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HOW TO USE THIS SOIL SURVEY

HIS SOIL SURVEY contains infor-

mation that can be applied in manag-

ing 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
and ranching, industry, and recreation.

Liocating Soils

All the soils of Burleigh 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 corre-
spond with a number on the Index to Map
Sheets.

On each sheet of the detailed map, soil
areas are outlined and are identified by
symbols. 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 county in alphabetic
order by map symbol and gives the capa-
bility classification of each. It also shows
the page where each soil is described and
the page for the capability unit and range
site in which the soil has been placed.

Individual colored maps showing the
relative suitability or degree of limitation
of soils for many specific purposes can be
developed by using the soil map and the
information in the text. Translucent ma-

terial 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 limi-
tation for a given use can be colored green,
those with a moderate limitation can be
colored yellow, and those with a severe
limitation can be colored red.

Farmers and those who work with farm-
ers can learn about use and management
of the soils from the soil descriptions and
from the discussions of the range sites and
windbreak groups.

Foresters and others can refer to the
section “Woodland and Windbreaks,”
where the soils of the county are grouped
according to their suitability for trees.

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

Ranchers and others can find, under
“Range,” groupings of the soils accord-
ing 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
“Soils and Engineering,” tables that con-
tain test data, estimates of soil properties,
and information about soil features that
affect engineering practices.

Scientists and others can read about how
the soils formed and how they are classi-
fied in the section “Formation and Classifi-
cation of the Soils.”

Newcomers in Burleigh County may be
especially interested in the section “(Gen-
eral Soil Map,” where broad patterns of
soils are described. The?r may also be
interested in the section “General Nature
of the County,” which gives additional
information about the county.

Cover:
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vated fields are on the flood plain.
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SOIL SURVEY OF BURLEIGH COUNTY, NORTH DAKOTA

BY HOWARD R. STOUT, WILLIAM F. FREYMILLER, FRANCIS J. GLATT, ROBERT D. HEIL, MONTE C. McVAY, JAMES H.
THIELE, AND PAUL K. WEISER, SOIL CONSERVATION SERVICE

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

BURLEIGH COUNTY is in the south-central part of
the State (fig. 1). It has a land area of 1,648 square
miles, or about 1,054,720 acres. The Missouri River, flowing
in a southerly to southeasterly direction, forms the western
boundary. Bismarck, the county seat and State capital, is
in the southwestern part of the county. ’

Suste Agricutural Experiment Sistico a1 Pergo

Figure 1.—Location of Burleigh County in North Dakota.

The county has a dry-subhumid, continental climate that
is characterized by cold winters and warm summers. The
physiography consists of glacial landforms, steep residual
Elams of several geologic formations, loess deposits, wind-

lown sands, glaciafluvial deposits, and recent alluvial
bottom lands. The county is drained by the Missouri River,
Apple Creek, and Burnt Creek. Most of the runoff collects
in depressions and does not reach the streams.

In 1964, about 97 percent of the land area was in farms,
and about half was cultivated. Spring wheat, alfalfa, oats,
flax, and corn silage are the principal crops. Feed crops,
sugar beets, and potatoes are irrigated. The livestock are
niainly beef cattle.

How This Survey Was Made

Soil scientists made this survey to learn what kinds of
soil are in Burleigh County, where they are located, and
how they can be used. The soil scientists went into the
county 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 speed 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 classificaton most used in
a local survey.

Soils that have profiles almost alike make up a soil se-
ries. Except for different texture in the surface layer, all
the soils of one series have major horizons that are simi-
lar in thickness, arrangement, and other important char-
acteristics. Each soil series is named for a town or other
geographic feature near the place where a soil of that se-
ries was first observed and mapped. Williams and Tem-
vik, 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
soil and in slope, stoniness, or some other characteristic
that affects use of the soils by man. On the basis of such
differences, a soil series is divided into phases (6).! The
name of a soil phase indicates a feature that affects man-
agement. For example, Williams loam, rolling, is one of
several phases within the Williams 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 pho-
tographs show woodlands, buildings, field borders, trees,
and other details that help in drawing boundaries accu-

rately. The soil map in the back of this publication was

prepared from the 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

1Italic numbers in parentheses refer to Literature Cited, page
110.
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such a map all the small, scattered bits of soil of some
other kind that have been seen within an area that is
dominantly 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
Burldigh County: soil complexes and undifferentiated
groups.

A soil complex consists of areas of two or more soils,
so intermingled or so small in size that they cannot be
shown separately on the soil map. Each area of a com-
plex contains some of each of the two or more dominant
soils, and the pattern and relative proportions are about
the same in all areas. The name of a soil complex con-
sists of the names of the dominant soils, joined by a hy-
phen. Daglum-Belfield-Harriet complex 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 is 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. The name of an undifferentiated
group consists of the names of the dominant soils, joined
by “and.” Arnegard and Grassna silt loams, level, is an
example.

In most areas surveyed there are places where the soil
material is so rocky, so shallow, or so severely eroded
that it cannot be classified by soil series. These places are
shown on the soil map and are described in the survey,
but they are called land types and are given descriptive
names. Riverwash is a land type in Burleigh County.

While a soil survey is in progress, samples of soils are
taken, as needed, for laboratory measurements and for
engineering tests. Laboratory data from the same kinds
of soil in other places are assembled. Data on yields of
crops under defined practices are assembled from farm
records and from field or plot experiments on the same
kinds of soil. Yields under defined management are pre-
dicted for all the soils.

But only part of a soil survey is done when the soils
have been named, described, and delineated on the map,
and the laboratory data and yield data have been assem-
bled. The mass of detailed information then needs to be
organized in such a way as to be readily useful to differ-
ent groups of users, among them farmers, managers of
woodland and rangeland, and engineers.

On the basis of yield and practice tables and other
data, the soil scientists set up trial groups. They test
these groups by further study and by consultation with
farmers, agronomists, engineers, and others, then adjust
the groups according to the results of their studies and
consultation. Thus, the groups that are finally evolved
reflect up-to-date knowledge of the soils and their behav-
ior under present methods of use and management,

General Soil Map

The general soil map at the back of this survey shows,
in color, the soil associations in Burleigh County. A soil
association is a landscape that has a (%stinctive propor-
tional 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 suita-
ble 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 areas, or community developments. It
is not a suitable map for planning the management of a
farm or field, or for selecting the exact location 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 13 soil associations in Burleigh County are de-
scribed in the following pages.

1. Havrelon-Lohler-Banks association

Nearly level, moderately well drained and somewhat ex-
cessively drained, fine-tewtured to coarse-textured soils
on bottom lands

This association is on bottom land of the Missouri
River. It is mostly nearly level. There are a few short,
gentle slopes on the edges of benches and along drainage
channels.

This association occupies about 2 percent of the
county. Havrelon soils make up about 70 percent of the
association, Lohler soils about 11 percent, and Banks
soils about 10 percent. Less extensive in this association
are Lallie soils, which are in low areas, and Riverwash,
which is adjacent to the river.

Havrelon soils, in the slightly higher lying areas, are
mainly medium textured, moderately well drained, and
calcareous. The surface layer is loam, silty clay loam, or
very fine sandy loam. Underlying layers are silt loam
and silty clay loam that contain thin lenses of coarser
and finer textured material.

The level Lohler soils, in the lower lying areas, are
mainly fine textured, moderately well drained, and cal-
careous. The surface layer is light brownish-gray silty
clay, silty clay loam, or silt loam. The underlying mate-
rial is mostly clay or silty clay.

Banks soils, in the higher lying areas, are mainly
coarse textured and somewhat excessively drained. The
surface layer is light brownish-gray loamy fine sand, fine
sandy loam, or loam. Below this is loamy sand or sand.

Lallie soils are very poorly drained. Riverwash, which
is near the river, is frequently flooded, and the water
table is close to the surface.

Small grain, corn, and alfalfa grow well on most of
this association. Fertility is low to medium, and the or-
ganic-matter content is low to moderate. Available water
capacity is low to high. Major concerns in management
are improving drainage and maintaining tilth and fertil-
ity.

More than half of this association is used for culti-
vated crops, and part of this is irrigated. The rest is
wooded, brushy grassland that is used for grazing. The
more heavily wooded areas are used mostly as wildlife
habitat. Most farming is a combination livestock and
small grain enterprise.
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2. Roseglen-Tansem-Savage association

Nearly level to rolling, well-drained, mainly medium-tex-
tured soils on lake plains and terraces

This association is on a glacial lake plain. The soils
are deep. Slopes are typically short, and changes in ele-
vation are less than 20 feet.

This association occupies about 6 percent of the
county. Roseglen and Tansem soils are about equally ex-
tensive and together make up about 40 percent of the as-
sociation. Savage soil make up about 15 percent, Dag-
lum and Belfield soils about 8 percent, and Lihen and
Parshall soils about 7 percent. Temvik, Rhoades, Arne-
gard, Lehr, Straw, and Werner soils make up the rest.

Roseglen and Tansem soils have a surface layer of
dark grayish-brown silt loam or loam that overlies gray-
ish-brown or brown silt loam. Roseglen soils have a
thicker surface layer than Tansem soils and occupy a
lower position on the landscape.

Savage soils have a surface layer of dark-gray silt
loam or silty clay loam that overlies dark-gray or dark
grayish-brown silty clay loam or silty clay.

Belfield, Daglum, and Rhoades soils have a claypan.
They are in swales and concave areis. The coarse tex-
tured and moderately coarse textured Lihen and Par-
shall soils occupy shightly higher lying convex slopes.
The nearly level Temvik soils are in smooth areas man-
tled with silty material. Arnegard soils are on colluvial
fans and in swales. Lehr soils are in smooth glacial out-
wash areas. Straw soils are on low terraces and bottom
land along drainageways. Werner soils occupy the
higher, steeper parts of the landscape.

Most of this association is well suited to the field
crops, hay crops, and pasture plants commonly grown in
the county. Fertility is medium to high, and the organ-
ic-matter content is moderate to high. Available water
capacity is moderate to high. The main hazard is soil
blowing.

More than 75 percent of this association is used for
cultivated crops. Most of the farming is a cash crop or a
combination cash crop and livestock enterprise.

3. Heil-Rhoades association

Level, poorly drained and moderately well drained,

mainly fine-textured soils in lake basins and outwash
channels

This association consists of deep, level soils that have
a claypan. These soils formed in glacial lake and out-
wash material. Slopes are smooth except for slight mi-
crodepressions. Many of the lower lying areas and de-
pressions are flooded for short periods.

This association occupies about 1 percent of the
county. Heil soils make up about 35 percent of the asso-
ciation, Rhoades soils about 25 percent, and Savage soils
about 20 percent. Tansem, Roseglen, Parshall, Daglum,
and Belfield soils make up the rest.

Heil soils are in depressions and are poorly drained.
Their surface layer typically is very dark gray or dark-
gray silt loam about three-fourths of an inch thick. The
subsoil is clay. It is black in the upper part and very
dark gray in the lower part. It is underlain by olive, cal-
careous clay at a depth of about 20 inches.

Rhoades soils are on the outer edges of depressions,
sloughs, and low-lying lake terraces. They are moder-
ately well drained. Their surface layer is gray silt loam
about one-fourth inch thick. The subsoil is dark gray-
ish-brown silty clay loam about 6 inches thick. It is un-
derlain by olive silty clay and silty clay loam that is cal-
careous and contains a large amount of salt in the upper
part.

Savage soils have a surface layer of dark-gray silt
loam about 8 inches thick. The subsoil is dark-gray silty
clay. It is underlain by light olive-gray silty clay at a
depth of about 26 inches.

Tansem, Roseglen, and Parshall soils are well drained.
They occupy the higher parts of the landscape. Daglum
and Belfield soils are in swales and narrow drainage-
ways.

Small grain is the principal crop. Fertility is low to
high, ang the organic-matter content is moderate or
high. Available water capacity is low to high. Major
concerns of management are poor tilth and ponded water
in depressions.

Only about 25 percent of this association is used for
cultivated crops. The rest is in native grass. Most farm-
ing is a combination livestock and small grain enterprise.
The wet depressions provide wildlife habitat,

4. Parshall-Lihen-Flaxton association

Nearly level to rolling, well-drained, mainly moderately
coarse textured soils on outwash plains and sand-mantled
uplands

This association consists of deep soils that formed in
moderately coarse textured and coarse textured glacial
outwash material. It is mainly nearly level to rolling but
includes a few steeper areas.

This association occupies about 8 percent of the
county. Parshall soils make up about 40 percent of the
association, Lihen soils about 20 percent, and Flaxton
soils about 10 percent. Livona, Harriet, Straw, and
Rhoades soils make up the rest.

Parshall and Lihen soils are in lower lying, smooth,
slightly concave positions. Parshall soils have a surface
layer of very dark grayish-brown fine sandy loam that is
underlain by very dark grayish-brown and dark gray-
ish-hrown, calcareous fine sandy loam. Lihen soils have a
surface layer of dark-gray loamy fine sand or fine sandy
loam. Below this is dark grayish-brown loamy fine sand
that grades to olive-gray fine sand at a depth of about
34 inches.

Flaxton and Livona soils are in the higher lying, con-
vex positions. Flaxton soils have a surface layer of very
dark grayish-brown to grayish-brown fine sandy loam,
about 22 inches thick, that is underlain by grayish-
brown clay loam. Livona soils have a surface layer of
dark grayish-brown fine sandy loam, about 8 inches
thick, that is underlain by a light brownish-gray clay
loam subsoil.

Straw, Harriet, and Rhoades soils are along the bot-
toms of shallow drainageways. They are finer textured
than the other soils in this association.

Most, of this association is suited to the field crops, hay
crops, and pasture plants commonly grown in the
county. Fertility is medium, and the organic-matter con-
tent 1s moderate to high. Available water capacity is
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moderate. Major concerns in management are controlling
soil blowing and maintaining tilth and fertility.

About 65 percent of this association is used for culti-
vated crops. Farming is mostly a small grain or a combi-
nation small grain and livestock enterprise.

5. Telfer-Lihen-Seroco association

Nearly level to hilly, well-drained ond excessively
drained, mainly coarse-textured soils on sand-mantled
uplands

This association consists mainly of deep soils that
formed in material deposited by wind. Slopes are typi-
cally short and complex. Scattered hummocks, dunes,
and blowouts are common.

This association occupies about 4 percent of the
county. Telfer soils make up about 35 percent of the as-
sociation, Lihen soils about 85 percent, and Seroco soils
about 10 percent. Flaxton, Livona, Arveson, Temvik, and
Heil soils make up the rest.

Telfer soils occupy the higher lying, convex slopes.
They are excessively drained. Their surface layer typi-
cally is dark grayish-brown loamy sand. It is underlain
by grayish-brown and light olive-brown fine sand.

The well-drained Lihen soils are in lower lying,
smooth, slightly concave positions. Their surface layer 1s
dark-gray loamy fine sand. It is underlain by dark gray-
ish-brown loamy fine sand that grades to olive-gray fine
sand at a depth of about 34 inches.

The excessively drained Seroco soils are in the highest
parts of the landscape. They have a surface layer of
dark grayish-brown loamy sand that is underlain by
light olive-brown fine sand.

The well-drained Flaxton and Livona soils occupy
convex slopes. The nearly level to sloping Temvik soils
are on smooth slopes and in areas that are mantled with
silty material. The wet Arveson and Heil soils are in
swales, depressions, and low concave areas.

Small grain and alfalfa are the principal crops. Fer-
tility is low to medium, and the organic-matter content
is low to moderate. Available water capacity is very low
to moderate. The main hazard is soil blowing.

Only about 30 percent of this association is used for
cultivated crops. The rest is mostly in native grass. Live-
stock raising is the main enterprise.

6. Flasher-Vebar association

Rolling to steep. well-drained and excessively drained,
Ermg;,ly moderately coarse textured soils on sandstone up-
ands

This association (fig. 2) consists of shallow and mod-
erately deep soils that formed in material weathered
from soft sandstone. Slopes are irregular and vary in
length. Sandstone crops out on the upper slopes and
ridges.

This association occupies about 3 percent of the

Figure 2.—Area in Flasher-Vebar association. Flasher soils and san dstone ledgerock are on the upper slopes. Vebar soils and the denser
vegetation are on the lower slopes.
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county: It is about 55 percent Flasher soils, 25 percent
Vebar soils, and 20 percent soils of minor extent.

Flasher soils, on the higher lying slopes and ridges,
are excessively drained. The surface layer typically is
dark grayish-brown fine sandy loam. It is underlain by
grayish-brown fine sandy loam and loamy fine sand that
grades to soft, bedded sandstone within a depth of about
19 inches.

Vebar soils, on smooth slopes and in rolling areas, are
well drained. Their surface layer typically is dark gray-
ish-brown fine sandy loam. It is underlain by light
brownish-gray and light yellowish-brown fine sandy
loam that grades to soft, bedded sandstone within a
depth of about 36 inches.

Less extensive in this association are the Sen, Werner,
and Williams soils. The shallow Werner soils are on the
upper slopes and ridges. Sen soils occupy smooth slopes.
Williams soils occupy smooth slopes mantled with gla-
cial till.

Small grain and alfalfa are the principal crops. Fer-
tility is low to medium, and the organic-matter content
is low to moderate. Available water capacity is very low
'to moderate. The main hazard is water erosion.

Most of this association is in native grass. Livestock
raising is the main enterprise. Some of the smoother, less
sloping areas are used for small grain and alfalfa.

7. Williams-Noonan association

Nearly level to wndulating, well-drained, medium-tex-
tured soils and moderately well drained claypan soils on
glacial 11 plains

This association consists mainly of deep soils that
formed in glacial till. The undulating areas are charac-
terized by short, irregular slopes. Potholes and depres-
sions are common. Stones are common in some areas.

This association occupies about 2 percent of the
county. It is about 70 percent Williams soils, 10 percent
Noonan soils, and 5 percent Niobell soils. Lehr, Parshall,
Miranda, Parnell, and Tonka soils are of minor extent.

Williams soils, in the higher lying positions, are well
drained. Their surface layer typically is very dark gray-
ish-brown loam about 4 inches thick. The subsoil is dark
grayish-brown to brown and dark-brown clay loam. Tt is
underlain by olive‘gray and light olive-brown clay loam
that contains a large amount of lime in the upper part.

Noonan soils, in the lower lying positions, are moder-
ately well drained. Their surface layer is loam that typi-
cally is-dark gray in the upper part and gray in the
lower part. The subsoil is dark grayish-brown clay loam.
It is underlain by pale-brown and light brownish-gray
clay loam that contains a large amount of segregated
lime and salt in the upper part.

The moderately well drained Niobell soils are in slight
microdepressions in close association with Noonan soils.
Lehr soils, on smooth glacial outwash, have sand and
gravel within a depth of 40 inches. The smooth, gently
sloping Parshall soils are moderately coarse textured.
Miranda soils are fine textured and occupy low spots ad-
jacent to Noonan soils. The wet Parnell and Tonka soils
are in depressions and potholes.

Most of this association is suited to the field crops, hay
crops, and pasture plants commonly grown in the
county. Fertility is medium to high, and the organic-

matter content is moderate. Available water capacity is
moderate to high. Major concerns in management are
controlling water erosion, improving drainage, and
maintaining tilth and fertility.

About 65 percent of this association is used for culti-
vated crops. Farming is mostly a combination livestock
and small grain enterprise.

8. Williams-Max-Zahl association

Nearly level to steep, well-drained, medium-textured
s0ils on glacial till plains

This association consists mainly of deep, rolling soils
that formed in glacial till. Slopes are short and irregu-
lar. Depressions are common. Stones are common in
many areas.

This association occupies about 27 percent of the
county. It is about 50 percent Williams soils, 25 percent
Max soils, and 10 percent Zahl soils. The rest is Arne-
gard, Parnell, Tonka, and Regan soils.

Williams soils occupy the smooth, less sloping parts of
the landscape and the midslopes in steeper areas. Their
surface layer typically is very dark grayish-brown loam
about 4 inches thick. The subsoil is dark grayish-brown
to brown and dark-brown clay loam. It is underlain by
olive-gray and light olive-brown clay loam that has a
large amount of lime in the upper part.

Max soils occupy the upper slopes above Williams
soils. Their surface layer typically is very dark grayish-
brown loam about 6 inches thick. The subsoil is dark-
brown and grayish-brown loam. It is underlain by light
olive-brown, dark grayish-brown, and light brownish-
gray, calcareous loam that has a large amount of lime in
the upper part.

Zahl soils occupy the highest parts of the landscape.
They have a thin surface layer of very dark grayish-
brown loam. This layer is underlain by a thin transition
layer of grayish-brown loam that grades to olive-gray
and light brownish-gray glacial till-of clay loam texture.

Arnegard soils are in swales and on foot slopes. The
wet Parnell and Tonka soils are in depressions and bas-
ins. The very poorly drained Regan soils are in shallow
stream valleys and basins.

The less sloping soils are suited to the field crops, hay
crops, and pasture plants commonly grown in the
county. Fertility is low to high, and the organic-matter
content is moderate. Available water capacity is high.
The main hazard is water erosion. The topography, the
numerous depressions, and the stones are concerns In
management.

About 75 percent of this association is in native grass.
Livestock raising is the main enterprise. Most of the cul-
tivated acreage is on the milder slopes.

9. Williams-Max association

Nearly level to rolling, well-drained, medium-textured
s0ils on glacial till plains

This association consists of deep soils that formed in
glacial till. Slopes are short and irregular. Depressions
are common, and many are flooded for extended periods.

This association occupies about 27 percent of the
county. It is about 55 percent Williams soils and 25 per-
cent Max soils. Less extensive are the Arnegard, Lehr,
Parnell, Tonka, and Colvin soils.
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The well-drained Williams soils occupy the lower
slopes and midslopes in some areas. Their surface layer
is very dark grayish-brown loam about 4 inches thick.
The subsoil is dark grayish-brown to brown and dark-
brown clay loam. It is underlain by olive-gray and light
olive-brown clay loam that has a large amount of lime in
the upper part.

The well-drained Max soils occupy the upper slopes
and the ridgetops. They have a surface layer of very
dark grayish-brown loam about 6 inches thick. The sub-
soil is dark-brown and grayish-brown loam. It is under-
lain by light olive-brown, dark grayish-brown, and light
brownish-gray, calcareous loam that has a large amount
of lime in the upper part.

Arnegard soils are in swales and on foot slopes. The
wet Parnell and Tonka soils are in depressions and bas-
ins. Lehr soils, on terraces, are underlain by sand and
gravel within a depth of 40 inches. The poorly drained
Colvin soils are in sloughs and basins.

Most of this association is suited to the field crops, hay
crops, and pasture plants commonly grown in the
county. Fertility is high to medium, and the organic-
matter content 1s moderate. Available water capacity is
high. Major concerns in management are controlling
water erosion, improving drainage, and maintaining tilth
and fertility.

About 65 percent of this association is used for culti-
vated crops. Some farms specialize in cash grain crops,
and others in feed grain and livestock enterprises.

10. Sen-Werner-Morton association

Gently sloping to hilly, well-drained, medium-textured
s0ils on soft shale and siltstone uplands

This association consists of moderately deep and shal-
low soils that formed in material weathered from soft
shale and siltstone. It is on uplands near the Missouri
River Valley. Slopes are irregular. In some areas they
are long and gently sloping. In others they are short and
steep.

This association occupies about 4 percent of the
county. It is about 55 percent Sen soils, 20 percent
Werner soils, and 10 percent Morton soils. Arnegard,
Daglum, Flasher, and Rhoades soils are of minor extent.

The gently sloping to steep, well-drained Sen soils
occupy the upper slopes in the less sloping areas and the
lower slopes and midslopes in the steeper areas. Their
surface layer is dark grayish-brown silt loam about 6
inches thick. The subsoil is dark grayish-brown and
brown silt loam. It is underlain by pale-brown, calear-
eous silt loam that grades to bedded silty shale at a
depth of about 38 inches.

The well-drained Werner soils occupy the upper slopes
and the crests of ridges. They have a surface layer of
dark grayish-brown loam. This layer is underlain by
grayish-brown loam that grades to bedded sandstone and
shale at a depth of less than 20 inches.

The gently sloping to sloping Morton soils are well
drained. Their surface layer is dark grayish-brown silt
loam. The subsoil is dark grayish-brown silt loam in the
upper part and olive silty clay loam in the lower part. It
is underlain by light olive-gray silty clay loam.

Arnegard soils are in swales and on foot slopes. The
moderately well drained Daglum and Rhoades soils are

in swales and on foot slopes along shallow drainageways.
The excessively drained, shallow Flasher soils are on
ridges and crests of slopes.

Most of this association is in native grass. Livestock
raising is the main enterprise. Fertility is low to
medium, and the organic-matter content is moderate.
Available water capacity is low to high.

11. Williams-Vebar Flasher association

Gently undulating to steep, well-drained, mediwm-tex-
tured soils on glacial ¢l and excessively drained, moder-
ately coarse tewtured soils on sandstone uplands

This association consists of deep soils that formed in
glacial till and moderately deep and shallow soils that
formed in material derived from soft sandstone. These
soils are undulating to rolling in the glacial till areas
and hilly to steep in the sandstone areas.

This association occupies about 8 percent of the
county. It is about 45 percent Williams soils, 15 percent
Vebar soils, and 15 percent Flasher soils. The rest is
Arnegard, Grail, Regan, Sen, and Werner soils.

Williams soils are gently undulating to rolling and are
well drained. Their surface layer is very dark grayish-
brown loam about 4 inches thick. The subsoil is dark
grayish-brown to brown and dark-brown clay loam. It is
underlain by olive-gray and light olive-brown clay loam
that has a large amount of lime in the upper part.

The well-drained Vebar soils are on smooth slopes
below the Flasher soils. Their surface layer typically is
dark grayish-brown fine sandy loam. It is underlain by
light brownish-gray and light yellowish-brown fine
sandy loam that grades to soft, bedded sandstone within
a depth of about 36 inches.

Flasher soils, on higher lying slopes and ridges, are
excessively drained. Their surface layer is typically dark
grayish-brown fine sandy loam. It is underlain by gray-
ish-brown fine sandy loam that grades to yellowish-
brown loamy fine sand over soft, bedded sandstone
within a depth of about 19 inches.

Arnegard and Grail soils are in swales and on foot
slopes. Regan soils are very poorly drained and are in
shallow stream valleys and basins. Sen soils are on
smooth slopes and are well drained. Werner soils are
shallow and occupy the upper slopes and ridgetops.

In the shallow soils, fertility and the organic-mattér
content are low and the available water capacity is very
low to low. In the deeper soils, fertility is medium to
high and the organic-matter content and available water
capacity are moderate to high. The main hazards are soil
blowing and water erosion.

About 65 percent of this association is in native grass.
Livestock raising is the main enterprise. Some of the
smoother, less sloping areas are used for growing small
grain and alfalfa.

12. Temvik-Mandan-Werner association

Nearly level to steep, well-drained, medium-textured
s0ils on terraces and uplands

This association consists of deep, nearly level to roll-
ing soils that formed in material deposited by wind and
shallow, steep soils that formed in material derived from
soft shale and siltstone.
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This association occupies about 6 percent of the
county. It is about 35 percent Temvik soils, 20 percent
Mandan soils, and 15 percent Werner soils. The rest is
Li_rllton, Sen, Arnegard, Flasher, Williams, and Vebar
soils.

Temvik soils are nearly level to gently rolling and are
well drained. Their surface layer 1s dark-gray silt loam
about 6 inches thick. The subsoil is dark grayish-brown
and brown silt loam. It is underlain by light-gray, cal-
careous loam at a depth of about 22 inches.

Mandan soils are on smooth benches and terraces adja-
cent to the steep breaks of the Missouri River. Their sur-
face layer is dark grayish-brown silt loam about 13
inches thick. The subsoil is grayish-brown silt loam. It is
underlain by light brownish-gray, calcareous silt loam.

Werner soils are steep, shallow, and well drained.
Their surface layer is dark grayish-brown loam. It is
underlain by grayish-brown loam that grades to bedded
sandstone and shale at a depth of 20 inches or less.

Linton soils are well drained. They occupy the slightly
higher positions in the landscape, in close association
with Mandan soils. The Sen and Vebar soils are on
smooth slopes and have soft, bedded sandstone and silt-
stone at a depth of less than 40 inches. Arnegard soils
are in swales and on foot slopes. The excessively drained
Flasher soils are on ridges and crests of slopes. The slop-
ing to rolling Williams soils are well drained.

The less sloping soils in this association are suited to
the field crops, hay crops, and pasture plants commonly
grown in the county. In the deeper soils, fertility is
medium to high and the organic-matter content and
available water capacity are moderate to high. In the
shallow soils fertility is low, the organic-matter content
is moderate, and available water capacity is low. The
main hazards on this association are soil blowing and
water erosion.

About 50 percent of this association is used for culti-
vated crops. Some farmers specialize in cash grain crops,
and others in feed grain and livestock enterprises.

13. Lehr-Wabek-Manning association

Nearly level to steep, somewhat ewcessively drained and
excessively drained, medium-textured and moderately
coarse textured soils on outwash plains

This association consists of moderately deep and shal-
low soils on terraces and in glacial outwash areas.

This association occupies about 7 percent of the
county. It is about 55 .percent Lehr soils, 18 percent
Wabek soils, and 12 percent Manning soils. Less exten-
sive are the Tansem, Roseglen, Regan, Colvin, Harriet,
and Williams soils.

Lehr soils, in the smooth, less sloping parts of the
landscape, are somewhat excessively drained. Their sur-
face layer is dark grayish-brown loam about 6 inches
thick. The subsoil is dark grayish-brown and grayish-
brown loam. It is underlain by light brownish-gray
gravelly coarse sandy loam that grades to gravel at a
depth of about 22 inches.

Wabek soils, in the steeper parts of the landscape, are
excessively drained. Their surface layer is very dark
grayish-brown loam. It is underlain by light brownish-

gray, calcareous gravelly loam that grades to gravel and
sand at a depth of less than 10 inches.

Manning soils, in the smooth, less sloping parts of the
landscape, are somewhat excessively drained. Their sur-
face layer is dark grayish-brown fine sandy loam about 8
inches thick. The subsoil is dark-brown or brown fine
sandy loam. It is underlain by light yellowish-brown fine
sandy loam that grades to sand and gravel at a depth of
about 25 inches.

Tansem and Roseglen soils are silty and nearly level to
gently sloping. The poorly drained Colvin soils and the
very poorly drained Regan soils are in shallow stream
valleys and basins. The poorly drained Harriet soils are
in swales and along bottoms of shallow drainageways.
Williams soils are well drained and gently sloping to
rolling.

Most of this association is suited to the field crops, hay
crops, and pasture plants commonly grown in the
county. Fertility is low to medium, and the organic-mat-
ter content is moderate. Available water capacity is very
low to low. Major concerns in management are soil blow-
ing and very low to low available water capacity.

About 65 percent of this association is used for culti-
vated crops. The shallow soils are used mainly for live-
stock production. They are also a source of sand and
gravel,

Descriptions of the Soils

This section describes the soil series and mapping
units in Burleigh County. Each soil series is described in
considerable detail, and then, briefly, each mapping unit
in that series. Unless it is specifically mentioned other-
wise, it is to be assumed that what 1s stated about the
soil series holds true for the mapping units in that
series. Thus, to get full information about any one map-
ping unit, it is necessary to read both the description 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 contains two descriptions of this
profile. The first is brief and in terms familiar to the
layman. The second, detailed and in technical terms, is
for scientists, engineers, and others who need to make
thorough and precise studies of soils. Unless it is other-
wise stated, the colors given in the descriptions are those
of a dry soil.

As mentioned in the section “How This Survey Was
Made,” not all mapping units are members of a soil
series. Riverwash, for example, does not belong to a soil
series, but nevertheless, is listed in alphabetic order
along with the soil series.

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 group in which the mapping
unit has been placed. The page for the description of
each capability unit and range site can be found by re-
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ferring to the “Guide to Mapping Units” at the back of

this survey.

The acreage and proportionate extent of each mapping
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, and more detailed information about the
terminology and methods of soil mapping can be
obtained from the Soil Survey Manual (6).

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

Soil Area Extent Soil Area Extent
Acres Percent Acres Percent
Arnegard and Grassna silt loams, level ... 33, 070 3.1 Manning fine sandy loam, undulating...____ 5, 406 0.5
Arnegard and Grassna silt loams, gently Manning fine sandy loam, sloping____.___.. 860 .1
8lopIng - - o 5, 806 .6 Max-Zahl loams, rolling___ . _________..__. 775 .1
Arveson-Stirum loams__ ..o - ___ 1, 343 .1 Mine pits and dumps. . oo ccemooaa 1,414 .1
Arveson-Stirum loams, very poorly drained. . 473 0] Miranda-Noonan complex_._____._.__.__.__ 1,618 .2
Banks loamy finesand_ __ ... _____ 2, 044 .2 Morton silt loam, gently sloping....________ 491 ®)
Banks fine sandy loam . ..o __ 482 ® Morton silt loam, sloping- - - oo _-_ 686 .1
Banks 10am oo eeeeeeeem 567 .1 Niobell-Noonan loams, nearly level _________ 6, 495 .6
Belfield-Rhoades silty clay loams, nearly Niobell-Noonan loams, undulating__..____._.. 5, 009 .5
level - 11, 143 1.1 Parnell silty clay loam, very poorly drained__ 10, 176 1.0
Belfield-Rhoades silty clay loams, gently Parshall fine sandy loam, nearly level___.____ 517 )
BlopIng. - oo 880 .1 Parshall fine sandy loam, gently sloping_. ... 626 1
Belfield-Rhoades-Grail silty clay loams_____. 4, 139 .4 Parshall fine sandy loam, clay subsoil variant. 333 m
Blown-out land_ _ - e 254 ® Parshall and Lihen fine sandy loams, nearly
Colvin silty clay loam____ oo 5, 353 .5 level. o e cecmeiccemm e 22, 053 2.1
Daglum-Belfield-Harriet complex_._...__-.__ 1, 342 .1 | Parshall, Lihen, and Telfer fine sandy loams,
Daglum-Rhoades silty clay loams__________ 983 .1 undulating_ .o oo 21, 619 2.0
Dimmick silty clay .- - - oo 3, 307 .3 || Regansilty clay loam____ . .o.______ 12, 572 1.2
Flasher soils, sloping. o cceoooaeoo- 184 O] Regent silty clay loam, sloping_.___.______. 1,430 .1
Flasher-Vebar complex, hilly____ ... 17, 552 1.7 Regent-Grail silty clay loams, gently sloping. 1, 589 .2
Flasher-Vebar-Rock outcrop complex, steep.. 10, 719 1.0 Rhoades complex. .- eemaaoo 11, 466 1.1
Flaxton fine sandy loam._. ..o 1,471 .1 Rhoades-Daglum complex___ __.oooeeoo- 1, 607 .2
Flaxton-Livona loamy fine sands, undulating. 2,721 .3 || Riverwash- o oo eeeeeieeo 1, 730 .2
Flaxton-Livona fine sandy loams, undulating_ 7, 787 .7 Roseglen-Tansem silt loams, nearly level_.__ 34, 679 3.3
Grail silt loam, level . . _________. 8, 159 .8 || Savage silt loam, level ___ _____ ... 5, 579 .5
Grail silt loam, gently sloping. ... --_. 1, 500 .1 Savage silt loam, gently sloping. ... 1, 766 .2
Grail silty clay loam, level._____ [ 2, 943 .3 || Savage silt loam, sloping_ - .- ______ 364 )
Grail silty clay loam, gently sloping. .- 619 .1 Savage silty clay loam, level. ... _____.___ 3, 432 .3
Harriet complex_ o .o 3,319 .3 || Savage silty clay loam, gently sloping._._.-__. 917 .1
Harriet and Regan soils, strongly saline_____ 14, 630 1.4 || Sen silt loam, gently sloping_._ ... 9, 893 .9
Havrelon fine sandy loam_ . . ._____ 2,732 .3 || Sen silt loam, sloping_ . - cocmmmaaao- 11, 330 1.1
Havrelon loam . . oo 8, 306 .8 Sen silt loam, hilly. . - 1, 304 .1
Havrelon loam, clay subsoil variant_________ 633 .1 Straw silt 108m o - - o e ememme 5, 367 .5
Havrelon silty clay loam_ . _____ 6, 725 .6 Straw, Arnegard, and Colvin soils, channeled. 4, 347 !
Heil soils_ e 8, 202 .8 || Tansem loam, sloping-_ . «ocooaoo_—_- 1,632 .2
Lallie silty clay loam._____ oo 1,452 .1 Tansem-Lehr loams, nearly level _______.___ 4, 641 .4
Lehr loam, nearly level ... . _________ 35, 502 3.3 Tansem-Roseglen silt loams, gently sloping. .. 9, 917 .9
Lehr loam, undulating- _ —ccvomcno—oo-- 15, 990 1.5 Telfer-Lihen loamy sands, nearly level______ 412 ) -
Lehr loam, sloping_ - cocooomm oo 1,313 .1 Telfer-Lihen loamy fine sands, hilly_______.. 1, 041 .1
Lihen loamy fine sand, nearly level_.____.. 18, 592 1.8 || Telfer-Seroco loamy sands_ .- ceeoaoaa- 11, 047 1.1
Lihen loamy fine sand, clay subsoil variant__ 422 ® Temvik silt loam, nearly level ._____________ 8, 281 .8
Lihen, Livona, and Parshall fine sandy loams, Temvik silt loam, undulating_. - ____._____.. 16, 466 1.6
hilly o oo e 2,202 .2 || Temvik silt loam, rolling. .-« ____________._. 5, 352 .5
Lihen, Parshall, and Telfer fine sandy loams, Tiffany 108 o - oo ec e e e 252 Q)
rOling . - - oo 4, 603 .4 |l Tonka and Parnell soils_ ... __..——___. 5, 007 .5
Lihen-Telfer loamy fine sands, undulating__. 8, 975 .9 || Vebar fine sandy loam, gently sloping.._.__. 4, 098 .4
Lihen-Telfer loamy fine sands, rolling_._.__. 1, 475 .1 || Vebar fine sandy loam, sloping._ ..o~ 7, 961 .8
Linton-Mandan silt loams, hilly ... __._.._. 1, 034 .1 Wabek soils, undulating_ - - ... 4,072 .4
Linton-Mandan silt loams, steep___-____.-- 1,573 .1 Wabek soils, hilly.. - - 12,102 1.1
Livona-Flaxton loamy fine sands, rolling. - __ 816 .1 Werner complex, Steep - -« oo o oo mmmnn- 15, 615 L5
Livona-Flaxton fine sandy loams, rolling__ .. 3,719 .4 || Werner-Morton-Sen complex, hilly__._....__ 18, 110 1.7
Livona and Lihen loamy fine sands, hilly____ 809 .1 Werner-Sen loams, sloping. ... _—______. 332 ()
Livona, Lihen, and Flasher fine sandy loams, Werner-Shale outcrop complex_ - —.._____ 1, 041 .1
L2 L ot R 1,224 .1 || Williams stony loam, rolling_ . ______ ... 3, 754 .4
Livona-Williams fine sandy loams, hilly_.___ 5,703 .5 || Williams loam, nearly level .. _.____.._____. 46, 438 4.4
Lohlersilt loam._ oo 664 .1 Williams loam, undulating________._____... 218, 455 20. 7
Lohler silty clay loam. .- 1, 382 .1 || Williams loam, rolling__. . ____.______. 100, 606 9.5
Lohler silty clay .- oo 1,101 .1 il Williams loam, hilly __ _ .- oo 8, 645 .8
Magnus silty clay loam_ ___ .- 1,159 .1 || Williams-Zahl loams, hilly_ - _..._.______.__ 54, 700 5.1
Makoti silty clay loam, level __________.__. 2, 646 .3 || Williams-Zahl loams, steep. - - - —-o—_——..__ 2, 157 .2
Makoti-Williams silty clay loams, gently LaKe . - o e e e o e eeeeeam 3, 655 .4
sloping. _ . oo 588 .1 Saline intermittent lake_ _____._________ 3, 895 .3
Mandan silt loam, level . _________ . ___.___ 4, 835 .5
Mandan-Linton silt loams, undulating___._. 4, 784 .5 Total . - oo e 1, 054, 720 100.0
Mandan-Linton silt loams, rolling_. - _._.____. 2, 975 .3 Inland water. - - - - oo 31,808 [___.____
Manning fine sandy loam, nearly level . . ___. 2, 660 .3

1 Less than 0.05 percent.
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Arnegard Series

The Arnegard series consists of deep, nearly level and
gently sloping, well-drained soils in swales, small val-
leys, and concave fans. These soils formed in local allu-
vium. Slopes are long.

In a representative profile, the surface layer is dark-
gray silt loam about 14 inches thick. The subsoil, about
28 inches thick, is dark grayish-brown, friable loam in
the upper part, dark-gray loam in the middle part, and
grayish-brown clay loam in the lower part. The underly-
Ing material is light brownish-gray clay loam to a depth
of 48 inches and light brownish-gray gravelly clay loam
and sand below. It is moderately limy.

Permeability is moderate. Available water capacity,
organic-matter content, and fertility are high.

These soils are well suited to small grain, grasses, leg-
umes, and trees. Most areas are cropland.

Representative profile of Arnegard silt loam in a culti-
vated field in an area of Arnegard and Grassna silt
loams, level, 880 feet north and 350 feet east of the
southwest corner of sec. 1, T. 140 N., R. 80 W.:

Ap—O0 to 6 inches, dark-gray (10YR 4/1) silt loam, black
(10YR 2/1) when moist; cloddy ; slightly hard when
dry, very friable when moist, slightly sticky and
slightly plastic when wet; abrupt, smooth boundary.

Al1—-6 to 14 inches, dark-gray (10YR 4/1) silt loam, black
(10YR 2/1) when moist; coarse prismatic structure
to weak, coarse, angular blocky; slightly sticky and
slightly plastic when wet; clear, wavy boundary.

B21—14 to 20 inches, dark grayish-brown (2.5Y 4/2) loam,
very dark gray (10YR 3/1) when moist; moderate,
medium, prismatic structure to moderate, medium
and fine, angular blocky; hard when dry, very fria-
ble when moist, sticky and plastic when wet; coat-
ings on vertical faces of peds, very dark gray (10YR
3/1) when moist ; gradual, wavy boundary.

B22—20 to 38 inches, dark-gray (10YR 4/1) loam, very dark
gray (10YR 3/1) when moist; strong, medium, pris-
matic structure to strong, medium and fine, angular
blocky; hard when dry, very friable when moist,
sticky and plastic when wet; continuous distinct
coatings on faces of peds, black (10YR 2/1) when
moist; clear, wavy boundary.

B3ca—38 to 42 inches, grayish-brown (2.5Y 5/2) clay loam,
dark grayish brown (2.5Y 4/2) when moist; moder-
ate, coarse, prismatic structure; hard when dry,
sticky and plasilc when wet; strong effervescence;
few nodules of segregated lime ; clear, wavy boundary.

Clca—42 to 48 inches, light brownish-gray (2.5Y 6/2) clay
loam, dark grayish brown (2.5Y 4/2) when moist;
hard when moist, sticky and plastic when wet;
strong effervescence; many soft masses of segregated
lime ; abrupt, wavy boundary.

IIC2—48 to 53 inches, light brownish-gray (2.5Y 6/2) grav-
elly clay loam, dark grayish brown (2.5Y 4/2) when
moist; sticky and plastic when wet; moderate effer-
vescence ; gradual, wavy boundary.

