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HOW TO USE THIS SOIL SURVEY

HIS SOIL SURVEY contains information

that can be applied to menaging farms,
ranches, and woodﬁ)a,nds; in selecting sites for
roads, ponds, buildings, and other structures;
and in judging the suitability of tracts of land
for farming, industry, and recreation.

Liocating Soils

All the soils of Oliver County are shown on
the detailed map at the back of this publication.
This map consists of many sheets made from
aerial photographs. Each sheet is numbered to
correspond with a number on the Index to Map
Sheats.

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
helongs.

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 sym-
bol and gives the capability classification of
each. It also shows the page where each soil is
described and the page for the range site and
windbreak group 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 material can be used as an
overlay over the soil map and colered to show
soils that have the same limitation or suitability.
For example, soils that have a slight limitation

for o given use can be colored green, those with
2 moderate limitation can be colored yellow,
and those with a severe limitation can be
colored red.

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

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

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

Game managers and others can find informa-
tion about secils and wildlife in the section
“Wildlife.”

Community planners and others can read about
soil properties that affect the choice of sites for
dwellings, industrial buildings, and recreation
areas In the section ‘‘Recrestional Devel-
opment.”

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

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

Newcomers in Oliver County may be especially
interested in the section “Genersl Soil Map,”
where broad patterns of soils are described.
They may also be interested in the information
about the county given at the beginning of the
publication and in the section “General Nature
of the County.”

Cover picture: Typical landscape in the Williams-Sen asso-
ciation. Tree plantings around the farmstead and the fields
help to control the deposition of snow and to prevent damage
from wind. Stripcropping and grassed waterways are used
to control erosion. (Photograph courtesy of William Sebens,
North Dakota State Association of Soil
Districts.)
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SOIL SURVEY OF OLIVER COUNTY, NORTH DAKOTA

BY PAUL K, WEISER, SOIL CONSERVATION SERVICE
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STRUM, AND PAUL K. WEISER, SOIL CONSERVATION SERVICE

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

LIVER COUNTY is in west-central North Dakota
(fig. 1). It has a land area of 461,312 acres, or 720
gguare miles. The county extends sbout 40 miles from
enst to west and 20 miles from north to south. Its enstern
boundary is the Missouri River, Center is the county
saat and the only incorporated city. According to the
1970 census, Oliver County has 2,287 inhabitants. Most
of the population makes its living directly from agri-
culture. The mining of lignite and the generating of
electricity by coal-fired steam are of increasing imporbance
to the economy. Lignite hins potential for industrial vse
as a raw product.
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Figure 1.—Location of Oliver County in North Dakota.

Ninety-two percent of Oliver County is farmed. Most
farms are a combination of livestock, feed-grain and
cash-grain enterprises, but there are a few large ranches
and cash-grain farms.

Beel and dairy cattle are the main livestock raised.
Beef cattle are sold mainly as feeders through local
auction markets, and dairy production is marketed
mainly as whole milk for making cheese.

About half the acreage of these farms is in crops, and
half is in grass. Spring wheat is the main erop, but oats,
barley, lux, corn, alfalfs, and hay are grown extensively.
Most pasture is in native grass. Some irrigated feed
crops and sugar beets are grown on the Missonri River

bottom lands. Irrigation of the bottom lands for raising
these crops is likely to increase. Bottom lands along the
Missouri River and some north-facing steep slopes and
coulees have patches of native woods, and most of this
acreage is grazed. Increasing numbers of farmstoad and
field windbreaks have been planted since 1946,

The lowest areas of the county are the Missouri River
botton lands and terraces. On the bottom lands are the
deep, loamy Havrelon soils, and in the terraces are the
silty Mandan soils. These soils nre well suited to most
irrigated and dryland crops.

Most of the county is gently sloping or undulating to
hilly and on uplands. The uplands are cut by the main
streams and by many intermittent waterways, but therc
are a few potholes or poorly drained basins. The uplands
have thin, patchy surface deposits of glacial till, wind-
blown silt, and sand over heds of residunl material. Where
the deep or moderately deep Willinms, Temvik, Flaxton,
Sen, Morton, and Vebar soils are gently sloping or un-
dulating, they arc well suited to most erops, but where
they are sloping or rolling to hilly, they are only fairly
well suited.

The mainty steep to very steep areas ol the county
are belween the uplands and the deep valleys. In these
arens, the solls are thin and shallow and occur as narrow,
irregular bands parallel to the deeply incised streams
that finger into the uplands. The areas of stecp soils wre
mainly along the Missouri River and the lower part of
Square Butte Creek, and their fributaries, but smaller
arens are in the uplands. The soils in these arens are
mainly Cabba, Werner, Zahl, and Cohagen soils. These
soils are used for and are suited to range.

How This Survey Was Made

Soil scientists made this survey to learn what kinds of
soil are in Oliver County, where they are located, nnd how
they can be used. The soil scientists went into the county
knowing they were likely to find many soils they had
alrcady seen and perhaps some they had not. They ob-
served 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 aboul the soils.
They dug many holes to expose soil profiles. A profile is
the sequence of natural layers, or horizens, in a seil; it,
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2 ROTL SURVEY

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 profiles
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 nationwide,
uniform procedures. The soil series and the soil phase are
the eategories of soil classification most used in a local
BUTVCY.

Soils that have profiles almost alike make up a soil
series. Except for different texture in the surface layer, all
the soils of one series have major horizons that are similar
in thickness, arrangement, and other important character-
istics. Each soil series is named for o town or other
geographic feature near the place where o soil of that series
was first observed and mapped. Grail and Parshall, 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
behavier m the undisturbed landscape.

Soils of one series can differ in texture of the surface
Inyer 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. The name of
a soil phase indicates a feature that affects mansgement.
Far example, Grail silt lonm, nearly level, is one of several
phases within the Grail series.

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

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

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

A soil complex consists of areas of two or more soils, so
intricately mixed or so small in size that they cannot be
shown separately on the seil map. Each area of a complex
contains some of each of the two or more dominant soils,
and the pattern and relative proportions are about the
same in all arens. Generally, the name of a soil complex
consists of the names of the dominant soils, joined by a
hyphen. Banks~-Trembles fine sandy loams, nearly level,
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. Colvin and Regan silt loams is an
undifferentiated soil group in this county.

In most areas surveyed there are places where the soil
material is so rocky, so shallow, so severely eroded, or so
variable that it has not been classified by seil 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. Alluvial land is a land type in
this county.

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

Soil scientists observe how soils behave when used as a
growing place for native and cultivated plants, and as
material for structures, foundations for structures, or
covering for siructures. They relate this behavior to
properties of the soil. For example, they observe that
filter fields for onsite disposal of sewage fail on a given
kind of soil, and they relate this to the slow permenbility
of the soil or a high water table. They see that sireets,
road pavements, and foundations for houses are crocked
on a named kind of soil and they relate this failure to
the high shrink-swell potential of the soil material, Thus,
they use observation and knowledge of soil properties,
together with available research data, to predict limita-
tions or suitability of soils for present ond potential uses.

After data have been collecied and tested for the key,
or benchmark, soils in o survey arvea, the soil scientists set
up trial groups of soils. They test these groups by further
study and by consultation with farmers, agronomists,
engineers, and others. They then adjust the groups ac-
cording 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 behavior under current
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 Oliver County. A soil
association is o landscape that has a distinctive propor-
tional pattern of soils. It normally consists of one or more
major soils and at least one minoer soil, and it is named for
the major soils. The seils in one association may occur in
another, but in o 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 smitable for a certain
kind of land use. Such a map is a useful general guide in
managing a watershed, a wooded tract, or a wildlife area
or in planning engineering works, recreational facilities,
and 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 or-
dinarily differ in slope, depth, stoniness, drainage, and
other characteristics that affect their management.

The soil associations in this survey have been grouped
into four general kinds of landscapes for broad interpreta-
tive purposes. Each of the broad groups and their soil
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associations in each group are described in the following
pages. The terms for texture used in the titles of the
associations apply to the texture of the surface layer. For
example, in the title of association 1, the word “loamy”’
refers to the texture of the surface layer.

Soils Formed in Material Weathered from
Soft Sandstone and Shale; on Uplands

These three soil associations in the uplands are made up
of soils that are underlain by soft sandstone and shale.
Most of these soils, which are variable in depth, formed in a
waathered mantle, but in the lower areas soils that formed
in glacial till are included. Such prominent buttes as
Square Buttes and Red Butte are in this association, and
there are a few outcrops of sedimentary rock in the steeper
areas. These associations make up about 28 percent of the
county.

1. Vebar-Cohagen association

Nearly level to steep, moderately deep and shailow, well-
drained, loamy soils

This assoclation consists of sloping to very steep narrow
ridges and buttes that have long side slopes and, below
and between the ridges and buttes, nearly level to sloping
plains. The Square Buttes and Red Butte are in this
association, which 1s at higher elevations than surrounding
soil associstions. On the crests of ridges and buttes, soft
sandstone ledges are common, and in places the soils
have a surface layer that has been reworked by glaciers.
Surface glacial stones are common. In the lower areas finer
textured outcrops and patches of glacial till are common.
Most of this association 1s in the area that forms a divide
between the headwaters of streams that flow north to the
Knife River and the headwaters of streams that drain east
and south to the Missouri River.

This association makes up about 8 percent of the county.
Vebar soils make up ahout 60 percent of the association,
and Cohagen soils about 25 percent. Minor soils make up
about 15 percent. They are Tually, Parshall, Arnegard,
Williams, Sen, Zahl, Werner, and Cabba soils.

Vebar and Cohagen soils generally have slopes of more
than 8 percent. They are on upper side slopes and low
ridges. Vebar soils have a surface layer of fine sandy loam
or Joam, have a subsoil of fine sandy loam, and are under-
Iain, at o depth of 20 to 40 inches, by soft sandstone.

Cohagen soils are on tops, crests, and upper side slopes
of ridges and buttes. They have a surface layer of fine
sandy loam underlain by sandstone at a depth of less than
20 inches.

Tally soils are on lower side slopes. Parshall and
Arnegard soils are in swales and drainageways. Zahl,
Werner, and Cabba soils are on ridgetops and crests.
Williams and Sen soils are on the gentler convex slopes.

About two-thirds of this association is in native grass
used for range and pasture. The rest is used mainly for
crope. Most of the cropland is on the Vebar, Tally, Wil-
liams, and Sen soils that have slopes of less than 9 percent.
The farms are mainly grain and livestock enterprises with
emll)hasis on beef or dairy cattle. Some of the grain is fed
to livestock, and some 13 sold as cash grain. The main
concerns of management on this association are the con-
trol of soil blowing and gullying.

2. Vebar-Tally assaociation

Nearly level to hilly, moderately deep and deep, well-drained,
loamy soils

This association consists chiefly of soils formed in mate-
rial weathered in place from soft sandstone and of soils
formed in material that weathered from soft sandstone
but was locally reworked by glaciers. It is on mainly gently
sloping and undulating to sloping and rolling plains, but
there are a few nearly level areas and a few ridges and hills.
The association is at the highest clevations in the county.
Surface glacial and silicif%ed stones and boulders are
numerons on some ridges and are common over most of the
association. There are areas at lower elevations where the
soils formed in finer textured residual strata and in glacial
till. This association forms a divide between the head-
waters of tributaries of the Knife and Heart Rivers.

This sssociation makes up about 2 percent of the county.
Vebar soils make up about 40 percent of the association,
and Tally soils about 30 percent. Of the minor soils, about
10 percent is Parshall soils and 20 percent is Lefor, Co-
hagen, Arnegard, Williams, Sen, and Morton soils,

Vebar soils are on ridgetops and side slopes. They have
& surface lonyer of fine sandy loam, a subsoll of fine sandy
loam, and are underlain at a depth of 20 to 40 inches by
soft sandstone.

Tally soils occupy lower side slopes and are nearly level
to gently sloping. They have a surface layer and subsoil
of fine sandy loam or loam underlain by sandstone at a
depth of more than 40 inches.

Parshall and Arnegard soils are in swales and drainage-
ways. Cohngen soils are on top of the steeper ridges. Lefor,
Sen, Morton, and Williams soils are on gentler convex
slopes.

More than half of this association is cultivated. The rest
is mainly in native grass used for pasture and hay. The
farms are mainly feed and grain and livestock enterprises.
Some of the grain is fed to livestock, and some is sold as
cash grain. The main concern of management on this
association is controlling soil blowing. Gullying is o hazard
on long slopes of more than 3 percent.

3. Morton-Daglum-Werner associttion

Nearly level to very steep, deep to shallow, well drained and
moderately well drained, loamy soils

This association consists mainly of soils that formed in
thinly stratified, soft shale and rock on the Fort Union
Formation. It is on broad residual plains that have long,
smooth slopes. There are small areas that have a thin,
patchy mantle of glacial till. Glacial stones and boulders
are common over most of the association, and silicified
stones are common to numerous in some places. Thin
stratification of residual bods and an erratic glacial till
mantle result in a complex soil pattern in many places.
The prominent unnamed butte at the headwaters of
Otter Creek is in this association. This associntion gen-
erally drains south and west to the Missouri River,
except for a small part that drains north to the Knife
River,

This association makes up about 18 percent of the
county. Morton soils make up about 20 percent of the
association, Daglum soils 20 percent, and Werner soils 15
percent. Of the minor soils, about 10 percent iz Regent
soils and about 35 percent is Rhoades, Belfield, Amor, Sen,
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Gruil, Arnegard, Lowther, Williams, Zahl, Vebar, Co-
hagen, and Cabba soils.

Morton soils have plane and convex slopes. They have a
gurface layer of silt loam about 5 inches thick and a sub-
soil of silty clay loam. The underlying materinl is weath-
ered loamy shale or loamstone.

Dagium soils have plane or concave slopes and. are in
areas of low veliel. Typically, they have combined surface
and subsurface layers of silt loam, about 8 inches thick,
and n dense claypan subsoil, The underlying material 1s
stratified shale or alluvium.

Werner soils oceupy tops and crests of hroad ridges and
steep side slopes. In places they arve on hilltops and upper
slopes 11 arens of rolling topography. They have a surface
layer of Joam about 6 inches thick, Beneath this is cal-
coreons, loamy residual material that has been partly
altered by soil forming processes.

Regont soils are in landscape positions that ave similar
to those of Morton soils, but they formed in strata of
residual material that has a higher clay content. Rhoades,
Belfield, and Daglum soils are in the same areas as the
Regent soils, Amor nnd Sen soils have plane and convex
slopes, Grail and Arnegard soils ave in swales. Lawther
soils are in swales or in nearly level to gentle plane areas.
Williams soils are in patches within the residuad plain and
have plane or convex slopes. Zahl, Cohagen, and Cabba
soils are on hilltops and upper side slopes. Vebar and Co-
hagen soils are on lower side slopes.

More than half of this association is cultivated and used
mainly for small grains. The [arms are matnly groin snd
livestock enterprises, Some of the grnin is fed to livestock,
and somae is sold ns eagh grain, Pairy and beef cattle and
cash grain are the major sources of income, Claypan soils
restrict the choice of crops and present speecinl manage-
ment coneerns. The main concerns of management are
controlling erosion aud maintaining seil tilth and fertilicy.
On the claypan and clay solls, inercasing the water intake
rate, timely tillage, and fostering good emergence of
seadlings are also concerns of management.

Soils Formed in Glacial Till and Material
Weathered from Soft Sandstone and Shale;
on Uplands

The soils of these three associations formed in material
weathered from soft bedrock and lommy glacial till. The
glacial fill consisis of ground moraines and rolling to hilly
remnants of recessional moraines, bul interspersed with
phese are upland areas of soft bedvock. Soils that formed
in glacial il are dominant in more gently sloping arveas,
andl soils that formed in soft baedrock are dominant in the
steeper areas. Shale and rock outerops are common on
steep ridge crests. The drainage pattern consists of many
intermitient streams that are deeply entrenched in some
places. These associations make up about 36 percent of
the county.

4. Williams-Sen association

Nearly level to hally, deep and moderately deep, well-drained,
loamy soils

"IT'his association consists of soils on residual plains that
have a thin, patchy smface montle of glacial till. Glaciul
till mantles the broad, undulating plains. It is thinner
where slopes are steepsr, and the drainage patiern is
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woll defined. Much of the till mantle is less than 4 feet
thick (fig. 2). Most of this association has slopes of 4 to
8 percent. Tt is drained by streams that are tributaries of
both the I{nife River and the Missouri River.

Phis. association makes up sbout 17 percent of the
county. Williams soils make up about 45 percent of the
agsociation and Sen soils about 20 percent. The minor
soils make up about 35 percent. They are Werner, Cabba,
Arncgard, Grail, Morton, Sirnw, Regent, Daglum, and.
Rhoades soils.

Williams soils have convex and plane slopes and are on
broacd, undulating plains. They have n surface layer of
loam or silt loam about 7 inches thick and a subsoil of
clay loam. Al or part of the underlying material, to n
depth of & feet, is clay loam glacial till.

Sen soils have longer plane and convex slopes than
Williams soils. They have a surface layer and subscil of
loam or silt loam. The surfuce Inyer Is about 6 inches

Figure 2.—Profile of Williams loam, one of the major soils in the
Williams-Sen association, At the top is 3 feet of glacial till and
below this is an 8-inch layer of lignite underlain by loamy re-
sidunm weathered from shale.
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thick. The underlying material is weathered loamy shale
or loamstone.

Morton soils are in positions similar to those of Sen
soils, but they formed in strata of residual material that
has a higher clay content. Werner and Cabbn soils are on
hillbops and steep side slopes. Arnegard and Grail soils
are in swales and drainageways, Straw soils are on low
creel terraces. Regent soils are in positions similar to
those of Sen and Morton soils, but they formed in strata
of clayey residual material, Daglum and Rhoades soils
ere on concave or plane slopes and formed in strata that
have o high sodinm content.

Nemly two-thirds of this association is cultivated. The
rest is mainly in native grass used for pasture or hay, The
small grains grown are mainly wheat and oats. The farms
are grain and livestock enterprises. Some of the grain is
fed to livestock, and some is sold as cash grain. The main
conceln. of meanegement is controlling water ernsion on
slopes of more then 3 percent. Maintaining soil tilth and
fertility and controlling soil blowing are also concerns.

&, Cabba-Werner-Williams association

Nearly level to very steep, shatlow and deep, well-drained,
loamy soils

This association consists chiefly of shallow soils on
steep and very steep ridges, hills, and valley side slopes
and deep soils on the intervening undulating plains. Slinle
and outcrops arc common on ridge crests, The shallow
soils are mainly steep and very steep. Within the undulat-
ing plains are areas of nearly level ground moraine and
rolling to hifly remnants of recessional mornines. Nearly
90 percent of this association is in the watershed of Square
Butte Creek.

This assecintion makes np about 12 percent of the
county. Cabba soils make up about 25 percent of the
association, Werner soils 15 percent, and Willimms soils
15 percent. Minor soils make up about 45 percent. They
are Sen, Zahl, Siraw, Cohagen, Vebar, Amegard, Grail;
Temvik, Daglum, and Rhoades soils.

Cabba soils arve on the tops of ridges and hills and on
valley side slopes. They, typically, have a surface layer of
silt loam about 6 inches thick, Beneath this is calenreous,
loamy residual material partly altered by soil-forming
processes. The underlying material, at a depth between 10
and 20 inches, is beds of soft shale.

Werner soils occupy the tops and crests of broad ridgoes
and steep side slopes. In places they are on hilltops and
upper slopes in areas of rolling topography. They have o
profile similar to that of the Cabba soils, but the surface
layer is darker in color.

Williams =0ils have convex slopes. They are on low
gwells and on nearly level plane slopes and side slopes of
ridges within the undulating plains. They have a surface
layer of loat or silt lowm about 7 inches thick and « subsoil
and iderlying material of elay loam.

Zahl soils are on hilltops on broad plains and on the
crests of steep slopes at the head of incised drainageways.
Sen soils are in positions similar to thoese of Willinms
soilg, but they are in areas whare there is no glacial mantle.
Arnegard and Grail soils are in swales and dralnageways.
Cohagen and Vebar soils ave on the tops and side slopes of
high ridges and buttes and, in places, on very steep valley
side slopes. Temvik soils occupy nearly level areas on till
plaing that hove a loess mantle more than 20 inches thick,

Daglum nnd Rhoades soils are on concave or plane slopes
and formed in strata that are high in sodium. Straw soils
oceupy low terraces and the bottom lands along streams
(fig. 3}.

Nearly three-fourths ol this associalion is in native
grass used mainly for range. The rest iz cultivated and
used mainly for feed grains, alfalfa, and corn. There are
patchies of native woods and brush along creeks and in
coulees. Most wooded areas are grazed but have sonme
wildlife use. The main soils used for crops are Willinms,
Sen, Straw, Arnegard, Grail, and Vebar soils. Most farms
are grain and livestock enterprises. Some of the grain is
fed to livestock, and some is sold as cash grain. There
are several large ranches in this association, and the major
source of income is beef cattle. The main concern of man-
agement is controlling crosion. The most serions erosion is
gullying, which oceurs mainly on long slopes in sloping
to very steep areas. In areas of range, gullying i3 mainly
in cattle trails. This aussociation is & source ol scorin for
road surfacing.

6. Cabba-Zahl association

Hilly to very steep, shallow and deep, well-drained, loamy
soils

This association consists mainly of soils that formed in
residunl material weathered from soft stone and shale. It
is mainly on the side slopes of deeply eut, short drainage-
ways that are tributaries of the Missouri River. This
area 1s commonty called the Missouri River breaks. There
are remnants of glacial till and surface deposits of loess
on broad hilltops and deposits of loess on the narrow,
digsected terrace along the Missouri River.

This association makes up about 7 percent of the county.
Cabba soils make up about 40 percent of the association,
and Zahl soils, about 20 percent. Of the minor soils,
about 15 percent is Werner soils and 25 percent is Williams,
Temvik, Arnegard, Straw, Rhoades, and Daglun soils
and Strongly saline land.

Cabha soils are on very steep middle and lower slopes
along dralnageways. In areas of these soils on ridge crests
near Fort Clark, are numerous shale and rock outcrops.
Typically, these soils have a surface layer of silt loam about
6 Inches thick, Benenth this is calcarcous, loamy residual
material that has been partly altered by sol-forming
Processes.

Zahl soils are on crests and upper side slopes that slant
downward to drainageways below the till plain. They
have a surface layer of loam about 6 inches thick. Beneath
this is ealeareons, clay loam glacial Gl that has been rela-
tively unaltered by soil-forming processes.

Werner soils ocenpy middle and lower side slopes down-
slope from avens of Zahl soils. They are in positions
similar to those of Cabba soils, but have a darker colored
aurface layer than Cabba soils. Temvik and Williams
soils are on isolated or connected narrow segments of the
high till plain that has a thin mantle of loess. Arnegard
soils are in swales and drainageways. Straw soils and
Strongly saline land are along low stream ferraces.
Rhoades and Daglum soils have concave or plane slopes
and arve in areas downslope from Cabba and Werner soils.

More than four-fifths of this association is in native
erass used mainly for range. Some patches in coulees
and creek bottoms and on undulating uplands are used
for growing hay. About one-fifth is cultivated. The main
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Figure 3.—Area of the Cabba-Werner-Williams association in the valley of Sguare Butte Creek. On the side slepes of the valley are
Cabba and Werner seoils, which are in range, and on the low terraces and bottom lands are Straw soils, which are cultivated.

cultivated soils are Straw, Williams, and Temvik soils.
Most of the creeck bottems and north-facing slopes have
patches of native trees and shrubs. Most wooded areas
are grazed but still have some wildlife value. The farms
are mainly grain and livestock enterprises. Some of the
grain is fed to hivestock, and some is sold as cash grain.
This association furnishes most of the pasture for farms
in the area. There are several Inrge ranches in this asso-
ciation, and the main source of income is heef cattle, The
main concerns of management are confrolling erosion and
maintaining fertility. Overgrazing and poor grazing dis-
tribution cause erosion in the steep areas. Gullying is
mainly in cattle trails and creek channels.

Soils Formed in Glacial Till; on Uplands

These three soil associations are mainly on glacial till
plains in the northern hall of the county. Most arcas are
on nearly level to hilly ground moraines, but some con-
tain discontinuons, hilly, recessional moraines. On some
of the soills are thin, windblown surface deposits of fine
sandy loam, and in the northwestern port of the county,
the soils have a thin silty mantle. These associations make
up about 29 percent of the county.

7. Flaxton-Williams-Livona association
Nearly level to hilly, deep, well-drained, loamy soils

This soil association consists of glacial till plains where
a thin, paichy layer of light loam or fine sandy loam has
been deposited on the surface. The windblown surface
deposits are derived from IKnife River outwash lying to
the north, in Mercer County. The resulting soil pattern
is complex. All or part of the subsoil and the underlying

material formed in clay loam glacial till, In o few small
areas the surface lnyer is loamy fine sand. Most of this
agsociation has undulating slopes. Nearly all of this
nssociation is drained by tributaries of the Knife River.

This association mauakes up about 14 percent of the
county. Flaxton soils make up about 30 percent of the
association, Williams solls 25 percent, and Livona soils
20 percent. Minor soils make up about 25 percent. The
are mainly Parshall, Arnegard, Lihen, Straw, Zahl,
Wearner, and Cabba soils.

Flaxton soils are on concave or lower side slopes, They
have a surface layer of fine sandy loam or light loam.
The upper part of the subscil is fine sandy loam, and the
lower part of the subsoil and the underlying maierial are
clay loam, The fine sandy loam extends to o depth of 20
to 40 inches.

Williams soils have convex slopes. They have o surface
layer of loam or fine sandy loam, less than 10 inches
thick, and a subsoil and underlying material of clay loam.

Livona soils are on the upper side slopes. They hove a
surface Iayer of fine sandy loam or light loam. The upper
part of the subseil is fine sandy loam as much as 20
inches thick, and the lower part of the subsoil and the
underlying material are clay loam.

Parshall and Arnegard soils are in swales and drainage-
ways. Lihen, Straw, Zahl, Werner, and Cobbsa soils are
mainly along stream valleys. Lihen soils are on high
terraces; Straw soils are on low terraces; Zahl, Werner,
and Cabba soils are on valley side slopes.

Nearly twe-thirds of this association is cultivated, and
the main crops are small grains, corn, and alfalfa, The
rest iz mainly used for native pasture and hay, but a
considerable area is used for tame grass pasture and hay.
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The farms sre mainly grain and livestock enterprises.
Some of the grain is fed to livestock, and some is sold
as cesh grain. Some farms grow only cash grain. The
main concern of management is soil blowing. Gullying is
a concern in areas that have long slopes of more than 3
percent. The use of single-row {ree windbreuks to proteet
cultivated fields is a popular practice.

8. Temvik-Williams association
Nearly level o hally, deep, well-drasned, silty and loamy soils

This association consists of glacial till plains that are
covered with s thin mantle of loess derived from materials
on the Missouri River flood plains. The loess is thickest at
the edge of the Missouri River breaks and is progressively
thinner to the south. The smaller areas of tlus association
are on tablelands surrounded by deeply incised creeks that
flow north to the Missouri River. Most arcas have slopes
ol more than 3 percent, but some areas have nearly level
to undulating slopes. Much of the associations hus a com-

lex soil pattern. All or part of the subsoil and the under-
Fying material formed in clay loam glacial till. All of the
{ﬁssocin.tion is drained by short tributaries of the Missouri
1VEr.

This association makes up about 7 percent of the county.
Temvik soils make up about 50 pereent of the association
and Williams soils ahout 25 percent. Minor soils make up
ahout 25 percent. They arve mainly Grassna, Arnegnrd,
Linton, Mandan, Tonka, Parnell, and Zahl soils.

Temvik soils are nearly level to hilly. They have a su-
face layer of silt loam. The upper part of the subsoil is
gilt Joam 20 to 40 inches thick, and the lower part of the
subsoil und the underlying material are clay loam,

Williams soils have convex slopes. They have a surface
Inyer of silt Joam or loam, about 7 inches thick, and a
sibsoil and underlying material of clay loam.

Grassna and Arnegard soils are in extreme concave
positions, Linton soils have convex slopes, and Mandan
soils are in coneave positions, Both soils ocenr mainly
within 2 miles of the Missouri River breaks. Tonka and
Parnell soils oceupy the poorly drained and very poorly
drained potholes. Zahl soils are on hilltops and steep-
sidod drainageways.

Nearly three-fourths of this association is cultivated,
and the main crop is small grains, The rest is mainly na-
tive grass used for pasture and hay. The farms are about
evenly divided between cash grain enterprises sand grain
and livestock enterprises. Some of the grain is fed to live-
stock, and the rest is sold as cash grain. The proportion of
income derived from cash grain is greater than for any
other soil associntion. The main concerns of manasgement
are maintaining tilth and lertility and controlling erosion.

5. Williams-Zahl association
Nearly level to steep, deep, well-drained, loamy soils

This association consists of glacial till plains where there
has been little surface deposition of windblown silt or
sand. Areas of the broad, undulating to rolling plains have
some nearly level ground moraines and discontinnous,
hilly recessional moraines. The glacial till is more than 4
feet thick in most places, but the wind-laid surface de-
posits are patchy and thin, except in a few places. The
association is dissected by many drainageways and inter-
mittent strenms. Except for one small area, it is drained
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by the short tributaries of Square Butte Creek and the
Missouri River.

This association makes up about 8 percent of the county,
Williams soils make up about 50 percent of the association
and Zahl soils 15 percent. Of the minor soils about 10
percent is Temnvik soils and about 25 percent is Arnegard,
Grail, Tonka, Parnell, Sen, Werner, and Cabba soils,

Williams soils have convex slopes. They are on low
swells, nearly level plane slopes, and side slopes of ridges
and hills. They have a surface layer of loam or silt loam
about 7 inches thick and a subsoil and underlying material
of clay lomm.

Zahl soils oceupy the tops of knobs, hills, and ridges,
and steep side slopes of drainageways. They have a surtace
layer of loam about 6 inches thick, underlain by calearsous
clay loam glacial till that is relatively unaltered by soil-
forming processes.

Temvik soils are nearly level and are in areas whors the
loess mantle is move than 20 inches thick. Arnegard and
Grail soils are in swales and drainageways. Tonka and
Parnell soils are in potholes. Sen soils are on positions
similar to those of Williams soils but in arcas where the
glacial till mantle is very thin or lacking. Werner and
Cabba soils are on hills, ridgetops, and stecp side slopes
of drainageways where there 1s no glacial till.

