc-
tures, or covering for structures. They relate this be-
havior to properties of the soils. For example, they
observe that filter fields for onsite disposal of sewage
fail on a given kind of soil, and they relate this to slow
permeability or a high water table. They see that
streets, road pavements, and foundations for houses
crack on a given kind of soil, and they relate this failure
to a high shrink-swell potential. Thus, they use observa-
tion and knowledge of soil properties, together with
available research data, to predict the limitations or
suitability of a soil for present and potential use.

After data have been collected and tested for the
key, or benchmark, soils in a survey area, the soil
scientists set up trial groups of soils. They test these
groups by further study and by consultation with farm-
ers, agronomists, engineers, and others. They then ad-
just the groups according to the results of their study
and consultation. Thus, the groups that are finally
evolved reflect up-to-date knowledge of the soils and
their behavior under current methods of use and man-
agement.

General Soil Map

The general soil map at the back of this survey
shows, in color, the soil associations in Richland County
and the Sheyenne National Grassland Area of Ransom
County. A soil association is a landscape that has a
distinctive proportional pattern of soils. It normally
consists of one or more major soils and at least one
minor soil, and it is named for the major soils. The
soils in one association may occur in another, but in a
different pattern.

A map showing soil associations is useful to people
who want a general idea of the soils in a county, who
want to compare different parts of a county, or who
want to know the location of large tracts that are suit-
able for a certain kind of land use. Such a map is a use-
ful general guide in managing a watershed, a wooded
tract, or a wildlife area, or in planning engineering
works, recreational facilities, and community develop-
ments. It is not a suitable map for planning the manage-
ment of a farm or field, or for selecting the exact loca-
tion of a road, building, or similar structure, because
the soils in any one association ordinarily differ in slope,
depth, stoniness, drainage, and other characteristics
that affect their management.

The 14 soil associations in this survey have been
grouped into 5 general kinds of landscapes for broad
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interpretative purposes. Each of the broad groups and
their included soil associations are described in the
following pages. The terms for texture used in the title
for all of the associations apply to the texture of the
surface layer. For example, in the title of the Aastad-
Forman-Svea association, the words “medium textured”
refer to the texture of the surface layer.

DEEP, NEARLY LEVEL TO HILLY, WELL DRAINED AND
MODERATELY WELL DRAINED, MEDIUM TEXTURED
AND MODERATELY FINE TEXTURED SOILS; ON TILL
PLAINS AND LAKE PLAINS

In this group are four soil associations that make up
about 20 percent of the survey area. Three are on the
glacial till plain and one is on the lake plain. The soils
are deep, nearly level to hilly, and well drained or
moderately well drained. They have a medium textured
or moderately fine textured surface layer. Permeability
ranges from moderate to slow, but most of the soils
have moderately slow permeability. The available water
capacity is high. The depth to the water table is more
than 5 feet. The associations in this group are described
in the following paragraphs.

1. Aastad-Forman-Svea association

Nearly level to undulating, well drained and moderately
well drained, medium-textured soils formed in loamy
glacial till

This soil association is on a glacial till plain in the
southwestern part of Richland County. The landscape
is one of swells, swales, and depressions that have dif-
ferences of about 3 to 15 feet in elevation. It is mostly
nearly level, but is steeper along drainageways and
around the scattered, larger depressions, which occur
throughout the association. Slopes are short and ir-
regular.

This association makes up about 5 percent of the
survey area. It is about 25 percent Aastad soils, 20
percent Forman soils, 20 percent Svea soils, and 35
percent soils of minor extent.

Aastad soils are on the lower slopes, are nearly level
and gently undulating, and are moderately well drained.
Their surface layer typically is black loam about 12
inches thick. The subsoil is very dark grayish-brown
and olive-brown clay loam. The underlying material is
light olive-brown, calcareous glacial till of clay loam
texture.

Forman soils are on slightly rounded swells, are
nearly level and undulating, and are well drained. Their
surface layer typically is black loam about 7 inches
thick. The subsoil is dark grayish-brown clay loam, and
the underlying material is light olive-brown, calcareous
glacial till of clay loam texture.

Svea soils are on lower slopes, on flats, and in swales,
are nearly level to undulating, and are moderately well
drained. Their surface layer typically is black loam
about 11 inches thick. The subsoil is very dark gray and
very dark grayish-brown loam. The underlying ma-
terial is light olive-brown, calcareous loam glacial till.

Less extensive in this association are the Hamerly,
Parnell, Tonka, Buse, and Gardena soils. The very
poorly drained Parnell soils and the poorly drained
Tonka soils are in depressions. Hamerly soils are on

rims around depressions. The well-drained Buse soils
are on hilltops and hillsides along drainageways and
streams. The moderately well drained Gardena soils are
on flats near the northern boundary of the association
where lacustrine sediments overlie glacial till.

Small grain, corn, soybeans, and hay grow well on
this association. Fertility and content of organic matter
are high in all of the soils, and the available water
capacity is high. The main concerns of management are
conserving water, preventing water erosion and gsoil
blowing, and maintaining the level of fertility.

Nearly all of this association is used for cultivated
crops. The main enterprises are growing cash crops,
dairying, and feeding beef cattle.

2. Forman-Aastad-Buse association

Nearly level to hilly, well drained and moderately well
drained, medium-textured soils formed in loamy glacial
till

This association is on a glacial till plain in the
southwest corner of Richland County. The landscape is
one of swells, swales, depressions, and scattered low
hills and ridges. It is mostly nearly level to rolling, but
is steeper around the scattered sloughs, marshes, and
small lakes, which occur throughout the association.
Slopes are generally short and irregular. Differences in
elevation throughout most of the association range
from about 10 to 60 feet within a square mile, but in
some places are more than 150 feet.

This association (fig. 2) makes up about 10 percent
of the survey area. It is about 35 percent Forman soils,
18 percent Aastad soils, 10 percent Buse soils, and 37
percent soils of minor extent.

Forman soils are on slightly rounded swells, are
nearly level to hilly, and are well drained. Their surface
laver typically is black loam about 7 inches thick. The
subsoil is dark grayish-brown clay loam, and the under-
lyving material is light olive-brown, calecareous glacial
till of clay loam texture.

Aastad soils are on flats, in swales, and on lower
slopes, are nearly level to undulating, and are moder-
ately well drained. Their surface layer typically is black
loam about 12 inches thick. The subsoil is very dark
grayish-brown and olive-brown clay loam. The under-
lying material is light olive-brown, calcareous glacial
till of clay loam texture.

Buse soils are on hilltops and hillsides, are moderately
steep, and are well drained. Their surface layer is black
loam about 6 inches thick. The underlying material is
calcareous glacial till of loam or clay loam texture. In
many places cultivation has mixed the light-colored
underlying material with the thin surface layer.

Less extensive in this association are the Barnes,
Hamerly, Parnell, and Tonka soils and many areas of
Marsh. The well-drained Barnes soils are on low hills
and hillsides. The poorly drained Tonka soils and very
poorly drained Parnell soils are in scattered, shallow to
deep depressions throughout the area. The somewhat
poorly drained Hamerly soils are on the rims of shallow
depressions.

Small grain, corn, soybeans, and hay grow well on
this association. Fertility and content of organic matter
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Figure 2,~—Typical pattern of soils and parent material in association 2.

are high in Forman and Aastad soils and low in Buse
soils. The available water capacity is high in all of the
soils. The main concerns of management are conserv-
ing water, preventing water erosion and soil blowing,
and maintaining the level of fertility.

Nearly all of this association is used for cultivated
crops. A few hilly areas and most of the wet areas are
used for permanent pasture and as wildlife habitat. The
main enterprises are growing cash crops, dairying, and
feeding beef cattle.

3. Peever-Forman association

Nearly level to undulating, well-drained, moderately
fine textured soils formed in loamy glacial till

This association is on a glacial till plain in the south-
western part of Richland County. The landscape is one
of swells, swales, and depressions that have differences
of about 10 to 30 feet in elevation. It is mostly nearly
level to undulating, but is steeper around the scattered
small potholes that occur throughout the association.
Slopes are short and irregular.

This association makes up less than 1 percent of the
survey area. It is about 40 percent Peever soils, 30

percent Forman soils, and 30 percent soils of minor
extent.

Peever soils are on the flats and lower slopes, are
nearly level and undulating, and are well drained. Their
surface layer typically is black clay loam about 7 inches
thick. The subsoil is very dark brown, very dark
grayish-brown, and olive-brown clay loam. It is under-
lain by light olive-brown, calcareous clay loam at a
depth of about 25 inches.

Forman soils are on slightly rounded swells, are
nearly level and undulating, and are well drained. Their
surface layer typically is black clay loam about 7 inches
thick. The subsoil is dark grayish-brown clay loam, and
the underlying material is light olive-brown, calcareous
glacial till of clay loam texture.

Less extensive in this association are the Buse and
Parnell soils. Also included in the association are
several large acreages of Marsh. The well-drained Buse
soils are on hilltops and steep upper parts of hillsides.
The poorly drained Parnell soils are in deep depres-
sions.

Small grain, corn, soybeans, and alfalfa grow well on
this association. Fertility and content of organic matter
are high in both of the soils, and the available water
capacity is high.
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Most of this association is used for cultivated crops,
but some small wet areas are used for pasture, hay, and
wildlife. The main enterprises are growing cash crops,
dairying, and feeding beef cattle.

4. Overly-Gardena association

Nearly level, moderately well drained, medium textured
and moderately fine textured soils formed 1in silty
lacustrine sediments

This soil association is on a lake plain. It is mostly
nearly level, but is gently sloping along streams and
drainageways.

This association makes up about 5 percent of the
survey area. It is about 50 percent Overly soils, 30 per-
cent Gardena soils, and 20 percent soils of minor extent.

Overly soils are on plane and slightly convex surfaces
and are moderately well drained. Their surface layer
typically is black silty clay loam about 9 inches thick.
The subsoil is very dark gray silty clay loam. The under-
%ying material is calcareous, light olive-brown silty clay
oam.

Gardena soils also are on plane and slightly convex
surfaces and are moderately well drained. Their surface
layer typically is black silt loam about 12 inches thick.
The subsoil is very dark grayish-brown silt loam. The
underlying material is light olive-brown, calcareous
silt loam.

Less extensive in this association are the Bearden,
Eckman, Perella, LaDelle, and LaPrairie soils. The
somewhat poorly drained calcareous Bearden soils are
on broad flats and on the rims of depressions. The well-
drained Eckman soils are sloping soils along small
streams and drainageways. The poorly drained Perella
soils are in scattered swales and shallow depressions
throughout the association. The moderately well drained
LaDelle and LaPrairie soils are on bottom lands and
terraces along the Wild Rice River, which flows through
part of the association.

Small grain, corn, soybeans, sunflowers, sugar beets,
and hay grow well on this association. The soils are
well suited to all cultivated crops commonly grown in
the county. Fertility and content of organic matter are
high and the available water capacity is high. The main
concerns of management are preventing soil blowing,
conserving water, and maintaining the level of fertility.

Nearly all of this association is used for cultivated
crops. The main enterprises are growing cash crops,
dairying, and feeding beef cattle.

DEEP, NEARLY LEVEL TO HILLY, EXCESSIVELY
DRAINED TO VERY POORLY DRAINED, COARSE-
TEXTURED TO MEDIUM-TEXTURED SOILS; ON THE
DELTA AND INTERBEACH AREA

In this group are two soil associations on the
Sheyenne Delta and the interbeach area of the glacial
lake plain. They make up about 80 percent of the survey
area. The soils are deep, nearly level to hilly, and exces-
sively drained to poorly drained. Most of the soils in
this group have a coarse textured surface layer, but
some of the poorly drained soils have a moderately
coarse textured or a medium textured surface layer. In
most of the soils permeability is rapid. The available
water capacity is low. The depth to the water table
ranges from more than 5 feet in the well-drained and

excessively drained soils to 1 foot or less in the poorly
drained soils. The associations in this group are de-
scribed in the following paragraphs.

5. Serden-Maddock association

Gently undulating to hilly, excessively drained and
well drained, coarse-textured soils formed in sandy
lacustrine and eolian materials

This soil association is on the Sheyenne Delta. The
landscape (fig. 3) is one of sandhills, intervening flats,
shallow depressions, and swales and scattered hum-
mocks, dunes, and blowouts. It is mostly rolling to hilly.
Slopes are typically short, choppy, and complex. The
Sheyenne River flows through the northern part of this
association.

This association (fig. 4) makes up about 10 percent
of the survey area. About 55 percent is Serden soils,
18 percent Maddock soils, and 27 percent soils of minor
extent.

Serden soils are on hilltops and upper parts of hill-
sides and are excessively drained. Their surface layer
tvpically is black loamy fine sand about 3 inches thick.
The underlying material is very dark brown and dark
grayish-brown fine sand.

Maddock soils are on slightly rounded hummocks and
lower slopes and are well drained. Their surface layer
typically is black loamy fine sand about 14 inches thick.
The subsoil is dark-brown fine sand. The underlying
material is grayish-brown and dark grayish-brown fine
sand.

Less extensive in this association are the Arveson,
Fossum, Hamerly, Venlo, Hecla, and Fairdale soils and
small areas of stabilized duneland. The poorly drained
Arveson, Fossum, and Hamar soils and the very poorly
drained Venlo soils are on broad flats and in scattered
depressions and swales which occur throughout the
sandhills. The moderately well drained Hecla soils are
on the lower slopes and in nearly level areas below the
Serden and Maddock soils. The moderately well drained
Fairdale soils are on bottom lands along the Sheyenne
River, which flows through the association.

Native grasses grow fairly well on this association.
Organic-matter content is low in the Serden soils and
moderate in the Maddock soils. Fertility and available
water capacity are low in both. The main concern of
management is maintaining a permanent plant cover,
which will prevent soil blowing and provide forage for
livestock.

Nearly all of this association is used for grazing.
Some small, nearly level areas are used for crops, but
generally this association is unsuitable for cultivation
because slopes are choppy and irregular and the hazard
of soil blowing is very severe. The main enterprise is
feeding beef cattle.

6. Hecla-Hamar-Arveson association

Nearly level to undulating, moderately well drained to
very poorly drained, coarse-textured to medium-teoq-
tured soils formed in sandy and loamy lacustrine sedi-
ments

This soil association is on a sandy lake plain and
delta. The landscape is one of broad smooth areas, low
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Figure 3.—Landscape in association 5 in the Sheyenne National Grassland.

dunes, and shallow depressions. It is mostly nearly
level and undulating, but is steeper near streams and
drainageways. Differences in elevation range from
about 5 to 15 feet. Slopes are generally short and
choppy.

This association makes up about 19 percent of the
survey area. It is about 35 percent Hecla soils, 15 per-
cent Hamar soils, 12 percent Arveson soils, and 38
percent soils of minor extent.

Hecla soils are on plane and slightly convex surfaces,
are level to gently undulating, and are moderately well
drained. Their surface layer is typically black fine sandy
loam about 16 inches thick. Below this is a transition
layer of very dark grayish-brown loamy fine sand about
6 inches thick. The underlying material is dark grayish-
brown loamy fine sand and light olive-brown fine sand.

Hamar soils are in shallow depressions and on broad
flats and are somewhat poorly drained or poorly
drained. Their surface layer typically is black loamy
fine sand about 17 inches thick. The underlying ma-
terial is loamy fine sand.

Arveson soils are in shallow depressions and on
broad flats and are poorly drained or very poorly
drained. Their surface layer typically is black fine sandy

loam or loam about 10 inches thick. The underlying
material to a depth of about 20 inches is dark-gray fine
sandy loam. Below this is mottled olive-gray loamy fine
sand. A zone of lime accumulation is within 16 inches
of the surface.

Less extensive in this association are the Maddock,
Towner, Ulen, Wyndmere, Borup, and Fossum soils.
The well-drained Maddock soils are on low hummocks
and upper slopes. The moderately well drained Towner
soils are in places where the sandy material is underlain
by silty or clayey sediments. The somewhat poorly
drained, calcareous Ulen and Wyndmere soils are on
plane and slightly convex surfaces. The poorly drained,
calcareous Borup and Fossum soils are in swales and
depressions and on broad flats.

Small grain, corn, soybeans, and hay grow well on
this association. Fertility is medium and the organic-
matter content is high in all of the soils. The available
water capacity is low or moderate. The main concerns
of management are preventing soil blowing, improving
drainage, and maintaining the level of fertility.

Most of this association is used for cultivated crops,
but some is used for hay and pasture. The main enter-
prises are growing cash crops and feeding beef cattle.
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Figure 4.—Typical pattern of soils and parent material in association 3.

DEEP, NEARLY LEVEL, MODERATELY WELL DRAINED
TO POORLY DRAINED, MODERATELY COARSE TEX-
TURED AND MEDIUM TEXTURED SOILS; ON THE
DELTA AND LAKE PLAIN

In this group are two soil associations on the
Sheyenne Delta and the glacial lake plain. They make
up about 19 percent of the survey area. The soils are
deep, nearly level, and moderately well drained to poorly
drained. They have a moderately coarse textured or
medium textured surface layer. Permeability is mod-
erate or moderately rapid. The available water capacity
is moderate to high. The depth to the water table ranges
from 1 to 8 feet in the poorly drained soils to more than
5 feet in some of the moderately well drained soils.
The associations in this group are described in the
following paragraphs.

7. Embden-Glyndon-Tiffany association

Nearly level, moderately well drained to poorly drained,
moderately coarse textured and medium textured soils
formed in loamy and silty lacustrine sediments; some
are shallow over lime

This soil association is on a delta plain. It is mostly
nearly level, but is undulating to rolling along streams
and drainageways. Slopes are plane, convex, and con-
cave. The difference in elevation is about 3 to 10 feet.

This association makes up about 14 percent of the
survey area. It is about 35 percent Embden soils, 30
percent Glyndon soils, 15 percent Tiffany soils, and 20
percent soils of minor extent.

Embden soils are nearly level and are moderately
well drained. Their surface layer typically is very dark
gray fine sandy loam about 18 inches thick. The subsoil
is very dark grayish-brown fine sandy loam. The under-
lying material is olive-brown fine sandy loam.

Glyndon soils are nearly level and somewhat poorly
drained. Their surface layer typically is black silt loam
and very dark gray silt loam. The underlying material is
grayish-brown and light olive-brown silt loam and very
fine sandy loam. A zone of lime accumulation is within
16 inches of the surface.

Tiffany soils are on broad flats and in shallow de-
pressions, and are level and poorly drained. Their sur-
face layer typically is about 17 inches thick. The upper
part is black loam, and the lower part is very dark gray
fine sandy loam. Below this is a transition layer of dark
grayish-brown fine sandy loam that is mottled with dark
brown. The underlying material is mottled light olive-
brown and grayish-brown fine sandy loam.

Less extensive in this association are Borup, Stirum,
Wyndmere, and Egeland soils. The poorly drained Bo-
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rup and Stirum soils are on broad flats and in shallow
depressions. The somewhat poorly drained Wyndmere
soils are on plane and slightly convex surfaces. The
well-drained Egeland soils are on slightly rounded
upper slopes.

Small grain, corn, soybeans, sugar beets, and hay
grow well on this association. Fertility is high in the
Embden and Glyndon soils and medium in the Tiffany
soils. The available water capacity is high in the
Glyndon soils and moderate or high in the Embden and
Tiffany soils. The organic-matter content is high in all
of the soils. The main concerns of management are con-
serving water, preventing soil blowing, and maintaining
the level of fertility.

Nearly all of this association is used for cultivated
crops. The main enterprises are growing cash crops and
feeding beef cattle.

8. Glyndon-Gardena association

Nearly level, moderately well drained and somewhat
poorly drained, medium-textured soils formed in silty
lacustrine sediments; some are shallow over lime

This soil association is on a lake plain in the south-
eastern part of Richland County. It is mostly nearly
level, but is gently sloping along drainageways. Slopes
are plane, concave, and slightly convex. Differences in
elevation range from about 3 to 8 feet.

This association makes up about 4 percent of the
survey area. It is about 45 percent Glyndon soils, 25
percent Gardena soils, and 30 percent soils of minor
extent.

Glyndon soils are nearly level and are somewhat
poorly drained. Their surface layer typically is silt
loam about 15 inches thick. The upper part is black,
and the lower part is very dark gray. The underlying
material is grayish-brown and light olive-brown silt
loam or very fine sandy loam. A zone of lime accumula-
tion is within 16 inches of the surface.

Gardena soils are nearly level and are moderately
well drained. Their surface layer typically is black silt
loam about 12 inches thick. The subsoil is very dark
grayish-brown silt loam. The underlying material is
light olive-brown silt loam.

Less extensive in this association are the Borup,
Eckman, and Gilby soils. The poorly drained calcareous
Borup soils are in swales and shallow depressions and
on broad flats. The well-drained Eckman soils are
sloping soils along drainageways. The somewhat poorly
drained, calcareous Gilby soils are on broad flats where
lacustrine sediments overlie glacial till at a depth of
about 20 to 36 inches.

Small grain, corn, soybeans, sugar beets, and alfalfa
grow well on this association. Fertility and content of
organic matter are high in all of the soils, and the
available water capacity also is high. The main concerns
in management are conserving water, preventing soil
blowing, and maintaining the level of fertility.

Nearly all of this association is used for cultivated
crops. The main enterprises are growing cash crops and
dairying.

DEEP, NEARLY LEVEL, SOMEWHAT POORLY DRAINED
AND POORLY DRAINED, MEDIUM-TEXTURED TO FINE-
TEXTURED SOILS; ON THE LAKE PLAIN

In this group are five soil associations on the Lake
Agassiz Plain. They make up about 31 percent of the
survey area. The soils are deep, nearly level, and some-
what poorly drained to poorly drained. Most of the
soils have a moderately fine textured or fine textured
surface layer, but some of the associated soils have a
medium textured surface layer. Some of the soils have
a sodic claypan subsoil. Permeability is slow or very
slow. All but the soils that have a claypan subsoil have
high available water capacity. The depth to a seasonal
high water table ranges from 1 to 3 feet.

The soil associations in this group are described in
the following paragraphs.

9. Fargo association

Nearly level, poorly drained, fine-textured soils formed
n clayey lacustrine sediments

This soil association is on a lake plain. It is mostly
nearly level, but is steeper along streams and drain-
ageways. The surface is plane and slightly concave.
Differences in elevation range from about 1 to 5 feet.

This association makes up about 7 percent of the
survey area. It is about 85 percent Fargo soils and
about 15 percent soils of minor extent.

Fargo soils are nearly level and poorly drained. Their
surface layer typically is black silty clay about 8 inches
thick. The subsoil is very dark gray clay, and the
underlying material is olive-gray clay.

Less extensive in this association are the Dovray,
Grano, Hegne, Wahpeton, and Cashel soils. The very
poorly drained Dovray and Grano soils are in the
deepest swales and depressions. The poorly drained,
calcareous Hegne soils are on slightly convex surfaces.
The moderately well drained Wahpeton soils and the
somewhat poorly drained Cashel soils are on terraces
and bottom lands of the Wild Rice and Red Rivers that
flow through parts of this association.

Small grain, corn, soybeans, sugar beets, and alfalfa
grow well on this association. Fertility, organic-matter
content, and the available water capacity are high. The
main concerns of management are removing excess
water, preventing soil blowing, and maintaining tilth
and the level of fertility.

Nearly all of this association is used for cultivated
crops. The main enterprises are growing cash crops,
dairying, and feeding beef cattle.

10. Fargo-Hegne association

Nearly level, poorly drained, fine-textured soils formed
n clayey lacustrine sediments; some are shallow over
lime

This soil association is on a lake plain. It is mostly
nearly level, but is slightly steeper along streams and
drainageways. The surface is plane, concave, and
slightly convex. Differences in elevation range from
about 1 to 5 feet.

This association makes up about 3 percent of the
survey area. It is about 65 percent Fargo soils, 20 per-
cent Hegne soils, and 15 percent soils of minor extent.
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Fargo soils are on plane and slightly concave sur-
faces, are nearly level, and are poorly drained. Their
surface layer typically is black silty clay about 8 inches
thick. The subsoil is very dark gray clay. The under-
lying material is olive-gray clay.

Hegne soils are on slightly convex surfaces, are
nearly level, and are poorly drained. Their surface layer
typically is black silty clay about 8 inches thick. The
underlying material is dark-gray and olive-gray silty
clay. A zone of lime accumulation is within 16 inches of
the surface.

Less extensive in this association are the Grano,
Dovray, Wahpeton, Cashel, and Bearden soils. The
very poorly drained Grano and Dovray soils are in the
deepest depressions. The moderately well drained
Wahpeton soils and the somewhat poorly drained Cashel
soils are on terraces and bottom lands along the Bois
de Sioux and Red Rivers which flow through parts of
the association. The somewhat poorly drained, calcare-
ous Bearden soils are on plane and slightly convex
surfaces in areas where the underlying material is silty
clay loam.

Small grain, corn, soybeans, sugar beets, and alfalfa
grow well on this association. Fertility, organic-matter
content, and the available water capacity are high. The
main concerns of management are removing excess
water, preventing soil blowing, and maintaining tilth
and the level of fertility.

Nearly all of this association is used for cultivated
crops. The main enterprises are growing cash crops,
dairying, and feeding beef cattle.

11. Fargo-Ryan association

Nearly level, poorly drained, fine textured and moder-
ately fine textured soils formed in clayey lacustrine
sediments; some are very shallow over a sodic claypan
subsoil

This soil association is on a lake plain. It is mostly
nearly level, but is steeper along streams and drainage-
ways. The surface is plane and slightly concave. Dif-
ferences in elevation range from about 1 to 5 feet.

This association makes up about 8 percent of the
survey area. It is about 55 percent Fargo soils, 25 per-
cent Ryan soils, and 20 percent soils of minor extent.

Fargo soils are nearly level and poorly drained. Their
surface layer typically is black silty clay about 8 inches
thick. The subsoil is very dark gray clay. The underly-
ing material is olive-gray clay.

Ryan soils are nearly level and poorly drained and
have a sodic claypan subsoil. Their surface layer typi-
cally is very dark gray silty clay loam about 5 inches
thick. The subsoil is very dark brown and very dark
gray silty clay that contains a high level of sodium salts.
The underlying material is dark grayish-brown and
olive-gray silty clay.

Less extensive in this association are the Enloe,
Dovray, LaDelle, and Wahpeton soils. The poorly
drained Enloe and the very poorly drained Dovray soils
are in the deepest depressions and swales. The moder-
ately well drained LaDelle and Wahpeton soils are on
terraces and bottom lands of the Wild Rice River that
flows through this association.

Small grain, soybeans, and hay grow fairly well on
this association. Fertility is high in the Fargo soils,
but it is low in the Ryan soils. Organic-matter content is
high in all of the soils. The available water capacity is
high in the Fargo soils and moderate in the Ryan soils.
The main concerns of management are maintaining
tilth and the level of fertility, removing excess water,
and preventing soil blowing.

Nearly all of this association is used for cultivated
crops. The main enterprises are growing cash crops,
dairying, and feeding beef cattle.

12. Galchuts-Fargo-Aberdeen association

Nearly level, somewhat poorly drained and poorly
drained, medium textured to moderately fine textured
soils formed in silty and clayey lacustrine sediments;
some are shallow over a sodic claypan subsoil

This soil association is on a lake plain. It is mostly
nearly level, but is steeper along streams and drainage-
ways. The surface is plane, concave, or slightly convex.
Differences in elevation range from about 1 to 5 feet.

This association makes up about 6 percent of the
survey area. It is about 35 percent Galchutt soils, 30
percent Fargo soils, 15 percent Aberdeen soils, and
about 20 percent soils of minor extent.

Galchutt soils are nearly level and are somewhat
poorly drained. Their surface layer typically is black
silt loam about 16 inches thick. The subsurface layer
is very dark grayish-brown silt loam about 9 inches
thick. The subsoil and underlying material are clay.

Fargo soils are nearly level and are poorly drained.
Their surface layer typically is black silty clay about
8 inches thick. The subsoil is very dark gray silty clay,
and the underlying material is olive-gray silty clay.

Aberdeen soils are nearly level and somewhat poorly
drained, and they have a sodic claypan subsoil. Their
surface layer typically is black silty clay loam about 9
inches thick. The subsurface layer is very dark gray
silt loam about 2 inches thick. The subsoil is very dark
brown and very dark grayish-brown clay, and the
underlying material is olive-gray silty clay.

Less extensive in this association are the Bearden,
Overly, and Perella soils. The poorly drained Perella
soils are on flats and in swales and shallow depressions.
The moderately well drained Overly soils and the some-
what poorly drained Bearden soils are on plane and
slightly convex surfaces.