ITIC3—53 to 72 inches, light brownish-gray (2.5Y 6/2) sand,
dark grayish brown (2.5Y 4/2) when moist; loose
when dry, nonsticky and nonplastic when wet; mod-
erate effervescence.

The depth to which these soils are darkened by organic
matter ranges from 25 to more than 60 inches. The Al hori-
zon ranges from 9 to 18 inches in thickness. It is black, very
dark gray, or very dark grayish brown when moist and dark
gray and very dark grayish brown when dry. The upper part
of the B horizon is dark grayish brown or very dark grayish
brown when moist and dark gray or dark grayish brown
when dry. With increasing depth the color grades to dark
grayish brown. The depth to lime is commonly more than 30
inches. Most profiles have a prominent lime zone in the lower

part of the B horizon or in the upper part of the C horizon.

Arnegard soils are associated with Grail, Grassna, and
Parshall soils. They are coarser textured than Grail soils
and do not have a B2t horizon, which is characteristic of
Grail soils. They have a lower silt content than Grassna
soils. They are finer textured than Parshall soils.

Arnegard and Grassna silt loams, level (0 to 3 percent
slopes) (AgAl.—These soils are in swales and small valleys.
Some areas are Arnegard silt loam, some are Grassna silt
loam, and others contain both soils. The Arnegard soil is
commonly associated with soils formed in glacial till.
The Grassna soil is on eolian silt deposits adjacent to
breaks along the Missouri River. )

Each soil has the profile described as representative
for its respective series. The Grassna soil is described
under the heading “Grassna Series.” ) )

Surface runoff is slow. Fertility is high. Soil blowing
and water erosion are moderate hazards. Controlling soil
blowing is the major concern in management.

These soils are well suited to small grain, corn, and
alfalfa. Most of the acreage is cultivated. Areas not
under cultivation are in native grass. The trees and
shrubs commonly grown do well on these soils. Capabil-
ity unit ITc-6; Silty range site; windbreak group 1.

Arnegard and Grassna silt loams, gently sloping (3
to 6 percent slopes) (AgB).—These soils are in concave posi-
tions on glacial till, residual plains, and eolian silt
deposits. Some areas are Arnegard silt loam, some are
Grassna silt loam, and others contain both soils. The
Arnegard soil is more commonly in the glacial till and
residual areas, and the Grassna soil is in areas of eolian
silt deposits and adjacent to the Missouri River.

Surface runoff is medium. Fertility is high. The ero-
sion hazard is moderate. Controlling water erosion and
soil blowing is the major concern in management.

These soils are well suited to small grain, corn, and
alfalfa. About 75 percent of the acreage is cultivated,
and the rest is in native grass. The commonly grown
trees and shrubs do well. Capability unit IIe-6; Silty
range site; windbreak group 1.

Arveson Series

The Arveson series consists of deep, level, poorly
drained and very poorly drained soils that are limy at or
near the surface. These soils are in basins, sloughs, and
seep areas. They formed in moderately coarse textured
deposits of glacial origin. They have a seasonal high
water table that contributes to the accumulation of lime
near the surface.

In a representative profile, the surface layer is loam
about 5 inches thick, is very dark gray when moist, 18
moderately limy, and contains a few yellowish-red mot-
tles. It is underlain by a layer about 9 inches thick that
is similar to the surface layer but of fine sandy loam tex-
ture. Below this is friable fine sandy loam that is about
22 inches thick, is very dark grayish brown when moist,
and is strongly limy. The underlying material is dark
grayish-brown fine sandy loam in the upper part, gray-
ish-brown loamy fine sand in the middle part, and
strong-brown loamy fine sand in the lower part. The
upper part of this material is strongly limy. The colors
designated are for moist soil.
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Permeability is moderately rapid. The available water
capacity is low. The organic-matter content is high, and
fertility is medium.

These soils are used mainly for grass. Some of the
better drained areas are used for small grain and corn.

Representative profile of Arveson loam under native
grass in an area of Arveson-Stirum loams, 180 feet north
and 2,590 feet east of the southwest corner of sec. 29, T.
138 N, R. 78 W.:

Al11--0 to b5 inches, gray (N 5/0) loam, very dark gray
(10YR 3/1) when moist; few, fine, distinct, yellow-
ish-red (5YR 5/6) mottles; weak, medium, granular
structure; soft when dry, friable when molist,
slightly sticky and slightly plastic when wet; moder-
ate effervescence; clear, smooth boundary.

A12—5 to 14 inches, gray (2.5Y 5/1) fine sandy loam, very
dark gray (2.6Y 8/1) when moist; weak, medium,
granular to prismatic structure; soft when dry, very
friable when molist, slightly sticky and slightly plas-
tic when wet; moderate effervescence; gradual,
wavy boundary.

Clca—14 to 36 inches, gray (5Y 5/1) fine sandy loam, very
dark grayish brown (2.6Y 8/2) when moist; single
grain; soft when dry, very friable when moist,
slightly sticky and slightly plastic when wet; strong
effervescence ; gradual, wavy boundary.

C2gca—36 to 41 inches, gray (5Y 6/1) fine sandy loam, dark
grayish brown (2.5Y 4/2) when moist; massive; soft
when dry, friable when moist, slightly sticky and
slightly plastic when wet; strong effervescence;
clear, wavy boundary.

‘C3g—41 to 52 inches, gray (2.5Y 6/1) loamy fine sand, gray-
ish brown (2.5Y 5/2) when moist; single grain; loose
when dry, loose when moist, nonsticky and nonplas-
tic when wet; moderate effervescence; clear, wavy
boundary.

C4g—>52 to 60 inches, reddish-yellow (7.5YR 6/8) loamy fine
sand, strong brown (7.5YR §5/6) when moist;
common, fine, distinct, light-gray (2.5Y 7/2) mottles;
single grain; loose when dry, loose when moist, non-
sticky and nonplastic when wet; moderate effer-
vescence.

The Al horizon is loam or fine sandy loam 10 to 16 inches
thick. It is very dark gray or black when moist. It is slightly
to moderately limy. The Cea horizon is very dark grayish
brown, dark grayish brown, or dark gray when moist, is fine
sandy loam or loam, and is moderately to strongly limy. In
places the lower part is loamy fine sand. The C horizon is
loamy fine sand or fine sandy loam. In places salt crystals
are common in the Clca and Cg horizons, and the soil is
moderately to strongly saline.

Arveson soils are similar to Colvin, Regan, and Tiffany
soils. They are more sandy than Colvin and Regan soils.
They are more limy than Tiffany soils.

Arveson-Stirum loams (0 to 3 percent slopes) (Arl.—
This complex is in basins and seep areas. It is about 50
percent Arveson loam, 80 percent Stirum loam, and 20
percent Tiffany and Regan soils. The Stirum soil is in
the slightly lower positions.

The Arveson soil has the profile described as repre-
sentative for the Arveson series. Stirum soils are
described under the heading “Stirum Series.”

These soils are poorly drained and receive surface
runoff and seepage from adjacent areas. Fertility is
medium in the Arveson soil and low in the Stirum soil.
Wetness is the major concern in management. Soil blow-
ing is a moderate hazard when the surface layer is dry.

Most of the acreage is in native grass. Some of the
better drained areas are cultivated, but wetness delays
tillage each year, and in some wet periods either seeding
or harvesting has to be abandoned. Capability unit

IIIwe-3; Arveson soil in Subirrigated range site and
windbreak group 2; Stirum soil in Saline Subirrigated
range site and windbreak group 9.

Arveson-Stirum loams, very poorly drained (0 to 3
percent slopes) (As).—This complex occurs in basins and
seep areas that are very poorly drained. It is about 55
percent Arveson loam, 25 percent Stirum loam, and 20
percent Tiffany and Regan soils. Included in mapping
are a few small areas that are moderately to strongly
saline.

The Arveson soil has a profile similar to the one
described as representative for the Arveson series, but it
is more mottled and more poorly drained. The Stirum
soil has the profile described as representative for the
Stirum series.

Surface runoff is slow. Fertility is medium in the
Arveson soil and low in the Stirum soil. Surface pond-
ing and the high water table are the major concerns in
management.

The drier areas are used for native hay and pasture.
The wetter areas are suitable for wildlife. Capability
unit VIs-SS; Saline Subirrigated range site; wind-
break group 10.

Banks Series

The Banks series consists of deep, level and gently
sloping, somewhat excessively drained soils that formed
in recently deposited sandy alluvium on bottom land
along the Missouri River. These soils are adjacent to the
river and are on islands in the river.

In a representative profile, the surface layer is light
brownish-gray very fine sandy loam about 4 inches thick.
In areas where the surface layer has been mixed with the
underlying material, the texture is loamy fine sand. The
underlying material is slightly limy. It is light brown-
ish-gray fine sand to a depth of 30 inches and light brown-
ish-gray loamy fine sand below.

Permeability is rapid. Available water -capacity,
organic-matter content, and fertility are low.

These soils are suitable for pasture, wildlife habitat,
and recreation. Most of the acreage is either wooded and
brushy or covered with native tall grasses and scattered
cottonwood trees. A few small areas are cultivated.

Representative profile of Banks loamy fine sand in an
area of tame grass and cottonwood trees, 1,585 feet south
and 2,165 feet east of the northwest corner of sec. 5, T.
140 N, R. 81 W.:

A1—0 to 4 inches, light brownish-gray (2.5Y 6/2) very fine
sandy loam, dark grayish brown (2.6Y 4/2) when
moist; weak, medium, granular structure; soft when
dry, very friable when moist, slightly sticky and
slightly plastic when wet; slight effervescence;
abrupt, wavy boundary.

JICI—4 to 80 inches, light brownish-gray (2.6Y 6/2) fine
sand, grayish brown (2.5Y 5/2) when moist; single
grain; loose when dry, loose when moist, nonsticky
and nonplastic when wet; slight effervescence; grad-
ual, wavy boundary.

IIIC2—30 to 60 inches, light brownish-gray (2.5Y 6/2) loamy
fine sand, dark grayish brown (2.5Y 4/2) when
moist; single grain; loose when dry, loose when
moist, nonsticky and nonplastic when wet; slight
effervescence.

In most places, the A horizon layer is loamy fine sand or
fine sandy loam. In some it is very fine sandy loam or loam.
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Sands and loamy sands dominate in the underlying layers.
Color throughout the profile ranges from grayish brown or
light brown to light gray or pale yellow. Variations in color
and texture relate to stratification.

Banks soils are associated with Havrelon, Lohler, and
Seroco soils. Their underlying material is coarser textured
than that of Havrelon and Lohler soils. In contrast with
Seroco soils, they are limy and subject to overflow. They are
commonly higher above the river level than Riverwash.

Banks loamy fine sand (0 to 6 percent slopes) (Ba).—
This soil is on bottom land adjacent to the Missouri
River. It is about 85 percent Banks loamy fine sand. The
rest is Havrelon soils, which have a surface layer of fine
sandy loam.

This soil has the profile described as representative for
the Banks series.

This soil is droughty and moderately susceptible to
soil blowing. Surface runoff is slow. Fertility is low.
Controlling soil blowing and conserving moisture are the
main concerns of management.

Most, areas of this soil are used for grazing and wild-
life. The native vegetation is mixed grasses, brush, and
cottonwoods. Capability unit VIe-Sa; Sands range site;
windbreak group 7.

Banks fine sandy loam (0 to 8 percent slopes) (Bf).—
This soil is on bottom land of the Missouri River, adja-
cent to the channel. It is about 65 percent Banks fine
sandy loam and 25 percent Banks loamy fine sand. The
rest i1s Havrelon soils, which have a coarse-textured sur-
face layer.

The profile of this soil is similar to the one described
as representative for the Banks series, but the surface
layer is fine sandy loam to a depth of 10 inches.

This soil is droughty and moderately susceptible to
soil blowing. Surface runoff is slow. Fertility is low.
Controlling soil blowing and conserving moisture are the
main concerns of management.

Most areas are wooded and brushy, or are covered with
native grass and scattered trees and are used for grazing.
A few small areas are cultivated. Capability unit
IVe-3; Sandy range site; windbreak group 7.

Banks loam (0 to 3 percent slopes) (Bkl.—This soil is on
bottom land of the Missouri River, close to the channel.
It is mostly level, but is undulating in one small area. It
is about 75 percent Banks loam and 25 percent Havrelon
soil and a coarser textured Banks soil.

Except for the loam surface layer, the profile of this
soil is similar to the one described as representative for
the Banks series.

This soil .is droughty and susceptible to soil blowing.
Surface runoff is slow. Fertility is low. Conserving mois-
ture and controlling erosion are the main concerns of
management.

About 15 percent of the acreage is cultivated and used
for feed crops. The rest is brushy and wooded or covered
with native grass and is used for grazing. Capability
unit ITIs-5 ; Silty range site; windbreak group 7.

Belfield Series

The Belfield series consists of deep, nearly level to
gently sloping, well-drained soils. These soils formed in
material derived from soft shale and siltstone. Slopes are
plain or concave, and the gradient is 0 to 9 percent.

In a representative profile, the upper 7 inches of the
surface layer is very dark grayish-brown silty clay loam.
The lower 5 inches is very dark grayish-brown silt loam.
A transition layer between the surface layer and the sub-
soil is gray silt loam about 4 inches thick. The subsoil is
firm and about 32 inches thick. In sequence from the top,
the upper 9 inches of this layer is very dark grayish-
brown silty clay loam, the next 11 inches is dark gray-
ish-brown clay loam, the next 8 inches is very dark gray
clay loam, and the lower 4 inches is light yellowish-brown
silty claIy. The underlying material is light yellowish-
brown silty clay.

Permeability is moderately slow. Available water
capacity is high. The organic-matter content is moderate,
and fertility is medium.

These soils are suited to small grain, grasses, and leg-
umes. They are only fair for trees. Most of the acreage is
cropland.

Representative profile of a Belfield silty clay loam in a
cultivated field within an area of Belfield-Rhoades silty
clay loams, nearly level, 1,160 feet north and 70 feet west
of the southeast corner of sec. 6, T. 138 N., R. 77T W.:

Ap—oO to 7 inches, very dark grayish-brown (10YR 3/2) silty
clay loam, very dark brown (10YR 2/2) when moist;
moderate, medium, granular structure; soft when
dry, very friable when moist, slightly sticky and
slightly plastic when wet; abrupt, smooth boundary.

A12—7 to 12 inches, very dark grayish-brown (10YR 3/2) silt
loam, very dark brown (10YR 2/2) when moist;
weak, thick, platy structure; soft when dry, friable
when moist, slightly sticky and slightly plastic when
wet ; gradual, wavy boundary.

A&B—12 to 16 inches, gray (10YR 5/1) silt loam, dark gray-
ish brown (10YR 4/2) when moist; weak, medium,
prismatic structure separating to moderate, medium,
angular blocky; soft when dry, very friable when
moist, slightly sticky and slightly plastic when wet;
tongues extend to a depth of 18 inches; gradual,
wavy boundary.

B21t—16 to 25 inches, very dark grayish-brown (10YR 3/2)
silty clay loam, very dark brown (10YR 2/2) when
moist; tops of blocks coated with gray silt loam;
moderate, coarse and medium, prismatic structure
separating to strong, medium, angular blocky; clay
films on all ped faces; hard when dry, firm when
moist, sticky and plastic when wet; gradual, wavy
boundary.

B22t—25 to 36 inches, dark grayish-brown (10YR 4/2) clay
loam, very dark brown (10YR 2/2) when moist;
strong, medium and fine, prismatic structure separat-
ing to strong, medium and fine, angular blocky ; clay
films on all ped faces; hard when dry, firm when
moist, sticky and plastic when wet; gradual, wavy
boundary.

B23t-—36 to 44 inches, very dark gray (10YR 8/1) and gray-
ish-brown (2.5Y 5/2) clay loam, black (10YR 2/1)
and dark grayish brown (2.5Y 4/2) when moist;
weak, coarse, prismatic structure separating to weak,
coarse, angular blocky; clay films on all ped faces;
hard when dry, firm when moist, sticky and plastie
when wet ; gradual, wavy boundary.

Bca—44 to 48 inches, light yellowish-brown (2.5Y 6/8) and
very dark grayish-brown (2.5Y 38/2) silty clay, dark
grayish brown (2.56Y 4/2) and black (2.5Y 2/1) when
moist; weak, coarse, prismatic structure separating
to weak, coarse, angular blocky; hard when dry,
firm when moist, sticky and plastic when wet;
strong effervescence ; gradual, wavy boundary.

Cca—48 to 60 inches, light yellowish-brown (2.5Y 6/8) silty
clay, olive brown (2.5Y 4/3) when moist; hard when
dry, firm when moist, sticky and plastic when wet;
strong effervescence.
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The solum ranges from 18 to 50 inches in thickness. The A
horizon ranges from loam to silty clay loam. The Ap horizon
ranges from 4 to 10 inches in thickness and from very dark
grayish brown when dry to black when moist. The Al12
ranges from 3 to 9 inches in thickness. It is gray or very
dark grayish brown when dry and very dark brown or very
dark grayish brown when moist. The gray or dark-gray color
of the A&B horizon covers the tops of prisms or columns of
the B21t horizon. In most places the upper part of the B2lt
is prismatic, but in places there are round-topped columns
that separate to blocks. The B21t and B22t horizons range
from very dark brown to dark brown when moist. In places,
weathered shale, soft sandstone, or siltstone is below a depth
of 36 inches.

Belfield soils are associated with Daglum, Niobell, and
Rhoades soils. They differ from Daglum and Rhoades soils in
having prismatic or weak columnar structure in the B2t
horizon. In contrast with Niobell soils, they have a thicker A
horizon and formed in material derived from soft shale and
siltstone.

Belfield-Rhoades silty clay loams, nearly level (0 to
8 percent slopes) (BrA).—This complex is on terraces and
outwash plains. It is about 60 percent Belfield silty clay
loam and 20 percent Rhoades silty clay loam. Included
in mapping were small areas of Daglum and Savage
soils.

The Belfield soil has the profile described as represent-
ative for the Belfield series. The Rhoades soil is
described under the heading “Rhoades Series.” .

Surface runoff is medium to slow. Natural fertility is
medium in the Belfield and Daglum soils and low in the
Rhoades soil.

More than half the acreage is cultivated. The rest is
mainly in native grass. A shallow claypan in the
Rhoades soil and in some areas of the Daglum soil
makes it difficult to prepare a suitable seedbed. Capabil-
ity unit IIIs-P6; Belfield soil in Silty range site and
windbreak group 4; Rhoades soil in Claypan range site
and windbreak group 9.

Belfield-Rhoades silty clay loams, gently sloping (3
to 6 percent slopes) (BrB).—This complex is on terraces and
outwash plains. It is about 60 percent Belfield silty clay
loam and 20 percent Rhoades silty clay loam. Included
in mapping were small areas of Daglum and Savage
soils.

Surface runoff is medium. Moisture penetration is
somewhat less and the water erosion hazard greater on
steeper slopes than on milder slopes.

More than half the acreage 1s cultivated. The rest is
mainly in native grass. Keeping the Rhoades soil and the
Daglum soil in good tilth is a concern in management.
Small grain grows fairly well. Corn and alfalfa are
poorly suited n areas where the surface layer is shallow
over the claypan. Capability unit IITe-P6; Belfield soil
in Silty range site and windbreak group 4; Rhoades soil
in Claypan range site and ‘windbreak group 9.

Belfield-Rhoades-Grail silty clay loams (0 to 3 per-
cent slopes) (Bs).—This complex is in swales. It is about 55
percent Belfield soils, 25 percent Rhoades soils, and 20
percent Grail and Daglum soils. The microrelief in some
areas is less than 5 inches. Rhoades soils are in the low
spots.

Surface runoff is medium to slow. Fertility is medium
on the Belfield soil, low on the Rhoades soil, and high on
the Grail soil. These soils receive additional moisture

from surrounding areas.

About half the acreage is cultivated. The rest is used
mostly for pasture or hay. Keeping the Rhoades soil in
good tilth is difficult because it has a shallow surface
layer and a claypan.

Small grains are suited. Corn and alfalfa are poorly
suited in areas where the surface layer is shallow over a
claypan. Capability unit ITIs-P6; Belfield soil in Silty
range site and windbreak group 4; Rhoades soil in Clay-
pan range site and windbreak group 9; Grail soil in
Clayey range site and windbreak group I.

Blown-out Land

Blown-out land (0 to 9 percent slopes) (Bt) consists of
soils that have been severely eroded by wind. In most
areas the original surface layer was loamy fine sand. In
some, soil blowing removed the sandy material and
exposed the clay loam subsoil. Most areas are gently-
sloping, but some are hummocky or dunelike and have
steeper, irregular slopes. Nearly all were tilled and then
abandoned. Vegetation has been reestablished in many
areas, and erosion is no longer a hazard.

Surface runoff is slow, and the available water capac-
ity is low. Fertility is low. Soil blowing is the main
hazard.

The areas now in grass have some grazing value.
Unless disturbed, most barren areas revert to native
grass. Capability unit VIIe-CS: Choppy Sands range
site; windbreak group 10.

Colvin Series

The Colvin series consists of deep, nearly level, poorly
drained soils. These soils formed in moderately fine tex-
tured materials in basins, sloughs, and stream bottoms
where the water table is seasonally within a depth of 1
foot.

In a representative profile, the surface layer is dark
gray and about 12 inches thick. It is slightly limy. It is
silty clay loam in the upper part and silty clay in the lower
part. Below the surface layer is very limy silty clay
loam about 20 inches thick. This layer is olive gray in
the upper part and light olive gray in the lower part.
The underlying material to a depth of about 48 inches is
gray silty clay loam. It is strongly limy. The next layer
extends to a depth of about 60 inches. It is light yellow-
ish-brown coarse sand and is moderately limy.

Permeability is moderate. Available water capacity
and organic-matter content are high. Fertility is
medium.

These soils should be used for native pasture or hay.
Most of the acreage is in native grass. Some of the better
drained areas are cultivated.

Representative profile of a Colvin silty clay loam in a
cultivated field, 1,900 feet north and 1,280 feet east of
the southwest corner of sec. 18, T. 140 N., R. 76 W.:

Ap—O0 to 8 inches, dark-gray (10YR 4/1) silty clay loam,
black (10YR 2/1) when moist; weak, fine and
medium, granular structure; soft when dry, slightly

sticky and slightly plastic when wet; slight effer-
vescence ; abrupt, smooth boundary.
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A12—8 to 12 inches, dark-gray (10YR 4/1) silty clay, black
(10YR 2/1) when moist; weak, fine and medium,
granular structure; soft when dry, slightly sticky
and slightly plastic when wet; moderate efferves-
cence ; clear, wavy boundary.

Cleca—12 to 20 inches, olive-gray (5Y 5/2) silty clay loam,
olive gray (5Y 4/2) when moist; moderate, coarse
and medium, prismatic structure separating to mod-
erate, medium, angular blocky; very hard when dry,
sticky and plastic when wet; strong effervescence
and many soft masses of segregated lime; clear,
smooth boundary.

C2cacs—20 to 29 inches, light olive-gray (5Y 6/2) silty clay
loam, olive gray (5Y 5/2) when moist; weak,
medium, granular structure; hard when dry, very
friable when moist, slightly sticky and slightly plas-
tic when wet; strong effervescence and many soft
masses of segregated lime; horizon is 50 to 70 per-
cent fine, uniform gypsum ecrystals; gradual, smooth
boundary.

C3g—29 to 85 inches, gray (BY 5/1) silty clay loam, dark
gray (5Y 4/1) when moist; many, coarse, prominent
mottles, yellowish brown (10YR 5/8) when dry;
massive; hard when dry, friable when moist, slightly
sticky and slightly plastic when wet; strong effer-
vescence and many soft masses of segregated lime;
horizon is more than 20 percent fine, uniform
gypsum crystals ; gradual, wavy boundary.

C4g—35 to 48 inches, gray (5Y 5/1) silty clay loam, dark
gray (5Y 4/1) when moist; many, fine and medium,
prominent mottles, yellowish brown (10YR §&5/8)
when dry; massive; hard when dry, friable when
moist, sticky and plastic when wet; strong efferves-
cence and many soft lime masses; horizon is more
than 5 percent fine, uniform gypsum crystals; clear,
wavy boundary.

IIC5—48 to 60 inches, light yellowish-brown (10YR 6/4)
coarse sand, yellowish brown (10YR 5/4) when
moist; single grain; loose when dry, loose when
moist, nonsticky and nonplastic when wet; moderate
effervescence.

The A horizon is black or very dark gray when moist.
Gravel, sand, or gravelly loam is common below a depth of
40 inches. These soils are limy at or near the surface and
have a concentration of lime at a depth of 8 to 16 inches.
Some of these soils are slightly saline.

Colvin soils are associated with Arveson, Parnell, Regan,
and Tonka soils. They are finer textured than Arveson soils.
In contrast with Parnell and Tonka soils, they are limy.

They have a thicker, darker colored Al horizon than Regan
soils.

Colvin silty clay loam (0 to 8 percent slopes) (Ch).—
This soil is in basins and along stream bottoms. Included
in mapping and making up about 20 percent of the
acreage are areas of Regan, Parnell, and Dimmick soils.

This soil has the profile described as representative for
the series.

Surface runoff is very slow. Water runs in from sur-
rounding areas and ponds occasionally.

Most of the acreage is in native grass for hay or pas-
ture. Some of the better drained or artificially drained
areas are suited to small grain, corn, tame grasses, and
trees.

The seasonal high water table and the resulting excess
water are the main limitations. The additional water,
however, is beneficial to crops in dry years. The lime
content makes the surface layer slake and also makes it
susceptible to soil blowing if the soil is clean fallowed or
fall plowed. Crop residue management, stubble mulch
tillage, and the use of cover crops help control soil
blowing. Tilth and workability are favorable if tillage
is done when soil moisture is not excessive. Capability
unit ITw—4L; Subirrigated range site; windbreak group 2.

Daglum Series

The Daglum series consists of deep, nearly level and
gently undulating, moderately well drained soils in shal-
low depressions and swales. These soils formed in allu-
vium derived from soft shale or siltstone.

In a representative profile, the surface layer is dark-
gray silty clay loam about 4 inches thick. The subsurface
layer is friable silty clay loam about 4 inches thick. It is
grayish brown when dry and dark grayish brown when
moist. The subsoil is olive silty clay. It 1s about 20 inches
thick, is firm when moist, and is strongly limy in the
lower part. The underlying material is pale-olive silty
clay. At a depth of 54 inches it grades to silty clay loam,
fpsidual shale, and siltstone, all of which are strongly
imy.

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

Most areas are in native grass, to which the soils are

well suited. Small acreages are used for small grain,
corn, alfalfa, and hay.

Representative profile of Daglum silty clay loam
under native grass in an area of Daglum-Rhoades silty
clay loams, 60 feet north and 1,265 feet east of the south-
west corner of sec. 17, T. 141 N.,, R. 80 W.:

Al—0 to 4 inches, dark-gray (10YR 4/1) silty clay loam,
very dark gray (10YR 3/1) when moist; moderate,
medium, granular structure; soft when dry, very
friable when moist, slightly sticky and slightly plas-
tic when wet; clear, wavy boundary.

A2—4 to 8 inches, grayish-brown (2.5Y 5/2) silty clay loam,
dark grayish brown (2.5Y 4/2) when moist; moder-
ate, medium, subangular blocky structure separating
to weak, medium, granular; slightly hard when dry,
friable when moist, sticky and plastic when wet;
very slight effervescence; abrupt, wavy boundary.

B2t—8 to 13 inches, olive (5Y 5/8) silty clay, tongues of
dark gray (10YR 4/1), olive (5Y 4/8) when moist;
moderate, medium and fine, columnar structure sepa-
rating to strong, medium, angular blocky; clay films
on all faces of peds; very hard when dry, firm when
moist, sticky and plastic when wet; slight efferves-
cence; few lime spots; gradual, wavy boundary.

B3ca—13 to 28 inches, olive (5Y 5/8) silty clay, olive gray
(8Y 4/2) when moist; moderate, medium and fine,
angular blocky structure; very hard when dry, firm
when moist, sticky and plastic when wet; strong
effervescence; few lime spots; gradual, wavy bound-

ary.

C1—28 to 38 inches, pale-olive (5Y 6/3) silty clay, olive (6Y
4/3) when moist; massive ; slight effervescence ; mod-
erate soft lime masses; few salt crystals; gradual,
wavy boundary.

(C2—38 to 60 inches, pale-olive (5Y 6/3) silty clay, olive (5Y
4/3) when moist, grading to silty clay loam at a
depth of 54 inches; strong effervescence; moderate
soft lime masses.

The solum ranges from 15 to 32 inches in thickness. The
depth to soft shale and siltstone is commonly more than 40
inches. The A horizon ranges from loam to silty clay loam.
The B2t horizon is silty clay or clay 4 to 12 inches thick. It
is dark grayish brown, dark brown, olive, or very dark gray.
The darker colors occur in swales. In places there is a B3ca
horizon. The C horizon contains few to many soluble salt
crystals. It is moderately limy in the upper part and strongly
limy in the lower part.

Daglum soils are associated with Belfield, Noonan, and
Rhoades soils. Their surface layer is thinner than that of
Belfield soils. They are more clayey throughout the profile
than Noonan' soils. They have a thicker A horizon and solum
than Rhoades soils.
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Daglum-Belfield-Harriet complex (l?o to 3 percent
slopes) (Da).—This mapping unit is about 45 percent
Daglum silt loam, 35 percent Belfield silt loam, and 10
percent Harriet soils. The other 10 percent is Straw
soils. The soils of this mapping unit are on the flood
plains of creeks. They have microrelief of 1 to 6 inches.
Harriet soils are in the lower lying positions. )

The Daglum, Belfield, and Harriet soils are described
under the headings “Daglum Series,” “Belfield Series,”
and “Harriet Series.”

Runoff is slow to medium. The water table is high in
spring and during other periods of heavy rainfall. )

Most of the acreage 1s in native range. Small grain
and alfalfa are the main crops. Capability unit ITIs-P6;
Belfield soil in Silty range site and windbreak group 4;
Daglum soil in Claypan range site and windbreak group
9; Harriet soil in Claypan range site and windbreak group
10.

Daglum-Rhoades silty clay loams (3 to 6 percent
slopes) (Dg).—This mapping unit is about 50 percent
Daglum silty clay loam and 30 percent Rhoades soils.
The rest is mostly Belfield, Regent, Werner, and Grail
soils. The soils of this mapping unit are in swales and on
the lower slopes. In swales, Daglum soils make up a
large part of the acreage.

This Daglum soil has the profile described as repre-
sentative for the Daglum series. Except for a more
clayey surface layer, the profile of the Rhoades soil is
similar to the one described as representative for the
Rhoades series. The Rhoades soil is described under the
heading “Rhoades Series.”

Surface runoff is medium, and the erosion hazard is
moderate. The major concern in management is the
mixing of the subsoil and the surface soil, which results
in poor tilth and adversely affects seed germination. To
prepare a good seedbed, tilling must be performed at an
optimum moisture level, particularly in areas of Rhoades
soils.

In areas that are predominantly Rhoades soils, native
grass is the main crop. In other areas, much of the
acreage is cultivated. Small grain and alfalfa are the
main crops. Capability unit IIIe-P6; Claypan range
site; windbreak group 9.

Dimmick Series

The Dimmick series consists of deep, level, very poorly
drained soils that formed in fine-textured local alluvium.
These soils are in closed depressions and glacial outwash
areas.

In a representative profile, a mat of fibrous organic
matter about one-half inch thick overlies the surface
layer. The surface layer is mainly silty clay. It is dark
gray, friable, and about 5 inches thick. The subsoil is
dark-gray and gray, firm silty clay about 26 inches thick.
The upper part has some dark reddish-brown mottles.
The substratum is gray, firm silty clay loam and olive-
gray, friable sandy clay loam. It is slightly to moder-
ately limy.

Permeability is slow. The available water capacity is
moderate. The organic-matter content is high, and fertil-
ity is medium.

These soils are suited to hayland and pasture. Most of
the acreage is in native grass. Cattails are common in
wet areas.

Representative profile of a Dimmick silty clay in an
area of native grass, 635 feet north and 1,690 feet west
of the southeast corner of sec. 29, T. 138 N., R. 77T W.:

0O—14 inch to 0, mat of fibrous organic matter, black (N 2/0)
when moist ; abrupt, smooth boundary.

Al11—0 to 1% inches, dark-gray (10YR 4/1) silt loam, black
when moist; weak, medium, granular structure; soft
when dry, very friable when moist, slightly sticky
and slightly plastic when wet; clear, wavy boundary.

Al12—11% to 5% inches, dark-gray (10YR 4/1) silty clay,
black (10YR 2/1) when moist; few, fine, faint mot-
tles, reddish brown (5YR 4/4) when dry; weak,
medium, granular structure; slightly hard when dry,
friable when moist, slightly sticky and slightly plas-
tic when wet; clear, wavy boundary.

B21g—51% to 13 inches, dark-gray (N 4/0) silty clay, very
dark gray (2.5Y 3/1) when moist; continuous dark
reddish-brown (5YR 8/4) films on all faces of peds;
moderate, medium, prismatic structure to strong,
fine and very fine, angular blocky; very hard when
dry, irm when moist, sticky and plastic when wet;
gradual, wavy boundary.

B22g—13 to 17 inches, dark-gray (N 4/0) silty clay, very
dark gray (2.5Y 8/1) when moist; patches of dark
reddish-brown (5YR 8/4) films on vertical faces of
peds; moderate, medium, prismatic structure sepa-
rating to moderate, fine, angular blocky; very hard
when dry, very firm when moist, very sticky and
very plastic when wet ; gradual, wavy boundary.

B3g—17 to 32 inches, gray (2.5Y 5/1) silty clay, very dark
gray (2.5Y 8/1) when moist; massive parting to
weak, medium, angular blocky structure; very hard
when dry, very firm when moist, sticky and plastic
when wet ; gradual, wavy boundary.

Clca—32 to 50 inches, gray (2.5Y 5/1) silty clay loam, dark
gray (2.5Y 4/1) when moist; weak, fine and very
fine, angular blocky structure; hard when dry, firm
when moist, sticky and plastic when wet; moderate
effervescence; many masses of segregated lime;
abrupt, wavy boundary.

IIC2g—50 to 60 inches, olive-gray (5Y 4/2) sandy clay loam,
dark olive (8Y 38/3) when moist; high content of
white salt mycelia ; massive; slightly hard when dry,
friable when moist, slightly sticky and slightly plas-
tic when wet; slight effervescence; common masses
of segregated lime.

The A horizon ranges from 2 to 9 inches in thickness. In
most places it is silty clay and clay, but in a few it is silt
loam. The B horizon ranges from 13 to 27 inches in thick-
ness. It is black and very dark gray silty clay loam or silty
clay in the upper part and black to olive-gray silty clay loam
or silty clay in the lower part. The reddish-brown and dark
yellowish-brown staining on the uncrushed subsoil is distinct
to prominent; thus, the material appears to be lighter col-
ored. The C horizon is dark-gray to light olive-brown silty
clay loam or silty clay. It is slightly to strongly limy. The depth
to which these soils are darkened by organic matter ranges
from 18 to more than 60 inches. The depth to lime ranges
from 25 to 50 inches.

Dimmick soils are associated with Heil, Lallie, and Parnell
soils. In contrast with Heil soils, they do not have an A2
horizon and a columnar B2t horizon. They have a thicker Al
horizon and are dark colored to a greater depth than Lallie
soils. In contrast with Parnell soils, they have reddish-brown
staining in the upper subsoil and are more clayey throughout
the profile.

Dimmick silty clay (0 to 3 percent slopes) (Dkl.—This
nearly level soil is in flat-bottom basins. Areas are gener-
ally more than 100 acres in size. Dimmick soils make up
about 65 percent of this mapping unit and Parnell soils
about 20 percent. The rest is Regan, Colvin, and Heil
soils. On about half the acreage, the surface layer of the
Dimmick soil is silty clay loam. In a few areas it is clay.
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The Dimmick soil has the profile described as repre-
sentative for the series. In areas, however, where the 114
inches of silt loam has been mixed with the finer tex-
tured underlying material, the plow layer is silty clay.
In a few areas it is clay.

Surface runoff is very slow. Flooding is the main limi-
tation.

Most of the acreage is used for native hay and pas-
ture. An entire field of hay can be cut during dry sea-
sons, but only the outer edges can be cut during wet
seasons. Capability unit ITIw—4; Wetland range site;
windbreak group 2.

Flasher Series

The Flasher series consists of sloping to steep, exces-
sively drained soils that are shallow over soft sandstone.
These soils are on high ridges and buttes. They formed
in material weathered from soft sandstone.

In a representative profile, the surface layer is dark
gragish-brown fine sandy loam about 6 inches thick. It is
moderately limy. The next layer is grayish-brown, fria-
ble, moderately limy fine sandy loam about 3 inches
thick. The underlying material consists of light yellow-
ish-brown, loose loamy fine sand that grades to brown-
ish-yellow, soft sandstone below a depth of about 19
inches.

Permeability is rapid. The available water capacity is
Yery low. The organic-matter content and fertility are

ow.

Most areas are in native grass, to which the soils are
suited.

Representative profile of a Flasher fine sandy loam
under native grass in an area of Flasher-Vebar-Rock
outcrop complex, steep, 132 feet south and 185 feet east
of the northwest corner of sec. 20, T. 140 N., R. 79 W.:

Al1—0 to 6 inches, dark grayish-brown (10YR 4/2) fine sandy
loam, very dark grayish brown (10YR 8/2) when
moist; moderate, medium, granular structure; soft
when dry, very friable when moist, slightly sticky
and slightly plastic when wet; moderate efferves-
cence ; gradual, wavy boundary.

AC—6 to 9 inches, grayish-brown (10YR 5/2) fine sandy
loam, dark grayish brown (10YR 4/2) when moist ;
weak, medium, prismatic structure; soft when dry,
very friable when moist, nonsticky and nonplastic
when wet; moderate effervescence; gradual, wavy
boundary.

C1—9 to 19 inches, light yellowish-brown (2.5Y 6/8) loamy
fine sand, light olive brown (2.5Y 5/4) when moist;
single grain; loose when dry, loose when moist, non-
sticky and nonplastic when wet ; strong effervescence,
and a few masses of segregated lime; gradual, wavy
boundary.

C2—19 to 60 inches, brownish-yellow (10YR 6/7) soft sand-
stone, yellowish brown (10YR '5/8) when moist;
moderate effervescence.

The A horizon is dark grayish brown or very dark grayish
brown and ranges from fine sandy loam to loamy sand. In
most places, the soil is darkened by organic matter to a
depth of less than 10 inches. The depth to lime ranges from
0 to 9 inches.

Flasher solls are associated with Vebar and Werner soils.
They are shallower over soft bedrock than Vebar soils. They
are coarser textured than Werner soils.

Flasher soils, sloping (6 to 9 percent slopes) (FhC).—
This mapping unit is about 70 percent Flasher soils and
about 30 percent Vebar fine san y loam. The Flasher soil

474-504—T74——2

is on ridges and the upper slopes. The Vebar soil is on
the lower slopes. .

These soils are droughty. Fertility is low. Runoff is
rapid, and water erosion is a hazard. The low available
water capacity and shallowness are the major concerns in
management. . .

Most of the acreage is in native grass. Capability unit
VIe-TSy; Thin Sandy range site; windbreak group 10.

Flasher-Vebar complex, hilly (9 to 15 percent slopes)
(FmE).—This mapping unit is about 45 percent Flasher soils
and 30 percent Vebar soils. The rest is Werner, Parshall,
Sen, and Arnegard soils. The Flasher soil is on ridges,
and the Vebar fine sandy loam occupies the less sloping
areas,

The solum of the most sloping Vebar soils is slightly
shallower than that of the soil described as representa-
tive for the series (see Vebar Series). Otherwise, their
profiles are similar. .

Surface runoff is rapid, and the erosion hazard is
severe. Fertility is low in the Flasher soil and medium
in the Vebar soil. Conserving moisture and controlling
erosion are the main concerns in management.

Most areas are in native grass. Capability unit VIe-
TSy ; Flasher soil in Thin Sandy range site and windbreak
group 10; Vebar soil in Sandy range site and windbreak
group 5.

Flasher-Vebar-Rock outcrop complex, steep {FrF).—
This mapping unit is about 45 percent Flasher soils, 35
percent Vebar fine sandy loam, and 20 percent sandstone
outcrops. The Flasher soil is on the upper slopes, and the
Vebar soil is on the lower slopes. Slope gradient is more
than 15 percent. Included in mapping were areas of
Werner, Zahl, and Arnegard soils, In the south-central
part of the county, some areas are 25 to 50 percent Flax-
ton soils.

The Flasher soil has the profile described as represent-
ative for the Flasher series. The Vebar soil is described
under the heading “Vebar Series.”

Surface runoff is rapid, and the erosion hazard is
severe. Fertility is low in the Flasher soil and medium
in the Vebar soil. Conserving moisture and controlling
erosion are major concerns in management.

Most areas are in native grass. Capability unit VIe-
TSy; Flasher soil in Thin Sandy range site and wind-
break group 10; Vebar soil in Sandy range site and
windbreak group 5. No capability, range site, or wind-
break classification for Rock outcrop.

Flaxton Series

The Flaxton series consists of deep, nearly level to
gently sloping, well-drained soils. These soils are on the
smoother parts of sand-mantled glacial till plains. They
formed in moderately sandy material and the underlying
glacial till.

In a representative profile, the surface layer is very
dark grayish-brown fine sandy loam about 15 inches
thick. The upper part of the subsoil is grayish-brown,
friable fine sandy loam about 7 inches thick. The lower
part is grayish-brown, firm clay loam about 13 inches
thick over about 7 inches of light brownish-gray clay
loam. The underlying glacial till is pale-olive, firm clay
loam that has few to many lime segregations and a few
stones.
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Permeability is moderately rapid in the material above
the clay loam glacial till and moderately slow in the till.
The available moisture capacity and the organic-matter
content are moderate, Fertility is medium.

These soils are well suited to crops, grass, and trees.
Most of the acreage is cultivated. A few areas are in
native grass, and some are in tame grasses or alfalfa.

Representative profile of Flaxton fine sandy loam under
native grass in an area of Flaxton-Livona fine sandy
loams, undulating, 190 feet south of the northeast corner
of sec. 24, T. 137 N, R. T9 W.:

A1—0 to 1B inches, very dark grayish-brown (10YR 8/2) fine
sandy loam, very dark brown (10YR 2/2) when
molst, dark grayish brown (10YR 4/2) in the upper
2 inches; very weak, medium and coarse, prismatic
structure parting to weak, fine, subangular blocky
and crumb; soft when dry, very friable when moist,
slightly sticky and slightly plastic when wet; many
roots ; natural ; gradual, smooth boundary.

B1—15 to 22 inches, grayish-brown (10YR 5/2) fine sandy
loam, very dark grayish brown (10YR 3/2) when
moist; weak, coarse, prismatic structure parting to
weak, coarse, subangular blocky; thin stains on ped
faces, very dark brown (10YR 2/2) when moist; soft
when dry, friable when moist, slightly sticky and
slightly plastic when wet; common roots; neutral;
clear, wavy boundary.