About half of this association is cultivated, and the
rest is mainly in native grass used for hay and pasture.
Most farms are grain and lvestock enterprises. Some
of the grain is fed to livestock, and some is sold as cash
grain. Income [from feed grain and livestock is greater
than that from cash grain. The main concerns of manage-
ment are controlling crosion and maintaining soil tilth
and fertility.

Soils of Bottom Lands and Terraces

The soils of these two associations are nearly level to
undulating, deep, and loamy to clayey. They formed in
materials deposited by wind and water. The wind-
deposited material contains o high proportion of silt and
very fine sand. This material was blown mainly from the
Missouri River flood plain and occupies torraces adjacent
to the river. The water-laid material on the bottom lands
is stratified and in some areas is {looded for o short period
every year. These associations are adjacent to the Missouri
River. They make up about 7 percent of the county.

10. Mandun-Temvik association
Nearly level 1o gently sloping, deep, well-drained, silty soils

This soil association consists of loess-covered, inter-
mediate and high terraces along the Missouri River.
Most arcas are nearly level, but the fans and foot slopes
on the outer terrace edge and the side slopes along drain-
ageways dissecting the terrace are mainly gently sloping.
Wind-lald silt derived from the Missouri River flood
plain forms a mantle that covers the stratified, stream-
laid material.

This association makes up about 3 percent of the county.
Mandan soils make up about 40 percent of the association,
and Temvik soils 25 percent. Of the minor seils, about
15 percent is Grassna soils and 20 pereent is Arnegard,
Grail, Straw, and Wabek soils.

Mandan soils mainly have plane, nearly level slopes
and are in areas where the loess mantle is thickest. They
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are stlt loam to a depth of 40 to more than 60 inches.
They have a surface layer about 17 inches thick. The
underlying maierinl, helow a depth of 40 inches, ranges
from sand and gravel to silty clay loam,

Temvik soils occupy areas where the loess is thinnest,

which are the high areas of slightly convex slopes and the
plane slopes. The surface lnyer and upper part of the
subsoil combined are silt loam 20 to 40 mnches thick. The
lower part of the subsoil and the underlying material
are stratified loam to silty clay loam.
" Grassna soils are on fans and foot slopes at the outer
terrace edge, and in swales. They formed in loess derived
from material that was washed downslope. Arnegard and
(3rail soils are in similar positions, and they also formed
in materials that were washed downslope. Arnegard soils
have more sand and Grail soils more clay below the sur-
face layer than Grassna soils. Straw soils are on low
terraces along creeks that dissect the Missouri River
terrace. Wabek soils are on the crests and sides of the
steep terrace edge that is adjacent to the Missouri bottom
lands.

Abont two-thirds of this association is cultivated; about
one-sixth is in tame grass; and one-sixth is in native grass.
The grass 1s used mamly for pasture. Most of the associa-
tion has o high potential for rrigated erops—alfalfa, corn,
field beans, and sugar beets—but very little is cmirently
irrigated. The Tarms are mainly beef ranches and include
part of other soil associations in their acreage. This asso-
ciation furnishes much of the feed grain and alfalfa needed
for livestock, Some wheal is grown. The main concerns of
management are maintaining soil tilth and fertility, This
associnfion is a good source of sand and gravel that is
good for road surfacing and fair for use in conerete.

11. Havrelon-Lohler-Lallie assacialion

Nearly level to wundulating, deep, well-drained to very poorly
drained, loamy to clayey soils

This association consists of soils formed in calcareous,
recent alluvium that has had little time for soil formation.
Tt is on the former flood plain of the Missouri River. The
river has not flooded bottom [ands since closure of the
upstream Garrison Dam in 1952. The bottom lands were
heavily wooded, but much of the acreage is now cleared
and cultivated. This association is ol the lowest elevations
of the county. The alluvium has o wide range of textural
stratification and some thin color stratification. Most of
the nssociation is nearly level to slightly undulating.

This association makes up about 4 percent of the county.
Havrelon goils make up about 50 pereent of the association,
Lohler soil 10 percent, and Lallie soils 10 percent. Minor
soils make up about 30 percent. They are Trembles and
Banks soils and Riverwash and Alluvial land.

Havrelon soils generally are nenrly level and are midway
between the river channel and the terrace. They have a
surface layer of fine sandy loam to silty cloy about 7
inches thick. Beneath the surface layer is texturally
stratified material that averages loam,

The Lohler zoil is nearly level and is near the terrace or
the outer edge of the bottom lands. Lallie scils are in
depressions and blocked channels at the outer edge orin
wide deep channels that cross the bottom lands. Both
Lohler and Lallie sotls have a surface layer of silty clay
about 8inches thick. Beneath the surface layer is texturally
stratified material that averages silty clay.

Trembles soils are mainly slightly undulating and ave
nenr the middle and edge of the bottom lands closest to
the river. Banks soils are neatly level or undulating and
are on inner bottom lands or duned topography. Alluvial
land occupies drainageways close to the river chanmnel,
low bottom lands next to the river, and some islands within
the channel. Riverwash consists of sandbars ocourring as
islands in the channel or peninsulas connected to the
bhottom lands,

More than half of this association is cultivated, and
about 15 percent is irrigated. Alfalfa and corn radsed for
feed are the main irrigated crops. Some sugar bects are
raised, This association has good potential for more irriga-
tion development. Much of it is in mixed trees, brush,
and grass used mainly for grazing. Wooded areas are being
steadily cleared for cultivation. Most farms include part
of other soil associations in their acreage. They are mainly
beef ranches or beef and cash grain forms. This associntion
furnishes much of the feed grain, corn, and alfalfa needed
for beel production. The mmn concerns of management
are maintaining and improving soil fertility and tilth.
Removal of the silt load and extreme variations in water
digeharge from Garrison Dam have caused serious stream-
bank erosion on the Missouri River. Extensive control
measures are used to minimize this hazard on Banks,
Trembles, and Havrelon soils.

Descriptions of the Soils

This section describes the soil series and mapping units
in Oliver County. Lach soil series 1s described in detail,
and then each mapping unit in that series is described
briefly. Unless it is specifically mentioned otherwise, it is
to be assumed that what is stated about the soil series
holds frue for the mapping units in that series. Thus, to
get full information about any one mapping unit, it is
necessary to read both the description of the mapping
unit and the description of the soll series to which it
belongs,

An important part of the deseription of each soil series
is the so1l profile, that is, the sequence of layers from the
surface downward to rock or other underlying material,
Each series contains two deseriptions of tlns profile. The
first is brief and in terms familiar to the layman. The
second is much more detailed and is for those who need
to make thorough and precise studies of soils. The profile
described in the series is representative for mapping units
in that series, If the profile of a given mapping unit is
different from the one described for the series, these
differences are stated in deseribing the mapping unit, or
they are differences that are apparent in the name of the
mapping unit. Color terms are for dry soil unless otherwise
stated.

As mentioned in the section “How This Survey Was
Made,” not all mapping units are members of o s0il series.
Mine dumps, for example, do not helong to a soil series,
but nevertheless are listed in alphabetic order along with
the soil serles. ‘

The names of some soils are unlike those appearing on
recently published surveys in adjacent counties. This is
due to change in concepts of soil series in the application
of the soil classification system.
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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 descrip-
tion. of & wmapping unit is the capability unit, range site,
and windbreak gronp in which the mapping unit has been
pluced. The page for the description of each capability
unit, range site, and windbreak group can be learncd by
referring 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, aud more
detailed infermation about the terminology and methods
of soil mapping can be obtained from the Soil Survey
Manual (4).!

Alluvial Land

Alluvial land (0 to 4 percent slopes) (Aa) consists of
stratified sediments recently deposited by the Missouri
River. The soils vary widely in textnre but are mostly
conrse textured and moderately coarse textured. They
are subject to change through periodic overflow of the
river. Because deposits are recent, there i1s little soil
development. The slopes are nemly level to gently
undulating. This land type is on drainagewnys in loamy
and sandy bottom lands close to the river channel, on
low bottom lands next to the river, and on islands in the
channel. It is flooded when the river is high and is poorly
drained to somewhat poorly drained when the river 1s
low. A high water table is present above o depth of 5 feet
most of the time. Available water capacity is low fo
moderate, and organic-matter confent and fertility are
low,

Nutive vegetation congists of & thin to moderate stand
of erasses and sedges and thick brush, The brush is
muinly sandbar willow and cottonwood. This land type
is used for wildlife and grazing. Management that pro-
vides a protective plant cover is needed. (Capability
unit, Vw-Ov; Overllow range site; windbrenk group 10)

Amor Series

The Amor series consists of moderately deep, nearly
level to hilly, well-drained, loamy goils on residunl plains
of the uplands.

In a representative profile the surface layer 1s very
dack grayish-brown loam about 7 inches thick. The
subsoil is mainly brown, friable heavy loam about 10
mmches thick, but the lower 3 inches 13 calcareous and
grayer in color. Below the subsoil is light-gray, caleareous
Toam that extends to a depth of about 35 inches. Below
this is stratified, soft, massive, fine-grained sandstone
and loamstone.

Amor soils are moderate in organic-matber content,
fertility, available water capacity, and permeability.
Soft bedrock moderately hinders the rooting of deep-
rooted crops. Most aress are cnltivated and used mainly
for small grains, These svils aye suited to small grains,
grass, legumes, and, where slopes are less than 6 percent,
corn,

Representative profile of Amor leam in an area of Sen
and Amor losms, gently sloping, in native pasture, 35

1Ttulic numbers in parentheses refer to Literature Cited, 3. 119,

feet west and 950 feet north of the sontheast corner of
goc. 28, T, 142 N, R, 84 'W.

Al—0 to 7 inches, very dark grayish-brown (10YR 3/2) ioam,
very dark brown (10YR 2/2) moist; weak, mediam
and fine, subangular bloeky struciure separaiing fo
weak, fine and medinm, cerumlb structure; slightly
hard, very friable; many roots; many fine pores;
neutbral; clear, wavy boundary.

B2—7 to 14 inches, brown (10YR 5/3) hecavy loam, dark
hrown (J0YR 3/3) moist; patchy conbings of very
darlk grayish brown (10YR 3/2, moist) on horizontal
faces of peds; weak, coarse, prismatic structure and
moderate, medium, subangular blocky structure;
hard, friable; coramon roots ; many fine pores; neutral;
gradual, wavy boundary.

B3-—14 to 17 inches, grayish-brown (2.5Y 5/2} heavy loam,
dark grayish brown (2,5 Y 4/2) inoist ;weal, coarse, pris-
malic stracturs and weak, medium, subangular hiocky
structure; hard, friable; commaon roots; common fine
pores; slightly effervescent; mildly alkaline; gradual,
wavy houndary.

Clea—17 to 35 inches, light-gray {2.3Y 7/2} loam, grayish
brown {2.5Y 5/2) moist; weak, coarse and medium,
subangular blocky structure; hard, friable; few roots;
common fines pores; violently effervescent; some lime
segrogated on faees of peds; moderately alkaline;
gradusal, wavy boundary.

C2—35 to 60 inches, light-gray (2.6Y 7/2) stratified, soft,
fine-grained sandstone and soft losmstone, grayish
brown (2.6Y 5/2) moist; massive and weak, thick
platy structure; hard, friable; strongly effervescent;
moderately alkaline,

The A horizon has a eolor value of 3 to 4 when dry and 2 40 3
when maoist. The B horizon is loam or ¢lay loam. It has a clay
content of 18 to 30 percent and a content of fine and coarser
sand of less than 50 percent, The B2 and B3 horizons have &
hue of 2.5Y or 10YR, value of 4 or 5 when dry and 3 or 4
when moist, and chiroma of 2 or 3. Structure of the B2 horizon
is wenk or moderate, prismatic and bloclky. The B3 horizon is
slightly effervescent in most plages. The Cea horizon is loam
or light elay loamn, and typisaily is more than 10 pereent lime,
The underlying beds are highly weathered, soft, fine-grained
sandstone and loam and clay loam shales. Depth to carbonates
ranges from 10 to 24 inches,

Amor soils are asscciated with 8en, Morton, and Vebar sails.
Amor soils have mare sand and less silt than Sen and Morten
s0ils and less sand than Vebar soils.

The Amor soils in this survey are mapped only in undiffer-
entinfed groups with Sen soils.

Arnegard Series

The Arnegord series consists of deep, well-drained,
lowmy soils that formed in materials washed downslope.
These soils are in upland swales, on valley fans, and on
Toot slopes. They have slopes of 0 to 9 percent. They are
muinly m small tracis and are well distributed thronghout
the county. ‘

In & representative profile the surface layer is very
dark grayish-brown loam about 18 inches thick. The
subsoil extends to o depth of about 40 inches and consists
of friable loam. Tt i3 very dark grayish brown fo a depth
of sbout 32 inches and dark grayish brown below that
depth. The underlying material is grayish-brown, light
ciay loam.

Arnegard soils are high in organic-matfer content,
fertility, and available water capacity. Permeability is
moderate.

Because these soils receive rimoff from surrounding
solls, extra moisture is available to erops, These soils are
used for crops, except in small tracts that are associated
with soils that are suited only to grass, Native trees and
shrubs grow in some swales and on some north-facing
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TaBLE 1.—Approximate acreage and proportionate extent of the soils
Hoil Acres | Percent Soil Acres | Percent

Allnviad and .o~ oo 730 0.2 | Mine Qumps. - oo e _ 338 0.1
Arnegard loam, nearly fevel.__ . . ____ 9, 705 2.1 § Morton silt loam, nearly level . __________ 819 .2
Arnegard loam, gently sloping_ . ________ 10, 9402 2.4 | Morton silt loaan, gently sloping .. _.__ .| 9,783 2.1
Armnegard loam, stoping.. ... .. .. 834 .2 || Morton silt loam, sloping .. .______.. .-| G, 047 1.3
Banks fine sand, relling_ . _________ I 235 O] Morton silt doar, hilly____________ _______ . 335 1
Banks soils, gently undulating_ . .- _._ - 557 .1 || Morton-Daglum silt loams, nearly level . _ . __ 617 .1
Banlks-Trembles fine sandy loams, nearly levelo 763 .2 I Morton-Daglum silf loams, gently slaping. . ___ 4, 2h3 9
Banks-Trembles fine sandy lonms, undulating. _ 327 .1 || Morton-Daglum silt doams, sloping_ .. ________ 1, 846 L4
Belfield-Daglum ailt loams, nearly level - ... 5, (045 1.1 | Morton and Sen stony loams, sloping____.____ 817 .1
Belfield-Daglum silt loams, gently sloping_____ 3, 622 .8 || Noenan-Flaxton soils, undualating . ______._ 651 .1
Belfield-Daglum silty elay loams, nearly level-_| 1,910 4 ) Parnell silt loam___ . _______ . 644, L1
Belfield-Daginm siliy clay loams, gently sloping_| 1, 227 .3 |} Parshall fine sandy loam, nearly level - .. __ 4, 293 .9
Belfield-Morton silt loams, nearly level o ___ 619 .1 || Parshall Lo, nearly level o oo ... 1, 129 .2
Belficld-Morton silt loams, gently sloping_ . __ 2,114 .5 || Parshinll toam, gently sloping. . . .. ____. 1, 205 .3
Belficlkd-Morton silt leams, sloping. .o ____ G675 .1 )| Parshall-Tally fine sandy loams, sloping. .- 547 .1
Belfield-Straw loams, nearly level .. ._____.__ 1, 097 L2 | Regan silb loam o oo .- 502 it
Cabba-Shale ouferop eotplex, very steep.__- .- 3, 287 L7 || Regent silty clay loam, nearly level .. ____ 251 .1
Cabha-Wearnav complex, steep_o oo~ 17,721 3. 8 || Regent silty clay loam, gently sloping_ ... ____. 3, 461 .8
Cabba-Werner complex, very steep_ _____ ... 37, 250 8 1 i Regent silty clay loam, sloping. . _.__. .- 1, 805 L4
Cobhagen-Sandstone outerap, very steep__---_.| 1,985 .4 || Regent-Daglnm silty clay loams, nearly level__| 1, 862 4
Cohagen-Vebar fine sandy loams, steep. - _-| 13, 060 2,8 || Regent-Daglum silty clay loans, gently sloping.] 5, 740 1.2
Colvin and Regan silt loams_ oo .--- THE . 2 1 Regent-Daglum silty clay loams, sloping. o _ .. 1, 265 .3
Dimmick silby ely . o oo 363 .1 || Rhoades-Daglum complex, gently sloping-. .. __ 10, 724 2.3
TFarland silf lonm, nearly level oo .o .. 1, 259 .3 | Ringling gravelly Ioam, very steep.. - .o ____. 557 .1
Farland silt loam, gently slopitng- - oo --oo—- .- 284 L) Riverwash ... 1, 489 .3
Flaxton Inamy fine sand, undulating__________ 215 (1) Savage silty clay loam, nearly level_____ . ___ 501 .1
Flaxton-Livons fine sandy loams, nearly level__| 3, 530 . 8 || Sen-Werner lowms, stoping . ____________ -l 2,080 vy
Flaxton-Livons fine sandy loams, undulating___| 6, 265 1 4 || Sen and Amor loams, nearly levelo - . __ ... __ 349 .1
Flaxton-Livona fine sandy looms, rolling. o ____ 961 .2 || Ben and Amor loams, gently sloping. - _____ 7, 145 1.6
Flaxton-Williams loams, nearly level__ ________ 2,934 .6 || Sen and Amor loams, sloping__ -~ __._______ 10, 857 2,3
TMaxton-Williams loams, undulating_ . _____.__ 7, 266 1.6 || Ben and Amor loums, hilly. . ______.___ _..__ 1, 293 .3
Flaxton-Williams soils, undwlasing.__ .- ____ _- 11,104 2,4 | Stady loam, nearly level ____________.. ____ 1, 819 L4
Flaxton-Williams soils, rolling. ... - ____ 5, 414 1.2 || Stady-Lehr loams, gently sloping_ .. __ ... ___ 1, 355 .3
Flaxton-Willinms soils, hilly .o _.______ 1,207 .3 || Stady-Tehr loams, sloping. . ____.______. 335 1
Grail sil} lonm, nearly level oo _______.____ .| 4, A37 L O |t Straw loam, nearly Yovel .. _______._____ .. 7, 985 1.7
Grail silt loam, gently sloping___ .. _____ 3,051 L7 Beraw loam, channeled ... _____.__.__ 5, 828 1.3
Gradl silty clay loam, nearly level . .- I 1, 564 .3 || Strongly ealine lamd_ ... ... 2, 517 .6
Ciradl silty elay loam, gently sloping__ . _____ 1, 598 -3 || Tally-Parshall fine sandy loams, gently sloping_| 1, 232 .3
Grail silty elay loam, sloping.. ... .__ 245 (M Tally-Vebar fine sundy loams, nearly level . _ __ 319 .1
Grassna stlt loam, nearly level .. ____ 2,723 .6 |l Telfer-Lihen loamy finc sands, sveep_ - .. .. 192 (1)
Grussna silt loam, gently sloping_ ... ... - 1, 366 .3 || Temvilk silt loam, nearly Jevel. ... _____ 4, 306 .9
Gravel pits. . . mieee S 113 Q) Temvilk-Williams silt loams, undilating_ ..~ __ 18, GG4 4.0
Harriet complexo . u oo _ 2,731 .6 | Temvik-Williams sitt loams, rolling__ . _____.__ 5,120 1.1
Havrelon loam . _ .o oo 3, 743 .8 || Temvik-Williams silt loams, hilly o .________ 254 .1
Havrelon silty elay loam . .. . ___ 4, 266 .9 )| Tonlkn and Parnell silt loams . ___________.__. 847 .2
Huvrelon silty elay o o oo oo oo 1,282 .3 It Vebar fine sandy loam, slopiog. ... ______ 11, 008 2. 4
Havrelon-Trembles fine sandy loams_o_ .. _____ 1, 109 .2 || Vebar stony fine sandy loan, hilly. _._________ 404 .1
Meil silty elay o L . 315 .1 | Vebar-Cohagen fine sandy loams, hilly________ 4, 7hH4 1.0
Lallie silby elay . o oo 1, 201 .3 ) Vebar-Tally fine sandy loams, gently sleping__ .| 7, 333 1.6
Lillie silty clay, very wet. . __ 442 . 1| Vebar-Tally loams, undulating______.________ 2, 058 .4
Lawther silty clay, nearly level oo _ . ____ . 423 .1 1] Vebar-Tally loams, velling______ . ________.___ 1, 057 .2
Lawther silty clay, gently sloping. ... __ 744 .2 | Velvo-Straw fine sandy loams_ .. ______ . 430 .1
Lefor fine sandy loam, gently sloping. . ______ 450 | Wabelk gravelly loam, steep._ ... ______ 1, 657 4
Lihen loamy fine sand, nearly level o ________ - 280 .1 | Williams loarn, nearly Tevel____ . __________ 4, 057 .9
Lihen fine sandy loam, nearly level o .o o ___._ 979 .2 || Willinms loam, undulating _ . ____ __________ 36, 914 80
Linton silt loam, sloping-. . oo ___._ 481 .1 Williams loam, rolling . . . ___ 29, 481 8, 4
Linton-Mandan silt loams, gently sloping .. __ 1, 558 .3 || Williams stony loatn, rolling. .. _______ ____ 208 )
Tohler silby elay . o oo 1,722 .4 || Williame-Flaxton loams, rolling. _ _ ___________ 2, 103 .5
Mandan silt loam, nearly level oo __ . ... __ 3, 085 .9 | Willlams-Zahl loams, hilly_______ . ____.____ G, 000 1,3
Mandan silt loam, gently sloping. - _____. 247 L2 1 Zahl-Willinans oams, hilly. . ________ ... ___ 13, 356 2.9
Mundan silt loam, gravelly substratum, nearly Zohl-Williams loams, steep. o L. ._. 7,191 1.6

level o e i 661 21 Water .ol G883 .1
Mandan silt loam, gravelly substratum, gently —_—

BlOPINE - e 624 .1 Totnd - o o 461, 312 100, 0
Manning fine sandy loam, gently sleping_ - ___._ 501 .1

! Less than 0.05 percent.
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slopes. These soils are well suited to most crops commonly
grown in the county, but they arc not so well suited to
corn where slopes are more than 3 percent.
Representative profile of Arnegard loam, nearly level,
in a cultivated field, 150 feet north and 360 feet cast of the
southwest corner of the SEY sec. 27, T. 145 N,, R. 85 W.

Ap—o0 to 6 inches, very dark grayish-brown (10YR 3/2} loam,
very dark brown (10YR 2/2) moist; weak, coarse and
medium, blocky structure separating to weak, fine and
medium, erumb structure; slighily hard, friable; many
roots; many fine pores; neutral; abrupt, sinooth
boundary.

A12—6 1o 18 inches, very dark gravish-brown (10YR 3/2)
toam, very dark brown (10YR 2/2} moist; weak,
coarse, prismatic strueture separating to weals, coarse,
suhangular blocky structure; slightly hard, friable;
common rools; many fine potres; neutral; gradual
wavy boundary.

B21-—18 ito 25 inches, very dark grayish-brown (10YR 3/2)
loam, very dark brown (10YR 2/2) moist; weal,
coarse, prizmatic structure separating to wealk, sub-
angular blocky structure; slightly hard, friable; few
thin coatings on prism faces; common roots; many
fine pores; neutral; gradual boundary.

B22--25 to 32 inches, dark grayish-brown R{OYR 4/2) loam,
very dark grayish brown (10YR 3/2) meoist; faces of
prisms stained with very dark brown {(10YR 2/2)
maist; weak, coarse and medium, prismatic strueture
separating to moderate, coarse, subangular bloclky
structure; slightly hard, friable; common thin coatings
on faces of peds; o few roots; many fine pores; mildly
alkaline; gradual houndary.

B23—32 to 40 inches, dark grayish-brown (2.6Y 4/2) loam,
very dark grayish brown {(2.5Y 3/2) moist; wealk,
maderate, prismatic structure separating to weak,
coarse and medium, subangular blocky structure;
slightly hard, friable; o few thin coatings on faces of
prisms; a few roots; many fine pares; mildly alkaline;
clear boundary.

C—40 to 60 inches, grayish-brown (2.5Y 5/2), light clay loam,
dark grayish brown (2.5Y 4/2) moist; weak, coarse and
medium, subangular blocky structure; hard, friable;
s few fine pores; moderately alkaline.

The A horizon ranges from 10 to 22 inches in thickness. The
B2 harizon commonly has slightly higher ¢lay content than the
A horizon, Tt is loam, silt loam, or light elay loam, and the clay
content is commonly less than 30 percent. The horizon has
weal to modorate coarse or medium, prismatie structure, In
many areas there are thin, patchy clay films on the faces of peds.
These horizon ranges from 10 to 30 inches in thickness, The B23
horizon has a hue of 10YR or 2.5Y, and in some places it is
sandy loam. There is also a Cea horizon in the few places. Lime
is both finely divided and segregated. The material in the lower
part of the G horizon ranges from sandy to clayey and is related
to the source of locsl alluvium or kind of underlying rock. In
the profile of these soils, material with a color value darker
than 5.5 when dry and 3.5 when moist ranges from 20 to 50
inchea thick, and typically extends through the B horizon. The
solum ranges from 20 to 50 inches in thickness. Depth to lime
ranges from 30 to more than 60 inches.

Arnegard, Crail, and Grassna soils are in similar topographic
positions. The B and C horizons of Arnegard soils have coarser
textures than those of Grail and Grassna soils.

Arnegard loam, nearly level (0 to 3 percent slopes)
{ Ar A).—This soil occupies upland swales, valley fans, and
foot slopes. It is mainly nearly level but ranges from level
to very gently sloping. The size of areas varies greatly but
is generally less than 40 acres.

This soil has the profile described as representative of
the series. Included in mapping were small areas of Sen,
Willinms,; Vebar, Grassna, Grail, Parshall, and Straw
soils. Runoff is slow. -

Most of the runoff from surrounding soils is absorbed,
except during the heaviest rains. This soil is used mainly

or small grain, corn, and alfalfa. On many farms this soil
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is used for home gardens. It is well suited to all crops com-
monly grown in the county. (Capability unit IIe-6; Over-
flow range site; windbreak group 1)

Arnegard loam, gently sloping (3 to 6 percent slopes)
(ArB).—Areas of this soil vary greatly in size but are
generally smaller than 40 acres,

This soil has a profile like that deseribed as representa-
tive for the series, except that the combined thickness of
surface layer and subsoil is about 4 inches less. Depth
to lime is between 40 and 60 inches in most places. Runoff
iz medium.,

Included with this soil in mapping were small areas of
Se_rll, Williams, Vebar, Grassna, Grail, Parshall, and Straw
s01ls.

Much of the runoff from surrounding soils is absorbed,
except during heavy rains or when the soil is frozen.
Water erosion is a moderate hazard, especially on unpro-
tected long slopes. This soil is used mainly for small
grains, corn, and alfalfa. It is fairly well suited to corn
and well suited to all other crops commonly grown in the
county. (Capability unit ITe-6; Silty range site; wind-
brenk group 1)

Arnegard loam, sloping (6 to 9 percent slopes) (ArC).—
This sa1l is on lower side slopes below areas of hilly to steep
or very steep soils. Areas are mainly long and narrow and
less than 15 acres in size.

This soil has a profile like that described as representa-
tive for the series, except that the combined thickness
of the surface layer and subsoil is aboutf 6 inches less,
Depth to lime is between 40 and 60 inches in most places.
Runoff is medium to rapid.

Included with this soil in mapping were small areas of
Sen, Williams, and Vebar soils and o few small areas of
Parshall and Grail soils.

Some of the runoff from surrounding soils is absorbed
during gentle rains. Water erosion is a serious hazard on
unprotected stopes. This soil is used mainly for grass,
legumes, and small grains. Intensive measures are needed
to prevent excessive losses of soil and water if corn is
grown. This soil is well suited to grasses and legumes and
Tairly well suited to small rains. (Capability unit I1Te-6;
Silty range site; windbreak group 1)

Banks Series

The Banks series consists of deep, nearly level to rolling,
somewlat excessively drained soils of bottom lands along
the Missourl River, The terrain is mainly nearly level to
undulating, but there are a few areas of dune topography
that nre rolling to hilly. These soils generally occupy levees
and bottom lands adjacent to the river channel. They
formed in thinly stratified sediments that are mainly
coarse textured. These sediments were deposited by Hood-
water only recently, and therefore there has been little
soil development. The pattern of surface drainage is indis-
tinct, but drainage is generally parallel to the river channel,

In a representative profile, the surface layer is grayish-
brown fine sandy loam, sbout 5 inches thick. Below
the surface layer is loose to very friable, light brownish-
gray, loamy fine sand and fine sand. Interspersed between
these layers are thin strata of fine sandy loam and loam.
These soils are caleareous throughout the profile.
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Banks soils have low organic-matter content, fertility,
and available water capacity. They have rapid per-
meability.

Intengive application of comwercial [ertitizer, manure,
and crop restdue is needed to incresse organic-mnbter
content and fertility and to control erosion. Leaving belts
of native trees, when clearing, helps to control erosion.
Banks soils are used manly for pasture. Most of them
are better suited to grasses and legumes than to ‘most
other crops, They are only faily well suited to small
graims and corn.

Representative profile of Banks fine sandy loam in an
area of Banks-Trembles fine sandy loams; nearly level,
in tame pasture, 1,320 feet north of the center of sec. 31,
T.144 N., R. 81 W.

Al—0 1o 5 inches, grayish-brown (2.53Y 5/2) fine sandy loam,
durk grayish brown (2.5Y 4/2) moist; very weak,
coarse, subangular blocky structure separating easily
to single graned; very frinble, loose; many roots;
slightly cffervescent; mildly alkaline; clear, wavy
boundary.

1I1C1—5 to 15 inches, light brownish-gray {2.5Y 6/2) fine sand,
dark grayish brown (2.5Y 4/2) moist; single grained;
loase; many roots; slightly effervescent; mildly
alkaling; clear, wavy boundary.