Small grain, corn, soybeans, and alfalfa grow well
on this association. Fertility is high in the Galchutt and
Fargo soils and medium in the Aberdeen soils. The
organic-matter content and available water capacity
are high in all of the soils. The main concerns of man-
agement are improving drainage, preventing soil blow-
ing, and maintaining the level of fertility.

Nearly all of this association is used for cultivated
crops. The main enterprises are growing cash crops,
dairying, and feeding beef cattle.

13. Antler-Doran-Tonka association

Nearly level, somewhat poorly drained and poorly
drained, moderately fine textured soils formed in loamy
and silty lacustrine sediments and the underlying loamy
glacial till; some are shallow over lime
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This soil association is on a lake plain in the eastern
part of Richland County. It is mainly nearly level. The
surface is plane, concave, or convex. Differences in
elevation range from about 2 to 7 feet.

This association makes up about 7 percent of the
survey area. It is about 35 percent Antler soils, 25 per-
cent Doran soils, 10 percent Tonka soils, and 30 percent
soils of minor extent.

Antler soils are nearly level and somewhat poorly
drained. Their surface layer typically is black silty clay
loam about 10 inches thick. The underlying material is
dark-gray silty clay loam about 6 inches thick. Below
this is grayish-brown and light olive-brown glacial till
of clay loam texture. A zone of lime accumulation is
within 16 inches of the surface.

Doran soils are nearly level and somewhat poorly
drained. Their surface layer typically is black clay loam
about 9 inches thick. The upper part of the subsoil is
very dark grayish-brown clay and the lower part is
olive-brown clay loam. The underlying material is
grayish-brown and dark grayish-brown glacial till of
clay loam texture.

Tonka soils are in shallow depressions and swales and
are poorly drained. Their surface layer typically is
black silt loam about 12 inches thick. The subsurface
layer is very dark gray silt loam. The subsoil is very
dark gray silty clay loam, and the underlying material
is silt loam to clay loam.

Less extensive in this association are the Perella,
Vallers, and Roliss soils. The poorly drained Perella
soils are in shallow depressions and swales. The poorly
drained, calcareous Vallers soils are on the rims of
shallow depressions. The very poorly drained, calcare-
ous Roliss soils are on broad flats and in shallow de-
pressions.

Small grain, corn, soybeans, and alfalfa grow well on
this association. Fertility, content of organic matter,
and the available water capacity are high in all of the
soils. The main concerns of management are removing
excess water, maintaining the level of fertility, and
preventing soil blowing.

Nearly all of this association is used for cultivated
crops. The main enterprises are growing cash crops,
dairying, and feeding beef cattle.

SHALLOW AND MODERATELY DEEP, NEARLY LEVEL
TO GENTLY SLOPING, EXCESSIVELY DRAINED AND
WELL DRAINED SOILS THAT ARE LESS THAN 36
INCHES DEEP TO COARSE SAND AND GRAVEL; ON
BEACH RIDGES

The one soil association in this group is on beach
ridges on the glacial lake plain. It makes up less than 1
percent of the survey area. The soils in this association
are shallow and moderately deep, nearly level to gently
sloping, and excessively drained and well drained. They
are underlain by coarse sand and gravel at a depth of
less than 36 inches. Permeability is moderately rapid or
moderate in the upper part of the profile and very rapid
in the coarse sand and gravel. The available water
capacity is low or moderate. The depth to the water
table is more than 5 feet.

This soil association is described in the following
paragraphs.

14. Fordville-Renshaw association

Nearly level to gently sloping, well drained and exces-
sitvely drained, medium-textured soils formed in loamy
alluvium

This soil association is a series of narrow beach
ridges on the lake plain. It is nearly level and gently
sloping.

This association makes up less than 1 percent of the
survey area. It is about 28 percent Fordville soils, 17
percent Renshaw soils, and 55 percent soils of minor
extent.

Fordville soils are on beach ridges, are nearly level to
gently sloping, and are well drained. Their surface layer
typically is black loam about 9 inches thick. The subsoil
is very dark grayish-brown loam about 15 inches thick.
Below this is coarse sand and gravel.

Renshaw soils are nearly level to gently sloping and
are somewhat excessively drained. Their surface layer
typically is black loam about 11 inches thick. The sub-
soil is dark-brown loam about 7 inches thick. The under-
lying material is coarse sand and gravel.

Less extensive in this association are the Antler,
Gilby, Borup, Colvin, Tonka, Arvilla, and Sioux soils.
The low, level interbeach areas are occupied by the
somewhat poorly drained Antler and Gilby soils, the
poorly drained, calcareous Borup and Colvin soils, and
the poorly drained, noncalcareous Tonka soils. Some
low beach ridges in the association are occupied by the
somewhat excessively drained Arvilla and the exces-
sively drained Sioux soils.

Corn, soybeans, small grain, and alfalfa grow fairly
well on this association. Fertility is medium in the Ford-
ville soils and low in the Renshaw soils. The organic-
matter content is high in the Fordville soils and mod-
erate in the Renshaw soils. The available water capacity
is low in the Renshaw soils and low or moderate in the
Fordville soils.

The main concerns of management are maintaining
the level of fertility, conserving water, and preventing
soil blowing. Nearly all of this association is used for
cultivated crops. The main enterprise is growing cash
crops.

Descriptions of the Soils

This section describes the soil series and mapping
units in the survey area. Each soil series is described
in considerable detail, and then, briefly, each mapping
unit in that series. Unless it is specifically mentioned
otherwise, it is to be assumed that what is stated about
the soil series holds true for the mapping units in that
series. Thus, to get full information about any one
mapping unit, it is necessary to read both the descrip-
tion of the mapping unit and the description of the soil
series to which it belongs.

An important part of the description of each soil
series is the soil profile, that is, the sequence of layers
from the surface downward to rock or other underlying
material. Each series containg two descriptions of this
profile. The first is brief and in terms familiar to the
layman. The second is much more detailed and is for
those who need to make thorough and precise studies of



RICHLAND COUNTY—RANSOM COUNTY, NORTH DAKOTA 11

soils. Color terms are for moist soil unless otherwise
stated. The profile described in the series is representa-
tive for mapping units in that series. If the profile of a
given mapping unit differs from the one described for
the series, these differences are stated in describing the
mapping unit, or they are differences that are apparent
in the name of the mapping unit.

As mentioned in the section “How This Survey Was
Made,” not all mapping units are members of a soil
series. Marsh and Wet alluvial land, for example, do not
belong to a soil series, but nevertheless, are listed in
alphabetic order along with the soil series. The names
of some soils are unlike those appearing in recently
published surveys in adjacent counties. This is a result
of change in concepts of soil series in the application of
the current soil classification system.

Following the name of each mapping unit is a symbol

in parentheses. This symbol identifies the mapping unit
on the detailed soil map. Listed at the end of each
description of a mapping unit is the capability unit,
range site, and windbreak suitability group in which
the mapping unit has been placed. The page for the
description of each capability unit and the page for the
description of each range site can be found by referring
to the “Guide To Mapping Units” at the back of this
survey.

The acreage and proportionate extent of each map-
ping unit are shown in table 1. Many of the terms used
in describing soils can be found in the “Glossary” at the
end of this survey. More detailed information about the
terminology and methods of soil mapping can be ob-
tained from the Soil Survey Manual (5).2

“Italic numbers in parentheses refer to Literature Cited, p. 139.

TABLE 1.—Approximate acreage and proportionate extent of the soils

Ransom Percent
Richland County of survey
Soil County Area Total area
Acres Acres Acres

Aastad-Forman loams 28,778 28,778 2.7
Aberdeen fine sandy loam 919 919 1
Aberdeen silt loam 3,462 b o] 3,462 3
Aberdeen-Galchutt silty clay loams 3,668 3,668 4
Aberdeen-Ryan silty clay loams 5,249 5,249 b
Antler silty clay loam 6,666 | 6,665 N
Antler-Tonka silty clay loams 26,623 26,623 2.9
Arveson-Fossum fine sandy loams 6,117 126 6,243 .6
Arveson and Fossum loams 27,261 8,660 35,921 3.6
Arveson and Fossum loams, very wet 3,149 2,081 5,230 b
Arvilla fine sandy loam 1,022 1,022 1
Barnes-Buse loams, hilly 1,409 1,409 1
Barnes-Buse loams, hilly, eroded. 2,909 2,909 3
Barnes-Buse-Langhei loams, hilly 5,500 5,500 b
Barnes-Svea loams, undulating 479 479 )
Bearden silty clay loam 10,590 10,590 1.1
Bearden and Glyndon silt loams, moderately deep over clay 12,116 12,116 1.2
Borup loam 16,474 16,918 1.7
Borup silt loam, very wet 2,292 2,379 2
Cashel silty clay 750 750 1
Colvin silty elay loam 2,076 108 2,184 2
Dickey-Towner fine sandy loams, undulating 712 30 742 a
Doran clay loam 11,489 11,489 1.1
Doran-Perella clay loams 1,034 1,034 1
Doran-Tonka silty clay loams..___. 1,731 1,731 2
Dovray silty clay 1,830 1,830 2
Eckman-Zell silt loams, rolling _. 1,522 4 1,626 2
Egeland and Maddock fine sandy loams, undulating 1,601 114 1,715 2
Embden-Tiffany fine sandy loams 57,741 52 57,795 5.8
Embden-Tiffany loams....._.. 14,091 | 14,091 14
Exline and Ryan soils 1,595 1,595 2
Fairdale silt loam 546 104 650 Bl
Fairdale silt loam, channeled 2,270 2,430 4,700 .5
Fairdale silty clay loam 451 20 471 @)
Fargo silty clay loam 15279 | 16,279 15
Fargo silty clay 66,653 66,653 6.6
Fargo silty clay, depressional 6,117 6,117 -6
Fargo silty clay, gently sloping.__._. 3,087 3,087 3
Fargo silty clay, till substratum 6,995 6,995 q
Fargo-Enloe silty clay loams 17,064 17,064 1.7
Fargo-Enloe complex, till substratum 597 597 1
Fargo-Hegne silty clays... 8,161 46 8,207 -8
Fargo-Hegne silty clays, till substratum 3,602 3,602 4
Fargo-Ryan silty clay loams .. . 2,097 2,097 2
Fargo-Ryan silty clays 14,954 14,954 1.6
Fordville-Renshaw loams 2,197 317 2,614 2
Forman-Aastad loams, undulating 36,042 36,042 3.6
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TABLE 1.—Approximate acreage and proportionate extent of the sotls—Continued

Ransom Percent
Richland County of survey
Soil County Area Total area
Acres Acres Acres

Forman-Aastad loams, undulating, eroded 2,114 | 2,114 0.2
Forman-Buse loams, rolling 11,278 | 11,278 1.1
Forman-Buse loams, rolling, eroded 5,312 5,312 b
Forman-Peever clay loams, undulating 1,550 1,550 2
Fossum fine sandy loam 3,643 20 3,663 4
Galchutt silt loam 7,626 | 7,626 8
Galchutt-Enloe-Fargo complex 4,966 | 4,966 b
Galchutt-Overly silt loams 26,239 48 26,287 2.6
Gardena silt loam 37,956 48 38,004 3.8
Gardena-Eckman silt loams, undulating 4117 | 4,117 4
Gardena and Embden loams 1,761 292 2,053 2
Gilby silt loam 2,634 2,634 .3
Gilby silt loam, moderately saline 425 425 *)
Gilby and Hamerly loams 1,894 1,894 2
Glyndon silt loam 33,809 322 34,131 34
Glyndon-Tiffany very fine sandy loams 10,687 98 10,685 1.1
Glyndon-Tiffany loams, moderately deep over clay 6656 | 665 1
Glyndon and Wyndmere loams 15,062 269 15,331 15
Grano clay 816 | 816 1
Hamar loamy fine sand 4,265 773 5,038 b
Hamar loamy fine sand, moderately deep over clay 84T | 847 1
Hamar fine sandy loam 3,277 273 3,650 4
Hamar fine sandy loam, moderately deep over clay 858 | ] 858 1
Hamar-Ulen loamy fine sands 710 710 1
Hamar-Ulen fine sandy loams 2,242 2,242 2
Hamerly loam 8,866 8,866 9
Hecla loamy fine sand, loamy substratum 599 599 1
Hecla-Hamar loamy fine sands .. ... 35,004 3,213 38,217 3.8
Hecla-Hamar loamy fine sands, severely eroded 941 241 1,182 1
Hecla-Hamar fine sandy loams 15,035 720 15,755 1.6
Hecla-Hamar-Arveson complex 18,724 4,175 22,899 2.3
Hecla-Maddock loamy sands 396 6,642 7,038 q
Hecla-Maddock sandy loams 2,405 2,405 2
Kratka fine sandy loam 695 33 728 1
LaDelle silty clay loam 3,735 732 4,467 4
LaDelle and Wahpeton soils, channeled 3,433 88 3,621 3
Lamoure silty clay loam 3,086 88 3,174 3
LaPrairie silt loam 1,724 164 1,888 2
Maddock loamy fine sand, rolling 444 618 Rl
Maddock-Hecla loamy fine sands, undulating 7,309 12,489 1.2
Maddock-Hecla-Hamar loamy fine sands, undulating 11,251 17,360 1.7
Marsh 7,540 7,618 .8
Nutley silty clay, rolling 559 559 1
Overly silty clay loam 16,447 16,447 1.6
Overly-Bearden silt loams, moderately saline ... 3,220 3,220 3
Overly-Bearden silty clay loams, moderately saline 1,890 1,890 2
Overly-Beotia silty clay loams, undulating 738 738 1
Parnell silty clay loam 3,872 3,872 4
Parnell and Tonka silty clay loams 2,460 2,460 2
Peat 222 *)
Peever-Forman clay loams ... 2,683 2,683 3
Perella loam, moderately deep over clay 2,928 2,928 3
Perella silty clay loam, moderately deep over clay 3,396 3,396 3
Roliss clay loam 823 823 1
Ryan-Fargo complex.... 26,664 26,664 2.7
Serden loamy fine sand 23,001 37,012 3.7
Serden-Stabilized dune land complex 12,269 25,014 2.6
Sioux-Renshaw complex, undulating 455 455 *)
Sioux-Renshaw complex, hilly._..__ 368 368 *)
Stirum-Arveson loams 3,066 3,112 3
Strongly saline land 61 61 ™
Svea loam 4,354 4,354 4
Svea-Buse loams, undulating 1,227 1,227 1
Svea-Buse loams, rolling 719 719 1
Svea-Gardena loams 8,681 8,681 9
Swenoda-Wyndmere fine sandy loams 2,904 2,904 .3
Tiffany fine sandy loam 5,108 5,192 b
Tiffany loam 5,598 5,606 .6
Tiffany loam, moderately deep over clay 2,620 | 2,620 2
Tonka silt loam 1,368 o] 1,363 1
Towner loamy fine sand 4,863 193 5,066 b
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TABLE 1.—Approximate acreage and proportionate extent of the soils—Continued

Ransom Percent
Richland County of survey

Soil County Area Total area

Acres Acres Acres

Towner and Swenoda fine sandy loams 7,415 231 7,646 0.8
Ulen fine sandy loam 2,907 102 3,009 3
Vallers clay loam 1,358 1,358 1
Venlo fine sandy loam 2,628 1,709 4,237 4
Wahpeton silty clay 2,157 130 2,287 2
Wet alluvial land 1,148 654 1,802 2
Wyndmere fine sandy loam 13,266 128 13,394 1.3
Zell-Eckman silt loams, hilly 693 8 701 1
Zell-Eckman silt loams, steep 1,028 98 1,126 Al
Water 2,284 2,284 2
Total 927,424 77,177 1,004,601 100.0

! Less than 0.05 percent.

Aastad Series

The Aastad series consists of deep, moderately well
drained, nearly level to gently undulating soils on
glacial till plains. These soils formed in calcareous,
medium and moderately fine textured glacial till.

In a representative profile (fig. 5) the surface layer
is black loam about 12 inches thick. The subsoil is firm
clay loam about 15 inches thick. The upper part is very
dark grayish brown, and the lower part is olive brown.
The underlying material is mixed light olive-brown
and grayish-brown, calcareous clay loam mottled in the
lower part with yellowish brown.

Permeability is moderate in the surface layer and
subsoil and moderately slow in the underlying material.
The available water capacity is high. Fertility and
organic-matter content are high. Runoff is slow to
medium.

Aastad soils are well suited to farming. Limitations
for many nonfarm uses range from slight to severe.
Most areas of these soils are used for crops.

Representative profile of Aastad loam from an area
of Aastad-Forman loams in a cultivated field, 165 feet
west and 1,000 feet south of the northeast corner of
sec. 5, T. 131 N, R. 51 W.

Ap—o0 to 7 inches, black (10YR 2/1) loam; dark gray (10YR
4/1) when dry; moderate, medium and fine, granular
structure; friable, slightly sticky, slightly plastic;
slightly acid; abrupt, smooth boundary.

Al12—7 to 12 inches, black (10YR 2/1) loam; dark gray
(10YR 4/1) when dry; moderate, medium, sub-
angular blocky structure; friable, slightly sticky,
slightly plastic; neutral; clear, wavy boundary.

B21—12 to 19 inches, very dark grayish-brown (2.5Y 3/2)
clay loam; dark grayish brown (2.5Y 4/2) when
dry; moderate, medium, prismatic structure parting
to strong, medium, subangular blocky; firm, sticky,
plastic; thin, continuous clay films on all faces of
peds; neutral; gradual, irregular boundary.

B22—19 to 27 inches, olive-brown (2.5Y 4/3) clay loam; light
brownish gray (2.5Y 6/2) when dry; moderate, me-
dium, prismatic structure parting to strong, medium,
subangular blocky; firm, sticky, plastic; thin patchy
clay films on all faces of peds; neutral; slight effer-
vescence; gradual, irregular boundary.

Clca—27 to 37 inches, light olive-brown (2.5Y 5/3) clay
loam; light gray (2.5Y 7/2) when dry; weak, coarse,
subangular blocky structure parting to weak, fine,
subangular blocky; firm, sticky, plastic; mildly
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Figure 5.—Profile of Aastad loam showing thick surface layer.



14 SOIL SURVEY

alkaline; violent effervescence; common masses of
segregated lime; gradual, irregular boundary.

C2—37 to 60 inches, light olive-brown (2.5Y 5/4) and grayish-
brown (2.5Y 5/2) clay loam; light yellowish brown
(25Y 6/3) and light gray (2.5Y 7/2) when dry;
few, fine, distinct, yellowish-brown (10YR 5/8)
mottles; massive; firm, sticky, plastic; mildly alka-
line; strong effervescence.

The solum ranges from 18 to 30 inches in thickness. The A
horizon is loam or silt loam and is 8 to 16 inches thick. The
B horizon is very dark brown, very dark grayish brown, dark
grayish brown, or olive brown. The C horizon is loam or clay
loam. The depth to the lime zone ranges from 18 to 30 inches.

Aastad soils are associated with Forman soils, and they
formed in the same kind of material as Svea soils. They are
dark colored to a greater depth than Forman soils and are
not so well drained. They contain more clay in the B horizon
than Svea soils.

Aastad-Forman loams (0 to 3 percent slopes) (Af).
—This mapping unit is on the glacial till plain. It is
about 60 percent Aastad loam and 40 percent Forman
loam. Aastad loam is on concave and plane lower slopes,
and Forman loam is on the slightly higher convex slopes.
The Aastad soil has the profile described as representa-
tive of the series. Included in mapping were a few
small areas of Parnell, Tonka, and Hamerly soils.

Aastad loam is moderately well drained, and Forman
loam is well drained. Runoff is slow. Permeability is
moderate in the upper part of the soil and moderately
slow in the underlying material. The available water
capacity is high.

Most areas are used for crops. The soils are well
suited to farming. Conserving water and maintaining
the level of fertility are the main management needs.
Capability unit ITc-6. Aastad soil in Overflow range site
and windbreak suitability group 1, Forman soil in Silty
range site and windbreak suitability group 3.

Aberdeen Series

The Aberdeen series consists of deep, somewhat
poorly drained, nearly level soils that have a claypan.
These soils are on plane and concave surfaces on the
lake plain. They formed in medium to fine-textured
lacustrine sediments.

In a representative profile the surface layer is black
silty clay loam about 9 inches thick. The subsurface
layer is very dark gray silt loam about 2 inches thick.
The subsoil is firm clay about 15 inches thick. The upper
part is very dark brown, and the lower part is very dark
grayish brown. The underlying material is dark gray-
ish-brown and olive-gray silty clay that contains crys-
tals of gypsum and other salts.

Permeability is slow, and the available water ca-
pacity is high. The organic-matter content is high, and
fertility is medium. Root development is inhibited to
some extent by the claypan subsoil and the salinity of
the underlying material. Runoff is slow.

Aberdeen soils are suited to farming. Limitations
for many nonfarm uses range from slight to severe.
Most areas are used for crops.

Representative profile of Aberdeen silty clay loam
from an area of Aberdeen-Galchutt silty clay loams in
a cultivated field, 2,565 feet south and 365 feet west of
the northeast corner of sec. 23, T. 134 N, R. 49 W,

Ap—0 to 9 inches, black (10YR 2/1) silty clay loam; dark
gray (10YR 4/1) when dry; moderate, fine and
medium, granular structure; friable, sticky, plastic;
slightly acid; abrupt, smooth boundary.

A2 9 to 11 inches, very dark gray (10 YR 8/1) silt loam;
gray (10YR 5/1) when dry; weak, thin, platy struec-
ture; very friable, slightly sticky, slightly plastic;
slightly acid; abrupt, wavy boundary.

B21t—11 to 19 inches, very dark brown (10YR 2/2) clay;
dark gray (10YR 4/1) when dry; very dark gray
(10YR 38/1) silt coatings on faces of peds; mod-
erate medium and coarse, columnar structure part-
ing to strong, fine, angular blocky structure; very
firm, very sticky, very plastic; mildly alkaline;
gradual, wavy boundary.

B22t—19 to 26 inches, very dark grayish-brown (2.5Y 3/2)
clay; grayish brown (2.5Y 5/2) when dry; moderate,
medium and coarse, prismatic structure parting to
strong, fine, angular blocky; very firm, very sticky,
very plastic; mildly alkaline; clear, wavy boundary.

Clca—26 to 36 inches, dark grayish-brown (2.5Y 4/2) silty
clay; light brownish gray (2.5Y 6/2) when dry;
strong, very fine, angular blocky structure; firm,
very sticky, very plastic; moderately alkaline; vio-
lent effervescence; few fine crystals of gypsum and
other salts; gradual, wavy boundary.

C2—36 to 60 inches, olive-gray (bY 5/2) silty clay; light
olive gray (5Y 6/2) when dry; massive; firm, very
plastic; mildly alkaline; strong effervescence; few
fine erystals of gypsum.

The solum ranges from 20 to 34 inches in thickness. The
A1l horizon is silty clay loam, silt loam, or fine sandy loam
and is 6 to 10 inches thick. The A2 horizon is 1 to 4 inches
thick. In a few places plowing has mixed the Ap and A2
horizons. The B horizon is black, very dark brown, very dark
gray, or very dark grayish brown and is heavy silty clay
loam, silty clay, or clay. Crystals of gypsum and other salts
are in the lower part of the B horizon and in the C horizon.
The C horizon ranges from silt Joam to clay.

Aberdeen soils are associated with Galchutt and Ryan
soils. They have thinner Al and A2 horizons than Galchutt
soils and more sodium and magnesium in the B and C hori-
zons. They have a thicker Al horizon than Ryan soils and
are deeper over salts.

Aberdeen fine sandy loam (0 to 1 percent slopes) (Ag).
—This soil is on the lake plain. It has a profile similar
to that described as representative of the series, but the
surface layer is fine sandy loam.

This soil is somewhat poorly drained. Runoff is slow.
Permeability is moderately rapid in the surface layer
and slow in the subsoil and underlying material. The
available water capacity is high. The claypan subsoil
restricts root growth and downward movement of
water. The hazard of soil blowing is severe in cultivated
areas.

This soil is suited to farming, and most areas are
used for crops. The main concerns in management are
conserving water, preventing soil blowing, and main-
taining the level of fertility. Capability unit I1le-3P;
Silty range site; windbreak suitability group 4.

Aberdeen silt loam (0 to 1 percent slopes) (Ah).—This
soil is on the lake plain. It has a profile similar to that
described as representative of the series, but the surface
layer is silt loam. Included in mapping are small areas
of Galchutt soils.

This Aberdeen soil is somewhat poorly drained. Run-
off is slow. Permeability is slow, and the available water
capacity is high. The claypan subsoil restricts root
growth and downward penetration of water.

This soil is suited to farming, and most areas are
used for crops. The main concerns in management are
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conserving water and maintaining the level of fertility.
Capability unit IIIs-P6; Clayey range site; windbreak
suitability group 4.

Aberdeen-Galchutt silty clay loams (0 to 1 percent
slopes) (Ak).—This mapping unit is on the lake plain. It
is about 55 percent Aberdeen silty clay loam and 45
percent Galchutt silty clay loam. The Aberdeen soil has
the profile described as representative of the series. The
Galchutt soil has a profile similar to that described as
representative of its series, but the surface layer is
silty clay loam. Included in mapping are small areas of
Fargo, Enloe, and Overly soils.

The Aberdeen and Galchutt soils are somewhat poorly
drained. Permeability is slow, and the available water
capacity is high. Runoff is slow. The claypan subsoil in
the Aberdeen soil restricts root growth and downward
movement of water.

These soils are suited to farming, and nearly all the
acreage is used for cultivated crops. Maintaining the
level of fertility and removing excess water during
periods of high rainfall are the main management
needs. Capability unit IIIs-P6. Aberdeen soil in Clayey
range site and windbreak suitability group 4, Galchutt
soil in Silty range site and windbreak suitability
group 1.

Aberdeen-Ryan silty clay loams (0 to 1 percent
slopes) (Ao).—This mapping unit is on plane and slightly
concave surfaces on the lake plain. It is about 70 percent
Aberdeen silty clay loam, 20 percent Ryan silty clay
loam, and 10 percent Fargo silty clay loam.

The Aberdeen and Ryan soils have a claypan subsoil
that restricts root growth and downward movement of
water. In the Aberdeen soil the pan is below plow
depth, but in the Ryan soil it is within a depth of 5
inches. In some places the subsoil of the Ryan soil has
been mixed with the surface layer in plowing. Where
this occurs, the surface layer is very sticky when wet
and hard and cloddy when dry and is difficult to keep
in good tilth.

Runoff is very slow. The available water capacity is
high in the Aberdeen soil, but low in the Ryan soil be-
cause the salt content is high.

These soils are suited to farming, and nearly all the
acreage is in crops. Maintaining tilth and fertility and
removing excess water during periods of high rainfall
are the chief management needs. Capability unit IIIs-
P4. Aberdeen soil in Clayey range site and windbreak
suitability group 4, Ryan soil in Thin Claypan range
site and windbreak suitability group 9.

Antler Series

The Antler series consists of deep, somewhat poorly
drained, nearly level soils on the lake plain. These soils
are plane, concave, and slightly convex. They have a
zone of lime accumulation within 16 inches of the sur-
face. They formed in moderately fine textured lacustrine
sediments and the underlying clay loam glacial till.

In a representative profile the surface layer is black
silty clay loam about 10 inches thick. The underlying
material, to a depth of about 16 inches, is dark-gray
strongly calcareous silty clay loam. The next layer is
grayish-brown clay loam about 18 inches thick. Below

this is light olive-brown clay loam mottled with olive
gray and strong brown.

Permeability is moderately slow in the upper part of
the profile and slow in the underlying glacial till. The
available water capacity is high. Organic-matter con-
tent and fertility are high. Runoff is slow. The water
table is within 1 to 4 feet of the surface early in spring
and during periods of heavy rainfall.

Antler soils are well suited to farming. Limitations
for many nonfarm uses range from slight to severe.
Most areas of these soils are used for crops.

Representative profile of Antler silty clay loam in
an area of Antler-Tonka silty clay loams in a cultivated
field, 150 feet east and 1,990 feet south of the north-
west corner of sec. 17, T. 130 N, R. 47 W.

Ap—0 to 6 inches, black (10YR 2/1) silty clay loam; very
dark gray (10YR 3/1) when dry; weak, medium,
subangular blocky structure parting to moderate,
fine, granular; friable, sticky and plastic; mildly
alkaline; slight effervescence; abrupt, smooth
boundary.