1IB21t—22 to 25 inches, grayish-brown (2.8Y 5/2) clay loam,
dark grayish brown (2.5Y 4/2) when moist; moder-
ate, coarse, prismatic structure; hard when dry, firm
when moist, sticky and plastic when wet; thin con-
tinuous clay films on ped faces, very dark grayish
brown (2.5Y 8/2) when moist; a few pebbles; mildly
alkaline; clear boundary.

IIB22t—25 to 80 inches, grayish-brown (2.5Y 5/2) clay loam,
dark grayish brown (2.5Y 4/2) when moist; moder-
ate, coarse and medium, prismatic structure; thin
continuous fllms on prism faces; hard when dry,
firm when moist, sticky and plastic when wet; few
roots; a few tongues (or filled cracks) of fine sandy
loam ; mildly alkaline; moderate effervescence, a few
soft lime masses ; gradual, wavy boundary.

IIB31ca—30 to 35 inches, grayish-brown (2.5Y 5/2) clay
loam, dark grayish brown (2.5Y 4/2) when moist;
moderate, coarse and medium, prismatic structure,
very hard when dry, firm when moist, sticky and
plastic when wet; moderate effervescence, many soft
lime spots which give a mottled appearance to soil
mass ; moderately alkaline; gradual boundary.

IIB32ca—35 to 42 inches, light brownish-gray (2.6Y 6/2) clay
loam, olive brown (2.5Y 4/8) when moist; moderate,
medium, prismatic structure; very hard when dry,
firm when moist, sticky and plastic when wet; mod-
erate effervescence; few, large, soft lime spots; mod-
erately alkaline; gradual boundary.

IICca—42 to 60 inches, pale-olive (BY 6/8) clay loam, olive
(6Y 4/3) when moist; massive, but breaks into irreg-
ular flakes and blocks characteristic of glaclal till;
very hard when dry, firm when moist, sticky and
plastic when wet; strong effervescence, many masses
of segregated lime ; moderately alkaline.

The solum ranges from 25 to more than 48 inches in thick-
ness. The A horizon is 10 to 24 inches thick and is neutral or
mildly alkaline. It is dark grayish-brown or very dark gray-
ish-brown fine sandy loam or loamy fine sand. The upper B
horizon is 6 to 14 inches thick and is neutral or mildly alka-
line. It is fine sandy loam. The IIBt horizon is clay loam or
loam. It is mildly alkaline in the upper part and mildly or
moderately alkaline in the lower part. The IIC horizon is
light brownish-gray, grayish-brown, or pale-olive loam or clay
loam glacial till. It is strongly limy.

Flaxton soils are associated with Lihen, Livona, Parshall,
and Williams soils. In contrast with Lihen and Parshall
soils, they have a two storied profile of sandy material in the
upper part and clayey material within a depth of 40 inches

in the lower part. In contrast with Livona soils they have a
dark-colored surface layer that is more than 20 inches thick.
Tliley are more sandy in the surface layer than Williams
80118.

Flaxton fine sandy loam (0 to 8 percent slopes) (Fs).—
This soil is on the sand-mantleff glacial till plain.
Included in the mapping were areas of Flaxton loamy
ﬁn‘? sand and a few small areas of Livona and Parshall
soils.

This soil is highly susceptible to soil blowing. Culti-
vated fields are moderately eroded. Surface runoff is
slow. Fertility is medium. Conserving moisture and con-
trolling erosion are the major concerns in management.

About half the acreage is cultivated. Most of the rest
is in native grass. Capability unit ITIe-3M; Sandy
range site; windbreak group 5.

Flaxton-Livona loamy fine sands, undulating (0 to 6
percent slopes) (FtB).—This complex is about equal parts of
Flaxton loamy fine sand and Livona loamy fine sand.
The Flaxton soil occupies concave positions, and the
Livona soil convex positions. About 25 percent of the
cultivated areas are moderately eroded.

Except for a coarser textured surface layer, the Flax-
ton soil has a profile similar to the one described as rep-
resentative for the Flaxton series. The Livona soil is
described under the heading “Livona Series.”

These soils are very highly susceptible to soil blowing.
Surface runoff is slow. Fertility is medium. Controlling
erosion, maintaining fertility, and conserving moisture
are the major concerns in management.

About 40 percent of the acreage is cultivated. The
rest is in native grass. Capability unit IVe-2; Sands
range site; windbreak group 5.

Flaxton-Livona fine sandy loams, undulating (3 to 6
percent slopes) (FvB).—This complex is about 50 percent
Flaxton fine sandy loam, 40 percent Livona fine sandy
loam, and 10 percent Parshall, Lihen, and Williams soils.
Livona soils are on the upper slopes. Small areas are
moderately eroded.

Each soil has the profile described as representative
for its respective series.

These soils are highly susceptible to soil blowing. Sur-
face runoff is slow. Fertility is medium. Scattered glacial
stones occur on the surface. Conserving moisture, con-
trolling erosion, and maintaining fertility are the major
concerns in management.

About half the acreage is cultivated. The rest is in
native grass. Capability unit IITe-3M; Sandy range
site; windbreak group 5.

Grail Series

The Grail series consists of deep, nearly level and
gently sloping, well-drained soils. These soils are in
swales and small valleys. They formed in alluvium
derived from soft shale and glacial till.

In a representative profile, the surface layer is very
dark grayish-brown silty clay loam about 16 inches
thick. The subsoil is dark grayish-brown, very firm silty
clay about 14 inches thick. The underlying material is
firm silty clay. It is dark grayish brown in the upper
part and grayish brown in the lower part.

Permeability is moderately slow. The available water
capacity, organic-matter content, and fertility are high.
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These soils are well suited to small grain, grasses, leg-
umes, and trees. Most of the acreage is cropland.

Representative profile of Grail silty clay loam, gently
sloping, in an area of native grass, 50 feet south and
1,320 feet west of the northeast corner of sec. 16, T. 139
N,R 7T9W.:

Al11—0 to 4 inches, very dark grayish-brown (10YR 8/2) silty
clay loam, black (10YR 2/1) when moist; weak,
medium and fine, subangular blocky structure part-
ing to weak, medium and fine, granular; slightly
hard when dry, friable when moist, sticky and plas-
tic when wet; clear, smooth boundary.

Al12—4 to 12 inches, very dark grayish-brown (10YR 38/2)
silty clay loam, black (10YR 2/1) when moist; weak,
fine, prismatic structure parting to moderate,
medium, subangular blocky; slightly hard when dry,
friable when moist, sticky and plastic when wet;
gradual, smooth boundary.

A13—12 to 16 inches, very dark grayish-brown (10YR 38/2)
silty clay loam, black (10YR 2/1) when moist; weak,
medium, prismatic structure parting to moderate,
fine and medium, subangular blocky ; hard when dry,
friable when moist, sticky and plastic when wet;
gradual, smooth boundary.

B2t—16 to 30 inches, dark grayish-brown (2.5Y 4/2) silty
clay, very dark grayish brown (2.5Y 38/2) when
moist; moderate, coarse and medium, prismatic
structure parting to moderate, coarse and medium,
angular blocky ; very hard when dry, very firm when
moist, very sticky and very plastic when wet; con-
tinuous clay film on vertical faces of peds and
patches of clay film on horizontal faces of peds; clear,
smooth boundary.

C1—30 to 48 inches, dark grayish-brown (2.5Y 4/2) silty
clay, very dark grayish brown (2.5Y 3/2) when
moist ; massive; hard when dry, firm when moist,
very sticky and very plastic when wet; gradual,
smooth boundary.

C2ca—48 to 60 inches, grayish-brown (2.5Y §/2) silty clay,
dark grayish brown (25Y 4/2) when moist; mas-
sive; hard when dry, firm when moist, very sticky
and very plastic when wet; strong effervescence, few
masses of segregated lime.

The solum ranges from 20 to more than 40 inches in thick-
ness. The A horizon is silt loam or silty clay loam and
ranges from 7 to 18 inches in thickness. It is very dark
brown or black when moist, The B horizon is very dark
grayish brown or very dark brown when moist. The C2ca
horizon is strongly limy.

Grail soils are associated with Arnegard, Grassna, and
Savage soils. In contrast with Arnegard and Grassna soils,
they have strong blocky structure in the B2t horizon and are
finer textured in the B and C horizons. In contrast with
Savage soils, they are dark colored to a depth of more than
20 inches.

Grail silt loam, level (0 to 3 percent slopes) (GIA).—
This soil is in swales and small valleys. Included with
this soil in mapping were small areas of Arnegard silt
loam and of Williams, Regent, and Belfield soils.

The profile of this soil is less clayey throughout than
the one described as representative for the series.

This soil receives runoff from surrounding areas. Sur-
face runoff is slow. Otherwise there are no major con-
cerns 1n management.

Most, areas are cultivated. All locally grown crops are
suited. Capability unit ITc-6; Silty range site; wind-
break group 1.

Grail silt loam, gently sloping (3 to 6 percent slopes)
(GIB).—This soil is on the foot slopes of higher surround-
ing areas and in concave swales. Included in mapping
were small areas of Arnegard silt loam and of Williams,
Regent, and Belfield soils.

The profile of this soil is less clayey throughout than
the one described as representative for the series.

Surface runoff is medium. Fertility is high. Runoff
from surrounding areas cuts gullies through areas of
this soil. Grassed waterways are needed for control of
water erosion. Other management needed is usually
determined by the needs of the associated soils.

Most areas are cultivated. Capability unit ITe-6; Silty
range site ; windbreak group 1.

Grail silty clay loam, level (0 to 3 percent slopes)
{GrA}l.—This soil is in swales and small valleys. Included in
mapping were a few small areas of Grail silt loam and
of Daglum, Regent, Rhoades, and Savage soils.

Surface runoff is slow. A few areas are only moder-
ately well drained. Fertility is high. Runoff from sur-
rounding soils ponds on this soil for short periods. The
management needed is usually determined by the needs
of the associated soils.

Most areas are cultivated. All locally grown crops are
suited. Capability unit ITc-7; Clayey range site; wind-
break group 1.

Grail silty clay loam, gently sloping (3 to 6 percent
slopes) (GrB).—This soil is in swales and small valleys.
Slopes are mainly 3 to 6 percent, but in a few small
areas they are 6 to 9 percent. Included in mapping were
a few small areas of Grail silt loam and of Daglum,
Regent, and Savage soils.

This soil has the profile described as representative for
the Grail series.

Surface runoff is medium. Fertility is high. Runoff
from adjacent areas cuts gullies in areas of this soil.
Grass waterways help reduce water erosion.

Most areas are cultivated. Capability unit IIe-7;
Clayey range site; windbreak group 1.

Grassna Series

The Grassna series consists of deep, nearly level, well-
drained soils that formed in local alluvium washed from
adjacent loess-mantled slopes. These soils are in swales
and on the lower slopes.

_In arepresentative profile, the surface layer is dark-gray
silt loam about 17 inches thick. The subsoil, a friable silt
loam, extends to a depth of more than 60 inches and
grades from dark gray and dark grayish brown to gray-
ish brown. It is slightly limy in the lower part.

Permeability is moderate. Available water capacity,
organic-matter content, and fertility are high.

These soils are well suited to small grain, grass, leg-
umes, and trees. Most areas are cropland.

Representative profile of a Grassna silt loam in a culti-
vated field within an area of Arnegard and Grassna silt
loams, level, 1,740 feet south and 1385 feet west of the
northeast corner of sec. 2, T. 137 N., R. 80 W.:

Al1—0 to 17 inches, dark-gray (10YR 4/1) silt loam, very
dark gray (10YR 3/1) when moist; weak, medium,
granular structure; soft when dry, friable when
moist, slightly sticky and nonplastic when wet; grad-
ual, wavy boundary.

B21—17 to 33 inches, dark-gray (10YR 4/1) silt loam, very
dark gray (10YR 3/1) when moist; weak, coarse,
prismatic structure parting to weak, coarse, angular
blocky; soft when dry, friable when moist, slightly
sticky and nonplastic when wet; gradual, wavy
boundary.
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B22—38 to 50 inches, dark grayish-brown (10YR 4/2) silt
loam, very dark grayish brown (10YR 8/2) when
moist; moderate, coarse and medium, prismatic
structure parting to moderate, coarse and medium,
angular blocky; soft when dry, friable when moist,
slightly sticky and nonplastic when wet; gradual,
wavy boundary.

B3ca—50 to 62 inches, grayish-brown (10YR 5/2) silt loam,
dark grayish brown (10YR 4/2) when moist; weak.
coarse and medium, angular blocky structure; soft
when dry, friable when moist, slightly sticky and
nonplastic when wet; weak effervescence; gradual
boundary.

IICca—62 to 68 inches, grayish-brown (10YR 5/2) silty clay
loam, dark grayish brown (10YR 4/2) when moist;
weak, coarse, angular blocky structure; soft when
dry, friable when moist, sticky and plastic when
wet; weak effervescence, few masses of segregated
lime; gradual boundary.

The Al horizon is very dark gray or very dark grayish
brown when moist and dark gray or grayish brown when
dry. Silt loam texture predominates throughout the upper 40

inches or more of the profile. The depth to which these soils,

are darkened by organic matter ranges from 20 to 60 inches.
The depth to lime is 18 to 60 inches.

Grassna soils are associated with Arnegard, Grail, Linton,
and Mandan soils. They are more silty than Arnegard soils.
They have a thicker solum than Grail soils, but do not have
the clayey B2t horizon characteristic of those soils. In con-
trast with Linton soils, they are dark colored to a depth of
more than 20 inches and have a thicker, noncalcareous
solum. They are finer textured than Mandan soils, and the
depth to lime is greater. The Grassna soils in this county are
mapped only with Arnegard soils.

Harriet Series

The Harriet series consists of deep, nearl%r level,
poorly drained soils that formed in clayey alluvium.
These soils have a claypan. They are on low terraces and
bottom lands along streams.

In a representative profile, the surface layer is gray
loam about 2 inches thick. The upper part of the subsoil,
a claypan, is dark-gray firm heavy clay loam about 4
inches thick. The lower part is grayish-brown, firm clay
loam about 12 inches thick. It is moderately to strongly
limy and has some accumulation of salts. %he upper 10
inches of the underlying material is grayish-brown and
light brownish-gray, firm loam. It is strongly limy.
Below this is light yellowish-brown and dark-gray, strat-
ified very fine sandy loam, loam, and clay loam.

Permeability is slow. Available water capacity and
the organic-matter content are moderate. Fertility is low.

These soils are suited to native grasses and hay. Most
areas are in native grass.

Representative profile of Harriet loam under native
grass within an area of Harriet complex, 1,690 feet east
and 40 feet north of the southwest corner of sec. 34, T.
139 N, R. 19 W.:

A2—0 to 2 inches, gray (2.5Y 5/1 and 6/1) loam, very dark
gray (2.5Y 8/1) when moist; weak, thick and me-
dium, platy structure; friable when moist; many fine
roots, common fine pores; few salt erystals visible
when dry; moderately alkaline; abrupt, wavy bound-

ary.

B21t—2 to 8 inches, dark-gray (2.5Y 4/1) heavy clay loam,
black (2.5Y 2/1) when moist; moderate, medium, col-
umnar structure; extremely hard when dry, firm
when moist ; common roots; coatings on column tops
and sides, gray (2.5Y 5/1) when dry, very dark gray
(2.5Y 3/1) when moist; slightly caleareous in col-
umns ; strongly alkaline; clear, wavy boundary.

B22t—86 to 18 inches, grayish-brown (2.5Y 5/2) clay loam,
very dark grayish brown (2.5Y 8/2) when molst;
moderate, coarse, prismatic structure and weak, me-
dium, subangular blocky; very hard when dry, firm
when moist ; few roots; common medium pores; com-
mon, fine, white salt crystals; calcareous, strongly
alkaline; gradual, wavy boundary.

C1—18 to 28 inches, grayish-brown and light brownish-gray
(2.5Y 5/2 and 6/2) loam, dark grayish brown (2.5Y
4/2) when moist; weak, coarse, prismatic structure;
very hard when dry, firm when moist; occasional
fine roots; few medium and fine pores; fine salt
crystals visible when dry; strongly caleareous,
strongly alkaline; abrupt, smooth boundary.

IIC2—28 to 38 inches, light-yellowish-brown (2.5Y 6/8) very
fine sandy loam, light olive brown (2.6Y §/3) when
moist; very weak, coarse, prismatic structure and
weak, coarse and medium, subangular blocky; very
hard when dry, friable when moist; few fine pores;
common very fine salt crystals visible when dry; cal-
careous, strongly alkaline; abrupt, smooth boundary.

ITAb—38 to 40 inches, dark-gray (2.5Y 4/1) clay loam, very
dark gray (2.5Y 8/1) when moist; few, medium, dis-
tinet mottles, olive brown (2.5Y 4/3) when moist;
weak, coarse, prismatic structure; very hard when
dry, firm when moist; few fine roots; calcareous,
strongly alkaline; abrupt boundary.

IIC3—40 to 60 inches, light yellowish-brown (2.5Y 6/8) strat-
ified loam and clay loam, olive brown (2.6Y 4/3)
when moist; massive breaking to weak, coarse and
medium, subangular blocky structure; very hard
when dry, friable when moist; caleareous, strongly
alkaline.

The solum ranges from 10 to 20 inches in thickness. The
A2 horizon ranges from 1 to 4 inches in thickness and from
loam to clay loam in texture. In many places, the lower part
of this horizon is a silty layer that when dry is grayer than
the overlying part. It ranges from a film to a layer 3 inches
thick and, in places, includes all of the soil above the clay-
pan. The B21t horizon, or claypan, ranges from 3 to 6 inches
in thickness and from clay loam to clay in texture. The B22t
horizon is highly variable in texture, but is commonly clay
loam or clay. Colors are very dark grayish brown, dark gray-
ish brown, or dark gray when moist. The stratified underly-
ing material ranges in texture from fine sandy loam to clay.

Harriet soils are associated with Dimmick, Heil, and
Rhoades soils. In contrast with Dimmick soils, they have a
claypan. They are coarser textured than. Heil soils and are
caleareous throughout. In contrast with Rhoades soils, they
are stratified and poorly drained.

Harriet complex (0 to 3 percent slopes) (Hh).—This
mapping unit is along the bottom land of small streams.
It is about 70 percent Harriet soils of clay loam, loam,
and clay textures. The rest is Daglum and Regan soils.
Microrelief of 1 to 5 inches is common. Harriet soils are
in depressions. Daglum soils occupy the high spots, and
Regan soils the basins or seeps.

The Harriet soil has the profile described as represent-
ative for the series.

Surface runoff is slow. Fertility is low. The shallow
claypan, the hazard of flooding, and the seasonal high
water table are major concerns in management.

The Harriet soils are suited only to native grass,
which is their major use. Capability unit VIs-SS:
Saline Subirrigated range site; windbreak group 10.

Harriet and Regan soils, strongly saline (0 to 3 per-
cent slopes) (Hk).—These soils are on creek bottoms and low
lake terraces and in basins. Some areas are Regan soils,
some are Harriet soils, and others contain both soils.
Included in mapping were a few small areas of Colvin,
Heil, and Rhoades soils. The Harriet soil occurs mainly

on the terraces and bottom land, and the Regan soil in
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the basins. White salts have accumulated on the surface

fig. 8).

( The profiles of these soils are more saline but are oth-
erwise similar to those described as representative for
their respective series. (For Regan soil, see Regan Series. )

Surface runoff is slow. Fertility is low. Wetness and
the dense claypan are the major concerns in manage-
ment.

Most areas are in native grass. Saltgrass is the domi-
nant vegetation. Thin vegetation and barren areas are
common. A few basins, too wet to graze, are suited to
wildlife. Capability unit VIs-SS; Saline Subirrigated
range site ; windbreak group 10.

Havrelon Series

The Havrelon series consists of deep, nearly level,
moderately well drained soils that formed on flood
plains along the Missouri River.

In a representative profile, the surface layer is light
brownish-gray loam about 13 inches thick. The underly-
ing material is stratified (fig. 4), grayish-brown, light
olive-gray, light-gray, olive-gray, and pale-yellow, friable
very fine sangy loam, silt loam, and silty clay loam. It is
slightly limy in the upper part and strongly limy in the
lower part.

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

These soils are suited to small grain, corn, and alfalfa
(fig. 5). They are also used for native and tame pasture
and hay and for recreation and wildlife habitat. Most of
the acreage is cropland, and part is woodland.

Representative profile of a Havrelon loam in a culti-
vated field, 1,440 feet south and 50 feet east of the north-
west corner of sec. 2, T. 139 W., R. 81 W.:

Ap—O0 to 13 inches, light brownish-gray (2.5Y 6/2) loam,
dark grayish brown (2.5Y 4/2) when moist; moder-
ate, medium, granular structure; soft when dry, very
friable when moist, slightly sticky and slightly plas-
tic when wet; slight effervescence, mildly alkaline;
abrupt, smooth boundary.

IIC1—13 to 18 inches, grayish-brown (2.5Y 5/2) silty clay
loam, very dark grayish brown (2.5Y 3/2) when
moist; moderate, medium, granular structure and a
lens of strong, very thin, platy or very fine angular
blocky structure; slightly hard when dry, friable
when moist, sticky and plastic when wet; slight ef-
fervescence, mildly alkaline; clear, smooth boundary.

ITIC2—18 to 26 inches, light olive-gray (5Y 6/2) silt loam,
dark grayish brown (2.5Y 4/2) when moist; moder-
ate, medium, granular structure; soft when dry, very
friable when moist, slightly sticky and slightly plas-
tic when wet; slight effervescence, mildly alkaline;
clear, smooth boundary.

IVC3—26 to 40 inches, pale-yellow and light brownish-gray
(2.,6Y 7/8 and 2.5Y 6/2) very fine sandy loam strati-
fled with fine sandy loam and silty clay loam, dark
grayish brown (2.5Y 4/2) when moist; massive with
strata separating to weak or moderate, thin, platy
structure; very friable when moist; caleareous,
mildly alkaline.

Figure 3—Regan soils, strongly saline. The light colored spots are surface salt accumulations.
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Figure 4—Profile of Havrelon silty clay loam showing thin stratification.
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Figure 5—Alfalfa on Havrelon silty clay loam. Wooded Havrelon soils are in the background.

VC4—40 to 46 inches, olive-gray (5Y 5/2) silt loam and silty
clay loam, olive gray (5Y 4/2) when moist; common,
medium, distinet, reddish-yellow (5YR 7/8) mottles;
massive breaking to weak, thin, platy structure;
friable when moist ; calcareous, mildly alkaline.

VIC5—46 to 60 inches, pale-yellow (BY 7/8) very fine sandy
loam, olive (5Y 4/3) when moist; massive; very
friable when moist ; calcareous, mildly alkaline.

The A horizon ranges from 3 to 18 inches in thickness. It
is loam, fine sandy loam, or silty clay loam and is dark gray-
ish brown to grayish brown when moist. Thin strata of con-
trasting textures and colors are common in the C horizon.
The medium and moderately fine textures dominate.

Havrelon soils are associated with Banks, Lallie, and Loh-
ler soils. They are finer textured than Banks soils. They are
better drained than Lallie soils. They are coarser textured
than Lohler soils.

Havrelon fine sandy loam (0 to 3 percent slopes)
(Hm).—This soil is adjacent to coarser textured soils on
levees near the Missouri River. Some areas are covered
with brush and are slightly undulating. Each mapped
area is about 80 percent Havrelon fine sandy loam.
Included in mapping were areas of Banks soils, areas of
Havrelon soils that have a finer textured surface layer,
and small areas where the substratum is fine sandy loam.

This Havrelon soil is fine sandy loam to a depth of 6
to 20 inches, but otherwise has a profile similar to the
one described as representative for the series.

Surface runoff is slow. Fertility is medium. The
organic-matter content is low.

This soil is suited to all locally grown crops. About
half the acreage is cultivated, and part of this is irri-
gated. The rest is covered with brush, trees, and grass
and is used for grazing and for wildlife. Capability unit
ITTe~-3; Sandy range site; windbreak group 1.

Havrelon loam (0 to 3 percent slopes) (Hn).—This soil
is on bottom land of the Missouri River. Included in
mapping were areas where the surface layer is silt loam
and very fine sandy loam and a few small areas of
Banks and Lallie soils.

This Havrelon soil has the profile described as repre-
sentative for the series.

Surface runoff is slow. Fertility is medium, and the
organic-matter content is low. The seasonal high water
table is within a depth of 3 feet.

Most of the acreage is cultivated, and a considerable
acreage is irrigated. Small grain and feed crops are
grown. Native grasses are grown for hay and pasture.
Heavily wooded areas are used for wildlife habitat and
recreation. Capability unit IIc-6; Silty range site;
windbreak group 1.

Havrelon loam, clay subsoil variant (0 to 3 percent
slopes) (Ho).—This soil is on bottom land along the Mis-
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souri River. It is underlain by silty clay or clay at a depth
of 18 to 40 inches. Included in mapping were a few small
areas of Lohler soils and areas of Havrelon soils that do
not have a clay subsoil.

Surface runoff is slow. Permeability is slow in the
fine-textured layer. Fertility is medium, and the orgdnic-
matter content is low.

This soil is well suited to the crops commonly grown.
Most of the acreage is cultivated. Native grasses are
grown for hay or grazing. Wooded areas are used for
wildlife habitat and recreation. Capability unit IIc-6;
Silty range site; windbreak group 1.

Havrelon silty clay loam (0 to 3 percent slopes) (Hr).—
This soil occupies low areas of the Missouri River
bottom land. Each mapped area is about 85 percent Hav-
relon silty clay loam and 15 percent Lohler and another
Havrelon soil, both of which have a coarser textured
surface layer.

This Havrelon soil has a finer textured surface layer
and has mottles within a depth of 10 inches, but other-
wise has a profile similar to the one described as repre-
sentative for the series.

Surface runoff is slow. Fertility is medium. The sea-
sonal high water table is within a depth of 3 feet in
some areas.

Most of the acreage is cultivated, and a considerable
acreage is irrigated. The rest is in native grass. All
locally grown crops are well suited. Some of the wooded
areas are used for grazing, wildlife habitat, and recrea-
tion. Capability unit ITe-7; Clayey range site; wind-
break group 1.

Heil Series

The Heil series consists of deep, nearly level, poorly
drained soils that formed in fine-textured alluvium in
flat-bottomed basins and sloughs. These soils have a clay-
pan in the upper part of the subsoil.

In a representative profile, the surface layer is gray
silt loam about 1 inch thick. The pan is dark-gray, very
firm clay about 4 inches thick. It has a thin film of gray
silty material in the upper part. The lower part of the
subsoil is gray, very firm clay about 15 inches thick. The
underlying material is light brownish-gray, very firm
clay that is strongly limy. It grades to light yellowish-
brown, very firm clay that is slightly limy.

Permeability is very slow. The available water capac-
ity and organic-matter content are moderate. Fertility is
medium.

These soils are suited only to native grass and hay and
to plantings for wildlife habitat. Most areas are in
native grass. Slough grasses, rushes, and cattails occur in
the more poorly drained areas.

Representative profile of a Heil clay under native
grass within an area of Heil soils, 135 feet north and
1,900 feet west of the southeast corner of sec. 30, T. 139
NL,R.TTW.:

A2—0 to 1 inch, gray (10YR 5/1) silt loam, dark gray
(10YR 4/1) when moist; moderate, thin, platy struc-
ture; soft when dry, friable when molist, slightly
sticky and nonplastic when wet; abrupt, smooth
boundary.

B21t—1 to 5 Inches, dark-gray (2.6Y 4/1) clay, black (2.5Y

2/2) when moist; weak, medium, columnar struc-
ture; very hard when dry, very firm when moist,
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very sticky and very plastic when wet; columnar
tops coated with gray silt particles; gradual, wavy
boundary.

B22t—5 to 20 inches, gray (N 5/0) clay, very dark gray (6Y
8/1) when moist; weak, medium, angular blocky
structure; very hard when dry, very firm when
moist, very sticky and very plastic when wet; grad-
ual, irregular boundary; tongues extend to a depth
of 24 inches.

Clca—20 to 30 inches, light brownish-gray (2.5Y 6/2) clay,
olive (5Y 4/3) when moist; massive; very hard
when dry, very firm when moist, very sticky and
very plastic when wet; strong effervescence, few
masses of segregated lime; gradual boundary.

C2—30 to 60 inches, light yellowish-brown (2.5Y 6/3) clay,
olive (5Y 5/3) when moist; massive; very hard
when dry, very firm when moist, very sticky and
very plastic when wet ; slight effervescence.

The combined thickness of the A1l and A2 horizons ranges
from 1 to 8 inches. The Al horizon, if present, is usually
very dark gray when moist and dark gray when dry and
ranges from loam to silty clay loam. In places it is thin,
dark colored, and platy. The A2 horizon ranges in thickness
from a thin film on top of the B21t horizon to a layer 3
inches thick. It ranges from very dark gray to gray when
moist and from dark gray to light gray when dry. It is silt
loam, silty clay loam, or silty clay. The B2lt horizon ranges
from 2 to 7 inches in thickness. It is black to very dark
grayish brown when moist. The B22t horizon is dominantly
silty clay and clay that ranges from & to 28 inches in thick-
ness. The underlying C horizon is silty clay and clay and
ranges from dark gray to olive. The depth to lime ranges
from 15 to more than 38 inches.

Heil soils are assoclated with Dimmick, Harriet, Parnell,
and Rhoades soils. They differ from Dimmick and Parnell
goils in having an alkaline claypan. They are finer textured
than Harriet and Rhoades soils.

Heil soils (0 to 3 percent slope) (Hs).—These soils are
mainly in a series of sloughs connected by narrow chan-
nels. The basins in which these soils formed range in size
from 10 to several thousand acres. Each mapped area is
about 80 percent Heil clay, 10 percent Dimmick clay,
and 10 percent Regan soils, strongly saline. Heil soils are
in areas that are flooded for short periods, and the Dim-
mick and Regan soils are in wet low areas.

These Heil soils have the profile described as repre-
sentative for the Heil series.

These soils receive additional moisture from adjacent
areas. Surface runoff is very slow. Fertility is medium.
The hazard of flooding and the dense claypan are the
major concerns in management.

The best drained areas are grazed or used for hay pro-
duction. Wet areas are suitable for wildlife habitat.
Some areas are mowed or grazed in all but wet years.
Capability unit VIw-Ov; Overflow range site; wind-
break group 10.

Lallie Series

The Lallie series consists of deep, nearly level, very
poorly drained soils in swales, oxbows, and backwater
areas of the Missouri River flood plain.

In a representative profile, the surface layer is dark-
gray silty clay loam about 8 inches thick. The underly-
ing material is stratified silt loam, silty clay loam, silty
clay, and clay and is light brownish gray, dark gray,
olive gray, gray, and light gray. It is slightly to moder-
ately limy.
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Permeability is slow. Available water capacity is
inoderate. The organic-matter content and fertility are
ow.

Most areas are too wet for tillage and are used for
wildlife or pasture.

Representative profile of Lallie silty clay loam in an
area of native grass, 640 feet north and 85 feet west of
the southeast corner of sec. 15, T. 137 N., R. 79 W.:

A1—0 to 3 inches, dark-gray (5Y 4/1) silty clay loam, dark
olive gray (5Y 8/2) when moist; moderate, medium,
granular structure; slightly hard when dry, friable
when moist, slightly sticky and slightly plastic when
wet ; slight effervescence ; abrupt boundary.

Clg—3 to 138 inches, about 25 percent light brownish-gray
(2.8Y 6/2) silt loam, dark grayish brown (2.5Y 4/2)
when moist, and 75 percent dark-gray (5Y 4/1) silty
clay loam, dark olive gray (5Y 8/2) when molist;
common, fine, distinet, light olive-brown (2.5Y 5/6)
mottles; soft when dry, friable when moist, slightly
sticky and slightly plastic when wet; slight effer-
vescence; abrupt boundary.

C2g—13 to 30 inches, olive-gray (6Y 4/2) silty clay, dark
olive gray (8Y 8/2) when moist; moderate, very fine,
angular blocky structure; hard when dry, irm when
moist, sticky and plastic when wet; slight efferves-
cence; gradual boundary.

C3g—380 to 52 inches, gray (5Y 5/1) clay, olive gray (5Y 4/2
and 5/2) when moist; many, fine, faint mottles, light
olive brown (2.5Y §/6) when moist; massive; very
hard when dry, very firm when moist, very sticky
and very plastic when wet; moderate effervescence,
common masses of segregated lime; gradual bound-

ary.

C4g—52 to 60 inches, light-gray (5Y 7/2) silty clay loam,
olive gray (5Y 5/2) when dry; many, fine, prominent
mottles, light olive brown (2.5Y 5/6) when moist;
massive ; slightly hard when dry, friable when moist,
slightly sticky and slightly plastic when wet; slight
to moderate effervescence; abrupt boundary.

The A horizon ranges from 1 to 7 inches in thickness. It
is mainly silty clay loam but ranges from fine sandy loam to
clay. The C horizon is dominantly silty clay loam, silty clay,
or clay but contains thin strata of coarser textured material.
It is dominantly dark grayish brown and olive gray when
moist but ranges from very dark gray to brown.

Lallie soils are associated with Dimmick, Havrelon, and
Heil soils. They differ from Dimmick soils in having a thin-
ner A horizon. In contrast with Havrelon soils, they are
poorly drained. They do not have an A2 horizon or a clay-
pan, both of which are characteristic of Heil soils.

Lallie silty clay loam (0to 3 percent slopes) {La).—This
soil is in swales, oxbows, and backwater areas on the
flood plain of the Missouri River. Most areas are long
and narrow.

This Lallie soil has the profile described as representa-
tive for the series.

This soil has poor surface drainage and receives runoff
from adjacent areas. Fertility is low. Flooding is the
major concern in management. Maintaining tilth is
difficult because the organic-matter content is low.

The driest areas are used for alfalfa and small grain.
Wetness sometimes delays tillage. The wettest areas are
used for wildlife and for grazing. Capability unit
IIw-6; Overflow. range site ; windbreak group 2.

Lehr Series

The Lehr series consists of shallow, nearly level to
sloping, somewhat excessively drained soils that are
underlain by gravel or coarse sand. These soils formed in

glacial outwash on stream terraces. The slope gradient is
1 to 9 percent.

In a representative profile, the surface layer is dark
grayish-brown loam about 6 inches thick. The subsoil is
friable loam about 11 inches thick (fig. 6). It is dark gray-
ish brown in the upper part and grayish brown in the
lower part. The upper part of the underlying material is
light brownish-gray gravelly coarse sandy loam about 5
inches thick. It contains a large amount of lime. The lower
part is pale-brown gravel.

Permeability is moderately rapid to very rapid. Avail-
able water capacity is low. The organic-matter content
and fertility are low,

About half the acreage is used for small grain, grass,
corn, and legumes, and the rest for native hay and pas-
ture.

Representative profile of Lehr loam, nearly level, in an
area of native grass, 60 feet south and 60 feet west of
the northeast corner of sec. 4, T. 139 N., R. 77 W.:

A1—0 to 6 inches, dark grayish-brown (10YR 4/2) loam, very
dark brown (10YR 2/2) when moist; moderate, me-
dium, granular structure; soft when dry, friable
when moist, slightly sticky and slightly plastic when
wet; clear, wavy boundary.

B21—6 to 10 inches, dark grayish-brown (10YR 4/2) loam,
very dark brown (10YR 2/2) when moist; weak,
coarse and medium, prismatic structure; slightly
hard when dry, friable when moist, slightly sticky
and slightly plastic when wet; clear, wavy boundary.

B22—10 to 17 inches, grayish-brown (2.56Y 5/2) loam, dark
grayish brown (10YR 4/2) when moist; moderate,
medium and fine, prismatiec structure parting to
weak, medium, angular blocky; slightly hard when
dry, friable when moist, slightly sticky and slightly
plastic when wet ; gradual, wavy boundary.

IIClea—17 to 22 inches, light brownish-gray (2.5Y 6/2) grav-
elly coarse sandy loam, dark grayish brown (10YR
4/2) when moist; tongues of grayish brown (2.5Y
5/2) and very dark grayish brown (10YR 3/2) when
moist; weak, medium, prismatic structure; slightly
hard when dry, friable when moist, slightly sticky
and slightly plastic when wet; strong effervescence;
gradual, wavy boundary.

ITIC2—22 to 60 inches, pale-brown (10YR 6/3) gravel, brown
(10YR 5/3) when moist; single grain; loose when
dry, loose when moist, nonsticky and nonplastic
when wet ; slight effervescence, moderate lime masses.

The solum ranges from 10 to 20 inches in thickness. The
depth to gravelly sediments ranges from 18 to 20 inches, and
the depth to lime from 10 to 18 inches. The A horizon is
dark gray, dark grayish brown, very dark gray, or very dark
grayish brown and ranges from 4 to 8 inches in thickness. It
is predominantly loam but in places is fine sandy loam and
silt loam. The B hotizon is dominantly loam, but in places is
fine sandy loam or gravelly loam. The IIC horizon is gravel
or cross-bedded sand and gravel 30 inches or more thick.

Lehr soils are associated with Manning and Wabek soils.
They differ from Manning soils in having a finer textured
control section. In conirast with Wabek soils, they have a B
horizon and are more than 10 inches deep over gravel.

Lehr loam, nearly level (0 to 8 percent slopes) (leA).—
This mapping unit is about 85 percent Lehr loam. The
rest is Manning fine sand loam, Wabek soils, Arnegard
silt loam, and Williams loam.

This Lehr loam has the profile described as representa-
tive for the series. It is easily worked but is somewhat
droughty and slightly susceptible to blowing. Surface
runof! is slow. Fertility is low.
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Figure 6.—Profile of Lehr loam showing dark-colored surface layer and light-colored, limy subsurface layer. The depth to gravel is
about 20 inches.
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About 65 percent of the acreage is cultivated. The rest
is in native or tame grass. Small grain, corn, and alfalfa
are suitable crops. Capability unit I1Is-5; Shallow to
Gravel range site; windbreak group 6.

Lehr loam, undulating (3 to 6 percent slopes) {LeB).—
This soil is in glacial outwash areas. Each mapped area
is about 80 percent Lehr loam and areas of Manning fine
sandy loam, Wabek soils, and Arnegard silt loam.
Wabek soils are on ridges and knolls, the Lehr soil is on
the sides of the ridges and knolls, and the Arnegard soil
is in swales.

This soil is shallower over gravel but otherwise has a

profile similar to the one described as representative for
the series.
. This soil is easily worked and has good tilth. Because
it is shallow over gravel, it is droughty and thus suscep-
tible to blowing and water erosion. Surface runoff is
medium. Fertility is low.

About half the acreage is cultivated. The rest is
mainly in native grass. Small grain, corn, and alfalfa
are suitable crops. Trees are fairly well suited. Conserv-
ing moisture, controlling erosion, and maintaining fertil-
ity are the major concerns in management. Capability
unit ITTes-5; Shallow to Gravel range site; windbreak
group 6.

Lehr loam, sloping (6 to 9 percent slopes) (LeC).—This
soil is in glacial outwash areas. Each mapped area is
about 75 percent Lehr loam. The rest is Williams loam
and small areas of Wabek soils. The Wabek and Wil-
liams soils are on ridgetops and knolls, and the Lehr soil
is on the sides of ridges. Slopes are short.

This soil is shallower over gravel but otherwise has a
profile similar to the one described as representative for
the series.

This soil is easily tilled. Excess tillage destroys the
structure and thus increases the hazard of blowing and
water erosion. Surface runoff is medium. Conserving
moisture, controlling erosion, and maintaining fertility
are the main concerns in management.

This soil is commonly used for native and tame
grasses. It is fairly well suited to small grain and
alfalfa. Frequent use of grasses and legumes in the crop
rotation is needed. Capability unit IVes-5; Shallow to
Gravel range site; windbreak group 6.

Lihen Series

The Lihen series consists of deep, nearly level to steep,
well-drained soils that formed in wind-reworked sandy
glacial deposits. These soils are in broad valleys and on
benches on the uplands.

In a representative profile this soil is loamy fine sand
to a depth of about 20 inches. The upper 7 inches is
dark gray, the next 7 inches is very dark grayish brown,
and the lower part is dark grayish brown. The upper 8
inches of the underlying material is grayish-brown fine
sand. Below this is the surface layer of a buried soil. Tt
1s grayish-brown loamy fine sand about 6 inches thick.
At a depth of about 84 inches is olive-gray fine sand.

Permeab_lllty is rapid. Available water capacity and
the organic-matter content are moderate. Fertility is
medium.

.Most of the less sloping areas are cropped and are
suited to small grain, grass, corn, and legumes. The steep-
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er areas are mostly in native grass, to which they are
well suited.

Representative profile of Lihen loamy fine sand, nearly
level, in a cultivated field, 1,320 feet south and 1,270 feet
east of the northwest corner of sec. 25, T. 138 N., R. 77
Ww.:

Ap—0 to 7 inches, dark-gray (10YR 4/1) loamy fine sand,
very dark brown (10YR 2/2) when moist; weak, me-
dium, granular structure; soft when dry, very fria-
ble when moist, nonsticky and nonplastic when wet;
abrupt boundary.

Al12—7 to 14 inches, very dark grayish-brown (10YR 3/2)
loamy fine sand, very dark brown (10YR 2/2) when
moist; weak, medium, granular structure; soft when
dry, very friable when moist, nonsticky and nonplas-
tic when wet ; gradual, wavy boundary.

A13—14 to 16 inches, dark grayish-brown (10YR 4/2) loamy
fine sand, very dark grayish brown (10YR 3/2) when
moist; weak, medium, granular structure; soft when
dry, very friable when moist, nonsticky and nonplas-
tic when wet; gradual, wavy boundary.

AC—16 to 20 inches, dark grayish-brown (10YR 4/2) loamy
fine sand, very dark grayish brown (10YR 3/2) when
moist; single grain; loose when dry, loose when
moist, nonsticky and nonplastic when wet; gradual,
wavy boundary.

C1—20 to 28 inches, grayish-brown (10YR 5/2) fine sand,
dark grayish brown (2.5Y 4/2) when moist; single
grain; loose when dry, loose when moist, nonsticky
and nonplastic when wet; abrupt, smooth boundary.

Alb—28 to 84 inches, grayish-brown (10YR 5/2) loamy fine
sand, very dark grayish brown (10YR 3/2) when
moist; weak, medium, granular structure; soft when
dry, very friable when moist, nonsticky and nonplas-
tic when wet; moderate effervescence, many fine
masses of segregated lime; gradual, smooth bound-
ary.

C2ca—34 to 60 inches, olive-gray (5Y 5/2) fine sand, dark
olive gray (5Y 8/2) when moist; single grain; soft
when dry, very friable to loose when moist, non-
sticky and nonplastic when wet; moderate efferves-
cence, few fine and many very flne masses of segre-
gated lime.

These soils are darkened by organic matter to a depth of
20 to 40 inches. The depth to lime ranges from 20 to 60
inches. The A horizon is mostly very dark grayish brown or
dark gray. It is dominantly loamy fine sand but in places is
fine sandy loam. The C horizon ranges from dark grayish
brown to olive gray. It is dominantly loamy fine sand or fine
sand but in places is finer textured.

Lihen soils are associated with Flaxton, Parshall, and Tel-
fer soils. They differ from Flaxton soils in not having a gla-
cial till substratum. They have a coarser textured substra-
tum than Parshall soils. In contrast with Telfer soils, the
dark colors extend to a depth of more than 20 inches.