TITC2—15 to 36 inches, light brownish-gray {2.5Y 6/2) loamy
fine sand, dark grayish hrown {(2.5Y 4/2) moist; very
wealk, thick, platy structure separating casily to
single grained ; very frinble, loose; a few roots; slightly
effervescent; mildly alkaline; abrupt, wavy houndary,

IVC3—36 to 41 inches, light brownish-gray {2.5Y 6/2) fine
sandy loam, dark grayish brown (2.5Y 4/2) moist;
weal, thick, platy structure; very frinble, soft;
slightly effervescent; mildly atkaline; elear, wavy
houndary. )

V{04—41 to 60 inches, light brownish-gray (2.5Y (/2) stratified
loamy fine sand and fine sand; slightly effervescent;
mildly alkaline,

The Al horizon ranges from 3 to 9 inches in thickness, from
grayish brown to lighl brownish gray in eolor, and from fine
gand to silty clay lonm in texture. In somne places, it has slightly
darkened horizontal hands less than 1 inch thick. Below the Al
horizon, in o few places, it has distinet to faint, brown or dark
yellowish-hrown mottles,

Banks soils arc associnted with Trembles soils, Alluvial Iand,
and Riverwash, The texture of Banks seils is conrser below the
Al horizon than it is in Trembles soils. Banks soils are beliter
drained than Alluvial land, and better drained and more stable
than Riverwash.

Banks fine sand, rolling (2 to 10 percent slopes)
{BaC).—This soil occupies some of the ridges or duned
areas near the Missouri River channel. Relief ranges from
10 to 25 feei higher than the nearly level bottom lands,
and slopes are generally less than 100 feet long. As much
as 20 percent of some hilly areas is blowont spots. This
soil is asgsocinted with Alluvial land and with Trembles,
Havrelon, and other Banks soils.

This soil has n profile similar to the onc described as
representative for the series, except that the surface layer
is fine sand. Runoff is medium.

Tneluded with this soil in mapping were some areas of
Banks leamy fine sand and a few navrow areas of Alluvial
land. Also included were small areas of Banks and ‘I'rem-
bles fine sandy loams and loams. The included arens are
less than 8 acres in size, except for areas of Banks leamy
fine sand, which range up to 10 acres.

This soil has a cover of trees and brush and a sparse
understory of tall grasses. It is used mainly for grazing.
The main concerns of management are controlling erosion
and eonserving moisture. Proper stocking., distribution of
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grazing, and restricting livestock from eroded spots during
establishment of cover are the main management needs.
This soil is suited to permanent pasture. (Capability unit
VIe-TS; Thin Sands range site; windbreak group 7)

Banks soils, gently undulating (2 to 5 percent slopes)
(Bb A).—This complex consists of Banks lonm and Banks
silty clay loam. These soils are on the inner part of bottom
lands along the Missouri River. The slopes are mainly 3
percent and range from 23 to 200 feet in length. Local
relief is as much as 10 feet in places. The soils that have
n surface layer of loam are generally in the higher areas,
and those that have a surlace layer of silty clay loam
are in the Iywer arens. This complex is associated with
ond lies between arcas of Havrelon leam, Banks fine
sandy loam, and Banks loamy fine sand. Banks silty
cloy loam makes up about 55 percent of the complex, and
Banks loam 35 percent.

The Banks soils in this complex have a profile similar
to that described as representutive for the series, except
that the surface layer iz about 3 inches thicker and is
lowm or silty clay leam. Runoff is slow.

Included with this seil in mapping were small areas of
il‘rembles silty eclay loam, Trembles loam, and Havrelon
oam.

The soils in this unit are not so susceptible to eroston
as Banks soils in other units. Ahout half of the ncreage
is cultivated, but trees, shrubs, and tall native grasses
grow on the rest of the acreage that is used mainly for
pasture. The soils of this complex are fairly well suited
to small grains and corn. (Capability unit 11Te-7; Over-
flow range site; windbreak group 7)

Banks-Trembles fine sandy loams, nearly level (0 io 3
percent slopes) (BcA).—This complex generally is on the
Missouri River bottom lands immediately adjncent to
the river channel. Slopes range from 25 to 200 feet in
length and topography is smooth to slightly undulating.
This soil complex is associated with areas of Banks and
Trembles loam and silty clay leam and TTavrelon loam.
Banks fine sandy loam makes up about 60 percent of the
complex, Banks loamy fine sand 15 percent, and
Trembles fine sandy loam 20 percent.

The Banks and Trembles soils in this complex have
the profiles described as representative of their respeclive
serics. In some places, however, they have a surface layer
of loamy fine sand. Runoff is very slow. Included in
mapping were small areas of Havrelon leam.

About one-third of the acreage is cultivated, but brush,
trees, and tall native grasses grow on the rest of the
acreage that is used mainly for pusture. These soils are
fairly well suited to small grains and corn, bunt practices
that adequately control soil blowing are needed. (Capa-
bility unit IVe—3; Overflow range site; Banks part in wind-
brenk group 7, and Trembles part in windbreak group 1)

Banks-Trembles fine sandy loams, undulating (3 to 6
percent slopes) (BeB).—This complex generally 13 on the
Missouri River battom linds immedintely ndjacent to the
river channel. Most slopes are less than 30 [eet long.
Topography ranges from gently undulating to sharply
rideed. The complex is associated with aveas of Banks
and Trembles lonm and silty elay loam and Havrelon
loam. Banks fine sandy Joam makes up aboutl 55 percent
of the complex, and Trembles fine sandy loam about 35
nercent. Rimaff iz slaw
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Included with these soils in mapping were scme areas
of Banks lonmy fine sand and Havrelon loam.

About one-fourth of the acreage is cultivated, but brush,
trees, and tall native grasses grow on the rest of the
acreage that is used mainly for pasture. These soils nre
fairly well suited to small graing and corn, but adequate
control of soil blowing is needed. (Capability unit IVe-3;
Overflow range site; Banks part in windbreak group 7,
and Trembles part in windbreak group 1)

Belfield Series

The Belfield series consisis of deep, nearly level to
sloping, well-drained, loamy soils on uplands, on terraces,
and In swales. These soils have plane or concave slopes,
and they have a moderntely dense claypan at a depth of
7 to 20 inches.

In o representative profile the surfnce lnyer is dark-
gray ¢t loam sbout 7 inches thick. Below the surface
layer is a transitional layer of friable, dark-gray, light
silty clay loam about 3 inches thick. The subsoil is friable
silty cluy that extends to a depth of about 28 inches.
The upper part is dark grayish brown, and the lower part
is grayish hrown. Below this is dark grayish-brown silty
clay loam to a depth of about 46 inches, and light clive-
brown and grayish-brown clay loam below this depth.

The movement of water and the growth of plant roots
are moderately restricted in the claypan subsoil. These
soils have moderate organic-matter content and fertility
and high available water capaeity.

The effect of the claypan on water and roots can be
lessened by growing legumes and adding crop residues
and manure. Most areas are cultivated and used for small
graims, corn, and alfalfa. They are not so well suited to
corn as to small grains, grasses, and legumes

Representative profile of Belfield silt loam in an aren
of Belfield-Daglum silt loams, nearly level, in tame grass,
200 feet south and 195 feot west of the northeast corner
of the SEY sec. 10, T. 142 N,, R. 85 W,

Al—0 to 7 inches, dark-gray (10Y R 4/1} silt loam, very dark
brown (10Y 13 2/2) moist; weak, thin, platy structure
in upper parl, weak, medium, prismatic structure in
lower part; hard, friable; many roots; common fine
pores; elightly aeid; clenr, wavy boundary.

A&B—7 to 10 inches, dark-gray (10YR 4/1) light silty clay
loamn (B2), very dark brown (10YR 2/2) moist;
weak, coarse, prizmatic structure separating to weak,
medium, platy and moderate, fine, subangular
hlocky structure; cozted with gray (I0YR 5/1) sand
graine (A2); hard, friable; thin pafchy clay films on
peds; many roots; many very finc pores; slightly
aeid; elear, wavy boundary.

B2t—10 to 19 inches, dark grayish-brown (I0YR 4/2) silty
clay, very dark grayish brown (10YR 3/2) moist;
slrong, coarse, prismatic structure; thin confinuous,
very dark brown (10YR 2/2) most clay films on peds;
extremely hard, friable; coated wilth common clear
sund graing; common roots; many very fine pores;
neubral; gradual, wavy boundary.

B3Ca—19 to 28 inches, grayish-brown (2.0 3/2) silty clay,
very dark grayish brown (2.5Y 3/2) moist; strong,
eoarse, prismatic structure; extremely hard, friable;
coated with o few bleached sand grains; thin, patchy
clay films on peds; comman roots; many very fine
pores; moderately effervescent; a few salt nests;
mildiv alkaiine; elear, wavy houndary.

Al1b—28 to 35 inches, dark grayish-hrown (2.5Y 4/2) silty
clay loam, black {2.5Y 2/2) moist; moderate, coarse,
prismatic strueture separating to moderate, medium
and fine, subangular blocky structure; very hard,

friable; Llin, patchy clay films on peds; commaon roots ]
many fine pores; strongly ceffervescent; common small
threads and nodules of lime; moderately alkaling;
gradu:il boundary.

Al12—35 to 46 inches, dark grayish-brown (2.3Y 4/2) silty
clay loam, black (2.5Y 2/2) moist; weak, medium,
prismatic strueture separating to weak, medinm and
fine, subangular blocky structure; hard, friable;
eommon to few roots; many fine pores; strongly
efferveseent; common small threads and nodules of
lime; moderately alkaline; clexr boundary.

Clea—46 to 54 inches, light olive-brown (2,57 §/4) clay loam,
olive hrown (2.3Y 4/4) moist; common, mediam,
distinet mattles of dark yellowish brown (10Y R 4/6)
moist; vory hard, friakble; violently effervescent;
common small threads and nodules of lime; elear
boundary.

C2—F4 to 60 inches, grayvish-hrown {2.5Y 5/2) clay loam, dark
grayish-brown (2.5Y 4/2) meoist; common, medium,
diztinet mottles of dark yellowish brown (10Y R 4/6);
very hard, friable; strongly effervescent; moderately
alkaline.

The Al herizon is leam, silt loam, or silty clay loam, The
Al and A & B horizons have a chroma of L or 2 when dry. In
plowed nreas, the Al horizon has wealk, medium to fine, sub-
anguiar blecky and granular strueture. The B2i horizon is
silty clay or silty clay leam and has a color value of 4 to 3
when drey and 3 or 4 when mnoist. It has sfrong, coarse or
medium, prismabic structure separating to strong, medium
and fine, angular blocky. The Cea horizon has few to many
lime spots. The C horizon ranges from sandy and loamy
aliuvium to partly weathered sclt shale, siltstone, and sand-
atone. The golum ranges from 20 to 50 inches in thickness.
Colors that have o value darker than 5.5 when dry and 3.5
when meist extend to depths of 7 to 50 inches. A thicker,
darker colored solum and darkened buried horizons are com-
mon in swales and on terraccs. Depth to ecarbonates runges
from 18 to 35 inches,

Belfield soils are associated with Thoades and Daglum
snils. Belfield soils do not have strong columnar structure in
the B2y horizon, whereas Rhoades and Daglum soils do have
this sbructure.

Belfield-Daglum silt Ioams, nearly level {0 to 3 percent
slopes) (BdA).—This complex consists of well-drained,
deep, Iriable soils that have a moderately dense claypan
and moderately well drained, deep soils that have a dense
claypan. It is in swales throughout the county. Belfield,
Daglum, and Grail soils are intricately mixed in the com-
plex. Belfield silé lonm makes up about 50 percent cf the
complex, Daglum silt loam 25 percent, and Grail silt
loam. 20 percent.

The Belfield soil has the profile described as representa-
tive for the series. The Daglum scil has a profile like that
described as representative for its series, except thal the
surfnce layer and subsoil are davker colored and their com-
bined thickness is about 4 inches greater. Runoff is slow,
but these seils receive runoff from the surrounding higher
areas. Included in mapping were small areas of Rhoades
soils.

Praciices are needed to improve the permeability of the
claypan, and control of erosion is needed on long slopes.
Most of the acreage is cultivated and is used mainly for
corn and smalil grains. These soils are well suited to grasses
and (airly well suiled to small grains, corn, and legumes.
(Capability unit IIIs-6P; Belfield part in Clayey range
site, and Daglum part in Claypan range site; Belfield part
in windbreak group 4, and Daglum part in windbreak
groap 9)

Belfield-Daglum silt loams, gently sloping (3 to 6 per-
cent slopes) (BdB).—This complex consists of well-
drained, deep, friable soils that have o modecately dense
claypan, and moderately well drained, deep scils that have
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a dense claypan. It is in swales throughout the county.
Belfield, Daglum, and Grail soils are intricately mixed in
this complex. Belfield silt loam makes up about 45 percent
of the complex, Daglum silt loam 25 percent, and Grail
silt loam 20 percent.

The Daglum soil has a profile like that described as
representative for its series, except that the combined
thickness of the surface layer and subsoil is about 4
inches greater. Runofl is medium, and the soil receives ron-
off from the swrrounding higher areas. Included in map-
ping were several small areas of gently sloping Belfield
and Straw soils along the Square Butte and Olter Creeks
and some small arens of Rhoades soils.

Practices aro needed that improve permesbility of the
claypan and eonirol water erosion. Most of the acreage is
cultivated and used for small grains. The soils are well
suited to grasses and fairly well suited to small grains nnd
legumes, and if water erosicn is adequately controlled,
they arve fairly well suited to corn. {(Capability wuni¢
1ILe-6F; Belfeld part in Clayey range site, and Daglum
part in Claypan range site; Bellield part in windbreak
group 4, and Daglum part in windbreak group 9)

Belfield-Daglum silty clay loams, nearly level (0 to 3
percent slopes) (BeA).—This complex consists of well-
drained, deep, friable soils that have o moderately dense
claypin and moderately well drained, deep sotls that have
8 dense claypan. It is mainly in swales on residual up-
lands. Belfield, Daglum, and Grail soils are intricately
mixed in the complex. Belfield silty clay loam makes up
about 45 percent of the complex, Daglum silty clay loam
30 percent, and Grail silty clay loam 20 pereent.

The Belfield soil in this complex has a profile like the one
described as representative for the serics, except that the
surface layer is silty clay loam. T'he Daglum soil has a
profile like the one described as represeniative for its
series, except thot the surface layer is silty clay loam and
the surfoce layer and subsoil are darker colored and their
combined thickness is 4 inches greater. Runoff is slow.
Included in mapping were small areas of Rhondes soils.

These soils receive extra moisture through runoft from
surrounding higher arens. They arve resistant to soil
blowing. Management practices are needed to improve
permeability of the claypan, to. maintain soil tilch, and to
confrol water erosion on long slopes. Most of the acreage
is cultivated and used mainly for small grains, The seils
aro_well suited to grasses, fairly well suited to small
grains and legumes, and poorly smted to corn. (Capability
unit IIIs-7P; Belfield part in Clayey range site, and
Daglum part in Claypan range sile; Belfield part in
windbreak group 4, and Daglum part in windbreak sroup
9)

Belfield-Daglum silty clay loams, genily sloping
(3 to 6 percent slopes) (BeB).—This complex consists of
deep, well-drained, friable soils that have o moderately
dense claypan and deep, moderately well drained soils
that have a dense claypan. It is mainly in swales on
residual uplands. Belfield, Daglum, and Grail soils are
intricately mixed in the complex. Belfield silty elay loam
makes up about 45 percent of the complex, Daglum silty
clay loam 30 percent, and Grail silty elay loam 20 percent.

The Belfield soil has a profile similar to that described
as representative for the series, except that the surface
layer is silty clay loam. The Deglum soil has a profile
msiilar to that described as representative for its series,
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except that the surface layer is silty clay loam and the
surface layer and subsoil nre darker colored. Runoff is
medium. Included in mapping in some places were small
areas of Rhoades soils.

These soils receive extra meisture threugh runoff from
surrounding higher areas. Practices are needed that im-
prove permealilily of the claypan, maintain soil tilth,
and control water erosion. Most of the acreage is cultivated
and used for small grains. The soils are well suited to
grasses, fairly well suited to small grains and legumes,
and poorly suited to corn. Unless control of water erosion
is adequate, soil losses are cxcessive in fields where row
crops oro grown. (Capability unit TIIe-7P; Belfield part
in Clayey range site, and Daglum part in Claypan range
site; Belfield part in windbreak group 4, and Daglum
part in windbreak group 9)

Belfield- Morton silt loams, nearly level (0 to 3 percent
slopes) (BmA).—This complex consists of well-drained,
deep and moderately deep, frinble soils on residual up-
lands. The Belfield soil has o moderately dense claypan
and concave slopes, and the Morton soil has convex
slopes. Belfield sitt loam makes up about 50 percent of the
complex, and Morton silty loam 40 percent. In a {ew places
Daglum soils make up as much as 30 percent of the com-
plex but less than either Belfield or Morton sofls.

The Belfield soil has a profile like that deseribed as
representative for the series, except that it has soft,
stratified silty and loamy shale between deptlis of 30 and
60 inches in many places. Runoff is slow. Included in
mapping were small areas of Daglum, Rhoades, and
Grail soils.

Practices are needed that improve the penetration of
roots and moisture in the claypan. Most of the ncrenge is
cultivated and used mainly for small grains, corn, and
alfolta, The soils are well snited to grasses and small
grains and fairly well suited to corn and legnmes. (Capa-
bility unit IIs-6P; Belfield part in Clayey range site, and
Morton part in Silty range site; Belfield part in windbreak
group 4, and Morton part in windbreak group 3)

Belfield-Morton sili loams, gently sloping (3 to 6
percent slopes) (BmB).—This complex consists of well-
drained, deep and moderately deep, frinble soils on
residual uplands. The Belfield soil has a moderately dense
claypan and concave slopes, and the Morton soil has
convex slopes. Belfield silt loam makes up about 50 per-
cent of the complex, and Morton silt loam 40 percent,
In a few places, Daglum soils make up as much as 30
peﬁcem of the complex but less than Belfield or Morton
soils.

The Belfield soll has a profile similar to that described as
representative for the series, except that is has soft,
stratified, loamy and silty shale between depths of 30
and 60 inches in most places. Runoff is medinm. Included
in mapping were small areas of Dapglum, Rhoades, and
Grail soils.

Practices are needed to improve the penetration of reots
and moisture in the claypan and to control water erosion.
Most of the acreage is cultivated and used mainly for
small grains. The soils are well suited to grasses and
foirly well snited to small grains, corn, and legumes.
Unless control of water erosion is adequate, soil losses
are excessivo in fields where row crops are grown. (Capa-
bility unit ITTe-6P; Belfield part in Clayey range site,
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and Morton part in Silty range site; Belfield part in wind-
break group 4, and Morton part in windbreak group 3)

Belfield-Morton silt loams, sloping (6 te 9 percent
slopes} {BmC).—This complex is on residnal uplands, and
it consists of well-drained, deep and moderately deep,
frisble soils. The Belficld soil has o moderately dense
claypan and coneave slopes, and the Morton soil has
convex slopes. Belfield silt loam makes up about 55 per-
cent of the complex, and Morton silt loam 35 percent.
In a fow places, Daglum soils make up as muach as 30
pe_licent of the complex but less than Belfield or Morton
soils.

The Belfield scil has a profile like that described as
representative for the series, except that it has soff,
stratified, silty and loamy shale between depths of 30 and
60 inches, Runefl is medium te rapid. Included i mapping
were small areas of Daglum, Rhondes, and Grail soils.

Practices are needed to improve the penetration of roots
and moisture in the claypan and to control water erosion.
About half the acreage is cultivated and used mainly for
small grains. Unless control of water erosion is adequate,
cultivated arveas are subject to excessive losses of soil and
water. These soils are well suited to grasses, fairly well
suited to small grains and legumes, and poorly suited to
corn. (Capability unit IVe-6P; Belfield part in Clayey
rango site, and Morton part in Silty range site; Belfield
part in \)winflbreuk group 4, and Morton part in windbreak
group 3

Belfield-Straw loams, nearly level (0 to 3 percent slopes)
(Bs A).—This complex is on stream terraces and bottom
lands and consists of deep, well-drained soils. The Belfield
soil has & moderately dense claypan. Belfield loam makes
up about 50 percent of the complex and Straw loam about
40 percent. In a few places, Daglum loam makes up as
much as 25 pereent of the comp%ex, but less than either
the Belfield or Straw soils,

The Belfield soil has a profile similar to that described
as representative for the series, except that it has stratified
sandy to loamy alluvium below a depth of 36 inches in
most places. Runoff is slow. Included in mapping were
small areas of Daglum, Arnegard, and Rhcades soils.

Practices are needed that improve the penetration of
roots and moisture in the claypan. Most of the acreage is
cultivated and used mainly for small grains, corn, and
alfalfa. The soils are well suited to grasses and small
arains and fairly well suited to corn and legumes. (Capa-
bility unit IIs-6P; Belfield part in Clayey range site, and
Straw part in Silty range site; Belfield part in windbreak
group 4, and Straw part in windbreak group 1)

Cabba Series

The Cabba series consists of shallow, well-drained, cal-
CATROUS, 10nm{ soils that have a thin solum. These soils
are on residual uplands, mainly along steep drainageways.
They have convex slopes of 9 to 50 percent. Beds of
stratified soft shale lie between depths of 5 and 20 inches.

In a representative profile the surface layer is light
brownish-gray silt loam about 8 inches thick. Below this
is & very Iriable, pale-yellow silt loam to a depth of 14
inches. The underlying material is pale<yellow and yellow,
soft, weathered shale.

Cabba scils are low in fertility, organic-matter content,
and available water capacity, Permeability is moderate,
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Rooting is restricted in the shaly underlying material.
Native grasses are mainly litile bluestem, side-oats grama,
and plains muhly, Nearly all of these soils are used for
range, and they are betfer suited to range than to most
other farm uses. They are suited to native hay in areas
that are free of stones and rock and in areas that have slopes
of less than 12 percent.

Representative profile of Cabba silt loam in an area
of Cabba-Werner complex, very steep, in native grass,
50 feat north and 1,320 feet west of the southeast corner
of sec. 6, 1. 143 N., R. 83 W,

Al—0 to 6 inches, light brownish-gray (2.5Y 6/2) silt loam,
dark grayish brown {2.5Y 4/2) moist; weak, coarse,
subangular bloeky structure separaling to weal, fine,
crumb’ stricture; slightly hard, very friable; slightly
effervoscent; mildly alkaline; clear, wavy boundary.

Clea—©6 1o 14 inches, pale-vellow (5Y 8/3) sill loam, pale
olive (5Y 6/3) moisb; wenk, coarse, suhangular Dlocky
strusture separating to weak, thicl, platy struciure
in the lower part; slightly hard, very friahle; violently
effervescent; moderutely alkaline; abrupt houndary.

TIC2—14 to 30 inches, pale-vellow and ycllow (5Y 8/3 and
7/6), light silty clay loam shale, pale olive and olive
(5Y 6/3 and 5/6) moist; common, medium, prominent
dark-brown (7.6 YR 4/4, moist) mottles; weak, thick
and medium, platy structure; slightly hard, friable
when crushed; sticky and plastic; strongly efferves-
cent; moderately alkaling; abrupt boundary.

IIIC3—30 to 60 inches, pale-yellow (5Y 8/3 and 7/4) silt Joam
gzhate, pale alive and olive {5Y 6/3 wnd 5/4) moist;
many coarse, prominent mottles of yellowish brown
(10YR 5/8) moist; weak, thick, platy structure;
slightly hard, friable when erushed; violently cffer-
vescent; moderately ulkaline.

The Al horizon ranges from 2 to 7 inches in thickness, It is
free of line in places. It has a hue of 2.5Y or J0VR and a
value of 5 or 6 when dry. The C horizan has a hue of 5Y or
2.5Y. In places silicified stones and glacinl stones and houlders
are common on the surface. A few places have hard sedimen-
tary rock below o depth of 20 inches. The goil, to a depth of
20 ‘inghes, ranges from very fne sondy loam to light silty
clay loam.

Cabba soils are associated with Werner and Cehagen soils.
Cabba soils have a lighter colored Al horizon than Werner
soils. They contain more silt and less sand than Cohagen soils

Cabba-Shale outcrop complex, very steep (15 to 50
percent slopes) (CaE).—This complex consists of well-
drained, shallow, loamy soils and Shale outcrop on sides
and tops of ridges and on valley side slopes. It is mainly
on valley breaks along streams that are fributaries to the
lower part of Square Buite Creek and to the Missouri
River. Cabba soils and outcrops are on the tops and
crests of narrow ridges and very steep side slopes. Werner
soils are on the pentler side slopes and broad ridgetops.
Generally, the surface layer is loam or silt Joam, but it
ranges from very fine sandy loam to light clay loam.
Cabba soils make up about 50 percent of the complex,
Shale outcrops 25 percent, and Werner soils 15 percent.

Cabba and Werner soils have profiles similar to those
described as representative for their respective series,
except for varintions in texture of the surface layer. Also,
the surface layer of Cabba soils is about 2 inches thinner
than typical, Shale outcrops are mainly loamy but are
clayey in some places. Runoff is very rapid.

Included in mepping were small areas of Grail and
Arnegard soils, small areas of cutcrops of siltstone, loam-
stone, and sandstone, and a soil that has bedded shale at
a depth between 20 and 30 inches.

Control of crosion and maintenance of organic-matter
content and fertility are major concerns of management.
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Nearly all the acreage is in nalive range. The soils are
suited only to per manent grass. {Cabba pmt in capability
unit VIle-Sw, Shallow range site, and windbreak group
10; Shale cutcrop part not in & capability unit, range
51te or windbrenk group)

Cabba-Werner complex, steep (9 to 15 percent slopes)
(ChD).—This complex consists of well-drained, shallow,
loamy soils on side slopes and tops of ridges and on vmlloy
side slopes. Cabba soils are on the tops and crests of narrow
ridges. Werner soils are on side slopes and broad ridgetops.
Glm‘m] and silicified stones are common on the surface
in most places but numerous in some places. Cabba soils
ranke up about 45 percent of the complex, nnd Werner
soils 45 percent.

Cabba and Werner soils have profiles similar to those
doseribed as representative for their respective series,
except for varialion in the texture of the surface Ja‘ycr.
The texture of the surlace layer is mainly sitt loam or
loam, but it ranges from very fine sandy loam to light
clay Jonm. Also Cabba soils hive a slightly darker coloved
surface layer when dry. Runoff is mpld Included in
mapping were small areas of Straw; Zahl, Arnegard, and
Grail soils and o soil that hns bedded shale at a d(,pi,h
between 20 and 30 inches,

Control of erosion and maintenance of fertility and
organic-matter content are the mmm concerns of man-
agement. Almost all the nereage s in native vange, bub
gsome areas on the lower side slopes and in swales are cut
for hay. The soils are suifed only to permanent grass.
{Capability unit VIe-Sw; Shallow rvange site; windbreak
group 10)

Cahba-Werner complex, very steep (15 to 40 percent
slopes) (ChE),—This complex consists of well-drained,

shallow, lonmy soils on side slopes and tops of ridges and
on valley side slopes. It is mainly on the valley breaks of
streams that ave tributaries to the lower part of Square
Butte \Creck and to the Missourt River (fig. 4). Cabba
soils ate on the tops and crests of narrow ridges and very
steep Side slopes. Werner soils ave on the gentler side
alopes[nnd broad ridgetops. Glacial and mhmﬁcd stones
are common in most places but numerous in some places.
Cabba sotls make up about 55 percent of the complex,
and Werner soils 35 percent.

Cabba and Werner soils have the profiles described as
upm-.eutatne for their respective sevies. The texture of
the C-m'fm‘ layer is mainly s1li loam or loam, but it ranges
from me fine sandy loam to light clay loam. Runoff
is very rapid. Included in mapping were small arens of
Straw, Zahl, Arnegard, and Grail sofls and & soil that has
bedded shnle at o depth between 20 and 30 inches.

Control of erosion and maintenance of fertility and
organic-matter content are the main concerns of manage-
ment. Almost all the noreage is in native range. Very little
is suited to hay. These soils are more subject to wuter
erosion and produce less forage than those of the Cabba-
Werner complex, 9 to 15 peccent slopes, They are suited
only to permanent grass. (Capability unit VIIe—Sw; Shal-
low range site; windbreak group 10)

Cohagen Series

The Cohagen series cousists of well-drained, loamy
soils on residual uplands, These soils have slopes of 15
to 50 percent, They are mainly at the higher elevations
in the county. Depth to soft sandstone is 4 to 20 inches,

Figure 4—Area of Cabba-Werner complex, very stecp, on breaks along streams. In background is Square Buite.
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In a representative profile the sucface layer is grayish-
brown fine sandy loam about 3 inches thick. The under-
lying material, to a depth of about 17 inches, is fine sandy
loam that is light brownish gray in the upper purt and light
vellowish brown and light clive brown in the lower part.
Below this is pale-vellew and light yellowish-brown, soft
sandstone that has fine sandy leam texture when erushed.

Cohagen soils are low in fertility, organic-matter con-
tent, aud availuble water capacity. Permeability is mod-
erately rapid. Rooting is vestricted in the underlying
sandstone material.

Neoarly all of these soils are nsed for range and nve better
suited to range than to most other farm uses, They are
suited to nntive hay in areas that are free of stones and
rocks' and that have slopes of less than 12 percent. The
nalive grasses are mainly praivie sandreed, little bluestem,
plains muhly, side-oals grama, needle-and-thread, and
upland sedges.

Representative profile of Cohagen fine sandy loam in
an aren of Cohagen-Vebar fine sandy loams, steep, innative
grass, 250 feet north and 280 feet west of the southeast
corner of the SW¥ sce. 29, T. 143 N., R. 85 W,

A1—0 to 3 inches, grayish-brown (10 YR 5/2) fine sandy loam,
very dark grayish brown (10YR 3/2) moist; wealk,
fine, subangular blocky structure separaving to weak,
medium, granular siructure; slightly hard, very
friable; many roots; slightly cfferveseent; mildly
allealine; clear, wavy boundary.

C1—3 to § inches, light brownish-gray (2.5Y G/2) fine sundy
loam, dark grayish brown (2.5Y 4/2) moist; wealk,
medium  and fine, subangular blocky structure;
slightly hard, very friable; common roots; slightly
effervescent; mildly  alkaline; gradual boundary,

C2—8 to 17 inches, light yellowish-hrown and light olive-brown
{2.5Y 6/3 and 5/3) fine sandy loum, alive brown (2.5Y
4/3) moist; weak, medium, subangular blocky struc-
ture; hard, friable; common roots in the upper part
and few roots in the lower part; 25 percent soft
sandstone fragments; slightly effervescent; moderately
alksline; clear, wavy boundary.