Aca—=6 to 10 inches, black (10YR 2/1) silty clay loam; very
dark gray (10YR 3/1) when dry; common, medium,
distinct, gray (10YR 6/1) lime spots; weak, coarse,
subangular blocky structure parting to moderate,
fine, granular; friable, sticky and plastic; mildly
alkaline; strong effervescence; gradual, wavy
boundary.

Cca—10 to 16 inches, dark-gray (5Y 4/1) silty clay loam;
gray (5Y 6/1) when dry; weak; medium, sub-
angular blocky structure; friable, sticky and plas-
tic; mildly alkaline; violent effervescence; clear,
wavy boundary.

CCs—16 to 34 inches; grayish-brown (2.5Y 5/2) clay loam;
light brownish gray (2.5Y 6/2) when dry; weak,
coarse and medium, subangular blocky structure;
friable, sticky and plastic; mildly alkaline; strong
effervescence; common gypsum crystals; gradual,
wavy boundary.

ITIC1—34 to 60 inches, light olive-brown (2.5Y 5/4) clay
loam; light yellowish brown (2.5Y 6/3) when dry;
common, medium, distinct, olive-gray (5Y 5/2) and
common, fine and medium, distinct, strong-brown
(7.5YR 5/8) mottles; massive; firm, sticky and plas-
tic; moderately alkaline; strong effervescence; few
gypsum crystals.

The A horizon is silty clay loam or clay loam 6 to 16
inches thick. Depth to the zone of lime accumulation ranges
from 6 to 16 inches. The Cca horizon is dark-gray or gray
silty clay loam or clay loam. The depth to the firm clay loam
glacial till IIC horizon ranges from 20 to 36 inches. Mottles
of gray, yellowish brown, reddish brown, and brown are in
this horizon.

Antler soils are associated with Tonka soils, and they are
similar to Gilby soils. They differ from Tonka soils in having
a zone of lime accumulation within a depth of 16 inches.
They have more clay in the upper part of the profile than
Gilby soils.

Antler silty clay loam (0 to 3 percent slopes) (Ar).—
This soil is on the lake plain. Included in mapping are
small areas of Doran, Perella, and Tonka soils.

Runoff is slow. Permeability is moderately slow, and
the available water capacity is high. The water table is
within 1 to 3 feet of the surface in spring and during
periods of heavy rainfall. Soil blowing is a moderate
hazard in cultivated areas.

This soil is suited to farming, and most areas are
used for crops. The main concerns in management are
preventing soil blowing and maintaining the leve] of
fertility. Capability unit ITe-4L; Silty range site; wind-
break suitability group 1.
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Antler-Tonka silty clay loams (0 to 3 percent slopes)
(As).—This mapping unit is on the lake plain. It is about
60 percent Antler silty clay loam, 30 percent Tonka
silty clay loam, and 10 percent small areas of Doran and
Perella soils. The Antler soil is plane and slightly con-
vex, and the Tonka soil is in shallow depressions.

The Antler soil in this mapping unit has the profile
described as representative of the series. The Tonka
soil has a profile similar to that described as representa-
tive of the Tonka series, but the surface layer is silty
clay loam.

Runoff is slow, and the Tonka soil is frequently
ponded. The available water capacity is high in both
soils. The Antler soil is moderately susceptible to soil
blowing.

The soils in this mapping unit are suited to farming,
and most areas are used for cultivated crops. The main
concerns of management are maintaining fertility,
preventing soil blowing, and removing excess water
during periods of heavy rain. Capability unit ITe-4L.
Antler soil in Silty range site and windbreak suitability
group 1, Tonka soil in Wet Meadow range site and
windbreak suitability group 2.

Arveson Series

The Arveson series consists of deep, poorly drained
and very poorly drained, nearly level soils on the lake
plain and the Sheyenne Delta. These soils have a zone
of lime accumulation within 16 inches of the surface.
They are on flats and in shallow depressions. They
formed in moderately coarse and coarse textured lacus-
trine sediments.

In a representative profile the surface layer is black
fine sandy loam about 10 inches thick. The underlying
material, to a depth of about 20 inches, is dark-gray,
strongly calcareous fine sandy loam. Below this is
olive-gray loamy fine sand mottled with very dark
brown and yellowish brown.

Permeability is moderately rapid, and the available
water capacity is moderate. Organic-matter content is
high, and fertility is medium. Runoff is very slow. The
water table is within 1 to 3 feet of the surface for
extended periods during the growing season, and these
soils are occasionally ponded.

Arveson soils are well suited to hay and pasture. If
excess water is removed, they are suited to cultivated
crops. Limitations for many nonfarm uses are severe.
Most areas of these soils are used for hay and pasture.
Some areas are used for cultivated crops.

Representative profile of Arveson fine sandy loam in
an area of Arveson-Fossum fine sandy loams in a cul-
tivated field, 1,550 feet south and 120 feet east of the
northwest corner of sec. 29, T. 130 N., R. 49 W.

Ap—0 to 10 inches, black (10YR 2/1) fine sandy loam; very
dark gray (10YR 3/1) when dry; weak, medium,
granular structure; very friable; mildly alkaline;
slight effervescence; clear, wavy boundary.

Cleca—10 to 20 inches; dark-gray (2.5Y 4/1) fine sandy
loam; gray (2.5Y 6/1) when dry; weak, medium and
fine, subangular blocky structure; very friable;
moderately alkaline; violent effervescence; clear,
wavy boundary.

C2g—20 to 32 inches, olive-gray (5Y 5/2) loamy fine sand;
light gray when dry; common, medium, prominent,

very dark brown (10YR 2/2) mottles; weak, me-
dium, subangular blocky structure; very friable;
moderately alkaline; strong effervescence; gradual,
wavy boundary.

C3g—32 to 60 inches, olive-gray (5Y 5/2) loamy fine sand;
light gray (5Y 7/2) when dry; common, medium,
distinct, yellowish-brown (10YR 5/6) mottles; sin-
gle grained; loose; mildly alkaline; slight efferves-
cence.

The A horizon is black or very dark gray fine sandy loam
or loam 8 to 15 inches thick. The Cea horizon is fine sandy
loam or loam. The Cg horizon is fine sand, loamy fine sand,
or fine sandy loam to a depth of about 40 inches. Below a
depth of 40 inches it ranges from fine sand to silty clay.

Arveson soils formed in the same kind of material as the
closely associated Fossum, Hamar, Hecla, and Stirum soils.
They contain more calcium carbonate in the upper part of
the C horizon than Fossum, Hamar, and Hecla soils, and
they are more poorly drained than Hecla soils. They contain
more calcium carbonate and less exchangeable sodium than
Stirum soils.

Arveson-Fossum fine sandy loams (0 to 1 percent
slopes) (At).—This mapping unit consists of poorly
drained soils on flats and in shallow depressions in the
Sheyenne Delta and the lake plain. It is about 65 percent
Arveson fine sandy loam and about 35 percent Fossum
loam. Included in mapping are small areas of Hecla,
Hamar, and Ulen soils.

The Arveson soil has the profile described as repre-
sentative of the series. The Fossum soil has a profile
similar to that described as representative of the Fos-
sum series, but the surface layer is fine sandy loam.

Runoff is slow, and the water table is at or near the
surface in spring and during periods of heavy rain. If
the surface layer is bare and dry, these soils are
susceptible to soil blowing.

Some areas of these soils are used for cultivated
crops, but most are used for native hay or pasture
(fig. 6). The soils are suited to farming, but excess
water is a limitation. The main concerns of manage-
ment are removing excess water, preventing soil blow-
ing, and maintaining fertility. Capability unit I1Twe-3;
Wet Meadow range site; windbreak suitability group 2.

Arveson and Fossum loams (0 to 1 percent slopes)
(Au).—This mapping unit consists of two nearly level,
poorly drained soils on broad flats and in shallow de-
pressions on the Sheyenne Delta and the lake plain.
Some areas are Arveson loam, some are Fossum loam,
and some are both.

The Arveson soil has a profile similar to that de-
scribed as representative of the series, but the surface
layer is loam. The Fossum soil has the profile described
as representative of the Fossum series.

Runof_f is slow, and the water table is at or near the
surface in the spring and during periods of heavy rain.
If the surface layer is bare and dry, the soils are mod-
erately susceptible to soil blowing.

Some areas of these soils are cultivated, but most
areas are used for native hay and pasture. The soils
are sul’qed to farming, but excess water is a limitation.
The main concerns of management are removing excess
quter, prevepfcing soil blowing, and maintaining fer-
tility. Capability unit ITw-4L; Wet Meadow range site;
windbreak suitability group 2.

Arveson and Fossum loams, very wet (0 to 1 percent
slopes) (Av).—This mapping unit consists of two, nearly
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Figure 6.—Native hay on Arveson-Fossum fine sandy loams.

level, poorly drained and very poorly drained soils in
shallow depressions on the Sheyenne Delta and the lake
plain. Some areas are Arveson loam, some are Fossum
loam, and some are both.

The Arveson soil has a profile similar to that de-
scribed as representative of the series, but the surface
layer is loam.

The Arveson and Fossum soils have a seasonal high
water table at or near the surface during most of the
growing season. They are frequently ponded. They are
too wet for cultivated crops and are better suited to
hay and pasture than to most other uses. The main
concern of management is removing excess water, but
outlets generally are not available. Capability unit Vw-
WL ; Wetland range site ; windbreak suitability group 2.

Arvilla Series

The Arvilla series consists of shallow and moderately
deep, somewhat excessively drained, nearly level to
gently sloping soils on low beach ridges on the lake
plain. These soils formed in moderately coarse textured
alluvium underlain by sand and gravel.

In a representative profile the surface layer is black
fine sandy loam about 9 inches thick. The subsoil is

dark-brown, very friable coarse sandy loam 6 inches
thick. The underlying material is dark grayish-brown
coarse sand and gravel.

Permeability is moderately rapid in the surface layer
and subsoil and very rapid in the underlying sand and
gravel. The available water capacity is low. Organic-
matter content is moderate, and fertility is medium.
Runoff is slow.

Arvilla soils are suitable for farming. Limitations for
many nonfarm uses range from slight to severe. Most
areas of these soils are used for crops.

Representative profile of Arvilla fine sandy loam in a
cultivated field, 240 feet west and 2,090 feet south of the
northeast corner of sec. 28, T. 129 N, R. 48 W.

Ap—0 to 9 inches, black (10YR 2/1) fine sandy loam, dark
gray (10YR 4/1) when dry; weak, fine, granular
structure; very friable; neutral; abrupt, smooth
boundary.

B2—9 to 15 inches, dark-brown (10YR 3/3) coarse sandy
loam; dark brown (10YR 4/3) when dry; moderate,
medium, prismatic structure; very friable; neutral;
gradual, wavy boundary.

IIC1—15 to 40 inches, dark grayish-brown (10YR 4/2)
coarse sand and gravel; light brownish gray (10YR
6/2) when dry; single grained; loose; mildly alka-
line; slight effervescence; gradual, wavy boundary.
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1IIC2—40 to 60 inches, dark grayish-brown (10YR 4/2)
coarse sand; light brownish gray (10YR 6/2) when
dry; single grained; loose; mildly alkaline; slight
effervescence.

Thickness of the solum and the depth to sand and gravel
ranges from 14 to 25 inches. The A horizon is black or very
dark gray sandy loam or fine sandy loam 6 to 12 inches thick.
The B horizon is very dark grayish-brown, dark grayish-
brown, or dark-brown coarse sandy loam, sandy loam, or
light loam. .

Arvilla soils formed in the same kind of material as Ford-
ville, Renshaw, and Sioux soils. They have a sandier B
horizon than Fordville and Renshaw soils. They are deeper
over coarse sand and gravel than Sioux soils.

Arvilla fine sandy loam (0 to 6 percent slopes) (Aw).—
This soil is on low, narrow beach ridges on the lake
plain. Included in mapping are small areas of Maddock
soils.

Runoff is slow, and the available water capacity is
low. The hazard of soil blowing is severe.

This soil is suited to farming, and most areas are
used for crops. The main concerns of management are
conserving moisture, preventing soil blowing, and
maintaining fertility. Capability unit I1les-3; Shallow
to Gravel range site; windbreak suitability group 6.

Barnes Series

The Barnes series consists of deep, well-drained,
gently undulating to hilly soils on glacial till plains.
These soils are plane or convex. They formed in caleare-
ous glacial till of medium and moderately fine texture.

In a representative profile (fig. 7) the surface layer
is black loam about 8 inches thick. The subsoil is dark
grayish-brown loam about 12 inches thick. The under-
lying material, to a depth of about 30 inches, is grayish-
brown loam. Below this is light olive-brown clay loam
mottled with gray and yellowish brown.

Permeability is moderate in the surface layer and
subsoil and moderately slow in the underlying material.
The available water capacity is high. Organic-matter
content is high, and fertility is high. Runoff is medium
to rapid.

The milder slopes of Barnes soils are well suited to
farming. Hilly Barnes soils are better suited to hay and
pasture grasses than to cultivated crops. Limitations
for many nonfarm uses range from slight to severe.
Most areas of these soils are used for crops. Some
steeper areas are used for hay and pasture.

Representative profile of Barnes loam in an area of
Barnes-Svea loams, undulating, in a cultivated field, 185
feet west and 2,530 feet south of the northeast corner
of sec. 17, T. 131 N,, R, 52 W.

Ap—o0 to 8 inches, black (10YR 2/1) loam; very dark gray
(10YR 3/1) when dry; weak, medium, subangular
blocky structure parting to medium, fine, crumb;
friable, slightly sticky and slightly plastic; neutral;
abrupt, smooth boundary.

B2—8 to 20 inches, dark grayish-brown (10YR 4/2) loam;
brown (10YR 5/3) when dry; moderate, medium,
prismatic structure parting to weak, medium, sub-
angular blocky; friable, slightly sticky and slightly
plastic; neutral; clear, wavy boundary.

Clca—20 to 30 inches, grayish-brown (2.5Y 5/2) loam; light
brownish gray (2.5Y 6/2) when dry; weak, coarse
and medium, prismatic structure parting to weak,
medium, subangular blocky; friable, slightly sticky

Profile of Barnes loam.

Figure 7.

and slightly plastic; mildly alkaline; violent effer-
vescence; gradual, wavy boundary.

C2—30 to 60 inches, light olive-brown (2.5Y 5/4) clay loam;
light yellowish brown (2.5Y 6/4) when dry; few,
fine, faint, gray (2.5Y 6/1) and yellowish-red (10YR
5/8) mottles; friable, sticky and slightly plastic;
mildly alkaline; strong effervescence.

The solum ranges from 11 to 22 inches in thickness. The A
horizon is black or very dark gray and is 5 to 9 inches thick.
The B horizon is dark-brown, dark grayish-brown, or very
dark grayish-brown loam or light clay loam. The C horizon
is loam or clay loam. The depth to the zone of lime accumu-
lation ranges from 11 to 22 inches.

Barnes soils are associated with Buse, Langhei, and Svea
soils, and they formed in the same kind of material as For-
man soils. They differ from Buse and Langhei soils in having
a B horizon and a thicker solum. They are dark colored to a
lesser depth and are better drained than Svea soils. They
have less clay in the B horizon than Forman soils.

Barnes-Buse loams, hilly (9 to 12 percent slopes)
(BbD).—This mapping unit consists of medium textured
soils on the glacial-till plain. It is about 65 percent
Barnes loam and about 35 percent Buse loam. Buse
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loam is on the hilltops and upper parts of hillsides and
Barnes loam is on the lower parts.

Runoff is rapid. The hazard of erosion is severe.

Most areas of these soils are used for crops, but
some are in pasture and hay. The soils are suited to
small grain and tame grasses, but they are poorly suited
to row crops because the hazard of erosion is severe.
The main concerns of management are controlling
erosion, conserving water, and maintaining fertility.
Capability unit IVe-6. Barnes soil in Silty range site
and windbreak suitability group 3, Buse soil in Thin
Upland range site and windbreak suitability group 8.

Barnes-Buse loams, hilly, eroded (9 to 12 percent
slopes) (BbD2).—This mapping unit consists of medium-
textured soils on the glacial till plain. It is about 65
percent Barnes loam and about 35 percent Buse loam.
Buse loam is on the hilltops and upper parts of hillsides,
and Barnes loam is on the lower parts.

The Barnes and Buse soils in this complex have pro-
files similar to those described as representative of
their respective series, but part of the surface layer
has been lost through erosion. In some of the more
eroded spots the light-colored, calcareous underlying
material of the Buse soil is exposed at the surface. In
most of the acreage, tillage has mixed subsoil material
with what remains of the surface layer.

Runoff is rapid on these soils. The hazard of further
erosion is severe.

All the acreage has been cultivated, but some areas
have been reseeded to permanent pasture. The soils are
suited to small grain and tame grasses, but they are
poorly suited to row crops because the hazard of erosion
is severe. The main concerns of management are pre-
venting erosion, conserving water, and maintaining
fertility. Capability unit IVe-6. Barnes soil in Silty
range site and windbreak suitability group 3, Buse
soil in Thin Upland range site and windbreak suitability
group 8.

Barnes-Buse-Langhei loams, hilly (12 to 20 percent
slopes) (BcD).—This mapping unit consists of medium-
textured soils on the steepest parts of the glacial till
plain. It is about 40 percent Barnes loam, 35 percent
Buse loam, and 25 percent Langhei loam. Langhei loam
and Buse loam are on the hilltops and steep upper
hillsides, and Barnes loam is on the lower parts of
hillsides. Included in mapping are small areas of
Aastad soils.

Barnes loam has a profile similar to that described
as representative of the series, but the surface layer
is a few inches thinner. Buse and Langhei loams have
pro'ﬁles described as representative of their respective
series.

Runoff is very rapid. The hazard of erosion is very
severe.

This complex is better suited to pasture than to most
other uses. Most areas are in native grass and are used
for grazing (fig. 8). The main concern of management
is maintaining a permanent plant cover to control
erosion and runoff and to provide high-quality forage
for livestock. Capability unit VIe-TU. Barnes soil in
Silty range site and windbreak suitability group 3, Buse
and Langhei soils in Thin Upland range site and wind-
break suitability group 8.

Barnes-Svea loams, undulating (8 to 6 percent slopes)
(BdB).—This mapping unit consists of medium-textured
soils on the glacial till plain. It is about 60 percent
Barnes loam and about 40 percent Svea loam. Barnes
loam is on the upper parts of convex surfaces, and
Svea loam is on the lower parts of plane and concave
surfaces. Included in mapping are small areas of
Aastad, Forman, and Tonka soils.

The Barnes soil in this complex has the profile de-
scribed as representative of the series.

Runoff is medium, and the hazard of erosion is
moderate. Permeability is moderate in the surface layer
and subsoil and moderately slow in the underlying ma-
terial. Available water capacity is high.

Barnes and Svea soils are well suited to farming and
nearly all areas are used for cultivated crops. The main
concerns of management are maintaining fertility,
conserving water, and preventing erosion. Capability
unit ITe-6; Silty range site. Barnes soil in windbreak
suitability group 3, Svea soil in windbreak suitability
group 1.

Bearden Series

The Bearden series consists of deep, somewhat poorly
drained, nearly level soils on the lake plain. These soils
have a zone of lime accumulation within 16 inches of
the surface. They are plane or slightly convex. They
formed in medium-textured or moderately fine textured
lacustrine sediments.

In a representative profile (fig. 9) the surface layer
is black silty clay loam about 10 inches thick. The
underlying material, to a depth of 24 inches, is gray
silty clay loam that contains a large amount of lime.
Below this are alternating layers of light olive-brown
silty clay loam and silt loam that are mottled yellowish
brown in the lower part.

Permeability is moderately slow, and the available
water capacity is high. Organic-matter content and
fertility are high. Runoff is slow. Some of the Bearden
soils are underlain by clay or silty clay at a depth of
30 to 50 inches. Permeability in these soils is moderately
slow in the upper part and slow in the clayey sub-
stratum.

Bearden soils are well suited to farming. Limitations
for many nonfarm uses range from slight to severe.
Most areas of these soils are used for crops.

Representative profile of Bearden silty clay loam in a
cultivated field, 150 feet north and 845 feet west of the
southeast corner of sec. 35, T. 135 N., R. 49 W.

Ap—0 to 10 inches, black (10YR 2/1) silty clay loam; very
dark gray (10YR 3/1) when moist; weak, medium,
subangular blocky structure parting to moderate,
fine, granular; friable, slightly sticky and plastic;
mildly alkaline; slight effervescence; abrupt, smooth
boundary.

Clca—10 to 24 inches, gray (10YR 5/1) silty clay loam; gray
10YR 6/1) when dry; weak, medium, subangular
blocky structure; friable, slightly sticky and slightly
plastic; mildly alkaline; violent effervescence; clear,
wavy boundary.

C2—24 to 38 inches, light olive-brown (2.5Y 5/3) silty clay
loam; light brownish gray (2.5Y 6/2) when dry;
weak, coarse, subangular blocky structure; friable,
slightly sticky and slightly plastic; mildly alkaline;
strong effervescence; clear, wavy boundary.
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Figure 8.—Native grass in an area of Barnes-Buse-Langhei loams, hilly, These soils are not sunitable for cultivation. Most areas are
used for grazing.

C3—38 to 46 inches, light olive-brown (2.5Y 5/4) silt loam;
light yellowish brown (2.5Y 6/3) when dry; mas-
sive; friable, slightly sticky and slightly plastic;
moderately alkaline; clear, smooth boundary.

C4—46 to 60 inches, light olive-brown (2.5Y 5/4) silty clay
loam; light yellowish brown (2.5Y 6/3) when dry;
common, fine and medium, distinct, yellowish-brown
(10YR 5/8) mottles; massive; friable, sticky and
plastic; mildly alkaline; strong effervescence.

The A horizon is black or very dark gray silt loam or silty
clay loam 6 to 16 inches thick. The upper boundary of the
Cca horizon is within 16 inches of the surface. In some places
there is a IIC horizon of clay or silty clay below a depth
of 30 inches.

Bearden soils formed in the same kind of material as
Overly and Colvin soils, and they are associated with Glyn-
don soils. They have a lime zone at a lesser depth and are
more poorly drained than Overly soils. They are better
drained than Colvin soils. They contain more clay in the
upper part of the C horizon than Glyndon soils.

Bearden silty clay loam (0 to 1 percent slopes) (Bf).—
This plane and slightly concave soil is on the lake plain.
Areas are medium to large and irregularly shaped. This
soil has the profile described as representative of the
series. Included in mapping are small areas of moder-
ately well drained Overly soils and poorly drained
Colvin and Perella soils.

Runoff is slow. The hazard of soil blowing is mod-
erate. Permeability is moderately slow, and the avail-
able water capacity is high.

This soil is well suited to farming, and most areas
are used for crops. The main concerns of management
are maintaining fertility, conserving moisture, and
preventing soil blowing. Capability unit Ile-4L; Silty
range site; windbreak suitability group 1.

Bearden and Glyndon silt loams, moderately deep over
clay (0 to 3 percent slopes) (Bg).—This mapping unit is
on plane and slightly convex surfaces on the lake plain.
Some areas are Bearden silt loam, moderately deep
over clay, some are Glyndon silt loam, moderately deep
over clay, and some are both.

The Bearden soil has a profile similar to that de-
scribed as representative of the series, but the surface
layer is silt loam and the underlying material below a
depth of about 30 inches is silty clay or clay. The
Glyndon soil has a profile similar to that described as
representative of the Glyndon series, but the underlying
material below a depth of about 36 inches is silty clay
or clay.

These soils are somewhat poorly drained. Runoff is
slow. Permeability in the Bearden soil is moderately
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Figure 9.—Profile of Bearden silty clay loam showing black
surface layer and gray lime zone.

slow above the clay substratum and slow below. Perme-
ability in the Glyndon soil is moderate above the clay
substratum and slow below. The soils are moderately
susceptible to soil blowing.

These soils are well suited to farming, and most
areas are used for cultivated crops. The main concerns
of management are maintaining fertility, conserving
moisture, and preventing soil blowing. Capability unit
Ile-4L; Silty range site; windbreak suitability group 1.

Beotia Series

The Beotia series consists of deep, well-drained,
gently undulating soils on the lake plain. These soils
are plane or convex. They formed in moderately fine
textured lacustrine sediments.

In a representative profile the surface layer is black
silty clay loam about 9 inches thick. The subsoil is
friable silty clay loam about 11 inches thick. The upper
part is very dark grayish brown, and the lower part is
dark grayish brown. The underlying material is light
olive-brown, calcareous silty clay loam.

Permeability is moderate, and the available water
capacity is high. The organic-matter content is high,
and fertility is high. Runoff is medium.

Beotia soils are well suited to farming. Limitations
for many nonfarm uses are slight to moderate. Most
areas of these soils are used for crops.

The Beotia soils in this survey area are mapped only
with Overly soils.

Representative profile of Beotia silty clay loam in an
area of Overly-Beotia silty clay loams, undulating, in a
cultivated field, 300 feet south and 650 feet east of the
northwest corner of sec. 26, T. 131 N., R. 50 W.

Ap—0 to 9 inches, black (10YR 2/1) silty clay loam: dark
gray (10YR 4/1) when dry; moderate, fine and
medium, granular structure; friable, sticky and
plastic; neutral; abrupt, smooth boundary.

B21—9 to 16 inches, very dark grayish-brown (10YR 3/2)
silty clay loam; dark grayish brown (10YR 4/2)
when dry; moderate, medium, prismatic structure
parting to moderate, medium and coarse, subangular
blocky; friable, sticky and plastic; neutral; clear,
wavy boundary.

B22—16 to 20 inches, dark grayish-brown (10YR 4/2) silty
clay loam; grayish brown (10YR 5/2) when dry;
moderate, medium, prismatic structure parting to
moderate, medium, subangular blocky; friable,
sticky and plastic; neutral; clear, wavy boundary.

Clca—20 to 34 inches, light olive-brown (2.5Y 5/4) silty
clay loam; pale yellow (2.5Y 7/3) when dry; weak,
coarse, subangular blocky structure; friable, sticky
and plastic; mildly alkaline; violent effervescence;
gradual, wavy boundary.

C2—34 to 60 inches, light olive-brown (2.5Y 5/4) silty clay
loam; pale yellow (2.6Y 7/3) when dry; few, fine,
distinct, yellowish-brown (10YR 5/8) mottles; mas-
sive; friable, sticky and plastic; mildly alkaline;
strong effervescence.

The solum ranges from 16 to 30 inches in thickness, The
A horizon is very dark gray or black and is 7 to 12 inches
thick. The B horizon is very dark brown, dark brown, very
dark grayish brown or dark grayish brown and is 9 to 18
inches thick. The depth to the Cea horizon ranges from 16 to
30 inches. In some places the C horizon is silty clay below a
depth of 40 inches.

Beotia soils are associated with Overly soils. They are
better drained than Overly soils.

Borup Series

The Borup series consists of deep, poorly drained,
nearly level soils in depressions and on flats on the lake
plain and the Sheyenne Delta. These soils have a zone
of lime accumulation within 16 inches of the surface.
They formed in coarse and medium-textured lacustrine
sediments.

In a representative profile the surface layer is loam
about 13 inches thick. The upper 8 inches is black, and
the lower 5 inches is very dark gray. The underlying
material, to a depth of 20 inches, is dark-gray silt loam
that contains a large amount of lime. Below this is
olive and light olive-gray very fine sandy loam mottled
with yellowish brown.

Permeability is moderate in the upper part of the
profile and moderately rapid in the underlying material.
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The available water capacity is high. The organic-
matter content is high, and fertility is medium. Runoff
is slow. The water table is within 1 to 3 feet of the
surface early in spring and in wet seasons, and the soils
are occasionally ponded.

Borup soils are suited to farming if excess water is
removed. They are well suited to pasture and hay.
Limitations for many nonfarm uses are severe. Most
areas of these soils are used for crops. Some areas are
in native grass, hay, and pasture.

Representative profile of Borup loam in a cultivated
field, 2,350 feet west and 105 feet north of the south-
east corner of sec. 4, T. 132 N., R. 50 W.

Ap—o0 to 8 inches, black (10YR 2/1) loam; very dark gray
(10YR 3/1) when dry; moderate, fine, granular
structure; friable, slightly sticky and slightly plas-
tic; mildly alkaline; slight effervescence; abrupt,
smooth boundary.

Alca—S8 to 18 inches, very dark gray (10YR 3/1) loam;
dark gray (10YR 4/1) when dry; weak, fine, sub-
angular blocky structure; friable; slightly sticky
and slightly plastic; mildly alkaline; strong effer-
vescence; clear, wavy boundary.