Lihen loamy fine sand, nearly level (0 to 3 percent
slopes) (LfA).—This soil is in valleys or on terraces. In some
places, it is slightly hummocky. Included in mapping
were areas of Lihen fine sandy loam and small areas of
Flaxton, Telfer, Parshall, and Arveson soils. The Arve-
son soil is in the low wet basins or seep areas. The other
soils are intermingled with the Lihen soil.

This Lihen loamy fine sand has the profile described as
representative for the Lihen series.

Surface runoff is slow. Fertility is medium. Some sur-
face ponding occurs in the low areas on inclusions of
Arveson soils. In cultivated areas the Lihen soil is
highly susceptible to blowing. Small areas are moder-
ately eroded. Conserving moisture and controlling ero-
sion are the major concerns in management.
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This soil is suitable for irrigation. More than half the
acreage is cultivated. Small grain, corn, and alfalfa are
the main crops. Capability unit IVe-2; Sands range
site; windbreak group 5.

Dihen loamy fine sand, clay subsoil variant (0 to 3
percent slopes) (lg).—This soil is 18 to 52 inches of wind-
deposited sands over a substratum of lake-deposited clay.
About 90 percent of the mapping unit is Lihen loamy
fine sand, clay subsoil variant. Included in mapping were
areas of Lihen fine sandy loams and loamy fine sands
that do not have a clay subsoil and areas of Parshall fine
sandy loam.

This Lihen soil is underlain by clay at a depth of 18
to 52 inches but otherwise has the profile described as
representative for the series.

This soil is highly susceptible to’ blowing and in some
cultivated areas is moderately eroded. Surface runoff is
slow. Fertility is medium. Conserving moisture and con-
trolling erosion are the major concerns in management.

This soil is fairly well suited to small grain, corn, and
alfalfa. About half the acreage is cultivated. Capability
unit IVe-2; Sands range site ; windbreak group 5.

Lihen, Livona, and Parshall fine sandy loams, hilly
(9 to 15 percent slopes) (LhD).—Some areas of this map-
Eing unit are Lihen fine sandy loam, some are Livona

ne sandy loam, and some are Parshall fine sandy loam.
Other areas contain all three soils. In such areas Livona
soils are on.the upper slopes, and the Lihen and Parshall
soils are on the lower slopes and in swales. Slopes are
short, broken, and complex.

Each soil is fine sandy loam to a depth of 6 to 20
inches. Otherwise, its profile is similar to the one
described as representative for the series. Livona soils
are described under the heading “Livona Series,” and
Parshall soils under the heading “Parshall Series.”

Surface runoff is medium on the lesser slopes and
rapid on the steeper slopes. Fertility is medium. Soil
blowing and water erosion are moderate to severe haz-
ards in cultivated areas.

Nearly all the acreage is in native grass. Some of the
less sloping areas are cultivated. Capability unit
VIe-Sy; Sandy range site; windbreak group 5.

Lihen, Parshall, and Telfer fine sandy loams, rolling
(6 to 9 percent slopes) {LkC).—This mapping unit is on
uplands. Some areas are Lihen fine sandy loam, some are
Parshall fine sandy loam, and some are Telfer fine sandy
loam. Other areas contain all three soils. The Telfer soil
is on the upper slopes or ridges, and the Lihen and Par-
shall soils are on the lower slopes and in swales.

The Lihen and Telfer soils have a fine sandy loam sur-
face layer but otherwise have profiles similar to those
described as representative for the respective series. Par-
shall and Telfer soils are described under the headings
“Parshall Series” and “Telfer Series.”

Surface runoff is medium. Fertility is medium in
Lihen and Parshall soils and low in the Telfer soil. The
Telfer soil is droughty. All are highly susceptible to
blowing and water erosion. Controlling erosion and con-
serving moisture are the major concerns in management.

Most areas are in native grass. Some are used for
small grain, corn, and alfalfa. Capability unit IVe-3;
Sandy range site; Lihen and Parshall soils in windbreak
group 5 and Telfer soil in windbreak group 7.

Lihen-Telfer loamy fine sands, undulating (3 to 6
percent slopes) (LIB).—Blowing has made this complex of
soils hummocky. Most areas are about 65 percent Lihen
loamy fine sand, 20 percent Telfer loamy fine sand, and
15 percent inclusions of Flaxton and Parshall soils. The
Lihen soil is on the lower slopes, and the Telfer soil is
on the higher convex slopes.

Surface runoff is slow. Fertility is medium in the
Lihen soil and low in the Telfer soil. Both soils are
highly susceptible to blowing and moderately eroded in
some areas. Bontrolling blowing and conserving moisture
are the major concerns in management.

Most of the acreage is in native grass. Cultivated areas
are used for small grain, corn, and alfalfa. Some areas
are suitable for irrigation. Capability unit IVe-2;
Lihen soil in Sands range site and windbreak group 5;
Telfer soil in Sands range site and windbreak group 7.

Lihen-Telfer loamy fine sands, rolling (6 to 9 per-
cent slopes) {LmC).—This complex is about 55 percent Lihen
loamy fine sand and 20 percent Telfer loamy fine sand.
The rest is Lihen fine sandy loam and Flaxton soils.
Slopes are short and complex.

Surface runoff is medium. Fertility is medium in the
Lihen soil and low in the Telfer soil. Both soils are
highly susceptible to blowing in cultivated areas. Con-
trolling blowing and conserving moisture are the main
concerns in management.

Most of the acreage is in native grass. Small acreages
are cultivated, and most of these are moderately eroded.
Capability unit VIe-Sa; Lihen soil in Sands range site
and windbreak group 5; Telfer soil in Sands range site
and windbreak group 7.

Linton Series

The Linton series consists of deep, nearly level to
steep, well-drained soils that formed in thick loess depos-
its. These soils are on benches and uplands near the Mis-
souri River. Slopes are plane and convex and have a gra-
dient of 1 to 15 percent.

In a representative profile, the surface layer is
grayish-brown silt loam about 7 inches thick. The sub-
soil, about 21 inches thick, is very friable silt loam (fig. 7).
It is grayish brown in the upper part and light brownish
gray in the lower part. It contains a small amount of lime.
The underlying material is light brownish-gray, very
friable silt loam. Tt contains a moderate amount of lime.

Permeability is moderate. Available water capacity is
high. The organic-matter content is moderate, and fertil-
ity is medium.

These soils are well suited to small grain, grass, leg-
umes, and trees. Most areas are cropland.

Representative profile of a Linton silt loara under
native grass within an area of Mandan-Linton silt loams,
undulating, 420 feet north and 635 feet west of the
southeast corner of sec. 30, T. 139 N., R. 80 W.:

A1—0 to 7 inches, grayish-brown (10YR 5/2) silt loam, very
dark grayish brown (10YR 8/2) when moist; weak,
medium, granular structure: soft when dry, very
friable when moist, slightly sticky and slightly plas-
tic when wet; gradual, wavy boundary.

B2—7 to 15 inches. grayish-brown (10YR 5/2) silt loam, very
dark grayish brown (10YR 3/2) when moist; weak,

coarse, prismatic structure; soft when dry, very fria-
ble when moist, slightly sticky and slightly plastic
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when wet; slight effervescence; gradual, wavy

boundary.

B3—15 to 28 inches, light brownish-gray (2.5Y 6/2) silt loam,
dark grayish brown (2.5Y 4/2) when moist; weak,
coarse, prismatic structure; soft when dry, very
friable when moist, slightly sticky and slightly plas-
tic when wet; moderate effervescence; gradual, wavy

boundary.

C2—28 to 60 inches, light brownish-gray (2.5Y 6/2) siit loam,
dark grayish brown (2.5Y 4/2) when moist; massive ;
soft when dry, very friable when moist, slightly
sticky and slightly plastic when wet; moderate effer-

vescence.

Silt loam is the predominant texture throughout the pro-
file, but in a few areas the surface layer 18 very fine sandy
loam. Sandy or gravelly material occurs below a depth of 40
inches in some areas. The loess mantle is 40 inches or more
thick in most areas. The A horizon is very dark brown and
very dark grayish brown when moist and ranges from dark
grayish brown to grayish brown when dry. The B horizon
ranges from 8 to 24 inches in thickness. It is dark grayish
brown and grayish brown when moist.

Linton soils are associated with Grassna, Mandan, and
Temvik soils. They are coarser textured and lighter colored
within a depth of 20 inches than Grassna soils. They differ
from Temvik soilg in having a more weakly developed B ho-
rizon and in not having a glacial till substratum. They are
lighter colored than Mandan soils in the top 20 inches and
the depth to lime is greater.

Linton-Mandan silt loams, hilly (9 to_12_ percent
slopes (InD).—This complex is adjacent to the Missouri
River. It is about 55 percent Linton silt loam, 35 percent
Mandan silt loam, and 10 percent inclusions of Werner,
Grassna, Morton, and Temvik soils. The Linton soil is on
the ridges and upper slopes, and the Mandan soil is on
the lower slopes. ) .

This Linton soil is lighter colored and is lower in
organic-matter content but otherwise has a profile simi-
lar to the one described as representative for the series.
The Mandan soils are described under the heading
“Mandan Series.” o

Surface runoff is rapid. Available water capacity is
high. Fertility is medium in the Linton soil and high in
the Mandan soil. Controlling erosion and conserving
moisture are the major concerns in management. Water
erosion is a serious hazard, especially in areas that are
row cropped.

Most of the acreage is in native grass. Moderate ero-
sion is common in cultivated areas. Capability unit
IVe-5; Silty range site; windbreak group 8.

Linton-Mandan silt loams, steep (lnE}.—This complex
is adjacent to the Missouri River. It is about 55 percent
Linton silt loam, 35 percent Mandan silt loam, and 10
perceut inclusions of Werner, Grassna, and Morton soils.
The slope gradient is dominantly 12 to 15 percent but
ranges to as much as 35 percent in some areas.

The Linton and Mandan soils are lighter colored and
are lower in organic-matter content but otherwise have
profiles similar to those described as representative for
their respective series.

Runoff is rapid. Fertility is medium on the Linton soil
and high on the Mandan soil. The erosion hazard is seri-
ous in areas where these soils do not have an adequate
cover of vegetation. Controlling erosion and conserving
moisture are the major concerns in management.

Most areas are in native grass. Capability unit
VIe-Si; Silty range site; windbreak group 10.

SOIL SURVEY

Livona Series

The Livona series consists of deep, nearly level to
steep, well-drained soils that formed in wind-deposited,
moderately sandy material and the underlying glacial
till. These soils are on upland till plains. Slopes are
plane and convex, and the gradient is 1 to 15 percent.

In a representative profile, the surface layer is dark
grayish-brown fine sandy loam about 8 inches thick. The
upper part of the subsoil is grayish-brown, very friable
fine sandy loam about 7 inches thick, the middle part is
light brownish-gray, friable sandy clay loam about 4
inches thick, and the lower part is light brownish-gray,
firm clay loam about 5 inches thick. The upper part of
the underlying material is light-gray clay loam about 16
inches thick, the middle part is light yellowish-brown
loam about 12 inches thick, and the lower part is pale-
yellow loam.

Permeability is moderately rapid to a depth of about
14 inches and moderately slow below that depth. Avail-
able water capacity is moderate. The organic-matter con-
tent is high, and fertility is medium.

About half the acreage is cropland, and half is in
native grass. These soils are suited to small grain, corn,
legumes, native pasture, and hay.

Representative profile of a Livona fine sandy loam
under native grass within an area of Flaxton-Livona fine
sandy loams, 50 feet south and 1,570 feet west of the
northeast corner of sec. 29, T. 137 N., R. 76 W.:

Al1—0 to 8 inches, dark grayish-brown (10YR 4/2) fine sandy
loam, very dark brown (10YR 2/2) when moist;
weak, medium, subangular blocky structure parting
to weak, fine, crumb; soft when dry, very friable
when moist, nonsticky and nonplastic when wet;
many roots; many fine pores; neutral; gradual,
wavy boundary.

B1—8 to 16 inches, grayish-brown (10YR 5/2) fine sandy
loam, very dark grayish brown (10YR 3/2) when
moist; weak, medium, prismatic structure parting to
weak, medium, subangular blocky; soft when dry,
very friable when moist, nonsticky and nonplastic
when wet; common roots; common fine pores; neu-
tral; clear, wavy boundary.

ITB21t—15 to 19 Inches, light brownish-gray (10YR 6/2)
sandy clay loam, dark grayish brown (10YR 4/2)
when moist; strong, medium, prismatic structure
parting to moderate, medium, subangular blocky;
slightly hard when dry, friable when moist, slightly
sticky and slightly plastic when wet; common roots;
common pores; thin clay fllms, prism faces very
dark grayish brown 10YR 8/2) when moist; neutral;
clear, wavy boundary.

IIB22t—19 to 24 inches, light brownish-gray (2.5Y 8/2) clay
loam, dark grayish brown (2.5Y 4/2) when molist;
strong, coarse, prismatic structure parting to moder-
ate, medium, angular blocky; hard when dry, firm
when moist, sticky and plastic when wet; common
fine roots; common fine pores; thin patchy clay films
on ped faces; neutral; clear, wavy boundary.

I1C1lca—24 to 40 inches, light-gray (2.5Y 7/2) clay loam,
light yellowish brown (2.5Y 6/3) when moist; weak,
coarse, prismatic structure parting to moderate, me-
dium and fine, subangular blocky; hard when dry,
friable when moist, sticky and plastic when wet; few
fine roots; common fine pores; strong effervescence,
many, medium, soft lime concretions; moderately al-
kaline; gradual, wavy boundary.

IIC2ca—40 to 52 inches, light yellowish-brown (2.5Y 6/8)
loam, olive brown (2.5Y 4/4) when moist; weak,
coarse and fine, subangular blocky structure; soft
when dry, friable when moist, slightly sticky and
slightly plastic when wet; few fine roots; few pores;
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common white lime spots in threads and concretions;
a few, medium, yellowish-brown (10YR 5/68) mottles;
few small stones; moderate effervescence, moderately
alkaline; clear, wavy boundary.

IIC3—52 to 60 inches, pale-yellow (2.5Y 7/4) loam, light
olive brown (2.5Y 5/4) when moist; massive parting
to coarse and medium subangular blocky structure;
soft when dry, friable when moist, slightly sticky
and slightly plastic when wet; a few lime spots and
threads; a few, very fine, yellowish-brown (10YR
5/6) spots; a few small stones; slight effervescence,
moderately alkaline.

The solum ranges from 18 to 36 inches in thickness. The
depth to lime ranges from 18 to 36 inches. The fine sandy
loam material ranges from 10 to 20 inches in thickness. The
A horizon ranges from fine sandy loam to loamy fine sand. It
is very dark grayish brown or dark grayish brown. The Bl
horizon is fine sandy loam or sandy loam. It ranges from
very dark grayish brown to dark brown when moist and
from dark grayish brown to grayish brown when dry. The
ITB2t horizon ranges from sandy clay loam to clay loam. It
is dark grayish brown to brown when moist and dark gray-
ish brown to light yellowish brown when dry. The Ceca and C
horizons are clay loam or loam.

Livona soils are associated with Flaxton, Lihen, and Wil-
liams soils. They differ from the Flaxton soils in being
lighter colored within a depth of 20 inches and in having
glacial till within a depth of 20 inches. They differ from
Lihen soils in having glacial till within a depth of 40 inches.
In contrast with Williams soils, their fine sandy loam sur-
face layer in places extends to a depth of 10 to 20 inches.

Livona-Flaxton loamy fine sands, rolling (6 to 9
percent slopes) (LoC).—In most areas this complex is about
50 percent Livona loamy fine sand, 45 percent Flaxton
loamy fine sand, and 5 percent inclusions of Lihen
loamy fine sand and Williams fine sandy loam. There are
boulders on the surface.

These Livona and Flaxton soils have a surface layer
of loamy fine sand, but otherwise have profiles similar to
those described as representative for their respective
series. Flaxton soils are described under the heading
“Flaxton Series.”

These soils are highly susceptible to blowing. Surface
runoff is medium. Fertility is medium. Controlling ero-
sion and conserving moisture are the major concerns in
management.

About 33 percent of the acreage is cultivated. The
rest is in native grass. More than half of the cultivated
acreage is moderately eroded. These soils are well suited
to grass. Capability unit VIe-Sa; Sands range site;
windbreak group 5.

Livona-Flaxton fine sandy loams, rolling (6 to 9 per-
cent slopes) (lrC).—In most areas this complex is about 50
percent Livona fine sandy loam, 40 percent Flaxton fine
sandy loam, and 10 percent inclusions of Parshall,
Lihen, and Williams soils. The Livona soil is on the
upper slopes and ridges, and the Flaxton soil is on the
lower slopes.

Each soil has a profile similar to the one described as
representative for the respective series.

These soils are highly susceptible to blowing and
water erosion. Surface runoff is medium. Fertility is
medium. Controlling blowing and conserving moisture
are the major concerns in management.

About 30 percent of the acreage is cultivated, and
about half of this is moderately eroded. The rest is in
native grass. Small grain and alfalfa are suitable crops.
Capability unit IVe-3; Sandy range site; windbreak
group 5.
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Livona and Lihen loamy fine sands, hilly (9 to 15
percent slopes) (LsD).—Some areas of this mapping unit
are Livona loamy fine sand, some are Lihen loamy fine
sand, and others contain both soils. Included in mapping
were areas of Werner, Zahl, and Flasher soils. The
Livona soil is on the upper convex slopes, and the Lihen
soil is on the lower slopes. Surface stones and boulders
are abundant on most of the ridgetops.

The Livona soil has a surface layer of loamy fine sand
but otherwise has a profile similar to the one described
as representative for the series. Lihen soils are described
under the heading “Lihen Series.”

When dry, these soils are highly susceptible to blow-
ing. Surface runoff is medium. Fertility is medium. Soil
blowing is the major hazard.

These soils are well suited to native grass. In the few
areas cultivated, they are moderately and severely
eroded. Capability unit VIe-Sa; Sands range site; wind-
break group 5.

Livona, Lihen, and Flasher fine sandy loams, steep
(more than 15 percent slopes) (LtF.—Some areas of this
mapping unit are Livona fine sandy loam, some are Lihen
fine sandy loam, and some are Flasher fine sandy loam.
Other areas contain all three soils. The Flasher soil is
typically on the ridgetops, the Livona soil is on the smooth
upper slopes, and the Lihen soil is on the lower slopes and
in swales.

The profile of this Livona soil differs from the one
described as representative for the Livona series. This
soil does not have prismatic and blocky structure below
the sandy loam mantle, and it is limy above the glacial
till. The Lihen soil differs in texture of the surface layer
but otherwise has a profile similar to the one described
as representative for the Lihen series. Flasher soils are
described under the heading “Flasher Series.”

Surface runoff is medium. Fertility is medium in the
Livona and Lihen soils and low in the Flasher soil. Con-
trolling erosion is the major concern in management.

These soils are used for native grass. Capability unit
VIe-Sy; Livona and Lihen soils in Sandy range site
and windbreak group 10; Flasher soil in Thin Sandy
range site and windbreak group 10.

Livona-Williams fine sandy loams, hilly (9 to 15
percent slopes) (LuD).—This complex is on sand-mantled
glacial till plains where the mantle is thin. It is about 50
percent Livona fine sandy loam and 25 percent Williams
fine sandy loam. Included in mapping were small areas
of Lihen, Parshall, Flasher, and Zahl soils. The Wil-
liams soil is on the upper slopes, and the Livona soil is
on the lower slopes.

This Livona soil does not have prismatic and blocky
structure in the subsoil, and it is limy above the glacial
till. Otherwise, it has a profile similar to the one
described as representative for the series. The Williams
soil has a coarser textured surface layer but otherwise has
a profile similar to the one described as representative
for the series.

Surface runoff is medium. Fertility is medium in the
Livona soil and high in the Williams soil. Controlling
erosion is the major concern in management. In culti-
vated areas, these soils are highly susceptible to erosion.

These soils are moderately and severely eroded in cul-
tivated areas. Most of the acreage is in native range.
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Capability unit VIe-Sy; Sandy range site; Livona soil
in windbreak group 5 and Williams soil in windbreak
group 3.

Lohler Series

The Lohler series consists of deep, nearly level, moder-
ately well drained soils that formed in alluvial material
on bottom land along the Missouri River. The slope gra-
dient is 0 to 3 percent.

In a representative profile, the surface layer is about 8
inches of light brownish-gray silty clay. The underlying
stratified material, to a depth of 60 inches or more, is
light brownish-gray and light-gray silty clay that is
slightly limy. Thin strata of silt occur below a depth of
40 inches.

Permeability is slow. Available water capacity is high.
The organic-matter content is low, and fertility is
medium,

Most of the acreage is cropland. The soils are suited to
small grain, grasses, and legumes. Some areas are used
for native pasture and hay. Others are densely wooded
-and are used for grazing and for wildlife recreation.

Representative profile of Lohler silty clay in a culti-
vated field, 53 feet south and 53 feet east of the north-
west corner of sec. 35, T. 140 N, R. 81 W.:

Ap—0 to 8 inches, light brownish-gray (2.5Y 6/2) silty clay,
dark grayish brown (2.5Y 4/2) when moist; weak,
coarse and medium, subangular blocky structure
parting to moderate, fine, granular; hard when dry,
firm when moist, sticky and plastic when wet; abun-
dant roots; common fine pores; slight effervescence,
mildly alkaline; abrupt, smooth boundary.

C—8 to 60 inches, light brownish-gray (2.8Y 6/2) silty clay,
dark grayish brown (2.8Y 4/2) when moist; thin,
medium and thick, platy structure in some layers
and strong, very fine, angular blocky structure in
others; thin layers of massive light-gray (2.6Y 7/2)
silt below a depth of 40 inches; hard when dry, irm
when moist, sticky and plastic when wet; common
roots at a depth of 8 to 80 inches, few roots at a
depth of 30 to 60 inches; common fine pores; slight
effervescence, mildly alkaline.

The Ap horizon is silty clay, silty clay loam, or silt loam.
It ranges from dark grayish brown to light brownish gray.
The O horizon is dominantly clay and silty clay. It is com-
monly light brownish gray but ranges from light gray or
pale yellow to grayish brown or olive gray. Variations in
color and texture relate to stratification.

Lohler soils are associated with Banks, Havrelon, Lallie,
and Magnus soils. They are finer textured than Banks and
Havrelon soils. They are better drained than Lallie solls.
They have a thinner surface layer than Magnus soils.

Lohler silt loam (0 to 3 percent slopes) (Lv).—This soil
is on bottom land along the Missouri River. Included in
mz_a,lpping were a few small areas of Havrelon and Lallie
soils.

The surface layer of this Lohler soil is silt loam 6 to
20 inches thick. Otherwise, the profile is similar to the
one described as representative for the series.

Fertility is medium. Surface runoff is slow. In places,
the soil receives runoff from surrounding areas. It has a
seasonal high water table. In some years wetness delays
cultivation.

Most areas are cultivated, and some are irrigated.
Small grain, corn, and alfalfa are the chief crops. Small
areas are in native grass or are wooded. Wooded areas
are used for grazing, wildlife, and recreation. Capability
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unit ITc-6; Silty range site; windbreak group 1.

Lohler silty clay loam (0 to 8 percent slopes) (lw).—
This soil occupies the slightly lower areas on the bottom
land of the Missouri River. Included in mapping were a
few small areas of Havrelon and Lallie soils.

The surface layer of this Lohler soil is silty clay loam
6 to 20 inches thick. Otherwise, the profile is similar to
the one described as representative for the series.

Fertility is medium. Surface drainage is slow. In

‘places, water from adjacent areas ponds on this soil. A

seasonal water table is within a depth of 5 feet. Wetness
and fertility are the major concerns of management. In
some years wetness delays cultivation. C

Most areas are cultivated, and some are irrigated.
Small grain and alfalfa are the main crops. Some areas
are in native grass and are wooded. Wooded areas are
suited to grazing, wildlife, and recreation. Capability
unit ITc-7; Clayey range site; windbreak group 1.

Lohler silty clay (0 to 3 percent slopes) {Ly).—This soil
is in backwater areas on the bottom land of the Missouri
River: Included in mapping were a few small areas of
Havrelon and Lallie sotls. .

This soil has the profile described as representative for
the Lohler series. '

Surface runoff is slow. Water from adjacent areas
ponds on this soil for short periods. Wetness and fertil-
ity are the major concerns in management, Soil tilth is a
minor concern. The soil is susceptible to blowing because
the surface layer tends to slake.

This soil is suited to small grain, alfalfa, and tame
grasses. About half the acreage is cultivated. The rest is
in native grass or is wooded and brushy. Some wooded
areas are used for grazing, and others are used for recre-
ation and wildlife. Capability unit IIs—4; Clayey range
site; windbreak group 1.

Magnus Series

The Magnus series consists of deep, nearly level, mod-
erately well drained soils that formed in moderately fine
textured and fine textured alluvium. These soils are on
flood plains of creeks. The slope gradient is 0 to 3 per-
cent.

In a representative profile, the surface layer is gray-
ish-brown silty clay loam. Below this is about 9 inches of
dark grayish-brown silty clay. At a depth of 16 inches is
a buried soil. Its surface layer is dark-gray, firm silty
clay about 10 inches thick, and its subsoil is grayish-
brown, firm silty clay about 24 inches thick. It is slightly
limy in the lower part. The underlying material, at a
depth of about 50 inches, is stratified. It is light brown-
ish-gray and light yellowish-brown, firm silt loam, silty
clav loam, and silty clay and is moderately limy.

. Permeability is moderately slow. The available water
capacity, organic-matter content, and fertility are high.

About half the acreage is used for crops, mainly small
grain, legumes, and corn. The rest is used for native pas-
ture and hay.

Representative profile of a Magnus silty clay loam in a
cultivated field within an area of Magnus silty clay
loam, 2,100 feet north and 2,480 feet east of the south- -
west corner of sec. 26, T. 138 N., R. 80 W.: :

Ap—0 to 7 inches, grayish-brown (2.5Y 5/2) silty clay loam,
very dark grayish brown (2.5Y 3/2) when moist;
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strong, fine, granular structure; hard when dry, fria-
ble when moist, sticky and plastic when wet; few
large and common fine roots ; many fine pores; slight
effervescence, moderately alkaline; abrupt, smooth
boundary.

Al2—7 to 16 inches, dark grayish-brown (2.5Y 4/2) silty
clay, very dark grayish brown (2.5Y 3/2) when
moist; thin layers, black (2.5Y 2/2) when moist;
weak, coarse, prismatic structure parting to moder-
ate and strong, medium and very fine, blocky; very
hard when dry, firm when moist, sticky and plastic
when wet; common roots; many fine pores; slight
effervescence, moderately alkaline; clear, smooth
boundary.

Alb—18 to 26 inches, dark-gray (10YR 4/1) silty clay, very
dark gray (10YR 3/1) when crushed, coatings of
black (10YR 2/1) when moist; moderate, coarse,
prismatic structure parting to strong, medium and
fine, angular blocky; very hard when dry, irm when
moist, sticky and plastic when wet; common fine
pores; shiny pressure faces on ped surfaces; few
small lime masses; slight effervescence, moderately
alkaline ; gradual, wavy boundary.

B2b—26 to 34 inches, grayish-brown (2.5Y 5/2) silty clay,
very dark grayish brown (2.5Y 3/2) when moist;
weak, coarse, prismatic structure parting to strong,
medium, angular blocky; very hard when dry, firm
when moist, sticky and plastic when wet; shiny
pressure faces on vertical ped surfaces; common fine
limy masses; slight effervescence, moderately alka-
line ; gradual, wavy boundary.

B3b—34 to 50 inches, grayish-brown (2.5Y 5/2) silty clay,
dark grayish brown (2.5Y 4/2) when moist; moder-
ate, medium and fine, angular blocky structure; very
hard when dry, firm when moist, sticky and plastic
when wet; common fine lime masses; slight effer-
vescence, moderately alkaline; a few vertical cracks
with pressure faces; gradual boundary.

C—50 to 60 inches, light brownish-gray and lght yellowish-
brown (2.5Y 6/2 and 6/4) stratified silty clay, silt
loam, and silty clay loam, olive brown (2.5Y 4/4)
and dark grayish brown (25Y 4/2) when moist;
massive; very hard when dry, firm when moist,
sticky and plastic when wet; few medium lime
nodules ; moderate effervescence, moderately alkaline.

The A horizon is mostly silty clay loam or silty clay. It is
very dark brown or very dark grayish brown when moist
and dark brown and grayish brown when dry. The color
value and chroma in moist soil are less than 8.5. The B hori-
zon ranges from 12 to 30 inches in thickness. It is very dark
grayish brown to grayish brown. The C horizon is silt loam,
silty clay loam, or silty clay. Buried horizons are common. In
most places these soils contain a small amount of lime. In
some places the surface soil is lime free. Layers darkened by
organic matter are common in the substratum,

Magnus soils are associated with Harriet, Havrelon,
Lohler, and Straw soils. They differ from Harriet soils in not
having a claypan. They are darker colored than Havrelon
and Lohler soils. They are finer textured than Straw soils.

Magnus silty clay loam (0 to 8 percent slopes) (Ma).—
This soil is on the bottom land of small streams.
Included in mapping were a few small areas of Straw
and Harriet soils and areas of steep slopes, creek chan-
nels, and oxbows.

This soil has medium surface runoff. It is flooded for
short periods during heavy rains or rapid snowmelt. In
many areas it is dissected by stream channels, and farm-
ing is difficult. Fertility is high.

This soil is well suited to alfalfa, small grain, and
corn. About half the acreage is cultivated. The rest is in
native grass and is used for hay or pasture. Capability
unit ITe-7; Clayey range site; windbreak group 1.
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Makoti Series

This series consists of deep, nearly level, moderately
well drained soils that formed in glaciolacustrine depos-
its. These soils are on lake plains in the glacial till
plains.

In a representative profile, the surface layer is dark-
gray silty clay loam about 5 inches thick. The subsoil is
dark-gray, firm silty clay loam about 11 inches thick.
The upper part of the underlying material is light-gray
and white silty clay loam. It is strongly limy. The lower
part is pale-yellow silty clay.

Permeability is moderately slow. Available water
capacity is high. The organic-matter content is moderate,
and fertility is medium.

These soils are well suited to small grain, grasses, and
legumes. Most areas are cropped. Some are used for
native pasture and hay.

Representative profile of a Makoti silty clay loam in
a cultivated field within an area of Makoti-Williams
silty clay loams, gently sloping, 2,565 feet south and 100
feet east of the northwest corner of sec. 1, T. 141 N., R.
5 W.:

Ap—O0 to 5 inches, dark-gray (10YR 4/1) silty clay loam,
very dark brown (10YR 2/2) when moist; moderate,
medium, granular structure; slightly hard when dary,
friable when moist, slightly sticky and slightly plas-
tic when wet ; abrupt, smooth boundary.

B21—5 to 11 inches, dark-gray (10YR 4/1) silty clay loam,
very dark grayish brown (2.5Y 8/2) when moist;
coatings of black (2.5Y 2/2) when moist; moderate,
coarse, prismatic structure; hard when dry, firm
when moist, sticky and plastic when wet; clear,
wavy boundary.

B22—11 to 16 inches, dark-gray and grayish-brown (10YR
4/1 and 5/2) silty clay loam, very dark grayish
brown (2.5Y 8/2) when moist; strong, medium and
fine, prismatic structure parting to moderate,
medium, angular blocky; hard when dry, irm when
moist, sticky and plastic when wet; clear, wavy
boundary.

Clca—16 to 42 inches, light-gray and white (2.6Y 7/2 and
8/2) silty clay loam, olive gray (6Y 5/2) when
moist; weak, coarse, prismatic structure; hard when
dry, friable when moist, sticky and plastic when
wet; strong effervescence, few to common lime
masses ; clear, wavy boundary.

C2-—42 to 60 inches, pale-yellow (5Y 7/8) silty clay, olive
gray (8Y 5/2) when moist; very hard when dry, firm
when moist, sticky and plastic when wet; strong
effervescence.

The A horizon ranges from 4 to 8 inches in thickness. It is
gilt loam or silty clay loam and very dark brown, very dark
gray, dark gray, very dark grayish brown, or dark grayish
brown when moist. The B horizon ranges from 8 to 20 inches
in thickness. It is very dark grayish brown or dark grayish
brown when moist. The Cca and C horizons are grayish
brown, light olive brown, and olive gray when moist.

Makoti soils are associated with Roseglen, Savage, and
Williams soils. They are more silty throughout the profile
than Williams and Roseglen soils, They have a coarser tex-
tured substratum than Savage soils.

Makoti silty clay loam, level (0 to 8 percent slopes)
(MkA).—This soil is in former glacial lakebeds. Slopes are
long. Included in mapping were areas of Grail, Noonan,
and Roseglen soils and areas in which stones are common

on the surface. .
This soil has a profile similar to the ohe described as

representative for the series.
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Surface runoff is medium. Fertility is medium. When
dry, this soil is moderately susceptible to soil blowing.

This soil is well suited to small grain, corn, and
alfalfa. More than half the acreage is cultivated. The
rest is mostly in native grass. Capability unit IIe-7;
Clayey range site; windbreak group 3.

Makoti-Williams silty clay loams, gently sloping (3
to 6 percent slopes) (MIB).—This complex is about 65 per-
cent Makoti silty clay loam and 35 percent Williams
silty clay loam. It occurs on lacustrine plains and glacial
till plains. Glacial boulders are common on the Williams
soil, but there are few on the Makoti soil.

The Makoti soil has the profile described as represent-
ative for the Makoti series. The Williams soil has a silty
clay loam surface layer but otherwise has a profile simi-
lar to that described as representative for the series (see
Williams Series).

Surface runoff is medium. Fertility is medium on the
Makoti soil and high on the Williams soil. Controlling
erosion is the major concern in management. The haz-
ards of soil blowing and water erosion are moderate.

These soils are well suited to small grain, corn, and
alfalfa. About half the acreage is cultivated. The rest is
in native grass. Capability unit ITe-7; Clayey range
site; windbreak group 3.

Mandan Series

The Mandan series consists of deep, nearly level to
sloping, well-drained soils. These soils formed in thick
recent loess deposits on benches and uplands adjacent to
the Missouri River bottoms. :

In a representative profile, the surface layer is dark
grayish-brown and grayish-brown silt loam about 20
inches thick. The subsoil is grayish-brown, very friable
silt loam about 9 inches thick. It is moderately limy. The
underlying material is light brownish-gray, very friable
silt loam about 18 inches thick. It is strongly limy and
contains common small lime nodules. The material below
is light brownish-gray, very friable loam grading to fine
sandy loam.

Permeability is moderate. Available water capacity
and fertility are high. The organic-matter content is
moderate,

These soils are well suited to small grain, corn, and
alfahfa. Most of the acreage is cultivated. Part is irri-
gated.

Representative profile of Mandan silt loam, levél, in
an area of tame grass, 400 feet south and 90 feet east of
%e northwest corner of the SW1, of sec. 15, T. 138 N.,

. 80 W.: '

Al11—0 to 13 inches,” dark.grayish-brown (10YR 4/2) silt
loam, very dark brown (10YR 2/2) when molst; very
weak prismatie structure parting to weak, coarse
and fine, subangular blocky; soft when dry, very
friable when molist, slightly sticky and slightly plas-
tic when wet; many roots; many fine pores; mildly
alkaline; gradual boundary.

A12—13 to 20 inches, grayish-brown (10YR 5/2) silt loam,
very dark grayish brown (10YR 8/2) when moist;
very weak, coarse, prismatic structure parting to
weak, coarse, subangular blocky; soft when dry,
very friable when moist, slightly sticky and slightly
plastic when wet; common roots; many fine pores;
slight effervescence, mildly alkaline; gradual bound-
ary.

SOIL SURVEY

B—20 to 29 inches, grayish-brown (10YR 5/2) silt loam, very
dark grayish brown (10YR 8/2) when moist; very
weak, coarse, prismatic and subangular blocky strue-
ture; slightly hard when dry, very friable when
moist, slightly sticky and slighty plastic when wet;
common fine roots; many fine pores; a few, very
small, light-gray lime spots; moderate effervescence;
gradual, wavy boundary.

C1—29 to 38 inches, light brownish-gray (2.5Y 6/2) silt loam,
dark grayish brown (2.5Y 4/2) when moist; weak,
coarse, prismatic and subangular blocky structure;
slightly hard when dry, very friable when molst,
slightly sticky and slightly plastic when wet; a few
fine roots; common very fine pores; strong efferves-
cence ; common, faint, fine, light-gray lime spots, com-
monly around pores and root channels; gradual,
smooth boundary.

C2—38 to 47 inches, light brownish-gray (2.5Y 6/2) silt loam,
grayish brown (2.5Y 5/2) when moist; massive, vert-
ical breakage typical of loess, breaking to irregular
blocky fragments; slightly hard when dry, very fria-
ble when moist, slightly sticky and nonplastic when
wet ; strong effervescence, common, faint, very small
lime spots and a few distinct spots of segregated
lime; a very few small pebbles, lime crusts on
underside, near base of horizon; a very few small
roots; clear, smooth boundary.

IIC3—47 to 56 inches, light brownish-gray (10YR 6/2) loam,
dark grayish brown (10YR 4/2) when moist; mas.
sive; slightly hard when dry, very friable when
moist, slightly sticky and slightly plastic when wet;
a few faint lime spots; a few small pebbles.

ITIC4—56 to 60 inches, fine sandy loam (auger sample), dark
brown (10YR 3/8) when moist; strong effervescence.

The texture throughout the profile is dominantly silt loam,
but in a few areas it is very fine sandy loam. Sandy to grav-
elly material occurs below a depth of 40 inches in some
areas. The color value and chroma in moist soil are less than
8.5 to a depth of 20 to more than 35 inches. The depth to
lime in most places ranges from 8 to 18 inches, but in a few
places lime is at the surface. The A and B horizons range in
color from very dark grayish brown to grayish brown. In
contrast with other horizons, the C horizon contains more
very fine sand. In some profiles, a dark-colored layer below a
depth of 50 inches resembles the A horizon of a buried sofl.

Mandan soils are associated with Grassna, Linton, and
Temvik soils. They are less clayey throughout the profile
than Grassna soils. In contrast with Linton soils, their dark

~ colors extend to a depth of more than 20 inches. In con-

trast with Temvik soils, they do not have glacial till within
a depth of 40 inches.

Mandan silt loam, level (0 to 3 percent slopes) (MnA).—
This soil is on silt-mantled terraces and uplands adjacent
to the Missouri River. Included in mapping were a few
small areas of Linton silt loam.

This soil has the profile described as representative for
the Mandan series.

Surface runoff is medium. Fertility is high. Control-
ling erosion is the major concern in management. Both
soil blowing and water erosion are hazards.

This soil is well suited to small grain, corn, and
alfalfa. Most of the acreage is cultivated. Part is irri-
gated. Capability unit ITe-5; Silty range site; wind-
break group 3.

Mandan-Linton silt loams, undulating (3 to 6 percent
slopes) (MoB).—This complex is on silt-mantled terraces
and uplands adjacent to the Missouri River. It is about
55 percent Mandan silt loam and 45 percent Linton silt
loam. The Linton soil is on the upper slopes and ridges,
and the Mandan soil is on the lower slopes. Slopes are
short in some areas and long in others.
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The Mandan soil has a profile similar to the one
described as representative for the Mandan series. Linton
soils are described under the heading “Linton Series.”

Surface runoff is medium. Fertility is medium on the
Linton soil and high on the Mandan soil. Controlling
soil blowing and water erosion are the major concerns in
management. Unless a cover of vegetation is maintained,
these soils are highly susceptible to erosion.

These soils are suited to irrigation. More than 75 per-
cent of the acreage is cultivateg. Crops commonly grown
are small grain, corn, and alfalfa. Capability unit
ITe-5; Silty range site; windbreak group 3.

Mandan-Linton silt loams, rolling (6 to 9 percent
slopes) (MoC).—This complex 1s adjacent to the Missouri
River. It is about 45 percent Mandan silt loam and 45
percent Linton silt loam. The Mandan soil is on the
lower slopes, and the Linton soil is on the upper slopes.
Included in mapping were a few small areas of Grassna
and Temvik soils.

Each soil has a profile similar to the one described as
representative for the respective series.

Surface runoff is medium. Fertility is high in the
Mandan soil and medium in the Linton soil. Controlling
erosion and conserving moisture are the major concerns
in management. These soils are moderately susceptible to
wind erosion and highly susceptible to water erosion,
especially if row cropped.

These soils are suited to small grain and alfalfa.
About half the acreage is cultivated, and the rest is in
native grass. Capability unit ITIe-5; Silty range site;
windbreak group 3.

Manning Series

The Manning series consists of moderately deep,
nearly level to sloping, somewhat excessively drained
soils. These soils formed on glacial outwash plains and
stregm terraces. They are underlain by gravel or coarse
sand.

In a representative profile, the surface layer is dark

grayish-brown fine sandy loam about 8 inches thick. The
subsoil is dark-brown or brown fine sandy loam about 9
inches thick. The next layer is about 8 inches of light
yellowish-brown, strongly limy fine sandy loam. The
upper part of the underlying material is light brown-
ish-gray, strongly limy gravel and coarse sand. The
lower part is light olive-brown, slightly limy sand.
. Permeability is moderately rapid to a depth of 25
inches and very rapid to a depth of more than 60 inches.
Available water capacity is low. The organic-matter con-
tent is moderate, and fertility is medium.

These soils are used for small grain, corn, alfalfa,
native pasture, and hay.

Representative profile of Manning fine sandy loam,
undulating, in a cultivated field, 155 feet east and 120
%e‘aret north of southwest corner of sec. 8, T. 139 N., R. 77

Ap—oO0 to 8 inches, dark grayish-brown (10YR 4/2) fine sandy
loam, very dark brown (10YR 2/2) when moist;
cloddy ; soft when dry, very friable when moist, non-
sticky and nonplastic when wet ; abrupt boundary.

B21—8 to 17 inches, dark-brown or brown (10YR 4/3) fine
sandy loam, very dark grayish brown (10YR 3/2)
when moist; weak, coarse, prismatic structure part-
ing to weak, coarse, subangular blocky ; slightly hard
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when dry, very friable when moist, nonsticky and
nonplastic when wet ; clear, irregular boundary.

Clea—17 to 25 inches, light yellowish-brown (2.5Y 6/8) fine
sandy loam, olive brown (2.5Y 4/3) when moist;
weak, coarse, subangular blocky structure; slightly
hard when dry, very friable when moist, nonsticky
and nonplastic when wet; strongly effervescent;
clear, wavy boundary.

II0C2—25 to 33 inches, light brownish-gray (2.5Y 6/2) coarse
sand and gravel, dark grayish brown (25Y 4/2)
when moist; single grain; loose when dry, loose
when moist, nonsticky and nonplastic when wet;
strongly effervescent; gradual boundary.

1IC3—33 to 60 inches, light olive-brown (2.5Y 5/3) coarse
sand, olive brown (2.5Y 8/3) when moist; single
grain; loose when dry, loose when moist, nonsticky
and nonplastic when wet ; slightly effervescent.