C3—17 {0 40 inches, pale-yellow and light vellowigh-brown
(2.6Y 7/4 und G/4) ssndstone, light olive brown
(2.5Y 5/4) moist; soft; massive; ealeareous; slightly
hard to hard, brittle, soft and easily crushed; o few
roots in eracks in the upper part; a few seams of lime;
moderately alkaline.

The Al horizon has a color value of 4 or 5 when dry and 2 or
3 when moist. The Cl1 and C2 horizons have a color hue of
1I0YR or 2.5Y, volue of 53 or 6 when dry, and chroma of 2
through 4, They have weak subangular blocky or prismatie
strueture or are massive. The C3 horizon is platy or mussive,
wealkly consnlidated, seoft sandslone that has a color hue of
2.5Y or Y. The solum and underlying material are commonly
calearcous. In some places, concretions of hard, cemented
sandstone are within the soft sandstene. They cccur as pipes,
ennnonballs, or ledges.

Cohagen soils are nszsociated with Vebar and Werner sails.
Cohagen soils are shallower fo sandstone than Vebar soils and
lack a B horizon, which Vebar soils have, They ecnfain more
sand and less silt than Werner soils.

Cohagen-Sandstone outcrop, very steep (15 to 50
percent slopes) (CgE).—This complex consists of well-
drained, shallow and moderately deep soils, and Sandstone
outcrop. Cohagen soils and outerops ure on the tops and
crests of narrow ridges and on upper side slopes. Vebar
soils are on broad ridgstops and mid and lower slopes.
Cohagen fine sandy loam makes up about 55 percent of
the compex, Vebar fine sandy loam 15 percent, and Sand-
stone outerop 20 percent.

Vebar soils have a profile similar to that described as
representative for the serics, except that the solun
averages about 4 inches thinner. Runoff is rapid.

Sundstone cuterep is mainly in nearly bare, steep areas
where sandstone is exposed. Becanse vegetation is lacking,
the hazard of erosion is severe.

Included in mapping were small areas of Arnegard,
Paxshnll, and Tally soils, and small areas of stony Vebar

“solls.

Control of erosion and maintenance of fertility and
organic-matler content are the main concerns of manage-
ment. Nearly all the acreage is in native range. The soils
are suited only to permanent grass. (Cohagen part in
capability unit VIle-Sw; Shallow range site, and wind-
break group 10. Sandstone outerop part not in o capa-
bility unit, range site, or windbreak group)

Cohagen-Vebhar fine sandy loams, steep (6 to 30 pcreent
slopes) (ChD).—This complex consists of scils that are
well drained, shallow, and moderately deep over sand-
stone. Cohagen soils are on the tops and crests of narrow
ridges and on upper side slopes. Vebar soils are on broad
ridgetops and mid and lower side slopes. Cohagen fine
sandy Joam makes up about 50 percent of the complex,
and Vebar fine sandy loam 40 percent.

The Cohagen soil has the profile described as repre-
sentative for the series. The Vebar soil has a profile
similar to that described as representative for the scries,
excepl that the selum is about 4 inches thinner. Runoft
is moderntely rapid.

Included in mapping were small areas of Arnegard,
Parshall, and Tally soils. Small arcas of Sandstone out-
crop and stony Vebar soils were also inciuded.

Control of crosion and maintenance of fertility and
orgaric-matter content ave the main concerns of manage-
ment. Almost all the acreage is in native range, but in
some areas on lower side slopes and in swales, hay is cut.
The soils are suited only to permanent grass. (Capability
unit VIe-Sw; Cohagen part in Shallow range site, and
Vebar part in Sandy range site; Cohagen part in wind-
break group 10, and Vebar part in windbreak group 5)

Colvin Series

The Colvin series consists of deep, nearly level, poorly
drained, calcareous soils in shallow basins and swales
and along streams. 'These szoils are in scattercd tracts
throughout the county. Colvin soils have o high water
table that is at o depth between 1 and 4 feet during most
years.

In a representative profile the surface layer is very
dark gray, strongly effervescent silt loam about 7 inches
thick. Beneath the surface layer is a transitional layer of
friable, dark grayish-brown, viclently effervescent silt
loam about 10 inches thick. The calcareous underlying
material extends to o depth ol 60 inches and decreases
in degree of effervescence with increasing depth. In
sequence from the top are 13 inches of grayish-brown
silt loam, 18 inches of grayish-brown clay loam, 9 inches
of pale-yvellow clay loam mottlad with dark yellowish
brown when moist, and 3 inches of light yellowish-brown,
gravelly sandy loam mottled with dark yellowish brown
when moist.

Colyvin soils are high in organic-matter content nnd
available water capacity. They have moderate fertility
ond permeability.
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Wetness is the major concern of management in
cultivating these soils. Phosphate availability is also a
concern. These scils are better suited to permanent grass
pastnre or hay than to most other crops, and they are
used for these purposes. If drained, they are suited to
tame hay, small grains, and corn.

Representative profile of Colvin silt loam, nearly level,
in native grass, 25 feet south and one-fourth mile east of
the northwest corner of SW¥ sec. 23, T\ 142 N., R. 85 W,

Al—0 to 7 inches, very dark pray (10YR 3/1) silt loam,
black (10YR 2/1) moist; tonguing to a depth of 13
inches; weal, coarse, prismatic struclure separating
to wealk, coarse and medium, subangular blocky and
moderate, fine, erumb strueture; friable; many roois;
many pores; strongly etfervescent; moderately alkn-
line; clear boundary,

AC-—T7 to 17 inches, durk grayish-brown (2.5Y 4/2) silt loam,
vory dark grayish brown (2.5Y 3/1) moist; weak,
coarse, prismatic struclure separating to  wealk,
coarse, subangular blocky structure; friable; many
reots; many pores; violently effervescent; moderately
alkaline; gradual boundary.

17 to 30 inches, grayish-brown (2.5 5/2) silt loam, very
dark grayish brown (2.5Y 3/2) moist; weak, course
and medium, subangular blocky structure; friable;
common rools; many pores; viclently effervescent;
common nedules of lime; moderately alkaline; clenr
houndary. )

C2ca—30 to 48 inches, grayish-brown (2.5Y 5/2) clay loam, very
dark grayish brown {2.0Y 3/2) moist; weal, coarse,
subangular blocky structure; iriable; few roots; many
pores: violently effervescent; fow nodules of lime;

moderately atkaline; gradual boundary.

C3—48 to 57 inches, pale-yellow (2.5Y 7/4) elay lonm, light

" olive brown (2.5 5/4) maist; commeon, small, promi-
nent moltles of dark yellowish brown (10YR 4/4 and
4/8) moish; massive; friable; strongly cffervescent;
many nodules of lime; common chert fragments;
moderately alkaline; clear boundary.

C4—>57 to 60 inches, light yellowish-brown {2.5Y 6/4) gravelly
sand loam; olive brown {2.5Y 4/4) moist; common,
small and medium, prominent mottles of dark yellow-
ish brown (10YR 4/4 and 4/8) moist; very friable;
slightly effervescent; many chert frogments; mod-
crately alkaline,

The Al horizon has o color value of 3 or 4 when dry and a
chroma of O or 1. A transitional AC horizon between the Al
and Cea horizons is not present in some places. In places there
is tonguing of the Al or AC liorizon into the Cca horizons.
Between depths of 10 and 40 inches, the texture is silt loam,
clay loam, or silty clay loam. Intensity and amount of
mottling vary widcly.

Colvin =oils are similar in drainage to Regan and Tonka
soils, Colvin soils have o darker calored Al horizon than Regan
soils. They lack the leached A2 and B2t horizons typical of
Tonka soils and have a much higher lime content than Tonka
soils.

Colvin and Regan silt loams (0 to 3 percent slopes)
(Co).—This undifferentinted unit consists of poorly
drained soils in upland swales and basins and on low stream
terraces. Slopes are long and smooth. Some areas of this
unit are part Colvin silt loam and part Regan silt loam,
but other areas consist entirely of Colvin silt loam or
entirely of Regan silt loam. ]

The Colvin and Regan soils have the profiles described
as representative of their respective series. Included in
mapping were a lew small arcas of Arnegard, Grassna,
ancP Harriet soils. Runoff is very slow, and the hazard of
erosion is moderate. ] )

The main concern of management is wetness. If culti-
vated, these soils are subject to soil blowing. The high
content of lime causes soil structure in tilled soils te break
down when the soil is dry. Extensive drainage systems are
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needed in intensively cultivated areas. These scils are
well suited to grass and alfalfa and faicly well suited to
small grains and corn. Undrained areas are suited to and
used mainly for hay or pasture. Drained areas are used
mainly for hay and small grains. (Capability unit IVw—41,
if undrained, and IIw—4Lif drained; Wet Meadow range
site; windbreak group 2)

Daglum Series

The Daglum series consists of deep, ncarly level to
sloping, moderately well drained soils that have a dense
claypan at a depth ranging [rom 5 to 20 inches, These
soils are on uplands and terraces and in swales.

In a representative profile the surface layer is dark
grayish-brown silt loam 8 inches thick. The subseil is firm
and about 18 inches thick. In sequence from the top are 5
inches of dark grayish-brown clay, 7 inches of grayish-
brown clay, and 6 inches of grayish-brown silty clay. The
underlying material is olive-gray silty clay to a depth of
36 inches and stratified, grayish-brown sandy clay loam
and light-groy silty clay below that depth.

Daglum soils have moderate organic-matter content,
fertility, and available water capacity. Permeability is
very slow below the surface layer. The growth of plant
rools is severely restricted in the subscil. The soils are used
mainly for native pasture. They are suited to grasses,
Tairly well suited to small grains, and poorly suited to corn
and legumes.

Repregentative profile of Daglum silt loam in an area of
Morton-Daglum silt loams, gently sloping, in native grass,
1,070 feet east and 55 feet south of the northwest corner
of sec. 21, T. 141 N,, R. 84 W.

Al1—0 to 7 inches, dark grayigh-brown (10YR 4/2) silt leam,
very dark brown {10YR 2/2) moist; weak, medium,
prismatic structure separating to weak, coarse and
medium, subanpgular blocky structure; hard, friable;
many roots; many fine pores; slightly acid; clear,
irregular boundery.

A2—7 to 8 inches, dark-gray (10YR 4/1) silt loam, very dark
gray (LOY R 3/1) moist; weak, thick, platy structure
separating to weal, fine, subangular blocky strusture;
slightly hard, very friable; many roots; many fine
pores; coatings of Mght-gray (10YR 6/13 clear sand
graing on plates; slightly acid; abrupt, wavy boundary.

B21t—38 to 13 inches, dark grayish-brown (10YR 4/2) clay,
very dark grayish brown (10YR 3/2) moist; strong,
medium, and fine, columnar strueture ; extremely hard,
firm; very dark brown (10YR 2/2, moist) clay films
on columns and light-gray (10YR 6/1) coatings on
tops of columns; few roots; commeon fine pores, some
cloged; mildly alkaline; gradual boundary.

B22t—13 1o 20 inches, grayish-brown (2.5Y 5/2) clay, very
dark grayish brown (2.5Y 3/2) moist; moderate,
medium, prismatic strueture separating to strong,
medium and fine, angular blocky struecture; extremely
hard, firm; few roots; few clased pores; elay films on
faces of prisms and blocks; moderately alkaline;
gradual boundary.

B3cazsa—20 1o 26 inches, grayish-brown (2.5Y 5/2) silty elay,
durk grayish brown (2.5Y 4/2) moist; weak, medium,
prismatic structure separating to strong, medium,
angular blocky structure; extremely hard, firm; many
roots; & few closed pores; clay filmg on faces of peds;
thin strealks and nodules of salt erystals; slightly
effervescent; moderately alkaline; elear boundary.

Cleasan—726 to 36 inches, olive-gray (3Y 5/2) silty clay, olive
gray (5Y 4/2) moist; weak, medium, subangular
bloeky strueture; very hard, firm ; common streaks and
nodules of salt; strongly effervescent; common nodules
of lime; gradual boundary,
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C2--36 to A0 inches, grayish-brown (2.5Y 5/2) and light-gray
(5Y 7/2) clay loam and silty clay, dark grayish brown
(2.5Y 4/2) and olive gray (5Y 5/2) moist; massive but
separating to weak, coarse to fine, subangular blocky
structure; firm; common galt crystals; slighily effer-
vescent; a few nodules of lime,

The Al herizon has a eolor value of 2 or 3 when moist and 3
to & when dry. It is loam, silt loam, or silty clay loam 1 to 4
inches thick. The A2 horizon has a color value of 3 or 4 when
moist and 4 to § when dry and ehroma of 1 or 2. The B2t
horizon has a hue of 10Y R or 2.5Y and a value of 4 or 5 when
dry and 3 or 4 when moist. The B2 horizon ranges from clay
loam to clay. It contains more than 35 percent elay. Structure
is strong, fine, medium, or coarse, columnar in the upper part,
and strong or moderate, coarze or medium, prismatic in the
lower part. There arc thin to thick clay films on the eolumns.
The upper part of the B2t horizen is mildly to moderately
alkaline, and the lower part is moderately to strongly alkaline.
The C horizon has soluble salts in the upper part and is moder-
ately to strongly alkaline. The C horizon has segregated lime
in some places. The solum ranges from 15 to 32 inches in thick-
ness. Depth to bedrock is commonly more than 44 inches.

Daglum soils are associated with Rhoades and Rellicld soils,
They have o thicker A horizon than Rhoades soils and a more
dense, restrictive B2t horizon than Belfield soils.

Daglum soils in this survey area are mapped only in com-
plexes with Belfield, Morton, Regent, and Rhoades soil.

Dimmick Series

The Dimmick series consists of deop, nearly level, very

poorly drained, clayey soils in deep to moderately deep
basins on residual nplands and valley floors.
_ In a representutive profile, the surfuce layer is about 10
inches thick. It iz dark-gray silty clay in the upper part
and gray, highly mottled clay in the lower part. Below the
surface layer is gray, mottled, very firm clay that extends
to a depth of ahout 38 inches. Below this is hght-gray,
very firm clay.

Dimmick soils have a high organic-matter content,
moderate fertility and available water capacity, and very
slow permeability, _

The main concern fo [armers is the wetness of these
goils. After tillage and drying, the soil surface crusts and
cracks (fig. 5). These soils have poor tilth, and the power
requirement for tillage is high. These soils are used mainly
for pasture and hay. They are better suited to permanent
grasses than to most other plants. Drained arcas are fairly
well suited to small grains.

Representative profile of Dimmick silty clay in a culti-
vated field, 1,120 feet south and 1,250 feet east of the
northwest, corner of sec. 18, T. 142N., R. 84 W.

Allg—i to 6 inches, dark-gray {I0YR 4/1) silty clay, very dark
gray (IUY’R 3/1) moist; comman, fine, distinet mot-
tles of dark yellowish brown (10YR 3/4) moist; weak,
coarse, subangular blecky structure separating to
moderate, fine, angular blocky sand medium granular
gtructure; friable, sticky and plastic; muny roots;
cormnon fine pores; neutral; abrupt, smooth boundary.

Al12g—06 to 10 inches, gray (10YR 5/1) clay, very dark gray
{IDYR. 3/1) maist; many, coarse, distinct motiles
of dark yellowish brown and dark reddish brown
(10YR 3/4 and 5YR 3/4) moist; moderate, finc and
mediun, angular blocky structure; firm, very sticky
and very plastie; common roots and fine pores;
neutral; elear, smooth houndary.

Clg—10 to 38 inches, gray (N 8/0} clay, very dark gray (N
3/0) moist; common, fine, faint mottles of dark
yellowish brown (10YR. 3/4) noist; moderate, coarse
and medium, angular blocky structure separating to
modernte, fine, blocky structure; very firm, very
sticky and plastic; a few fine roots und pores; neutral;
diifuge, wavy boundary.

Figure 5.—Surface crusting and cracks in culiivaied area of
Dimmick silty clay. The polygonal cracks are 1 inch wide.

C2p—38 to 60 inches, light-gray (5Y 6/1) clay; dark gray
(5Y 4/1) moist; common, fine, faint motiles of dark
vellowish brown {10YR 3/4) moist, and in the lower
part, common, eoarse, fnink mottles of dark gray
(N 4/0) moist; massive; very firm, very sticky and
very plastic; mildly alkaline.

An A1 or 0 horizon that is silty and as much as 3 inches thick
is present in some places. Mettles throughount Lhe profile range
from gray to olive brown and from dark yellowish brown te dark
reddizh brown in color. Depth to carbonates ranges from 30 to
motre than 60 inches but typically is more than 40 inches.

In Oliver County the Dimmick soils have colar values, below
a depth of 24 inches, that ave darker than is defined as the
range for the series, but this difference does not alter the usc-
fulness or hehavior of the soils.

Dimmick soils are similar to Parnell and Heil soils. They lack
the 132 horizon of the Parnell soils. They are not as alkaline as
the Feil soils, and they lack the A2 horizon and the columnar
B2t horizon of those soils.

Dimmick silty clay (0 to 1 percent slopes) {Dm}.——This
soil occupies basins of 5 to more than 100 acres. Some
basins are naturally droined of ponded water more than
3 feet deep.

Included in mapping in some basing were small aveas
of Heil soils and of a soil that has a surface Jayer as much
as 10 inches thick that is underlain by a subsoil having a
claypan. The included arcas are in the slightly higher
areas near the edges of hasins.

Unless drained, this soil is ponded lor long periods, and
excess water is the major concern. Fven in dry years,
the water table is seldom less than 3 feet below the sur-
face. Soil blowing, diffieulty of tillage, and maintenance
of soil tilth are concerns in drained arens. Undrained
areas are used mainly for, and are suited to, pasture and
late-harvested native hay. Drained areas are used muinly
for hay and small grains. They are fairly well suited to
small grains but are poorly suited to corn and alfalfa.
(Capability unit Vw—-W1 if undrained, ITlw—4 if drained;
Wetland range site; windbreak group 10 if undrained, 2
if drained).

Farland Series

This serics consists of deep, neatly level to genily slop-
ing, well-drained, lonmy soils on high terraces. These sotls
formed in stratified alluvium,
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In a representative profile the surface layer is dark
grayish-brown silt loam about 7 inches thick. The sub-
soil is friable silty clay loam about 21 inches thick. In
sequence from the top, the upper 7 inches is dark grayish
brown, the middle 4.inches 1s grayish brown, and the
lower 10 inches is pale olive. The underlying materinl
is silt loam that is pale yellow to o depth of about 45
inches and palo olive below this depth.

Farland soils have high fertility and available water
capacity and moderate organic-matter content and per-
meability, They are used mainly for crops and are suit-
ed to all erops commonly grown in the county.

Representative profile of Farland silt loam, nearly
level, in a cultivated field, 660 feet west and 160 feet
north of the center of see. 7, 1. 141 N, R. 82 W.

Apl—0 to 7 inches, dark grayish-brown (10YR 4/2) silt loam,
very dark brown {10YTR 2/2) moist; weak; conrse and
medium subangular blecky structure separating to
moderate, fine, crumb structure; frinhle; commmon
roots; many fine pores; ncufral; abrupt, smeoth
houndary.

to 14 Inches, durk grayish-rown (10YR 4/2) silty

clay loam, very dark grayish brown (J0YR 3/2)

moist; moderate, coarse uand medium, prismatic

structure; friable; films of clay on faees of peds are

thin, continuous, and very dark brown (10YR 2/2)

moist; common roots; comnion fine poves; neutral;

clear boundary.,

B22t—14 to 18 inches, grayish-brown (2.5Y 5/2} silty elny
loam, dark grayish brown (2.5Y 4/2) moist; flongued
with very dark grayish brown (2,5Y 3/2) moist,;
maoderate, coarse and medium, prisinatic structure;
friable; clay films that are thin and patchy on hori-
zontal faces of peds and conbinuous on vertical faces;
eommon roots; common fine pores; neutral; elenr
boundary.

B3eoa—18 to 28 inches, pale-aliva (BY 6/3) silty cluy loam,
olive (5Y 4/3) moist; weak, coarse, prismatic structure
separating to moderate, course, subungular blocky
structure; frinble; o faw thin patehy clay films on
vertical faces af peds; few roots; common fine pores;
strongly cfforvescent; a few threads of lime; mildly
alkaling; gradual boundary.

Clea—28 to 45 inches, pnle-yellow (3Y 7/3) silt loam, olive
(5Y 4/8) moist; moderate, coarse, subangular blocky
struclure; friable; few roots; common fine pores;
violently effervescent; common threads of lime;
modarately alkaling; gradual boundary.

C2—45 1o 60 inches, pude-olive (7Y 6/3) silt loam, olive (5Y
4/3) moist; weak, coarse, subangular blocky siructure;
frinble; few fine pores; strongly cffervescent; few
threads of lime; moderately alkaline.

The B2t harizon has a hue of 10YR or 2.5Y and value of
4 to 6 when dry. Thin or moderately thick clay films ure
common on faces of prisms and blocks, The Cea horizon has
diffuse or moderately segregnted lime in thrends and nodules,
The C horizon is generally silé loam or loam but ranges from
thinly stratified silty elay to very fine sand. Thin sand and
gravel strata are below a depth of 40 inches in some places.
Depth to earbonntes ranges from 16 to 24 inches, The soil
is more than 40 inches decp to contrasting substratum.

Farland soils are similar to Straw and Morton soils. Farland
soils have more gilt and less sand and are not sa dark eolored
to so great o depth as Btraw soils, They do not have the soft
wenthered bedrock within o depth of 40 inches tlat is fiypical
of Morton soils.

Farland silt loam, nearly level (0 to 3 percent slopes)
(Fa A).—This soil occupies long, smooth tracts on broad
tereaces. These tracts range from 3 to 80 acres in size.

This soil has the profile described as representative of
the series. Included in. mapping were small areas of Arne-
gmid silt loam, Straw loam, and Savage silt loam. Runoff
18 slow.
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This soil is slightly susceptible to soil blowing, which
can easily be controlled. It is used mainly for small grains,
corn, and alfalfa. ¥t is well suited to all crops commonly
grown in the county. (Capability unit Ile-6; Silty range
site; windbreak group 3)

Farland silt loam, gently sloping (3 to 6 percent slopes)
{FaB).-—This soll occupies 3- to 60-acre tracts on broad
terraces. Slopes are smooth and 50 to 300 fest long.

The profils of this soil is similar to that deseribed as
representative for the series, except that the smface layer
is about 2 inches thinner and combined thickness of the
surfnce layer and subsoil iz 6 inches less where slopes are
convex. Runoff is medium, and water erosion n moderate
hazard. Soil blowing is o slight hazard. Included in map-
ping were small arens of Arnegard silt loam and a few
small areas of Straw loam and Savage silt loam.

Erosion on short slopes can be controlied by mannge-
ment practices that establish or maintain the vegetation,
Fither more intensive management should bhe used on
long slopes or the use of row crops should be limited.
"T'his soil is used mainly for small grains, corn, and alfalfa.
Tt is fairly well suited to corn and well suited te all other
crops commonly grown in the county. (Capability unit
ITe—6; Bilty range site; windbreak group 3)

Flaxton Series

The Flaxton series consists of deep, nearly level to
hilly, well-drained soils on uplands. These soils formed in
20 to 40 inches of thin, wind-laid, loamy and sandy
material and in the underlying glacial till.

In a representative profile the surface layer 1s very durk
grayish-brown fine sandy loam about 15 inches thick.
The subsoil is nbout 27 inches thick, "The upper part of the
subsoil is dark grayish-brown, friable fine sandy loam that
extends to a depth of about 28 inches. The lower part is
clay loam that is brown to a depth of about 31 inches and
light olive brown below. The underlying material is light
brownish-gray clay loam glacial till,

Flaxton soils are moderately io highly susceptible to
soil blowing. They are high te meoderate in organic-
mabber content and available water capacity and moderate
in fertility. Permeability is moderately rapid in the upper
part of the subsoil and moderately slow helow.

These soils are vsed mainly for small grains, alfnlfn,
and corn. In arens where slopes are less than 6 percent,
they are suited to all the crops commenly grown in the
county, but in more strongly sloping areas, they are better
suited to grass than to most other plants,

Representative profile of Fluxton fine sandy loam in an
area of Flaxton-Livona fine sandy loams, nearly level, in
a cultivated field, 500 feet south and 790 feet west of the
northeast corner of sec. 6, T. 143 N, R, 86 W,

Ap—0 to 7 inches, very dark grayish-brown (10YR 3/2) fine
sandy loam, very dark brown (10YR 2/2) moist;
waak, coarsg, subangular blocky structure separating

to weak, fine, subangular blocky and erumb structure;
frinble; neutral; abrupt, smooth houndary.

Al2—7 to 13 inches, very dark gravish-brown (I0YR 3/2)
fine sandy loam, very dark brown {I0YR 2/2) moist;
wenk, course, prismatic strueture separating to wealk,
coarse, subangular blocky structure; frinble; neutral;
gradual, smooth boundary.

B1—15 to 28 inches, dark grayish-brown (10YR 4/2) fine
sandy loam, very dark grayish brown (10YR 3/2}
moist; woak, coarse, prismadtic structure sepnrating
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to wenk, coarse, subangular Blocky strueture; friable;
neutral; clear, wavy heundory.

ITB21t—28 to 31 inches, brown (10YR 5/3) clay loam, dark
brown (10YR 4/3) moist; moderate, coarse, prismatic
structure; firm, sticky and plastic; & few roots; thin,
continuous clay films of very dark grayizh brown
(LOYR 3/2, moist) on faces of peds; o few stones and
pebhles; mildly alkuline; gradual, wavy boundary.

IIB22t—31 wo 36 Inches, light olive-brown (2.5Y 5/3) clay
loam, dark grayish brown (2.5Y 4/2) moist; moderate,
mediur, prismatic structure; firm, sticky and plastic;
a fow roots; thin, continuous clay films of very dark
prayish brown (2.5Y 3/2, moist) on faces of peds;
fine sandy loum in cracks; a few pebbles; mildly

] alkaline; gradnal boundary.

11B3en—36 to 42 inches, grayish-brown (2.5Y 5/2) clay loam,
olive brown (2.5Y 4/4) moist; moderate, medium and
coarse, prismatic structurs; firm, sticky and plastie;
o fow pebhles; strongly effervescent; a few nodules
of soft lime; moderalely alkaline; gradual boundary.

IICea—42 10 60 inches, light brownish-gray (2.5Y /2) clay
loam, light olive brown (2.5Y 5/3) wmoist; weak,
coarse, subangular Dblocky structure and massive;
firm, sticky and plastie; a few pebbles; violently
cffervescent; many nodules of soft lime; moderately
alkaline.

The A horizon is loam, finc sandy Jonm, or loamy fine sand,
In some places the upper part of the B horizon is lonm, and
in some places all of the lower part is loamy fine sind. The
B1 horizon has a color value of 4 or 3 when dry snd 2 or 3
when moist and & chroma of 2 or 3. The IIB( herizons have
moderate or strong, medium or coarse, prismatic structure.
Thaey have o color walue of 3 or 4 when moist and 4 or &
when dry and o chromn of 2 or 3. In places there are thin,
patchy clay films on prisms in the IIBZ horizon. The IIC
horizon has o hue of 2.5Y or 5Y, and it has few to many
nodules of soft lime, In some places there are nests of gypsum
salts. In o few plnces whore the glacinl mantle is thin, the
11C horizon is loamy residual material. Pebbles are commaon
in and helow the I1Bt horizon but few abhove this harizon. The
port of the solum above the clay loam glacinl till ranges from
20 to 40 inches in thickness and is dark grayish brown (10YR
4/2) or darker to a depth of more than 20 inches.

In Oliver County, at depths between 10 and 40 inches,
Flaxton Joamy fine sand, undulating, has an average clay con-
tent that is less than is defined as the range for the serics.
This difference, however, does not alter the nsefulness or
behavior of this soil.

Flaxton soils arc associated with Livana soils and Parshall
soils. They have a thicker ecmbined sandy or Ioamy Al and
B1 horizons than Livona soils, Flaxton soils have finer textured
B2 and C horizons than Parshall soils.

Flaxton loamy fine sand, undulating (3 to 8 percent
slopes) {FcB).—This soil 1s generally undulating, but in
places it is rolling.

This soil has o profile similar to that described as
representative for the series, except that the upper part
of the solum over glacial till is loamy fine sand and is
about 6 inches thicker.

Included in mapping were small areas of Tivona,
Lihen, Flaxton, and Williams soils. Also included were
eroded aress in some cultivated fields. These areas have
hummocky topography, and ficld boundaries are ridged.

This so1l hus moderate available water capacity and
organic-matter content. Runoff is slow to medium, and
surface drainage is moderately well defined. Permenbility
is rapid in the sandy part of the solum and moderately
slow helow.,

The main concorn of management is the extreme
hazard of soil Mowing, but gullying in drainageways is
also a concern. Intensive management is needed in
cultivated areas, cspecially in fields that are summer-
fallowed. This soil iz used mainly for pasture and small
grains. [t s well suited to grass and legumes and fairly
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well snited to small grains and corn. (Capabilily unit
1Ve-2; Sands range site; windbreak group 5)

Flaxton-Livona fine sandy loams, nearly level (0 to 3
percent slopes) (FIA).—This complex consists of well-
drained, deep, friable soils on uplands. These soils formed
partly in 10 to 40 inches of fine sandy loam and partly
in the underlying glacial till. Flaxton fine sandy leam
makes up about 65 percent of the complex, and Livona
fine sandy loam 235 percerit.

The Waxten soil hos the profile described as repre-
sentative of the series, The Livona soil has a profile
similar to that described as vepresentative for its series,
except that the fine sandy loam in the wpper part of the
slolum is about 3 inches thicker than typieal. Runoff is
slow.

Included in mapping were small areas of Porshall
Williams, Arnegard, and Tonka soils. Also included were
some eroded areas. In these arcas are spots where the
origina) subseil of brown clay loam has been cxposed and
plowed and there is sandy ridged deposition along field
boundaries,

The main concern of management is a serious huzard
of soil blowing (fig. 6). Nearly all the acreage is cultivated.
The soils ave used mainly for small grains, corn, and
alfalfa. They are well suited to grass, legumes, and corn
but not so well suited to small grains. (Capability unit
ITTe~3M ; Sandy range site; windbreak group 5)

Flaxton-Livona fine sandy loams, undulating (3 to 6
percent slopes) (F 1B).—This complex consists of well-
drained, decp, friable soils on uplands, These soils formed
partly in 10 to 40 inches ol fine sandy loam and partly
in the underlying glacial till. The Flaxton soil is on lower
slopes, and the Livona soil is on upper slopes. Flaxton
fine sandy loam makes up about 80 percent of the com-
plex, and Livona fine sandy loam 30 percent.