Clea—13 to 20 inches, dark-gray (2.5Y 4/1) silty loam; gray
(2.5Y 5/1) when dry; weak, fine, subangular blocky
structure; friable, slightly sticky and slightly plas-
tic; mildly alkaline; violent effervescence; clear,
wavy boundary.

C2cag—20 to 28 inches, olive (5Y 5/3) very fine sandy loam;
pale yellow (5Y 7/3) when dry; few, fine, distinet,
very dark brown (10YR 2/2) mottles; weak, fine,
subangular blocky structure; very friable; mildly
alkaline; strong effervescence; gradual, wavy
boundary.

C3g—28 to 42 inches, olive (5Y 5/3) very fine sandy loam;
pale yellow (5Y 7/3) when dry; common, medium,
prominent, yellowish-brown (10YR 5/8) mottles;
massive; very friable; mildly alkaline; slight effer-
vescence; gradual, wavy boundary.

C4g—42 to 60 inches, light olive-gray (5Y 6/2) very fine
sandy loam; light gray (5Y 7/2) when dry; many,
coarse, prominent, yellowish-brown (10YR 5/8)
mottles; massive; very friable; mildly alkaline;
slight effervescence.

The A horizon is black or very dark gray loam or silt
loam 6 to 14 inches thick. Depth to the zone of lime accumu-
lation ranges from 6 to 14 inches. The C horizon is silt loam,
very fine sandy loam, or loamy very fine sand to a depth of
about 40 inches. Below a depth of 40 inches the texture
ranges from fine sand to silty clay.

Borup soils formed in the same kind of material as Glyn-
don soils and they are closely related to Colvin soils. They
are more poorly drained than the Glyndon soils. They con-
tain less clay than Colvin soils.

Borup loam (0 to 1 percent slopes) (Bo).—This soil is
in shallow depressions and on slightly concave broad
flats on the lake plain and the Sheyenne Delta. Areas
are small in size and irregular in shape. This soil has
the profile described as representative of the series.

This soil is poorly drained. Runoff is slow. The water
table is near the surface in spring and during periods of
heavy rainfall. The soil is moderately susceptible to
soil blowing when the surface layer is bare and dry.

Most areas of this soil are used for crops. Some areas
are in native grass hay and pasture. This soil is well
suited to farming, if excess water is removed. The main
concerns of management are removing excess water,
maintaining fertility, and preventing soil blowing.
Capability unit ITw-41; Wet Meadow range site; wind-
break suitability group 2.

Borup silt loam, very wet (0 to 1 percent slopes) (Br).
—This soil is in deep depressions on the Sheyenne Delta
and the lake plain. Areas are small in size and irregular
in shape. This soil has a profile similar to that described
as representative of the series, but the surface layer
is silt loam.

Thissoil is poorly drained and it is frequently ponded.
The water table is near the surface during most of the
growing season.

Most areas of this soil are in native grass and and are
used for pasture and hay. This soil is too wet for cul-
tivation unless excess water is removed, but outlets
generally are not available. The main concern of man-
agement is removing excess water. Capability unit
Vw-WL; Wetland range site; windbreak suitability
group 2.

Buse Series

The Buse series consists of deep, well-drained, un-
dulating to hilly soils on till plains. These soils formed
in medium-textured glacial till.

In a representative profile (fig. 10) the surface layer
is black loam about 6 inches thick. The underlying ma-
terial, to a depth of 60 inches, is calcareous loam glacial
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Figure 10.—Profile of Buse loam showing thin surface layer.
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till. The upper 8 inches is dark grayish brown and the
lower 52 inches is olive brown.

Permeability is moderately slow, and the available
water capacity is high. The organic-matter content is
moderate, and fertility is low. Runoff ranges from
medium to very rapid.

The milder slopes of Buse soils are suited to farming.
The hilly soils are better suited to hay and pasture
grasses than to cultivated crops. Limitations for most
nonfarm uses are slight to moderate. Most areas of Buse
soils are used for pasture and hay. Some of the milder
sloping areas are used for crops.

The Buse soils in this survey area are mapped only
with Barnes, Forman, Langhei, and Svea soils.

Representative profile of Buse loam in an area of
Barnes-Buse-Langhei loams, hilly, in a native pasture,
160 feet west and 1,075 feet north of the southeast
corner of sec. 31, T. 130 N, R. 51 W.

A1—0 to 6 inches, black (10YR 2/1) loam; very dark gray
(10YR 3/1) when dry; moderate, fine, granular
structure; very friable, slightly sticky and slightly
plastic; neutral; clear, wavy boundary.

Clca—6 to 14 inches, dark grayish-brown (10YR 4/2) loam;
light brownish gray (10YR 6/2) when dry; moder-
ate, fine, subangular blocky structure; friable,
slightly sticky and slightly plastic; mildly alkaline;
violent effervescence; gradual, wavy boundary.

C2—14 to 60 inches, olive-brown (2.5Y 4/3) loam; light
brownish gray (2.5Y 6/2) when dry; moderate, fine,
subangular blocky structure; friable, slightly sticky

and slightly plastic; mildly alkaline; strong effer-
vescence.

The A horizon is black or very dark gray and is 5 to 8
inches thick. The C horizon is loam or clay loam.

Buse soils formed in the same kind of material as the
closely associated Barnes, Forman, Langhei, and Svea soils.
They differ from Barnes, Forman, and Svea soils in not
having a B horizon. They have a thinner solum than Barnes,
Forman, and Svea soils. They have a darker colored A hori-
zon than Langhei soils.

Cashel Series

The Cashel series consists of deep, somewhat poorly
drained, nearly level, fine-textured soils on bottom land
along streams. These soils formed in fine-textured
alluvium.

In a representative profile the surface layver is very
dark brown silty clay about 16 inches thick. The under-
lying material is very dark grayish-brown silty clay to
a depth of 60 inches.

Permeability is moderately slow, and the available
water capacity is high. The organic-matter content is
moderate, and fertility is high. Runoff is slow. These
soils are frequently flooded in spring, and they are oc-
casionally flooded in summer when streams overflow.

Cashel soils are suited to cultivated crops. Limita-
tions for many nonfarm uses are severe. Most areas of
these soils are used for crops or pasture. Some areas are
wooded.

Representative profile of Cashel silty clay in a blue-
grass pasture, 4,125 feet east and 100 feet south of the
northwest corner of sec. 5, T. 135 N., R, 48 W.

A11—0 to 7 inches, very dark brown (10YR 2/2) silty clay;
dark gray (10YR 4/1) when dry; strong, fine,
granular structure; friable, sticky and plastic;

mildly alkaline; slight effervescence; clear, smooth
boundary.

A12—17 to 16 inches, very dark brown (10 YR 2/2) silty
clay; dark gray (10YR 4/1) when dry; weak, me-
dium, prismatic structure parting to strong, very
fine, subangular blocky; friable, sticky and plastic;
mildly alkaline; slight effervescence; clear, smooth
boundary.

C1—16 to 38 inches, very dark grayish-brown (2.5Y 3/2)
silty clay; grayish brown (2.5Y 5/2) when dry;
moderate, medium and fine, subangular blocky
structure; friable, sticky and plastic; mildly alka-
line; slight effervescence; gradual, wavy boundary.

C2—38 to 60 inches, very dark grayish-brown (2.5Y 3/2)
silty clay; grayish brown (2.5Y 5/2) when dry;
massive; friable, sticky and plastic; mildly alka-
line; slight effervescence; few fine lime spots.

The A horizon is very dark brown or very dark grayish-
brown silty clay or clay. One or more buried A horizons are
above a depth of 60 inches in places. The C horizon is very
dark grayish-brown or dark grayish-brown silty clay or clay.

Cashel soils are associated with Wahpeton soils, and they
are closely related to Fairdale soils. They have a thinner,
lighter colored A horizon and are more frequently flooded
than Wahpeton soils. They are finer textured than Fairdale
soils.

Cashel silty clay (0 to 3 percent slopes) (Ca).—This
fine-textured soil is on bottom land along the Red Rn(er
and its major tributaries. Areas are medium in size
and irregular in shape. )

This soil is somewhat poorly drained. It is frequently
flooded in spring when the snow melts and in summer
when the river overflows after heavy rains. Permea-
bility is moderately slow, and the available water
capacity is high. The hazard of erosion is slight.

This soil is suited to farming. Many areas are used
for crops, but some large areas are in native woods.
Farmers are concerned mainlv with maintaining tjlth
and the level of fertility and with the hazard of _ﬂoodlng.
Capability unit ITs-4; Overflow range site; windbreak
suitability group 1.

Colvin Series

The Colvin series consists of deep, poorly drained,
nearly level soils in shallow depressions and swales in
the lake plain. These soils have a zone of lime accumula-
tion within 16 inches of the surface. They formed in
medium-textured and moderately fine textured lacus-
trine sediments.

In a representative profile the surface layer is silty
clay loam about 14 inches thick. The upper 8 inches is
black, and the lower 6 inches is dark gray. The under-
lying material, to a depth of about 28 inches, is light
brownish-gray silty clay loam that contains a large
amount of lime. Below this, to a depth of 60 inches, is
olive and olive-gray silty clay loam mottled with yellow-
ish brown and brown.

Permeability is moderately slow, and the available
water capacity is high. The organic-matter content is
high, and fertility is medium. Runoff is slow. The water
table is within 1 to 8 feet of the surface early in spring
and during periods of heavy rainfall.

Colvin soils are well suited to farming if excess water
is removed. They are well suited to hay and pasture.
Limitations for many nonfarm uses are severe. Most
areas of Colvin soils are drained and used for cultivated
crops. Some areas are in hay and pasture.

Representative profile of Colvin silty clay loam in a
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cultivated field, 2,250 feet south and 120 feet west of
the northeast corner of sec. 6, T. 134 N., R. 48 W.

Ap—O0 to 8 inches, black (10YR 2/1) silty clay loam; very
dark gray (10YR 3/1) when dry; moderate, me-
dium, subangular blocky structure; friable, sticky
and plastic; neutral; slight effervescence; abrupt,
smooth boundary.

Alca—8 to 14 inches, dark-gray (2.5Y 4/1) silty clay loam;
gray (2.6Y 6/1) when dry; moderate, coarse, sub-
angular blocky structure; friable, sticky and plastic;
mildly alkaline; strong effervescence; clear, wavy
boundary.

Clea—14 to 28 inches, light brownish-gray (2.5Y 6/2) silty
clay loam; light gray (2.5Y 7/2) when dry; mod-
erate, fine, subangular blocky structure; friable,
sticky and plastic; mildly alkaline; violent efferves-
cence; clear, wavy boundary.

C2g—28 to 44 inches, olive (5Y 5/8) silty clay loam; pale
yellow (5Y 7/3) when dry; common, fine, prominent,
yellowish-brown (10YR 5/6) mottles; friable, sticky
and plastic; neutral; slight effervescence; gradual,
wavy boundary.

C3g—44 to 60 inches, olive-gray (5Y 5/2) silty clay loam;
light gray (bY 7/2) when dry; many, large, promi-
nent, yellowish-brown (10YR 5/6) and brown (10YR
4/3 mottles; friable, sticky and plastic; neutral;
slight effervescence.

The A horizon is very dark gray or black and is 8 to 14
inches thick. The depth to the Cca horizon ranges from 8 to
14 inches. It is gray, light brownish gray, or grayish brown.
The C horizon is silt loam or silty clay loam. In some places
there is a IIC horizon of silty clay or clay below a depth of
40 inches.

Colvin soils formed in the same kind of material as
Bearden soils, and they are similar to Borup soils. They are
more poorly drained than Bearden soils. They are finer tex-
tured than Borup soils.

Colvin silty clay loam (0 to 1 percent slopes) (Co).—
This soil is in shallow depressions and swales on the
lake plain. Included in mapping are areas where the
surface layer is silt loam and small areas of Bearden
and Perella soils.

This Colvin soil is poorly drained. Runoff is very
slow. The water table is near the surface in spring and
during periods of heavy rainfall. Permeability is nqod-
erately slow, and the available water capacity is high.

Most areas of this soil are used for crops. This soil
is well suited to farming if excess water is removed.
The main concerns of management are remqving ex-
cess water and maintaining fertility. Capabllity unit
ITw-4L; Wet Meadow range site; windbreak suitability
group 2.

Dickey Series

The Dickey series consists of deep, well-drained,
undulating soils on the Sheyenne Delta and the till
plain. These soils are convex. They formed in coarse
lacustrine and eolian deposits and the underlying
medium-textured glacial till or lacustrine sediments.

In a representative profile the surface layer is black
fine sandy loam about 12 inches thick. The subsoil is
very friable, dark grayish-brown loamy sand about 16
inches thick. The underlying material, to a depth of
about 34 inches, is grayish-brown loamy sand. Below
this, to a depth of 60 inches, is glacial till of light olive-
brown loam.

Permeability is rapid in the upper part of the profile
and moderately slow in the underlying material. The

available water capacity is moderate. The organic-
matter content is moderate, and fertility is medium.
Runoff is slow.

Dickey soils are suited to farming. Limitations for
many nonfarm uses are slight to moderate. Most areas
of these soils are used for crops.

Representative profile of Dickey fine sandy loam in an
area of Dickey-Towner fine sandy loams, undulating, in
a cultivated field, 740 feet south and 1,140 feet west of
the northeast corner of sec. 10, T. 130 N., R. 51 W.

Alp—0 to 8 inches, black (10YR 2/1) fine sandy loam; very
dark gray (10YR 3/1) when dry; weak, medium,
subangular blocky structure parting to weak, fine,
granular; very friable; neutral; abrupt, smooth
boundary.

A12—8 to 12 inches, black (10YR 2/1) fine sandy loam; very
dark gray (10YR 3/1) when dry; weak, medium,
subangular blocky structure; very friable; neutral;
clear, wavy boundary.

B2—12 to 28 inches, dark grayish-brown (10YR 4/2) loamy
sand; grayish brown (10YR 5/2) when dry; weak,
medium, prismatic structure parting to weak, me-
dium, subangular blocky; very friable; neutral;
clear, wavy boundary.

C1—28 to 34 inches, grayish-brown (2.5Y 5/2) loamy sand;
light brownish gray (2.6Y 6/2) when dry; single
grained; loose; neutral; mild effervescence; clear,
wavy boundary.

I1C2—34 to 60 inches, light olive-brown (2.5Y 5/4) loam;
light yellowish brown (2.5Y 6/3) when dry; few,
fine, prominent, dark yellowish-brown (10YR 4/4)
mottles; massive; friable, slightly sticky and plas-
tic; mildly alkaline; strong effervescence.

The A horizon is black or very dark gray and is 8 to 14
inches thick. The B horizon is very dark grayish-brown, dark
grayish-brown, or dark-brown loamy sand or loamy fine
sand. The depth to the IIC horizon ranges from 25 to 40
inches. It is glacial till of loam or clay loam texture or silt
loam lacustrine sediments.

Dickey soils are associated with Towner soils. They are
better drained and are dark colored to a lesser depth than
Towner soils.

Dickey-Towner fine sandy loams, undulating (3 to 6
percent slopes) (DkB).—This mapping unit is on low
knolls on the Sheyenne Delta and the glacial till plain.
It is about 60 percent Dickey fine sandy loam and about
40 percent Towner fine sandy loam. Areas are medium
in size and irregular in shape.

The Dickey soil has the profile described as repre-
sentative of the series. The Towner soil has a profile
similar to that described as representative of the
Towner series, but the surface layer is fine sandy loam.

Runoff is slow. Permeability is rapid in the surface
layer and subsoil of these soils and moderately slow in
the underlying material. The available water capacity
is moderate. These soils are highly susceptible to soil
blowing.

These soils are suited to farming, and most areas are
used for cultivated crops. The main concerns of man-
agement are maintaining fertility, preventing soil blow-
ing, and conserving water. Capability unit IITe-3M;
Sandy range site. Dickey soil in windbreak suitability
group 5, Towner soil in windbreak suitability group 1.

Doran Series

The Doran series consists of deep, somewhat poorly
drained, nearly level soils on the lake plain. These soils
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are plane and convex. They formed in moderately fine
textured lacustrine sediments and the underlying mod-
erately fine textured glacial till.

In a representative profile the surface layer is black
clay loam about 9 inches thick. The subsoil is about 11
inches thick. The upper part is very dark grayish-
brown firm clay, and the lower part is olive-brown firm
clay loam. To a depth of about 29 inches the underlying
material is grayish-brown clay loam that contains a
large amount of lime. Below this is grayish-brown
grading to dark grayish-brown clay loam mottled with
dark yellowish brown and brown.

Permeability is moderately slow in the upper part of
the profile and slow in the underlying material. The
available water capacity is high. The organic-matter
content is high, and fertility is high. Runoff is slow.

Doran soils are well suited to farming. Limitations
for many nonfarm uses range from slight to severe.
Nearly all areas of these soils are used for crops.

Representative profile of Doran clay loam, 300 feet
east and 2,455 feet north of the southwest corner of
sec. 8, T. 129 N, R. 47T W.

Ap—0 to 9 inches, black (10YR 2/1) clay loam; very dark
gray (10YR 3/1) when dry; moderate, fine and very
fine, granular structure; friable, sticky and plastic;
neutral; abrupt, smooth boundary.

B21t—9 to 15 inches, very dark grayish-brown (10YR 3/2)
clay; dark gray (10YR 4/1) when dry; very dark
brown (10YR 2/2) coats on peds; strong, medium,
prismatic structure parting to strong, fine and very
fine, angular blocky; firm, sticky and plastic; clay
films on faces of peds; neutral; clear, irregular
boundary.

B22t—15 to 20 inches, olive-brown (2.5Y 4/8) clay loam;
grayish brown (2.,5Y 5/2) when dry; moderate, me-
dium, prismatic structure parting to moderate, fine,
granular; firm, sticky and plastic; mildly alkaline;
slight effervescence; clear, irregular boundary.

Clca—20 to 29 inches, grayish-brown (2.5Y 5/2) clay loam;
light brownish gray (2.5Y 6/2) when dry; common,
fine, distinct, dark-brown (10YR 4/3) mottles;
weak, fine, granular structure; friable, sticky and

plastic; mildly alkaline; violent effervescence; few-

gypsum crystals; clear, wavy boundary.

C2—29 to 41 inches, grayish-brown (2.5Y 5/2) clay loam;
light gray (2.5Y 7/1) when dry; many, fine, distinct,
dark yellowish-brown (10YR 4/4) mottles; moder-
ate, very fine, subangular blocky structure; friable,
slightly sticky and plastic; few iron concretions and
shale chips; common gypsum crystals; mildly alka-
line; slight effervescence; gradual, wavy boundary.

C3—41 to 60 inches, dark grayish-brown (2.5Y 4/2) clay
loam; light gray (2.5Y 7/2) when dry; common,
medium, distinct, dark-brown (10YR 4/3) mottles;
moderate, fine, angular blocky structure; firm,
slightly sticky and plastic; few iron concretions;
few gypsum crystals; mildly alkaline; slight effer-
vescence.

The A horizon is clay loam, silty clay loam, or loam 5 to
9 inches thick. The B horizon is 10 to 14 inches thick. It is
very dark brown, very dark grayish-brown, dark grayish-
brown, or olive-brown clay loam or clay. The depth to the
Cca horizon ranges from 16 to 23 inches.

Doran soils are associated with Perella and Tonka soils.
They are better drained than Perella and Tonka soils.

Doran clay loam (0 to 3 percent slopes) (Do).—This
soil is on the lake plain. It is plane and convex. It has the
profile described as representative of the series. In-
cluded in mapping are small areas of Antler and Tonka
soils and small areas where the surface layer is loam.

This soil is somewhat poorly drained. Runoff is slow.

Permeability is moderately slow in the surface layer
and subsoil and slow in the underlying material. The
hazard of erosion is slight.

This soil is well suited to farming, and most areas are
used for cultivated crops. The main concerns of man-
agement are maintaining tilth and fertility and con-
serving water. Capability unit IIc-6; Clayey range site;
windbreak suitability group 1.

Doran-Perella clay loams (0 to 3 percent slopes) (Dp).
—This mapping unit is on the lake plain. It is about
65 percent Doran clay loam, about 25 percent Perella
clay loam, and 10 percent small areas of Antler and
Tonka soils. The Doran soil is plane and slightly convex,
and the Perella soil is in shallow depressions.

The Perella soil has a profile similar to that described
as representative of the Perella series, but the surface
layer is clay loam and the underlying material, below
a depth of about 30 inches, is glacial till of clay loam
texture instead of silty clay or clay lacustrine sedi-
ments.

Doran clay loam is somewhat poorly drained and
Perella clay loam is poorly drained. Runoff is slow, and
the Perella soil is frequently ponded. The hazard of
erosion is slight.

Most areas of this mapping unit are used for crops.
The soils are well suited to farming if excess water is
removed from the Perella soil. The main concerns of
management are removing excess water and maintain-
ing tilth and fertility. Capability unit IIw-6. Doran
soil in Clayey range site and windbreak suitability
group 1, Perella soil in Wet Meadow range site and
windbreak suitability group 2.

Doran-Tonka silty clay loams (0 to 3 percent slopes)
{Ot).—This mapping unit is on the lake plain. It is about
65 percent Doran silty clay loam, about 25 percent
Tonka silty clay loam, and 10 percent small areas of
Antler soils. The Doran soil is plane and slightly con-
vex, and the Tonka soil is in shallow depressions.

The Doran soil has a profile similar to that described
as representative of the series, but the surface layer is
silty clay loam. The Tonka soil has a profile similar to
that described as representative of the Tonka series,
but the surface layer is silty clay loam and the under-
lying material is clay loam.

Doran silty clay loam is somewhat poorly drained,
and Tonka silty clay loam is poorly drained. Runoff is
slow. The Tonka soil is frequently ponded during
periods of heavy rainfall. The hazard of erosion is
slight.

Most areas are used for crops. The soils are well
suited to farming if excess water is removed from the
Tonka soil. The main concerns of management are re-
moving excess water and maintaining tilth and fertility.
Capability unit IIw-6. Doran soil in Clayey range site
and windbreak suitability group 1, Tonka soil in Wet
Meadow range site and windbreak suitability group 2.

Dovray Series

The Dovray series consists of deep, very poorly
drained, fine-textured soils in depressions and swales
in the lake plain. These soils formed in fine-textured
lacustrine sediments.
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In a representative profile the surface layer is black
silty clay about 24 inches thick. The subsoil is dark-
gray, firm clay about 20 inches thick. The underlying
material is olive-gray clay mottled with yellowish
brown.

Permeability is slow, and the available water capac-
ity is high. The organic-matter content is high, and
fertility is high. Runoff is very slow. These soils are
frequently ponded unless drained.

Dovray soils are suited to farming if excess water is
removed. Limitations for many nonfarm uses are
severe. Most areas of these soils have been drained and
are used for crops. Undrained areas are used mainly
for hay and pasture.

Representative profile of Dovray silty clay in a
cultivated field, 860 feet west and 1,000 feet south of
the northeast corner of sec. 13, T. 133 N, R. 48 W.

Ap—0 to 9 inches, black (10YR 2/1) silty clay; very dark
gray (10YR 3/1) when dry; moderate, very fine,
crumb structure; firm, very sticky and very plastic;
neutral; abrupt, smooth boundary.

A12—9 to 24 inches, black (10YR 2/1) silty clay, very dark
gray (10YR 3/1) when dry; moderate, very fine,
angular, blocky structure; firm, very sticky and
very plastic; neutral; gradual, wavy boundary.

B2g—24 to 44 inches, dark-gray (6Y 4/1) clay; gray (5Y
5/1) when dry; strong, fine, angular, blocky struc-
ture; firm, very sticky and very plastic; neutral;
slight effervescence; clear, wavy boundary.

Cg—44 to 60 inches, olive-gray (5Y 5/2) clay; light olive
gray (5Y 6/2) when dry; many, medium, distinet,
yellowish-brown (10YR 5/6) mottles; massive; firm,
very sticky and very plastic; mildly alkaline; strong
effervescence; few soft masses of lime.

The A horizon is silty clay or clay 24 to 36 inches thick.
The B horizon is dark-gray, dark grayish-brown, or olive-
gray silty clay or clay. The depth to lime ranges from 24 to
40 inches. The C horizon is gray, grayish-brown, olive-gray,
or light olive-gray silty clay or clay mottled with brown,
dark yellowish brown, or yellowish brown.

Dovray soils formed in the same kind of material as Fargo
and Grano soils. They are dark colored to a greater depth
and are more poorly drained than Fargo soils. They are dark
colored and free of lime to a greater depth than Grano soils.

Dovray silty clay (0 to 1 percent slopes) (Dv).—This
very poorly drained, fine-textured soil is in shallow to
deep depressions in the lake plain. Areas are small to
medium in size and irregular in shape. Included in
mapping are small areas of Grano soils.

Runoff is very slow and this Dovray soil is frequently
ponded in spring and during periods of heavy rainfall.
Permeability is slow.

This soil is suited to farming if excess water is re-
moved. Some areas have been drained and are used for
crops. Undrained areas are used mainly for hay and
pasture. The main concerns of management are remov-
ing excess water and maintaining tilth and fertility
in areas that are used for crops. Capability unit IIIw-
4; Wetland range site; windbreak suitability group 2.

Eckman Series

The Eckmar series consists of deep, well-drained,
undulating to hilly soils along streams that cut through
the lake plain and the Sheyenne Delta. These soils
formled in medium and coarse-textured lacustrine ma-
terial.

In a representative profile the surface layer is black
silt loam about 8 inches thick. The subsoil is friable silt
loam about 11 inches thick. The upper part is very
dark grayish brown, and the lower part is dark grayish
brown. The underlying material, to a depth of about
48 inches, is light olive-brown silt loam. Below this is
light olive-brown very fine sandy loam.

Permeability is moderate, and the available water
capacity is high. The organic-matter content is high,
and fertility is high. Runoff is medium to rapid.

The milder slopes of Eckman soils are well suited to
farming. Hilly phases are better suited to hay and
pasture than to cultivated crops. Most areas are used
for crops. A few steeper areas are used for pasture.
Limitations for many nonfarm uses are slight to
moderate.

Representative profile of Eckman silt loam from an
area of Gardena-Eckman silt loams, undulating, in a
cultivated field, 1,735 feet east and 495 feet north of
the southwest corner of sec. 32, T. 136 N, R. 51 W.

Ap—0 to 8 inches, black (10YR 2/1) silt loam; dark gray
(10YR 4/1) when dry; weak, medium, subangular
blocky structure; friable, slightly sticky and slightly
plastic; neutral; abrupt, smooth boundary.

B21—8 to 13 inches, very dark grayish-brown (10YR 3/2)
silt loam; dark grayish brown (10YR 4/2) when
dry; weak, coarse, prismatic structure; friable,
slightly sticky and slightly plastic; neutral;
gradual, wavy boundary.

B22—13 to 19 inches, dark grayish-brown (10YR 4/2) silt
loam; grayish brown (10YR 5/2) when dry; weak,
coarse, prismatic structure; friable, slightly sticky
and slightly plastic; neutral; clear, wavy boundary.

Clca—19 to 40 inches, light olive-brown (2.5Y 5/3) silt loam;
pale yellow (2.5Y 7/3) when dry; weak, medium,
subangular blocky structure; mildly alkaline; strong
effervescence; gradual, wavy boundary.

C2--40 to 48 inches, light olive-brown (2.5Y 5/4) silt loam;
pale yellow (2.5Y 7/4) when dry; weak, medium,
subangular blocky structure; friable, slightly sticky
and slightly plastic; mildly alkaline; slight effer-
vescence; clear, wavy boundary.

C3—48 to 60 inches, light olive-brown (2.5Y 5/3) very fine
sandy loam; pale yellow (2.5Y 7/3) when dry; mas-
sive; very friable; neutral; slight effervescence.

The solum ranges from 15 to 30 inches in thickness. The
A horizon is black or very dark gray silt loam or very fine
sandy loam 7 to 14 inches thick. The B horizon is very dark
grayish-brown, dark-brown, or brown silt loam or very fine
sandy loam. The Cca horizon is at a depth of 15 to 30 inches.
The C horizon is silt loam or very fine sandy loam.

Eckman soils are associated with Gardena and Zell soils.
They are dark colored to a lesser depth and are better drained
than Gardena soils. They differ from Zell soils in having a
B horizon.

Eckman-Zell silt loams, rolling (6 to 9 percent slopes)
(EeC).—This mapping unit is on slopes and breaks along
streams that cut through the Sheyenne Delta and the
lake plain. It is about 60 percent Eckman silt loam and
about 40 percent Zell silt loam. Included in mapping
are small areas that have a surface layer of fine sandy
loam. The Zell soil is on the hilltops and upper parts of
hillsides and the Eckman soil is on the lower parts of
hillsides.