The Al horizon ranges from 5 to 9 inches in thickness. It
is dark grayish brown or very dark grayish brown. The B
horizon ranges in thickness from about 6 to 15 inches. It is
fine sandy loam and has weak to moderate prismatic struc-
ture. The depth to gravel ranges from about 20 to 30 inches.
In most profiles, there is a zone of lime accumulation in the
upper 12 inches of the substratum.

Manning soils are associated with Lehr, Parshall, and
Wabek soils. They are coarser textured than Lehr soils. In
contrast with Parshall soils, they have a thinner A horizon
and are underlain by sand and gravel. They are deeper over
gravel than Wabek soils.

Manning fine sandy loam, nearly level (0 to 3 percent
slopes) (MrA).—This soil is on stream terraces and glacial
outwash plains. Slopes are smooth. Included in mapping
were a few small areds of Lehr and Wabek soils.

This soil has a profile similar to the one described as
representative for the series.

This soil is droughty and is highly susceptible to
blowing. Surface runoff 1s slow. Fertility is medium. Con-
trolling blowing and maintaining fertility are the main
concerns in management.

About 65 percent of the acreage is cultivated, and the
rest is in grass. The main crops are small grain, corn,
and alfalfa. The low available water capacity is the
main limitation. Capability unit ITIes-3; Sandy range
site; windbreak group 6.

Manning fine sandy loam, undulating (3 to 6 percent
slopes) (MrB).—This soil is on stream terraces and glacial
outwash plains. Slopes are short. Included in mapping
were a few small areas of Lehr and Wabek soils.

This soil has the profile described as representative for
the Manning series.

This soil is droughty and highly susceptible to blow-
ing. Surface runoff is slow. Fertility is medium. Control-
ling blowing and maintaining fertility are the major
concerns in management.

This soil is fairly well suited to small grain and
alfalfa. About half the acreage is cultivated. The rest is
in grass. The low available water capacity is the main
limitation. Capability unit IITes-3; Sandy range site;
windbreak group 6.

Manning fine sandy loam, sloping (6 to 9 percent
slopes) {MrC).—This soil is on stream terraces and glacial
outwash plains. Slopes are short. Included in mapping
were a few small areas of Lehr and Wabek soils.

This soil has a profile similar to the one described as
representative for the series.

This soil is droughty and unless well managed is
highly susceptible to soil blowing and water erosion.
Surface runoff is medium. Fertility is medium. Control-
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ling erosion and maintaining fertility are the major con-
cerns in management.

This soil is suited to small grain and alfalfa. Less
than half the acreage is cultivated. The rest is mostly in
native grass. Droughtiness is the main limitation. The
soil is fairly well suited to trees. Capability unit
IVes-3; Sandy range site; windbreak group 6.

Max Series

The Max series consists of deep, undulating to steep,
well-drained soils that formed on glacial till. These soils
are commonly on the upper parts of ridges.

In a representative profile, the surface layer is very
dark grayish-brown loam about 6 inches thick. The sub-
soil is dark grayish-brown and grayish-brown, friable
loam about 4 inches thick. The underlying material,
extending to a depth of 60 inches, is light olive-brown,
dark grayish-brown, and light brownish-gray loam. It is
strongly limy.

Permeability is moderate. Available water capacity is
high. The organic-matter content is moderate, and fertil-
ity is medium.

These soils are suited to small grain, corn, grass, and
trees. The acreage is mostly used for crops, pasture, or
hay.

Representative profile of a Max loam under native
grass within an area of Max-Zahl loams, rolling, 475 feet
east and 715 feet north of southwest corner sec. 17, T.
144 N, R. 79 W.:

A1—0 to 6 inches, very dark grayish-brown (10YR 8/2) loam,
very dark brown (10YR 2/2) when moist; fine, weak,
granular structure; slightly hard when dry, very
friable when molist, slightly sticky and slightly plas-
tic when wet; clear, wavy boundary.

B21—6 to 8 inches, dark grayish-brown (10YR 4/2) loam,
very dark grayish brown (10YR 3/2) when moist;
moderate, medium, prismatie structure parting to
moderate, medium, angular blocky; slightly hard
when dry, very friable when moist, slightly sticky
and slightly plastic when wet; abrupt wavy bound-

B3ca—8 to 10 inches, grayish-brown (2.5Y 5§/2) loam, dark
grayish brown (2.5Y 4/2) when moist, stains of very
dark grayish brown (2.5Y 8/2) when moist; medium,
weak, prismatic structure parting to moderate,
medium, angular blocky; slightly hard when dry,
very friable when moist, slightly sticky and slightly
plastic when wet; clear, wavy boundary.

Cleca—10 to 19 inches, light olive-brown (2.5Y 5/3) loam,
olive brown (2.5Y 4/8) when moist; weak, medium,
prismatic structure parting to moderate, medium,
angular blocky ; slightly hard when dry, very friable
when moist, slightly sticky and slightly plastic when
wet ; strong effervescence ; abrupt, wavy boundary.

C2ca—19 to 30 inches, dark grayish-brown (2.5Y 4/2) loam,
olive brown (2.5Y 4/8) when molst; weak, medium,
prismatie structure parting to moderate, medium,
angular blocky ; slightly hard when dry, very friable
when moist, shghtly sticky and slightly plastic when
wet; very strong effervescence; abrupt, wavy bound-
ary.

C8—30 to 60 inches, light brownish-gray (2.5Y 6/2) loam,
light olive brown (2.5Y 5/8) when moist; massive;
slightly hard when dry, very friable when moist,
slightly sticky and slightly plastic when wet; strong
effervescence.

The A horizon ranges from 4 to 7 inches in thickness. It is
very dark brown to very dark grayish brown when moist.
The B horizon is loam or clay loam and ranges from 4 to 14
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inches in thickness. The Cea horizon has many to few, small
or large threads of lime.

Max soils are associated with Parnell, Williams, and Zahl
soils. They are better drained than Parnell soils. They have
a thinner solum and a more weakly developed B horizon
thﬁ: Williams soils. They have a thicker solum than Zahl
80118,

Max-Zahl loams, rolling (6 to 9 percent slopes)
(MsC).—This complex is about 60 percent Max loam and 40
percent Zahl loam. The Max soil is on the lower slopes,
and the Zahl soil is on the upper slopes and ridges.

The Max soil has the profile described as representa-
tive for the Max series. Zahl soils are described under
the heading “Zahl Series.”

Surface runoff is medium. Fertility is medium in the
Max soil and low in the Zahl soil. Controlling water ero-
sion and conserving moisture are the major concerns in
management. Water erosion is a hazard.

About half the acreage is cultivated, and the rest is in
native grass. Small grain and alfalfa are the chief crops.
Capability unit IVe—4L; Max soil in Sllty range site
and windbreak group 38; Zahl soil in Thin Silty range
site and windbreak group 8.

Mine Pits and Dumps

Mine pits and dumps (Mt consists of areas seriously af-
fected by coal mining operations: spoil banks from sur-
face strip mining, severely pitted areas from subsurface
mining, and land that is undermined but not yet pitted
and now used for grazing. Much of the pitted area is
used for grazing, but with occasional loss of livestock.
Some of the spoil banks have a slope gradient that is
nearly perpendicular. This mapping unit has limited use
for wildlife. The largest area is just east of Wilton.
Capability unit VIITe-1; not assigned to a range site
or windbreak group.

Miranda Series

The Miranda series consists of deep, nearly level to
sloping, moderately well drained soils that have a clay-
pan. These soils are on uplands. They formed in loamy
glacial till. The slope gradient is less than 6 percent.

In a representative profile the surface layer is gray silt
loam about 2 inches thick. The subsoil is a claypan about
4 inches thick. It is dark grayish-brown silty clay in the
upper part and very dark grayish-brown clay in the
lower part. The underlying material is yellowish-brown,
light-gray, and grayish-brown, calcareous, loamy glacial
till. It has threads and nodules of salts and lime in the
upper part.

Permeability is very slow. The available water capac-
ity is low. The organic-matter content is moderate, and
fertility is low.

These soils should be used as rangeland. Most areas
are in native grass.

Representative profile of a Miranda silt loam under
native grass within an area of Miranda-Noonan complex,
2,330 feet south and 360 feet east of northwest corner of
sec. 12, T. 143 N, R. 76 W.:

A2—0 to 2 inches, gray (10YR 5/1) silt loam, very dark gray
(10YR 3/1) when moist; weak, medium, granular
structure and weak, medium, platy; soft when dry,
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friable when moist, slightly sticky and slightly plas-
tic when wet ; abrupt, wavy boundary.

B21t—2 to 4 inches, dark grayish-brown (10YR 4/2) silty
clay, very dark grayish brown (10YR 38/2) when
moist; moderate, medium and fine, columnar struc-
ture; thin continuous clay films on all faces of peds;
hard when dry, very firm when moist, very sticky
and plastic when wet ; clear, wavy boundary.

B22t—4 to 6 inches, very dark grayish-brown (10YR 3/2)
clay, very dark brown (10YR 2/2) when moist; mod-
erate, medium, angular blocky structure; few,
medium, distinet, gray salt mycelia; thin continuous
clay films on all faces of peds; very hard when dry,
very firm when moist, very sticky and plastic when
wet ; clear, wavy boundary.

Clcasa—6 to 17 inches, yellowish-brown (10YR §/4) clay
loam, dark yellowish brown (10YR 4/4) when moist;
massive; gray salt threads and masses; hard when
dry, firm when moist, sticky and plastic when wet;
slight effervescence; gradual, wavy and irregular
boundary.

C2—17 to 28 inches, light-gray (10YR 7/2) clay loam, brown
(10YR 5/3) when moist; massive; hard when dry,
firm when moist, sticky and plastic when wet;
strong effervescence, many masses of segregated
lime ; gradual, irregular boundary.

C3—23 to 48 inches, grayish-brown (10YR 5/2) clay loam,
dark grayish brown (10YR 4/2) when moist; few,
fine, faint, dark-red (2.5Y 3/6) mottles; massive to
weak, coarse, angular blocky structure; hard when

dry, firm when moist, sticky and plastic when wet;
slight effervescence, few masses of segregated lime;
abrupt, wavy boundary.

The solum ranges from 6 to 16 inches in thickness. Pebbles
and cobblestones occur throughout the profile. The A2 hori-
zon is loam or silt loam 1 to 4 inches thick. It is gray when
dry and very dark gray when moist. The B horizon is clay
or silty clay and ranges from 8 to 10 inches in thickness. It
is moderately to strongly alkaline. The C horizon is clay
loam or silty clay loam and is strongly alkaline. It is limy
throughout and has soft masses of lime and threads and
masses of gypsum and other salts in the upper part.

Miranda soils are associated with Noonan and Niobell
soils. They have a thinner surface layer than Noonan and
Niobell soils.

Miranda-Noonan complex (0 to 6 percent slopes)
{Mu).—This complex is about 50 percent Miranda soil and
35 percent Noonan soil. Included in mapping were a few
small areas of Niobell and Williams soils. These are
nearly level and gently sloping soils on glacial till
plains. They have microrelief of 1 to 6 inches. The
Miranda soil is in the low spots, and the Noonan soil is
in the high spots.

The Miranda and Noonan scils have the profiles
described as representative for their respective series
gﬁg. 8). Noonan soils are described under the heading
“Noonan Series.”

Figure 8.—Profiles of Miranda silt loam and Noonan loam showing wavy claypan below surface layer. The depth to the pan is 6 inches in
the Noonan soil and only 2 inches in the Miranda soil.
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Surface runoff is rapid on the strong slopes and
medium on the gentle slopes. Fertility is medium in the
Noonan soil and low in the Miranda soil. Conserving
moisture in the grasslands and controlling erosion and
maintaining tilth in cultivated areas are the main con-
cerns in management.

This complex is used chiefly for native range. Cultiva-
tion is not satisfactory because of the dense claypan sub-
soil. Capability unit VIs-CP; Claypan range site;
windbreak group 9.

Morton Series

This series consists of moderately deep, gently sloping
or sloping, well-drained soils. These soils are on uplands.
They formed in material weathered from soft siltstone
and shale. Slopes are smooth. The gradient is 3 to 9 per-
cent.

In a representative profile the surface layer is dark
grayish-brown silt loam about 4 inches thick. The subsoil
is about 24 inches thick. The upper part is dark gray-
ish-brown, friable silt loam about 8 inches thick; the
middle part is olive, friable silty clay loam about 4
inches thick; and the lower part is light olive-gray, cal-
careous, friable silty clay loam. The underlying material
is about 10 inches of grayish-brown, calcareous loam. It
overlies platy soft siltstone and shale at a depth of about
38 inches.

Permeability is moderate. Available water capacity is
moderate. The organic-matter content is moderate, and
fertility is medium.

These soils are suited to crops, grass, and trees. Most
areas are used for small grain, corn, and pasture or hay.

Representative profile of Morton silt loam, gently
sloping, under native grass, 150 feet north and 1,980 feet
%vi;ast of the southeast corner of sec. 82, T. 140 N., R. 80

A1—0 to 4 inches, dark grayish-brown (2.5Y 4/2) silt loam,
black (2.5Y 2/2) when moist; moderate, medium,
granular structure; soft when dry, friable when
moist, slightly sticky and slightly plastic when wet;
clear, smooth boundary.

B21t—4 to 12 inches, dark grayish-brown (2.8Y 4/2) silt
loam, very dark grayish brown (2.6Y 8/2) when
moist; moderate, medium and coarse, prismatic
structure; slightly hard when dry, friable when
moist, slightly sticky and slightly plastic when wet;
thin continuous clay films on vertical faces of peds;
clear, wavy boundary.

B22t—12 to 16 inches, olive (5Y 5/3) silty clay loam, olive
brown (2.5Y 8/3) when moist; moderate, medium,
prismatic structure; slightly hard when dry, friable
when moist, slightly sticky and slightly plastic when
wet; slight effervescence; thin continuous clay films
on vertical faces of peds; gradual, wavy boundary.

B3ca—16 to 28 inches, light olive-gray (5Y 6/2) sllty clay
loam, olive (5Y 4/8) when moist; weak, medium,
prismatic structure; slightly hard when dry, friable
when moist, slightly sticky and slightly plastic when
wet ; violent effervescence; gradual, wavy boundary.

Clea—28 to 38 inches, grayish-brown (2.5Y 5/2) loam, dark
grayish brown (25Y 4/2) when molst; weak,
medium, subangular blocky structure; soft when dry,
very friable when moist, slightly sticky and slightly
plastic when wet; moderate effervescence; gradual
boundary.

C2—38 to 60 inches, platy soft siltstone and shale.

The solum ranges from 12 to 80 inches in thickness. The A
horizon is silt loam 3 to 7 inches thick. It is very dark-gray-
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ish brown, black, or very dark brown when moist. The B2t
horizon ranges from 10 to 22 inches in thickness. The upper
part is dark grayish-brown or brown gilt loam or silty clay
loam, and the lower part is grayish brown, light olive gray,
or olive. Typically, the lower part is calcareous, The C hori-
zon is grayish brown, olive gray, olive brown, or olive.

Morton soils are associated with Sen, Werner, and Vebar
soils. They are more clayey in the subsoil than Sen soils.
They have a thicker solum and are darker colored than
Werner soils. They are finer textured than Vebar soils.

Morton silt loam, gently sloping (8 to 6 percent slopes)
{MvB).—This soil is on the uplands. Slopes are smooth. In-
cluded in mapping were small areas of Sen, Williams,
and Arnegard soils. The Sen and Williams soils are on
the higher lying convex slopes, and the Arnegard soil is
in narrow swales and on toe slopes.

This soil has the profile described as representative for
the Morton series.

This soil is moderately susceptible to soil blowing and
water erosion. Surface runoff is medium. Fertility is
medium. Controlling water erosion is the major concern
in management.

This soil is well suited to small grain, corn, alfalfa,
and trees. About half the acreage is cultivated. The rest
is in native grass. Capability unit ITe-6; Silty range
site; windbreak group 3.

Morton silt loam, sloping (6 to 9 percent slopes)
(MvC).—This soil is on the uplands. It has long, smooth
slopes. Included in mapping were areas of Sen, Williams,
and Arnegard soils. The Sen and Williams soils are on
the higher lying convex slopes, and the Arnegard soil is
in narrow swales and on toe slopes.

Surface runoff is medium. Fertility is medium. Con-
trolling water erosion is the major concern in manage-
ment. If row cropped, this soil 1s highly susceptible to
water erosion. Soil blowing and water erosion are haz-
ards in all cultivated areas.

This soil is well suited to small grain and alfalfa.
About half the acreage is cultivated. The rest is in grass.
Capability unit IITe-6; Silty range site; windbreak
group 3.

Niobell Series

The Niobell series consists of deep, nearly level to
sloping, moderately well drained soils. These are rolling
soils on uplands. They formed in loamy glacial till.
Slopes are plane and convex.

In a representative profile, the surface layer is dark-
grayish-brown or grayish-brown loam about 10 inches
thick. The subsoil is grayish-brown, firm clay loam about
17 inches thick. The lower part of the subsoil is calcareous
and contains masses and nodules of lime. The underlying
glacial till is light brownish-gray, calcareous clay loam.

Permeability is moderately slow. Available water
capacity is high. The organic-matter content is moderate,
and fertility is medium.

These soils are suited to crops. They are used for small
grain, corn, alfalfa, native pasture, and hay.

Representative profile of a Niobell loam in an area of
native grass within an area of Niobell-Noonan loams,
nearly level, 60 feet south and 2,620 feet east of the
northwest corner of sec. 1, T. 139 N., R. 7T W.:

Al1—0 to 3 inches, dark grayish-brown (10YR 4/2) loam, very

dark brown (10YR 2/2) when moist; moderate, me-
dium, granular structure; soft when dry, very fria-
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ble when moist, slightly sticky and slightly plastic
when wet ; clear, wavy boundary.

A2—3 to 10 inches, grayish-brown (10YR 5/2) loam, very
dark brown (10YR 2/2) when moist; weak, medium,
prismatic structure parting to weak, medium, suban-
gular blocky; soft when dry, very friable when
molst, slightly sticky and slightly plastic when wet;
abrupt, wavy boundary.

B21t—10 to 14 inches, grayish-brown (2.5Y 5/2) clay loam,
olive brown (2.5Y 4/3) when moist; coatings of dark
grayish brown (2.5Y 4/2) and very dark grayish
brown (2.5Y 3/2) when moist and tongues of black
(2.5Y 2/1) ; weak, medium and fine, prismatic struc-
ture parting to moderate, fine, angular blocky; con-
tinuous films of clay on all ped faces; hard when
dry, firm when moist; sticky and plastic when wet;
clear, wavy boundary.

B22t—14 to 20 inches, grayish-brown (2.5Y 5/2) clay loam,
dark grayish brown (2.5Y 4/2) when moist; coatings
of dark grayish brown (2.5Y 4/2) and very dark
grayish brown (2.5Y 3/2) and a few tongues of black
(10YR 2/1) when moist; weak, coarse, prismatic
structure parting to moderate, medium, angular
blocky ; clay films on all ped faces; hard when dry,
firm when moist, sticky and plastic when wet; clear,
wavy boundary.

Bea—20 to 27 inches, grayish-brown (2.6Y 5/2) clay loam,
dark grayish brown (2.5Y 4/2) when moist; coatings
of dark grayish brown (2.5Y 4/2); weak, coarse,
prismatic structure parting to moderate, medium, an-
gular blocky; hard when dry, firm when moist,
sticky and plastic when wet; strong effervescence,
moderate lime masses; gradual, irregular boundary.

Clea—27 to 44 inches, light brownish-gray (2.5Y 6/2) clay
loam, grayish brown (2.5Y 5/2) when moist; weak,
coarse, prismatic structure; hard when dry, firm
when moist, sticky and plastic when wet; strong ef-
fervescence, many lime masses; gradual, irregular
boundary.

C2—44 to 60 inches, light brownish-gray (2.5Y 6/2) clay
loam, grayish brown (2.5Y 5/2) when moist; hard
when dry, firm when moist, sticky and plastic when
wet ; strong effervescence, common lime masses.

The depth to lime ranges from 16 to 30 inches. The upper
part of the A horizon is dark-gray to dark grayish-brown loam
2 to 10 inches thick. The lower part is gray or grayish-brown
loam 3 to 8 inches thick. The B horizon is dark grayish-
brown, grayish-brown, or brown clay loam 5 to 18 inches
thick. The lower part is calcareous. The C horizon is calcar-
eous clay loam that has soft masses of lime in the upper
part.

Niobell soils are associated with Noonan and Miranda
soils. They have a thicker surface layer and a more permea-
ble subsoil than Noonan and Miranda soils. They resemble
Belfield soils, but have a thinner surface layer. Also, they
formed in loamy glacial till, whereas Belfield soils formed in
material derived from soft shale and siltstone.

Niobell-Noonan loams, nearly level (0 to 3 percent
slopes) (NbA).—This complex is on glacial till plains, on
the leeward side of large saline lakes. It is about 40 per-
cent Niobell loam, 30 percent Noonan loam, and 30 per-
cent Williams loam. Included in mapping were small
areas of Parnell, Tonka, and Miranda soils and of
strongly calcareous, slightly saline loams and clay loams.
The Miranda soil is in low areas of the microrelief, and
the Williams soil is on the higher lying convex slopes.

The Niobell and Noonan soils have the profiles
described as representative for their respective series.
Noonan soils are described under the heading “Noonan
Series.”

Surface runoff is slow. Fertility is medium. Maintain-
ing tilth is the major concern in management. Soil blow-
ing and water erosion are only slight hazards.

37

These soils are suited to small grain and alfalfa. More
than half the acreage is cultivated. The rest is in grass.
Capability unit ITIs~P6; Niobell soil in Silty range site
and windbreak group 4; Noonan soil in Claypan range
site and windbreak group 9.

Niobell-Noonan loams, undulating (3 to 6 percent
slopes) (NbB).—This complex is about 40 percent Niobell
loam and 25 percent Noonan loam. Included in mapping
were small areas of Miranda and Williams soils and
small areas where the slope gradient is 6 to 9 percent.
The Miranda and Noonan soils are in the low areas of
the microrelief, and the Niobell soil is in the higher
areas. The Williams soil is on upper convex slopes.

Surface runoff is medium. Fertility is medium. Main-
taining tilth and conserving moisture are the major con-
cerns in management. These soils are moderately suscep-
tible to soil blowing and water erosion.

More than half the acreage is cultivated. The rest is in
grass. Crops commonly grown are small grain and
alfalfa. Capability unit IITe-P6; Niobell soil in Silty
range site and windbreak group 4; Noonan soil in Clay-
pan range site and windbreak group 9.

Noonan Series

The Noonan series consists of deep, nearly level to
sloping, moderately well drained soils that have a clay-
pan. These are rolling soils on the uplands. They formed
in loamy glacial till. Slopes are plane and convex.

In a representative profile, the surface layer is dark-
ﬁray and gray loam about 6 inches thick. The subsoil is

ark grayish-brown, very firm clay loam about 5 inches
thick. It is moderately limy in the lower part. The upper
part of the underlying material is pale-brown clay loam
about 5 inches thick and has an accumulation of lime and
soluble salts. The middle part is light brownish-gray clay
loam about 22 inches thick. The lower part is hight-gray
clay loam.

Permeability is slow. Available water capacity is mod-
erate. The organic-matter content is moderate, and fertil-
ity is medium.

These soils are suitable for crops. They are used for
small grain, corn, alfalfa, pasture, and hay.

Representative profile of a Noonan loam under grass
within an area of Miranda-Noonan complex, 2,870 feet
north and 340 feet east of the southwest corner of sec.
12, T. 143 N, R. 76 W.:

A1—0 to 41% inches, dark-gray (10YR 4/1) loam, very dark
gray (10YR 3/1) when moist; weak, medium, granu-
lar structure; soft when dry, friable when moist,
slightly sticky and slightly plastic when wet; clear,
wavy boundary.

A2—414 to 8 inches, gray (10YR §5/1) loam, very dark gray
(10YR 38/1) when moist; weak to moderate, medium,
platy structure; common pores; soft and dry, friable
when moist, slightly sticky and slightly plastic when
wet ; abrupt, wavy boundary.

B21t—6 to 8 inches, dark grayish-brown (10YR 4/2) clay
loam, very dark grayish brown (10YR 3/2) when
moist; moderate, medium and fine, columnar strue-
ture; very hard when dry, very firm when molist,
sticky and plastic when wet; clear, wavy boundary.

B22t—8 to 11 inches, dark grayish-brown (10YR 4/2) clay
loam, very dark grayish brown (10YR 8/2) when
motist; moderate, medium and fine, prismatic struc-
ture parting to moderate, medium, angular blocky;
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very hard when dry, very fitm when moist, sticky
and plastic when wet; slight effervescence, few
masses of segregated lime; clear, wavy boundary.

Clcasa—I11 to 16 inches, pale-brown (10YR 6/3) clay loam,
brown (10YR 5/3) when moist; weak, medium, pris-
matic structure; hard when dry, irm when moist,
sticky and plastic when wet; slight effervescence,
many masses of segregated lime; few salt crystals;
gradual, irregular boundary.

C2—16 to 38 inches, light brownish-gray (2.5Y 6/2) clay
loam, grayish brown (2.5Y 5/2) when moist; weak,
medium and coarse, prismatic structure; hard when
dry, irm when moist, sticky and plastic when wet;
moderate effervescence, many masses of segregated
lime; clear, wavy to irregular boundary.

C3—388 to 562 inches, light-gray (6Y 6/1) clay loam, gray (5Y
5/1) when moist; common, coarse, prominent, red
(2.5YR 5/8) when moist, mottles and few, coarse,
prominent, black carbon masses; massive; hard
when dry, irm when moist, sticky and plastic when
wet; slight effervescence, common masses of segre-
gated lime; gradual, irregular boundary.

The solum ranges from 10 to 26 inches in thickness. The A
horizon is loam or silt loam § to 8 inches thick. It is dark
grayish brown, dark gray, or gray. The lower part of the A
horizon bhas platy structure. The B horizon is dark-gray or
dark grayish-brown clay loam 4 to 16 inches thick. It is cal-
careous in the lower part. The C horizon is calcareous clay
loam. It contains soft masses of lime and a slight accumula-
tion of soluble salts.

Noonan soils are associated with Niobell and Miranda
soils. They have a thicker surface layer and a more permea-
ble subsoil than Miranda soils. They have a thinner surface
layer and a more slowly permeable subsoil than Niobell soils.

The Noonan soils in this county are mapped only with
Miranda and Niobell soils.

Parnell Series

The Parnell series consists of deep, nearly level, very
poorly drained soils. These soils are in closed depressions
on the glacial till plains. They are freiuently ponded
with runoff from adjacent slopes. They formed in local
alluvium washed from surrounding slopes.

In a representative profile, a thin, fibrous organic mat
overlies the surface layer. The surface layer is dark-gray
silty clay loam about 5 inches thick. The subsoil is dark-
gray, friable silty clay about 12 inches thick. The under-
lying material is dark-gray clay.

Permeability is slow. Available water capacity is high.
The organic-matter content and fertility are high.

The depth and frequency of ponding determine how
these soils are to be used. Most areas are used for native
pasture or hay. Some have been artificially drained and
are cultivated.

Representative profile of Parnell silty clay loam, very
poorly drained, 1,600 feet west and 1,100 feet south of
the northeast corner of sec. 11, T. 142 N., R. 76 W.:

0—% inch to 0, mat of very fibrous organic matter, black
(10YR 2/1) when moist.

Al—0 to 5§ inches, dark-gray (10YR 4/1) silty clay loam,
black (10YR 2/1) when moist; weak, very fine, angu-
lar blocky structure; slightly hard when dry, friable
when moist, sticky and plastic when wet.

B21t—5 to 11 inches, dark-gray (2.5Y 4/1) silty clay, black
(10YR 2/1) when moist; weak, medium, prismatic
structure parting to strong, medium, angular blocky;
slightly hard when dry, firm when moist, sticky and
plastic when wet.

B22t-—11 to 17 inches, dark-gray (2.5Y 4/1) silty clay, black
(10YR 2/1) when moist; strong, very fine, angular
blocky structure; hard when dry, firm when moist,
sticky and plastic when wet.

C—17 to 60 inches, dark-gray (10YR 4/1) clay, black (10YR
2/1) when moist; massive; hard when dry, firm
when moist, very sticky and very plastic when wet.

The A horizon is 4 to 12 inches thick. It is dark-gray or
very dark gray silt loam or silty clay loam. The B horizon is
8 to 24 inches thick, It is dark-gray or very dark gray clay
or silty clay. The C horizon is clay or silty clay loam. It
ranges from dark gray to light olive gray. Olive and yellow-
ish-red mottles are common in the lower part. In most places
the soil is free of lime to a depth of 3 feet or more. In some
places there is a zone of lime accumulation below a depth of
3 feet. In a few places there are stones and boulders on the
surface.

Parnell soils are assoclated with Tonka and Williams sotls,
and they are similar to Dimmick soils. They are more poorly
drained than Tonka soils and lack the light-gray, lower A
horizon that is typical of those soils. They are more poorly
drained and are grayer than Williams soils. They do not
have the reddish and brown mottlings in the subsoil that are
characteristic of Dimmick soils.

Parnell silty clay loam, very poorly drained (0 to 3
percent slopes) {Pa).—This soil is in depressions. All areas
mapped are larger than 2 acres. Smaller areas are indi-
cated by a depression spot symbol on the soil map. Included
in mapping were a few small areas of Dimmick, Colvin,
Tonka, and Heil soils. ) )

This soil has the profile described as representative for
the Parnell series.

Runoff ponds unless artificial drainage is installed.
Fertility is high. Wetness is the major limitation.

Most areas are in native grass and are used for hay or
pasture. Cultivation is limited to the outer edges or to
drained areas. Some of the smaller areas are cultivated
during dry periods. The crops commonly grown are
small grain and millet. Reed canarygrass is planted in
some areas for hay or pasture. Capability unit IITw—4;
Wetland range site; windbreak group 10.

Parshall Series

The Parshall series consists of deep, nearly level to
sloping, well-drained soils. These soils are on uplands.
They formed in deep sandy loam of lacustrine or glacial
outwash origin. Slopes are plane and concave.

In a representative profile, the surface layer is very
dark grayish-brown fine sandy loam about 18 inches
thick. The subsoil is dark grayish-brown, very friable
fine sandy loam about 7 inches thick. The underlying
material is mainly dark grayish-brown fine sandy loam
and loamy fine sand. At a depth of 32 to 40 inches is
very dark grayish-brown fine sandy loam, which is the
surface layer of a buried soil.

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

These soils are suited to crops, grasses, and trees. More
than half the acreage is used for small grain, corn, and
alfalfa. The rest is used mostly for pasture or hay.

Representative profile of Parshall fine sandy loam,
nearly level, under native grass, 1,610 feet south of the
northwest corner of sec. 16, T. 137 N., R. 718 W.:

Al11—0 t6'5 inches, very dark grayish-brown (10YR 8/2) fine
sandy loam, very dark brown (10YR 2/2) when
moist; weak, medium, granular structure; soft when

dry, friable when moist, slightly sticky and slightly
plastic when wet ; clear, smooth boundary.
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A12—5 to 18 inches, very dark grayish-brown (10YR 8/2)
fine sandy loam, very dark brown (10YR 2/2) when
moist; weak, medium, prismatic structure parting to
weak, mediuvm, subangular blocky; soft when dry,
very friable when moist, slightly sticky and slightly
plastic when wet ; gradual, wavy boundary.

B2—18 to 25 inches, dark grayish-brown (10YR 4/2) fine
sandy loam, very dark grayish brown (10YR 3/2)
when moist; weak, coarse, prismatic structure part-
ing to weak, coarse and medium, subangular blocky ;
soft when dry, very friable when moist, slightly
sticky and slightly plastic when wet; gradual, wavy
boundary.

C1—25 to 32 inches, dark grayish-brown (2.56Y 4/2) loamy
fine sand, very dark grayish brown (2.6Y 3/2) when
moist; single grain; loose when dry, loose when
moist, nonsticky and nonplastic when wet; abrupt,
wavy boundary.

Abl—32 to 40 inches, very dark grayish-brown (10YR 38/2)
fine sandy loam, very dark brown (10YR 2/2) when
moist; moderate, coarse, prismatic structure; soft
when dry, friable when moist, slightly sticky and
slightly plastic when wet; slight effervescence; clear
boundary.

Ab2—40 to 46 inches, dark grayish-brown (2.5Y 4/2) fine
sandy loam, very dark grayish brown (2.5Y 3/2)
when moist; moderate, coarse, prismatic structure;
soft when dry, friable when moist, slightly sticky
and slightly plastic when wet; slight effervescence;
clear boundary.

TIC2—46 to 51 inches, dark grayish-brown (2.5Y 4/2) clay
loam, very dark grayish brown (2.5Y 3/2) when
moist; massive; hard when dry, firm when moist,
sticky and plastic when wet; slight effervescence;
clear boundary.

IIIC8—51 to 60 inches, loamy fine sand, dark grayish brown
(2.5Y 4/2) when moist; single grain; loose when
dry, loose when moist, nonsticky and nonplastic
when wet.

The depth to lime ranges from 24 to 40 inches. The A ho-
rizon is 10 to 22 inches thick. It is very dark grayish-brown
or dark grayish-brown fine sandy loam. These soils are gray-
ish brown or darker to a depth of more than 20 inches. In
swales the dark color extends to a depth of 48 inches or
more. The underlying material is dark grayish brown to light
brownish gray -or pale brown. It is mainly fine sandy loam.
Buried horizons of very dark grayish brown occur in many
places. In most places the soil is calcareous below a depth of
40 inches.

Parshall soils are associated with Flaxton and Lihen soils.
They are not so clayey in the subsoil as Flaxton soils. They
are finer textured than Lihen soils.

Parshall fine sandy loam, nearly level (0 to 3 percent
slopes) (PhA).—This soil is in swales and on foot slopes in
the uplands. Included in mapping were areas of Arne-
gard, Lihen, Vebar, and Flaxton soils. The Parshall soil
occupies a lower position on the landscape than the
included soils.

This soil has the profile described as representative for
the Parshall series.

Surface runoff is slow. Fertility is medium. Low areas
receive runoff from adjacent higher lying areas. When
dry, this soil is moderately susceptible to blowing.

This soil is well suited to small grain, corn, and
alfalfa. More than half the acreage is cultivated. Areas
in grass are used for hay or pasture. Capability unit
ITTe-3; Sandy range site; windbreak group 5.

Parshall fine sandy loam, gently sloping (3 to 6 per-
cent slopes) (PhB).—This soil is in swales and on foot slopes
in the uplands. Included in mapping were a few areas of
Arnegard, Lihen, Vebar, and Flaxton soils and a few
areas where the slope gradient is 6 to 9 percent.
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This soil has profile characteristics similar to those
described for the series, but it has a thinner, dark-col-
ored surface layer. .

Surface runoff and fertility are medium. Runoff from
adjacent areas causes slight gullying. Soil blowing and
water erosion are moderate hazards.

This soil is suited to small grain, corn, alfalfa, and
trees. Less than half the acreage is cultivated. Areas in
grass- are used for hay and pasture. Capability unit
ITTe-3; Sandy range site ; windbreak group 5.

Parshall fine sandy loam, clay subsoil variant (0 to
8 percent slopes) (Pk).—This soil is in swales and concave
positions. It has a thin mantle of fine sandy loam over a
layer of lake deposited clay, which is at a depth of less
than 40 inches. Included in mapping were a few small
areas of Flaxton, Lihen, and Rhoades soils.

This soil has profile characteristics similar to those
described as representative for the series but is underlain
by clay or silty clay within a depth of 40 inches.

Surface runoff is slow. Fertility is medium. Because of
the clayey layer, permeability is slower than is typical in
Parshall soils. When dry, this soil is moderately suscep-
tible to blowing.

This soil is suited to small grain, corn, alfalfa, and
trees. About half the acreage is cultivated. Areas in
grass are used for hay and pasture. Capability unit
IITe-3M; Sandy range site; windbreak group 5.

Parshall and Lihen fine sandy loams, nearly level (0
to 3 percent slopes) (PIAl.—This mapping unit consists of
varying amounts of Parshall and Lihen fine sandy
loams. Some areas are nearly all Parshall soils, some are
nearly all Lihen soils, and others contain both soils. The
Lihen soil is on upper slopes, and the Parshall soil is on
lower slopes. Included in mapping were areas of Lihen
loamy fine sand, a few small areas of Flaxton soils, and
small, moderately eroded areas.

The Parshall and Lihen soils have profile characteris-
tics similar to those described for their respective series.
This Lihen soil, however, has a surface layer of fine
sandy loam. It is described under the heading “Lihen
Series.”

Surface runoff is medium. Fertility is medium. Soil
blowing is the main limitation. When dry, the Parshall
soil is moderately susceptible to seoil blowing, and the
Lihen soil is highly susceptible.

These soils are suitable for irrigation. They are' well
suited to small grain, corn, alfalfa, and trees. More than
half the acreage is cultivated. Capability unit ITIe-3;
Sandy range site; windbreak group 5.

Parshall, Lihen, and Telfer fine sandy loams, undu-
lating (3 to 6 percent slopes) (PtB).—This mapping unit
consists of varying amounts of slightly and moderately
eroded Parshall, Lihen, and Telfer fine sandy loams.
Some areas consist entirely of Parshall soils, some of
Lihen soils, and some of Telfer soils. Other areas contain
all three soils. In these areas the Telfer soil is on upper
slopes, the Parshall soil is on mid slopes, and the Lihen
soil is on lower slopes and in swales.

The Parshall soil has a profile similar to the one
described as representative for the Parshall series.
Except for texture of the surface layer, the Lihen and
Telfer soils have profile characteristics similar to those
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described for the series. These soils are described under
the headings “Lihen Series” and “Telfer Series.”

Surface runoff is medium. Fertility is medium in the
Parshall and Lihen soils and low in the Telfer soil. Con-
trolling blowing and conserving moisture are the major
concerns in management. The Parshall soil is moderately
susceptible to soil blowing, and the Lihen and Telfer
soils are highly susceptible.

These soils are suited to small grain, corn, alfalfa, and
trees. About half the acreage is cultivated. Capability
unit IITe-3; Parshall and Lihen soils in Sandy range
site and windbreak group 5; Telfer soil in Sandy range
site and windbreak group 7.

Regan Series

The Regan series consists of deep, nearly level, very
poorly drained soils in basins and sloughs and on stream
bottoms. These soils formed in alluvium. They have a
seasonal high water table.

In a representative profile, the surface layer is dark-
gray and gray, calcareous silty clay loam about 9 inches
thick. It is underlain by 19 inches of light-gray and
gray, calcareous silty clay loam. Below this is gray, cal-
careous clay loam and sandy clay loam alluvium.

Permeability and available water capacity are moder-
ate. The organic-matter content is high, and fertility is
medium.

These soils are suited to pasture and hay. Most of the
acreage is used for this purpose. A few areas have been
artificially drained and are cultivated.

Representative profile of Regan silty clay loam under
native grass, 1,000 feet east and 1,650 feet south of the
northwest corner of sec. 34, T. 144 N., R. 78 W.:

Al1—0 to 4 inches, dark-gray (2.5Y 4/1) silty clay loam, very
dark gray (2.5Y 3/1) when moist; moderate, fine,
crumb structure; slightly hard when dry, slightly
sticky and nonplastic when wet, friable when moist;
many roots; slight effervescence, moderately alka-
line; clear, wavy boundary.

Al12—4 to 9 inches, gray (2.5Y 5/1) silty clay loam, very
dark gray (5Y 3/1) when moist; strong, fine and
very fine, subangular blocky to granular structure;
slightly hard when dry, friable when moist, slightly
sticky and slightly plastic when wet; common roots;
common fine pores; slight effervescence, moderately
alkaline; gradual, wavy boundary.

Clca—9 to 16 inches, light-gray (5Y 6/1) silty clay loam,
dark gray (5Y 5/1) when moist; moderate, medium,
granular structure; slightly hard when dry, friable
when moist, slightly sticky and slightly plastic when
wet; common roots; common fine pores; very strong
effervescence; moderately alkaline; gradual, wavy
boundary.

C2ca—16 to 28 inches, gray (6Y 5/1) silty clay loam, dark
gray (5Y 4/1) when moist; massive separating to
very weak, medium and fine, subangular blocky
structure; hard when dry, firm when moist, sticky
and plastic when wet; few roots; very strong effer-
vescence, moderately alkaline; gradual, wavy bound-

ary.

IIC3g—28 to 54 inches, gray (5Y 6/1) clay loam, olive gray
(5Y 4/2) when moist; massive; slightly hard when
dry, friable when moist, slightly sticky and slightly
plastic when wet; few roots; few salt crystals; mod-
erate effervescence, moderately alkaline.

IIIC4g—54 to 60 inches, gray (BY 5/1) sandy clay loam,
olive gray (5Y 4/2) when moist; few, fine, faint mot-
tles of dark yellowish brown (10YR 4/4) ; soft when
dry, friable when moist, slightly sticky and slightly
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plastic when wet; slight effervescence, moderately al-
kaline.

These soils are calcareous at or near the surface and
throughout the profile. In places they are slightly or moder-
ately saline. The A horizon ranges from 7 to 16 inches in
thickness. Gray colors are predominant because of the high
lime content. The C horizon ranges from light gray to dark
gray. The upper part contains accumulations of lime. The
texture is mostly silty clay loam, but in a few places, it is
loam, sandy clay loam, and silty clay. Gravel or gravelly
loam is below a depth of 40 inches in many places.

Regan soils have a thinner surface layer and a more saline
and sandy substratum than Colvin soils. They are finer tex-
tured than Arveson soils. They are more limy than Parnell
soils.

Regan silty clay loam (0 to 3 percent slopes) (Rc).—
This soil is in flat basins and seep areas on stream
bottom land. It is flooded during part of the year and
has a water table close to the surface. Included in map-
ping were a few small areas of Colvin, Parnell, and
Dimmick soils.

This soil has the profile described as representative for
the Regan series.

Surface runoff is slow. Fertility is medium. Seepage
from adjacent areas has accumulated salts in the soil and
on the surface. Plant roots are limited because of the
high water table and the salinity. Wetness and salt accu-
mulations are the major limitations (fig. 9).

This soil is in native grass. It is suited to hay and pas-
ture and to wildlife. Drainage is generally not feasible.
Quality of forage can be improved by planting reed ca-
narygrass in areas where this soil is not too strongly
saline. Capability unit Vw-WL; Wetland range site;
windbreak group 10.

Regent Series

The Regent series consists of gently sloping and slop-
ing, well-drained soils that are moderately deep over soft
shale. These are rolling soils on uplands. They formed in
material weathered from soft clayey shale. Slopes are
smooth. The gradient is 6 to 9 percent.

In a representative profile, the surface layer is dark-
gray silty clay loam about 5 inches thick. The subsoil is
about 23 inches thick. It is dark grayish-brown, firm
silty clay in the upper part, grayish-brown, firm silty
clay in the middle part, and light brownish-gray silty
clay loam in the lower part. The underlying material is
light yellowish-brown, calcareous silty clay loam to a
depth of about 38 inches. It contains soft segregations of
lime and grades to soft platy shale below.

Permeability is slow. Available water capacity is high.
The organic-matter content is moderate, and fertility is
medinm.

These soils are suited to crops, grass, and trees. Most
areas are used for small grain, corn, alfalfa, and native
range.