The Livona soil has the profile desecribed as repre-
sentative for its series.

Included in mapping were small areas of Williams and
Parshall fine sandy loams and loams, The Williams soils
have convex slopes, and Parshall soils have concave
slopes. Also included were small areas of Tonka and
Arnegard soils. Other inclusions were eroded arveas. In
these areas are spots where the original subsoil of brown
clay loam has been exposed and plowed and there is
sandy ridged deposition along field boundaries. Runoff
is slow to medium,

Soil blowing is a severe hazard, and gullying is a
moderate hazard, especially in fields where row crops
are grown. Most of the acreage is cultivaled. The sotls
are used mainly for small grains. They are well suited to
ernss, legnmes, and corn but not so well suited to small
erains. (Capability unit IlIe-3M; Sandy range site;
windhreak group 5)

Flaxton-Livona fine sandy loams, relling (6 to 9 percent
slopes) (F1C).—This complex consists of well-drained,
deep, friable soils on uplands. These soils formed partly
in 10 to 40 inches of fine sandy loam and partly i the
nnderlying glacial t1ll. "The Flaxton soil is on lower slopes,
and the Livona soil is on upper slopes. Flaxton fine sandy
loam makes up about 60 percent of the complex, and
Livona fine sandy loam 30 percent.

Included in mapping were small arens of Willinms and
Parshall soils. Williams soils have convex slopes, and
Parshall soils have concave slopes. Also included were
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Figure 6.~ Field in Flaxton-Livena fine sandy loams, nearly level, where stripcropping and single rows of trees are used to control
soil blowing.

small arens of Tonks and Arnegard soils. Other inclusions
were eroded areas, In these areas, the original subsoil of
brown clay loam has been exposed and plowed and there
18 sandy ridged deposition along field boundaries. Rumoff
s medium.

The main concerns of management are soil blowing and
water erosion, bub gullying in cultivated drainageways is
also o serious concern. Limiting the row crops included in
the rofation helps to minimize losses of soil and water.
About, halt the acreage is cultivated. The soils are used
mainly for grass and small grains. They are well suited to
grass and legumes and fairly well snited to small grains,
but control of water erosion is needed if corn iz grown.
(Capability nnit [Ve-3; Sandy range site; windbreak
group 3}

Flaxton-Williams loams, nearly level {0 to 3 percent
slopes) (FwA).—This complex consists of well-drained,
deep, friable soils on uplands, The Flaxton soil formed
partly in loamy wind-loid deposits and partly in the
underlying glacial till, and the Williams soil formed in
loamy glacial till. Flaxton Toam makes up about 45 percent
of the complex, Williams loam 30 percent, and Livena
loam 20 percent.

The Flaxton soil has a profile similar to that described
as representofive for the series, except that the surface
lnyer is a loam about 14 inches thick. The Livona soil has
a profile similar to that deseribed as representative for its
gories, butb the surface layer is loam and about § inches
thick. Runoff 1s glow. Included in mapping were small
areas of Parshall, Arnegnred, and Tonlka =soils.

Most of the wncreage is cultivated, but scils of this
complex nre moderately susceptible to so1l blowing, They
are used mainly lor small grains, corn, and allalfa. They
are well suited to the commen crops grown in the county.
(Capability unit ITe-5; Silty range site; Flaxton part in
windbreak group 5, and Williams part in windbreak
group 3)

Flaxton-Williams loams, undulating (3 to § percent
glopes} (FwB).—This complex consists of well-drained,
deep, friable soils on uplands. The Flaxton scil formed
partly in loamy wind-laid deposits and partly in the
underlying glacial till, and the Williams soil formed in
loamy glacial till. Flaxton loam makes up about 45 percent
of the complex, Williams loam 30 percent, and Livona
learn 20 porcent.

The Flaxton soil has a profile similar to that described
as representative for the series, except that the surlace
layeris about 12 inches thick. The Livona soil has a profile
similar to that described ns representative for its series,
except that the surface Jayer is loam ahout 8 inches thick.
Runoff is slow to medium. Included in mapping were
small arens of Parshall, Arnegard, and Tonka soils.

The main concern of management is soil blowing. Most
of the acreage is cultivated. Scils of this complex are
subject to gully erosion, especially mn [ields where row
crops are grown. The soils are used mainly for small
graing, corn, and alfalfa. They are suited to all crops
commonly grown in the county. (Capability unit 1Te-5;
Flaxton part in Sandy range site, and Williams part in
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Silty range site; Flaxton part in windbreak group 5, and
Williams part in windbreak group 3)

Flaxton-Williams soils, undulaiing {3 to 6 percent
slopes) (FxB).—This complex consists of well-drained,
deep, friable soils on uplands. The Flaxton soil formed
partly in 10 to 40 inches of fine sondy loam and partly in
the underlying glacial till, and the Williams soil formed
in clay loam glaeial till. Flaxton fine sandy loam makes up
about 40 percent of the complex, Williams loam and fine
sandy loam 30 percent, and Livona fine sandy loam 25
percent. Runoff 13 slow to medium.

Included in mapping were small arens of Parshall,
Arnegard, and Tonka soils, and spots of eroded Flaxton
and Livona seils. In these ernded spots, the original sub-
soil of brown cloy loam has been exposed and plowed, and
in places nearby there is sandy deposition in hummocks
and ridged field boundaries.

Soil bnlowing is a serious huzard on these soils (fig. 7).
Most of the acreage is cullivated. The soils arc used
mainly for small grans. They are well suited to the crops
commonly grown in the county. Control of gullying is
needed, especially in fields where row crops wre grown.
(Capability unit TTTe-3M; Flaxton part in Sondy range
site, and Willinms part in Silty range site; Flaxton part
in windbreak group 5, and Willisms part in windbreak
group 3)

Flaxton-Williams seils, rolling (6 to 9 percent slopes)
(FxC).—This complex consists of well-drained, deep,
friable soils on uplands. The TFlaxton soil formed partly
in 10 to 40 inches of fine sandy loam and partly m the
underlving glaeial Lill, and the Williams soil formed in clay
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Ioam glacial till. Flaxton fine sandy loam makes up about
35 percent of the complex, Williams Joam and fine sandy
loam 35 percent, and Livona fino sandy loam 25 percent.

The Williams soils have a profile similar to that de-
scribed as represeniative for its series, except that the
solum is about 4 inches thinner, and in places they have
a surface layer of fine sandy loam. Runoff is medium.
Tneluded in mapping were small aveas of Parshall,
Amepard, nnd Tonka soils.

The main concerns of management are soil blowing nnd
waler erosion. Water srosion 1s more severe in cultivated
drainagewsys than in other areas (fig. 8). Limiting the use
of row crops helps to minimize losses ol soil and water.
Aboul hall the acreage is cultivated. The soils are used
mainly for grass and small grains. They are well suited to
orass and fairly well suited to small grains and legumes.
Control of water erosion is needed if corn is grown.
(Capability unit IVe-3; Flaxton part in Sandy range site,
and Willinms part in Silty range site; Flaxton part in
windbreak group 5, and Williams part in windbreak
group 3)

Flaxton-Williams soils, hilly (9 to 12 percent slopes)
(FxD).—This complex consists of well-drained, deep,
friable soils on uplands. The Flaxton soil formed partly in
20 to 40 inches of fine sandy loam and partly in the under-
lying glaciul till. The Williams soils formed in clay loam
elacial till. Flaxton fine sandy loam makes up about 55
percent of the complex, and Williams loam 35 percent.

The Willinms soil has a profile similar to that described
as representative for its series, except that the combined
thickness of the surface layer a,mlf subsoil is about 6

Figure 7.—Area of Flaxten-Williams soils, undulating, where striperopping and stubble-mulch fallow are used to control soil blowing.
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Figure 8.—Area of Flaxton-Williams soils, rolling, where grassed waterways are used to control gullying, The white in the foreground is
snow.

inches less and, in places, the surfuce layeris fine sandy
loam. Runofl is mediun to rapid.

Included in mapping were areas of Livona fine sandy
loam and small areas of Parshall and Arnegard soils. A
fow small areas of Zahl, Cabbsa, and Werner soils wero
also inelveded.

Water erosiort snd soil blowing are the main concerns
of management. Water erosion is more severe in cultivated
drainageways and on livestock trails than in other areas.
Most of the acreage is in nutive grass and used for pasture.
The soils are better suited to permanent grass nsed for
pasture or hay than to most other plants, They are too
erodible to be suited to culidvated crops. (Capability
unit VIe-Sy; Flaxton part in Sandy range site, and
Willinms paré in Silty range site; Flaxton part in wind-
break group 5, and Williams part in windbreak group 3)

Grail Series

The Grail scries consists of deep, well-drained soils that
have a clayey subsoil. These soils are on upland swales,
valley fans, and foot slopes, They formed mainly in ma-
terial washed downslope, They have concave slopes of 0
to § percent.

In a representative profile, the surface Inyer is silty
clay loam about 13 inches thick. The plowed part is dark
grayish brown and the lower part ts dark geay. The sub-
soil is firm and about 17 inches thick. It 1s dark grayish-
brown silty clay loam in the upper part and grayish-brown

silty clay in the lower part. The underlying muterial is
caleareous, pale-olive silty clay Joam.

Grail soils are bigh in organicsmatter content, fertility,
and available water capacity. Permeability below the
surfiace layer is moderately slow.

Extra soil moisture is available to plants in the form of
runoff from surrounding soils. These soils are used mainly
lor crops, except for small tracls associnted with soils
that are suited only to grass. In some swales and on
north-facing slepes ave patches of native trees and shrubs.
Most ol these soils are well suited to all crops commaonly
grown in the county. '

Representulive profile of Grail silty clay loam, nearly
level, 135 feet south and 950 [eet west of the northeast
corner of sec, 23, T, 142 N, R. 84 W,

Apl-—0 to 6 inches, durk grayish-brown (10YR 4/2) silty clay
loaan, very dark brown (10YR 2/2) moist; moderate,
conrse and medium, subangular blocky structure;
hard, friable; common fine pores; neutral; abrupt,
clear boundary.

Al12—6 to 13 inches, dark-gray (10Y R 4/1) silty clay loam very
dark brown (Q0YR 2/2) moist; weak, coarsc, pris-
malic structure scparating to moderate, coarse and
medium, angular bloecky structure; hard, friable; com-
mon fing pores; neutral; gradual, wavy houndary.

B21t—13 to 22 inches, dark grayish-brown (2.5Y 4/2) silty
alay loam, very dark grayish brown (2.5Y 3/2) moist;
faces of peds are steined with very dark brown (10YTR
2/2) moist; weak, conrse, prismatic structure scpi-
rating to strong, coarse and medium, angular blocky
structure; very hard, firin; clay films on peds; few
pores; ncutral; gradual boundary.
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B22t—22 to 30 inches, grayish-brown (2.5Y 5/2) silty clay,
very dark grayish brown (2.5Y 3/2) moist; weak,
coarse, prismatic structure separating to  strong,
eoarse, angular blocky structurc; very hard, firm;
elay films on peds; few pores; slightly effervescent;
mildly alkaling; clear boundary.

Clea—30 to 50 inches, pale-olive (3Y 6/3) silty clay loam, olive
(3Y 4/3) moist; vory weak, coarse, prismatic structure
separating to weak, conrse and medium, angular
blocky sfructure; hard, firm; common fine pores;
strongly offervoscent; common small nodules and
threads of lime; moderately alkaline; diffuse bonndary.

(2—350 to 58 inches, pale-olive (3Y 6/3) silty clay loam, olive
{(5Y 4/3) moist; weak, medinm, subangular blocky
structure; linrd, firm; strongly effervescent; lime
mostly diffused; moderately alkaline,

The Al horizon has a eolor value of 3 or ¢ when dry snd a
texture of silty clay loam or silt lonm. The B horizon has a
hiue of 2.5Y or 10YR. and value of 2 or 3 when maist and 4
or 5 when dry. The B2t horizon has weak to moderafe, vouarse
to medium, prismatic structure that scparates to moderate
to strong, eowrse to fine, angular blosky. It contains 33 to 45
%ercent clay, 30 to 60 percent silt, and 5 1o 30 percent sand.

he C horizon is loam to siléy clay and has a hue of 5Y or
2.5Y. The thickness of the solum snd the depth ic lime,
typically, range from 20 to 40 inches, Grayish-brown or darker
colaors oxtend to depths of 20 to 46 inches, and this depbh
includes all of the Al horizon and all or part of the B horizon.

Ciradl soils are in landscape positions similar te those of
Arnegard and CGrassna soils. Grail soils have o finer textured
B horizon than either Arnegard or Grassna soil.

Grail silt loam, nearly level {0 to 3 percent slopes)
(Ga A)—This soil generally has long, very gentle slopes.

This soil has a profile like that described as representa-
tive for the series, except that the surface lanyer is silt
loam about 10 inches thick. Runoff is slow. Included in
mapping were small areas of Grail silty clay loam and
Meorton and Sen soils.

Soil blowing is a slight hazard. This soil is easy to_till.
Tt is used mainly for small grains, corn, and alfalfa. Tt is
well suited to all crops commonly grown in the county.
(Capability unit TIe-6; Overflow range site; windbreak
group 1)

Grail silt loam, genily sloping (3 to 6 percent slopes)
(GaB).—This soil has mainly long, smooth slopes.

This soil has a profile similar to that described ag
reprosentative for the serics, except that it has a surface
laver of silt loam about 10 inches thick. Runofl is medium.

Tnetuded with this soil in mapping were small areas of
Gradl silty clay loam and Morton and Sen soils. Small
areas of soils that have either more or less slope than that
deseribed for this Grail soil were also included.

Water erosion is o moderate hazard, and soil blowing a
slight hazard, This soil is easy to Gl It is used mainly
for small grains, corn, and alfala. It is well suiled to
small grains, alfalfa, and grass and fairly well suited to
corn. (Capability unit Tle-6; Silty range site; windbreak
group 1)

Grail silty clay loam, nearly level (0 to 3 percent slopes)
(G A).—This soil has muinly long, very gentle slopes. It
has the profile deseribed as representalive of the series.

Included with this soil in mapping were small areas
of Grail silt loam and Lawther, Regent, and Morton
soils. Runoffis slew.

'his soil is moderately difficult to till, and water erosion
is a slight hazard on Jong slopes. This soil is resistant to
soil blowing. 1t is used mainly for small grains and alfalfa.
It is well suited to small grains, grass, and alfalfn and
fairly well suited to corn. (Capability unit ITe~7; Overflow
range site; windbreak group 1}
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Grail silty clay loam, gently sloping (3 to 6 percent
slopes) (GeB).—This soil has mainly long, smooth slopes.

Ineluded in mapping were small areas of Grail silt
loam and Lawther, Regent and Morton soils. Runoff is
medium.

This seil is moderately diffienlt to till, and water crosion
is & moderate hazard. This soil is resistant to soil blowing.
It is used mainly for small grains and alfalfa. It is well
suited to small grains, grass, and allnlfa and fairty well
suited to corn, (Capability unit ITe-7; Silty range site;
windbreak group 1)

Grail silly clay loam, sloping (6 to 9 percent slopes)
(GcC).—This soil has mainly smooth slopes less than 300
feet long.

This soil has a profile similar to that described as rep-
resentative for the series, except that the solum is about
6 inches thinner. Runeff is rapid.

Included in mapping were areas of soils that have a
surface layer of silt loam and small areas of Arnegard,
Regent, and Morton soils. Also included were small areas
of soils that have more than 9 percent slopes or less than 6
pereent slopes.

Water erosion is a serious concern where slopes are
unprotected. This seil is vesistant to soil blowing. It is
used mainly for small grains and grass. It is well swited to
grass and legumes, fairly well suited to small grains, and
poorly suited to corn. (Capability unit ITIe-7; Silty
range site; windbreak group 1)

Grassna Series

The Grassna series consists of deep, nearly level to
gently sloping, well-drained, loamy soils on terraces, m
upland swales, on valley funs, and on foot slopes. These
soils formed in loess washed downslope from higher
areas.

I'n a representative profile the surface layer is very dark
grayish-brown silt loam about 23 inches thick. The sub-
soil is friable silt loam about 21 inches thick. In sequence
from the top are 7 inches that is dark grayish brown, 7
inches that is erayish brown, and 7 inches that is hght
olive brown. The underlying material is light yellowish-
brown, light silty clay loam.
 Qrassna soils are high in fertility, organic-matter
content, and available water capacity. Permeabiliby i
moderate. xtra soil meisture is available to plants be-
cause these soils receive runoff from surrounding soils.
Theso soils are used mainly for crops, and most of them
are well suited to all crops commonly grown in the county.
In some swales and on some north-facing slopes, there
are patches of native trees and shrubs.

Representative profile of Grassna silt loam, gently
sloping, in « cultivated feld, 80 feet south and 300 feet
west ol the northenst corner of the SW sec. 7, T. 143 N.,
R. 33 W.

All—0 to 7 inches, very dark grayish-brown (10YR 35/2)
silt Joam, very dack brown (I0YR 2/2) moist; weak,
medium, subangular blocky strueture separating to
weak, fine, granular siructure; friable; many fine
pores; neubral; abrupt, smooth boundary.

Al2—7 o 23 inches, very dark grayish-brown (L0YTR 3/2)
silt lonm, vory dark brown {JOYR 2/2) moist; weak,
goarse, prismabic seructure separating to moderuate,
coarse and medium, subangular blogky  structure;
frinhle; many fine pores; neutral; gradual, wavy
boundary.
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B21—23 to 30 inches, dark grayish-brown (10YR 4/2) silt
loam, very dark grayigsh brown (10YR 3/2) moist;
faces of peds stained with very dark brown (L0YR
2/2) moist; moderate, coarse, prismatie structure
sepurating t0 moderate, medium, subangular blocky
structure; friable; commen fine pores; neutral;
gradual, wavy boundary.

B22—30 o 37 inches, grayish-brown (2.5Y 5/2) silt loam, very
dark gravish brown (2.5Y 3/2) moist; moderate,
coarse, prismatic structure separating to weak,
coarse, subangntar blogky structure; friable; common
fine pores; neutral; gradual, wavy boundary.

B32—37 to 44 inches, light olive-brown {2.5Y 5/3) silt loam,
olive brown (2.5Y 4/3) moist; maderate, coarse,
prismatic structure separating to weak, coarse,
subangular blocky strueture; friable; common fine
and medium pores; slightly cllerveseent; o few
threads of lime; moderately alkaline, clear, wavy
boundary.

44 to 60 inches, light yellowish-brown (2.5Y G/3) light
silty clay loam olive brown (2.5Y 4/3) moist; weunlk,
coarse to fine, subangular blocky struetuve; friable;
strongly effervescent; common spots of lime; mod-
erately alkaline,

The Al horizon ranges from dark grayish brown to very
dark grayish brown in color, and from 10 to 30 inches in
thickness, The B horizon ranges from silt loam to light silty
clay loam in texture and from 15 to 50 inches in thickness.
Depth to lime ranges from 30 to 50 inchos. The C horizon is
mainly silt loam or silty elay loam, but is loam, elay loam, or
silty clay in o few places, The solum has color valies of less
than 5.5 when dry and 3.5 when moist to o depth of more than
40 inehes in some places,

Grassna soils are in landscape pogitions similar to those of
Arncgard and Grail scils. In the B horizon, Grassna soils
contain more silt and less sand than Arnegard soils and more
silt and less clay than Grail soils.

Grassna silt loam, nearly level (0 to 3 percent slopes)
(Gn A).—This soil occupies slight depressions and shallow
drainageways on the Missouri River terrace and ad-
jncent uplands. It has mainly long, very gentle slopes.

This soil has o profile similar to that described as
representative for the series, except that the solum
averages nbout 5 inches thicker. Runoff is slow.

Ineluded in mapping were small areas of Mandan,
Temvik, and Linton silt loams. Alse included were soils
that are like Grassna soils, except for either darker colors
below o depth of 50 mnches or thin darkened layers below
a depth of 20 inches.

Soil blowing is a slight hazard on, this seil. Most of the
runoff from surronnding seils is ahserbed, except during
heavy raing or when the soil is frozen. This soil is used
mainly for small grains, corn, and alfalfa. Tt is well suited
to all crops commonly grown in the county. (Capability
unit ITe—6; Overflow range site; windbreak group 1)

Grassna silt loam, gently sloping (3 to 6 percent slopes)
(GnB).—This soil oceupins well-defined depressions, drain-
agoways, valley fans, and foot slopes on the Missouri
River terrace and adjacent uplands. 1t has mainly long,
smooth slopes. Tt hns the profile described as representa-
tive for the series.

Included in mapping were small areas of Mandan,
Linton, and Temvik silt lonms. Included in places were
soils that are like Grassna scils but that either have
davker colors below a depth of 50 inches or thin darkened
layers below a depth of 20 inches. Runoff is medium to
slow,

Soil blowing is a slight hazard, and water erosion is a
meoderate hazard, especinlly where the soil has long
slopes. Much of the runoff from swrrounding soils is
absorbed, except during heavy rains or when the ground

I1Cea:

is frozen. This soil is used mainly for small grains, corn,
and alfalfa. It is well suited to small grains and alfalfa
and fairly well suited to corn. (Capability unit ITe-6; Silty
range site; windbreak group 1)

Gravel Pits

Gravel pits (0 to 15 percent slopes) (Gp) are open pits
of gravel and sand. Their sides ore steep, and their
interiors have slopes of 0 to 10 percent. Some nealy level
areas on the bottoms are finer textured and have a sea~
sonal water table or are ponded. Most of this land, how-
ever, is gravel and sand. In most places the pits have
very slow runoff, very rapid permeability, very low
available water capacity, and low organic-matier content
and fertility,

The finer textured low areas have u cover of volunteer
trees and grasses, but most arens are barren or have a
sparse stand of weeds, grasses, and sweetclover. This
land is suited to wildlife but is poorly suited to pasture.
Some pits having an adequate source of finer textured
borrow muaterial can be reclaimed. Reclamation requires.
extensive leveling and topdressing with finer textured
material. Reclaimed areas that have ab least 20 inches
of loamy overburden are suited to most crops grown in
the eounty but are not suited to trees. Areas where the
loamy overborden iz thinner are suited to pasture.
(Capability unit VIIs-1; not in a range site or windbreak
group)

Harriet Series

The Hwrriet series consists of deep, poorly drained,
nearly level, saline and alkaline soils that have a weak
claypan in the subsoil. They are in scattered traects on
gtream terraces and bottom lands. They have & seasonally
high water table at a depth between 0 and 6 {eet. The
water table in most years is above a depth of 3 feet,
except during the summer. These soils have a strongly
saline, weak claypan that restricts rooting.

In a representative profile the surface layer is gray
silt. loam about 2 inches thick. The subsoil 15 firm silty
clay loam about 7 inches thick. It is gray in the upper
part and grayish brown in the lower part. The underlying
material 18 mottled, white and pale-yellow silty clay
lonm and lonm to a depth of 46 inches. Below this is
mottled, light-gray silty clay.

Harriet soils are moderate in organic-matter content
and available water capacity and low in fertility. Porme-
ability is slow. The restrictive effect on rooting of the
claypan and salinity ave partly offset by the soil moisture:
provided because the water table iz high.

Harriet soils ave used mainly for native pasture. Native
grasses are mainly salt and alkali grasses, western wheat-
grass, slender wheatgrass, and plains bluegrass. These
soils are snited to pasture and hay.

Representalive profile of Harriet silty clay loam in an
area of Huriet complex, in native pasture, 165 feet east
and 50 feet south of the center of sec., 17, T. 142 N., R.
8IW.

A2—0 to 2 inches, gray (10YR 5/1) silt loam, very dark gray
(10Y R 3/1) maoist; moderate, fine, crumb structure;

thinly coated with gray (L0YR 6/1) dry; hard, very
friable; many reots, almost matted on the surface;
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slightly effervescent; moderately alkaline; abrupt
houndary.

B21t—2 to 5 inches, gray (10YR 5/1) silty clay loam, very
dark gray (10YLR 3/1) moist; moderate, medium,
columnar structure separating to strong, fine, angular
blocky structure; tops of columns are coated with

ray (L0Y R 6/1) dry and sides are coated with black
10YR 2/1) moist; exfremcly hard, firm; slightly
effervescent; strongly alkaline; gradual boundary.

B22t—>5 to 9 inches, grayish-brown {(10Y R 5/2) silty clay loam,
dark grayish brown (10YR 4/2) moist; weak, coarse,
prismatic structure separating to slrong, very fine,
angular blocky structure; prisms are coaved wilh very
dark grayish brown (10YR 3/2) mwoist; very hard,
firin; sommon, fine, white salt crystals; strongly
effervescent; strongly alkaline; clear, wavy boundary.

C1—% to 18 inches, white {10YR 8/2) silty clay loam, very
pale brown (10YR 7/3) moist; weak, coarse, prismatic
structure separating to strong, very fine, angular
blocky structurs; very hard, friable; common, fine
salt erystals visible when dry; a few snail shells;
violently effervescent; strongly alkaline; gradual
boundary.

C2—18 to 34 inches, pale-yellow (2.5Y 8/4) siliy clay loam,
light yellowish brown (2.6Y 6/3) moist; strong, very
fine, subangular Mocky structure; very kard, friable;
common, fine, faint, very pale brown (L0YR 7/3
moist) mottles; commen very fine, white sals erystals
visible when dry; viclently effervescent; strongly
alkaline; gradual boundary.

C3—34 to 40 inches, white (2.5Y 8/2) silty clay loam, pale
yellow (2.5Y 7/3) moist; very hard, friable; a few,
faint mottles of yellow (2,6Y 7/6) moisé, and many
fine mottles of pale brown (10Y R 6/3) moist; a {ew
small snuil shells; strongly effervescent; very strongly
alkaline; gradual boundary.

C4—40 to 46 inches, white (2.5Y 8/1) loam, light gray {2.5Y
7/2) moist; very hard, friable; many, fine, distinct
mottles of yellowish brown (L0Y R 5/4} moist; strongly
effervescent; strongly alkaline; abrupt boundary.

C5—46 to 60 inches, light-gray (5Y 7/1) silty clay, gray (5Y
5/1) moist; extremely hard, very firm; eommon,
large mottles of dark yellowish brown (10YR 4/4)
moist; slightly effervescent; strongly alkaline.

The A2 horizon is loam, silt leam, or very fine sandy loam.
The B2t bhorizon ranges from eclay lonm to siliy clay in texture.
The C horizon has few to many, faint to distinet mottles. There
are thin, buried, darkened horizons and horizons that have
sand and gravel below a depth of 30 inches in places. The
solum ranges from 6 to 15 inches in thickness. Salis, typically,
are visible at o depth of 4 to 10 inches, but in some places are
present in all horizons below the A2 horizon. The solum dries
out in most suramers but is wet much of the iime. Depth fo
carbonates is 0 to 5 inches.

Iarriet soils are similar to and are agsociated with Rhoades
and Regan soils. Harriet soils are more poorly drained and are
shallower to salts than Rhoades soils. They have a colummar
structure in the B2t horizon that is absent in Regan soils and
are more strongly saline and alkaline below the surface layer.

Harriet complex (00 to 3 percent slopes) (Ha).—This
complex is in 5- to 200-acre tracts. Slopes average about
1 percent. Some areas near streams are flooded during
short periods in spring and summer. In places the plow
layer is loom or silt loam. Runoff is slow.

Included in mapping were small areas of strongly saline
land, and Regan, Colvin, and Rhoades soils. Alse in-
cluded were small areas of soils that have slopes greater
than deseribed for the soils in Harriet complex and small,
barren, salty spots.

These soils are used mainly for native pasture. They are
suited to pasture and late-harvested hay., (Capability
unit VIs-SL; Saline Lowland range site; windbreak
group 9)
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Havrelon Series

The Tavrelon series consists of deep, nearly level to
undulating, well-drained, calcarcous soils of the Missouri
River botfom lands. These soils formed in thinly stratified
sediments that are mainly loam or very fine sandy loam,
Because these sediments were only recently deposited
by floodwater, there is little soil development. Havrelon
goils are the dominant soils of the Missouri River bottom
lands. The pattern of surface drainage is indistinet, but
drainage Is generally parallel to the river channel.

In a representative profile the surface layer is light
brownish-gray loam about 7 inches thick. Below the
surface layer is grayish-brown, friable loam about 15
inches thick. Extending to a depth of abonl 55 inches is
light brownish-gray, frishle very fine sandy loam. Below
this is lHght brownish-gray fine sandy loam.

Havrelon seils are low in organic-matter content,
moderate in fertlity and permeability, and high in
available water capacily.

Intensive use of commercial fertilizer, manure, and
crop residues is needed to increase organic-matter content
and fertility, and to conftrol erosion. These soils are used
mainly for crops, but in some areas that are used mainly
for pasture arc 1n native trees, brush, and grass. Most
areas of these soils are suited to all erops commonly grown
in the county.

Representative profile of Havrelon loam, in wooded
pasture, about 2 miles south of Washburn, which is
across the Missouri River, 430 feet south and 330 feet
west of the northeast corner of sec. 36, T. 144 N., R.
82 W.

A1—0 to 7 inches, light brownish-gray (2.5Y 6/2) loam, dark
grayish brown (2.5Y 4/2) moist; weak, coarse,

blocky strucbure; slightly hard, friable; slightly effer-
vegeent; mildly alkaline; gradual, wavy boundary.

Cl1—7 to 19 inches, grayish-brown (2.5Y 5/2) loam, dark
grayish brown {2.5Y 4/2) moist; weak, coarse,
blocky structure separating to weak, thick, platy
strueture; slightly hard, friable; slightly effervescent;
mildly alkaline; abrupt, wavy boundary,

IIC2—19 to 22 inches, grayish-brown (2.5Y 5/2) silty clay
loam, dark grayish brown (257 4/2} moist; weak,
ecoarse, blooky structure separating to moderate,
thick, platy structure; wvery hard, firm; slightly
effervescent; moderately alkaline; abrupt, irregular
houndary.