These soils are well drained. Permeability is mod-
erate, and the available water capacity is high. Runoff
is rapid. The hazard of erosion is severe. These soils
are also moderately susceptible to soil blowing.

These soils are suited to farming, and most areas are
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used for cultivated crops. The main concerns of man-
agement are preventing water erosion and soil blowing,
conserving water, and maintaining fertility. Capability
unit I11e-5. Eckman soil in Silty range site and wind-
break suitability group 3, Zell soil in Thin Upland range
site and windbreak suitability group 8.

Egeland Series

The Egeland series consists of deep, well-drained,
undulating soils on convex surfaces on the Sheyenne
Delta and the lake plain. These soils formed in mod-
erately coarse textured lacustrine sediments.

In a representative profile the surface layer is black
fine sandy loam about 7 inches thick. The subsoil is very
friable fine sandy loam about 29 inches thick. The upper
part is very dark grayish brown, and the lower part is
dark yellowish brown. The underlying material is light
olive-brown fine sandy loam.

Permeability is moderately rapid, and the available
water capacity is moderate. The organic-matter content
is moderate. Fertility is medium. Runoff is slow.

Egeland soils are suited to cultivated crops. Limita-
tions for many nonfarm uses are slight to severe. Most
areas of these soils are used for cultivated crops. Some
small areas are in pasture.

Representative profile of Egeland fine sandy loam
from an area of Egeland and Maddock fine sandy loams,
undulating, in a cultivated field, 400 feet west and 1,100
feet south of the northeast corner of sec. 20, T. 129
N,R. 49 W.

Ap—0 to 7 inches, black (10YR 2/1) fine sandy loam; dark
gray (10YR 4/1) when dry; weak, medium, sub-
angular blocky structure parting to weak, fine,
granular; very friable; slightly acid; abrupt, smooth
boundary.

B2—7 to 15 inches, very dark grayish-brown (10YR 3/2) fine
sandy loam; dark grayish brown (10YR 4/2) when
dry; weak, medium, prismatic structure parting to
weak, medium, subangular blocky; very friable;
slightly acid; clear, wavy boundary.

B3—15 to 36 inches, dark yellowish-brown (10YR 4/4) fine
sandy loam; brown (10YR 5/3) when dry; weak,
coarse, prismatic structure parting to weak, me-
dium, subangular blocky; very {riable; slightly
acid; gradual, wavy boundary.

C—386 to 60 inches, light olive-brown (2.5Y 5/3) fine sandy
loam; light yellowish brown (2.5Y 6/3) when dry;
weak, coarse, subangular blocky structure parting
to single grained; very friable; mildly alkaline;
slight effervescence.

The solum ranges from 20 to 40 inches in thickness. The
A horizon is black or very dark gray and is 6 to 12 inches
thick. The B horizon is very dark grayish-brown, dark
grayish-brown, dark-brown, or dark yellowish-brown sandy
loam or fine sandy loam. The C horizon is fine sandy loam or
sandy loam to a depth of about 40 inches. Below 40 inches
%t is loamy sand, loamy fine sand, sandy loam, or fine sandy
oam.

Egeland soils are associated with Maddock soils, and they
formed in the same kind of material as Embden soils. They
are finer textured in the B horizon and upper part of the
C horizon than Maddock soils. They are better drained and
are dark colored to a lesser depth than Embden soils.

Egeland and Maddock fine sandy loams, undulating
(8 to 6 percent slopes) (EmB).—This mapping unit is on
low knolls and side slopes in the Sheyenne Delta. Some
areas are Egeland fine sandy loam, some are Maddock
fine sandy loam, and some areas contain both soils.

The Egeland soil has the profile described as repre-
sentative of the series. The Maddock soil has a profile
similar to that described as representative of the Mad-
dock series, but it has a fine sandy loam surface layer.

Both soils are well drained. Runoff is slow. The Ege-
land soil has moderately rapid permeability and mod-
erate available water capacity. The Maddock soil has
rapid permeability and low available water capacity.
Both are highly susceptible to soil blowing.

These soils are suited to farming. Most areas are used
for crops. Preventing soil blowing, conserving water,
and maintaining fertility are the main concerns of
management. Capability unit IIIe-3; Sandy range site;
windbreak suitability group 5.

Embden Series

The Embden series consists of deep, moderately well
drained, nearly level soils on the lake plain and the
Sheyenne Delta. These soils are plane and slightly con-
vex. They formed in moderately coarse textured lacus-
trine sediments.

In a representative profile the surface layer is very
dark gray fine sandy loam about 18 inches thick. The
subsoil is very dark grayish-brown very friable fine
sandy loam about 18 inches thick. The underlying ma-
terial is olive-brown fine sandy loam.

Permeability is moderately rapid, and the available
water capacity is moderate or high. The organic-matter
content is high. Fertility is high. Runoff is slow.

Embden soils are well suited to farming. Limitations
for many nonfarm uses are moderate to severe. Most
areas of Embden soils are used for cultivated crops.
Some areas are in pasture and hay.

Representative profile of Embden fine sandy loam in
an area of Embden-Tiffany fine sandy loams, in a cul-
tivated field, 112 feet west and 2,380 feet north of the
southeast corner of sec. 19, T. 134 N., R. 52 W.

Ap—0 to 8 inches, very dark gray (10YR 3/1) fine sandy
loam; dark gray (10YR 4/1) when dry; weak, me-
dium, subangular blocky structure parting to weak,
fine, granular; very friable; neutral; abrupt, smooth
boundary.

A12—8 to 18 inches, very dark gray (10YR 3/1) fine sandy
loam; dark gray (10YR 4/1) when dry; weak, me-
dium, subangular blocky structure parting to weak,
fine, granular; very friable; neutral; gradual, wavy
boundary.

B2—18 to 36 inches, very dark grayish-brown (10YR 3/2)
fine sandy loam; dark grayish brown (10YR 4/2)
when dry; weak, medium and coarse, subangular
blocky structure; very friable; neutral; gradual,
wavy boundary.

C—36 to 60 inches, olive-brown (2.5Y 4/3) fine sandy loam;
grayish brown (2.5Y 5/2) when dry; weak, medium,
subangular blocky structure parting to single
grained; very friable; neutral; slight effervescence.

The A horizon is black or very dark gray fine sandy loam,
very fine sandy loam, or loam, 10 to 20 inches thick. The B
horizon is very dark brown, very dark grayish brown, or
dark grayish brown and is 10 to 24 inches thick. The upper
part of the C horizon, to a depth of about 40 inches, is fine
sandy loam. Below a depth of 40 inches it ranges from loamy
fine sand to silty clay. In some places few to many yellowish-
brown or dark-brown mottles are in the C horizon.

Embden soils are associated with Gardena and Tiffany
soils, and they formed in the same kind of material as Ege-
land soils. They are coarser textured in the B horizon and
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Figure 11.—Corn, one of the principal crops on Embden-Tiffany fine sandy loams.

upper part of the C horizon than Gardena soils. They are
better drained and have fewer mottles at a lesser depth than
Tiffany soils. They are more poorly drained and are dark
colored to a greater depth than Egeland soils.

Embden-Tiffany fine sandy loams (0 to 3 percent
slopes) (En).—This mapping unit is on the Sheyenne
Delta. It is about 70 percent Embden fine sandy loam
and about 30 percent Tiffany fine sandy loam. Areas are
plane and slightly concave. The Tiffany soil is in slightly
depressed areas, and the Embden soil is in slightly
higher positions. Included in mapping are small areas
of Wyndmere soils.

The Embden soil in this complex has the profile
described as representative of the series. The Tiffany
soil has a profile similar to that described as representa-
tive of the Tiffany series, but the surface layer is fine
sandy loam.

The Embden soil is moderately well drained, and the
Tiffany soil is poorly drained. Runoff is slow, and
permeability is moderately rapid. These soils are highly
susceptible to soil blowing.

These soils are well suited to farming, and most areas
are used for cultivated crops (fig. 11). The main con-
cerns of management are preventing soil blowing, con-
serving water, and maintaining fertility. Capability

unit I1Te-3. Embden soil in Sandy range site and wind-
break suitability group 1, Tiffany soil in Subirrigated
range site and windbreak suitability group 2.

Embden-Tiffany loams (0 to 3 percent slopes) (Et).—
This mapping unit is on the Sheyenne Delta. It is about
70 percent Embden loam and about 30 percent Tiffany
loam. Areas are plane and slightly concave. The Tiffany
soil is in slightly depressed areas and the Embden soil
is in slightly higher positions. Included in mapping are
small areas of Wyndmere soils.

The Embden soil in this complex has a profile similar
to that described as representative of the series, but the
surface layer is loam.

The Embden soil is moderately well drained, and the
Tiffany soil is poorly drained. Runoff is slow, and
permeability is moderately rapid. These soils are mod-
erately susceptible to soil blowing.

These soils are well suited to farming, and most areas
are used for cultivated crops. The main concerns of
management are conserving moisture, preventing soil
blowing, and maintaining fertility. Capability unit
IIe-5. Embden soil in Sandy range site and windbreak
suitability group 1, Tiffany soil in Subirrigated range
site and windbreak suitability group 2.
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Enloe Series

The Enloe series consists of deep, poorly drained,
nearly level soils in shallow depressions in the lake
plain. These soils formed in fine-textured lacustrine
sediments.

In a representative profile the surface layer is black
silty clay loam about 8 inches thick. The subsurface
layer is very dark gray silty clay loam about 6 inches
thick. The subsoil is very firm clay about 26 inches
thick. The upper part is black, the middle part is very
dark gray, and the lower part is dark gray. The under-
lying material is olive-gray clay mottled with olive
brown.

Permeability is slow, and the available water capac-
ity is high. The organic-matter content is high. Fertility
is high. Runoff is slow, and these soils are frequently
ponded unless they are drained.

Enloe soils are well suited to farming if excess water
is removed. Limitations for many nonfarm uses are
severe. Most areas of these soils have been drained and
are used for crops.

The Enloe soils in this survey area are mapped only
with Fargo and Galchutt soils.

Representative profile of Enloe silty clay loam in an
area of Fargo-Enloe silty clay loams in a cultivated
field, 800 feet east and 310 feet north of the southwest
corner of sec. 17, T. 135 N., R. 48 W,

Ap—~0 to 8 inches, black (10YR 2/1) silty clay loam; dark
gray (10YR 4/1) when dry; strong, fine and very
fine, granular structure; firm, sticky and very plas-
tic; medium acid; abrupt, smooth boundary.

A2—8 to 14 inches, very dark gray (10YR 3/1) silty clay
loam; gray (10YR 5/1) when dry; dark-gray (10YR
4/1) silt coats on faces of peds; weak, coarse, pris-
matic structure parting to moderate, thin, platy;
friable, sticky and plastic; medium acid; abrupt,
wavy boundary.

B21t—14 to 18 inches, black (5Y 2/1) clay; very dark gray
5Y 3/1) when dry; moderate, very coarse, prismatic
structure parting to strong, fine and very fine,
angular blocky; very firm, very sticky and very
plastic; slightly acid; abrupt, wavy boundary.

B22tg—18 to 29 inches, very dark gray (5Y 8/1) clay; dark
gray (5Y 4/1) when dry; moderate, very coarse,
prismatic structure parting to strong, fine, angular
blocky; very firm, very sticky and very plastic;
neutral; clear, wavy boundary.

B3g—29 to 40 inches, dark-gray (5Y 4/1) clay; gray (5Y
6/1) when dry; moderate, very coarse, prismatic
structure parting to strong, fine and very fine,
angular blocky; very firm, very sticky and very
plastic; slight effervescence; mildly alkaline; grad-
ual, wavy boundary.

Cg—40 to 60 inches, olive-gray (5Y 4/2) clay; light olive
gray (5Y 6/2) when dry; few, fine, faint, olive-
brown (2.5Y 4/4) mottles; moderate, medium and
fine, angular blocky structure; firm, very sticky
and very plastic; mildly alkaline; slight effer-
vescence; few small lime concretions.

The A1l horizon is black or very dark gray and is 7 to 14
inches thick. The A2 horizon is 2 to 10 inches thick and is
mottled in places with yellowish brown. The B horizon is
black, very dark gray, very dark grayish-brown, or dark-
gray clay or silty clay, 12 to 36 inches thick. The C horizon
is clay or silty clay, but in some places, below a depth of
about 30 inches, it is glacial till of clay mixture.

Enloe soi's are associated with Fargo and Galchutt soils.
They differ from Fargo soils in having an A2 horizon. They
have more clay in the A1l and A2 horizons and are more
poorly drained than Galchutt soils.

Exline Series

The Exline series consists of deep, somewhat poorly
drained, level soils on the lake plain. These soils have a
claypan. They are plane and slightly concave. They
formed in medium textured and moderately fine tex-
tured lacustrine sediments.

In a representative profile the surface layer is black
silt loam about 3 inches thick. The subsurface layer is
dark-gray silt loam about 2 inches thick. The subsoil is
very dark grayish-brown very firm silty clay loam
about 12 inches thick. The underlying material, to a
depth of about 37 inches, is olive-gray silty clay loam
that contains a large amount of lime and salt crystals.
The next layer, about 9 inches thick, is olive-gray silt
loam mottled with yellowish brown. Below this is light
olive-brown silt loam mottled with dark yellowish
brown and yellowish brown.

Permeability is very slow in the dense claypan sub-
soil. The available water capacity is low because the
underlying material is saline. The organic-matter con-
tent is moderate, and fertility is low. Runoff is slow.

Exline soils are better suited to hay and pasture
grasses than to cultivated crops. Limitations for many
nonfarm uses are moderate to severe. Most areas of
these soils are used for hay or pasture. Some areas are
used for crops.

Representative profile of Exline silt loam in an area
of Exline and Ryan soils in a native grass pasture, 320
feet south and 1,580 feet west of the northeast corner of
sec. 34, T.134 N, R. 51 W.

Al—0 to 3 inches, black (10YR 2/1) silt loam; dark gray
(10YR 4/1) when dry; moderate, fine, granular
structure; friable, slightly sticky and slightly plas-
tic; neutral; clear, smooth boundary.

A2—3 to 5 inches, dark-gray (10YR 4/1) silt loam; gray
(10YR 6/1) when dry; weak, thin, platy structure;
very friable; neutral; abrupt, smooth boundary.

B2t—5 to 17 inches, very dark grayish-brown (10YR 3/2)
silty clay loam; dark gray (10YR 4/1) when dry;
moderate, medium, columnar structure parting to
strong, medium, angular blocky; very firm, sticky
and plastic; thin continuous clay films on all ped
faces; few fine salt and gypsum crystals in lower
part of horizon; moderately alkaline; gradual, wavy
boundary.

Cleasa—17 to 37 inches, olive-gray (5Y 5/2) silty clay loam;
light gray (5Y 7/2) when dry; few, fine, prominent,
light olive-brown (2.5Y 5/6) mottles; moderate,
fine, angular blocky structure; firm, sticky and
plastic; strongly alkaline; strong effervescence;
common medium salt erystals; clear, wavy boundary.

C2g—37 to 46 inches, olive-gray (5Y 5/2) silt loam; light
gray (5Y 7/2) when dry; many, medium, prominent,

yellowish-brown (10YR 5/6) mottles; friable,
slightly sticky and slightly plastic; moderately
alkaline; slight effervescence; gradual, wavy

boundary.

C3g—46 to 60 inches, light olive-brown (2.5Y 5/4) silt loam;
pale yellow (2.5Y 7/4) when dry; many, large,
prominent, dark yellowish-brown (10YR 4/4) and
vellowish-brown (10YR 5/6) mottles; friable,
slightly sticky and slightly plastic; moderately
alkaline; slight effervescence.

The Al and A2 horizons combined are 2 to 5 inches thick.
The A1l horizon is black or very dark gray and is 1 to 3
inches thick. The A2 horizon is very dark gray, dark gray,
or gray and is less than 1 to 3 inches thick. The B2 horizon
is black, very dark brown, very dark gray, or very dark
grayish-brown silty clay loam, silty clay, or clay. The C
horizon is silt loam or silty clay loam.
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Exline soils are similar to Ryan soils. They are better
drained and contain less clay and more silt than Ryan soils.
Exline and Ryan soils (0 to 3 percent slopes) (Ey).—
This mapping unit is on the lake plain. Some areas are
Exline silt loam, some areas are Ryan silty clay loam,
and some areas are both. These soils have a shallow
claypan subsoil. Included in mapping are small areas of
Fargo soils. The Exline soil has the profile described as
representative of the series.

Runoff is slow, and permeability is very slow. The
available water capacity is low because the salt con-
tent is high.

Some areas of these soils are used for crops, but most
areas are used for hay and pasture. The soils are better
suited to hay and pasture grasses than to cultivated
crops because their claypan subsoil restricts downward
root growth and penetration of water. If these soils
are tilled, the claypan subsoil is mixed with the surface
layer and they become very sticky when they are wet
and hard and crusted when they are dry. Good tilth is
very difficult to maintain. Capability unit VIs-TCp;
Thin Claypan range site; windbreak suitability group 9.

Fairdale Series

The Fairdale series consists of deep, moderately well
drained, nearly level to undulating so_ils on stream
bottom lands and terraces. These soils formeq in
medium textured and moderately fine textured alluvium.

In a representative profile the surfacg layer is silt
loam about 22 inches thick. The upper 5 inches is very
dark grayish brown, the next 9 inches is very dark
brown, and the lower 8 inches is very dark grayish
brown. The underlying material, to a depth of 48 inches,
is dark-brown silt loam. Below this is very dark gray-
ish-brown silt loam.

Permeability is moderate, and the available water
capacity is high. The organic-matter content is mod-
erate. Fertility is high. Runoff is slow to medium. This
soil is frequently flooded early in spring when streams
are at flood stage.

Fairdale soils are well suited to farming. Limitations
for many nonfarm uses are severe. Most areas of these
soils are in native woods. Some areas are used for
crops and some are in pasture.

Representative profile of Fairdale silt loam, chan-
neled, in a wooded area, 1,230 feet south and 2,800 feet
west of the northeast corner of sec. 4, T. 135 N,, R.
52 W,

A11—0 to b inches, very dark grayish-brown (10YR 3/2)
silt loam; grayish brown (10YR 5/2) when dry;
moderate, fine, crumb structure; friable, slightly
sticky and slightly plastic; mildly alkaline; strong
effervescence; clear, smooth boundary.

A12—5 to 14 inches, very dark brown (10YR 2/2) silt loam;
dark gray (10YR 4/1) when dry; moderate, fine and
medium, crumb structure; friable, slightly sticky
and slightly plastic; mildly alkaline; slight effer-
vescence; clear, smooth boundary.

A13—14 to 22 inches, very dark grayish-brown (10YR 3/2)
silt loam; grayish brown (10YR 5/2) when dry;
moderate, fine and medium, subangular blocky
structure; friable, slightly sticky and slightly plas-
tic; mildly alkaline; strong effervescence; gradual,
wavy boundary.

C—22 to 48 inches, dark grayish-brown (10YR 4/2) silt
loam; light brownish gray (10YR 6/2) when dry;
moderate, coarse, subangular blocky structure; fri-
able, slightly sticky and slightly plastic; mildly
alkaline; strong effervescence; clear, wavy
boundary.

A1b—48 to 60 inches, very dark grayish-brown (10YR 3/2)
silt loam; grayish brown (10YR 5/2) when dry;
weak, coarse, subangular blocky structure; friable,
slightly sticky and slightly plastic; mildly alkaline;
strong effervescence.

The A horizon is silt loam or silty clay loam. One or more
buried A horizons are within the profile. The C horizon
ranges from very fine sandy loam to silty clay loam.

Fairdale soils formed in the same kind of material as
LaDelle and LaPrairie soils, and they are closely related to
Cashel soils. They are lighter colored than LaDelle and La-
Prairie soils. They contain less clay than Cashel soils.

Fairdale silt loam (0 to 3 percent slopes) (Fa).—This
soil is on stream bottom lands and terraces. Areas are
medium in size and irregular in shape. Included in
mapping are small areas of LaPrairie soils.

This Fairdale soil is moderately well drained. Runoff
is slow, and permeability is moderate. The hazard of
erosion is slight. Flooding is frequent when streams
overflow in spring after rapid snowmelt and in sum-
mer after heavy rains.

This soil is well suited to farming. Most areas are
used for crops. Some areas remain in native woods.
The main concern of management is maintaining fer-
tility, and the main limitation is the hazard of flooding.
Capability unit Ilc-6; Overflow range site; windbreak
suitability group 1.

Fairdale silt loam, channeled (8 to 6 percent slopes)
(Fb).—This soil is on stream bottom lands and terraces
that have been moderately cut by oxbows and abandoned
channels. It has the profile described as representative
of the series. Included in mapping are small areas of
LaPrairie and LaDelle soils and small areas where the
surface layer is silty clay loam.

This Fairdale soil is well drained. Runoff is medium,
and permeability is moderate. The hazard of erosion is
moderate. Flooding is frequent when streams over-
flow in spring after rapid snowmelt and in summer
after heavy rains.

This soil is well suited to farming. Some areas are
used for crops, but many areas are in native woods. The
main concerns of management are maintaining fertility
and preventing water erosion. The main limitation is
the hazard of flooding. Capability unit Ile-6; Silty range
site; windbreak suitability group 1.

Fairdale silty clay loam (0 to 3 percent slopes) (Fd).—
This soil is on stream bottom lands and terraces. It
has a profile similar to that described as representative
of the series, but the surface layer is silty clay loam.
Included in mapping are small areas of LaDelle soils.

This Fairdale soil is moderately well drained. Runoff
is slow. Permeability is moderate. The hazard of erosion
is slight. Flooding is frequent when streams overflow
in spring after rapid snowmelt and early in summer
after heavy rains.

This soil is well suited to farming. Some areas are
used for crops, but many areas remain in native woods.
The main concern of management is maintaining fer-
tility, and the main limitation is the hazard of flooding.
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Capability unit Ilc-6; Overflow range site; windbreak
suitability group 1.

Fargo Series

The Fargo series consists of deep, poorly drained,
nearly level to gently sloping, fine-textured soils on the
lake plain. These soils are plane or slightly concave.
They formed in fine-textured lacustrine sediments.

In a representative profile the surface layer is black
silty clay about 8 inches thick. The subsoil is very dark
gray, very firm clay about 9 inches thick. The under-
lying material, to a depth of 60 inches, is olive-gray
clay mottled with light olive brown.

Permeability is slow, and the available water capacity
is high. The organic-matter content is high, and fer-
tility is high. Runoff is very slow.

Fargo soils are well suited to farming if excess water
is removed. Limitations for many nonfarm uses are
severe. Nearly all areas of these soils are used for
Crops.

Representative profile of Fargo silty clay in a cul-
tivated field, 2,600 feet south and 145 feet east of the
northwest corner of sec. 1, T. 135 N., R. 49 W.

Ap—0 to 8 inches, black (10YR 2/1) silty clay; very dark
gray (10YR 3/1) when dry; strong, fine, granular
structure; firm, very sticky and very plastic; neu-
tral; abrupt, smooth boundary.

B2g--8 to 17 inches, very dark gray (5Y 3/1) clay; dark
gray (5Y 4/1) when dry; strong, very fine, angular
blocky structure; very firm, very sticky and very
plastic; neutral; gradual, wavy boundary.

Clgea—17 to 35 inches, olive-gray (5Y 4/2) clay; gray (5Y
5/1) when dry; moderate, fine, angular blocky struc-
ture; very firm, very sticky and very plastic; mildly
alkaline; strong effervescence; few lime nodules;
clear, wavy boundary.

C2g—35 to 60 inches, olive-gray (5Y 5/2) clay; light olive
gray (5Y 6/2) when dry; many, medium, faint, light
olive-brown (2.5Y 5/4) mottles; massive; very firm,
very sticky and very plastic; mildly alkaline; strong
effervescence.

The A horizon is clay, silty clay, or silty clay loam 6 to 20
inches thick. Tongues of the A horizon extend to a depth of
86 inches in some places. The B horizon is 8 to 16 inches
thick. It is black, very dark gray, dark-gray, very dark
grayish-brown, dark grayish-brown, dark olive-gray, or
olive-gray silty clay or clay. The C horizon is ordinarily
silty clay or clay lacustrine sediments, but in some places
below a depth of 30 inches it is glacial till of clay loam or
clay texture.

Fargo soils formed in the same kind of material as the
associated Dovray, Enloe, Hegne, and Ryan soils. They are
also associated with Galchutt soils. They are dark colored to
a lesser depth than Dovray soils. They do not have the A2
horizon that is typical of Enloe and Galchutt soi's. They are
deeper over a lime zone than Hegne soils. They have a
thicker A horizon and a lower concentration of sodium salts
in the B horizon than Ryan soils.

Fargo silty clay loam (0 to 3 percent slopes) (Fe).—
This soil is on the lake plain, in broad areas that are
medium to large in size and irregular in shape. It has a
profile similar to that described as representative of the
series, but the surface layer is silty clay loam. Included
in mapping are small areas of Hegne and Enloe soils.

This Fargo soil is poorly drained. Runoff is slow, and
some areas are flooded after heavy rains or rapid
snowmelt. Permeability is slow. The hazard of erosion
is slight.

This soil is well suited to farming if excess water is
removed. Most areas are used for crops. The main con-
cerns in management are removing excess water and
maintaining tilth and the level of fertility. Capability
unit ITw-6; Clayey range site; windbreak suitability
group 1.

Fargo silty clay (0 to 3 percent slopes) (Ff).—This
soil is on the lake plain, in broad areas that are medium
to large in size and irregular in shape. It has the profile
described as representative of the series. Included in
mapping are small areas of Hegne and Enloe soils.

This Fargo soil is poorly drained. Runoff is very slow,
and some areas are flooded after heavy rains or rapid
snowmelt. Permeability is slow. The soil is difficult to
work and to keep in good tilth. If the surface is bare and
dry, soil blowing is a moderate hazard late in winter
and early in spring.

This soil is well suited to farming if excess water is
removed and good tilth is maintained. Most areas are
used for crops (fig. 12). The main concerns in manage-
ment are removing excess water, preventing soil blow-
ing, and maintaining tilth and the level of fertility.
Capability unit IIwe-4; Clayey range site; windbreak
suitability group 1.

Fargo silty clay, depressional (0 to 1 percent slopes)
(Fg).—This shallow soil is in small, irregularly shaped
areas on the lake plain. Included in mapping are small
areas of Enloe and Dovray soils.

This Fargo soil is poorly drained. Runoff is very
slow, and ponding frequently occurs after heavy rains
and rapid snowmelt. Permeability is slow. The soil is
difficult to work and to keep in good tilth. If the surface
is bare and dry, soil blowing is a moderate hazard late
in winter and early in spring.

This soil is well suited to farming if excess water is
removed and good tilth is maintained. Most areas are
used for crops. The main concerns in management are
removing excess water, preventing soil blowing, and
maintaining tilth and the level of fertility. Capability
unit IIwe-4; Clayey range site; windbreak suitability
group 1.

Fargo silty clay, gently sloping (3 to 6 percent slopes)
(FhB).—This soil is on the slopes and breaks of small
streams on the lake plain. Areas are small and irregu-
larly shaped. Included in mapping are small areas of
Nutley and Hegne soils.

Runoff is medium, and permeability is slow. The
hazard of water erosion is moderate. If the surface is
bare and dry, soil blowing is a moderate hazard late in
winter and early in spring. The soil is difficult to work
and to keep in good tilth.

This soil is well suited to farming if good tilth is
maintained. Most areas are used for crops. The main
concerns in management are preventing erosion and
maintaining tilth and the level of fertility. Capability
unit Ile-4; Clayey range site; windbreak suitability
group 1.

Fargo silty clay, till substratum (0 to 3 percent
slopes) (Fk).—This soil is on the lake plain, in broad
areas that are medium in size and irregular in shape. It
has a profile similar to that described as representative
of the series, but the substratum below a depth of about
30 inches is glacial till of clay loam or clay texture.
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Figure 12.—Soybeans, the chief row crop, on Fargo silty clay.

Included in mapping are small areas of Hegne and
Enloe soils.

This Fargo soil is poorly drained. Runoff is very slow,
and some areas are flooded after heavy rains and rapid
snowmelt. Permeability is slow. The soil is difficult to
work and to keep in good tilth. If the surface is left
bare and dry, soil blowing is a moderate hazard late in
winter and early in spring.