Representative profile of Regent silty clay loam, slop-
ing, in cropland, 2,000 feet west and 2,000 feet south of
the northeast corner of sec. 16, T. 140 N, R.80 W.:

Ap—O0 to 5 inches, dark-gray (2.5Y 4/1) silty clay loam, very
dark grayish brown (2.5Y 3/2) when moist; moder-
ate, medium,, granular structure; soft when dry,
friable when moist, slightly sticky and slightly plas-

tic when wet; tongues extend to a depth of 10
inches ; abrupt, wavy boundary.
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Figure 9.—Microrelief on Regan soils. The uneven surface is the result of wetness.

B21t—5 to 10 inches, dark grayish-brown (2.5Y 4/2) silty
clay, very dark grayish brown (2.5Y 38/2) when
moist; strong, fine, angular blocky structure; hard
when dry, firm when moist, sticky and plastic when
wet; thin continuous clay films on all faces of peds;
clear, wavy boundary.

B22t—10 to 17 inches, grayish-brown (2.6Y §/2) silty clay,
dark grayish brown (2.6Y 4/2) when moist; thin
continuous clay films, very dark grayish brown (2.5Y
3/2) when moist on all faces of peds; strong, fine,
angular blocky structure; hard when dry, irm when
moist, sticky and plastic when wet; slight efferves-
cence; gradual, wavy boundary.

B3ca—17 to 28 inches, light brownish-gray (2.85Y 6/2) silty
clay clay loam, olive (2.5Y 4/8) when moist; few
tongues of very dark grayish brown (2.5Y 8/2) when
moist; weak, medium, prismatic structure; hard
when dry, firm when moist, sticky and plastic when
wet; strong effervescence, many masses of segre-
gated lime; gradual, wavy boundary.

C1—28 to 38 inches, light yellowish-brown (2.5Y 6/3) silty
clay loam, olive brown (2.5Y 4/3) when moist; weak,

coarse, blocky structure; hard when dry, firm when

moist, sticky and plastic when wet; strong efferves-
cence, few masses of segregated lime; gradual, wavy
boundary.

C2—38 to 60 inches, soft platy shale that crushes to light
brownish-gray (2.5Y 6/2) silty clay, olive brown
(2.5Y 4/3) when moist; strong effervescence, many
masses of segregated lime.

The depth to soft shale ranges from 30 to 40 inches. The A
horizon ranges from 4 to 9 inches in thickness and from
dark gray to dark brown. The B horizon ranges from 15 to
30 inches in thickness and from dark grayish brown to light
brownish gray. In most places it is limy in the lower part.
The C horizon has varying colors of grayish brown, light

grayish brown, light brownish gray, light yellowish brown,
olive brown, and light olive brown and textures of silty clay
loam, clay loam, and silty clay, This horizon contains soft
masses of accumulated lime in the upper part.

Regent soils are associated with Morton, Sen, and Grail
soils. They are more clayey than Morton and Sen soils. They
do not have the thicker, darker colored surface layer that is
characteristic of Grail soils. They resemble Savage soils, but
they formed in material derived from shale rather than in
deep alluvium.

Regent silty clay loam, sloping (6 to 9 percent slopes)
(RgC).—This soil is on the uplands. It has long smooth
slopes. Included in mapping were a few areas of Grail
and Morton soils.

This soik has the profile described as representative for
the Regent series.

This soil is highly susceptible to wind and water ero-
sion. Surface runoff and fertility are medium. Control-
ling erosion, conserving moisture, and maintaining tilth
are the major concerns in management.

This soil is well suited to small grain, alfalfa, and
tame grasses. Most of the acreage is cultivated. Trees do
well, but they should be planted across the slope to
lessen the hazard of erosion. Areas not cultivated are in
native grass. Capability unit ITTe-7; Clayey range site;
windbreak group 3.

Regent-Grail silty clay loams, gently sloping (3 to 6
percent slopes) [RhB}.—This complex is in the uplands. It is
about 70 percent Regent silty clay loam, 20 percent Grail
silty clay loam, and 10 percent small inclusions of Mor-
ton and Daglum soils. The Regent soil is on the upper
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slopes, and the Grail soil is in swales and concave posi-
tions.

Each soil has a profile similar to the one described as
representative for the respective series. Grail soils are
described under the heading “Grail Series.”

These soils are moderately susceptible to erosion. Sur-
face runoff is medium. Fertility is medium in the Regent
soil and high in the Grail soil. Controlling erosion, con-
serving moisture, and maintaining tilth are the major
concerns in management.

These soils are well suited to small grain and alfalfa.
About 75 percent of the acreage is cultivated. Some corn
is grown, but this crop increases the hazard of water ero-
sion if it is planted up and down the slope. Capability
unit ITe-7; Grail soil in Clayey range site and wind-
break group 1; Regent soil in Clayey range site and
windbreak group 3.

Rhoades Series

The Rhoades series consists of deep, nearly level to
sloping, moderately well drained soils that have a clay-
pan. These rolling soils are in uplands. They formed in
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material weathered from soft shale or in local alluvium
derived from shale. Slopes are plane and concave.

In a representative profile, the surface layer is gray-
ish-brown silt loam about 1 inch thick. The upper part
of the subsoil is a claypan (fig. 10). It is dark grayish-
brown, very firm silty clay loam about 5 inches thick. The
lower part is olive, calcareous silty clay about 8 inches
thick. It contains some segregations of salt. The under-
lying material is calcareous and strongly alkaline. It is
olive silty clay loam to a depth of about 40 inches and
pale-olive silty clay to a depth of about 60 inches.

Permeability is very slow. The available water capac-
ity is low. The organic-matter content is moderate, and
fertility is low.

These soils should be used for rangeland. Most areas
are in native grass.

Representative profile of a Rhoades silty clay loam
under native grass, within an area of Rhoades-Daglum
complex, 530 feet west and 2,600 feet north of the south-
east corner of sec. 6, T. 141 N.,, R. 80 W.:

A2—0 to 1 inch, grayish-brown (10YR 5/2) silt loam, very
dark grayish brown (10YR 8/2) when moist; soft

when dry, friable when motst, slightly sticky and
slightly plastic when wet : abrupt, wavy boundary.

Figure 10—Exposed claypan in Rhoades soil showing round tops of columns. The surface layer has been removed and turned upside
down to show impressions of the column tops.
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B21t—1 to 6 inches, dark grayish-brown (10YR 4/2) silty
clay loam, very dark grayish brown (10YR 3/2)
when moist; strong medium, columnar structure;
very hard when dry, very firm when moist, sticky
and plastic when wet; slight effervescence; clear
boundary.

B8casa—6 to 14 inches, olive (8Y 4/3) silty clay, dark olive
gray (BY 8/2) when moist; weak, coarse, prismatic
structure parting to moderate, medium, angular
blocky ; very hard when dry, very firm when moist,
sticky and plastic when wet; some salts spots;
strong effervescence ; gradual, wavy boundary.

Clca—14 to 40 inches, olive (6Y 5/8) silty clay loam, dark
grayish brown (25Y 4/2) when moist; weak,
medium, prismatic structure; hard when dry, firm
when moist, slightly sticky and slightly plastic when
wet ; strong effervescence; gradual, wavy boundary.

C2—40 to 60 inches, pale-olive (5Y 6/3) silty clay, olive (5Y
5/8) when moist; few faint mottles, olive (5Y 5/6)
when moist; massive; very hard when dry, very firm

when moist, sticky and plastic when wet; strong
effervescence.

The solum ranges from 10 to 20 inches in thickness. The A
horizon is dark grayish-brown or grayish-brown silt loam,

loam, or silty clay loam 1 to 4 inches thick. The B horizon
ranges from 10 to 17 inches in thickness and from dark gray-
ish brown to olive gray or olive. Its texture is silty clay,
silty clay loam, clay loam, or clay. The C horizon is silty
clay loam, clay loam, or silty clay and is strongly to moder-
ately alkaline.

Rhoades soils have a thinner surface layer than the associ-
ated Belfield and Daglum soils. They resemble Miranda soils,
but they formed over shale, whereas Miranda soils formed in
glacial till.

Rhoades complex (0 to 3 percent slopes) (Rm).—This
complex is about 60 percent Rhoades soil. Other major
soils are Daglum and Belfield. Also included are small
areas of Regan and Arveson soils. The Rhoades soil is in
low areas, and the Belfield and Daglum soils are in the
higher areas. Slopes are smooth, plane to concave, and
uneven. There are slight high and low spots that have a
difference of 1 to 6 inches in elevation. Where the clay-
pan is near the surface, the soil is dispersed and the veg-
etation is sparse (fig. 11).

Figure 11.—Uneven, scabby surface on Rhoades complex.
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Each soil has a profile similar to the one described as
representative for the respective series.

Surface runoff is slow. Fertility is low. Conserving
moisture and maintaining a vegetative cover are the
major concerns in management. These soils are moder-
ately susceptible to erosion.

Most areas are in native grass. Productivity is low be-
cause of the dense, shallow claypan. Capability unit
VIs-Cp; claypan range site; windbreak group 9.

Rhoades-Daglum complex (3 to 9 percent slopes) (Rn).—
This complex is in the uplands. It is about 55 percent
Rhoades soils, 25 percent Daglum soils, and small inclu-
sions of Belfield, Regent, and Werner soils. Also in-
cluded were a few small areas of raw saline-alkaline
shale and several small areas where the slope gradient is
9 to 12 percent. Slopes are plane to concave and uneven.
There are slight high and low spots that have a differ-
ence of 1 to 5 inches in elevation. The Rhoades soil is in
the low spots, and the Daglum soil is in the high spots.

The Rhoades soil has the profile described as repre-
sentative for the Rhoades series. Daglum soils are de-
scribed under the heading “Daglum Series.”

These soils are highly susceptible to water erosion be-
cause permeability is slow in the shallow, dense claypan.
Surface runoff is rapid. Fertility is low in the Rhoades
soil and medium in the Daglum soil. Conserving moisture
and controlling erosion are the major concerns in man-
agement. A good grass cover is needed.

Most of the acreage is in native grass and is used for
pasture. Capability unit VIs-Cp; Claypan range site;
windbreak group 9.

Riverwash

Riverwash (0 to 3 percent slopes) (Rv) consists of sand-
bars within and adjacent to the channel of the Missouri
River. The texture is commonly very fine sandy loam but
ranges from fine sand to silt loam. These areas are less
than a foot to more than 3 feet above the normal river-
flow. They have a seasonal high water table and are sus-
ceptible to flooding. They are subject to change in size
and slope through erosion and deposition. Some of the
lower lying areas are nearly barren. Others have a thick
cover of annual weeds, willows, and other brushy plants.
Unless these areas are stabilized by vegetation, dunes are
formed by wind action.

Riverwash is used as wildlife habitat and to some ex-
tent for grazing. A few small areas are cultivated. Ca-
pability unit VIITe-1; not assigned to a range site or
windbreak group.

Roseglen Series

The Roseglen series consists of deep, nearly level,
well-drained soils. These soils are on silty lacustrine
plains and glacial outwash deposits.

In a representative profile, the surface layer is dark
grayish-brown silt loam about 7 inches thick. The subsoil
is silt loam about 17 inches thick. It is grayish brown in
the upper 7 inches and brown below. The underlying
material is pale-brown silt loam to a depth of about 53
inchés and is very pale brown below. It is calcareous and
contains segregations of lime.
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Permeability is moderate. Available water capacity,
the organic-matter content, and fertility are high.

These soils are suited to crops, grass, and trees. Most
areas are used for small grain, corn, and alfalfa. A few
are in native grass and are used for pasture and hay.

Representative profile of a Roseglen silt loam in crop-
land within an area of Roseglen-Tansem silt loams,
nearly level, 1,990 feet north and 2,525 feet east of the
southwest corner of sec. 29, T. 139 N., R. 78 W.:

Ap—0O0 to 7 inches, dark grayish-brown (10YR 4/2) silt loam,
very dark grayish brown (10YR 38/2) when moist;
weak, medium, granular structure; soft when dry,
very friable when moist, slightly sticky and slightly
plastic when wet; smooth, abrupt boundary.

B21—7 to 14 inches, grayish-brown (10YR 5/2) silt loam,
very dark grayish brown (10YR 3/2) when moist;
moderate, medium and fine, prismatic structure part-
ing to weak, medium, subangular blocky; slightly
hard when dry, friable when moist, slightly sticky
and slightly plastic when wet; wavy, irregular
boundary.

B22—14 to 21 inches, brown (10YR 5/8) silt loam, very dark
grayish brown (10YR 3/2) when moist; moderate,
coarse and medium, prismatic structure parting to
weak, medium, angular blocky; slightly hard when
dry, friable when moist, slightly sticky and slightly
plastic when wet ; wavy, clear boundary.

B23—21 to 24 inches, brown (10YR 4/3) silt loam, dark
brown (10YR 3/3) when moist; moderate, coarse and
medium, prismatic structure parting to weak,
medium, angular blocky; slightly hard when dry,
friable when moist, slightly sticky and slightly plas-
tic when wet ; gradual, wavy boundary.

Clca—24 to 84 inches, pale-brown (10YR 6/3) silt loam,
brown (10YR 5/3) when moist; weak, coarse, pris-
matic structure parting to weak, medium, angular
blocky ; hard when dry, firm when moist, sticky and
plastic when wet; strong effervescence, many masses
of segregated lime; gradual, irregular boundary.

C2—34 to 53 inches, pale-brown (10YR 6/3) silt loam, brown
(10YR 5/3) when moist; weak, coarse, prismatie
structure; hard when dry, firm when moist, slightly
sticky and slightly plastic when wet; moderate effer-
vescence ; abrupt, irregular boundary.

C3—53 to 60 inches, very pale brown (10YR 8/4) silt loam,
dark grayish brown (10YR 4/2) when moist; few,
coarse, distinet, light-gray (10YR 7/1) and few,
medium, prominent, reddish-yellow (7.5YR 6/8) mot-
tles; strong, very thin, platy structure; many fine
pores; slightly hard when dry, firm when moist,
slightly sticky and slightly plastic when wet; moder-
ate effervescence, few masses of segregated lime.

The depth to lime ranges from 15 to 30 inches. The A hori-
zon is dark grayish-brown or grayish-brown silt loam 6 to 9
inches thick. The B horizon ranges from 11 to 24 inches in
thickness. The C horizon is silt loam and has a zone of
prominent lime accumulation in the upper part.

Roseglen soils are thicker and darker colored in the A
horizon and the upper part of the B horizon than the associ-
ated Tansem soils. They are coarser textured than Savage
soils. They are finer textured than Parshall soils.

Roseglen-Tansem silt loams, nearly level (0 to 3 per-
cent slopes) (RwA).—This complex is on terraces. It is about
45 percent Roseglen silt loam, 40 percent Tansem silt
loam, and small inclusions of Savage and Parshall soils.
The Roseglen soil is on the lower concave parts of the
landscape, and the Tansem soil is on the slightly higher
convex parts.

These soils have the profiles described as representa-
tive for their respective series (for Tansem soils, see Tan-
sem Series).

These are among the best soils in the county for farm-
ing. Production is good. Tilth and workability are good.
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Surface runoff is slow. Fertility is high in the Roseglen
soil and medium in the Tansem soil. The soils are free of
stones and boulders and are only moderately susceptible
to blowing.

These soils are suited to irrigation. They are well
suited to small grain, corn, alfalfa, and trees. More than
45 percent of the acreage is cultivated. Capability unit
IIc-6; Roseglen soil in Silty range site and windbreak
group 1; Tansem soil in Silty range site and windbreak
group 3.

Savage Series

The Savage series consists of deep, nearly level to
sloping, well-drained soils on terraces and in large gla-
cial valleys. These soils formed in deep clayey sediments.

In a representative profile, the surface layer is dark
grayish-brown silt loam about 8 inches thick. The subsoil
is firm silty clay and silty clay clay loam about 18 inches
thick. It is dark grayish brown in the upper part and
grades to olive gray in the lower part. The underlying
material is light olive-gray and pale-olive silty clay. It is
calcareous and contains masses of lime in the upper part.

Permeability is moderately slow. Available water ca-
pacity is high. The organic-matter content is moderate,
and fertility is medium.

These soils are suited to crops, grass, and trees. Most
areas are used for small grain, corn, and alfalfa. A few
are in native grass and are used for pasture and hay.

Representative profile of Savage silt loam, level, in
cropland, 2,175 feet east and 60 feet north of the south-
west corner of sec. 2, T. 138 N., R. 7T W.:

Ap—0 to 6 inches, dark grayish-brown (10YR 4/2) silt loam,
very dark grayish brown (2.5Y 3/2) when moist;
moderate, medium, granular structure; slightly hard
when dry, firm when moist, slightly sticky and
slightly plastic when wet; abrupt, smooth boundary.

A12—6 to 8 inches, dark grayish-brown (2.5Y 4/2) silt loam,
very dark grayish brown (2.5Y 3/2) when moist;
weak, medium, prismatic structure parting to weak,
medium, angular blocky; slightly hard when dry,
firm when moist, slightly sticky and slightly plastic
when wet; clear boundary.

B21t—8 to 15 inches, dark grayish-brown (2.5Y 4/2) silty
clay loam, very dark grayish brown (2.5Y 8/2) when
moist; patches of clay fllms on vertical faces of
peds ; moderate, medium, prismatic structure parting
to moderate, medium, subangular blocky; hard when
dry, firm when moist, sticky and plastic when wet;
clear, boundary.

B22t—15 to 19 inches, dark grayish-brown (2.5Y 4/2) silty
clay, very dark grayish brown (2.5Y 3/2) when
moist; continuous clay films on all faces of peds;
moderate, medium, prismatic structure parting to
moderate, coarse and medium, angular blocky; very
hard when dry, very firm when moist, very sticky
and very plastic when wet ; clear boundary.

Beca—19 to 28 inches, olive-gray (5Y 5.5/2) silty clay loam,
olive brown (2.5Y 4/3) when moist; weak, medium,
prismatic structure parting to moderate, coarse and
medium, angular blocky; hard when dry, irm when
moist, sticky and plastic when wet; strong efferves-
cence, many masses of segregated lime; clear, irregu-
lar boundary; tongues extend to a depth of 31
inches.

Cleca—26 to 36 inches, light olive gray (65Y 6/2) silty clay,
olive gray (5Y 4/2) when moist; massive; very hard
when dry, very firm when moist, very sticky and
very plastic when wet; strong effervescence, many
masses of segregated lime; clear boundary.
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C2—36 to 60 inches, pale-olive (5Y 6/8) silty clay, olive (5Y
4/3) when moist; massive; very hard when dry, very
firm when moist, very sticky and very plastic when
wet ; strong effervescence.

The solum ranges from 12 to 30 inches in thickness. The A
horizon is dark grayish-brown silt loam or silty clay loam 4
to 9 inches thick. The B2t horizon ranges from 8 to 18 inches
in thickness. It is dark grayish-brown or grayish-brown, firm
silty clay loam or silty clay. The C horizon is light olive-gray
or pale-olive silty clay loam and silty clay.

Savage soils are finer textured than Tansem or Williams
soils. They do not have the thicker, darker colored surface
layer that is typical of Grail soils.

Savage silt loam, level (0 to 3 percent slopes) (SeA).—
This soil is on stream and lake terraces. Relief is low,
and local variation is less than 5 feet in most places. In-
cluded in mapping were areas of Tansem, Roseglen, and
Grail soils.

This soil has the profile described as representative for
the Savage series.

This soil is moderately susceptible to soil blowing.
Surface runoff is slow. Fertility is medium. Runoff
ponds on some of the lower areas for short periods.

This soil is well suited to small grain, corn, and al-
falfa. About 75 percent of the acreage is cultivated. Ca-
pability unit ITc-6; Silty range site; windbreak group 3.

Savage silt loam, gently sloping (3 to 6 percent slopes)
(SeB).—This soil is on terraces. Slopes are less than 300
feet long, and maximum relief is 12 feet. Included in
mapping were a few areas of Tansem, Roseglen, and
Grail soils.

This soil has a profile similar to the one described as
representative for the series.

This soil is moderately susceptible to water erosion.
Surface runoff is medium. Fertility is medium. Control-
ling water erosion is the major concern in management.

This soil is suited to small grain and alfalfa. About 75
percent of the acreage is cultivated. Areas in grass are
used for hay and pasture. Capability unit ITe-6; Silty
range site; windbreak group 3.

Savage silt loam, sloping (6 to 9 percent slopes)
(SeC).—This soil is on stream and lake terraces. Included
in mapping were a few small areas of Tansem, Rose-
glen, and Grail soils and one small area where the slope
gradient is 9 to 11 percent.

This soil is slightly shallower, but otherwise has pro-
file characteristics similar to those described as repre-
sentative for the Savage series.

This soil is moderately susceptible to water erosion.
Surface runoff is medium. Fertility is medium. Control-
ling water erosion is the major concern in management.

This soil is suited to small grain and alfalfa. About
half the acreage is cultivated. Capability unit ITIe-6;
Silty range site; windbreak group 3.

Savage silty clay loam, level (0 to 8 percent slopes)
{SgA}.—This soil is on smooth terraces. Included in map-
ping were small areas of Savage silt loam and a few
small areas of Grail and Niobell soils.

This soil-has profile characteristics similar to those de-
scribed as representative for the Savage series, except
for texture of the surface layer.

Surface runoff is slow. Fertility is medium. Some
ponding occurs in low areas for short periods. Soil blow-
ing is the major limitation. When dry, the surface soil is
moderately susceptible to blowing.
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This soil is well suited to small grain, corn, and al-
falfa. About 75 percent of the acreage is cultivated. Ca-
pability unit IIe-7; Clayey range site; windbreak
group 3.

Savage silty clay loam, gently sloping (3 to 6 percent
slopes) (SgB).—This soil occupies short slopes that extend
from one bench level to another. Included in mapping
were small areas of Savage silt loam and a few small
areas of Grail and Niobell soils.

This soil has profile characteristics similar to those de-
scribed as representative for the Savage series, except
for texture of the surface layer.

This soil is moderately susceptible to soil blowing and
water erosion. Surface runoff is medium. Fertility is me-
dium. Water erosion is the major limitation.

This soil is suited to small grain, alfalfa, and corn.
More than half the acreage is cultivated. Capability unit
ITe-7; Clayey range site; windbreak group 3.

Sen Series

This series consists of moderately deep, gently sloping
to steep, well-drained soils on uplands. These soils
formed in material weathered from calcareous siltstone
and very fine sandstone.

In a representative profile, the surface layer is dark
grayish-brown silt loam about 6 inches thick. The subsoil
1s silt loam about 11 inches thick. It is dark grayish
brown in the upper part and brown in the lower part.
The underlying material is pale-brown silt loam to a
depth of about 40 inches. Below this is soft shale of silty
clay loam texture.

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

These soils are suited to crops, grass, and trees. Most
areas are used for small grain, corn, and alfalfa. Some
are in native grass and are used for pasture and hay.

Representative profile of Sen silt loam, sloping, in
cropland 50 feet south and 1,040 feet west of the north-
east corner of sec. 25, T. 140 N., R. 81 W.:

Ap—O0 to 6 inches, dark grayish-brown (10YR 4/2) silt loam,
very dark grayish brown (10YR 38/2) when moist;
weak, medium, granular structure; soft when dry,
friable when moist, slightly sticky and slightly plas-
tic when wet ; abrupt, smooth boundary.

B21—6 to 12 inches, dark - grayish-brown (10YR 4/2) silt
loam, very dark grayish brown (10YR 3/2) when
moist; tongues extend to a depth of 17 inches;
weak, medium, prismatic structure parting to weak,
medium, subangular blocky; soft when dry, friable
when moist, slightly sticky and slightly plastic when
wet ; gradual, wavy boundary.

B3ca—12 to 17 inches, brown (10YR 5/8) silt loam, dark
grayish brown (10YR 4/2) when moist; tongues
extend to a depth of 21 inches; moderate, medium,
prismatic structure parting to moderate, medium,
angular blocky ; slightly hard when dry, friable when
moist, slightly sticky and slightly plastic when wet:
slight to strong effervescence; gradual, wavy bound-

ary.
C1—17 to 40 inches, pale-brown (10YR 6/8) silt loam, brown
(10YR 4/3) when moist; pockets of very pale brown
to yellow (10YR 7/5) or yellowish brown (10YR 5/4)
when moist; weak, medium and coarse, prismatic
structure parting to weak, medium, angular blocky;
slightly hard when dry, friable when moist, slightly
sticky and slightly plastic when wet; slight effer-
vescence, few lime masses; gradual, wavy boundary.

SOIL SURVEY

C2—40 to 60 inches, gray (BY 6/1) platy shale, silty clay
loam when crushed, olive gray (5Y 4/2) when moist;
plates have thin coats of olive (5Y 5/6) when moist;
very hard when dry, very firm when moist, very
sticky and very plastic when wet and crushed;
slight effervescence.

The thickness of the solum ranges from 12 to 24 inches.
Texture throughout the profile is commonly silt loam, but
there are lenses of clay loam and very fine sandy loam. The
A horizon is 4 to 8 inches thick and is dark grayish brown
or grayish brown. The B horizon ranges from 8 to 16 inches
in thickness and is dark grayish brown, grayish brown, or
brown. The C horizon is grayish brown, light brownish gray,
pale brown, or light yellowish brown. It is calcareous silt
loam in the upper part and with increasing depth grades to
soft shale.

Sen soils are associated with Morton and Werner soils.
They are less clayey in the subsoil than Morton soils. They
have a thicker, darker colored solum than Werner soils.

Sen silt loam, gently sloping (3 to 6 percent slopes)
(SnB).—This soil is in the uplands. Included in mapping
were areas of Arnegard, Morton, and Williams soils and
a few small areas of a soil similar to the Sen soil, but
shallower.

This soil is moderately susceptible to soil blowing and
water erosion. Surface runoff is medium. Fertility 1s me-
dium. Controlling erosion and conserving moisture are
the major concerns in management.

This soil is suited to small grain, corn, and alfalfa.
About half the acreage is cultivated. The trees commonl
grown in the area do well on this soil. Capability unit
ITe-6; Silty range site; windbreak group 3.

Sen silt loam, sloping (6 to 9 percent slopes) (SnC).—
This soil is in the uplands. Slopes are long and smooth.
Included in mapping were small areas of Arnegard,
Morton, and Williams soils. In areas associated with gla-
cial till, there are numerous stones and boulders on the
surface. About 20 percent of the cultivated acreage is
moderately eroded.

This soil has the profile described as representative for
the Sen series, but in some areas it is moderately eroded
and has a thinner surface layer.

This soil is highly susceptible to water erosion and
moderately susceptible to soil blowing. Surface runoff is
medium. Fertility is medium. Controlling erosion and
conserving moisture are the major concerns in manage-
ment.

More than half the acreage is in native grass. Most of
the remaining acreage is cultivated. This soil is suited to
small grain and alfalfa. It is suited to corn if it is
farmed across the slope. Capability unit ITIe-6; Silty
range site; windbreak group 3.

Sen silt loam, hilly (9 to 12 percent slopes) (SnD).—
This soil is on irregular, moderately long slopes. In-
cluded in mapping were small areas of Morton, Werner,
Williams, and Arnegard soils. The Sen soil is on mid-
slopes, and the Werner soil is on the ridges.

This soil has a thinner solum, but otherwise has profile
characteristics similar to those described as representa-
tive for the series.

This soil is highly susceptible to water erosion. Sur-
face runoff is rapid. Fertility is medium. Controlling
water erosion and conserving moisture are the main
concerns in management.

Most of the acreage is in native grass. In cultivated
areas, this soil is moderately eroded. Capability unit
IVe-6; Silty range site; windbreak group 3.
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Seroco Series

The Seroco series consists of deep, undulating to hilly,
excessively drained, wind-deposited sands.

In a representative profile, the surface layer is dark
grayish-brown loamy sand about 6 inches thick. This is
underlain by light olive-brown, loose fine sand.

Permeability is rapid. Available water capacity is very
low. The organic-matter content and fertility are low.

These soils should be in grass. Most areas are in native
grass and are used for pasture.

Representative profile of a Seroco loamy sand under
native grass within an area of Telfer-geroco loamy
sands, 2,330 feet south and 2,490 feet east of the north-
west corner of sec. 32, T. 138 N., R. 79 W.:

Al—0 to 6 inches, dark grayish-brown (10YR 4/2) loamy
sand, very dark grayish brown (10YR 3/2), when
moist; single grain; loose when dry, loose when
moist, nonsticky and nonplastic when wet; gradual
boundary.

C—6 to 60 inches, light olive-brown (2.5Y 5/8) fine sand,
dark grayish brown (2.5Y 4/2) when moist; single
grain; loose when dry, loose when moist, nonsticky
and nonplastic when wet; noncalcareous to a depth
;)f 56 inches, very slight effervescence below 56
nches.

The texture throughout the proflle is loamy fine sand,
loamy sand, or fine sand. The A horizon ranges from less
than 1 inch to 7 inches in thickness. It is grayish brown or
dark grayish brown. The C horizon is light olive brown,
grayish brown, brown, or pale brown. It commonly contains
one or more thin dark-colored layers. Some profiles are lime
free. Others are calcareous in the lower part.

Seroco soils have a thinner surface layer than the associ-
ated Telfer and Lihen soils.

The Seroco soils in Burleigh County are mapped with
Telfer soils.

Stirum Series

The Stirum series consists of deep, nearly level, poorly
drained soils that are strongly alkaline. These soils are
in slightly concave areas in the sandy.outwash plains.

In a representative profile, the surface layer is dark-
gray loam about 3 inches thick. Beneath this is gray fine
sandy loam about 3 inches thick. The subsoil, about 7
inches thick, is dark-gray, friable fine sandy loam. Below
this is about 8 inches of light-gray, loose fine sandy
loam. The underlying material is light yellowish-brown
or light olive-brown loamy fine sand and fine sand.

Permeability is moderately slow. Available water ca-
pacity is low. The organic-matter content is moderate,
and fertility is low.

These soils should be in grass. Most areas are used for
native pasture and hay.

Representative profile of Stirum loam in an area of
native grass within an area of Arveson-Stirum loams,
very poorly drained, 190 feet north and 365 feet west of
the southeast corner of sec. 3, T. 137 N., R. 79 W.:

Al1—0 to 8 inches, dark-gray (10YR 4/1) loam, very dark
gray (10YR 3/1) when moist; single grain; soft
when dry, friable when moist, slightly sticky and
slightly plastic when wet; slight effervescence ;
abrupt, smooth boundary.

Al12—3 to 6 inches, gray (10YR 5/1) fine sandy loam, very
dark gray (10YR 3/1) when moist; weak, coarse,

prismatic structure and moderate, very fine, suban-
gular blocky; soft when dry, friable when moist,

slightly sticky and slightly plastic when wet; slight
effervescence ; gradual, wavy boundary.

B2t—6 to 13 inches, dark-gray (2.6Y 4/1) fine sandy loam,
very dark gray (5Y 8/1) when moist; weak, coarse,
prismatic structure parting to weak, coarse, angular
blocky ; soft when dry, friable when moist, slightly
sticky and slightly plastic when wet; slight effer-
vescence ; gradual, wavy boundary.

B3g—13 to 21 inches, light-gray (N 7/0) when moist, fine
sandy loam; very weak, coarse, prismatic structure
parting to single grain; loose when dry, loose when
moist, slightly sticky and slightly plastic when wet;
slight effervescence ; gradual, wavy boundary.

Cl1g—21 to 82 inches, light yellowish-brown (2.5Y 6/3) loamy
fine sand, light olive brown (2.5Y 5/4) when moist;
few, coarse, faint mottles of yellowish brown (10YR
5/6) when moist and brownish yellow (10YR 6/6) ;
single grain; loose when dry, loose when moist, non-
sticky and nonplastic when wet; slight efferves-
cence; gradual, wavy boundary.

C2g—32 to 60 inches, light yellowish-brown (2.5Y 6/3) fine
sand, light olive brown (2.5Y 5/3) when moist; few,
coarse, distinct mottles of olive brown (2.5Y 4/4)
when moist and light olive brown (2.5Y 5/6) ; single
grain; loose when dry, loose when moist, nonsticky
and nonplastic when wet ; slight effervescence.

The A horizon is dark-gray or grayish-brown fine sandy
loam or loam and ranges from 2 to 8 inches in thickness.
The B horizon ranges from 4 to 16 inches in thickness. It is
light-gray, gray, dark-gray, or olive-gray, strongly alkaline
fine sandy loam or sandy clay loam. The C horizon is light
yellowish-brown or light olive-brown fine sandy loam, loamy
fine sand, or fine sand. It is strongly alkaline and calcareous.

Stirum soils are associated with Arveson and Tiffany soils.
They are more strongly alkaline than Arveson soils and do
not have a calcic horizon. They are more limy throughout
the profile and more saline than Tiffany soils.

Straw Series

The Straw series consists of deep, nearly level, well-
drained soils on flood plains of small creeks. These soils
formed in alluvium.

In a representative profile, the surface layer is dark
grayish-brown silt loam about 5 inches thick. The sub-
soil, about 15 inches thick, is dark grayish-brown, very
friable silt loam. Below this is about 7 inches of olive-
gray, very friable silt loam. The underlying material is
light brownish-gray, calcareous silt loam. o

Permeability is moderate. Available water capacity is
high. The organic-matter content and fertility are high.

These soils are suited to corn, small grain, and alfalfa.
Less than half of the acreage is cultivated.

Representative profile of a Straw silt loam in an area
of native grass, 1,760 feet north and 200 feet west of the
southeast corner of sec. 21, T. 139 N., R. T8 W.:

A1—0 to 5 inches, dark grayish-brown (10YR 4/2) silt loam,
very dark brown (10YR 2/2) when moist; weak,
medium, subangular blocky structure parting to mod-
erate, medium, granular; soft when dry, very friable
when moist, slightly sticky and slightly plastic when
wet ; gradual, wavy boundary.

B21—5 to 10 inches, dark grayish-brown (2.5Y 4/2) silt loam,
very dark brown (10YR 2/2) when moist; weak,
medinm, prismatic structure parting to moderate,
medium, subangular blocky; soft when dry, very
friable when moist, slightly sticky and slightly plas-
tic when wet ; gradual, wavy boundary.

B22—10 to 20 inches, dark grayish-brown (2.5Y 4/2) silt
loam, very dark brown (10YR 2/2) when molst;
moderate, coarse and medium, prismatic structure;
soft when dry, very friable when moist, slightly
sticky and slightly plastic when wet; gradual, wavy
boundary.
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B3ca—20 to 27 inches, olive-gray (5Y 4/2) silt loam, black
(2.5Y 2/2) when moist; weak, coarse and medium,
prismatic structure; soft when dry, very friable
when moist, slightly sticky and slightly plastic when
wet; slight effervescence, common masses of segre-
gated lime ; gradual, wavy boundary.

C—27 to 60 inches, light brownish-gray (2.5Y 6/2) silt loam,
dark grayish brown (2.5Y 4/2) when moist; weak,
coarse, prismatic structure; soft when dry, very fria-
ble when moist, slightly sticky and slightly plastic
when wet; slight effervescence, few masses of segre-
gated lime.

The solum ranges from 20 to more than 38 inches in thick-
ness. The A horizon ranges from 4 to 8 inches in thickness
and is very dark grayish-brown or dark grayish-brown silt
loam. The B2 horizon is very dark grayish-brown, dark gray-
ish-brown, or grayish-brown silt loam or loam. The C horizon
is grayish-brown or light brownish-gray silt loam or loam.
The surface layer of a buried soil is common in the substra-
tum. The depth to lime ranges from 16 to 36 inches.

Straw soils are associated with Havrelon and Magnus
goils. Straw soils have a darker colored surface layer than
Havrelon soils. They are not so clayey as Magnus soils. They
are darkened by organic matter to a greater depth than
Tansem soils.

Straw silt loam (0 to 3 percent slopes) (St).—This soil
is on flood plains of small streams and creeks. Some
areas are dissected by stream channels and gullies.

This soil has the profile described as representative for
the Straw series.

Surface runoff is slow. Fertility is high. The meander-
ing stream and the steep valley walls, which limit the
size, shape, and accessibility of the fields, are the major
limitations. Some flooding occurs in spring, as a result of
runoff or heavy rains. This soil is suited to small grain
and corn and is well suited to alfalfa. It is suited to irri-
gation. About half the acreage is cultivated. The rest is
in grass or is wooded. Capability unit IIe-6; Silty
range site; windbreak group 1.

Straw, Arnegard, and Colvin soils, channeled (0 to
3 percent slopes) (Svl.—This mapping unit is in stream
channels and on bottom land along small streams. Some
areas are Straw soils, some are Arnegard soils, and some
are Colvin soils. Other areas contain all three soils.
These soils are dissected by meandering streams and
abandoned channels. Slope gradient is generally less
than 8 percent, but there are short steep embankments in
some areas.

The Straw soil has profile characteristics similar to
those described as representative for the series, but the
dark color extends to a greater depth. Arnegard soils are
described under the heading “Arnegard Series” and Col-
vin soils under “Colvin Series.”

Surface runoff is slow on the Straw and Arnegard
soils and is ponded or very slow on the Colvin soil. Fer-
tility is high in the Straw and Arnegard soils and me-
dium in the Colvin soil. Small fields and occasional
floods are the main limitations.

Most areas are in native grass. Some are used for hay.
Capability unit VIe-Si; Arnegard and Straw soils In
Silty range site and windbreak group 1; Colvin soil in
Subirrigated range site and windbreak group 2.

Tansem Series

The Tansem series consists of deep, nearly level to
sloping, well-drained, calcareous soils. These soils formed
in lacustrine and glacial outwash deposits.

SOIL SURVEY

In a representative profile, the surface layer is dark

grayish-brown silt loam about 6 inches thick. The sub-

soil, about 11 inches thick, is friable silt loam and is
grayish brown in the upper part, light olive brown in
the middle part, and light yellowish brown in the lower
part. The lower part is calcareous. The underlying mate-.
rial is silt loam. It is light yellowish brown to a depth of
about 28 inches and pale yellow below. It is calcareous
throughout and contains many lime masses in the upper
part. The underlying material is lake deposited. Stratifi-
cation is evident below a depth of 28 inches (fig. 12).

Permeability is moderate. The available moisture ca-
pacity is high. The organic-matter content is moderate,
and fertility is medium.

Most areas are used for small grain, corn, and alfalfa.
A few are in native pasture and hay.

Representative profile of a Tansem silt loam in an
area used for hay within an area of R(_)seglen-Tansem
silt loams, nearly level, 1,650 feet north and 500 feet
west of the southeast corner of sec. 5, T. 142 N., R. 75
W.:

Ap—O to 6 inches, dark grayish-brown (10YR 4/2) silt loam,
very dark brown (10YR 2/2) when moist; cloddy to
weak, medium and fine, subangular blocky structure;
hard when dry, friable when moist, slightly sticky
and slightly plastic when wet ; abrupt boundary.

B21—6 to 10 inches, grayish-brown (10YR 5/2) silt loam,
very dark grayish-brown (10YR 3/2) when moist;
moderate, coarse and medium, prismatic structure
parting to strong, medium, blocky; hard when dry,
friable when moist, slightly sticky and slightly plas-
tic when wet; thin (10YR 2/2) coats of organic
staining on prism faces; gradual boundary.

B22—10 to 14 inches, light olive-brown (2.5Y 5/4) silt loam,
olive brown (2.5Y 4/8) when moist; moderate, coarse
and medium, prismatic structure parting to moder-
ate, medium, blocky; hard when dry, friable when
moist, slightly sticky and slightly plastic when wet;
clear, wavy boundary.

B3ca—14 to 17 inches, light yellowish-brown (22.5Y 6/3) silt
loam, light olive brown (2.5Y 5/3) when moist;
weak, coarse, prismatic structure parting to moder-
ate, medium, prismatic and weak, coarse, blocky;
hard when dry, friable when moist, slightly sticky
and slightly plastic when wet; moderate efferves-
cence, a few, large, white lime spots; clear, wavy
boundary.

Clea—17 to 23 inches, light yellowish-brown (2.5Y 6/4) silt
loam, light olive brown (2.5Y 5/4) when moist;
weak, coarse, prismatic structure; hard when dry,
friable when moist, slightly sticky and slightly plas-
tic when wet; very strong effervescence, many, large,
prominent white lime accumulations; gradual bound-
ary.

C2ca—23 to 28 inches, light yellowish-brown (2.5Y 6/4) silt
loam, olive brown (2.5Y 4/8) when moist; weak,
coarse, prismatic structure; hard when dry, friable
when moist, slightly sticky and slightly plastic when
wet; strong effervescence, a few, large, white lime
and common, very small, white lime accumulations;
clear, wavy boundary.

C3—28 to 60 inches, pale-yellow (2.5Y 7/3) silt loam, light
olive brown (2.5Y 5/3) when moist; varved or platy;
many dark yellowish-brown (10YR 4/4) stains on
surface of virved material; moderate effervescence.

These soils are generally silt loam throughout the profile.
The A horizon ranges from 4 to 9 inches in thickness. The B
horizon ranges from 6 to 16 inches in thickness. The C hori-
zon is stratified light yellowish brown, light olive brown, and
pale yellow. In places it contains thin gravelly layers.

Tansem soils are associated with Makoti and Roseglen
soils. They are less clayey and more sandy than Makoti soils.
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Figure 12—Profile of Tansem silt loam showing stratification in the lower part of the profile.
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They have a thinner, darker colored surface layer than Rose-
glen soils. They are more silty than Williams goils and do
not have the random assortment of pebbles that is typical of
those soils.

Tansem loam, sloping (6 to 9 percent slopes) {TaC).—
This soil is underlain by silty lacustrine and glacial out-
wash materials. In most areas it is stone free. Slopes are
less than 400 feet in length. Included in mapping were a
few small areas of Roseglen silt loam and Tansem silt
loam. The Tansem soil is on upper slopes, and the Rose-
glen soil is on lower slopes.

Except for texture of the surface layer, this soil has
the profile characteristics similar to those described as
representative for the series. It is easily worked and has
good tilth. Unless well managed, it is highly susceptible
to blowing and water erosion. Surface runoff is medium.
Fertility is medium. Controlling erosion is the major con-
cern in management.

This soil is well suited to small grain, alfalfa, and
corn. Row crops, however, increase the erosion hazard
unless planted across the slope. About half the acreage is
cultivated. Capability unit IITe-6; Silty range site;
windbreak group 3.

Tansem-Lehr loams, nearly level (0 to 3 percent
slopes) (TeA).—This complex is in glacial outwash areas
and along stream terraces. It is about 35 percent Tansem
loam and about 25 percent Lehr loam. Included in map-
ping were a few small areas of Roseglen soils and areas
of soils that are similar to Tansem soils but contain thin
layers of gravel.

Except for texture of the surface layer, the Tansem
soil has profile characteristics similar to those described
as representative for the series. Lehr soils are described
under the heading “Lehr Series.”

These soils are moderately susceptible to soil blowing.
Surface runoff is slow. Fertility is medium. Controlling
blowing and conserving moisture are the major concerns
in management.

These soils are well suited to small grain, corn, and al-
falfa and are fairly well suited to trees. About 60 per-
cent of the acreage is cultivated. Capability unit ITe-5;
Lehr soil in Shallow to Gravel range site and windbreak
group 6; Tansem soil in Silty range site and windbreak
group 3.

Tansem-Roseglen silt loams, gently sloping (3 to 6
percent slopes) (TgB).—This complex is about 60 percent
Tansem silt loam and about 40 percent Roseglen silt
loam. The Tansem soil is on the upper convex slopes,
and the Roseglen soil is on the lower concave slopes.