IIIC3—22 to 55 inches, light brownish-gray (2.5Y 6/2) very
fine sundy loam and a few, thin, darkened bands of
loam, dark grayish brown (2.5Y 4/2) moist; weak,
thick, platy structure; slightly hard, friable; a few
tree roots at 4 depth of 50 inches; slightly effervescent;
moderately alkaline; clear, wavy boundary,

IVC4—55 to 60 inches, light brownigh-gray (2.5Y 6/2) fine
sandy loam, dark grayish brown {(2.5Y 4/2) moist;
goft when dry, very friable when moist; slipghtly
effervescent; moderately alkaline.

Iz places the Al horizon has a color value as dark as 5 when
dry and 3 when moist. This horizon ranges from fine sandy loam
to pilty clay in texture. The Al horizen is not more than 4
inghes thick. Thin strata of fine sand, loamy fine sand, fine
sandy loam, silty clay loam, and silty clay are present in
places. The seil ranges from grayish brown (2.5Y 5/8) to light
brownish gray (2.5Y 6/2) in ecolor when dry, but thin buried
horizons as dark as dark grayish bhrown (2.5Y 4/2) when dry
are below the Al horizon. Faint to distinet mofttling is present
in some strata. Lime is diffuse.

Havrelon soils are associaled with Lohler and Trembles
aoils. Below the Al horizon they are coarser textured than
Lohler soils and finer textured than Trembles soils.
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Havrelon leam (0 to 3 percent slopes) {Hb).—This soil
occupics the middle und the inner edge of the Missouri
River bottom lands. Slopes are mainly long and have an
average gradient of less than 1 percent. In o few areas,
this soil has slightly undulating slopes. It has the profile
dleseribed as representative for the series,

Included with this seil in mapping were small aveas
of Havrelon silty clay loam, Havrelon fine sandy loam,
and Trembles fine sandy lonm. Runoff is slow.

The main_concerns of management are maintaining
good soil tilth, fertility, and organic-matter content. Soil
blowing is n shght hazard.

Leaving helts of native trees along cleared areas helps
to control the soil blowing. This soil is used mainly for
small grain, corn, and alfalfa. It is well snited to all crops
commonly grown in the county. (Capability unit Ile—6;
Overflow range site; windbreak group 1)

Hayvrelon silty clay loam (0 to 3 percent slopes) {He).—
"This soil occupies the center or outer edge of the Missouri
River bottom lands. Slopes are mainly long and have an
average gradient of less than 1 percent.

This soil has a profile similar to that described as rep-
resentative for the series, except that the surfnee layer is
silty clay loam and the upper 2 to 4 inches are davker
colored, Runofl is slow.

Included in maopping were smali areas of Havrelon
silty clay and Havrelon lonm. Also included were some
arcas of Havrelon soils that have stratified fine sandy
loam and loamy fine sand below a depth of 25 inches.
Small areas that have andulating slopes were included.

The main conecerns of management are maintaining good
soil tilth, fertility, and organic-matter content.

Tillage power requirements are moderately higl. This
soil is resistant to scil blowing if good residue manage-
ment is used. Tt is used mainly for small grains and alfalla.
It is well suited to small grains, alfalfa, and grass and
fairly well suited to corn. {Capability unit ITe-7; Overtlow
range site; windbreak group 1)

Havrelon silty clay (0 to 3 percent slopes) (Hd).—This
nearly level soil occupies the outer edge of the Missouri
River bottom lands. Slopes are mainly long and have an
average gradient of less than 1 percent.

This soil has a profile similar to that described as rep-
resentative for the series, except that the surface laver is
sitty clay and the upper 4 inches is darker coloved. Hunoft
is slow. [ncluded im mapping were small areas of Havrelon
silly clay loam and Lohler silty clay.

The main concerns of management are maintaining
good soil tilth, fertility, and organic-matter content
and controlling soil blowing early in spring,

This soil has high tillage power requirements. 1t should
be tilled only within the narrow range of optimum mois-
ture, especially in preparing the seedbed. This practice
keeps the soil from puddling and crusting when wet and
clodding when dry. In spring, the granulated soil surface
is subject to blowing., This soil is nsed mainly for small
eraing and alfallw. It is poorly suited to corn but suited to
all “other crops commonly grown in the county. (Capa-
bility unit fTs-4; Overflow range site; windbreak gronp 1)

Havrelon-Trembles fine sandy loams (0 to 5 percent
slopes) (Hm).—This complex consists of deep, well-
drained soils that have n suiface layer of very friable
fine sandy loam. These soils lie townrd the middle or
inner edge of the Missowri River bottom lands. Below the
surface layer they arve mainly stratified loam and fine
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sandy loam. Slopes are mainly slightly undulating, but
they range to undulating. Havrelon fine sandy loam mukes
up about 60 percent of the complex, and Trembles fine
sandy loam 30 percent.

The Havrelon soil has a profile similar to that deseribed
as representative for the series, except that it has a surface
layer of fine sandy loam. Runoff is slow. Tncluded in
mapping were small areas of Havrelon, Trembles, and
Binks loams and Banks fine sandy loam.,

The main_concerns of management ave controlling soil
blowing and maintaining good soil tilth, fertility, and
organic-matter content. Soil blowing is a sovere hazard
in unprotected cultivated areas.

These soils are used mainly for small grains, corn, and
alfalfa. "They are suited to small grains and well suited to
corn, grass, and legumes. (Capability unit IITe-3; Over-
How range site; windbreak group 1)

Heil Series

The Ieil series consists of deep, poorly drained, nearly
level soils that have o dense claypan subsoil. They are in
basins and depressions on uplands and terraces and are in
scottered tracts throughout the county.

In a representative profile the surfuce layer is light-gray
silt loam about 2 inches thick. The subsoil is very firm
silty clay about 44 inches thick. The upper 13 inches of
the subsoil is dark gray, the lower 31 inches is gray and
mottled as well as saline. Below this is gray, mottled,
saline silty clay.

Heil soils are moderate in fertility, organic-matbter con-
tent, and available water capacity. Permeability is very
slow, except after dry periods when initial intake is
moderate to rapid. These soils pond but ave usually dry
Iate in the growing season,

There is less growth of plants that produce forage in
artificially drained areas fhan in undrained areas. The
extra water available from ponding in undrained areas
partly oflsets the moderate available water eapacity. This
soil is suifed to and used mainly for native pasture and
hay. The dominant grass is western whentgrass,

Representative profile of Heil silty clay in native pas-
ture, 210 feet south and 180 fect west of the northeast
corner of the SE{ sec. 8, T. 143 N., R. 85 W.

A2—0 to 2 inches, light-gray (J0YR 6/1) silt loam, very dork
gray (LOYR 3/1) moish; weak, thick and medium,
platy structure; hard, [riable; many roots; many fine
pores; mildly alkaline; abrupt, wavy boundary,
to 8 inches, dark-gray {IDYL 4/1) silty clay, very
dark gray (LOYTR 3/1) moist; moderate, coarse, col-
umnar sbrueture; columns have multiple caps 1 to
1.5 inches ncross and coated with light gray (10YR
G/1) moist; cxtremely hard, very firm; common roots
in cracks; few peres; mildly alkaline; gradual, wavy
houndary.

B22t—8 to 15 inches, dark-gray (L0YR. 4/1) silty clay, very
dark gray (10YR 3/1) moist; modernte, eoarse, pris-
matic structure separating o strong, coarse and fine,
angnlar bloeky struevure; extremely hard, very lirm;
many to few distorted roots; peds are glossy when
moist; moderately alkaline; clenr, wavy boundary.

B3les—15 to 22 inches, gray (10Y R 5/1) silty clay, very dark
gray (2.5Y 3/1) moist; & few, fine, distinet moltles of
dork reddish brown (5YR 5/3) moist; moederate,
coarse, angular bloeky structure; extremely hard, very
firm; few roots; slightly efferveseent; ecomimen gypsum
nestsy moderntely alkaling; gradual, wavy boundary,

B32cs—22 fo 46 inches, pray {L0YR 5/1) silty clay, very dark
gray (2,5Y 3/1) moist; o few, fine, distinot mottles

B21t—2
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of dark reddish brown {3YR 3/3) maoist; moderate,
coarse, angular blocky structure; extremely hard, very
firm; slightly efferveseent; many gypsum  hests;
strongly alkaline; gradual, wavy boundary.

Clg—46 to 53 inches, gray (5Y 5/1) silty elay, dark gray
(8Y 4/1) moist; common, fing, distinet mottles of dark
yellowish brown (I0YR 4/4) moist; weak, couarsc,
subangular hlocky structure; extremely hard, very
firm; slightly effervescent; many gypsum nests;
strongly alkaline; gradunl, wavy boundary.

C2g—53 to 60 inches, gray (3Y 5/1) silty clay, durk gray
(Y 4/1} moist; eommon, medium and coarse, dis-
sinet mottles of dark yellowish brown (10YR 4/4)
moist; weak, coarse, subangular blocky strueture;
extremely hard, very firm; slightly elfervescent; few
EYPSIM nests,

The A2 horizon ranges from i1t loam Lo silty clny in texbure
and from 1 to 4 inches in thickness. It has a hue of 10YR or
2.5Y and eolor value of 3 or 4 when moigt and & or 6 when dry.
In a few places there is an A1 horizon, less than 3 inches thick,
that is very dark gray or very dark brown when meist. The
B24 horizon is silty elay or elay and has o huc of 10YR or 2.5Y
and eolor value of 4 ar & when dry. Structure is modernte to
strong eohwmnar in the B21t harizon and wnoderate to strong
prismatie in the B22L horizon. Cypsum crystals and other
salts oceur in most places and are commonly distinet belaw the
B horizon, In some places the Cg horizon iz not mattled, but
in other places, it has few to common, faint to distinot mottles.
Depth 10 carbonates ranges from 15 to 30 inches, Textures ns
coarse a8 clay loam are below n depth of 40 inches in seme
places.

Teil soils are in landseape pogitions similar to those of
Dimmick and Parnell soils. Heil seils are nob 5o wet as the Hm-
mick and Parnell soils, and they have a leached A2 horizon
and a columnar B horizon, whereas the Dimmick and Parnell
do not have these harizons.

Heil silty clay (0 to 3 percent slopes) (Hs).—This soil
has slopes that are mainly less than 1 percent.

Included with this soil in mapping were small arcas of
Dimmick soils and Rhoades soils. Dimmick soils are in the
deepest parts of basins, and Rhoades scils are on the
higher edges. Tneluded were a few areas of soil that has a
surface layer, 4 to 12 inches thick, underlain by a claypan
subsoil.

This soi] is generally ponded for 3 to 6 weeks during
the growing season. Ponding occeurs for short periods in
spring and alter heavy rains. A water table below a depth
of 2 feel is beyond the reach of plant roots in most places,
Drying causcs wide surface cracks on this soil. After dry
periods, water intake is greater than normal until the soil
18 saturated.

Grazing this soil when wet causes the trampling of
forage and the lowering of permeability. 'This soil ig not
suited to cultivated crops. It is suited to and used for
permanent pasture and hay. (Capability unit VIs-CD;
Closed Depression range site; windbreak group 10)

Lallie Series

The Lallic scries consists of deep, nearly level, very
poorly drained and poorly drained, calcareous, clayey
soils of the Missouri River bottom lands. They formed
in sediments only recently deposited by floodwater.
Slopes nre mainly less than 1 percent.

In a representative profile the surface layer is gray,
mottled silty clay about & inches thick. Below this is
light-gray, highly mottled, very firm silty clay to a depth
of 18 inches. The next layer is light brownishi-gray; highly
mottled, very finn silty clay that reaches a depth ol 56
inches.
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Lallie soils are low in organic-matter content, moderate
in fertility and available water capacity, and slow in
permeability, Lallie soils are ponded. Floodwater drains
through ind}ifstincb drainageways that generally lie parallel
to the Missouri River channel. Unless drained, Lallie
soils are limited by water-logging to use for wildlife
hubitat, pasture, or hay. Some areas can be drained and
cultivated. The native vegetation is mainly slough grasses,
rushes, willows, and cottonwood.

Representative profile of Lallie silty clay, very wet, in
native grass, 75 feet north and 590 feet east of the south-
west corner of sec. 16, T. 142 N, R. 81 W.

Al—0 to 8 inches, gray (L0Y R 5/1) silty elay, very dark gray
{10YR 3/1) moist; very thin, discontinuous, darker
colored sirata; many, mediwum, distinet mottles of
durk yellowish brown (10YR 3/4) meist; moderate,
fine and medinm, angalar blocky structare; firm, very
sticky and plastie; shightly effervescent; a fow small
snail shells; mildy alkaline; clear, wavy boundary.

Clz—S8 to 18 inches, light-gray (5Y 6/1) silty clay, dark gray
(5Y 4f1) moist; very thin, discontinuous, darker
colored strata; many, eoarse, distinet mottles of dark,
vellowish-browu and dark-gray (LOYR 3/4 and N
4/0) maist; strong, fine, anguinr blocky structure;
very firm, very sticky and very plastic; slightly
effervaseent; o few smnall snail shells; moderately
alkaling; elear, wavy houndary.

C2g—18 to 60 inches, light brownish-gray (2,57 6/2) silty
clay, dark grayish brown (2.5 4/2) moist; several
strata of loam less than 1 ineh thick; common, coarse,
distinet, dark vellowish-brown and gray {10Y 3/4
and N &/0, moist} motiles; moderate, medium,
angular blocky structure in upper parh, platy stric-
ture to maossive in lower part; very firm, very sticky
and very plastie; slightly effervescent; moderately
alkaline.

Some areas have a surface layer of organic mulch as much as
4 inches thick. The Al harizon ranges from LOYR to 2.5Y in
hne. Below the surface Inyer is o e of 5Y or 2.5Y and chroma
of 1 or 2. The Cg horizon has mottles that range from common
to many, medium to very econrse, and prominent to distinet.
The Cg horizon has hlocky or platy structurve. In some plices,
it has gypsum erystals. To o depth of 40D inches, texture is
mainly gilty elay that has o elay content of more than 45 per-
cent but in some places nee horizons of silty elay loam that have
a eliy content of maore than 35 percent. Below vhe A horizon in
gome places are thin bands thot arc coarser textured. )

Tu Oliver County, the Al horizon of Lallic soils is thicker
than is defined ns the range for the serieg, but this difference
dnes not alter the usefulness or behavior of the soils, .

Lailie soils are nssocinted with Havrelon and Tobler soils.
They are more poorly drained than HFluovrelen or Lohler soils
and wre finer in texiure helow Lhe Al horizon than Havrelon
soils.

Lallie silty clay (0 to 3 percent slopes) (La).——This soil
is poorly drained and is in broad, flat, shallow depressions
at the outer cdge of the bottom lands along the Missouri
River.

The profile of this soil is similar to that deseribed as
representative for the series, except that it is not so wet
and mottled. Included in mapping were small areas of
Havrelon and Lohler silty clay and Lallie silty clay,
very wel.

This soi} ponds for several wecks early in spring and
after heavy rains. The water table is at a depth of not less
than 5 feet in most years. Drained areas pond for short
periods after heavy rains,

This soil has high tillage power requirements and poor
soil tilth. It is susceptible to soil blowing early in spring.
Intensive management of residue and fertihty are needed
in cultivated areas, Proper installation ana maintenance
of drainage ditches is needed for intensive cultivation.
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Withholding grazing while the soil is wet helps prevent the
trampling of forage and the slowing of surface water
intake. Drained areag are suited to small grains, alfalfy,
and grass and are used mainly for wlfalfa hay. They arc
poorly sumited to corn. Undrained aress are suvited to
late-seeded small grains, hay, and pastore and are used
mainly for permanent hay. (Capability unit IVw-4 if
undrained, [Iw-4 if drained; Overflow range site; wind-
break group 2)

Lallic silty clay, very wet (0 to 3 percent slopes) (Lb).—
"I'his soil is very poorly drained and 12 mainly in moderately
deep oxhows and blocked channels at the outer edge of
the Missourl River bottom lands, 1t is also in wide, deep
channels that cross the bottom lands and drain upland
arens. This sotl has the profile described as representative
of the series,

Included in mapping were small areas of Lallie silty
clay that is poorly drained and o few small aress of
Lohler and Mavrelon silty clays.

In many areas drainage is not foasible because drainage
outlets are not ndequate or the soil is periedically flooded.
These areas are snited to wildlife habitat and to pasture
during the drier part of the season. In drained areas
imtensive ditch maintenance and ferfility and residue
management are needed if the soil is intensively cultivated.
In these areas. heavy rains can couse flooding that lasts
for several days and damages the crops. Other manage-
ment econcerng are poor soil tilth, high tillage power
requirements, and the hazard of erosion early in spring.
If drained, this soil is fairly well suited to small grains and
alfalfa, but there is a risk of flooding. Drained areas are
used mainly for and are well suited to adapted perenninl
hay crops or late-seeded annual hay ecraps. Undrained
areas are used [or lote-season pasture and wildlife habitat.
(Capubility unit Vw-WI il undrained, 11Tw—4 if drained;
Wetland range site; windbreak group 10 if undrained,
2 if drained)

Lawther Series

The Lawther series consists of deep, ncarly level to
gently sloping, moderately well drained, clayey soils
on uplunds, in swales, on fans, and on terraces.

In o representative profile the surface layer is dark-gray
silty elay about 5 inches thick. The subsoil is very firm,
dark-gray clay about 26 inches thick. The underlying
material is gray clay to a depth of 38 inches and grayish
brown, steatified clay and silty clay below that depth.

Lowther soils are high in fertility, organic matter
content, and available water capacity. Permeability is
slow.

These soils have poor tilth and should be tilled only
within the ronge of optimmm moisture content. This
practice prevents cloddiness and crusting when dry and
puddling when wet. Timely preparation of the seedbed
is essential for good emergence of seedlings, These soils
are used mainly for small grains, The native vegetation
is mainly western wheatgrass and green needlegrass,
These soils are suited to all crops commonly grown in
the county, except corn.

Representative profile of Lawther silty clay, gently
sloping, in native grass, 600 fect east and 625 feet north
of the southwest corner of sec. 36, T, 142 N., R. 84 W.
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Al—0 to b inches, dark-gray (10YR 4/1) siliy clay, black
(10YR 2/1) moist; moderate, medium and fine,
subangular blocky struelure separating to moderate,
fine and medinm, granular stroeture; hard, friable;
many roots; many pores; mildly aolkaline; clear
houndary.

B21-—5 to 12 inches, dark-gray (10YR 4/1) ¢lay, black (2.5Y
21} moist; wenk, conrse, prismatic structure separat-
ing to strong, coarse and medium, angular bloeky
structure; very hard, very firm; many roots; common
very fine pores; mildly alkaline; gradual boundary.

1322—12 to 26 inches, dark-gray (LOY R 4/1} elay, black {(2.5Y
2/1) mwoist; weak, coarse, angular blocky siructure
separating to strong, medium and fine, angular
blocky structure; very hard, very firm; ecommon
roots; common very fine pores; mildly alkaline;
clear boundary.

B3es—26 to 31 inches, dwrk-gray (LOYR 4/1) clay, black
(2.5Y 2/2) moist; strong, medium, angular hlocky
structure; very hard, wvery firm; common roots;
vommon very fine pores; slighily effervescent; few
gypsum nests; moderately alkaline; gradual boundary.

C1-—31 to 38 inches gray {(L0YTR 5/1) elay, black (2.5Y 2.2)
moist; strong, mediun, angular blocky structure;
very hard, very firm; few roots; few pores; slightly
effervescent; lime segregated into nodules; few to
common gypsum nests; moderately alkaline; gradnal
boundary.,

C2-—38 to 60 inches, grayish-brown {2.5Y 5/2) strutified clay
ond silly ciny, very dark grayish brown (2.5Y 3/2)
moist; very hard, very firm and firm ;) a few seoria and
ironstone fragments; fow pores; slightly effervescent;
common nodules of litme; few to common gypsum
nesls; moderately alkaline.

The Al horizon has a solor value of 3 or 4 when dry. The 3
hotizon has a hue of LOYR or 2,5Y, chroma of 1 or 2, and value
of 2 or 3 when moist and 4 or 5 when dry, Between depths of
10 and 40 inches, the texture iz clay or silty clay that hag a
clay content of 40 to 60 percent and o silt content of 30 to 60
percent. The B3es borizon and layers below are commonly
ealeareous, Depth to lime ranges from 20 to 60 inches. In o
x_"c“i places are bedded shales between depths of 40 and 60
inches.

In Oliver County, the AL horizon and the upper part of the
B2 horizon in Lawther soils have lower chroma than is defined
a3 the range for the gerieg, but this difference does not alter the
usefulness or behavior of the soils.

Lawther geils are similar to Regent, Savage, and Lohler
soils. Luwther soils have more clay below the AT herizon than
Regent and Savage soils. They nre darker colored and lack the
contrasting textural layering that is typieal of Lohler soils,

Lawther silty clay, nearly level (0 to 3 percent slopes)
(LcA).—This scil has very gentle, long, smooth slopes.
The profile of this soil is similar to that described as
representative for the series, except that the combined
thickness of the surface layer and subsoil is about 4 inches
greafer. Runoff is generally slow, but it is medium on
long slopes during heavy runs.

Included with this soil in mapping were small areas
of Grail and Regent silty clay loams and areas of soils
that are like Lawther soils but that are underlain by shale
at a depth of 25 to 40 inches. Also included was 187 acres
of a soil that has textures and colors similar to those of
this soil, but that has a high lime content, a seasonal
high water table, and a few claypan spots, This inclusion
is east of Hensler in secs. 27, 28, 33, and 34, T. 143 N,
R.32W.

The main concerns of management are poor soil tilth
and susceptibility to soil blowing early in spring. This
soil is used mainly for small grains. 1t ig suited to most
crops commonly grown in the county, but it is poorly
suited to corn. (Capability unit I1s-4; Clayey range site;
windbreak group 4)
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Lawther silty elay, gently sloping (3 to 6 percent slopes)
{LcB),—This soil has long, smooth slopeg in most places,
It has the profile described as representative for the scries.

Tneluded with this seil in mapping were small areas
of Grail and Regent silty clay loams. Also included were
soils that arve like Lawther soils but have shale at a depth
of 25 to 40 inches. Runoft is medim.

The main concerns of management are poor soil tilth
and control of soil blowing and water crosion. This soil
is used mainly for small grains. It is suited to most crops
commonly grown in the county, but it is poorly suited
to corn. (Capability unit 1[le—4; Clayey range site;
windbreak group 4}

Lefor Series

The Lefor series consists of moderately deep, gently
sloping, well-drained, lormny soils on residual uplands.
These soils formed in material weathered from the Golden
Valley Formation. They are in the extreme southwestern
part of the county. These soils are commonly underlain
by soft, sandstone and loamstone at a depth of 30 to 40
inches.

In a representative profile the surface lnyer is brown
fine sandy loam about 27 inches thick. The subsoil is
frinble and about 27 inches thick. In sequence from the
top are 7 inches of pale-brown fine sandy loam, 4 inches
of pale-brown clay loam, 8 inches of light yellowish-
brown clay loam, and 8 inches of pale-yellow mottled
lay loam. The underlving material is mottled, pale-
yellow loam to a depth of 46 inches and white, soft,
-coarse-textured loamstone below that depth.

These soils are moderate in fertility, organic-matter
content, and available water capacity. Permeahility is
moderate. The soll is highly susceptible to seil Bowing
and waler crosion. Soft bedrock moderately restricts the
root zone of deep-rooted crops.

These soils are used mainly for small grains, corn, and
alfalfa. They are svited to small grains and well suited
to grass, legumes, and corn.

Representative profile of Lefor fine sandy loam, gently
sloping, in o cultivated field, 105 {eet sonth and 74 feet
west of the northeast corner of see. 31, T. 141 N, R. 86 W.

Apl—0 {0 7 inches, brown (10YR 4/3) finc sandy loam, very
dark brown (1GYR 2/2) moist; weuk, coarse, aub-
angular blocky strueture separating to moderate,
medium, erumb strueture; slightly hard, friable,

slightly sticky and slightly plastic; common rools;
many fine pores; slightly acid; clear, smooth boundary.

B21—7 to 14 inches, pale-brown (10YR 6/3) heavy fine sandy
loam, brown (i0YR 4/8) moist; peds are coated with
very dark grayish brown (10YR 3/2) moist; strong,
very coarse, prismatic structure separating to mod-
crate coarse, subangular blocky structure; hard,
frinble, slightly sticky and plastic; patchy, thin clay
films; eommon roots; common fine pores; neatral;
gradual boundary.

B22t—14 to 18 inches, pale-brown (10YR 6/3) light clay loam,
brown (10YR 5/3) moist; peds are coated with dark
grayish brown (10YR 4/2) moist; strong, very coarse
prismatic structure separating to moderate, medim
angular blocky structure; hard, friable, sticky an
plastic; continuous clay films; a few roels; many fine
pores; neutral ; clest boundary.

B23t—18 to 26 inches, light yellowish-brown (10YR 6/4) light
clay loam, vellowish brown {(LOY R 5/4) moist; paichy,
dark grayish-brown {10YR 4/2, moist) coatings on
peds; strong, very coarse, prismatic structure sep-
arating to wenk, coarse, angular bloeky structure;

531-T61—75——3
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hard, friable, sticky and plastic; thin clay films on
vertical faces of peds; many fine pores; mildly alkaline;
gradual heundary.

B3es—26 to 34 inches, pals-vellow (5Y 7/4) light clay loam,
pale olive (5Y 6/4) moist; common, coarse, distinet,
brownish-yellow (L0YR 6/6, moist) motiles; moder-
abe, very coarse, prismatic structure separating to
moderate, coarse, angular blocky structure; hard,
frisble, sticky and plastic; patehy clay films on faces
of peds in upper part; many fine pores; gypsum nests;
slightly effervescent in lower part; mildly alkaline;
clear boundary.,

Cles—34 to 46 inches, pale-yellow (5Y 8/3) light loamstonc,
pale olive (:'JY 6/3) moist; common, coarse, distinet,
brownish-yellow (10YR 6/G, moist) mottles; wenk,
thick and medium, platy structure; hard, friable,
sticky and plastic; many fine pores; ecommon gypsum
nests; slightly effervescent; moderately alkaline;
gradual houndary.

C2—46 to 60 inches, white (Y 8/2) leamstone, light olive
gray (AY G6/2) moist; common, ceoarse, preminent
mottles of brownish yellow (LOYR 6/6) moist; platy
structure; hard, frinble, sticky and plastic; slightly
effervescent ; moderstely alkaline,

The A horizon is fine sandy loam but is 25 to 30 percent
medium and cearse sand, T4 has a chroma of 2 or 3 and » value
of 2 or 3 when moist and 4 or 5 when dry. The B21¢hcorizon has o
chroma of 2 or 3. It has strong, very coarse to coarse prismatic
structure separating to moderate fo weak, medium and coarse,
hlocky strusture. The € horizon has o hue of 3Y or 2.5, value
of 7 or 8 when dry, and ehroma of 2 to 4. In some places it has
brownish-yellow mottles, This soil, to a depth of 60 inches, con-
tains sand that is mainly misaceous and clays that are kaolinitie.
Tn some places the soil is free of lime to a depth of more than
60 inches. Gypsum and other salts are eommon helow the B2
horizan.

Tn Oliver County, the upper part of the B2t horizon in Lefor
soils is lighter colored than is defined as the range for the series,
Hut this difference does not alter the usefulness or behavior of
the soils.

Lefor soils are associated with Vebar and Morton seils, They
have stronger structure and higher clay content in the B2
horizon than Vebar soils. They have a higher sand content
than Morten soils.

Lefor fine sandy loam, gently sloping (3 to 6 percent
slopes) (LeA).~This soil is mainly gently sloping, but it
is undulating in some eroded areas and nearly level in a
few places. Runoff is medium.

Included with this seil in mapping were small areas of
Vebar, Parshall, Tally, and Arnegard seils. Parshall and
Aregard soils are in swales. Also included were a few
small areas of soils that have a slope range that is less
than that of this soil. On some eroded areas the originsl
pale-brown, finer textured subsoil has been exposed and
plowed. Belween areas of exposed subsoil and along the
field boundaries are ridges of sandy deposits.

The main concerns of management arc control of
erosion, conservation of moisture, and maintensnce of
fertility and organic-matter content. Intensive manage-
ment that maintains fertility and uses crop residue is
needed. This soil is used mainly for small grains, corn,
and allalfa, It is suited to small grains and well suited to
corn, grass, and legumes, but gullying is & serious concern
in fields uged for row crops. (Capability unit TITe-3M;
Sandy range site; windbreak group 5)

Lehr Series

The Lehr series consists of nearly level to sloping,
somewhat cxcessively drained, loamy soils that are
shallow to gravel. These soils are on stream terraces and
glacial outwash plains. The sand and gravel underlying
material is at a depth of 10 to 20 inches.
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In o representative profile the surface Inyer is very dark
grayish-brown loam about 6 inches thick. The subsoil is
friable, dark grayish-brown loam about 9 inches thick.
The underlying material, to n depth of ahont 21 inches, 1s
gravish-brown and light olive-brown gravellv conrse lonmy
sand. Below this is light brownish gray and light olive-
brown, coarse gravel and sand to o depth of 52 inches and
dark-gray loam below that depth (fig. 9).

Lehr soils are moderate in organic-matter content amd
fertility, and low in available water capacity. Permea-
bility 13 moderately rapid in the subsol and very rapid
below the subsoil.

These soils are a source of sand and gravel lor road
surfacing, but much of the material is unsuitable for
concrehe aggeregate. Tehr sotls are used mainly for small

Figure 8,—Profile of Lehr loam.

SURVEY

grains and native grass pasture or hay. Most of these
soils nre fairty well suited to all erops commaonly grown in
the county,

Representative profile of Lehr loam in an area of
Stady-Lehr loams, gently sloping, in native grass, 800
feet. enst and 90 feet south of the northwest corner of
sec. 1, T, 142 N,, R. 87 W.

A1—0 to 6 inches, very dark grayish-brown (10YR 3/2) loan,
very dark brown (10YR 2/2) meist; weak, medium,
subangular blocky structure separating to weak, fine,
crumb structure in upper parl; weak, coarse, pris-
matic structure in lower part; friable; many roots;
mwany fine pores; neubral; clear, wavy houndary.

B2—6 bto 11 inches, dark gravish-brown (10YR 4/2) leam,
very dark grayish Drown (J0YR 3/2) moist; moeder-
ate, medium, prismatic structure separating to wenk,
medium, subangular blecky structure; friable; many

rools; many fine pores; nceutral; gradual, wavy
houdary,
B3—11 to 15 inches, dark grayish-brown (10YR 4/2) loam,

very dark grayish brown (10YR 3/2) moist; wenk,

medium, prismatic sirueture separating to weak,

medinm, subangular blocky structure; friable; many
rools; many fine pores; mildly alkaline; abrupt, wavy
houndary.