This soil is well suited to farming if excess water is
removed and good tilth is maintained. Most areas are
used for crops. The main concerns in management are
removing excess water, preventing soil blowing, and
maintaining tilth and the level of fertility. Capability
unit ITwe-4; Clayey range site; windbreak suitability
group 1.

Fargo-Enloe silty clay loams (0 to 1 percent slopes)
(Fm).—This mapping unit is on broad flats on the lake
plain. It is about 65 percent Fargo silty clay loam and
about 35 percent Enloe silty clay loam. The Enloe soil
is in slightly depressed areas and the Fargo soil is in
slightly higher positions. Areas are medium in size and
irregular in shape. Included in mapping are small areas
of Hegne and Ryan soils.

The Fargo soil in this mapping unit has a profile
similar to the one described as representative of the

series, but the surface layer is silty clay loam. The Enloe
soil has the profile described as representative of the
Enloe series.

These soils are poorly drained. Runoff is very slow.
The Enloe soil is frequently ponded after heavy rains or
rapid snowmelt. Permeability is slow. The hazard of
erosion is slight.

These soils are well suited to farming if excess water
is removed. Most areas are used for crops. The main
concerns in management are removing excess water
and maintaining tilth and the level of fertility. Ca-
pability unit ITw-6. Fargo soil in Clayey range site and
windbreak suitability group 1, Enloe soil in Wet
Meadow range site and windbreak suitability group 2.

Fargo-Enloe complex, till substratum (0 to 3 percent
slopes) (Fn).—This mapping unit is on broad flats on
the lake plain. It is about 70 percent Fargo silty clay,
till substratum, and about 30 percent Enloe silty clay
loam, till substratum. The Enloe soil is in shallow de-
pressions, and the Fargo soil is in slightly higher
positions. Areas are medium in size and irregular in
sh%pe. Included in mapping are small areas of Hegne
soils.

The Fargo and Enloe soils have profiles similar to
those described as representative of their respective
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series, but the material below a depth of about 30 inches
is glacial till of clay loam or clay texture.

These soils are poorly drained. Runoff is very slow.
The Enloe soil is frequently ponded after heavy rains
and rapid snowmelt. Permeability is slow. The Fargo
soil is difficult to work and to keep in good tilth. If the
surface is bare and dry, soil blowing is a moderate haz-
ard late in winter and early in spring.

These soils are well suited to farming if excess water
is removed and good tilth is maintained. Most areas are
used for crops. The main concerns in management are
removing excess water, preventing soil blowing, and
maintaining tilth and the level of fertility. Capability
unit ITwe-4. Fargo soil in Clayey range site and wind-
break suitability group 1, Enloe soil in Wet Meadow
range site and windbreak suitability group 2.

Fargo-Hegne silty clays (0 to 3 percent slopes) (Fo).—
This mapping unit is on broad flats on the lake plain.
It is about 60 percent Fargo silty clay and about 40
percent Hegne silty clay. Areas are medium or large in
size and irregular in shape. Included in mapping are
small areas of Enloe soils. The Hegne soil has the profile
described as representative of the series.

The Fargo and Hegne soils are poorly drained. Run-
off is very slow, and some areas are occasionally ponded
after heavy rains or rapid snowmelt. Permeability is
slow. The soils are difficult to work and to keep in good
tilth. If the surface is bare and dry, soil blowing is a
moderate hazard late in winter and early in spring.

These soils are well suited to farming if excess water
is removed and good tilth is maintained. Most areas are
used for crops. The main concerns in management are
removing excess water, preventing soil blowing, and
maintaining tilth and the level of fertility. Capability
unit Ilwe-4; Clayey range site; windbreak suitability
group 1.

Fargo-Hegne silty clays, till substratum (0 to 3 per-
cent slopes) (Fp).—This mapping unit is on broad flats
on the lake plain. It is about 60 percent Fargo silty clay
and about 40 percent Hegne silty clay. Areas are
medium in size and irregular in shape. Included in
mapping are small areas of Enloe soils.

Both the Fargo and Hegne soils in this complex have
a profile similar to that described as representative of
their series, but the substratum below a depth of about
30 inches is glacial till of clay loam or clay texture.

These soils are poorly drained. Runoff is very slow,
and some areas are occasionally ponded after heavy
rains or rapid snowmelt. Permeability is slow. The soils
are difficult to work and to keep in good tilth. If the
surface is bare and dry, soil blowing is a moderate
hazard late in winter and early in spring.

These soils are well suited to farming if excess water
is removed and good tilth is maintained. Most areas are
used for crops. The main concerns in management are
removing excess water, preventing soil blowing, and
maintaining tilth and the level of fertility. Capability
unit ITwe-4; Clayey range site; windbreak suitability
group 1.

Fargo-Ryan silty clay loams (0 to 1 percent slopes)
(Fr).—This mapping unit is on broad flats on the lake
plain. It is about 70 percent Fargo silty clay loam and

about 30 percent Ryan silty clay loam. Areas are
medium to large in size and uneven in shape. Included
in mapping are small areas of Enloe and Galchutt soils.

The Fargo soil has a profile similar to that described
as representative of the series, but the surface layer is
silty clay loam. The Ryan soil has the profile described
as representative of the series.

Fargo and Ryan soils are poorly drained. Permea-
bility is slow in the Fargo soil and very slow in the
Ryan soil. The Ryan soil is very shallow over a dense
claypan subsoil that restricts downward movement of
water and development of roots. Runoff is very slow,
and some areas are occasionally flooded after heavy
rains or rapid snowmelt. The Ryan soil is difficult to
work and to keep in good tilth. The claypan subsoil is
mixed with the surface layer in tillage, and it becomes
very sticky when wet and very hard and crusted as it
dries. The hazard of soil blowing is moderate.

These soils are suited to farming, and most areas are
used for crops. Crops do not grow so well on the Ryan
soil as on the Fargo soil because the Ryan soil has low
available water capacity and salts in the subsoil. The
main concerns in management are maintaining tilth and
the level of fertility, removing excess water, and pre-
venting soil blowing. Capability unit IIIs-P4. Fargo
soil in Clayey range site and windbreak suitability
group 1, Ryan soil in Thin Claypan range site and
windbreak suitability group 9.

Fargo-Ryan silty clays (0 to 1 percent slopes) (Fs).—
This mapping unit is on broad flats on the lake plain.
It is about 80 percent Fargo silty clay and about 20
percent Ryan silty clay. Areas are medium to large in
size and irregular in shape. Included in mapping are
small areas of Enloe soils.

The Fargo soil has the profile described as represen-
tative of the series. The Ryan soil has a profile similar
to that described as representative of the Ryan series,
but the surface layer is silty clay.

Fargo and Ryan soils are poorly drained. Runoff is
very slow, and some areas are occasionally flooded after
heavy rains or rapid snowmelt. Permeability is slow in
the Fargo soil and very slow in the Ryan soil. The Ryan
soil has a dense claypan subsoil that contains a large
amount of sodium salts. The claypan restricts down-
ward movement of water and development of roots.

Fargo and Ryan soils are difficult to work and to
keep in good tilth. The claypan subsoil of the Ryan soil
is mixed with the surface layer in tillage, and it be-
comes very sticky when wet and hard and crusty as it
dries. If the surface is bare and dry, soil blowing is a
moderate hazard late in winter and early in spring.

These soils are suited to farming, and most areas
are used for crops. Crop growth is not so favorable on
the Ryan soil as on the Fargo soil because the Ryan
soil has low available water capacity and high salt
content (fig. 13). The main concerns in management
are maintaining tilth and the level of fertility, removing
excess water, and preventing soil blowing. Capability
unit I1Is-P4. Fargo soil in Clayey range site and wind-
break suitability group 1, Ryan soil in Thin Claypan
range site and windbreak suitability group 9.
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Figure 13.—Uneven growth of alfalfa on Fargo-Ryan silty clays. The thin stand is in light-colored areas of Ryan soil.

Fordville Series

The Fordville series consists of moderately deep, well-
drained, nearly level to sloping soils on beach ridges and
outwash plains. These soils formed in medium-textured
alluvium underlain by coarse sand and gravel.

In a representative profile the surface layer is black
loam about 9 inches thick. The subsoil is very dark
grayish-brown friable loam about 15 inches thick. The
underlying material is dark grayish-brown coarse sand
and gravel.

Permeability is moderate in the surface layer and
subsoil and very rapid in the underlying material. The
available water capacity is low or moderate. The or-
ganic-matter content is high, and fertility is medium.
Runoff is slow.

Fordville soils are suitable for farming. Limitations
for many nonfarm uses range from slight to severe.
Most areas of these soils are used for crops.

Representative profile of Fordville loam in an area
of Fordville-Renshaw loams in a cultivated field, 825
feet east and 1,155 feet south of the northwest corner
of sec. 34, T. 130 N,, R. 50 N.

Ap—o0 to 9 inches, black (10YR 2/1) loam; very dark gray
(10YR 3/1) when dry; weak, fine, granular struc-

ture; friable; slightly sticky and slightly plastic;
neutral; abrupt, smooth boundary.

B2—9 to 24 inches, very dark grayish-brown (10YR 3/2)
loam; dark grayish brown (10YR 4/2) when dry;
moderate, medium, prismatic structure; friable,
slightly sticky and slightly plastic; neutral; clear,
wavy boundary.

IIC—24 to 60 inches, dark grayish-brown (10YR 4/2) coarse
sand and gravel; grayish brown (10YR 5/2) when
dry; single grained; loose; mildly alkaline; slight
effervescence.

The A horizon is black or very dark gray and is 6 to 10
inches thick. The B horizon is very dark brown, dark-brown,
very dark grayish-brown, or dark grayish-brown loam or
light clay loam 9 to 16 inches thick. The depth to sand and
gravel ranges from 20 to 36 inches. In some places a loam C
horizon is above the sand and gravel substratum.

Fordville soils are associated with Renshaw soils, and they
formed in the same kind of materials as Sioux and Arvilla
soils. They have a thicker solum over sand and gravel than
Renshaw and Sioux soils. They contain more clay and less
sand in the B horizon than Arvilla soils.

Fordville-Renshaw loams (0 to 6 percent slopes) (Ft).
—This mapping unit is on low, narrow beach ridges
on the lake plain and in small areas of outwash on the
till plain. It is about 80 percent Fordville loam and
about 20 percent Renshaw loam. Areas are small in
size and irregular in shape. Included in mapping are
small areas of Sioux soils.
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The Fordville and Renshaw soils in this mapping unit
have the profiles described as representative of their
respective series. The Fordville soil is underlain by
coarse sand and gravel at a depth of 20 to 36 inches,
and the Renshaw soil has a coarse sand and gravel
substratum at a depth of 10 to 20 inches.

The Fordville soil is well drained, and the Renshaw
soil is somewhat excessively drained. Available water
capacity is moderate to low in the Fordville soil and low
in the Renshaw soil. Both soils are moderately suscepti-
ble to soil blowing.

These soils are suited to farming, and most areas are
used for crops. The main concerns of management are
conserving water, preventing soil blowing, and main-
taining fertility. Capability unit IIIs-5. Fordville soil
in Silty range site and windbreak suitability group 3,
Renshaw soil in Shallow to Gravel range site and
windbreak suitability group 6.

Forman Series

The Forman series consists of deep, well-drained,
nearly level to rolling soils on the glacial till plain. These
soils formed in moderately fine textured glacial till.

In a representative profile the surface layer is black
loam about 7 inches thick. The subsoil is dark grayish-
brown firm clay loam about 8 inches thick. The under-
lying material is light olive-brown clay loam.

Permeability is moderate in the surface layer and
subsoil and moderately slow in the underlying material.
The available water capacity is high. The organic-
matter content is high, and fertility is high. Runoff is
medium.

Forman soils are well suited to farming. Limitations
for many nonfarm uses range from slight to severe.
Most areas of these soils are used for crops. Some are
used for hay and pasture.

Representative profile of Forman loam in an area of
Forman-Aastad loams, undulating, in a cultivated field,
95 feet south and 2,525 feet east of the northwest
corner of sec. 3, T. 129 N, R. 50 W.

Ap—o0 to 7 inches, black (10YR 2/1) loam; dark gray (10YR
4/1) when dry; moderate, coarse, subangular blocky
structure parting to moderate, fine, granular; fri-
able, slightly sticky and slightly plastic; neutral;
abrupt, smooth boundary.

B2t—T7 to 15 inches, dark grayish-brown (10YR 4/2) clay
loam; grayish brown (10YR 5/2) when dry; mod-
erate, medium, prismatic structure parting to
moderate, medium and fine, angular blocky; firm,
sticky and plastic; thin continuous clay films on
faces of all peds; neutral; clear, wavy boundary.

Clca—15 to 32 inches, light olive-brown (2.5Y b5/4) clay
loam; light yellowish brown (2.5Y 6/3) when dry;
weak, medium, subangular blocky structure; friable,
slightly sticky and slightly plastic; violent effer-
vescence; common soft lime masses; mildly alkaline;
gradual, wavy boundary.

C2—32 to 60 inches, light olive-brown (2.5Y 5/4) clay loam;
light yellowish brown (2.5Y 6/3) when dry; weak,
medium, subangular blocky structure; friable,
slightly sticky and slightly plastic; mildly alkaline;
strong effervescence.

The solum ranges from 12 to 26 inches in thickness. The
A horizon is black or very dark gray loam or clay loam 4 to
8 inches thick. The B horizon is very dark grayish brown,
dark grayish brown, dark brown, or brown. The depth to the

Cca horizon ranges from 12 to 26 inches. The C horizon is
loam or clay loam.

Forman soils are associated with Aastad, Buse, and Peever
soils, and they are similar to Barnes soils. They are dark
colored to a lesser depth and are better drained than Aastad
soils. They have a thicker solum than Buse soils. They con-
tain less clay in the B horizon than Peever soils. They con-
tain more clay in the B horizon than Barnes soils.

Forman-Aastad loams, undulating (3 to 6 percent
slopes) (FuB).—This mapping unit is on the glacial till
plain. It is about 60 percent Forman loam and about 40
percent Aastad loam. The Forman soil is on the crests
and upper parts of low knolls and ridges, and the Aastad
soil is on lower parts. Areas are small to large in
size and irregular in shape. Included in mapping are
small areas of poorly drained Tonka and Parnell soils
in shallow depressions. The Forman soil in this map-
ping unit has the profile described as representative of
the series.

The Forman soil is well drained, and the Aastad soil
is moderately well drained. Permeability in these soils
is moderate in the surface layer and subsoil and mod-
erately slow in the underlying material. Runoff is
medium, and the hazard of erosion is moderate.

These soils are well suited to farming, and most
areas are used for crops. The main concerns of manage-
ment are maintaining fertility, conserving water, and
preventing erosion. Capability unit ITe-6. Forman soil
in Silty range site and windbreak suitability group 3,
Aastad soil in Overflow range site and windbreak suit-
ability group 1.

Forman-Aastad loams, undulating, eroded (3 to 6 per-
cent slopes) (FuB2).—This mapping unit is on the glacial
till plain. It is about 70 percent Forman loam and about
30 percent Aastad loam. Areas are small to medium in
size and irregular in shape. Included in mapping are
small areas of poorly drained Parnell and Tonka soils in
shallow depressions.

The Forman soil in this mapping unit has a profile
similar to that described as representative of the series,
but the surface layer is several inches thinner. This soil
is on the crests and upper parts of small knolls where
most of the erosion in this mapping unit has occurred.
The Aastad soil is on the lower parts.

The Forman soil is well drained, and the Aastad soil
is moderately well drained. The surface layer and sub-
soil of these soils are moderately permeable, and the
underlying material has moderately slow permeability.
Runoff is medium, and the hazard of erosion is
moderate.

These soils are well suited to farming, and all of the
acreage is used for crops. The main concerns of manage-
ment are preventing erosion, conserving water, and
improving and maintaining fertility. Capability unit
IIe-6. Forman soil in Silty range site and windbreak
suitability group 3, Aastad soil in Overflow range site
and windbreak suitability group 1.

Forman-Buse loams, rolling (6 to 9 percent slopes)
(FvC).—This mavping unit is on low knolls and ridges
on the glacial till plain. It is about 70 percent Forman
loam and about 30 percent Buse loam. The Forman
soil is on hillsides, and the Buse soil is on hilltops. Areas
are small to medium in size and irregular in shape. In-
cluded in mapping are small areas of Aastad soils.
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Permeability is moderate in the surface layer and
subsoil and moderately slow in the underlying material.
Runoff is medium, and the hazard of erosion is severe.

These soils are suited to farming, and most areas are
used for crops. Because erosion is a hazard, the soils
are better suited to small grain and tame grasses and
legumes than to row crops. The main concerns of man-
agement are preventing erosion, conserving moisture,
and maintaining fertility. Capability unit IIIe-6. For-
man soil in Silty range site and windbreak suitability
group 3, Buse s0il in Thin Upland range site and wind-
break suitability group 8.

Forman-Buse loams, rolling, eroded (6 to 9 percent
slopes) (FvC2).—This mapping unit is on low knolls and
ridges on the glacial till plain. It is about 70 percent
Forman loam and about 30 percent Buse loam. The
Forman soil is on the hillsides, and the Buse soil is on
the eroded hilltops. Areas are small to medium in size
and irregular in shape. Included in mapping are small
areas of Aastad soils.

The Forman and Buse soils in this mapping unit have
profiles similar to those described as representative of
their respective series, but the surface layer is several
inches thinner. If plowed, the dark grayish-brown sub-
soil of the Forman soil and the light-colored, calcareous
underlying material of the Buse soil are exposed in
many places.

Permeability is moderate in the surface layer and
subsoil and moderately slow in the underlying material.
Runoff is medium, and the hazard of erosion is severe.

These soils are suited to farming, and all areas are
used for crops. Because of the hazard of erosion, the
soils are better suited to small grain and tame grasses
and legumes than to row crops. The main concerns of
management are preventing further erosion, conserving
water, and improving and maintaining fertility. Capa-
bility unit IIIe-6. Forman soil in Silty range site and
windbreak suitability group 3, Buse soil in Thin Upland
range site and windbreak suitability group 8.

Forman-Peever clay loams, undulating (3 to 6 percent
slopes) (FwB).—This mapping unit of well-drained soils
is on the glacial till plain. It is about 50 percent Forman
clay loam and about 35 percent Peever clay loam. Areas
are small to medium in size and irregular in shape. In-
cluded in mapping are small areas of moderately well
drained Aastad soils and poorly drained Tonka and
Parnell soils.

The Forman soil in this mapping unit has a profile
similar to that described as representative of the series,
but the surface layer is clay loam. The Peever soil has
the profile described as representative of the series.

Runoff is medium on these soils, and the hazard of
erosion is moderate. Permeability of the Forman soil is
moderate in the surface layer and subsoil and mod-
erately slow in the underlying material. Permeability
of the Peever soil is slow in the subsoil and moderately
slow in the underlying material.

These soils are well suited to farming, and most areas
are used for crops. The main concerns of management
are maintaining fertility, conserving water, and pre-
venting erosion. Capability unit Ile-6. Forman soil in
Silty range site and windbreak suitability group 3,

Peever soil in Clayey range site and windbreak suit-
ability group 4.

Fossum Series

The Fossum series consists of deep, poorly drained,
level soils on flats and in slight depressions in the
Sheyenne Delta and the lake plain. These soils formed
in coarse-textured lacustrine sediments.

In a representative profile the surface layer is loam
about 12 inches thick. The upper part is black, and the
lower part is very dark gray. The underlying material,
to a depth of 60 inches, is fine sand. The upper part is
grayish brown and the lower part is olive gray mottled
with light olive brown and dark yellowish brown.

Permeability is rapid, and the available water capac-
ity is low or moderate. The organic-matter content is
high, and fertility is medium. Runoff is very slow. The
water table is near the surface in spring and during
periods of heavy rainfall.

Fossum soils are suited to farming if excess water
is removed. They are well suited to hay and pasture.
Limitations for many nonfarm uses are severe. Most
areas of these soils are used for hay and pasture. Some
areas are used for crops.

Representative profile of Fossum loam in an area of
Arveson and Fossum loams in a native pasture, 300 feet
north and 1,060 feet west of the southeast corner of sec.
4, T.134 N,, R. 53 W.

A11—0 to 7 inches, black (10YR 2/1) loam; very dark gray
(10YR 3/1) when dry; moderate, medium, granular
structure; very friable; mildly alkaline; strong
effervescence; clear, smooth boundary.

Al12ca—7 to 12 inches, very dark gray (10YR 3/1) loam;
dark gray (10YR 4/1) when dry; weak, medium and
fine, granular structure; very friable; mildly alka-
line; strong effervescence; abrupt, smooth boundary.

Clg—12 to 24 inches, grayish- brown (2.5Y 5/2) fine sand;
light brownish gray (2.5Y 6/2) when dry; smgle
grained; loose; mildly alkaline; slight effervescence;

gradual, wavy boundary.

C2g—24 to 46 mches, olive-gray (5Y 5/2) fine sandy; light
olive gray (5Y 6/2) when dry; common, medium,
distinct, light olive-brown (2.5Y 5/6) mottles;
single grained, loose; mildly alkaline; slight effer-
vescence; gradual, wavy boundary.

C3g—46 to 60 inches, olive-gray (5Y 5/2) fine sand; light
olive gray (5Y 6/2) when dry; many, coarse, promi-
nent, dark yellowish-brown (10YR 4/4) mottles;
single grained; loose; mildly alkaline; slight effer-
vescence.

The A horizon is loam or fine sandy loam 10 to 16 inches
thick. There is a slight accumulation of lime in the lower
part of the A horizon or in the upper part of the C horizon.
The C horizon is loamy fine sand or fine sand.

Fossum soils are associated with Arveson soils, and they
formed in the same kind of material as Ulen soils. They
contain less lime than Arveson soils. They are more poorly
drained than Ulen soils.

Fossum fine sandy loam (0 to 1 percent slopes) (Fx).—
This soil is in shallow depressions and on broad flats on
the Sheyenne Delta. It has a profile similar to that
described as representative of the series, but the sur-
face layer is fine sandy loam. Areas are small to medium
in size and are irregular in shape. Included in mapping
are small areas of Hamar, Ulen, and Arveson soils.

This soil is poorly drained. The water table is at or
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near the surface in spring and during periods of heavy
rainfall. Permeability is rapid. If this soil is cultivated
and the surface layer is left bare and dry, the hazard
of soil blowing is severe.

This soil is well suited to pasture and hay. It is suited
to crops if excess water is removed. The main concerns
of management are removing excess water, preventing
soil blowing, and maintaining fertility. Capability unit
IIwe-3; Wet Meadow range site; windbreak suita-
bility group 2.

Galchutt Series

The Galchutt series consists of deep, somewhat poorly
drained, nearly level soils on the lake plain. These soils
are plane and slightly concave. They formed in medium-
textured lacustrine sediments and the underlying fine-
textured lacustrine sediments.

In a representative profile the surface layer is black
silt loam about 16 inches thick. The subsurface layer is
very dark grayish-brown and olive-brown silt loam
about 9 inches thick. The subsoil is firm clay about 12
inches thick. The upper part is olive brown, and the
lower part is dark grayish brown. The underlying
material is gray and olive-brown clay mottled with light
yellowish brown.

Permeability is moderate in the surface layer and
subsurface layer and slow in the subsoil and underly-
ing material. The available water capacity is high. The
organic-matter content is high, and fertility is high.
Runoff is very slow.

Galchutt soils are well suited to farming if excess
water is removed. Limitations for many nonfarm uses
range from slight to severe. Most areas of these soils
are used for crops.

Representative profile of Galchutt silt loam in an
area of Galchutt-Enloe-Fargo complex in a cultivated
field, 175 feet west and 1,875 feet south of the north-
east corner of sec. 13, T. 132 N,, R. 49 W.

Ap—0 to 8 inches, black (10YR 2/1) silt loam; dark gray
(10YR 4/1) when dry; weak, coarse and medium,
subangular blocky structure; very friable, slightly
sticky and slightly plastic; slightly acid; abrupt,
smooth boundary.

A12—8 to 16 inches, black (10YR 2/1) silt loam; dark gray
(10YR 4/1) when dry; weak, coarse, prismatic
structure parting to weak, thin, platy; very friable,
slightly sticky and slightly plastic; neutral; clear,
wavy boundary.

A2—16 to 25 inches, very dark grayish-brown (2.5Y 3/2)
and olive-brown (2.5Y 4/3) silt loam; grayish brown
(2.5Y 5/2) and light yellowish brown (2.5Y 6/3)
when dry; few, fine, faint, dark-brown (10YR 4/3)
mottles; weak, very coarse, prismatic structure
parting to weak, thin, platy; very friable, slightly
sticky and slightly plastic; neutral; abrupt, wavy
boundary.

ITB21t—25 to 32 inches, olive-brown (2.5Y 4/8) clay; light
yellowish brown (2.5Y 6/8) when dry; few, fine,
gray (5Y 5/1) mottles; weak, coarse, prismatic
structure parting to strong, fine, angular blocky;
firm, sticky and plastie; neutral; gradual, wavy
boundary.

IIB22t—32 to 37 inches, dark grayish-brown (2.5Y 4/2)
clay; light brownish gray (25Y 6/2) when dry;
common, medium, distinct, dark-gray (5Y 4/1) and
common, fine, faint, olive-brown (2.5Y 4/4) mot-
tles; weak, coarse, prismatic structure parting to
strong, fine, angular blocky; firm, sticky and plas-

tic; mildly alkaline; slight effervescence; gradual,
wavy boundary.

IIC—3T7 to 60 inches, multicolored gray (5Y 5/1) and olive-
brown (2.5Y 4/3) clay; gray (5Y 6/1) when dry;
common, medium and fine, distinct, light yellowish-
brown (2.5Y 6/4) mottles; massive; firm, sticky
and plastic; few lime spots; mildly alkaline; slight
effervescence.

The A1l horizon is silt loam or silty clay loam 10 to 20
inches thick. The A2 horizon is very fine sandy loam, silt
loam, or silty clay loam 4 to 14 inches thick. It is very dark
gray, dark gray, very dark grayish brown, dark grayish
brown, or olive brown. The IIB horizon is dark grayish-
brown, grayish-brown, olive-brown, light olive-brown, olive-
gray, or olive silty clay or clay. The depth to the IIB horizon
ranges from 16 to 84 inches. The IIC horizon is silty clay
or clay.

Galchutt soils are associated with Aberdeen, Enloe, Fargo,
and Overly soils. They have thicker A1 and A2 horizons than
Aberdeen soils, and they contain less sodium and magnesium
salts in the B horizon. They are better drained than Enloe
soils and have less clay in the Al and A2 horizons. They
differ from Fargo and Overly soils in having an A2 horizon.
They are better drained than Fargo soils and more poorly
drained than Overly soils.

Galchutt silt loam (0 to 1 percent sloves) (Ga).—This
soil is on the lake plain on broad flats that are small to
medium in size and irregular in shape. Included in map-
ping are small areas of Enloe soils.

This Galchutt soil is somewhat poorly drained. The
water table is within 1 to 3 feet of the surface in spring
and during periods of heavy rainfall. Permeability is
moderate in the surface layer and subsurface layer aqd
slow in the subsoil and underlying material. Runoff is
very slow, and the hazard of erosion is slight.

This soil is well suited to farming, and most areas are
used for crops. The main concerns of management are
removing excess water and maintaining fertility. Cap'a-
bility unit IIw-6; Silty range site; windbreak suit-
ability group 1.

Galchutt-Enloe-Fargo complex (0 to 1 percent slopes)
(Ge).—This mapping unit is on the lake plain in broa:d
flats that are medium to large in size ar}d irregular in
shape. It is about 50 percent Galchutt silt loam, about
30 percent Enloe silty clay loam, and about 20 percent
Fargo silty clay loam.

The Galchutt soil in this mapping unit has the profile
described as representative of the series. The Fargo
soil has a profile similar to that described as representa-
tive of the series, but the surface layer is silty clay
loam.

The Galchutt soil is somewhat poorly drained, and the
Fargo and Enloe soils are poorly drained. Runoff is very
slow, and in some areas these soils are ponded early in
spring and during periods of heavy rainfall. Permea-
bility in the Galchutt soil is moderate in the surface
layer and subsurface layer and slow in the subsoil and
underlying material. The Enloe and Fargo soils have
slow permeability. The hazard of erosion is slight.

These soils are well suited to farming if excess water
is removed. Most areas are used for crops. The main
concerns of management are removing excess water and
maintaining fertility. Capability unit IIw-6. Galchutt
soil in Silty range site and windbreak suitability group
1, Enloe soil in Wet Meadow range site and windbreak
suitability group 2, Fargo soil in Clayey range site and
windbreak suitability group 1.
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Figure 14.—Profile of Gardena silt loam.