Roseglen soils are described under the heading “Rose-
glen Series.”

These soils are moderately susceptible to erosion. Sur-
face runoff is medium. Fertility is medium in the Tan-
sem soil and high in the Roseglen soil. Soil blowing and
water erosion are the major concerns in management.

These soils are suited to small grain, corn, and alfalfa
and are well snited to trees. They are suited to irriga-
tion. About 75 percent of the acreage is cultivated. Capa-
bility unit ITe-6; Roseglen soil in Silty range site and
windbreak group 1; Tansem soil in Silty range site and
windbreak group 3.
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Telfer Series

The Telfer series consists of deep, undulating to hilly,
excessively drained soils that formed in wind-deposited
sands. These soils are in hummocks and dunes. They are
noncalcareous throughout.

In a representative profile, the surface layer is dark
grayish-brown loamy sand that grades with increasing
depth to sand. The underlying material is light olive-
brown sand.

Permeability is rapid. Available water capacity is low.
The organic-matter content is moderate, and fertility is
low.

These soils should be kept in grass. Most of the
acreage is in native grass and is used for pasture.

Representative profile of a Telfer loamy sand under
native grass within an area of Telfer-Seroco loamy
sands, 2,875 feet south and 2490 feet east of the north-
west corner of sec. 32, T. 138 N.,, R. 79 W.:

A1—0 to 6 inches, dark grayish-brown (10Y 4/2) loamy sand,
very dark grayish brown (10YR 3/2) when moist;
single grain; loose when dry, loose when moist, non-
sticky and nonplastic when wet; many roots; clear
boundary.

AC—8 to 14 inches, grayish-brown (2.5Y 5/2) sand, very dark
grayish brown (2.5Y 8/2) when moist; loose when
dry, loose when moist, honsticky and nonplastic
when wet ; single grain; gradual boundary.

C—14 to 60 inches, light olive-brown (2.5Y 5/4) sand, dark
grayish brown (2.5Y 4/2) when moist; loose when
dry, loose when moist, nonsticky when wet; single
grain.

The solum ranges from 10 to 20 inches in thickness. The A
horizon is dark grayish brown, very dark grayish brown, or
dark gray and ranges from fine sandy loam to loamy sand.
The C horizon ranges from grayish brown to pale brown and
from loamy fine sand to sand. It commonly contains one or
more dark-colored surface layers of buried soils. In some
places the lower part of the C horizon is calcareous.

Telfer soils are associated with Lihen and Seroco soils.
They have a thinner surface layer and a more sandy substra-
tum than Lihen soils. They are darkened by organic matter
to a greater depth than Seroco soils.

Telfer-Lihen loamy sands, nearly level (0 to 3 per-
cent slopes) (ThA).—This complex is about half Telfer
loamy sand and half Lihen loamy sand. The Telfer soil
is on the upper slopes, and the Lihen soil is on the lower
slopes. The landscape is hummocky. Differences in eleva-
tion range from 3 to 10 feet.

Except for texture of the surface layer, the Lihen soil
has profile characteristics similar to those described as
representative for the Lihen series (see Lihen Series).

These soils are highly susceptible to soil blowing. In
some areas they are moderately and severely eroded.
Surface runoff is slow. Fertility is low in the Telfer soil
and medium in the Lihen soil. The Telfer soil is
droughty. Controlling blowing and maintaining a good
cover of vegetation are the major concerns in manage-
ment.

Most of the acreage is in native grass and is used for
pasture or hay. Capability unit VIe-Sa; Lihen soil in
Sands range site and windbreak group 5; Telfer soil in
Sands range site and windbreak group 7.

Telfer-Lihen loamy fine sands, hilly (9 to 15 percent
slopes) (TID).—This complex is about 50 percent Telfer
loamy fine sand and 25 percent Lihen loamy fine sand.
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The rest is small areas of Flaxton soils. The Telfer soil
is on the upper slopes, and the Lihen soil is on the lower
slopes. Slopes are complex.

These soils have a thinner surface layer but otherwise
have profile characteristics similar to those described as
representative for their respective series.

These soils are highly susceptible to blowing. The ero-
sion hazard is the major limitation.

Most of the acreage is in native grass and is used for
pasture. Capability unit VIe-Sa; Lihen soil in Sands
range site and windbreak group 5; Telfer soil in Sands
range site and windbreak group 7.

Telfer-Seroco loamy sands (3 to 25 percent slopes)
(Tm),—This complex is about 40 percent Telfer loamy fine
sand, 30 percent Telfer loamy sand, and 80 percent
Seroco loamy sand. The landscape is one of dunes and
hummocks. Slopes are complex and very irregular. Sum-
mits of the hummocks or dunes range from 4 to 40 feet
higher than the adjacent troughs.

These Telfer and Seroco soils have the profiles
described as representative for their respective series.

These soils are highly susceptible to blowing. Surface
runoff is slow. Fertility is low. Controlling soil blowing
is the major concern in management. Blowouts (fig. 13)
are common in areas where the grass cover is sparse or
where it has been disturbed by tillage.

Most of the acreage is in native grass. Hay is cut in
some of the more productive areas. Capability unit
VIIe-CS; Seroco soil in Choppy Sands range site and
windbreak group 10; Telfer soil in Sands range site and
windbreak group 7.

Temvik Series

The Temvik series consists of deep, nearly level to
sloping, well-drained soils that formed in loess over gla-
cial till. These soils are in uplands.

In a representative profile, the surface layer is dark
grayish-brown silt loam about 6 inches thick. The sub-
soil, about 16 inches thick, is friable silt loam that is
dark grayish brown to a depth of about 17 inches and
brown below. It is calcareous in the lower part. The
underlying material is calcareous glacial till (fig. 14). It
is light-gray loam to a depth of about 80 inches, light-
gray clay loam to a depth of about 43 inches, and light-
brownish-gray clay loam below this.

These soils formed in deposits of loess underlain by gla-
cial till. The stone line and the lime zone, at a depth of
about 22 inches, mark the boundary between the loess
and the glacial till.

Representative profile of a Temvik silt loam in crop-
land within an area of Temvik silt loam, undulating, 65

Figure 13.—Blowout on Telfer loamy sands. The dark-colored layer in lower part of profile is the surface layer of a buried soil.
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Figure 14.—Profile of a Temvik silt loam showing stones and a lime zone at a depth of about 22 inches.

feet south and 575 feet east of the northwest corner of
sec. 2, T.141 N.,R. 80 W.:

Ap—0 to 6 inches, dark grayish-brown (10YR 4/2) silt loam,
very dark brown (10YR 2/2) when moist; weak, fine,
subangular blocky structure; soft when dry, very
friable when moist, slightly sticky and slightly plas-
tic when wet; abrupt, smooth boundary.

B2—6 to 17 inches, dark grayish-brown (10YR 4/2) silt loam,
very dark grayish brown (10YR 3/2) when moist;

moderate, medium, prismatic structure; soft when
dry, very friable when moist, slightly sticky and
slightly plastic when wet; gradual, wavy boundary.

B3ca—17 to 22 inches, brown (10YR 5/3) silt loam, brown or
dark brown (10YR 4/8) when moist; moderate,
coarse, prismatic structure; soft when dry, very fria-
ble when moist, slightly sticky and slightly plastic
when wet; slight effervescence at top to strong effer-
vescence at bottom, common lime masses; gradual,
wavy boundary.
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IIC1ca—22 to 30 inches, light-gray (2.5Y 7/2) loam, light
olive brown (2.5Y 5/3) when moist; massive; soft
when dry, very friable when moist, slightly sticky
and slightly plastic when wet; strong effervescence,
many finely disseminated lime particles; gradual,
wavy boundary.

IIC2ca—30 to 43 inches, light-gray (2.5Y 7/2) clay loam,
light olive brown (2.5Y 5/8) when moist; massive;
slightly hard when dry, friable when moist, sticky
and plastic when wet; strong effervescence, many
fine lime masses; gradual, wavy boundary.

I103—43. to 60 inches, light brownish-gray (2.5Y 6/2) clay
loam, light olive brown (2.5Y §/8) when moist; mas-
sive; slightly hard when dry, friable when moist,
sticky and plastic when wet; strong effervescence,
common lime masses.

The depth of loess over the glacial till ranges from 20 to
40 inches. A stone line commonly occurs at the contact of the
loess and glacial till. The A horizon is dark grayish-brown or
grayish-brown silt loam 6 to 12 inches thick. The B horizon,
8 to 20 inches thick, is dark grayish-brown and brown silt
loam. It is commonly calcareous in the lower part. The C ho-
rizon is multicolored, calcareous loam or clay loam glacial till.
In places the glacial till is a thin layer that is underlain by soft
shale and siltstone. Depth to the prominent lime zone ranges
from 14 to 30 inches.

Temvik soils are associated with Linton, Mandan, and Wil-
liams soils. They are shallower over glacial till than Linton
and Mandan soils. In contrast with Williams soils, which
formed in glacial till, they formed in a silty loess mantle
over glacial till.

Temvik silt loam, nearly level (0 to 3 percent slopes)
(TnA).—Included with this soil in mapping were a few
small areas of Grassna, Mandan, Sen, and Williais
soils. The Mandan and Grassna soils occur where the
loess mantle is thick, and the Williams and Sen soils
where the mantle is thinner. Scattered stones occur in a
few areas where the mantle is thin,

This soil is moderately susceptible to blowing. Surface
runoff is slow. Fertility is medium. Controlling soil
blowing is the major concern in management.

This soil is well suited to small grain, corn, and
alfalfa. All varieties of trees can be grown. More than 75
percent of the acreage is cultivated. The acreage in grass
is used for pasture and hay. Capability unit IIc-6;
Silty range site; windbreak group 8.

Temvik silt loam, undulating (8 to 6 percent slopes)
(TnB).—This soil is in glacial uplands that have been
mantled with windblown material. There are glacial
stones and boulders on many of the upper slopes.
Included in mapping were a few small areas of Wil-
liams, Grassna, and Mandan soils. The Temvik soil is on
the upper slopes, and the Grassna and Mandan soils are
in the lower positions.

This Temvik soil has the profile described as repre-
sentative for the series. It is moderately susceptible to
blowing and water erosion. Surface runoff is medium.
Fertility is medium. Controlling erosion and consérving
moisture are the major concerns in management.

This soil is well suited to small grain, corn, and
alfalfa and to most varieties of trees. About 75 percent
of the acreage is cultivated. Capability unit ITe-6; Silty
range site ; windbreak group 8.

Temvik silt loam, rolling (6 to 9 percent slopes)
(TnC).—This soil is in glacial uplands that have been
mantled with windblown silty material. Included in
mapping were a few small areas of Williams, Sen, and
Grassna soils. The Williams and Sen soils are in areas
where the silty mantle is thin. There are glacial boulders
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and stones on ridges and the upper slopes in some areas.

This soil has profile characteristics similar to those
described for the series, but the loess mantle is a little
thinner. This soil is highly susceptible to water erosion
and moderately susceptible to soil blowing. Surface
runoff is medium. Fertility is medium. Controlling ero-
sion and conserving moisture are the major concerns in
management.

This soil is suited to small grain and alfalfa. About
half the acreage is cultivated. Capability unit I1Te-6;
Silty range site ; windbreak group 8.

Tiffany Series

The Tiffany series consists of deep, nearly level, poorly
drained soils in small basins and sloughs in glaciolacus-
trine deposits or on outwash plains.

In a representative profile, the surface layer is very
dark gray and about 9 inches thick. It is loam in the
upper part and fine sandy loam in the lower part.
Beneath this is dark-gray, friable fine sandy loam about
8 inches thick. The underlying material is olive-gray fine
sandy loam to a depth of about 38 inches. Below this, to
a depth of 60 inches, is light olive-brown loamy fine
sand.

Permeability is moderately rapid. Available water
capacity is moderate. The organic-matter content is high,
and fertility is medium.

These soils are suitable for grass, trees, and wildlife.
Most of the acreage is native grass and is used for pas-
ture.

Representative profile of Tiffany loam in an area of
native grass, 75 feet south and 1,320 feet east of the
northwest corner of sec. 19, T. 137 N., R. 76 W.:

Al11—0 to 4 inches, very dark gray (2.6Y 3/1) loam, black
(2.5Y 2/1) when moist; moderate, medium, granular
structure ; soft when dry, very friable when moist,
slightly sticky and slightly plastic when wet.
to 9 inches, very dark gray (10YR 3/1) fine sandy
loam, black (10YR 2/1) when moist; weak, medium,
granular structure; soft when dry, friable when
moist, slightly sticky and slightly plastic when wet.
A13—9 to 17 inches, dark-gray (5Y 4/1) fine sandy loam,
black (2.5Y 2/2) when moist; common, medium, dis-
tinet, reddish-brown (5Y 4/4) mottles; massive to
weak, medium, prismatic structure; soft when dry,
friable when moist, slightly sticky and slightly plas-
tic when wet.
to 38 inches, olive-gray (5Y 4/2) fine sandy loam,
olive gray (5Y 4/2) when moist: many, medium,
faint, yellowish-red (5YR 5/6) mottles; single grain;
soft when dry, friable when moist, slightly sticky and
slightly plastic when wet.
©2—38 to 60 inches, light olive-brown (2.5Y 5/8) loamy fine
sand, olive brown (2.5Y 4/3) when moist; single
grain; loose when dry, loose when moist, nonsticky
and nonplastic when wet.

The A horizon ranges from 12 to 36 inches in thickness
and is black, dark gray, or very dark gray fine sandy loam
or loam. The C horizon ranges from very dark gray to pale
olive and from loamy fine sand to loam. It has few to many
mottles. The depth to lime ranges from 18 to more than 60
inches.

Tiffany soils are not so limy as Arveson soils. They are
coarser textured than Parnell and Dimmick soils.

Tiffany loam (0 to 3 percent slopes) ({To).—This soil is
in small basins and sloughs on the glacial outwash
plains. The basins are about 2 to 4 feet lower than the
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adjacent uplands. Included in mapping were areas of
Arveson soils and a few small areas of soils similar to
Tiffany soils but more poorly drained.

This soil has the profile described as representative for
the Tiffany series.

Surface runoff is very slow. Fertility is medium. Wet-
ness is the main limitation. If drained, this soil is suited
to cultivation. Undrained areas are suitable for late
seeded crops in some years.

This soil is well suited to wildlife. Most of the acreage
is in native grass. A few small areas produce good hay
crops. Capa%ility unit ITIwe-3; Subirrigated range
site; windbreak group 2.

Tonka Series

The Tonka series consists of deep, level, poorly
drained soils in closed depressions in the glacial uplands.
These soils formed in local alluvium.

In a representative profile, the surface layer is dark-
gray silt loam about 7 inches thick. Beneath this is
about 3 inches of gray silt loam. Next is about 3 inches
of gray, firm silty clay loam. The subsoil is about 33
inches thick. The upper 5 inches is dark-gray, firm silty
clay loam. The rest, to a depth of 46 inches, is gray, very
firm silty clay. The underlying material, to a depth of 66
inches, is light-gray clay loam and gravelly clay loam. It
is limy in the lower part.

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

About half the acreage is too wet for cultivation. It is
in native grass and is suited only to native grass or hay.
The drier soils are cultivated. They are suited to small
grain, corn, legumes, grasses, and trees.

Representative profile of a Tonka silt loam in a culti-
vated field within an area of Tonka and Parnell soils,
2,500 feet north and. 1,950 feet west of the southeast
corner of sec. 2, T. 139 N., R. 76 W.:

Ap—0 to 7 inches, dark-gray (10YR 4/1) silt loam, black
(10YR 2/1) when moist; moderate, medium, granu-
lar structure; soft when dry, very friable when
moist, slightly sticky and slightly plastic when wet;
abrupt, smooth boundary.

A2—7 to 10 inches, gray (2.5 §/1) silt loam, very dark gray-
ish brown (2.5Y 3/2) when moist; weak, coarse, pris-
matie structure; soft when dry, very friable when
moist, slightly sticky and slightly plastic when wet;
gradual, wavy boundary.

A&B—10 to 13 inches, gray (10YR 5/1) silty clay loam, very
dark gray (2.5Y 3/1) when molist; weak, coarse,
prismatic structure parting to weak, medium, suban-
gular blocky or weak, medium, platy; hard when
dry, firm when moist, slightly sticky and slightly
plastic when wet ; gradual, wavy boundary.

B21t—13 to 18 inches, dark-gray (5Y 4/1) silty clay loam,
black (2.5Y 2/1) when moist; few, medium, faint,
dark reddish-brown (5YR 3/4) mottles; strong, fine,
angular blocky structure; hard when dry, irm when
moist, slightly sticky and slightly plastic when wet;
gradual, wavy boundary.

B22t—18 to 34 inches, gray (10YR 5/1) silty clay, very dark
gray (10YR 8/1) when moist; strong, filne, angular
blocky structure; very hard when dry, very firm
when moist, sticky and plastic when wet; gradual
boundary.

B3—34 to 46 inches, gray (2.5Y 5/1) silty clay, very dark
gray (2.5Y 8/1) when moist; massive or weak, very
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fine, angular blocky structure; very hard when dry,
very firm when moist, sticky and plastic when wet.

C1—46 to 58 inches, light-gray (5Y 7/1) clay loam, olive gray
(5Y 5/2) when moist; common, medium, distinct, yel-
lowish-brown (10YR 5/8) mottles and common very
dark brown (10YR 2/2) granules; massive; very
hard when dry, very firm when moist, sticky and
plastic when wet.

TIC2ca—b566 to B8 inches, light-gray (5Y 7/2) gravelly clay
loam, olive gray (5Y 5/2) when moist; many, me-
dium, distinct, yellowish-brown (10YR 5/8) mottles;
massive; hard when dry, irm when moist, slightly
sticky and slightly plastic when wet; slight effer-
vescence, common masses of segregated lime.

TIIC3ca—58 to 66 inches, light-gray (6Y 7/2) clay loam, olive
gray (5Y 4/2) when moist; many, medium, distinet,
yellowish-brown (10YR 5/8) mottles; massive; hard
when dry, firm when moist, slightly sticky and
slightly plastic when wet; slight effervescence, many
masses of segregated lime.

The Al horizon ranges from 6 to 16 inches in thickness. It
is very dark gray or dark gray silt loam or silty clay loam.
The A2 horizon ranges from 8 to 15 inches in thickness. It is
gray, very dark gray, or dark gray and in places has mottles
of yellowish or reddish brown, The B horizon is gray or dark-
gray silty clay loam and silty clay. The C horizon is light-gray
or gray clay loam, silty clay, or silt clay loam. Lime occurs at
a depth of 20 to 60 inches.

Tonka soils are associated with Dimmick, Parnell, and
Williams soils. The are coarser textured than Dimmick
soils. They are better drained than Parnell soils. They are
more poorly drained than Williams soils.

Tonka and Parnell soils (0 to 8 percent slopes) (Tp).—
This mapping unit is in shallow depressions in the gla-
cial till plain. The small depressions, dominantly Tonka
soils, are generally better drained than the larger ones,
which are dominantly Parnell soils. Included in map-
ping were a few small areas of Dimmick, Colvin, and
Heil soils,

This Tonka soil has the profile described as represent-
ative for the Tonka series. The Parnell soil is described
under the heading “Parnell Series.”

Surface runoff is slow. Fertility is medium in the
Tonka soil and high in the Parnell soil. Wetness is the
main limitation.

Most of the small depressions are cultivated along
with adjacent areas and are planted to small grain. The
large depressions are in native grass and are used for
hay and pasture. They also provide useful habitat for
ducks. Capability unit IIw-6; Parnell soil in Wetland
range site and windbreak group 2; Tonka soil in Overflow
range site and windbreak group 2.

Vebar Series

This series consists of moderately deep, gently sloping
and sloping well-drained soils that formed in material
weathered from soft sandstone. The slope gradient is 3
to 9 percent.

In a representative profile, the surface layer is dark
grayish-brown fine sandy loam about 10 inches thick.
The subsoil is about 26 inches thick. The upper 4 inches
is light brownish-gray, very friable fine sandy loam. The
lower 22 inches is light yellowish-brown, very friable
fine sandy loam. The underlying material is pale-yellow,
massive, bedded sandstone. The substratum is moderately
limy.
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Permeability is moderately rapid. The available water
capacity and organic-matter content are moderate. Fer-
tility is medium.

These soils are suited to small grain, corn, and leg-
umes. They are also suited to native grasses for pasture
and hay. Most of the acreage is cultivated.

Representative profile of Vebar fine sandy loam, slop-
ing, 1n an area of native grass, 700 feet south and 2,500
fee%v west of the northeast corner of sec. 5, T. 140 N, R.
80W.:

A1—0 to 10 inches, dark grayish-brown (10YR 4/2) fine
sandy loam, very dark grayish brown (10YR 3/2)
when moist; weak, medium, granular structure; soft
when dry, very friable when moist, slightly sticky
and slightly plastic when wet; gradual, wavy bound-

ary.
to 14 inches, light brownish-gray (2.5Y 6/2) fine
sandy loam, olive brown (2.5Y 4/4) when moist;
weak, medium, granular structure; soft when dry,
very friable when moist, slightly sticky and slightly
plastic when wet ; slight effervescence; gradual, wavy
boundary.

B3—14 to 36 inches, light yellowish-brown (2.5Y 6/4) fine
sandy loam, light olive brown (2.6Y 5/4) when
moist; weak, medium, granular structure; soft when
dry, very friable when moist, slightly sticky and
slightly plastic when wet; moderate effervescence;
gradual, wavy boundary.

(C1—36 to 60 inches, pale-yellow (5Y 7/3), massive, soft, bedded

sandstone that crushes easily to loamy fine sand, olive

(5Y 5/4) when moist; soft and loose when moist,

brittle when dry.

The solum ranges from 10 to 40 inches in thickness. These
soils are darkened by organic matter to a depth of 10 to 24
inches. The A horizon is dark grayish brown or grayish brown
to depth of 10 to 24 inches. It is fine sandy loam or coarse loam.
The B horizon ranges from dark grayish brown to light yellow-
ish brown and from coarse loam to sandy loam. The upper part
of the C horizon ranges from fine sandy loam to loamy sand.
The lower part is soft sandstone. In most places the depth to
lime ranges from 9 to 25 inches.

Vebar soils are associated with Flasher, Lihen, Manning,
and Sen soils. They are deeper and less sloping than Flasher
soils. They differ from Lihen soils in having less sand in the
control section and in having a darker colored surface layer
less than 20 inches thick. In contrast with Manning soils,
they do not have a Cca horizon and they overlie soft sand-
stqllle instead of sand and gravel. They are sandier than Sen
soils.

Vebar fine sandy loam, gently sloping (3 to 6 percent
slopes) (VbB).—This soil is on the sandy uplands. Slopes
are short to long. The local relief ranges from 5 to 50
feet. Included in mapping were areas of Williams soils and
a few small areas of Flasher, Parshall, Sen, and Arne-
gard soils. In a few areas, Williams soils make up as
much as 35 percent of the unit.

The Vebar soil has a profile similar to the one
described as representative for the series.

This soil is highly susceptible to blowing and water
erosion. In cultivated areas it is moderately eroded. Sur-
face runoff is medium. Fertility is medium. Controlling
erosion is the major concern in management.

This soil is suited to small grain, corn, and alfalfa
and to most of the trees and shrubs commonly grown.
About 65 percent of the acreage is cultivated. Areas not
cultivated are in native grass and are used for pasture
and hay. Capability unit ITTe-3; Sandy range site;
windbreak group 5.

Vebar fine sandy loam, sloping (6 to 9 percent slopes)
(VbC).—This soil is in the sandy uplands. Slopes are short
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to moderately long. Included in mapping were a few
small areas of Flasher, Parshall, Sen, and Arnegard
soils, In a considerable acreage under cultivation, this
soil is moderately eroded.

This Vebar soil has the profile described as representa-
tive for the series.

This soil is highly susceptible to both blowing and
water erosion in cultivated areas. Surface runoff is
medium. Fertility is medium. Controlling soil blowing
and water erosion are the major concerns in manage-
ment.

This soil is suited to small grain and alfalfa. About
half the acreage is cultivated. Capability unit IVe-3;
Sandy range site; windbreak group 5.

Wabek Series

The Wabek series consists of very shallow, nearly level
to very steep, excessively drained soils that formed in
gravel. These soils are on stream terraces and glacial
outwash areas.

In a representative profile, the surface layer is dark
grayish-brown loam about 5 inches thick. The upper part
of the underlying material, about 4 inches thick, is light
brownish-gray gravelly coarse sandy loam and is moder-
ately limy. The lower part, to a depth of 60 inches, is
pale-brown, loose coarse sand and gravel. It is only
slightly limy.

Permeability is rapid. Available water capacity is very
low. The organic-matter content is moderate, and fertil-
ity is low.

These soils are suited to native pasture and hay. Most
of the acreage is in native grass.

Representative profile of Wabek loam in an area of
native grass within an area of Wabek soils, hilly, 2,600
feet north and 50 feet west of the southeast corner of
sec. 1, T. 140 N,,R. TT W.:

A1-—0 to 5 inches, dark grayish-brown (10YR 4/2) loam, very
dark brown (10YR 2/2) when moist; weak, fine,
granular structure; soft when dry, very friable when
moist, slightly sticky and slightly plastic when wet;
many roots; neutral; few to common pebbles; grad-
ual, wavy boundary.

IIClca—5 to 9 inches, light brownish-gray (10YR 6/2) grav-
elly coarse sandy loam, brown (10YR 4/3) when
moist; single grain; soft when dry, friable when
moist, slightly sticky and slightly plastic when wet;
moderate effervescence, lime crust on underside of
pebbles and stones; mildly alkaline; diffuse, wavy
boundary.

ITIC2—9 to 60 inches, pale-brown (10YR 6/3) coarse sand
and gravel, grayish brown (10YR 5/2) when moist;
stratified sand, gravel, and cobblestones or a mixture
of these materials; loose when dry, loose when
moist, nonsticky and nonplastic when wet; a few
roots in upper 10 inches; moderate effervescence de-
creasing to slight in the lower part, mildly alkaline.

The A horizon ranges from loam to gravelly sandy loam
and from grayish brown to dark grayish brown. In places
these séils have a prominent zone of lime accumulation below
the A horizon. The C horizon, is mostly gravel, but in some
areas it is cobblestones or a mixture of stones, boulders, and
gravel or coarse sand.

Wabek soils are associated with Flasher, Lehr, and Man-
ning soils. They are shallower over gravel than Lehr and
Manning soils. They differ from Flasher soils in having a
sandy and gravelly substratum.

Wabek soils, undulating (0 to 6 percent slopes)
(WaB).—These soils are on glacial outwash plains. They
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occupy the ridges and knolls and are intermingled with
deeper soils on the smooth parts of the landscape. Slopes
are short, and the total relief is less than 20 feet in most
places. Included in mapping were areas of Lehr soils;

Wabek soils have a profile similar to the one described
as representative for the series.

The soils are droughty and are moderately susceptible to
erosion. Surface runoff is slow. Fertility is low. The low
available water capacity is the major hazard.

Most of the acreage 1s in native grass. Small areas are
cultivated along with adjacent deeper soils. Capability
unit VIs-SwG; Shallow to Gravel range site; wind-
break group 10.

Wabek soils, hilly (6 to 30 percent slopes)) (WaD).—
These soils are on the glacial outwash plain and in
gravelly or stony pockets within areas of glacial till.
Slope gradient is-dominantly less than 15 percent but
ranges to as much as 30 percent. Included in mapping
were a few small areas of Lehr soils.

This Wabek soil has the profile described as represent-
ative for the series.

The soils are droughty and highly susceptible to erosion.
Surface runoff is slow. Fertility is low. The low avail-
able water capacity and steep slopes are the main limita-
tions.

Most of the acreage is in native grass. Capability unit
VIs-SwG; Shallow to Gravel range site; windbreak
group 10.

Werner Series

The Werner series consists of strongly sloping and
moderately steep, well-drained soils that are shallow over
soft sandstone, shale, and siltstone. These soils formed on
the ridge crests and upper slopes of the residual uplands.

In a representative profile, the surface layer is dark
grayish-brown loam about 6 inches thick. The subsurface
layer, about 7 inches thick, is grayish-brown, friable
loam and is slightly limy. The upper 4 inches of the
underlying material is light yellowish-brown loam. It is
strongly limy and contains common lime segregations.
The middle 13 inches is pale-yellow bedded sandstone.
The lower part is light-gray bedded sandstone and shale.
The middle and lower parts of the underlying material
contain only a small amount of lime.

Permeability is moderate. Available water capacity
and fertility are low. The organic-matter content is mod-
erate.

Most of the acreage is in native grass. The strongly
sloping soils are suited to native pasture, and the soils
that have milder slopes are suited to small grain, corn,
legumes, and grasses.

Representative profile of Werner loam in an area of
native grass within an area of Werner complex, steep, 3
miles north and 150 feet west of the southeast corner of
sec. 31, T.140N.,R. 80 W.:

A1—0 to 6 inches, dark grayish-brown (10YR 4/2) loam, very
dark grayish brown (10YR 3/2) when moist; weak,
medium, subangular blocky structure separating to
moderate, very fine, subangular blocky; friable;
many roots, many fine pores; a few small stones:
neuntral; clear, wavy boundary.

AC—6 to 13 inches, grayish-brown (2.5Y 5/2) loam, very
dark grayish brown (2.5Y 8/2) when moist; weak,

medium, prismatic strueture separating to weak, me-
dium and fine, subangular blocky; friable; many
roots, common fine pores; a few small stones; a few
small, light-gray spots of lime, slight effervescence,
mildly alkaline; clear, wavy boundary.

Clea—13 to 17 inches, light yellowish-brown (2.5Y 6/3) loam,
olive brown (2.5Y 4/8) when moist; weak, medium,
prismatic structure separating to weak, fine, suban-
gular blocky; friable; common roots, few fine pores;
a few small stones; common white lime spots, strong
effervescence, moderately alkaline; clear, wavy
boundary.

C2—17 to 30 inches, pale-yellow (2.5Y 7/8), soft, arglllaceous
sandstone ; massive but breaks into plates; few roots
in cracks; large white lime spots in cracks, slight ef-
fervescence, moderately alkaline; gradual boundary.

C3—30 to 60 inches, light-gray (5Y 7/2), thick, platy and
blocky sandstone and shale strata, olive gray (5Y
5/2) when moist; light yellowish brown and yellow
(10YR 6/4 and 2.5Y 7/6) on faces of plates and
blocks ; slight effervescence, moderately alkaline.

The solum ranges from 7 to 20 inches in thickness. The A
horizon ranges from 4 to 9 inches in thickness. It is loam,
silt loam, or clay loam and is dark grayish brown or very
dark brown. The € horizon is soft sandstone, shale, and silt-
Stovr‘l’%mer goils are associated with Morton, Sen, and Zahl
soils. They are shallower than Morton and Sen soils. In con-
trast with Zahl soils, they formed over soft shale and sand-
stone instead of glacial till.

Werner complex, steep (15 to 30 percent slopes)
{WcF).—This mapping unit is mainly on breaks bordering
the Missouri River bottoms. Slopes are 100 feet to more
than one-fourth mile long. About 50 percent of this unit
is Werner soils. Included in mapping were areas of Sen
and Morton soils and small areas of Arnegard and
Flasher soils.

Werner soils have the profile described as representative
for the series.

The soils are droughty and highly susceptible to water
erosion. Surface runoff is rapid. Fertility is low. Con-
serving moisture and controlling water erosion are the
major concerns in management.

Most of the acreage is in native grass. Capability unit
VIe-TSi; Thin Silty range site; windbreak group 10.

Werner-Morton-Sen complex, hilly (9 to 15 percent
slopes) (WeE).—This mapping unit consists of shallow,
hilly to steep soils and intervening areas of deeper soils
in the residual uplands. It is about 40 percent Werner
soils, 85 percent Sen soils, 5 percent Morton soils, and 20
percent small inclusions of Arnegard, Flasher, and
Vebar soils. Slopes are 100 feet to one-fourth mile long.
Glacial boulders are common.

The Werner soil has a profile similar to the one
described as representative for the series.

The Morton and Sen soils in this complex are described
under the headings for their respective series.

These soils are highly susceptible to water erosion.
Surface runoff is rapid. Fertility is low in the Werner
soil and medium in the Sen and Morton soils. The
Werner soil is droughty. The low available water capac-
ity in the Werner soil and the hazard of water erosion
on all the soils are the major concerns in management.

Most areas are in native grass. Capability unit VIe-
TSi; Werner soil in Thin Silty range site and wind-
break group 10; Morton and Sen soils in Silty range site
and windbreak group 3.
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Werner-Sen loams, sloping (6 to 9 percent slopes)
(WIC).—This complex is in the residual uplands. It is
about 50 percent Werner loam and about 50 percent Sen
loam. The Werner soil is on the ridgetops and upper
slopes, and the Sen soil is on the lower slopes.

Each soil has a profile similar to the one described as
representative for the respective series.

Surface runoff is rapid on the Werner soil and
medium on. the Sen soil. Fertility is low in the Werner
soil and medium in the Sen soil. The low available water
capacity in the Werner and the erosion hazard on both
solls are’the major concerns in management. The Werner
soil is highly susceptible to erosion, and the Sen soil is
moderately susceptible.

Most of the acreage is in native grass. A few acres are
cultivated. Capability unit IVe—4L; Sen soil in Silty
range site and windbreak group 3; Werner soil in Thin
Silty range site and windbreak group 10.

Werner-Shale outcrop complex (15 to 50 percent
slopes) (Wn).—This complex is on breaks adjacent to the
Missouri River. It is about 80 percent Werner soils and
20 percent outcrops of shale and sandstone. The outcrops
occur as ledges or as eroded areas. Slope gradients range
from 15 to more than 50 percent. Included in mapping
were a few small areas of Flasher soils.

This Werner soil has a profile similar to the one
described as representative for the series.

Unless a good grass cover is maintained, the hazard of
water erosion is severe. Surface runoff is rapid. Fertility
is low. Conserving moisture and controlling water ero-
sion are the major concerns in management.

All the acreage is in native grass. Capability unit
VIIe-Si; Werner soil in Thin Silty range site and
windbreak group 10.

Williams Series

The Williams series consists of deep, nearly level to
steep, well-drained soils that formed in the glacial till
uplands. The slope gradient is 0 to 15 percent.

In a representative profile, the surface layer is very
dark grayish-brown loam about 4 inches thick. The sub-
soil is about 20 inches thick. The upper part is dark
grayish-brown, friable loam. The middle part is brown
to dark-brown, friable light clay loam, and the lower
part is dark grayish-brown to olive-brown, strongly
limy, firm clay loam. The underlying material is light
clay loam and is strongly limy. It is olive gray to a
depth of about 38 inches and light olive brown below
this to a depth of 60 inches.

Permeability is moderate in the subsoil and moder-
ately slow below. Available water capacity and fertility
are high. The organic-matter content is moderate.

These soils are well suited to small grain, grasses, leg-
umes, and trees. Most of the acreage is in crops.

Representative profile of Williams loam, undulating,
in an area of native grass, 50 feet south and 2,600 feet
ev:;st of the northwest corner of sec. 14, T. 141 N., R. 76

A1—0 to 4 inches, very dark grayish-brown (10YR 38/2) loam,
very dark brown (10YR 2/2) when moist; moderate,
medium, granular structure; soft when dry, very
friable when moist, slightly sticky and slightly plastic
when wet; clear, smooth boundary.
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B21t—4 to 10 inches, dark grayish-brown (10YR 4/2) loam,
very dark grayish brown (10YR 8/2) when moist;
very dark grayish-brown (10YR 8/2) thin clay film
on faces of peds; strong, medium and fine, prismatic
structure parting to moderate, medium, angular
blocky ; hard when dry, friable when moist, slightly
sticky and slightly plastic when wet; gradual, wavy
boundary.

B22t—10 to 16 inches, brown to dark-brown (10YR 4/8) light
clay loam, dark brown (10YR 3/3) when moist; con-
tinuous clay films on all faces of peds; strong, me-
dium and fine, prismatic structure parting to moder-
ate, medium, angular blocky; hard when dry, friable
when moist, slightly sticky and slightly plastic when
wet ; gradual, wavy boundary.

B3ca—16 to 24 inches, dark grayish-brown to olive-brown
(2.5Y 4/3) clay loam, dark grayish brown (2.5Y 4/2)
when moist ; moderate, medium and coarse, prismatic
structure; hard when dry, firm when moist, slightly
sticky and ‘slightly plastic when wet; strong effer-
vescence, many lime masses; gradual, wavy bound-

ary.

Cleca—24 to 38 inches, olive-gray (5Y 5/2) light clay loam,
olive gray (5Y 4/2) when moist; weak, medium and
coarse, prismatic structure; hard when dry, firm
when moist, slightly sticky and slightly plastic when
wet; strong effervescence. many lime masses; grad-
ual, wavy boundary.

C2—38 to 60 inches, light olive-brown (2.5Y 5/4) light clay
loam, dark grayish brown to olive brown (2.5Y 4/8)
when moist; massive; hard when dry, firm when
moist, slightly sticky and slightly plastic when wet;
strong effervescence, many lime masses.

The depth to lime ranges from 15 to 24 inches. The A hori-
zon ranges from 3 to 8 inches in thickness and is loam or
silt loam. The B horizon ranges from 9 to 22 inches in thick-
ness. It is loam or clay loam and, when moist, ranges from
very dark grayish brown to dark yellowish brown. The C ho-
rizon is loam or clay loam. A prominent lime zone occurs in
the lower B and upper Chorizons.

Williams soils are associated with Max, Parnell, Temvik,
Tonka, and Zah! soils. They have a thicker solum than Zahl
soils. They are more clayey in the B2 horizon than Max
soils. In comparison with Temvik soils, they do not have a
loess mantle. They have better drainage than Parnell and
Tonka soils.

Williams stony loam, rolling (8 to 9 percent slopes)
(WoC).—This soil has many boulders and stones on the
surface and throughout the profile. Slopes are short,
irregular, and complex. Included in mapping were a few
small areas of Zahl and Arnegard soils.

This Williams soil is stony but otherwise has charac-
teristics similar to those described as representative for
the series.

This soil is moderately susceptible to erosion. Surface
runoff is medium. Fertility is medium. The numerous
stones on the surface and the hazard of water erosion on
the steeper slopes are the major limitations.

This soil is used for native range. Small areas within
cultivated fields are frequently cleared of stones and cul-
tivated along with the adjacent soils. Capability unit
VIIs-Si; Silty range site ; windbreak group 10.

Williams loam, nearly level (0 to 8 percent slopes)
[WsA).—This soil is on the glacial till plains. It is char-
acterized by gentle convex slopes, swales, and shallow
depressions. Total relief ranges from 4 to 15 feet.
Included in mapping were a few small areas of Arne-
gard, Tonka, and Parnell soils. The Tonka and Parnell
soils are in the depressions and the Arnegard soil is in
the swales. Much of the surface drainage is into the
depressions.
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Except for a thicker surface layer in many places, this
soil has characteristics similar to those described as rep-

resentative for the series. ) )
Surface runoff is slow. Fertility is high. The lack of

an adequate drainage system and the ponding of water
in the depressions are the major concerns in manage-
ment. Wetness often delays tillage.

This soil is well suited to small grain, corn, alfalfa,
and flax. Most of the commonly grown trees do well.
About 75 percent of the acreage is cultivated. Areas not
cultivated are in native grass. Capability unit IIc-6;
Silty range site; windbreak group 8.

Williams loam, undulating (3 to 6 percent slopes)
(WsB).—This soil is on a glacial till plain. It is character-
ized by low ridges and knolls and intervening concave
areas. Slopes are commonly less than 300 feet long. In
areas where no drainage pattern has developed, total
relief ranges from 10 to 25 feet. In areas where there is
a dissected drainage pattern, slopes are as much as one-
fourth mile long, and relief is as much as 75 feet.
Included in mapping were areas of Max, Arnegard,
Tonka, and Parnell soils and some small areas of Sen,
Vebar, and Temvik soils. Areas of Tonka and Parnell
soils that are less than 2 acres in size are indicated by
depression spot symbols on the soil map.

This Williams soil has the profile described as repre-
sentative for the series.

This soil is moderately susceptible to blowing and
water erosion. Surface runoff is medium. Fertility is
high. Controlling erosion is the major concern in man-
agement. _

This soil is well suited to small grain, corn, alfalfa
(ﬁg. 15), and flax. Most of the commonly grown treés
and shrubs do well. More than half the acreage is culti-
vated. Capability unit ITe-6; Silty range site; wind-
break group 3.

Williams loam, rolling (6 to 9 percent slopes) (WsC).—
This soil is on the glacial till plains. It has complex and
irregular slopes and small shallow depressions in many
of the lower concave areas. It occurs either as a single
ridge or as a series of ridges and intervening concave
areas. On the single ridges the soil is shallower than is
typical. Slopes are generally less than 500 feet long, and
total relief ranges from 10 to 50 feet. Most of the drain-
age is into the local depressions. Included in mapping
were small areas of Max or Zahl soils on the ridges, Ar-
negard soils in the swales, and Parnell and Tonka soils
in the depressions. Also included in some areas were
small areas of Sen, Vebar, and Temvik soils. Areas of
Tonka and Parnell soils that are less than 2 acres in size
are indicated by depression spot symbols on the soil map.

Figure 15—Alfalfa on Williams loam, undulating. The small basin between the haystack and the stone pile is Tonka soils.
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This Williams soil is slightly thinner on the upper
slopes and thicker on the lower slopes but otherwise has
characteristics similar to those described as representa-
tive for the series.

This soil is moderately susceptible to erosion. Surface
runoff is medium. Fertility is high. Controlling water er-
osion is the major concern in management.

More than half the acreage is in native grass and is
used for pasture. The rest is cultivated. The soil is suited
to small grain and alfalfa. Some corn is grown, but
water erosion is a hazard if this soil is row cropped. Ca-
pability unit ITIe—6; Silty range site; windbreak group 3

Williams loam, hilly (9 to 12 percent slopes) (WsD}.—
This soil is on glacial till plains. It occurs as a single
ridge or as a series of ridges, knolls, and intervening
swales. On the single ridges, the soil tends to be shal-
lower than is typical. Slopes are less than 400 feet long,
and total relief ranges from 20 to 60 feet. Included in
mapping were small areas of Max and Zahl soils on the
ridges, Arnegard soils in the swales, and Tonka and Par-
nell soils in the depressions.

Except for a thinner solum, this Williams soil has
characteristics similar to those described as representa-
tive for the series.

This soil is highly susceptible to water erosion. Sur-
face runoff is rapid. Fertility is high. Controlling water
erosion and conserving moisture are the major concerns
in management.

About 20 percent of the acreage is cultivated. The rest
is in native range. Capability unit IVe-6; Silty range
site; windbreak group 3.

Williams-Zahl loams, hilly (9 to 12 percent slopes)
(WzE).—This complex is on glacial till plains. It is about
40 percent Williams loam and 80 percent Zahl loam.
Slopes are complex and typically less than 800 feet long.
Local relief ranges from 15 to 200 feet. Included in
mapping were areas of Arnegard, Max, Tonka, and Par-
nell soils and some small areas of Werner, Flasher, and
Sen soils. The Zahl soil is on the ridgetops, and the Wil-
liams soil is on the middle and lower slopes.