15 to 21 inches, gravish-brown and lighl olive-brown

(2.8Y 5/2 and 5/4} gravelly conrge loamy sand, dark

grayish brown and olive brown {2.5Y 4/2 and 4/4)
moist; single grained; loonse; lime crusis on underside
of pebbles; violently effervescent; moderately alka-
ling; abrups, wavy boundary,

IIC2e0—21 to 52 inches, light brownish-gray and light olive-
brown (2.5Y 6/2 and 5/4) course gravel and sand,
dark grayish brown and olive brown (2.5Y 4/2 and
4/4) moist; single grained; loose; lime crusts on under-
side of pebbies; vicelently cflervescent; moderately
alkaline; abrupt, wavy boundary.

TITATb—A2 to 60 inches, dark-gray (10YR 4/1}) leam, very
dark brown (10YR 2/2) moist; friable; strongly
effervescent; moderately alkaline,

IIClea

The A horizon has a color value of 2 or 3 when moist and
3 or 4 when dry. The B horizon has a value of 4 or 5 and
chroma of 2 or 3 when dry. A few clay films are on faces of
prisms in some places. The B horizon has o moderate to weak,
medium to coarse, prismatic structure scparating Lo modorate
to weak, subangular blocky steueture, The TICen horizon has
a wide rauge of thickness over short horizontal distances. It
has a hue of 10YR or 2.5Y. It has a wide range in size of
conrse material and amound of stratification, but thin, loamy
strata are common. Depth fo lime and thickness of solum range
from 1€ to 20 inches but average abont 15 inches, The solum
contains a few pebbles and scattersd stones,

Lehr soils arve similar fo Stady and Manning goils, They
have a thinner solum over sand and gravel than Stady soils.
They have less sand in the A and B horizons than Manning
soils.

The Lehr soils in this survey are mapped only in complexes
with Stady goils.

Lihen Series

The Lihen series consists of deep, nearly level to steep,
well-drained soils that are sandy throughout the profile.
These soils are on terraces, the edges of terraces, and
nplands.

In a representative profile the surface Inyer is loamy
fine sand about 24 inches thick. It is very dark grayish
brown in the upper part and dark grayish brown in the
lower part. The underlying material is very [rinble, light
olive-brown loamy fine sand to n depth of about 45
inches. Below this depth it is loose, multicolored, light
brownish-gray and light yellowish-brown fine and moedium
sand.
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Lihen soils are moderate in organic-matter content,
fertility, and available water capacity. Permeability is
rapid.

The main conecern of management is controlling soil
blowing. Most of the soil moisture is readily available to
lants. In most years, little extra moisture can be stored
if fields are summer-fallowed. Lihen soils are used mainly
for small grains, corn, and grass. Most of these soils are
well suited to grass and legumes and are suited to fairly
well suited to all other crops commonly grown in the
county.

Representative profile of Lihen Ioamy fine sand, nearly
level, 990 feet south and 560 feet west of the northeast
corner of the NWY sec. 6, T". 143 N., R. 85 W.

Apl—0 to 7 inches, very dark grayish-brown (10YR 3/2)
loamy fine sand, very dark brown (10YR 2/2) moist;
weank, coarse, subangular blocky structure geparating
easily to weak, coarse, and medium, erumkb structure
and single graing; very friahle; neutral; abrupt,
smooth boundary.

A12—7 1o 18 inches, very dark grayicsh-hrown (10YR 3/2)
loamy fine gand, very dark brown (10YR 2/2) moist;
very weak, coarse, prismatic structure separating

engily to weak, coarse, subangular blocky structurc;
very friable; neutral; gradual, wavy boundary,

A13—18 to 24 inches, dark grayish-brown {LOYR 4/2) loamy
fine sand, very dark grayish brown {10YR 3/2) moist;
very weak, coarse, prismatic structure separating
easily Lo weal, coarse, subangular blacky structure;
very frinble; neutral; gradual, wavy boundry.

C1—24 to 45 inches, light olive-brown (2.5Y 5/4) loamy fine
gsand, olive brown (2.5Y 4/4) moist; weak, coarse,
prismatic structure separating casily to weak, coarse,
subangular blocky strueture; very friable; mildly
alkaline; clear, wavy boundary.

C2ea—45 to 60 inches, multicolored light brownish-gray and
light yellowish-brown (2.5Y 6/2 and G/4) fine and
medium sand, dark grayish brown and olive brown
{2.,5Y 4/2 and 4/4) moist; common pebbles; loose;
slightly effervescent; mildly alkaline.

The Al horizon ranges from 20 to 35 inches in thickness.
1t is loamy fine sand or fine sandy loam and has a color value of
legs thau 5.5 when dry and a ehrema of 3.5. The C horizon has
a hue of 10YR or 2.5Y, Between depths of 30 and 40 inches
the texture is lonmy sand or loamy finc sand. Below a depth of
40 inches in places on terraees, there are sund and gravel strata
less than 6 inches thick. In some places there is an AC horizon
below the Al horizou. Lime is finely divided.

Lihen soils are similar to and associated with Parshail and

Telfer soils. Thoy are conrser textured than Parshall soils, and
they are darker colored to a greater depth than Telfer soils,

Lihen loamy fine sand, nearly level (0 to 3 percent

slopes) (LhA).—This soil occupies 5- to 80-acre tracts on

stream terraces. Slopes are smooth to slightly undulating,

This soil has the profile deseribed as representative of the

series.

Included in mapping were a few, small, moderately
eroded nreas, small areas of Lihen fine sandy loam, and s,
few areas of soils that have greater slope range than that
deseribed for this soil. Runoff is slow.

Intensive management of vegetation is needed to con-
trol soil blowing. This soil is used mainly for grass, small
graips, and corn. Tt is well suited to grass and legumes
and fairly well suited to small grains and corn. (Capability
unit IVe-2; Sands range site; windbreak group 5)

Lihen fine sandy loam, nearly level (0 to 6 percent
slopes) {Lk A).—This soil is generally nearly level, but in
some places 1t is nearly level to undulating. It is op ter-
races and uplands. ‘
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This soil has a profile similar to that described as
representative for the serics, except that the surface layer
is fine sandy loam. Runoff 1s slow.

Included in mapping were a few small arcas of Lihen
loamy fine sand and Parshall fine sandy loam. Also in-
cluded were scme eroded areas that have hummocky
topography, and spots where the original browner subsoil
has been exposed and plowed.

Soil blowing is a serious concern. Water erosion is a
concern where there are long slopes of more than 3 percent.
This soil is used mainly for small grains and corn. It is
suited to small grains and well suited to corn, grass, and
legumes, (Capability unit IITe-3; Sands range site;
wimdbreak group 5)

NORTH DAKOTA

Linton Series

The Linton series consists of deep, gently sloping to
sloping, well-drained, loamy scils formed in calcareous
loess. These soils lie in places cn the Missouri River
terrace and within 3 miles of the terracc on adjacent
uplands. The loess ranges from 40 inches to 8 feet in
thickness. In most places it is underlain by clay loam
glacial till on uplands and stratified loamy material on
terraces. )

In a represertative profile the surface layer is dark
grayish-brown silt loam about 8 inches thick. The subsoil
1s about 19 inches thick and consists of very friable silt
loam. The upper 6 inches of the subsoil is dark grayish
brown, the next 8 inches is brown, and the lower 5 inches
is pale brown. The underlying material is pale-brown silt
loam to o depth of about 50 inches and is light brownish-
gray, very fine sandy loam below that depth.

Linton seils are moderate in organic-raatter content,
fertility, and permeability. They have a high available
water capacity.

The soils are stone [ree and very easily tilled., They are
used mainly for small grains and grasses. They generally
are well suited or fairly well suited to all crops commonly
grown in the county but are pocrly suited to corn whers
slopes are more than 6 percent.

Representative profile of Linton silt loam in an arca
of Linton-Mandan silt loams, gently sloping, in a culti-
vated field, 1,385 feet west and 725 feet north ol tho
southeast corner of sec. 4, T. 143 N, BR. 83 W.

Apl—a0 to 8 inches, dark grayish-hrown (10YR 4/2) silt loam,
very dark brown (Q0YR 2/2) moist; weak, coarse,
subangular blocky structure separaling easily fo
weak, fine, crumb structure; very friable; many fine
pores; neutral; elear, wavy boundary.

B21—8 to 14 inehes, dark grayish-brown (10YR 4/2) silt
loam, dark brown (10YR 3/3) moist; few thin putches
of clay film on vertical faces of peds; weak, coarse,
prismatie structure separating to moderate, coarse,
subangular blocky structure; very friahle; common
pores; neutral; gradual boundary,

B22—14 to 22 inches, brown (10YR 5/3) silt loam, dark brown
(10YR 4/3) moist; weak, coarse, prismatic structure
separating to moderate, coarse, -subangular blocky
structure; very friable; slishtly effervescent; mildly
alkaline; gradual boundary.

B3eca—22 to 27 inches, pale-brown (10YTR 6/8} silt loam,
brown (L0YIR 4/3) moist; weank, coarse, prismatic
structure separating to wealk, coarse, subangular
blocky structure; very friable; strongly eiffervescent;
moderately alkaline; elear boundary.

Clea—27 to 50 inches, pale-brown (LOYR 6/3) silt loam,
brown (10YR 5/3) moist; weak, coarse, prismatic
structure in upper part, weak, coarse, subangular
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blocky structurse in lower part; very friable; strongly
effervescent; lime is mostly finely disseminated;
moderately alkaline; gradual boundary.

50 to 60 inches, light brownish-gray (2.5Y 6/2) very
fine sandy leam, grayish brown (2.5Y 5/2) moist;
massive; very friablo; strongly effervescent; a few
small nodules of lime; moderately alkaline,

The A horizon has a color value of 2 or 3 when meist and 4
or 5 when dry. The B2 horizon has a value of 3 te 5 when moist
and 4 to 6 when dry. The solum ranges from 10 fo 36 inches
in thiekness, Depth to lime ranges from within the plow layer
to 30 inches, Some places lack a B3ea horizon and have a Cea
horizon beneath a B2 horizon and above a C or IIC horizon.
In many places the profile is silt lonm to a depth of 60 inches.
In gsome placcs below a depth of 40 inches, there is clay loam,
very fine sandy leam, or sandy or gravelly loam.

Lintan soils are similar to and are associated with Temvik
and Mandan soils. They do not have a clay loam IIC horizon
within a depth of 40 inches, as do Temvik scils, They are not
dark colored to so great a depth as Mandan soils.

Linton silt loam, sloping (6 to 9 percent slopes) (LIC).—
This soil occupies valley side slopes and adjacent uplands
near the edge of the Missouri River breaks. In a few places
it is on the inner edge of the Missouri River terrace. The
soil is in areas rangmng from 5 to 80 acres in size. Slopes
range from a few feet to 200 feet in length.

In a profile of this soil, the thickness of the surface layer
and subsoil and the depth to lime average 4 inches less
than in the profile deseribed as representative for the
series. Runoff is moderately rapid, and drainage is well
defined. Included in mapping were small areas of Mandan
silt loam and Temvik silt loam.

This soil is moderately susceptible to soil blowing, but
the main concern of management is confrol of water
erosion. The soil is poorly suited to corn but is suited to
other crops commonly grown in the county, It is used
mainly for small grains and native pasture or hay. (Capa-
bility unit I[Te-5; Silty range site; windbreak group 3)

Linton-Mandan silt loams, gently sloping (3 to G per-
cent slopes) (LnB).—This complex consists of deep, well-
drained, very friable soils that formed in 40 inches or more
of loess. The complex is on segments of the Missouri River
terrace and adjacent uplands in areas ranging from 20 tc
200 acres in size. Slopes are mainly between 50 feet and
600 feet long. Linton silt loam makes up about 65 percent
of the complex, and Mandan silt loam about 30 percent.

The Linton soil has the profile described as representa-
tive for the series. The Mandan soil has a profile similar
to that described as representative for its series, except
that the combined thickness of the surface layer and sub-
soil and the depth to lime average 4 inches less. The
Mandan seil is dark colored to a greater depth thar the
Linton soil. Runeff is medium, and drainage is well defined.
Included in mapping were small areas of Temvik silt leam.

Soils of this complex ure moderately susceptible to soil
blowing. They are well suited to small grains, alfalfa, and
grasses and are fairly well suited to corn. They are used
mainly for small grains, corn, and allfalfa. Gullying is a
concern on long slepes i fields used fer row creps. (Capa-
bility unit ITe-5; Silty range site; windbreak group 3)

C2ca

Livona Series

The Livona series consists of deep, nearly level to hilly,
well-drained soils on uplands. These soils formed partly m
thin, wind-laid, loamy or sandy material that is less than
20 inches thick, and partly in the underlying glacial fill.

S80IL SURVEY

In a representative profile the surface layer is very dark
grayish-brown fine sandy loam about 7 inches thick. The
subsoil is about 29 inches thick. The upper 8 inches of the
subsoil is friable, dark grayish-brown fine sandy loam; the
next 5 inches is friable, light olive-brown clay loam, and
the lower 16 inches is friable, pale-olive clay loam. The
underlying material is mottled, pale-clive clay loam.

Livona soils are moderately to highly susceptible to soil
blowing. They are high in available water capacity and
moderate in organic-matter content and fertility. Permea-
bility is moderstely rapid and rapid in the upper part of
the subsoil and moderately slow below the subsoil.

These soils are used mainly for small grain, alfalfa, and
corn. Where slopes are less than 6 percent, they are svited
to all ¢crops commonly grown in the county, but where
slopes are stronger, they are better suited to grass than to
most other crops.

Representative profile of Livona fine sandy loatmn In an
drea of Flaxton-Livona fine sandy loams, undulating, in
a cultivated field, 65 feet west and 490 feet south of the
northeast ecorner of see. 4, T. 143 N., R. 87 W.

Apl—a0 to 7 inches, very dark grayish-brown (LOYR 3/2) fine
sandy loam, very dark brown (10YR 2/2) moist;
weak, medium and fine, subangular blocky structure
separating easily to wenk, fine and medium crumb
structure; slightly hard, friable; many fine pores;
neutral; abrupt, smooth boundary.

B1—7 ta 15 incheg, dark grayish-brown (10YR 4/2) fine sandy
loam, very dark grayish brown {(I0YR 3/2) moist;
on vertical faces of peds are stains of very dark
brown (10YR 2/2} moist; weak, coarse, prismatic
strueture separating to wealk, coarse, subangular
blocky structure; slightly hard, friable; common fine
pores; neutral; abrupt, wavy boundary.,

IIB2t—15 to 20 inches, light olive-brown (2.5Y 5/4) clay loam,
dark grayish hrewn (2.5Y 4/2) moist; moderate,
eoarse, prismatic structure separating to moderaie,
enarse and medium, angular blocky structure; very
hard, friable; thin and moderately thick clay films
on prisms, very dark grayish brown (2.5Y 3/2) moist;
common fine pares; neutral; elear, wavy houndary.

1IB3Ca—20 to 30 inches, pale-olive (5Y 6/3) elay loam, olive
(5Y 4/3) moist; weak, coarge, prismatic structure
separabing to moderate, eonrse, angular blocky strue-
ture; very hard, friable; patches of thin clay films on
fuces of peds, very dark grayish brown (2.5Y 3/2)
moist; a few pores; strongly efferveseent; common
nodules of lime; moderately alkaline; gradual, wavy
boundary,

IIClea—36 to 54 inches, pale-olive {3Y 6/3) clay loam, olive
(5Y 4/3) moist; heavily sirenked; mottled with gray
(5Y 6/1) and strong brown (7.5YR 5/6); few, fine,
prominent, red (2.5YR 5/6) mottles; massive, but
scparating to weak, subangnlar blocky and laminar
structure; very hard, firm; violently effervescent;
many nodules of lime; moderately alkaline; gradual,
wavy boundary.

IIC2—54 to 60 inches, pale-olive (3Y 6/3) cluy loam, olive
(5Y 4/3) moist; heavily streaked and meitled with
gray (Y 6/1) and strong brown (7.5Y R 5/6) ; massive;
very hard, firm; strongly efferveseent; common
nodules of lime; moderately alkaline.

The A horizen is loamy fine sand, fine sandy loam, or loam.
The Bl horizon has a texture of loamy fine sand or fine sandy
loam. It has color chroma of 2 to 3. The clay loam B2t horizon
has a hue of 10YR or 2.5Y and chroma of 2 through 4. Thin
to moderutely thick, continous elay films are on prism faces in
maost places, Most areas of this soil have a weakly prismatie,
ealeareous B8 horizon. This horizon has a hue of 2.5Y or 5Y.
The Cen horizen has both diffused and segregated lime. In
a few places highly weathered silby shale and sandsione are
below a depth of 30 inches. The combined loamy or sandy
horizons above the elay loam B2t horizon range from 10 to 20
inches in thickness. Depih to carbonates ranges from 18 to
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2% inches. In most plices pebbles and stones are scattered
throughout the profile. In some places there is o pebble contnet
zone above the till,

Livona seils are similar to and are associated with Flaxton
and Willinms seils. Livona soils have thinner Al and Bl
horizons than Flaxton seils, They arve ecoarser textured in the
upper part of the B horizon than Williams soils.

The Livona scils in this survey area are mapped only in
eomplexes with Flaxton soils.

Lohler Series

The Lohler series consists of deep, nemly level, mod-
erately well drained, clayey soils of the Missouri River
bottormn lands. These soils are calcareons throunghout.
They formed in thinly stratified sediments that are mainly
silty clay and silty clay loam. These sediments have only
recently been deposited by floodwater, and therefore there
is little soil development. The pattern of surface drainage
is indistinet, and drainnge is generally parallel to the
river channel.

In a representative profile the surface layer 18 grayish-
brown silty clay about & inches thick. The underlying
material is light brownish-gray, firm silty cloy in the upper
6 inches. Below this, to a depth of 60 inches, are layers
ranging from silty clay to very fine sandy loam ir texture,
but layers of silty clay and silty clay loam are dominant.

These scils are moderate in fertility, low in organic-
matter content, and high in available water capacity.
They have moderately slow permeability, Intensive
application of commercial fertihzer, manure, and crop
residues is needed to increase organic-mabter content,
improve soil tilth and fertility, and control erosion.

Representative profile of Lohler silty clay in a tame
grass meadow, about 2% miles south ¢f Washburn, which
12 across the Missouri River, 390 feet east and 50 feet north
of the southwest corner of the NWY sec. 26, T, 144 N,
R 82 wW.

Apl—o0 to 8 inches, grayish-brown (2.5Y 5/2) silty clay, very
dark grayish brown (2.5Y 3/2) moist; moderate,
eoarse subangular blocky structure separating to
moderate, fine and medium, angular blocky structure;
firm, sticky and very plastic; many roots; slightly
efferveseent ; mildly alkaline; elear, wavy boundary.

(!Ll—S% to 14 inches, light brownish-gray (2.5Y 6/2) silty clay,
dark grayish hrown (2.5Y 4/2) moist; a few, fine,
faint mottles of dark yellowish brown (10YR 4/8)
moist; moderate, coarse, angular blocky structure
sepurating to moderate, fine, angular blocky strueture;
firm, very sticky and very plastic; many roots;
slightly effcrvescent; mildly alkaline; elear, wavy
houndary.

IIC2—14 to 18 inches, light brownish-gray (2.5Y 6/2) silty
elay loam, dark grayish brown (2.5Y 4/2) moist;
weak, coarse, angular blocky strueture separating
easily to weak, thick, platy structure; firm, sticky and
plastic; many roots; slightly effervescent; mildly
alkaline; clear, wavy heundary.

TITC3—18 to 32 inehes, light brownish-gray (2.5Y 6/2) silty
clay, dark grayish brown (2.5Y 4/2) moist; weak,
thick, platy structure separating to moderate, medium
and thin, platy structure; firm, very sticky and very
plastic; many roots; slighily cffervescent; few nodules
and threads of lime; mildly alkaline; abrupt, wavy
boundary.

IV (C4—32 to 40 inches, light brownish-gray (2.5Y 6/2) very finc
sandy loam, dark grayish brown {(2.5Y 4/2) moisl;
common, medium, distinet mottles of dark yellowish
brown (LOYT 3/4) moist, and common, eoarse, faint
mottles of dark gray {(5Y 4/1); weak, thick, platy
structure separating to weal, thin and medium, platy
structure; slightly hard, very friable; many roots;
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slightly effervescent; common threads of lime between
plates: mildly alkaling; abrupt, wavy boundary.

V(5—40 to 50 inches. light brownish-gray (2.5Y 6/2) silty clay
loam, dark grayisk brown (2.5Y 4/2) moist; common,
coarse, faint, dark yellowish-brown (L0YTR 4/4) mot-
tles; weak, thin, platy structure; firm, sticky and
Plastic; a fow roots, slightly effervescent; a few threads
of lime between plates; abrupt, wavy boundary.

VIC6—50 to 55 inehes, light brownish-gray (2.5Y 6/2) very
fine sandy loam, dark grayish brown (2.5Y 4/2) moist;
very friable; a few rools; slightly effervescent; abrupt,
wavy boundary.

VIIC7—355 to 60 inches, light brownish-gray (2.5Y 6/2) silty
elay loam, dark grayish brown (2.5Y 4/2) moist;
friable; a few roots; slightly effervescent.

The Al horizon ranges from 6 to 10 jnehes in thickness.
Slightly darkened horizontal bands, as mueh as 2 inches thick,
are common helow the Al horizon, Below the Al horizon,
strata that are coarser than silty elay loam range from leas than
1 inch to 10 inches in thickness but they are less than § inches
thick in most places. Mottles throughout the soil are hrown,
dark yellowish and reddish brown, and dark gray. In a few
places there are salts, mainly gypsum, below a depth of 36
inches.

Lohler soils are associated with ITavrelon and Lallie soils.
They are finer textured below the Al horizon than Havrelon
soils and are better drained than the Lallie soils.

Lohler silty elay (0 to 3 percent slopes) (Lo).—This soil
is toward the onter edge of the Missouri River bottom
lands. It has long slopes that have an average gradient of
less than 1 percent. Runoff is slow. Included in mapping
were small areas of Havrelon silty clay, Havrelon silty
clay loam, and Lallie silty clay.

The main concerns of management are control of soil
blowing early in spring and maintenance of good seil tilth,
fertility, and organic-matter content. After it has been
tilled, the soil forms hard clods as it dries, but the clods
break np over winter into granules that nre easily blown
away. Leaving belts of native trees along cleared arens
helps to centrol soil blowing. Most of the acreage is
eultivated, and the rest; which has a cover of trees, brush,
and grass, is used mainly for pasture. This soil is poorly
suited to corn. Lt is suited to all other crops commonly
grown in the county. (Capability unit ITs—4; Overflow
range site; windbrenk group 1)

Mandan Series

The Mandan series consists of deep, nearly level lo
gently sloping, well-drained, loamy soils that formed in
calearcous loess. These soils are on the Missouri River
terrace and within 3 miles of the terrace on adjacent
upland swales. The loess ranges from 40 inches to 8 feet
in thickness. On terraces it is underlain by siratified loamy
material or gravel and sand and on uplands by clay loam
glacial till.

In a representative profile the surface Inyer is silt loam
about 17 inches thick and is dark grayish brown in the
upper part and grayish brown in the lower part. The
suhsoil is very frinble, grayish-hrown silt loam about 14
inches thick. The underlying material is light brownish

ray. It is silt loam to a depth of about 46 inches, loam to
o depth of about 55 inches, and fine sandy loam to a depth
of 60 inches.

Mandan soils are moderate in organic-maiter content,
high in fortility, and high to moderate in available water
capacity. Permeability 1s moderate to n depth of about
40 inches and moderate to very rapid below that deplh.
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The soils are freo of stones and arve very easily tilled.
They are a prime sonrce of sand and gravel lor road base
and surfacing. The aggregate has poor to fair suitebility
for concrete. The soils are used mainly for small grains,
gorn, alfalfa, and tame grags and have a high potential for
irrigation. They are well suited to the crops commonly
grown in the eounty.

Representative profile of Mandan silt loam, nearly
level, in native pasture, 100 feet east and 690 feet south
of the northwesi corner of sec. 36, T. 144 N., R. 52 W.

A11—0 to 3 inches, dark grayish-brown (J0YR 4/2) silt loam,
very dark brown (10YR 2/2) moist; weak, medium
and fine, subangular blocky strueture separating easily
to weak, fine, crumb strueture; slightly hard, very
friable; many roots; mildly alkaline; diffuse, smooth
houndary.

A12—3 to 11 inches, dark grayish-brown (10Y I} 4/2) silt loam,
very dark hrown (I10YR 2/2) moist; compound strue-
ture of very weank, coarse prisms and weak, coarse
blocks; slightly hard, very friable; many roots; mildly
alkaline; gradual, wavy boundary.

Al13—11 to 17 ineches, grayish-brown (10YR 5/2) silt loam,
very dark grayisl brown (10YRR 3/2) when moist;
compound strueture of weak, eoarse prisms and weak,
coarse, subangular blocks; slightly hard, very friable;
many roots; slightly effcrvescent; mildly alkaline;
grodual, wavy boundary.

B—17 to 31 inches, gravish-brown (LO0YR 5/2) silt loam, very
dark grayish brown (10YR 3/2) moist; eompound
structure of weal, coarse prisms and weak, coarse,
subangular bloeiks; hard, very friahle; many roots in
upper parb; strongly cffervescent; few faint spots of
lime; moderately alkaline; gradual, wavy bBoundary.

C1--31 to 46 inches, light brownish-gray (2.5Y 6/2) silt loam,
dark grayish brown (2.5Y 4/2} moist: compound
strueture of weak, coarse prisms and weak, coarse,
subongular blocks; hard, very triable; o few roots;
strongly effervescent; few faint spots of lime; moder-
ately allealine; elear, smooth boundary.

T1IC2—46 1o 55 inches, light brownish-gray (2.5Y 6/2) loam,
grayish brown (2,6Y 5/2) moist; weak, coarse, sub-
angular blocky structure; hard, very friable; a few
fine roots; strongly effervescent; few faint spots of
lime; moderately alkaline; clear, smooth boundary,

IIIC3—55 to 60 inches, licht brownish-gray (2.5Y 6/2) fine
gsandy loam, grayish brown (2.3Y 5/2) moist; very
weak, coarse, subangular hlocky strueture; hard, very
frinhle; a few finc roots; strongly efferveseent; few
faink spots of lime; moderately alkaline.

The Al horizon ranges from 12 to 20 inches in thickness,

The solum, or that part of the solum thai has color value of

less than 5.5 and chroma of 3.5, ranges from 20 to 35 inches

in thickness. Depth to fime ranges from 8 to 22 inches in most
places, but in a few places the soils are caleareous to the sur-

face. In some aveas are darkened, buried A horizons below a

depth of 50 inches. Below a depth of 40 inches, the underiying

muatberial ranges from sand and gravel to silty clay loam.

Mandan soils are similar to Grassna and Arnegard soils. They
eontain more silt and less sand than Arnegard soils and more
silt and less elay than Grassna soils.

Mandan silt loam, nearly level (0 to 3 percent slopes)
(MaA),—This soil is mainly nearly level, but in places it
isIslightly nndulating. In most places, slopes range from
100 to 1,200 feet in length,

This goil has the profile described as representative for
the series,

Included in mapping were small areas of Mandan silt
loam, gravelly substratum, and Linton and Temvik silt
loams. In a few places as much as 60 percent Linton soils
were included. Runoff is slow.

The main concern of management is control of soil
blowing. This soil is used mainly for small gruins, corn,
alfalfa, and tame grass pasture. It is well suited to all
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crops commotly grown in the county. (Capability unit
1Ie-5; Silty range site; windbreak group 3)

Mandan silt loam, gently sloping (3 Lo 6 percent slopes)
{(MaB).—This soil is gently undulating in places. Slopes
range mainly from 50 to 600 feet in length. Runoff is
slow to medium. Included in muopping were small arens of
Mandan silt loam, gravelly substratum, and Linton and
Temvik st loams.

This soil is susceptible to seil blowing and water erosion,
and the hazard of water erosion is greatest in fields used
for row crops. This soil is used mainly for small grains and
tame grass pasture. It is well suited to all crops commonly
grown in the county. (Capahility unit 1le-5; Silty range
site; windbreak eroup 3)

Mandan silt Ieam, gravelly substratum, nearly level
(0 to 3 percent slopes) (MbA)—This soil is slightly
undulating in places. Slopes range mainly from 100 e 1,000
feet in length,

This soil has a profile similar to that deseribed as repre-
sentative for the series, except that sand and gravel occur
betwoen depths of 40 and 60 inches (fig. 10). Runoft is
slow. Incloded in mapping were some areas of Mandan
gilt loamn and Stady soils.

The main concern of management ts conlrol of soil
blowing. This soil is well suited to irvigation because it
has a deep root zone and has very rapid permeability in
the substratum. 1t 1s used mainly for small grains and tame
and native grass pasture and is well suited to all commonly
grown crops. (Capability unit Ile—5; Silty range site;
windbreak group 3)

Mandan silt loam, gravelly substratum, gently sloping
{3 to 6 percent slopes) {Mb8).—This soil is gently undu-
lating in places. Slopes range mainly from 50 to 600 feet
in length.

This s0il has a profile similar to that described a8 repre-
sentative for the series, except that sand and gravel are
between depths of 40 and 60 inches. Runoff 1s slow tfe
medinm. Included in mapping were sorae arveas of Mandan
silt loam and Stady soils.

This soil s susceptible to soil blowing and water erosion,
but the hazard of water erogion is greatest in fields used
for row crops. This coil is well suited to irvigation because
it has a deep root zone and has very rapid permeability in
the substratum. It is nsed mainly for small graing and
tame and native grass pasture but is well suited to all the
commonly grown crops. (Capability unit 11e—5; Silty range
site; windbreak group 3)

Manning Series

The Manning series consists of somewhnt excessively
drained, nearly level to gently sloping soils that are mod-
erately deep to sand and gravel. These soils are on terraces,
They have a moderately conrse textured surface layer and
subsoil and are underlain by sand and gravel at a depth
of 20 to 36 inches.