Galchutt-Overly silt loams (0 to 3 percent slopes)
(Gd).—This mapping unit is in broad flats on the lake
plain. It is about 70 percent Galchutt silt loam and
about 30 percent Overly silt loam. Areas are small to
large in size and irregular in shape.

The Overly soil has a profile similar to that described
as representative of the series, but the surface layer
and subsoil are silt loam, and the underlying material,
which is below a depth of about 30 to 40 inches, is silty
clay or clay.

The Galchutt soil is somewhat poorly drained, and the
Overly soil is moderately well drained. Some areas of
these soils have a high water table in spring and during
periods of heavy rainfall, but it does not interfere with
tillage. Permeability is moderate in the silty upper part
of these soils and slow in the clay subsoil and substra-
tum. Runoff is slow, and the hazard of erosion is slight.

These soils are well suited to farming, and most areas
are used for crops. The main concerns of management
are maintaining fertility and conserving water. Ca-
pability unit IIc-6; Silty range site; windbreak suita-
bility group 1.

Gardena Series

The Gardena series consists of deep, moderately well
drained, nearly level to undulating soils on the lake
plain. These soils formed in medium-textured lacustrine
sediments.

In a representative profile (fig. 14) the surface layer
is black silt loam about 12 inches thick. The subsoil is
very dark grayish-brown friable silt loam about 6 inches
thick. The underlying material, to a depth of 60 inches,
is light olive-brown silt loam mottled in the lower part
with yellowish brown.

Permeability is moderate, and the available water
capacity is high. The organic-matter content is high.
Fertility is high.

Gardena soils are well suited to farming. Limitations
for many nonfarm uses range from slight to severe.
Most areas of these soils are used for crops.

Representative profile of Gardena silt loam in a cul-
tivated field, 150 feet south and 90 feet east of the
northwest corner of sec. 20, T. 132 N, R. 51 W.

Ap—0 to 7 inches, black (10YR 2/1) silt loam; dark gray
(10YR 4/1) when dry; weak, medium, crumb struc-
ture; very friable, slightly sticky and slightly plas-
tic; neutral; abrupt, smooth boundary.

A12—7 to 12 inches, black (10YR 2/1) silt loam; dark gray
(10YR 4/1) when dry; weak, coarse, subangular
blocky structure parting to weak, medium, crumb;
very friable, slightly sticky and slightly plastic;
neutral; clear, wavy boundary.

B2—12 to 18 inches, very dark grayish-brown (10YR 3/2)
silt loam; grayish brown (10YR 5/2) when dry;
moderate, medium, prismatic structure parting to
moderate, fine, subangular blocky; friable, slightly
sticky and slightly plastic; neutral; clear, wavy
boundary.

Clea—18 to 32 inches, light olive-brown (2.5Y 5/8) silt loam;
pale yellow (25Y 7/3) when dry; weak, medium,
subangular blocky structure; very friable, slightly
sticky and slightly plastic; mildly alkaline; violent
effervescence; gradual, wavy boundary.

C2—32 to 42 inches, light olive-brown (2.5Y 5/4) silt loam;
pale yellow (2.,5Y 7/4) when dry; weak, medium,
subangular blocky structure; friable, slightly sticky
and slightly plastic; mildly alkaline; strong effer-
vescence; gradual, wavy boundary.

C3—42 to 60 inches, light olive-brown (2.5Y 5/4) silt loam;
pale yellow (2.5Y 7/4) when dry; common, medium,
distinct, yellowish-brown (10YR 5/6) mottles;
weak, medium, subangular blocky structure; friable,
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slightly sticky and slightly plastic; mildly alka-
line; strong effervescence.

The solum ranges from 16 to 30 inches in thickness. The A
horizon is very dark gray or black loam, very fine sandy
loam, or silt loam 8 to 14 inches thick. The B horizon is very
dark grayish brown, dark grayish brown, very dark brown,
or dark brown. The C horizon is silt loam, loam, or very fine
sandy loam. In some places the lower part of the C horizon,
below a depth of 40 inches, is silty clay or fine sandy loam.

Gardena soils are associated with Eckman, Embden, and
Svea soils. They are dark colored to a greater depth and are
not so well drained as Eckman soils. They are finer textured
than Embden soils. They contain less clay and fewer coarse
fragments than Svea soils.

Gardena silt loam (0 to 3 percent slopes) (Ge).—This
soil is on the lake plain in broad flats that are small to
large in size and irregular in shape. Included in mapping
are small areas of Glyndon and Tiffany soils and areas
where the surface layer is very fine sandy loam. This
Gardena soil has the profile described as representative
of the series.

This soil is moderately well drained. Permeability is
moderate. Runoff is slow. The hazard of soil blowing is
moderate.

This soil is well suited to farming, and most areas
are used for crops. The main concerns of management
are conserving water, preventing soil blowing, and
maintaining fertility. Capability unit Ile-5; Silty range
site; windbreak suitability group 1.

Gardena-Eckman silt loams, undulating (3 to 6 per-
cent slopes) (GfB).—This mavping unit is on low knolls
and side slopes on the lake plain. It is about 65 percent
Gardena silt loam and about 35 percent Eckman silt
loam. The Gardena soil is on the lower slopes, and the
Eckman soil is on the hilltops and upper slopes. Areas
are small to medium in size and irregular in shape.

The Gardena soil in this mapping unit has a profile
similar to that described as representative of the series,
but in some places the surface layer is several inches
thinner. The Eckman soil has the profile described as
representative of the Eckman series.

Permeability is moderate in both soils. Runoff is
medium, and the hazards of soil blowing and erosion
are moderate.

These soils are well suited to farming, and most areas
are used for crops. The main concerns of management
are conserving moisture, preventing erosion, and main-
taining fertility. Capability unit Ile-5; Silty range site;
Gardena soil in windbreak suitability group 1, Eckman
soil in windbreak suitability group 3.

Gardena and Embden loams (0 to 3 percent slopes)
(Gh).—This mapping unit is on the lake plain and the
Sheyenne Delta. Some areas of this unit are Gardena
loam, some are Embden loam, and some areas are both.
Areas are small to medium in size and irregular in
shape.

The Gardena soil in this mapping unit has a profile
similar to that described as representative of the series,
but the surface layer is loam and the underlying ma-
terial, below a depth of 30 to 40 inches, is fine sandy
loam. The Embden soil has a profile similar to that
described as representative of the series, but the surface
layer is loam.

These soils are moderately well drained. Runoff is
slow. Permeability is moderate in the Gardena soil and

moderately rapid in the Embden soil. The hazard of
soil blowing is moderate.

These soils are well suited to farming, and most areas
are used for crops. The main concerns of management
are conserving water, preventing soil blowing, and
maintaining fertility. Capability unit Ile-5. Gardena
soil in Silty range site and windbreak suitability group
1, Embden soil in Sandy range site and windbreak
suitability group 1.

Gilby Series

The Gilby series consists of deep, somewhat poorly
drained, nearly level soils on the lake plain. These soils
have a zone of lime accumulation within 16 inches of the
surface. They formed in medium-textured lacustrine
sediments and the underlying moderately fine textured
glacial till.

In a representative profile the surface layer is black
silt loam about 8 inches thick. The underlying material,
to a depth of about 26 inches, is very fine sandy loam.
The upper part is dark grayish brown and strongly
calcareous. The lower part is light olive brown. Below
this is olive-gray clay loam mottled with yellowish
brown.

Permeability is moderate in the upper part of the
profile and moderately slow in the clay loam till sub-
stratum. The available water capacity is high. The
organic-matter content is high, and fertility is high.
Runoff is very slow.

Gilby soils are well suited to farming. Limitations for
many nonfarm uses range from slight to severe. Most
areas of these soils are used for crops.

Representative profile of Gilby silt loam in a cul-
tivated field, 1,320 feet south and 180 feet east of the
northwest corner of sec. 21, T. 130 N., R. 48 W,

Ap—0 to 8 inches, black (10YR 2/1) silt loam; very dark
gray (10YR 3/1) when dry; weak, coarse, sub-
angular blocky structure parting to moderate, fine,
granular; friable, slightly sticky and slightly plas-
tie; neutral; slight effervescence; abrupt, smooth
boundary.

Clca—8 to 17 inches, dark grayish-brown (2.5Y 4/2) very
fine sandy loam; grayish brown (2.5Y 5/2) when
dry; weak, coarse, subangular blocky structure;
very friable; mildly alkaline; violent effervescence;
clear, wavy boundary.

C2—17 to 26 inches, light olive-brown (2.5Y 5/3) very fine
sandy loam; light yellowish brown (2.5Y 6/8) when
dry; few, fine, distinct, very dark brown (10YR
2/2) mottles; weak, coarse, subangular blocky struc-
ture; very friable; neutral; slight effervescence;
clear, wavy boundary.

IIC3g—26 to 60 inches, olive-gray (5Y 5/2) clay loam; light
gray (5Y 7/2) when dry; many, coarse, prominent,
yellowish-brown (10YR 5/6) mottles; massive; firm,
sticky and plastic; mildly alkaline; strong ef-
fervescence; common lime masses and few gypsum
crystals.

The A horizon is loam or silt loam 7 to 15 inches thick.
The C horizon is loam, silt loam, or very fine sandy loam.
Depth to the IIC horizon ranges from 20 to 36 inches.

Gilby soils are associated with Hamerly soils, and they are
closely related to Antler soils. They differ from Hamerly
soils in having mottles within 20 inches of the surface. They
coyitain less clay in the upper part of the profile than Antler
soils.

Gilby silt loam (0 to 3 percent slopes) (Gk).—This soil
is on the lake plain in broad flats that are medium to
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large in size and irregular in shape. Included in map-
ping are small areas of Tiffany soils. This Gilby soil has
the profile described as representative of the series.

This soil is somewhat poorly drained. Runoff is slow.
Permeability is moderate in the upper part of the pro-
file and moderately slow in the clay loam underlying
material. The water table is near the surface early in
spring and during periods of heavy rainfall, but it
seldom interferes with tillage. The hazard of soil blow-
ing is moderate.

This soil is well suited to farming, and nearly all
areas are used for crops. The main concerns of man-
agement are preventing soil blowing and maintaining
fertility. Capability unit Ile-4L; Silty range site; wind-
break suitability group 1.

Gilby silt loam, moderately saline (0 to 3 percent
slopes) (Gm).—This soil is on the lake plain in inter-
beach areas that are small in size and irregular in
shape. This soil has a profile similar to that described
as representative of the series, but the surface layer
contains a moderate amount of salts.

This soil is somewhat poorly drained. Runoff is slow.
Permeability is moderate in the upper part of the pro-
file and moderately slow in the clay loam underlying
material. The water table is near the surface early in
spring and during periods of heavy rainfall, but it
seldom interferes with tillage. The hazard of soil blow-
ing is moderate.

This soil is suitable for farming, and nearly all the
acreage is used for crops. Because of the salt content,
crops do not grow so well on this soil as on Gilby silt
loam. The main concerns of management are reducing
salinity, preventing erosion, and improving and main-
taining fertility. Capability unit ITIs-4L; Subirrigated
range site; windbreak suitability group 10.

Gilby and Hamerly loams (0 to 3 percent slopes) (Gn).
—This mapping unit is on the lake plain where a thin
mantle of lacustrine sediments overlie glacial till. Some
areas are Gilby loam, some are Hamerly loam, and some
areas are both. Areas are small in size and irregular in
shape. The Gilby soil has a profile similar to that de-
seribed as representative of the series, but the surface
layer is loam.

Gilby and Hamerly soils are somewhat poorly
drained. Permeability is moderate in the upper part of
the profile and moderately slow in the underlying ma-
terial. Runoff is slow. The water table is near the sur-
face in spring and during periods of heavy rainfall, but
it does not interfere with tillage. The hazard of soil
blowing is moderate.

These soils are suited to farming, and most areas are
used for crops. The main concerns of management are
maintaining fertility, conserving water, and preventing
soil blowing. Capability unit Ile-4L; Silty range site;
windbreak suitability group 1.

Glyndon Series

The Glyndon series consists of deep, somewhat poorly
drained, nearly level soils on the lake plain and the
Sheyenne Delta. These soils are plane and slightly
convex. They have a zone of lime accumulation within
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Figure 15.—Profile of Glyndon silt loam showing dark-colored
surface layer and light-gray lime zone.

16 inches of the surface. They formed in medium-
textured lacustrine sediments.

In a representative profile (fig. 15) the surface layer
is silt loam about 15 inches thick. The upper part is
black, and the lower part is very dark gray. The under-
lying material, to a depth of about 22 inches, is grayish-
brown silt loam that contains a large amount of lime.
The next layer is light olive-brown silt loam about 20
inches thick. Below this is light olive-brown very fine
sandy loam mottled with yellowish brown and dark
yellowish brown.

Permeability is moderate, and the available water
capacity is high. The organic-matter content is high,
and fertility is high. Runoff is slow. In some areas
Glyndon soils are underlain by clay or silty clay below
a depth of 36 inches. Permeability in these soils is
moderate in the upper part of the profile and slow in the
clayey substratum.

Glyndon soils are suited to farming. Limitations for
many nonfarm uses are moderate to severe. Most areas
are used for crops.
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Representative profile of Glyndon silt loam in a
cultivated field, 925 feet west and 2,500 feet north of
the southeast corner of sec. 11, T. 132 N, R. 51 W.

Ap—o0 to 8 inches, black (10YR 2/1) silt loam; dark gray

(10YR 4/1) when dry; weak, fine, subangular
blocky structure; friable, slightly sticky and
slightly plastic; neutral; slight effervescence;

abrupt, smooth boundary.

Al2ca—8 to 15 inches, very dark gray (10YR 3/1) silt
loam; gray (10YR 5/1) when dry; weak, fine, sub-
angular blocky structure; friable, slightly sticky
and slightly plastic; mildly alkaline; violent effer-
vescence; clear, smooth boundary.

Clca—15 to 22 inches, grayish-brown (2.5Y 5/2) silt loam;
light gray (2.5Y 7/2) when dry; weak, fine, sub-
angular blocky structure; friable, slightly sticky
and slightly plastic; moderately alkaline; violent
effervescence; clear, irregular boundary.

C2—22 to 42 inches, hght olive-brown (2.5Y 5/4) silt loam;
light yellow15h brown (2.5Y 6/4) when dry; weak,
medium, subangular blocky structure; very friable;
mildly alka]me; strong effervescence; gradua],
wavy boundary.

C3—42 to 60 inches, light olive-brown (2.5Y 5/4) very fine
sandy loam; light yellowish brown (2.5Y 6/4) when
dry; common, medium, prominent yellowish-brown
(10YR 5/8) and dark yellowish-brown (10YR 4/4)
mottles; very friable; mildly alkaline; slight effer-
vescence.

The A horizon is silt loam, very ﬁne sandy loam, or loam
7 to 15 inches thick. The C horizon is very fine sand, loamy
very fine sand, very fine sandy loam, or silt loam. In some
places there is a IIC horizon below a depth of about 36 inches
that ranges from fine sand to clay.

Glyndon soils are associated with Bearden, Tiffany, and
Wyndmere soils, and they formed in the same kind of ma-
terial as Borup soils. They contain less clay than Bearden
soils. They differ from Tiffany soils in having a Ceca horizon.
They are better drained and have fewer mottles in the upper
part of the C horizon than Borup soils. They contain less
fine and coarse sand than Wyndmere soils.

Glyndon silt loam (0 to 3 percent slopes) (Go).—This
soil is on the lake plain and the Sheyenne Delta in
broad flats that are small to large in size and irregular
in shape. Included in mapping are small areas of Gar-
dena and Tiffany soils. This Glyndon soil has the profile
described as representative of the series.

This soil is somewhat poorly drained. Runoff is slow.
Permeability is moderate. The water table is near the
surface in spring and during periods of heavy rainfall,
but it does not interfere with tillage. The hazard of soil
blowing is moderate.

This soil is well suited to farming, and most areas
are used for crops. The main concerns of management
are maintaining fertility, conserving water, and pre-
venting soil blowing. Capability unit Ile-4L; Silty
range site; windbreak suitability group 1.

Glyndon and Wyndmere loams (0 to 3 percent slopes)
(Gu).—This mapping unit is on the lake plain and the
Sheyenne Delta in broad flats that are small to medium
in size and irregular in shape. Some areas are Glyndon
loam, some are Wyndmere loam, and some are both.

The Glyndon soil in this mapping unit has a profile
similar to that described as representative of the series,
but the underlying material below a depth of about 30
inches is fine sandy loam, loamy fine sand, or fine sand.
The Wyndmere soil has a profile similar to that de-
scribed as representative of the series, but the surface
layer is loam.

These soils are somewhat poorly drained. Runoff is
slow. Permeability is moderate in the Glyndon soil and
moderately rapid in the Wyndmere soil. The hazard of
soil blowing is moderate.

These soils are well suited to farming, and most areas
are used for crops. The main concerns of management
are preventing soil blowing, conserving water, and
maintaining fertility. Capability unit ITe-4L. Glyndon
soil in Silty range site and windbreak suitability group
1, Wyndmere soil in Sandy range site and windbreak
suitability group 1.

Glyndon-Tiffany very fine sandy loams (0 to 3 percent
slopes) {Gr).—This mapping unit is on the Sheyenne
Delta in broad flats that are small to large in size and
irregular in shape. It is about 65 percent Glyndon very
fine sandy loam, about 20 percent Tiffany very fine
sandy loam, and 15 percent small areas of Arveson,
Borup, and Wyndmere soils.

The Glyndon and Tiffany soils have profiles similar
to those described as representative of their respective
series, but the surface layer is very fine sandy loam.

The Glyndon soil is somewhat poorly drained, and the
Tiffany soil is poorly drained. Permeability is moderate
in the Glyndon soil and moderately rapid in the Tiffany
soil. Runoff is slow. The water table is near the surface
in spring and during periods of heavy rainfall. The
hazard of soil blowing is moderate.

These soils are suited to farming, and most areas are
used for crops. The main concerns of management are
maintaining fertility, preventing soil blowing, and
removing excess water from some areas of the Tiffany
soil. Capability unit ITe-4L. Glyndon soil in Silty range
site and windbreak suitability group 1, Tiffany soil in
Subirrigated range site and windbreak suitability
group 2.

Glyndon-Tiffany loams, moderately deep over clay
(Gt).—This mapping unit is on the lake plain and the
Sheyenne Delta in broad flats that are small to large in
size and irregular in shape. It is about 60 percent Glyn-
don loam, moderately deep over clay, and about 30
percent Tiffany loam, moderately deep over clay. In-
cluded in mapping are small areas of Galchutt soils.

The Glyndon soil in this mapping unit has a profile
similar to that described as representative of the series,
but the surface layer is loam and the underlying ma-
terial below a depth of about 36 inches is silty clay or
clay. The Tiffany soil has a profile similar to that de-
scribed as representative of its series, but the underly-
ing material below a depth of about 24 to 36 inches is
silty clay or clay.

The Glyndon soil is somewhat poorly drained, and the
Tiffany soil is poorly drained. Permeability is moderate
in the upper part of the Glyndon soil and slow in the
clay substratum. It is moderately rapid in the upper
part of the Tiffany soil and slow in the clay substratum.
Runoff is slow. The water table is near the surface in
spring and during periods of heavy rainfall. Some areas
of Tiffany soils are occasionally ponded. Soil blowing
is a moderate hazard.

These soils are suited to farming, and most areas are
used for crops. The main concerns of management are
preventing soil blowing, maintaining fertility, and re-
moving excess water on Tiffany soil. Capability unit
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IIe-4L. Glyndon soil in Silty range site and windbreak
suitability group 1, Tiffany soil in Subirrigated range
site and windbreak suitability group 2.

Grano Series

The Grano series consists of deep, very poorly
drained, level, calcareous, fine-textured soils in shallow
and deep depressions on the lake plain. These soils
formed in fine-textured lacustrine sediments.

In a representative profile the surface layer is clay
about 16 inches thick. The upper part is black, and the
lower part is very dark gray. The underlying material,
to a depth of 26 inches, is dark-gray clay that contains
a large amount of lime. Below this is olive-gray clay
mottled with olive brown and yellowish brown.

Permeability is slow, and the available water capacity
is high. The organic-matter content is high, and fertility
is high. Runoff is very slow. The water table is at the
surface or within a depth of 3 feet. The soils are
frequently ponded.

Grano soils are suited to cultivated crops if excess
water is removed. Undrained, they are better suited to
hay or pasture than to most other uses. Limitations for
many nonfarm uses are severe.

Representative profile of Grano clay in a cultivated
field, 160 feet south and 800 feet east of the northwest
corner of sec. 8, T. 129 N, R. 52 W.

Ap—0 to 7 inches, black (10YR 2/1) clay; very dark gray
(10YR 3/1) when dry; moderate, medium, sub-
angular blocky structure; firm, very sticky and
very plastic; neutral; slight effervescence; abrupt,
smooth boundary.

A12—7 to 16 inches, very dark gray (10YR 3/1) clay; dark
gray (10YR 4/1) when dry; strong, fine, angular
blocky structure; firm, very sticky and very plastic;
mildly alkaline; strong effervescence; clear, wavy
boundary.

Clcag—16 to 26 inches, dark-gray (5Y 4/1) clay; gray (5Y
5/1) when dry; strong, medium and fine, angular
blocky structure; firm, very sticky and very plastic;
mildly alkaline; violent effervescence; gradual,
wavy boundary.

C2g—26 to 42 inches, olive-gray (5Y 5/2) clay; light olive
gray (5Y 6/2) when dry; common, medium, distinct,
olive-brown (2.5Y 4/4) mottles; strong, fine,
angular blocky structure; firm, very sticky and very
plastic; mildly alkaline; strong effervescence; grad-
ual, wavy boundary. .

C3g—42 to 60 inches, olive-gray (5Y 5/2) clay; light olive
gray (5Y 6/2) when dry; many, medium, distinct,
olive-brown (2.5Y 4/4) and common, medium,
prominent, dark yellowish-brown (10YR 4/4) mot-
tles; massive; firm, very sticky and very plastic;
mildly alkaline; strong effervescence.

The A horizon is silty clay or clay 8 to 24 inches thick.
The C horizon is dark gray, olive gray, or olive silty clay or
clay. In some places the lower part of the C horizon, below
a depth of 48 inches, is clay loam glacial till.

Grano soils formed in the same kind of material as
Dovray and Hegne soils. They are dark colored to a lesser
depth and they contain more lime in the A horizon than
Dovray soils. They contain less lime in the upper 16 inches
than Hegne soils.

Grano clay (0 to 1 percent slopes) (Gw).—This soil is
on the lake plain in shallow and deep depressions that
are small to medium in size and are irregular in shape.
Included in mapping are small areas of Dovray and
Hegne soils.

This Grano soil is very poorly drained, and it is fre-
quently ponded in spring and during periods of heavy
rainfall. Permeability is slow. The soil is difficult to
work and keep in good tilth.

Some areas of this soil have been drained and are
used for crops. Undrained areas are used mainly for
hay and pasture. This soil is suited to farming if excess
water is removed and tilth is maintained. Otherwise,
it is better suited to hay and pasture than to most other
uses. The main concerns of management are removing
excess water and maintaining tilth and fertility. Ca-
pability unit IIIw-4; Wetland range site; windbreak
suitability group 2.

Hamar Series

The Hamar series consists of deep, somewhat poorly
drained or poorly drained, nearly level soils on flats and
in shallow depressions on the Sheyenne Delta. These
soils formed in coarse-textured lacustrine and eolian
deposits.

In a representative profile the surface layer is loamy
fine sand about 17 inches thick. The upper part is black,
and the lower part is very dark grayish brown mottled
with dark yellowish brown. The underlying material, to
a depth of 32 inches, is olive-brown loamy fine sand
mottled with dark yellowish brown. Below this is
grayish-brown loamy fine sand mottled with yellowish
brown and dark yellowish brown.

Permeability is rapid, and the available water capac-
ity is low or moderate. The organic-matter content is
high, and fertility is medium. Runoff is slow. The water
table is within 1 to 3 feet of the surface in spring and
in periods of heavy rainfall. In some areas Hamar soils
are underlain by clay or silty clay at a depth of 20 to
36 inches. Permeability in these soils is rapid in the
upper part of the profile and slow in the clayey sub-
stratum.

Hamar soils are suited to farming. Limitations for
many nonfarm uses are severe. Most areas are used for
crops. Some are used for pasture and hay.

Representative profile of Hamar loamy fine sand in a
cultivated field, 225 feet south and 135 feet east of the
northwest corner of sec. 5, T. 135 N., R. 50 W.

Ap—0 to 8 inches, black (10YR 2/1) loamy fine sand; very
dark gray (10YR 3/1) when dry; weak, medium,
subangular blocky structure parting to weak, fine,
granular; very friable; mildly alkaline; abrupt,
smooth boundary.

A12—8 to 17 inches, very dark grayish-brown (10YR 3/2)
loamy fine sand; grayish brown (10YR 5/2) when
dry; common, fine, distinct, dark yellowish-brown
(10YR 4/4) mottles; weak, coarse, subangular
blocky structure; very friable; mildly alkaline;
gradual, wavy boundary.

Clg—17 to 32 inches, olive-brown (2.5Y 4/3) loamy fine
sand; light yellowish brown (2.5Y 6/3) when dry;
common, medium, distinct, dark yellowish brown
(10YR 4/4) mottles; weak, coarse, subangular
blocky structure parting to single grained; very
friable; mildly alkaline; gradual, wavy boundary.

C2g—32 to 60 inches, grayish-brown (2.5Y 5/2) loamy fine
sand; light gray (2.5Y 7/2) when dry; common,
medium, prominent, yellowish-brown (10YR 5/6)
and dark yellowish-brown (10YR 4/4) mottles;
single grained; loose; mildly alkaline; slight effer-
vescence.
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The A horizon is black, very dark gray, very dark brown,
or very dark grayish-brown fine sandy loam or loamy fine
sand 12 to 24 inches thick. The C horizon is loamy fine sand
or fine sand.

Hamar soils are associated with Arveson, Heela, Maddock,
and Ulen soils, and they formed in the same kind of material
as Venlo soils. They contain less lime in the upper part of
the profile than Arveson and Ulen soils. They are more
poorly drained and have more mottles in the upper part of
the profile than Hecla and Maddock soils. They are better
drained than Venlo soils.

Hamar loamy fine sand (0 to 1 percent slopes) (Ha).—
This soil is in shallow depressions and on slightly con-
cave flats on the Sheyenne Delta and the lake plain.

"It has the profile described as representative of the
series. Included in mapping are small areas of Fossum
and Ulen soils.

This Hamar soil is poorly drained. Runoff is slow.
The water table is near the surface in spring and in
periods of heavy rainfall. Permeability is rapid. If the
surface is left bare and dry, the hazard of soil blowing
is very severe.

This soil is suited to farming if soil blowing is con-
trolled. Most areas are used for crops, but some areas
are used for hay and pasture. The main concerns of
management are preventing soil blowing, removing
excess water, and maintaining fertility. Capability unit
IVwe-2; Subirrigated range site; windbreak suitability
group 2.

Hamar loamy fine sand, moderately deep over clay
(0 to 1 percent slopes) (Hb).—This soil is in shallow
depressions and on slightly concave flats on the
Sheyenne Delta and the lake plain. It has a profile
similar to that described as representative of the series,
but the underlying material, below a depth of about 20
to 36 inches, is silty clay or clay. Included in mapping
are small areas of Towner soils.

This Hamar soil is poorly drained. Runoff is slow.
The water table is near the surface in spring and in
periods of heavy rainfall. Permeability is rapid in the
upper part of the profile and slow in the clay sub-
stratum. If the surface is left bare and dry, the hazard
of soil blowing is very severe.

This soil is suited to farming if soil blowing is con-
trolled. Most areas are used for crops, but some are
used for hay and pasture. The main concerns of man-
agement are preventing soil blowing, removing excess
water, and maintaining fertility. Capability unit
IVwe-2; Subirrigated range site; windbreak suitability
group 2.

Hamar fine sandy loam (0 to 1 percent slopes) (Hc).—
This soil is on the Sheyenne Delta and the lake plain in
shallow depressions that are small to medium in size
and irregular in shape. It has a profile similar to that
described as representative of the series, but the surface
layer is fine sandy loam. Included in mapping are small
areas of Arveson and Ulen soils.