This Williams soil has characteristics similar to those
described for the series, but it has a thinner profile. The
Zah] soil has the profile described as representative for
the Zahl series (see Zahl Series).

These soils are susceptible to water erosion. Surface
runoff is rapid. Fertility is high on the Williams soil
and low on the Zahl soil. Controlling water erosion and
conserving moisture are the major concerns in manage-
ment.

Most of the acreage is in native grass. Capability unit
VIe-Si; Williams soil in Silty range site and wind-
break group 3; Zahl soil in Thin Silty range site and
windbreak group 8.

Williams-Zahl loams, steep (WzF).—This complex is in
the morainic hills. It is about 35 percent Williams loam,
25 percent Max loam, and 25 percent Zahl soils. Where
an area consists of a single ridge, the percentage of Zahl
soils is higher. The Williams soil is on the middle and
lower slopes, and the Zahl soil is on the upper slopes and
ridges. Slopes are irregular, and the gradient is more
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than 15 percent. Total relief ranges from 25 to 250 feet.
Included in mapping were areas of Arnegard, Wabek,
and Parnell soils.

The steep Williams soil in this complex is slightly
shallower but otherwise has a profile similar to the one
described as representative for the series.

The soils of this complex are highly susceptible to
water erosion. Surface runoff is rapid. Fertility is high
on the Williams soil and low on the Zahl soil. Control-
ling and conserving moisture are the major concerns in
management.

These soils are used for native range. Capability unit
VIe-Si; Williams soil in Silty range site and wind-
break group 10; Zahl soil in Thin Silty range site and
windbreak group 10.

Zahl Series

The Zahl series consists of deep, strongly sloping to
steep, well-drained soils that.formed in glacial till. These
soils are on the steep sides and the tops of glacial mo-
raines. Slope gradient ranges from 9 to more than 15
percent.

In a representative profile, the surface layer is very
dark grayish-brown and grayish-brown loam about 7
inches thick. Beneath the surface layer to a depth of
about 36 inches is strongly limy (fig. 16), firm clay loam
that is olive gray in the upper part and light brownish
gray in the lower part. The underlying material is pale-
brown gravelly sandy loam and gravel to a depth of about
44 inches and light olive-brown clay loam below. It is
moderately limy.

Permeability is moderate and moderately slow. Avail-
able water capacity is high. The organic-matter content
is moderate, and fertility is low.

These soils are suited to native pasture and hay. Most
of the acreage is in native grass.

Representative profile of Zahl loam in an area of na-
tive grass within an area of Williams-Zahl loams, hilly,
385 feet north and 1,750 feet west of southeast corner of
sec. 7, T. 143 N., R. 75 W.:

Al1—0 to 4% inches, very dark grayish-brown (2.5Y 3/2)
loam, black (2.5Y 2/2) when moist; weak, medium,
granular structure; slightly hard when dry, friable
when moist, slightly sticky and slightly plastic when
wet ; clear, wavy boundary.

Clca—41% to 7 inches, grayish-brown (10YR 5/2) loam, dark
grayish brown (10YR 4/2) when moist; weak to
moderate, medium, prismatic structure; hard when
dry, friable when moist, slightly sticky and slightly
plastic when wet; moderate effervescence, many mas-
ses of segregated lime; gradual, wavy boundary.

C2ca—T7 to 16 inches, olive-gray (86Y 5/2) clay.loam, olive
(5Y 4/3) when moist; weak, medium, prismatic
structure; hard when dry, firm when moist, sticky
and plastic when wet; strong effervescence, many
masses of segregated lime; clear, wavy boundary.

C3ca—16 to 36 inches, light brownish-gray (2.5Y 6/2) clay
loam, olive brown (2.5Y 4/3) when moist; massive;
hard when dry, irm when moist, sticky and plastic
when wet; strong effervescence, many masses of seg-
regated lime; gradual, wavy boundary.

11C4—36 to 44 inches, pale-brown (10YR 6/3) gravelly sandy
loam and gravel, dark grayish brown (10YR 4/2)
when moist; few, fine to medium, distinct, light ol-
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Figure 16—Profile of Zahl loam showing thin surface layer and lime near surface,

ive-brown (2.5Y 5/6) mottles; single grain; loose
when dry, loose when moist, nonsticky and nonplas-
tic when wet; moderate effervescence; clear, discon-
tinuous boundary.

ITIC5—44 to 60 inches, light olive-brown (2.5Y 5/8) clay
loam, olive brown (2.5Y 4/8) when moist; few,
coarse, distinet, gray (N 5/0) mottles; massive; hard
when dry, firm when moist, slightly sticky and
slightly plastic when wet ; moderate effervescence.

The texture throughout the profile is mainly loam or clay
loam. Lenses and pockets of gravel or sandy material are
common. The A horizon is very dark brown, very dark gray-
ish brown, or black when moist: The depth to lime ranges
from O to 7 inches. A zone of prominent lime accumulation
occurs in the upper part of the horizon.

Zahl soils are assoclated with Werner and Williams soils.
They are shallower than Williams soils. In contrast with
Werner soils, they formed in glacial till instead of soft shale
and sandstone.

The Zahl soils in Burleigh County are mapped with Max
and Williams solls.

Use of the Soils for Crops and
Pasture®

About 45 percent of Burleigh County is cultivated.
Spring wheat is the main crop. Other crops are oats, barley,
flax, rye, corn, alfalfa, sweet clover, potatoes, beans, sugar
beets, and grasses. Conserving moisture, controlling soil
blowing, and maintaining fertility are the main consid-
erations in management.

This section explains how the soils can be managed for
crops and pasture. It defines the capability classification
used by the Soil Conservation Service, in. which the soils
are grouped according to their suitability for crops, and
describes use and management of the soils by capability

2 By Epwarp R. WEIMER, agronomist, Soil Conservation Service.
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.units. It also shows predicted yields per acre of principal
crops, under two levels of management.

General Management

Conserving moisture in dryfarmed areas generally
means reducing evaporation, limiting runoff, increasing
infiltration, and controlling weeds. Among the effective
means are stubble mulching, contour farming, stripcrop-
ping, field windbreaks, buffer strips, timely tillage, mini-
mum tillage, use of crop residue, and application of fer-
tilizer. Fallow helps to control weeds and to build up the
moisture content.

Among the measures that help to control erosion are
cover crops, striperops, buffer strips, windbreaks, contour
farming, diversions, waterways, minimum tillage, timely
tillage, emergency tillage, and the use of crop residue.
Generally, a combination of several measures is used.

Among the measures that help to maintain fertility
are the application of chemical fertilizer, green manure,
and barnyard manure; the use of summer fallow; and
the inclusion in the cropping system of cover crops and
grasses and legumes. Control of erosion also helps pre-
serve fertility.

In some areas drainage and the removal of stones are
needed to offset the effects of unfavorable soil character-
istics.

Capability Grouping

Capability grouping (4) shows, in a general way, the
suitability of soils for most kinds of field crops. The
soils are grouped according to their limitations when
used for field crops, the risk of damage when they are
used, and the way they respond to treatment. The group-
ing does not take into account major and generally ex-
pensive landforming that would change slope, depth, or
other characteristics of the soils; does not take into con-
sideration possible but unlikely major reclamation proj-
ects; and does not apply to rice, cranberries, horticul-
tural crops, or other crops requiring special management.

Those familiar with the capability classification can
infer from it much about the behavior of soils when used
for other purposes, but this classification is not a substi-
tute for interpretations designed to show suitability and
limitations of groups of soils for range, for forest trees,
or for engineering.

In the capability system, the kinds of soil are grouped
at three levels: the capability class, the subclass, and the
unit. These levels are described in the following para-
graphs.

CapaBiLiry Crasses, the broadest groups, are desig-
nated by Roman numerals I through VIII. The numer-
als indicate progressively greater limitations and
narrower choices for practical use, defined as follows:

Class T soils have few limitations that restrict their
use. (No class I soils in Burleigh County.)

Class IT soils have moderate limitations that reduce
the choice of plants or that require moderate
conservation practices.

Class IIT soils have severe limitations that reduce
the choice of plants, require special conservation
practices, or both.

Class IV soils have very severe limitations that re-
duce the choice of plants, require very careful
management, or both.

Class V soils are subject to little or no erosion but
have other limitations, impractical to remove,
that limit their use largely to pasture or range,
woodland, or wildlife habitat.

Class VI soils have severe limitations that make
them generally unsuited to cultivation and limit
their use largely to pasture or range, woodland,
or wildlife habitat.

Class VII soils have very severe limitations that
make them unsuited to cultivation and that re-
strict their use largely to pasture or range,
woodland, or wildlife habitat.

Class VIII soils and landforms have limitations that
preclude their use for commercial crop produc-
tion and restrict their use to recreation, wildlife
habitat, or water supply, or to esthetic purposes.

CAPABILITY SUBCLASSES are soil groups within one
class; they are designated by adding a small letter e, w,
8, or ¢ to the class numeral, for example, ITe. The letter
e shows that the main limitation is risk of erosion unless
close-growing plant cover is maintained; w shows that
water in or on the soil interferes with plant growth or
cultivation (in some soils the wetness can be partly cor-
rected by artificial drainage); s shows that the soil is
limited mainly because it is shallow, droughty, or stony;
and ¢, used in only some parts of the United States,
shows that the chief limitation is climate that is too cold
or too dry.

In class I there are no subclasses, because the soils of
this class have few limitations. Class V can contain, at
the most, only the subclasses indicated by w, ¢, and ¢, be-
cause the soils in class V are subject to little or no ero-
sion, though they have other limitations that restrict
their use largely to pasture or range, woodland, wildlife
habitat, or recreation.

CapaBiLiTY UNITS are soil groups within the sub-
classes. The soils in one capability unit are enough alike
to be suited to the same crops and pasture plants, to re-
quire similar management, and to have similar produc-
tivity and other responses to management. Thus, the ca-
pability unit is a convenient grouping for making many
statements about management of soils. Capability units
are generally designated by adding an Arabic numeral to
the subelass symbol, for example, ITe-6 or IITes-3.
Thus, in one symbol, the Roman numeral designates the
capability class, or degree of limitation; the small letter
indicates the subclass, or kind of limitation, as defined in
the foregoing paragraph; and the Arabic numeral spe-
cifically identifies the capability unit within each sub-
class. An Arabic numeral is also used to indicate the sus-
ceptibility of the soil to wind erosion. The numbers
range from 2, which is very high, to 6, which is slight.
The letter P indicates the presence of a sodic claypan in
the subsoil. The letter L indicates that the soil is calcar-
eous. The letter M indicates a sandy soil that has a loam,
clay loam or clay substratum. Following the subclass
designation in capability units in classes V, VI, and VII
is an abbreviation of the name of the range site into
which the soils of the unit have been placed.
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Management by Capability Units

In the following pages each of the capability units in
Burleigh County is described, and suggestions for use
and management are given. The units are not numbered
consecutively, because not all of the units in the state-
wide system are represented in this county. The names of
the soil series represented are mentioned in the descrip-
tion of each unit, but this does not mean that all the
soils of a given series are in the unit. The capability des-
ignation for each soil in the county can be found in the
“Guide to Mapping Units.”

Capability unit Ilc-6

This unit consists of deep, well drained or moderately
well drained, nearly level soils of the Arnegard, Grail,
Grassna, Havrelon, Lohler, Roseglen, Savage, Straw,
Tansem, Temvik, and Williams series. These soils have a
surface layer of loam or silt loam that is more than 18
percent clay. The subsoil ranges from silt loam to clay.
Available water capacity is high. Permeability is moder-
ate, moderately slow, or slow. Fertility is medium or
high. The organic-matter content is low in Havrelon and
Lohler soils but is high or moderate in the rest.

These soils are easily tilled. They have a deep root
zone and are readily permeable to roots, air, and mois-
ture. Tilth is generally good. Water erosion and soil
blowing are slight hazards. The lack of rainfall and
availab%e moisture is the main limitation.

About 75 percent of the acreage is cultivated. All lo-
cally grown crops are suited. Small grain and alfalfa are
the main crops. Crop residue, manure, and grasses and
legumes in the crop rotation supply organic matter.
Summer fallowing, minimum tillage, and weed control
conserve moisture. Rough tillage, standing stubble, and
single-row tree belts to trap snow provide additional
moisture for crops. Many areas of the Havrelon and
Lohler soils are irrigated. The soils of this unit are also
suited to pasture, hay, and trees, and to other less inten-
sive uses.

Capability unit 11c-7

This unit consists of deep, well drained and moder-
ately well drained, nearly level soils of the Grail, Havre-
lon, Lohler, Magnus, Makoti, and Savage series. These
soils have a surface layer of silty clay loam that is less
than 35 percent clay. The subsoil ranges from loam to
clay. Available water capacity is high, and permeability
is moderate, mederately slow, or slow. Fertility is me-
dium or high. The organic-matter content is low in Hav-
relon and Lohler soils, but is high or moderate in the
rest.

These soils are easily tilled. They have a deep root
zone and are readily permeable to roots, moisture, and
air. Tilth is generally good. If tilled when moist, these
soils form stable granules and blocks that resist soil
blowing. Water erosion and soil blowing are only slight
hazards. Lack of rainfall and available moisture is the
main limitation.

These soils are suited to all crops locally grown. Small
grain and alfalfa are the chief crops. About 80 percent
of the acreage is cultivated. Crop residue, mannre, and
grasses and legumes in the crop rotation supply organic

matter. Summer fallowing, minimum tillage, and weed
control conserve moisture. The use of stubble mulch til-
lage and single-row tree belts to trap snow provides ad-
ditional moisture for crops. Many areas of the Havrelon
and Lohler soils are irrigated. The soils of this unit are
also suited to pasture, hay, and trees, and to other less
intensive uses.

Capability unit Ile-5

This unit consists of nearly level to undulating soils ot
the Lehr, Linton, Mandan, and Tansem series. The tex-
ture of the surface layer and subsoil is silt loam or loam.
Lehr soils have a shallow root zone and are somewhat
excessively drained and droughty. Available water ca-
pacity is low, and permeability is moderate. The organ-
ic-matter content is low. The rest of the soils in this unit
have a deep root zone, are well drained, and are readily
permeable to roots, air, and moisture. Available water
capacity is moderate to high, and permeability is moder-
ate. Fertility is medium to high. The organic-matter con-
tent is moderate or high.,

All of these soils are easily tilled and are generally in
good tilth. They are moderately susceptible to soil blow-
ing and slightly or moderately susceptible to water ero-
sion.

These soils are suited to all locally grown crops. Small
grain, corn, and alfalfa are the main crops. Most of the
acreage is cultivated. Crop residue and grasses and leg-
umes in the crop rotation supply organic matter and re-
duce the hazard of soil blowing. Stripcropping and stub-
ble mulch tillage help control erosion. Single-row tree
belts trap snow, provide additional moisture for crops,
and help protect the soil against soil blowing. Summer
fallowing stores moisture for the succeeding crop, but it
increases the hazard of soil blowing and therefore should
be used only for weed control. A small acreage is irri-
gated. The soils of this unit are also suited to pasture,
hay, and trees, and to other less intensive uses.

Capability unit I1e-6

This unit consists of deep and moderately deep, well-
drained, gently sloping or undulating soils of the Arne-
gard, Grail, Grassna, Morton, Roseglen, Savage, Sen,
Tansem, Temvik, and Williams series. These soils have a
surface layer of silt loam or loam that is more than 18
percent clay. The subsoil ranges from silt loam to silty
clay. Available water capacity is moderate to high.
Permeability is moderate, moderately slow, or slow. Fer-
tility is medium to high, and the organic-matter content
is high or moderate.

These soils have a deep or moderately deep root zone
and are readily permeable to roots, air, and moisture.
They are easily tilled and are generally in good tilth.
They are slightly susceptible to soil blowing and moder-
ately susceptible to water erosion.

These soils are suited to all locally grown crops. Small
grain, corn, and alfalfa are the main crops. Most of the
acreage is cultivated. Crop residue and grasses and leg-
umes in the crop rotation supply organic matter, im-
prove fertility, and help in controlling soil blowing. Sin-
gle-row tree belts trap snow, provide additional moisture
for crops, and reduce the hazard of soil blowing.
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Summer fallowing stores moisture, but it increases the
hazard of soil blowing and therefore should be used only
for weed control. The soils of this unit are also suited to
pasture, hay, and trees, and to other less intensive uses.

Capability unit 1le-7

This unit consists of deep and moderately deep, well
drained and moderately well drained, gently sloping
soils of the Grail, Makoti, Regent, Savage, and Williams
series. These soils have a surface layer of silty clay loam
that is less than 35 percent clay. The subsoil 1s silty clay
loam, clay loam, or clay. Available water capacity is
high, and permeability is moderate or moderately slow.
Fertility is high or medium. The organic-matter content
is high or moderate.

These soils are easily tilled and are generally in good
tilth. They have a deep or moderately deep root zone
and are readily permeable to roots, air, and moisture. If
tilled when moist, they form stable granules and blocks
that resist soil blowing. They are moderately susceptible
to water erosion and are very slightly susceptible to soil
blowing.

About 75 percent of the acreage is cultivated. All
crops commonly grown are well suited. Small grain,
corn, and alfalfa are the main crops. Crop residue and
grasses and legumes in the crop rotation supply organic
matter, improve fertility, and decrease the hazard of soil
blowing. Field windbreaks and stubble mulch tillage
help to conserve moisture and control erosion. The soils
of this unit are suited to pasture, hay, and trees, and to
other less intensive uses.

Capability unit 11s+4

Lohler silty clay, the only soil in this unit, is deep,
nearly level, and moderately well drained. It has a sur-
face layer of silty clay. The subsoil is silty clay loam or
silty clay. Available water capacity is high, and permea-
bility is slow. Fertility is medium. The organic-matter
content is low.

This soil is somewhat difficult to till. It is sticky when
wet. It can be pulverized and formed into a good
seedbed within only a narrow range of moisture content.
It has a deep root zone that is readily permeable to
roots. It warms up more slowly in spring than the fria-
ble loamy soils. The surface soil tends to slake; thus, the
soil is susceptible to soil blowing, particularly if summer
fallowed or fall plowed.

This soil is suited to irrigation and to the crops locally
grown. About half the acreage is cultivated. A small
acreage is irrigated. Crop residue and grasses and leg-
umes in the crop rotation supply organic matter and re-
duce the hazard of soil blowing. Summer fallowing in-
creases the hazard of soil blowing and therefore should
be used only for weed control. This soil is also well
suited to hay, pasture, and trees, or to other less inten-
sive uses.

Capability unit 1Iw—4L

Colvin silty clay loam, the one soil in this unit, is
deep, nearly level, and poorly drained. Its surface layer
and subsoil are silty clay loam. This soil is calcareous
throughout the profile. It has a seasonal high water table

and is occasionally flooded. Available water capacity is
high, and permeability is moderate. Fertility is medium.
The organic-matter content is high. .

Tilth and workability are favorable if moisture is not
excessive. The root zone is deep. It is readily permeable
to roots but is moderately slowly permeable to air and
moisture. Because of the lime content, this soil is suscep-
tible to blowing. In some areas, it is slightly to moder-
ately saline. A -seasonal high water table is the major
concern in management.

Most of the acreage is in native grass. If drained, this
soil is well suited to small grain and flax. In undrained
areas it is suited to hay and pasture and late-planted
barley and flax. Drainage ditches are beneficial in drain-
ing off floodwater and in lowering the water table. Sum-
mer fallowing tends to intensify the wetness and should
be used only for control of weeds. This soil responds
well to fertilizer, particularly phosphate.

Capability unit IIw-6

This unit consists of deep, nearly level soils of the
Lallie, Tonka, and Parnell series. These soils are in shal-
low, closed depressions of the uplands, in swales, and in
backwater areas of river bottoms. They are intermit-
tently ponded by runoff from higher lying areas. The
surface layer is silt loam or silty clay loam. The subsoil
is silty clay loam, silty clay, or clay. Available water
capacity is moderate or high, and permeability is slow.
The organic-matter content is low in Lallie soil and
high in the rest. Lallie and Parnell soils are very poorly
drained. Tonka soils are poorly drained.

These soils are easily tilled when dry, but they remain
wet for long periods. The root zone is deep. It is readily
permeable to roots, but is moderately slowly or slowly
permeable to air and moisture. Ponding is the main limi-
tation. There is no erosion hazard.

The soils of this unit are usually farmed with the sur-
rounding soils. Because they dry out slowly, planting is
delayed several weeks. About half the acreage is culti-
vated. Surface drains can be used to remove excess water
wherever there are satisfactory outlets. Even in drained
areas, wetness is a limitation. Water is removed slowly
because drainage ditches have only a slight gradient.
Undrained areas are sometimes used for late-seeded
small grain and flax. The soils of this unit are well
suited to pasture and hay. Forage yields are high
because moisture is abundant.

Capability unit I11e-3

This unit consists of deep and moderately deep, well-
drained, nearly level to gently sloping or undulating fine
sandy loams of the Havrelon, Lihen, Parshall, Telfer,
and Vebar series. Havrelon soils are on bottom land. The
rest are on uplands. The slope gradient is less than 6
percent. Below the surface layer, Havrelon soils are mostly
silt loam and very fine sandy 10am, Telfer soils are fine
sand, and the rest are fine sandy loam to loamy fine sand.
All but Telfer soils have moderate or high available water
capacity, moderate to rapid permeability, medium fertil-
ity, and moderate or low organic-matter content. Telfer
soils have low available water capacity, moderate to rapid
permeability, low fertility, and moderate or low organiec-

matter content.
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These soils have a deep root zone and are readily
permeable to roots, air, and moisture. They are easily
tilled and are generally in good tilth. They are highly
susceptible to soil blowing in cultivated areas. They are
moderately susceptible to water erosion in gently sloping
or undulating areas. They warm up rapidly in spring
and are among the first to be ready for planting,.

More than half the acreage is cultivated. All the crops
commonly grown are well suited. Small grain, corn, and
alfalfa are the chief crops. Flax produces only a small
amount of residue and is easily damaged by windblown
sand: A grass-legume mixture in the crop rotation,
manure, and crop residue supply organic matter. A com-
bination of practices is needed to control erosion. Crop
residue and stubble mulching, along with stripcropping
or patterned windbreak planting, are needed to reduce
the hazard of soil blowing. Cover crops, buffer strips, and
grass in the cropping system are also beneficial. Occa-
sionally, emergency tillage is required. Tillage should be
kept to the minimum needed for weed control and
seedbed preparation. Summer fallow should be used only
to control weeds, because the amount of moisture that
can be stored is limited and soil blowing is a hazard.
The soils of this unit are also well suited to hay, pasture,
and trees, and to other less intensive uses.

Capability unit 111e-3M

This unit consists of deep, well-drained, nearly level or
undulating soils of the Flaxton, Livona, and Parshall
series. The surface layer is fine sandy loam about 20
inches thick. The subsoil and underlying material are
clay loam or clay. Available water capacity is moderate.
Permeability is moderately rapid in the upper part and
moderately slow in the clay loam and clay. Fertility is
}r?e(iium, and the organic-matter content is moderate or

igh.

‘These soils are easily tilled. They have a deep root
zone and are readily permeable to roots, air, and mois-
ture. They are highly susceptible to soil blowing in culti-
vated areas. They are moderately susceptible to water
erosion. These soils warm up rapidly in spring and are
among the first to be ready for planting.

About 65 percent of the acreage is cultivated. All
crops commonly grown are well suited. Small grain,
corn, and alfalfa are the chief crops. Flax produces only
a small amount of residue and is easily damaged by
windblown sand. A grass-legume mixture in the crop
rotation, manure, and crop residue help to replenish the
supply of organic matter. A combination of practices is
needed to control erosion. Crop residue and stubble
mulching, along with stripcropping or patterned wind-
break planting, are needed to reduce the hazard of soil
blowing. Including cover crops, buffer strips, and grass
in the cropping system is also beneficial. Occasionally,
emergency tillage is required. Tillage should be kept to
the minimum needed for weed control and seedbed prep-
aration. Summer fallow should be used only to control
weeds, because it increasgs the hazard of erosion. The
soils of this unit are also well suited to hay, pasture, and
trees, and to other less intensive uses.

Capability unit I11es-3

_This unit consists-of moderately deep, somewhat exces-
sively drained, nearly level or gently sloping soils of the
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Manning series. The surface layer and subsoil of these
soils are fine sandy loam. Coarse sand and gravel are at a
depth of 20 to 40 inches. Available water capacity is low.
Permeability is moderately rapid in the upper part and
very rapid in the underlying sand and gravel. Fertility
is medium, and the organic-matter content is moderate.

These soils are easily tilled. The effective root zone is
moderately deep and 1s readily permeable to roots, air,
and moisture. If cultivated, these soils are highly suscep-
tible to soil blowing. In gently sloping areas, they are
moderately susceptible to water erosion. They warm up
rapidly in spring and are among the first to be ready for
planting. Controlling erosion, conserving moisture, and
maintaining fertility and the supply of organic matter
are the major concerns in management.

About 75 percent of the acreage is cultivated. All
crops locally grown are well suited. Small grain is the
chief crop. Flax produces only a small amount of residue
and is easily damaged by windblown sand. Because these
soils are somewhat droughty, yields are generally lower
than on deeper soils. A grass-legume mixture in the crop
rotation, the application of manure, and the management
of crop residue help to replenish the supply of organic
matter. A combination of practices is needed to control
erosion. Narrow stripcrops and the use of crop residue or
stubble mulch tillage are essential. Tree windbreaks are
beneficial, but species suitable for planting are limited.
Also, the height of trees at maturity is limited. Summer
fallow should be used only to control weeds because it
increases the danger of erosion. The soils of this unit are
also well suited to hay, pasture, and trees, and to other
less intensive uses.

Capability unit I1le-5

Only Mandan-Linton silt loams, rolling, is in this unit.
These are deep, well-drained soils on uplands. The sur-
face layer and subsoil are silt loam. Available water
capacity is high, and permeability is moderate. Fertility
is medium to high. The organic-matter content is moder-
ate.

These soils are easily tilled and are generally in good
tilth. They have a deep root zone and are readily perme-
able to roots, air, and moisture. They are moderately sus-
ceptible to soil blowing. They are %ighly susceptible to
water erosion, especially if row cropped.

About half the acreage is cultivated. Most crops
locally grown are suited. Small grain and alfalfa are the
main crops. Corn is seldom grown because erosion is 2
risk wherever rows are cultivated up and down the slope.
Summer fallow and stubble mulch tillage store moisture
for the succeeding crop. Good use of crop residue is nec-
essary for control of erosion. The amount of crop resi-
due, however, is generally not adequate for the acreage
fallowed. Stripcrops or windbreaks and cover crops or
buffer strips are essential. All tillage and stripcropping
should be on the contour. Grass waterways are needed
wherever water concentrates. The soils of this unit are
also well suited to pasture, hay, and trees, and to other
less intensive uses.

Capability unit I1les-5

Lehr loam, undulating, the only soil in this unit, is on
glacial outwash plains and stream terraces, It is shallow
and somewhat excessively drained. The surface layer and
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subsoil are loam. Sand and gravel are at a depth of 13 to
20 inches. Available water capacity is low. Permeability
is moderately rapid or very rapid. Fertility and the
organic-matter content are low.

This soil is easily worked and has good tilth. It has a
shallow root zone that is readily permeable to roots, air,
and moisture. It is moderately susceptible to soil blowing
and water erosion. Droughtiness is the major concern in
management,

About half the acreage is cultivated. All erops com-
monly grown in the area are suited. Small grain, corn,
and alfalfa are the main crops. Grasses and legumes in
the crop rotation supply organic matter. Good use of
crop residue is necessary for control of erosion. The
amount- of crop residue, however, is generally not ade-
quate for the acreage fallowed. Stripcrops or windbreaks
and cover crops are essential. Summer fallow should be
used only for weed control, because the amount of mois-
ture that can be stored is limited and soil blowing is a
hazard. This soil is also suited to pasture, hay, and trees,
and to other less intensive uses.

Capability unit Ille-6

This unit consists of deep and moderately deep, well-
drained, sloping and rolling soils of the Morton, Savage,
Sen, Tansem, Temvik, and Williams series. These solls
have a surface layer of silt loam or loam that is more
than 18 percent clay. The subsoil ranges from silt loam
to clay. The slope gradient is 6 to 9 percent. Available
water capacity is moderate to high. Permeability is mod-
erate or moderately slow. Fertility is medium to high,
and the organic-matter content is moderate or high.

These soils have a deep or moderately deep root zone
and are readily permeable to roots, air, and moisture.
They are easily tilled. Tilth is generally good. Soil blow-
ing is only a slight hazard, but the hazard of water ero-
sion is severe in cultivated areas. Soil is washed from
ridges and upper slopes during periods of intense rain-
fall or rapid snowmelt.

About half the acreage is cultivated. Most locally
grown crops are suited. Small grain, flax, and alfalfa are
thé chief crops. Corn is seldom grown because the risk of
.erosion is high wherever rows are cultivated up and
down the slope. Stubble ‘mulch tillage, striperopping,
and crop residue management are the main practices
used to control erosion. Girass waterways are needed
wherever water concentrates. Contour stripcrops help in
controlling erosion, but strips are generally short because
slopes are irregular. Summer fallowing stores moisture,
but it increases the erosion hazard. Thus, it should be
used only for weed control. The soils in this unit are also
well suited to pasture, hay, and trees, and to other less
intensive uses.

Capability unit 111e-P6

This unit consists of well drained and moderately well
drained, gently sloping and undulating soils of the Bel-
field, Daglum, Niobell, Noonan, and Rhoades series.
These soils are on uplands. The surface layer is silty
clay loam or loam. The subsoil is clay loam, silty clay
loam, or silty clay.

Belfield, Daglum, and Niobell soils have a deep clay-
pan, high available water capacity, medium fertility, and
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moderate organic-matter content. Permeability is moder-
ately slow for Belfield and Niobell soils and slow for the
Daglum soil. Noonan and Rhoades soils are shallow over
a claypan and have moderate organic-matter content.
Noonan soils have moderate available water capacity,
slow permeability, and medium fertility. Rhoades soils
have low available water capacity, very slow permeabil-
ity, and low fertility.

The effective root zone ranges from deep to shallow.
Soils that have a deep claypan are easily tilled, and the
others are difficult to till. The shallow claypan soils are
strongly alkaline and contain a large amount of soluble
salts in the lower part of the subsoil. The soils of this
unit are moderately susceptible to water erosion and
slightly susceptible to soil blowing.

About half the acreage is cultivated. Small grain,
alfalfa, and tame grasses are best suited. Alfalfa, sweet
clover, and tame grasses in the crop rotation supply
organic matter and improve soil structure, permeability,
and tilth. Stubble mulch tillage, crop residue manage-
ment, and stripcropping conserve moisture and lelp con-
trol erosion. Deep tillage and summer fallow are benefi-
cial. They increase the intake of water and the leaching
out of salts. The soils of this unit are well suited to
native grasses and poorly suited to trees.

Capability unit 111e-7

Only Regent silty clay loam, sloping, is in this unit.
This 1s a moderately deep, well-drained soil on the
uplands. The slope gradient is 6 to 9 percent. The sur-
face layer is silty clay loam that is less than 35 percent
clay. The subsoil is silty clay. Available water capacity
is high, and permeability is slow. Fertility is medium.
The organic-matter content is moderate.

This soil is easily tilled and is generally in good tilth.
If tilled when moist, it forms stable granules and blocks
that resist soil blowing. It has a moderately deep root
zone that is readily permeable to roots, air, and moisture.
It is slightly susceptible to blowing and highly suscepti-
ble to water erosion.

This soil is well suited to most locally grown crops.
Small grain and alfalfa are the main crops. Corn is
seldom grown because the risk of erosion is high wher-
ever rows are cultivated up and down the slope. Stubble
mulch tillage, stripcropping, and crop residue manage-
ment are the main practices used to control erosion. Con-
tour stripcropping is also useful. Grass waterways are
needed wherever water concentrates. Summer fallowing
stores moisture, but it increases the erosion hazard. Thus,
it should be used only for weed control. This soil is also
well suited to pasture, hay, and trees, and to other less
intensive uses.

Capability unit I11s-5

This unit consists of shallow to deep, somewhat exces-
sively drained, nearly level soils of the Banks and Lehr
series. These soils have a loam surface layer. Loamy sand
or sand and gravel is at a depth of about 13 to 30 inches.
Available water capacity is low. Permeability is moder-
ately rapid to very rapid. Fertility is low, and the or-
ganic matter content is low.

These soils have a shallow to deep root zone. They are
easily tilled and readily permeable to roots, air, and
moisture. They are moderately susceptible to soil blow-
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ing and slightly susceptible to water erosion. Droughti-
ness is the major concern in management.

About 75 percent of the acreage is cultivated. All
crops commonly grown are suited. Small grain, flax,
corn, and alfalfa are the main crops. Grasses and leg-
umes in the crop rotation supply organic matter. Good
use of crop residue is necessary for control of erosion.
The amount of crop residue; however, is generally not
adequate for the acreage fallowed. Stripcrops or wind-
breaks and cover crops are essential. Summer fallow
should be used only for weed control, because the
amount of moisture that can be stored is limited and soil
blowing is a hazard. The soils of this unit are also suited
to pasture, hay, and trees, and to other less intensive
uses.

Capability unit 1H1s-P6

This unit consists of deep, nearly level soils of the
Belfield, Daglum, Grail, Niobell, Noonan, and Rhoades
series. All of these soils have a claypan.

Belfield, Daglum, and Niobell soils are deep over a
claypan and have high available water capacity and
moderately slow permeability. They have a silty clay
loam or loam surface layer and a clay loam, silty clay, or
silty clay loam subsoil. Noonan and Rhoades soils are
shallow over a claypan and have moderate available
water capacity and slow permeability. For all of these
soils, fertility is medium or low and the organic-matter
content is moderate. They are well drained or moder-
ately well drained.

The root zone ranges from deep to shallow. Soils that
are deep over a claypan are easily tilled, and the others
are difficult to till. The soils that are shallow over a clay-
pan are strongly alkaline and contain a large amount of
soluble salts in the lower part of the subsoil. The soils of
this unit are only slightly susceptible to erosion.

About half the acreage is cultivated. Small grain,
alfalfa, and tame grasses are best suited. Alfalfa, sweet-
clover, and tame grasses in the crop rotation supply
organic matter and improve soil structure, permeability,
and tilth. Stubble mulch tillage, stripcropping, and crop
residue management help conserve moisture and control
erosion. Deep tillage and summer fallow are beneficial.
They increase the intake of water and the leaching out
of salts. The soils of this unit are well suited to native
grasses and are poorly suited to trees.

Capability unit IHIwe-3

This unit consists of deep, nearly level, poorly drained
and very poorly drained soils of the Arveson, Stirum,
and Tiffany series. These soils are in depressions in
sandy uplands. The water table is within a depth of 3
feet during much of the growing season. The surface
layer is loam. The subsoil is fine sandy loam. Available
water capacity is low or moderate. Fertility is low or
medium, and the organic-matter content is moderate or
high. Permeability is moderately slow in the Stirum soils
and moderately rapid in the Arveson and Tiffany soils.

These soils are easily tilled when dry and are readily
permeable to roots, air, and moisture. None of the Tif-
fany soils are cultivated, because in most places they are
covered with willow and a perimeter of cottonwood trees.
They can be drained if sufficient outlets are available.
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They are highly susceptible to soil blowing. Stirum soils
are strongly alkaline and somewhat saline.

More than 75 percent of the acreage is in native
grasses or brush. If drained, these soils are suited to the
crops commonly grown, and to trees and tame grasses.
Small grain, corn, and flax are the main crops. Most
undrained areas are in grasses and are used for pasture,
and hay, or as wildlife habitat. Some are covered with
trees and shrubs. Stubble mulch tillage, cover crops,
stripcropping, and field windbreaks reduce the hazard of
soil blowing. Grasses and legumes in the crop rotation
improve tilth and supply organic matter.

Capability unit 11Iw-4

This unit consists of deep, nearly level, very poorly
drained soils of the Dimmick and Parnell series. These
soils are in depressions and are usually ponded for part
of the growing season. They have a surface layer of silty
clay loam or clay. The subsoil is silty clay. Available
water capacity is high or moderate, and permeability is
slow. Fertility is medium or high. The organic-matter
content is moderate or high.

These soils are somewhat difficult to till. They are
sticky when wet. They can be pulverized and formed
into a good seedbed within only a narrow range of mois-
ture content. The root zone is geep and is readily perme-
able to roots and slowly permeable to air and moisture.
The surface soil tends to slake, and thus is susceptible to
soil blowing, particularly if fall plowed. Ponding is the
major concern of management. In places where outlets
are available, these soils are usnally drained.

Less than 10 percent of the acreage is cultivated. If
drained, these soils are suited to the crops commonly
grown and to trees and tame grasses. Small grain and
alfalfa are the main crops. Undrained areas are most(lly
in grasses and are used for pasture and hay or as wild-
life habitat. In drier years, some of the undrained areas
are used for late-seeded barley or flax. Grass and leg-
umes in the crop rotation improve tilth and replenish the
supply of organic matter.

Capability unit IVe-2

This unit consists of deep, well-drained to excessively
drained, nearly level to undulating soils of the Flaxton,
Lihen, Livona, and Telfer series. These soils have a sur-
face layer of loamy fine sand. The underlying material
ranges from fine sand to clay. Permeability in the sub-
soil and underlying material is moderately slow for the
Flaxton and Livona soils. It is moderately rapid or
rapid throughout the profile for the Lihen and Telfer
soils. For all soils available water capacity is low to
moderate, fertility is medium or low, and the organic-
matter content is moderate or high.

These soils have a deep root zone that is readily pene-
trated by roots, air, and moisture. They are subject to
severe soil blowing in cultivated areas. They are slightly
susceptible to water erosion. )

About 835 percent of the acreage is cultivated. All
locally grown crops are suited. Small grain and alfalfa
are the main crops. Flax produces only a small amount
of residue and is easily damaged by windblown sand. A
grass-legume mixture in the crop rotation, the applica-
tion of manure, and the management of crop residue
help to replenish the supply of organic matter. A combi-
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nation of practices is required to reduce the hazard of
soil blowing. Narrow stripcrops or tree windbreaks along
with crop residue or stubble mulching are needed. Fall
plowing or summer fallow increases the hazard of soil
blowing. Tillage should be kept to the minimum needed
for weed control and seedbed preparation. Occasionally,
emergency tillage is required. The soils in this unit are
well suited to hay, pasture, and trees, and to other less
Intensive uses.

Capability unit 1Ve-3

This unit consists of deep and moderately deep, well-
drained to excessively drained, nearly levely and rolling
or sloping soils of the Banks, Flaxton, Lihen, Livona,
Parshall, Telfer, and Vebar series. These soils have a
surface layer of fine sandy loam. The subsoil is fine sandy
loam or loamy fine sand. The Livona and Flaxton soils
are clay loam at a depth of less than 40 inches. ‘The
nearly level Banks soil is fine sand or loamy sand at a
depth of 6 to 20 inches. Available water capacity ranges
from low to moderate. Permeability is moderately slow
in the subsoil and underlying material for Flaxton and
Livona soils and moderately rapid to rapid throughout
the profile for the rest.

These soils have a deep root zone and are readily
permeable to roots, air, and moisture. They are easily
tilled and are generally in good tilth. They are highly
susceptible to soil blowing in cultivated areas. All except
Banks soils are highly susceptible to water erosion.
Banks soils are only slightly susceptible.

About 85 percent of the acreage is cultivated. The
crops commonly grown are well suited. Small grain and
alfalfa are the chief crops. Flax produces only a small
amount of residue and is easily damaged by windblown
sand. A grass-legume mixture in the crop rotation, the
application of manure, and the management of crop resi-
due help to replenish the supply of organic matter. A
combination of practices is needed to control erosion.
Crop residue and stubble mulching along with stripcrop-
ping or patterned windbreak planting are needed to
reduce the hazard of soil blowing. Grassed waterways
are needed wherever water concentrates. Tillage should
be kept to the minimum needed for weed control and
seedbed preparation. Occasionally, emergency tillage is
required. Summer fallow should be used only for weed
control, because it increases the danger of erosion and
because the amount of moisture that can be stored is lim-
ited. The soils of this unit are also well suited to hay,
pasture, and trees, and to other less intensive uses.

Capability unit 1Ve—~L

This unit consists of deep, moderately deep, and shal-
low soils of the Max, Sen, Werner, and Zahl series.
These are well-drained, rolling or sloping soils on up-
lands. The surface layer is thin and of loam or silt loam
texture. The subsoil is silt loam, loam, or clay loam.
Available water capacity ranges from low to high.
Permeability is moderate and moderately slow. Fertility
is low or medium, and the organic-matter content is
moderate.

These soils have a shallow to deep root zone that is
readily permeable to roots, air, and moisture. The sur-
face layer is calcareous. The lime content makes the soil
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moderately susceptible to blowing. These soils are highly
susceptible to water erosion.

These soils are easily tilled. They are suited to culti-
vated crops if measures are taken to control erosion.
About 35 percent of the acreage is cultivated. Small
grain is the crop most commonly grown. Row crops are
poorly suited because water erosion is a hazard wherever
rows. are cultivated up and down the slope. Stubble
mulch tillage, stripcropping, contour stripcropping, and
crop residue management are used for erosion control.
Grass waterways are needed wherever water concen-
trates. Summer fallowing stores moisture, but it in-
creases the erosion hazard. Thus, it should be used only
for weed control. The soils of this unit are well suited to
pasture and hay and to wildlife habitat. They are not
well suited to trees.

Capability unit IVe-5

Only Linton-Mandan silt loams, hilly, is in this unit.
These are deep, well-drained soils on the uplands. They
have a surface layer and subsoil of silt loam. Available
water capacity is high, and permeability is moderate.
Fertility is medium to high. The organic-matter content
is moderate or high.

These soils are easily tilled and are generally in good
tilth. They have a deep root zone and are readily perme-
able to roots, air, and moisture. They are moderately sus-
ceptible to soil blowing and highly susceptible to water
erosion.

About 25 percent of the acreage is cultivated. Small
grain, alfalfa, and tame grasses are suitable crops. Row
crops are not suitable. Stubble mulch tillage, crop resi-
due management, grasses and legumes in the crop rota-
tion, and winter cover crops along with stripcrops or
tree windbreaks help control erosion and conserve mois-
ture. Grassed waterways are needed wherever water con-
centrates. Summer fallow stores moisture, but it in-
creases the erosion hazard and, therefore, should be used
only for weed control. The soils of this unit are well
suited to pasture and hay and to wildlife habitat. They
are moderately well suited to trees.

Capability unit 1Ve-6

This unit consists of deep and moderately deep, well-
drained, hilly soils of the Sen and Williams series. These
soils have a surface layer of loam or silt loam that is
more than 18 percent clay. The subsoil is loam or clay
loam. Available water capacity is moderate to high, and
permeability is moderate and moderately slow. Fertility
18 medium to high. The organic-matter content is moder-
ate.

These soils have a moderately deep or deep root zone
and are readily penetrated by roots, air, and moisture.
They are easily tilled and are generally in good tilth.
They are slightly susceptible to soil blowing and highly
susceptible to water erosion. Soil is washed from ridges
and upper slopes during periods of intense rainfall or
rapid snowmelt.
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