This Hamar soil is poorly drained. Runoff is slow.
The water table is near the surface in spring and in
periods of heavy rainfall. Permeability is rapid. If the
surface layer is left bare and dry, the hazard of soil
blowing is severe.

This soil is suited to farming. Most areas are used for
crops, but some areas are used for native grass hay
and pasture. The main concerns of management are

removing excess water, preventing soil blowing, and
maintaining fertility. Capability unit IIIwe-3; Sub-
irrigated range site; windbreak suitability group 2.

Hamar fine sandy loam, moderately deep over clay
(0 to 1 percent slopes) (He).—This soil is in shallow
depressions and on slightly concave flats on the
Sheyenne Delta and the lake plain. Areas are small to
medium in size and irregular in shape. This soil has a
profile similar to that described as representative of the
series, but the surface layer is fine sandy loam and the
underlying material, below a depth of about 20 to 36
inches, is silty clay or clay. Included in mapping are
small areas of Towner soils.

This Hamar soil is poorly drained. Runoff is slow.
The water table is near the surface in spring and in
periods of heavy rainfall. Permeability is rapid in the
upper part of the profile and slow in the clay sub-
stratum. If the surface layer is left bare and dry, the
hazard of soil blowing is severe.

This soil is suited to farming. Most areas are used
for crops, but some areas are in native grass hay and
pasture. The main concerns of management are re-
moving excess water, preventing soil blowing, and
maintaining fertility. Capability unit IIIwe-3; Sub-
irrigated range site; windbreak suitability group 2.

Hamar-Ulen loamy fine sands (0 to 3 percent slopes)
(Hf).—This mapping unit is on the Sheyenne Delta in
broad areas that are small to medium in size and
irregular in shape. It is about 50 to 85 percent Hamar
loamy fine sand and about 15 to 50 percent Ulen loamy
fine sand. The Hamar soil is in shallow depressions and
slightly concave flats, and the Ulen soil is in slightly
higher positions. The Ulen soil has a profile similar to
that described as representative of the Ulen series, but
the surface layer is loamy fine sand.

The Hamar soil is poorly drained, and the Ulen soil
is somewhat poorly drained. Runoff is slow. The water
table is within 1 to 3 feet of the surface in spring and
in periods of heavy rainfall. Permeability is rapid. If
the surface layer is left bare and dry, the hazard of soil
blowing is very severe.

These soils are suited to farming if soil blowing is
controlled. Most areas are used for crops, but some
areas are used for hay and pasture. The main concerns
of management are preventing soil blowing, removing
excess water, and maintaining fertility. Capability unit
IVwe-2. Hamar soil in Subirrigated range site and
windbreak suitability group 2, Ulen soil in Sands range
site and windbreak suitability group 1.

Hamar-Ulen fine sandy loams (0 to 8 percent slopes)
(Hg).—This mapping unit is on the Sheyenne Delta in
broad areas that are small to medium in size and
irregular in shape. It is about 50 to 85 percent Hamar
fine sandy loam and about 15 to 50 percent Ulen fine
sandy loam. The Hamar soil is in shallow depressions,
and the Ulen soil is in slightly higher positions. The
Hamar soil has a profile similar to that described as
representative of the series, but the surface layer is
fine sandy loam.

The Hamar soil is poorly drained, and the Ulen soil
is somewhat poorly drained. Runoff is slow. The water
table is within 1 to 3 feet of the surface in spring and in
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periods of heavy rainfall. If the surface layer is left
bare and dry, the hazard of soil blowing is severe.

These soils are suited to farming. Most areas are used
for crops, but some areas are used for hay and pasture.
The main concerns of management are preventing soil
blowing, removing excess water, and maintaining
fertility. Capability unit IIIwe-3. Hamar soil in Sub-
irrigated range site and windbreak suitability group 2,
Ulen soil in Sandy range site and windbreak suitability
group 1.

Hamerly Series

The Hamerly series consists of deep, somewhat
poorly drained, nearly level soils on the till plain and
outer edges of the lake plain. These soils are plane
and convex and have a zone of lime accumulation within
16 inches of the surface. They formed in medium
textured and moderately fine textured glacial till.

In a representative profile the surface layer is black
loam about 9 inches thick. The underlying material, to
a depth of about 17 inches, is grayish-brown loam that
contains a large amount of lime. Below this is light
olive-brown loam mottled in the lower part with yellow-
ish brown and light brownish gray.

Permeability is moderate in the upper part of the pro-
file and moderately slow in the underlying material.
The available water capacity is high. The organic-
matter content is high, and fertility is medium.

Hamerly soils are suited to farming. Limitations for
many nonfarm uses range from slight to severe. Most
areas are used for crops, but some areas are used for
pasture and hay.

Representative profile of Hamerly loam in a cul-
tivated field, 170 feet east and 100 feet north of the
southwest corner of sec. 17, T. 131 N,, R. 51 W,

Ap—~0 to 9 inches, black (10YR 2/1) loam; very dark gray
(10YR 3/1) when dry; moderate, medium, sub-
angular blocky structure parting to weak, fine,
crumb; friable, slightly sticky and slightly plastic;
mildly alkaline; slight effervescence; abrupt, smooth
boundary.

Clca—9 to 17 inches, grayish-brown (2.5Y 5/2) loam; gray
(2.5Y 6/1) when dry; weak, medium, subangular
blocky structure; friable, slightly sticky and slightly
plastic; mildly alkaline; violent effervescence;
gradual, wavy boundary.

C2—117 to 38 inches, light olive-brown (2.5Y 5/4) loam; light
yellowish brown (2.5Y 6/3) when dry; weak, me-
dium, subangular blocky structure; friable, slightly
sticky and slightly plastic; mildly alkaline; strong
effervescence; few gypsum crystals; gradual, wavy
boundary.

C3—38 to 60 inches, light olive-brown (2.5Y 5/4) loam; light
yellowish brown (2.5Y 6/3) when dry; common,
medium, distinct, yellowish-brown (10YR 5/6) and
common, medium, faint, light brownish-gray (2.5Y
6/2 mottles; friable, slightly sticky and slightly
plastic; mildly alkaline; strong effervescence; com-
mon gypsum crystals.

The A horizon is black or very dark gray and is 6 to 15
inches thick. The upper boundary of the Cca horizon is within
16 inches of the surface. The C horizon is loam or clay loam.

Hamerly soils are associated with Gilby soils, and they
fornied in the same kind of material as Vallers soils. They
have fewer mottles in the upper part of the C horizon than
Gilby soils. They are better drained than Vallers soils.

Hamerly loam (0 to 3 percent slopes) (Hh).—This
soil is on the glacial till plain in areas that are small to

large in size and irregular in shape. It has the profile
described as representative of the series. Included in
mapping are many areas of the poorly drained Tonka
soil and the very poorly drained Parnell soil in small
depressions and small areas of the moderately well
drained Svea soil.

This Hamerly soil is somewhat poorly drained. Run-
off is slow. Permeability is moderately slow. The hazard
of soil blowing is moderate.

This soil is suited to farming, and most areas are
used for crops. The main concerns of management are
preventing soil blowing, conserving water, and main-
taining fertility. Capability unit Ile-4L; Silty range
site; windbreak suitability group 1.

Hecla Series

The Hecla series consists of deep, moderately well
drained, nearly level to undulating soils on the Sheyenne
Delta. These soils are plane and convex. They formed
in coarse-textured lacustrine and eolian deposits.

In a representative profile the surface layer is fine
sandy loam about 16 inches thick. The upper part is
black, and the lower part is very dark gray. The next
layer is very friable, very dark grayish-brown loamy
fine sand 6 inches thick. The underlying material, to a
depth of about 32 inches, is dark grayish-brown loamy
fine sand. Below this is light olive-brown fine sand
mottled with dark brown and yellowish brown.

Permeability is rapid, and the available water capac-
ity is low or moderate. The organic-matter content is
high, and fertility is medium. Runoff is slow.

Hecla soils are suited to farming. Limitations for
many nonfarm uses range from moderate to severe.
Most areas of these soils are used for crops. Some are in
pasture and hay.

Representative profile of Hecla fine sandy loam in an
area of Hecla-Hamar fine sandy loams in a cultivated
field, 1,270 feet east and 150 feet south of the northwest
corner of sec. 32, T. 129 N, R. 48 W.

Ap—0 to 8 inches, black (10YR 2/1) fine sandy loam; very
dark gray (10YR 3/1) when dry; weak, medium,
subangular blocky structure parting to weak, fine,
granular; very friable; neutral; abrupt, smooth
boundary.

A12-8 to 16 inches, very dark gray (10YR 3/1) fine sandy
loam; dark gray (10YR 4/1) when dry; weak, me-
dium, subangular blocky structure parting to weak,
fine, granular; very friable; neutral; clear, wavy
boundary.

AC—16 to 22 inches, very dark grayish-brown (10YR 3/2)
loamy fine sand; dark grayish brown (10YR 4/2)
when dry; weak, coarse, subangular blocky struc-
ture parting to weak, fine, granular; very friable;
neutral; clear, wavy boundary.

C1—22 to 32 inches, dark grayish-brown (10YR 4/2) loamy
fine sand; grayish brown (10YR 5/2) when dry;
few, fine, faint, dark-brown (10YR 4/3) mottles;
weak, coarse, subangular blocky structure parting
to single grained; very friable; neutral; clear, wavy
boundary.

C2—32 to 60 inches, light olive-brown (2.5Y 5/38) fine sand;
light yellowish brown (2.5Y 6/3) when dry; few,
fine, distinct, dark-brown (10YR 4/3) and common,
medium, distinct, yellowish-brown (10YR 5/8)
mottles; single grained; loose; neutral.

The A horizon is fine sandy loam, sandy loam, or loamy
fine sand 14 to 30 inches thick. The AC horizon is very dark
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Figure 16.—Landscape on Hecla-Hamar loamy fine sands. The Hecla soil is in the light-colored area in the foreground, and the
Hamar soil is in the dark-colored shallow depression.

brown or very dark grayish-brown loamy fine sand or fine
sand. In some places, below a depth of 36 inches, there is a
IIC horizon that ranges from silt loam to clay.

Hecla soils are associated with Arveson, Hamar, and Mad-
dock soils. They are better drained than Arveson soils, and
they do not have the zone of lime accumulation within 16
inches of the surface that is typical of those soils. They are
better drained and have fewer mottles in the upper part of
the profile than Hamar soils. They are more poorly drained
and are dark colored to a greater depth than Maddock soils.

Hecla loamy fine sand, loamy substratum (0 to 3 per-
cent slopes) (Hk).—This soil is on the Sheyenne Delta in
areas that are small to medium in size and irregular in
shape. This soil has a profile similar to that described
as representative of the series, but the underlying ma-
terial, below a depth of about 36 inches, is silt loam or
silty clay loam. Included in mapping are small areas
of Hamar soils.

This Hecla soil is moderately well drained. Runoff is
slow. Permeability is rapid in the upper part of the
profile and moderately slow in the substratum. The
hazard of soil blowing is very severe.

This soil is suited to farming if soil blowing is con-
trolled. Most areas are used for crops. The main con-
cerns of management are preventing soil blowing, con-
serving water, and maintaining fertility. Capability
unit IVe-2; Sands range site; windbreak suitability
group 1.

Hecla-Hamar loamy fine sands (0 to 3 percent slopes)
(Hm).—This mapping unit is on the Sheyenne Delta and
the lake plain in broad areas that are small to large in
size and irregular in shape. It is about 70 percent Hecla
loamy fine sand, about 20 percent Hamar loamy fine
sand, and about 10 percent Ulen and Arveson soils.
The Hamar soil is in shallow depressions, and the Hecla
soil is in slightly higher positions (fig. 16).

The Hecla soil has a profile similar to that described
as representative of the series, but the surface layer is
loamy fine sand.

The Hecla soil is moderately well drained and the
Hamar soil is somewhat poorly drained or poorly
drained. The water table in the Hamar soil is within 1
to 3 feet of the surface in spring and in periods of
heavy rainfall, but it seldom interferes with tillage.
Runoff is slow. Permeability is rapid. The hazard of
soil blowing is very severe.

This soil complex is suited to farming if soil blowing
is controlled. Most areas are used for crops, but some
areas are in native hay and pasture. The main concerns
in management are preventing soil blowing, conserving
water, and maintaining fertility. Capability unit IVe-2.
Hecla soil in Sands range site and windbreak suitability
group 1, Hamar soil in Subirrigated range site and
windbreak suitability group 2.
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Hecla-Hamar loamy fine sands, severely eroded (0 to
8 percent slopes) (Hm3).—This mapping unit is on the
Sheyenne Delta in slightly hummocky areas that are
small to medium in size and irregular in shape. It is
about 80 percent Hecla loamy fine sand and about 20
percent Hamar loamy fine sand.

These soils have profiles similar to those described
as representative of their respective series, but they
are severely eroded. Nearly all of the original dark-
colored surface layer has been blown away. The remain-
ing surface layer has a low content of organic matter
and is highly susceptible to further soil blowing.

Nearly all areas have been cultivated, but the soils are
poorly suited to crops. Because the soils are so highly
susceptible to soil blowing, they are better suited to
hay and pasture grasses than to most other uses. The
main concerns of management are reestablishing per-
manent plant cover to prevent further soil blowing,
building up the organic-matter content and fertility,
and providing forage for livestock. Capability unit
VIe-Sa. Hecla soil in Sands range site and windbreak
suitability group 1, Hamar soil in Subirrigated range
site and windbreak suitability group 2.

Hecla-Hamar fine sandy loams (0 to 3 percent slopes)
(Hn).—This mapping unit is on the Sheyenne Delta and
the lake plain in broad areas that are small to large in
size and irregular in shape. It is about 70 percent Hecla
fine sandy loam, about 20 percent Hamar fine sandy
loam, and about 10 percent Arveson and Ulen soils.
The Hamar soil is in shallow depressions, and the Hecla
soil is in slightly higher positions.

The Hecla soil has the profile described as representa-
tive of the series. The Hamar soil has a profile similar
to that described as representative of the series, but
the surface layer is fine sandy loam.

The Hecla soil is moderately well drained, and the
Hamar soil is somewhat poorly drained or poorly
drained. The Hamar soil has a water table within 1 to
3 feet of the surface in spring and in periods of heavy
rainfall, but it seldom interferes with tillage. Runoff is
slow. Permeability is rapid. The hazard of soil blowing
is severe.

These soils are suited to farming, and most areas are
used for crops. The main concerns of management are
preventing soil blowing, conserving moisture, and main-
taining fertility. Capability unit IIIe-3. Hecla soil in
Sandy range site and windbreak suitability group 1,
Hamar soil in Subirrigated range site and windbreak
suitability group 2.

Hecla-Hamar-Arveson complex (0 to 3 percent
slopes) (Ho).—This mapping unit is on the Sheyenne
Delta in broad, slightly hummocky areas that are
medium to large in size and irregular in shape. It is
about 60 percent Hecla loamy fine sand, about 15 percent
Hamar loamy fine sand, about 15 percent Arveson loam,
and 10 percent Maddock and Ulen soils. The Hecla soil
is on low hummocks, and the Hamar and Arveson soils
?ire in shallow depressions and swales and on broad

ats.

The Hecla soil has a profile similar to that described
as representative of the series, but the surface layer is
loamy fine sand. The Arveson soil has a profile similar

to that described as representative of the series, but
the surface layer is loam.

The Hecla soil is moderately well drained, and the
Hamar and Arveson soils are poorly drained. The water
table in the Hecla and Arveson soils is within 1 to 3
feet of the surface in spring and in periods of heavy
rainfall. Runoff is slow. Permeability is rapid. The haz-
ard of soil blowing is very severe on the Hecla and
Hamar soils.

These soils are suited to farming if soil blowing is
controlled. The main concerns of management are
preventing soil blowing, removing excess water from
Hamar and Arveson soils, conserving water on the
Hecla soil, and maintaining fertility. Capability unit
IVe-2. Hecla soil in Sands range site and windbreak
suitability group 1, Hamar soil in Subirrigated range
site and windbreak suitability group 2, Arveson soil
in Wet Meadow range site and windbreak suitability
group 2.

Hecla-Maddock loamy sands (0 to 3 percent slopes)
(Hr).—This mapping unit is on the Sheyenne Delta in
broad nearly level areas that are small to large in size
and irregular in shape. It is about 65 percent Hecla
loamy sand, about 25 percent Maddock loamy sand, and
10 percent Hamar soils. Included in mapping are small
areas of Hecla fine sand.

These soils have profiles similar to those described as
representative of their respective series, but the surface
layer and underlying material are loamy sand.

Runoff is slow. Permeability is rapid, and the avail-
gble water capacity is low. The hazard of soil blowing
is very severe.

These soils are suited to farming if soil blowing is
controlled. The main concerns of management are
preventing soil blowing, conserving moisture, and
maintaining fertility. Capability unit IVe-2; Sands
range site; Hecla soil in windbreak suitability group 1,
Maddock soil in windbreak suitability group 5.

Hecla-Maddock sandy loams (0 to 3 percent slopes)
{Hs).—This mapping unit is on the Sheyenne Delta in
broad areas that are small to large in size and irregular
in shape. It is about 60 percent Hecla sandy loam, about
30 percent Maddock sandy loam, and about 10 percent
Arveson and Hamar soils.

The Hecla and Maddock soils have profiles similar to
those described as representative of their respective
series, but the surface layer is sandy loam and the un-
derlying material is loamy sand or sand.

Runoff is slow. Permeability is rapid, and the avail-
gble water capacity is low. The hazard of soil blowing
is severe.

These soils are suited to farming. The main concerns
of management are preventing soil blowing, conserving
water, and maintaining fertility. Capability unit 1Ile-3;
Sandy range site; Hecla soil in windbreak suitability
group 1, Maddock soil in windbreak suitability group 5.

Hegne Series

The Hegne series consists of deep, poorly drained,
nearly level soils on the lake plain. These soils are plane
and slightly convex and have a zone of lime accumula-
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tion within 16 inches of the surface. They formed in
fine-textured lacustrine sediments.

In a representative profile the surface layer is black
silty clay about 8 inches thick. The underlying material,
to a depth of 22 inches, is dark-gray silty clay that
contains a large amount of lime. Below this is olive-
gray silty clay mottled with light olive brown.

Permeability is slow, and the available water capacity
is high. The organic-matter content is high, and fertility
is high. Runoff is slow.

Hegne soils are well suited to farming if excess water
is removed. Limitations for many nonfarm uses are
severe. Most areas of Hegne soils are used for crops.

The Hegne soils in this survey area are mapped only
with Fargo soils.

Representative profile of Hegne silty clay in an area
of Fargo-Hegne silty clays, in a cultivated field, 2,380
feet south and 75 feet east of the northwest corner of
sec. 1, T. 136 N., R. 49 W.

Ap—0 to 8 inches, black (10YR 2/1) silty clay; dark gray
(10YR 4/1) when dry; strong, fine, granular struc-
ture; friable, sticky and plastic; neutral; slight ef-
fervescence; abrupt, smooth, boundary.

Clgca—8 to 22 inches, dark-gray (5Y 4/1) silty clay; gray
(5Y 6/1) when dry; few, fine, distinct, light olive-
brown (25Y 5/6) mottles; moderate, fine, sub-
angular blocky structure; firm, sticky and plastic;
mildly alkaline; violent effervescence; clear, wavy
boundary.

C2g—22 to 36 inches, olive-gray (5Y 5/2) silty clay; light
olive gray (5Y 6/2) when dry; few, medium, dis-
tinct, light olive-brown (2.5Y 5/6) mottles; weak,
medium, subangular blocky structure; firm, sticky
and plastic; mildly alkaline; strong effervescence;
clear, wavy boundary.

C3g—36 to 60 inches, olive-gray (5Y 5/2) silty clay; light
olive gray (5Y 6/2) when dry; common, coarse, dis-
tinct, light olive-brown (2.5Y 5/6) mottles; mas-
sive; firm, sticky and plastic; mildly alkaline;
strong effervescence.

The A horizon is black or very dark gray silty clay or clay
7 to 15 inches thick. The upper boundary of the Cca horizon
is within 16 inches of the surface. The C horizon is commonly
clay or silty clay lacustrine deposits. In some places below
a depth of 30 inches it is glacial till of clay loam or clay
texture.

Hegne soils are associated with Fargo soils, and they
formed in the same kind of material as Grano soils. They
have a zone of lime accumulation at a lesser depth than
Fargo soils. They contain more lime in the upper part of
the profile than Grano soils.

Kratka Series

The Kratka series consists of deep, poorly drained,
nearly level soils on flats and in shallow depressions on
the Sheyenne Delta. These soils formed in coarse and
medium-textured lacustrine sediments.

In a representative profile the surface laver is black
fine sandy loam about 10 inches thick. The subsoil,
about 16 inches thick, is dark grayish-brown very
friable lnamy fine sand mottled with dark yellowish
brown. The underlying material, to a depth of about 35
inches, is olive-gray loam mottled with yellowish brown.
Below this is olive-gray silt loam mottled with yellowish
brown.

Permeability is rapid in the upper part of the profile
and moderately slow in the underlying material. The
available water capacity is moderate. The organic-

matter content is high, and fertility is medium. Runoff
is slow.

Kratka soils are suited to farming. Limitations for
many nonfarm uses are severe. Most areas of these
soils are used for crops. Some are used for hay and
pasture.

Representative profile of Kratka fine sandy loam in
a cultivated field, 1,050 feet west and 195 feet south of
the northeast corner of sec. 32, T. 133 N., R. 51 W.

Ap—~0 to 10 inches, black (10YR 2/1) fine sandy loam; dark
gray (10YR 4/1) when dry; weak, fine, granular
structure; very friable; neutral; abrupt, smooth
boundary.

B2g—10 to 26 inches, dark grayish-brown (2.5Y 4/2) loamy
fine sand; grayish brown (2.5Y 5/2) when dry;
common, fine, distinct, dark yellowish-brown (10YR
4/4) mottles; weak, coarse, subangular blocky
structure parting to weak, fine, granular; very
friable; mildly alkaline; clear, wavy boundary.

IIC1gca—26 to 35 inches, olive-gray (5Y 5/2) loam; light
olive gray (5Y 6/2) when dry; common, medium,
prominent, yellowish-brown (10YR 5/6) mottles;
moderate, medium, subangular blocky structure;
friable, slightly sticky and slightly plastic; mildly
alkaline; strong effervescence; gradual, wavy
boundary.

IIC2g—35 to 60 inches, olive-gray (5Y 5/2) silt loam; light
olive gray (5Y 6/2) when dry; many, large, promi-
nent, yellowish-brown (10YR 5/8) mottles; weak,
medium, subangular blocky structure; friable,
slightly sticky and slightly plastic; mildly alkaline;
slight effervescence.

The A horizon is black or very dark gray and is 8 to 16
inches thick. The B horizon is dark-gray or dark grayish-
brown loamy fine sand or fine sand. Distinct or prominent
mottles are in this horizon. Depth to the IIC horizon ranges
from 20 to 36 inches.

Kratka soils formed in the same kind of material as
Towner soils. They are more poorly drained than Towner
soils and have mottles at a lesser depth.

Kratka fine sandy loam (0 to 1 percent slopes) (Kr).—
This soil is in shallow depressions and on broad flats on
the Sheyenne Delta. Areas are small to medium in size
and irregular in shape. Included in mapping are small
areas of Towner soils.

This Kratka soil is poorly drained. Runoff is slow.
The water table is within 1 to 3 feet of the surface in
spring and in periods of heavy rainfall. Permeability is
rapid in the upper part of the profile and moderately
slow in the substratum. If the surface layer is left bare
and dry, the hazard of soil blowing is severe.

This soil is well suited to farming if excess water is
removed. Most areas are used for crops, but some are
used for hay and pasture. The main concerns of man-
agement are removing excess water, preventing soil
blowing, and maintaining fertility. Capability unit
ITIwe-3; Subirrigated range site; windbreak suita-
bility group 2.

LaDelle Series

The LaDelle series consists of deep, moderately well
drained, nearly level soils on stream terraces and bottom
lands. These soils formed in medium-textured and
moderately fine textured alluvial sediments.

In a representative profile the surface layer is black
silty clay loam 24 inches thick. The subsoil is very dark
brown, friable silty clay loam about 10 inches thick.
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The underlying material, to a depth of 60 inches, is very
dark grayish-brown silty clay loam.

Permeability is moderate, and the available water
capacity is high. The organic-matter content is high,
and fertility is high. Runoff is slow.

LaDelle soils are well suited to farming. Limitations
for many nonfarm uses are moderate to severe. Most
areas of these soils are used for crops. Some severely
channeled areas are in pasture or woodland.

Representative profile of LaDelle silty clay loam in a
cultivated field, 1,320 feet west and 2,080 feet north of
the southeast corner of sec. 9, T. 135 N., R. 53 W,
(1,320 feet west and 155 feet north of southeast corner
of churchyard.)

Ap—O0 to 7 inches, black (10YR 2/1) silty clay loam; dark
gray (10YR 4/1) when dry; weak, medium, sub-
angular blocky structure parting to weak, medium,
crumb; friable, slightly sticky and plastic; neutral;
abrupt, smooth boundary.

A12—7 to 22 inches, black (10YR 2/1) silty clay loam; dark
gray (10YR 4/1) when dry; medium, subangular
blocky structure; friable, slightly sticky and plas-
tic; neutral; clear, wavy boundary.

B2—22 to 34 inches, very dark brown (10YR 2/2) silty clay
loam; dark grayish brown (10YR 4/2) when dry;
weak, coarse, prismatic structure parting to weak,
medium, subangular blocky; friable, slightly sticky
and plastic; mildly alkaline; strong effervescence;
common threads and masses of soft lime; gradual,
wavy boundary.

C—34 to 60 inches, very dark grayish-brown (10YR 3/2)
silty clay loam; grayish brown (10YR 5/2) when
dry; massive; slightly sticky and plastic; mildly
alkaline; strong effervescence; common threads and
masses of soft lime.

The A horizon is black or very dark gray and is 14 to 22
inches thick. In many places the A horizon of a buried soil
is above a depth of 5 feet. The B horizon-is very dark brown,
dark brown, or very dark grayish brown. The C horizon is
silt loam or silty clay loam. In some places strata of sand,
silt, or clay are in the C horizon below a depth of 40 inches.

LaDelle soils formed in the same kind of material as Fair-
dale, LaPrairie, and Lamoure soils, and they are associated
with Wahpeton soils. They are darker colored than Fairdale
soils. They contain less sand than LaPrairie soils. They are
better drained than Lamoure soils. They contain less clay
than Wahpeton soils.

LaDelle silty clay loam (0 to 3 percent slopes) (La).—
This soil is on stream terraces and bottom lands. Areas
are medium in size and irregular in shape. This soil has
the profile described as representative of the series.
Included in mapping are small areas of Fairdale soils.

This LaDelle soil is moderately well drained. anoﬂ"
is slow. Permeability is moderate, and the avall.able
water capacity is high. The hazard of erosion is slight.
This soil is occasionally flooded for short periods when
streams overflow.

This soil is well suited to farming. Most areas are
used for crops, but some small areas are in native
woods. The main concerns of management are main-
taining fertility and tilth and conserving moisture.
Capability unit IIc-6; Overflow range site; windbreak
suitability group 1.

LaDelle and Wahpeton soils, channeled (0 to 4 percent
slopes) (Lb).—This mapping unit is on stream terraces
and bottom lands that are highly dissected by aban-
doned channels and oxbows. Areas are small to
medium in size. Some areas are LaDelle silty clay loarp,
some are Wahpeton silty clay, and some areas contain

both soils. Included in mapping are small areas of
Fairdale, Cashel, and Lamoure soils.

Both LaDelle and Wahpeton soils are moderately
well drained. They are occasionally flooded for short
periods when streams overflow after rapid snowmelt
or heavy rains. Runoff is slow. Permeability is mod-
erately slow in the Wahpeton soil and moderate in the
LaDelle soil.

These soils are suited to woodland or grazing. They
are too highly dissected and too irregular in slope for
cultivation. The main concern of management is main-
taining a permanent plant cover to help prevent erosion
and to provide high-quality forage for livestock. Capa-
bility unit VIe-Ov. LaDelle soil in Overflow range site,
Wahpeton soil in Clayey range site; windbreak suit-
ability group 1.

Lamoure Series

The Lamoure series consists of deep, poorly drained,
nearly level soils on stream bottom land. These soils
formed in moderately fine textured and medium-tex-
tured alluvial sediments.

In a representative profile the surface layer is black
silty clay loam about 16 inches thick. The subsoil is
very dark gray friable silty clay loam about 14 inches
thick. The