In & representative profile the smface layer is dark
grayish-brown fine sandy loam about 7 inches thick. The
subsoil is friable and extends to o depth of about 24 inches.
It is grayish-brown, heavy, fine sandy lonm in the upper
part, and brown, gravelly, fine sandy loam in the lower
yart, The underlyimg material is sand and gravel that ig
}ight brownish gray to a depth of about 34 inches and
pale yellow below that depth.
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Figure 10.—Profile of Mandan silt loam, gravelly subsiratum,
nearly level,

Manning soils have moderate fertility and organic-
matter content and low avallnble water capacity. Permea-
bility is moderately rapid in the subseil and very rapid in
the underlying material.

The man concern of management is the control of soil
blowing. Because these soils store very little water, summer
[allowing is not generally practiced. The coarse-textured
underlying material restricts the root zone for deep-rooted
crops. These soils are used for corn, small grains, and
grass. They are suited to small grains and well snited to
corn, grass, and legumes.

Representative profile of Muanning fine sandy loam,
gently sloping, in a cultivated field, 50 feet cast and 420
feet north of the southwest corner of sec. 13, T. 142 N,
R. 83 W,

37

Apl—0 to 7 inches, dark grayish-hrown (10 YR 4/2) fine sandy
loam, very dark grayish brown (10YR 3/2) moist;
wealk, coarse and medium, subangular blocky strue-
ture saeparating to weak, fine, crumh structure;
friable; neufral: abrupt, smoosh houndary.

B2—7 to 18 inches, grayish-brown (10Y R 5/2) heavy fine sandy
laam, very dark grayish brown (I0YR 3/2) moist;
moderate, coarse and rmedium, prismatic strueture
separating te moderale, ecarse and medium, sub-
angular blocky struecture; frinkle; neutral; clear,
wavy boundary.

B3—18 to 24 inches, brown (JOYR 5/3) gravelly fine sandy
laam, dark brown (10Y IR 3/3) moist; weak, coarse and
medium, prismatic structure separnting to weak,
medinm  and  fine, subangular bleeky sbruecfure;
friable; strongly cffervescent; spots and coatings of
lime on undersides of pebbles; mildly alkaline; clear,
wavy boundary,

TIClen—24 to 34 inches, light brownish-gray (2.5Y 6/2) sand
and gravel, dark grayish brown (2.5Y 4/2) moist;
single grainod; loose; vielently effervoscent; crusts of
lime on undersides of pebbles; mederately alkaline;
eradunl, wavy boundary.

IIC2—34 vo 60 inches, pale-yellow (5Y 7/3) sand and gravel,
olive {(5Y 5/3) moist; single grained; strongly clTer-
wveseent; modernisly aikaline,

The Al horizon has a eolor valne of 2 or 3 when maist. The B2
and B3 horizons have a color value of 3 or 4 when moist and 4 or
5 when dry und a chroma of 2 or 3. The B2 horizon ranges from
fine sandy lomn $o loam in fexture. Depth fo earbenates ranges
from about 15 to 25 inches. Depth to the TTC horizon ranges
from about 20 to 36 inches, Structure is moderate to weak.
The sand and gravel in this horizon is of mixed composition,
but is derived mainly from sedimentary rocks.

Manning seils ave similar to Lehr, Stady, and Parshall soils,
Manning goils have coarser textured A nnd B horizons than
Lehr and Stady soils. They have thinner A and B horizons and
a coarger toxtured C horizon than Parshall soils.

Manning fine sandy loam, gently sloping (0 to 6 percent
stopes) (McB).—Althongh mainly gently sloping, this soil
is nearly level in many places.

Inchuled in mapping were small arens of Parshall and
Tally fine sandy loams. Runoff is slow.

The main concerns of management are controlling soil
blowing and conserving moisture. This soil is nsed mainly
for native pasture and hay and for small grains. Lt is
suited to small grains and well suited to other commonly
grown crops. Gully confrol is needed in fields where corn
is grown. {(Capability unit [ITe-3; Sandy range site;
windbreak group 6)

Mine Dumps

Mine dumps (3 to 50 percent slopes) (Md) are partly
wenthered and raw clayey shale, siltstone, and sandstone
that have been exposed and piled up during the strip
mining of coal. Slopes are mainly steep and very sleep
hut range from nearly level to very steep.

Included in mapping was an area, less than 50 acres
in size, of sinkholes, created by underground mining in
sec. 15, T. 142 N, R. 82 W.

This land type is highly susceptible to water erosion.
Fertility and organic-matter content are low. The surface
puddles and hardens in many places. Some areas are
highly alkaline and sodic.

Revegetation is slow, and the arcas of depressions
between the ridges are hetter suited to revegetation
than other arveas. Without reclamation, this Innd type is
suited to wildlife habitat and recreation and poorly
suited to pasture. Tn the mere gently sloping arens,
plantings of tvees, grasses, and legumes are moderately
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successful. Il leveling and intensive management of
vegetation, fertility, and residues were used, this land
type could be used ns pasture. (Capability unit VIIs-1;
not in a range site or windbreak group)

Morton Series

The Morton series consists of moderately deep, nearly
level to hilly, well-drained, loamy soils on residual upland
plains. These soils are underlain by soft calcareous shale
and solt rock at a depth of 20 to 40 inches. Slopes are
mainly 200 to 400 feet Jong.

In o representative profile the surface layer is very dark
grayish-brown silt loam about 5 inches thick. The subsoil
1s friable silty clay loam about 13 inches thick. The
upper 5 inches of the suhseil is dark brown, the next 5
inches is brown, and the lower 3 inches is light olive
brown. Below the subsoil is light-gray loam about 15
inches thick. The underlying material 1s pale-yellow and
vellow, soft, consolidated and stratified siltstone and
lonmstone.

Morton soils have high available water capacity and
fertility and moderate organic-matter content. Permea-
bility is moderate.

Soft bedrock moderntely restricts the root zone of
deep-rooted erops. The larger tracts of Morton soils are
used exiensively for ecrops, and the smaller tracts and
stony areas are used for pasiure. Nuofive vegetation is
mainly western wheakgrass, green needlegrass, and
prairie junegrass. Except for hilly or stony areas most
of these soils are suited to all crops commonly grown in
the county.

Representative profile of Morton silt loam in a stone-
free area of Morton and Sen stony loams, sloping, in
native pasture, 300 feet east and 60 feet south of the
northwest comer of see. 35, T. 141 N,, R, 85 W,

Al--D to 5 inches, very dark grayish-brown (10YR 3/2) silt
loam, very dark brown (10YR 2/2) moist; weak,
medinm, subangular blocky structure grading to wealk,
medium, prismaltic séructure in lower part, separating
to moderate, medium, granular strusture; slightly
hard, friable; many roots; few line pores; neutral;
clear, wavy houndary.

B2it—5 to 10 inches, dark-brown (10YR 4/3) silty clay loam,
very dark grayvish brown (10YR 3/2) moist; very
dark brown (J0YR 2/2) moist; coatings on faces of
peds; moederate, medium, prismatic strueture separat-
ing to moderate, medium and fine, angular blocky
structure; hard, friasble; thin continuous clay films
on faces of peds; many roots; common fine pores;
neutral; gradual boundary.

B22t—10 to 15 inches, brown (10YR 5/3) silty elay loam, dark
brown (10YR 4/3) moist; very dark grayish brown
(10Y R 3/2, moist) coatings on faces of peds; moderate,
medinm, prismatic structure separating to moderate,
eoarse to fine, hlocky structure; hard, friable; thin
patehy ciny films on faces of peds; common raots;
many fine pores; heutral; gradual boundary.

Biea—15 to 18 inches, light olive-brown (2.5Y 5/4) light silty
clay loam, dark grayish brown (2.5Y 4/2) moist; a
few wvery dark grayish-brown (10YR 3/2, moist)
coatings on faces of peds; moderate, medium, sub-
angular bloeky strueture; harvd, friable; a few thin
clay films on peds; common roots; many fine pores;
slighlly effervescent; a few nodules of lime; moderately
alkkaline; gradual boundary.

Cleca—18 to 33 inches, light-gray (2.5Y 7/2) loam, grayish
brown (2.5Y 5/2) moist; weak, course, prismatic
strueture separating to weak, coarse, subangular
blocky strueture; hard, frinble; a few finc roots; com-

mon fine pores; violenlly effervescent; many large
spots of lime; moderately alkaline; clear boundary.

(02-—33 to 60 inches, pale-yellow (5Y 7/3) and yellow {2.5Y
7/6), soft, consolidated, strongly cffcrvescent silt-
stone and loamstone; rock structure is evident; a
few roonts are in fractures and seamns in upper 4 inches;
moderately alkaline,

The Al horizon has & color value of 3 or 4 when dry. The
B2t horizon has a hue of 10Y R or 2.5Y, ¢chroma of 2 through
4, and value of 3 or 4 when moist and 4 or 5 when dry. It ranges
from loam to silty elay loam in texture and from 18 to 36
percent in clay content. In places, n B3sa horizon is lacking and
an intervening B3 or Cl horizon overlies the Cea horizon, The
surface layer is generally silt loam, but in & few places it is
loam or clay loam. Depth to lime ranges from 12 to 30 inches.
In places on the lower siopes, the original rock structure is not
evident, but the lower part of the C horizon is massive. Glacial
stones are commmon on the snrface or in the Al horizon.

Maorton soils are associated with Sen and Regent soils. Morton
sails have a finer textured B2 horizon than Sen soils and a
coarser textured and more frialle B¢ horizon than Regent soils.

Morton silt loam, nearly level (0 to 3 percent slopes)
(Mo A),—This soil is mainly in small tracts.

Included in mapping were small aress of Grail seils in
swales; small arcas of Williams, Sen, and Regent soils;
and small areas of a soil that is like Morton soils but has a
vellower subsoil that contains more clay. Runoif is slow.

The main concerns of manngement are mainiaining
organic-matter content, fertility, and soil tilth and con-
trolling soil blowing. The soil is used mainly for small
grains, corn, and alfalfa. It is well suited to all erops com-
monly grown in the county. {Capability nnit TTe—6; Silty
range site; windbreak group 3)

Morton siit loam, gently sloping (3 to 6 percent slopes)
{MoB),—This soil is mainly in 5- to 200-ncre tracts.

Included in mapping were smudl aress of Grail soils in
swales. Also included were small areas of Williams, Sen,
and Regent soils, and small aveas of a soil that is ltke Mor-
ton soils but has a yellower subsoil that contains more clay.
Runoff is medium.

This soil is moderately susceptible to water erosion and
1s more susceptible in ficlds where row crops are grown
than in other arens. Tt is used mainly for small grains, corn,
and alfalfa. 1t is fairly well suited to corn and well suited
to all other commonly grown crops. (Capability unit
ITe—6; Silty range site; windbreak group 3)

Morton silt loam, sloping (6 to 9 percent slopes)
{MoC).—This soil is mainly in 3- to 50-acre tracts.

Thig goil has & profile similar to that described as repre-
gentative for the series, except that the solum is about 3
inches thinner. Some cultivated areas have eroded spots
where plowing has mixed the original surface layer with
part of the sebsoil. Runoff is moderately rapid.

Included in mapping were small areas of Grail soils in
swales. Alzo included were nrens of Willinms, Sen, and
R(.-zlgent soils and a fow small areas of Werner and Cabba
soils.

T'his soil is very susceptible to water erosion. It is used
mainly for small grains, native grass pasture, and hay,
It is well suited to grass and legumes, fairly well suited to
small grains, and poorly suited to corn. (Capability unit
ITle-6; Siliy range site; windbreak group 3)

Morton silt loam, hilly (9 to 12 percent slopes) (Mo D).—
This soil is mainly in small tracts.

This soil hag a profile similar to that deseribed as rep-
resentative for the series, except that the solum is about
4 inches thinner, Seme cullivated areas have eroded spots
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where the brown subsoil hus been exposed and plowed.
Runeft is rapid.

Inclided in mapping were small areas of Grail soils in
switles. Also included were areas of Williams and Sen soils
and small areas of Regent, Cabba, and Werner soils.

Tven under intensive management, losses of soil are
excessive in flelds where corn 1s grown. This soil is used
mainly for native grass pasture, Tt is well suited to grass,
fairly well suited to small grains and legumes, and poorly
suited to corn, (Capability unit [Ve~6; Silty range site;
windbrenk group 3)

Morton-Daglum silt loams, nearly level (0 to 3 percent
glopes) (Mp A} —This complex consists of well-drained,
maoderately deep, friable soils and moderately well dvained,
decp soils that have a dense claypan. These soils are on
aplands. Morton solls generally have convex slopes.
Morton silt loam makes up about 55 percent of the com-
%]ex, and Daglum silt loam 35 percent, but Morton,

aglum, Rhoades, and Belfield soils are intricately mixed
in the complex.

Included in mapping were many spots of Rhoades and
Belfield soils, o {ew small areas of Grail, Williams, Sen,
and Regent soils, and some areas of soils that have a loam
surface layer. Runoff is slow,

Practices that improve permeability of the claypan are
needed. Soils of this complex are used mainly for small
grains and native pasture. The soils are well suited to
grass, Most of the soils are fairly well suited to small
grains, legumes, and corn, bul during dry periods, crop
yields are drastically reduced on the Daglum soils in this
complex. (Capability unit TTIs—6P; Morton part in Silty
range site, and Daglum part in Claypan range site;
Morton part in windbreak group 3, and Daglum part in
windbreak group 9)

Morton-Daglum silt loams, gently sloping (3 to 6
percent slopes) (MpB).—This complex consists of well-
drained, moderately deep, frinble soils and mcderately
well-drained, decp soils that have a dense claypan. These
soils are on uplands. Morton soils generally have convex
slopes. Morton silt loam makes up about 50 percent of the
complex, and Daglum silt loam 35 percent, but Morton,
Daglum, Rhoades, and Belfield soils are intricately mixed
in the complex. Runoff is medium.

The Daglum soil has the profile described as representa-
tive of its series,

Included in mapping were many spots of Rhoades and
Belfield soils, a few small areas of Grail, Williams, Sen,
and Regent goils, and some areas of seils that have a loam
surface layer.

Pructices are needed to improve permeability of the
claypan and to control water erosion. Soils of this complex
are used mainly for small groing and native grass pasture,
The soils are well suited to grass. Most of the soils are
fairly well suited to small grains; corn, and legumes, but
in dry periods yields are much reduced on the Daglum
soils, Gullying is a concern in fields where row crops are
grown. (Capability unit I1Te-6P; Morton part in Silty
range site, and Daglum part in Claypan range site;
Morton part in windbreak group 3, and Daglum part in
windbreak group 9)

Morton-Daglum silt loams, sloping (6 te 9 percent
slopes) (MpC).—This complex consists of well-drained,
deep, friable scils and moderately well drained, deep soils
that have a dense claypan. These soils are on uplands.

551-761—75——4
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Contignous nreas of Morton soils that have convex
slopes are generally more than 5 acres but less than 10
acres in size. Morton sil$ loam makes up about 50 percent
of the complex, and Daglum silt loam 35 percent,.

The Morton scil has a profile similar to that deseribed
as represenbutive for the series, except that the solum is
aboul 3 inches thinner. Runoff is moderately rapid to
rapid.

Included in mapping were many small spots of Rhoades
and Belfield soils. Also included were n [ew small areas of
Grail, Williams, Sen, and Regent soils and some areag cf
soils that have a loam surface layer.

Water erosion is o serious concern on unprotected slopes.
Soils of this complex are used mainly for native grass pas-
ture. Corn eannot be grown without excessive losses of
scil. The soils are well suited tc grass, fairly well suited to
marginally suited te small grains, and poorly suited to
corn. (Capability unit IVe-6F; Mcrton part in Silty range
site, and Daglum part in Claypan range site; Morton part
in windbreak group 3, and Daglum part in windbreak
group 9)

Morton and Sen stony loams, sloping (3 to 9 percent
slopes) (MsC),—This undifferentiated group consists of
arens of stony Morton and Sen soils and intervening areas
of these soils that are relatively stone free. The stony and
stone-lree arens are too intricately associated to be mapped
sepuralely, but stony areas are dominant. Stones, cobble-
stones, and boulders cover about 10 percent of the soil
surface. More than half are larger than 10 inches in diam-
eter, The stones are mainly glacial and granitic or residual
and silicified.

The Morton soil hag a surface layer of silt loam, and the
Sen soils has a surface layer of loam. The Morton soil has
the profile described as representative of the series. Runoff
is medium to moderately rapid. Some arecas have gentle
slopes. Most (racis of this so1l complex are between 5 and
25 peres in size and are mainly in the southern and south-
western parts of the county.

Stone clearing has not been economically feasible, but
many areas have been cleared by contractors who use the
stone for construction. This complex is well suited to and
is used for pasture, Cleared areas are suited to most crops
grown in. the county. (Capabiiity unit VITs—3i if unclenred,
and IITe—6 if cleared ; Silty range site; windbrenk group 10)

Noonan Series

The Ncenan series consists ol deep, undulating, mod-
erpbely well drained, loamy soils that have a dense claypan
subsoll. These soils are on glacial uplands that are covered
with thin, wind-laid, loamy material,

In a representative profile the surface layer is very dark
grayish-brown loam about 8 inches thick. The subsurface
layer is grayish-brown loamy fine sand about 3 inches
thick. The subsoil is clay lcam to a depth of about 22
inches. [t is firm and dark grayish brown in the upper part
and friable und light brownish gray in the lower part. The
underlying material is multicolored, mottled, light brown-
ish-gray, hight olive-gray, and olive-gray clay loam glacial
Gill.

Noonan soils are moderate in organic-matter content,
availnble water capacity, and fertility. Permeability is
slow, and the claypan restricts the penetration of roots and
meisture,
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Adding manure and crop residue and growing legumes
help to break up the claypan. These soils are used mainly
for crops. They are suited to grass, foirly well suited to
small groins, and poorly suited fo corn and legumes.

Representative profile of Noonan loam in an area of
Noonan-Flaxton soils, undulating, in a cultivated field,
725 feet west and 100 feet north of the southeast corner
of the NEY sec, 4, '[. 143 N., R. 85 W,

Apl—0 to 8 inches, very dark grayish-brown (10 YR 3/2) loam,
very dark brown {(10YR 2/2} moist; weak, coorse and
medium, subangular blocky structure separating to
wenk, fine erunb strueture; slightly hard, friable;
many {ine pores; nautral; abrupt, wavy boundary.

A2—8 to 11 inches, grayish-hrown (10 YT 5/2) lonmy fine sand,
very dark grayish brown {10 YR 3/2) moist; compound
weak, coarse, subangular blocky and weak, thick,
plaby structure; slightly hard, very friable; common
fine pores; neutral; abrupt, wavy boundary.
to 18 inches, dork grayish-brown (10YRR 4/2) clay
loam, very dark gravish hrown (L0YR 3/2) moist;
tops of columns couted with light gray (10YR 7/2)
dry; verticol surfaces of peds eoated with very dark
brown (I0YTR 2{/2) moist; strong, course, columnar
structure in upper part and moderate, coarse, pris-
mabie structure in lower part; extremely hard, firm;
fuw pores; continuous elay films on pedy; moderately
alkaline; clear, wavy boundary.

B3ca—18 to 22 inches, light brownish-gray (2.5Y 6/2) elay
loam, dark grayish hrown (2.5Y 4/2) moist; moderate,
medium, prismatic structure separating to modserate,
medium, subangular blocky structure; hard, friable;
strongly cffervescent; white (2.5Y 8/2) threads and
nodules of lime; comunon pores; a few salt nests;
strongly alkaline; clear, wavy boundary.

Clen—22 to 44 inches, light brownsh-gray (2.5Y 6/2) clay
loam, grayish brown {2.5Y 5/2) moist; very weak,
coarse, prismatic strueture separating to  weak,
medium, subangular blocky structure; hard, firm;
violently effervescent; white (2.5Y 8/2) spots and
crusts of lime on bholtom of pebbles; fow gypsum
crystals; strongly alkaline; gradual, wavy boundary.

C2—44 to 60 inches, multicolored grayish-brown and light
brownish-gray (2.5Y §/2 und 6/2) olive-gray and
light olive-gray (3Y 5/2 and 6/2) clay loam; few,
prominent, medium, strong-brown (7.5YR  5/8)
mottles; massive; firm; strongly effervescent; o few
gypsnm crystals; strongly alkaline.

The Al horizon is loam or fine sandy loam and has o eolor
valiue of 8 or 4 when dry. The A2 horizon is lonmy fine sand or
fine sandy loam. Colors below the B2 harizon are in & hue of

B2t—11

2.58Y or 5Y. The € horizon is firm, alkaline glaeinl tiil. The

solum ranges from 16 to 25 inches in thickness, Coarse sand,
gravel, and stones oceur at random throughout the profile.

Noonan soils are associated with Tlaxton and Livona soils.
Noonan soil has o columnar B2t horizon that is absent in
Flaxton and Livona soils.

Noonan-Flaxton soils, undulating (3 to 6 percent slopes)
(NfB).—This complex consists partly of deep, moderately
well drained, loamy soils that have a cluypan and partly
of well-drained, friable soils. Noonan seils make up about
45 percent of the complex, and Flaxton soils 40 percent.

In most places the seils have a surfuce layer of loam,
but in some places the surlace layer is fine sandy loam,.
Runofl is mainly medium but is slow in included neaxly
level aveas.

Included in mapping were many small areas of Livona
and Willinms soils and of a soil that is like Noonan soils
but has a friable laver, as much as 30 inches thick, above
the claypan subsoil. Also included were some aress of
nearly level soils, a few areas of sloping scils, and o few
small areas of Parshall fine sandy loam and Parshall Toam.

Practices are necded that improve permeability of the

claypan and that control soil blowing and water erosion.
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The soils of this complex are used mainly for small grains
and corn. They are suited to grass and small grains and
fnirly well suited to corn and legumes, {Capability unit
ITTIe-S5; Noonan part in Claypan range site, and Flaxton
part in Sandy range site; Noonan part in windbreak group
9, and Flaxton part in windbrenk group 5)

Parnell Series

The Parnell series consists of deep, nearly lovel, vory
poorly drained soils in deep to moderately deep basins on
uplands covered with glacial i1l and thin loess,

In n representative profile the surface layer is dark gray,
mottled silt loam about 7 inches thick. It is covered with a
thin layer of organic mulch, The subsoil is firm siliy clay
loam about 28 inches thick. 1t is dark gray and mottled in
the upper part and gray in the lower part. The underlying
maderinl is gray, mottled, firm silty clay.

The Parnell soil is high in available water capacity,
ovganic-mutler content, and fertility. Permeability is
slow.

Wetness is the main concern of management. Unless
artificially drained, this seil is ponded throughout the
growing senson. Drained areas are used mainly for late-
seeded forage crops. They are well suited to grass aud [airly
well suited (o all other crops commonly grown in the
countly, but there is risk of crop damnge by flooding duwring
heavy rains. Undrained areas arve used muinly as wetlands
for wildlifo habitat and as late-season pasture. In these
arens the nalive vegetation is wetland sedges and grasses
and a few bulrushes and cattnils,

Representalive profile of Purnell silt loam in nafive
pasture, 100 feet north and 1,190 feet east of the soufh-
west corner of SEV see. 34, T. 143 N., R. 82 W.

AQ—1 to 0 inches, dark-gray and dark grayish-brown (10YR
4/1 and 4/2) partly decomposed plants, black, and
vory darle brown (10YR 2/1 and 2/2) moist; o few
small snail shells; neutral; clear houndary.

Al1—0 to 7 inches, dark-gray {10YR 4/1) silt loam, black
(I0YR 2/1) muoist; o few, fine, fuing, dark yellowish-
hrown (I0YR 3/4) mottles, yellowish brown (10YR
576 ; weak, thick, platy strusturve in upper paré pnd
wealk, medium subangular blocky structure in the
lower part; [riable, sticky and slightly plastic matted
roots; neubral; clear boundary.

B21—7 to 20 inches, dark-gray (10Y R 4/1) silty elay loam,
very dark gray (LOYR 3/1) moist: ecmmon, medium,
distinet, dark yellowish-brown (LYR 3/4) mottles,
yvellowish brown (10YR 5/6); wmoderate, medium,
angular btocky structure separating to strong, line,
blocky structure; firm, very sticky and very plastie;
thin ¢lay skins on surfaecs of peds; wmildly alkaline;
grarlual boundary.

B22—20 to 35 inches, gray (10YR 5/1) silty clay loam, very
dark gray (10YR 3/1) moist; moderate, medium,
angular bloeky structure separating to strong, fine,
angular blocky structure; firm, very sticky and very
plastic; patchy clay skins on surfaces of peds in upper
part; a few roots in lower part; mildly alkaline; clear
boundary.

Cp—35 to 60 inches, gray (BY 5/1) silty elay, very dark

ray (hY 3/1) moist; common, coarse, faint, olive

%-5Y 4/3} mottles, pale olive (5Y 6/3) dry; weak,
coarse, angular blocky structure; firm, very sticky
and very plastic; slightly effervescent helow depth
of 48 inches; mildly alkaline.

The A0 horizon ranges from 0 to 3 inches in thickness, The
Al horizon ranges from black (I0YR 2/1) to very dark brown
(10YR 2/2) when moist and is 6 to 12 inches thick, Tn some
places there is an A2 harizon that is less than 4 inches thick.
The B2 herizon ranges from black (N 2/1 or 10YR 2/1} to
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very dark gray (N 3/0 or 10YR 3/1) when moist. The 32
horizon i silty elay loam or silty clay 20 to 30 inches thick.
The Cg horizon is blocky siliy elay or silty ciay loam and is
very darlk gray (5Y 3/1), dark olive gray (5Y 3/2), or clive
gray (5Y 4/2) when moist. The degree of mottling and depth
to lime vary greatly, No horizon has lime accumulation, and
many places have no lime at o depth of less shan 5 fect,
Parnell soils are similar to Tonka and Dimmick soils, which
arc also in basins. Parnell seils occupy deeper basins and are
mare poorly drained than Tonka soils. They are darker ¢olored
to greater depths and eoarser textured than Dimmick soils.

Parnell silt loam (0 to 3 percent slopes) (Pa).—This
soll occupies 5- to 70-acre, round to oblong basins on
uplands. The depth of most basins is 3 to 6 feet. Well-
defined drainageways carry overflow from many of the
basins,

T'his soil has the profile described as representative of
the series.

Inclnded with this seil in mapping were small areas of
Tonka soils on the cuter edges of some basins. Two small
basins that are very poorly drained but have sandy soils
are also inecluded with this seil in mapping. These basins
are i the NW¥ sce. 13, 1. 143 N., R. 85§ W. and the
NEY see. 6, T. 143 N, R. 86 W.

Wetness i1s the main concern of management. Undrained
areas are not suited to cultivated crops. They are best
suited to and are used for late-senson pasture and wildlife
habitat. Drained arveas are used mainly [or perennial hay
or late-seeded annual hay or small grains. They are well
sutted to grass and fairly well suited to all other crops
commonly grown in the county. There is risk of crop
damage by flooding during heavy rains. (Capability unit
Vw-W1 il undrained, TITw-6 if drained; Wetland range
site; windbreak group 10 if undrained; 2 if drained)

Parshall Series

The Parshall series consists of deep, nearly level to
sloping, well-drained, loamy soils in swales and on ter-
races, valley fans, and foot slopes of the uplands.

In a representative profile the surface layer is very
dark grayish-brown fine sandy Joam about 16 inches
thick. The subsoil is very friable, dark grayish-hrown fine
sancly loam about 16 inches thick. The underlying mate-
rial 1s stratified, dark grayish-brown and grayish-brown
fine sandy loam and loamy fine sand.

Parshall soils are high in orgsanic-mntter content and
moderate in available water capacity and fertility. Per-
meability is moderately rapid.

The main concerns of management are couserving
water, controlling erosion, and maintaining fertility. Most
ol the soils are used for crops. They are well suited to
fairly well suited to all crops commonly grown in the
county.

Representative profile of Parshall fine sandy loam,
nearly level, in nafive grass, on a north-facing slope of 2
percent, 210 feet enst and 880 feet north of the southwest
corner of the NW1/4 sec. 7, T. 143 N., R. 85 W,

Al—D0 to 16 inches, very dark grayish-brown (10YR 3/2) fine
sandy loam, very dark hrown (10YR 2/2) moist;
weak, eoarse, subangular blocky structure in the
upper part and weak, coarse, prismatic structure in
the lower part; very friable; many Toots; a lew [fine
pores; neutral; gradual, wavy beundary.

B2—16 to 32 inches, dark grayish-brown (10 Y11 4/2) fine sandy
lonm, very dark grayish hrown (10YR 3/2) moist;
wenk, coarse, prismatic structure separating to weak,
coarse, subangular blocky structure; very friable;
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eonumon roots; o few porcs; neutral; clear, wavy
boundary.

TIC1--32 1o 40 jnches, dark grayish-brown (10YR 4/2) loany
fine sand, very dark grayish hrown (LOYR 3/2) moist;
very weak, coarse, prismatic structure separating to
wenk, ecoarse, subangular Dblocky sbructure; very
frinble; slightly effervescent; a few small nodules and
threads of lime; mildly alkaline; clear, wavy boundary.

TIC2-~40 to 50 inches, grayish-brown (10¥YR 5/2) fine sandy
lanm, dark grayish brown (J0YR 4/2} moist; weak,
conrse, subangular hlocky structure; very friable;
shightly efforvescent; a fow smull nodules and threads
of lime; mildly alkaline; clear, wm\f}' houndary.

IVC3—50 to 60 inches, grayish-brown (10YIR 5/2) loamy fine
sand, dark grayish brown (310YR 4/2) oist; very
weak, searse, subangular hlosky structure; very
frinbie; slightly etfervescent; o few threads and nodules
of lime; moderately alkaline.

The A horizon is loam or fine sandy loam and ranges from
8 to 20 inches in thickness. The B2 horizon has & color shroma
of 2 or 3 and a value of 2 or 3 when moist and 4 or b when dry.
The B2 horizon has n wenk to moderate, prismatic structure.
The C harizon, below a depth of 40 inches, ranges from eclay
loam till to loammy sand and gravel, Depth to carbonales ranges
from 24 to more than 60 inches. In most places the carbonates
are below o depth of 30 inches. Between depthe of 10 and 40
inches the texture is typically fine sandy loam. Below a depth
of 50 inches in some plages is o buried A horizon but below a
depth of 30 inches in many places sre horizons of loamy fine
sand or sandy loam.

Parshall soils are associnted with and arce similar to Lihen,
Tally, and Vebar soils. Parshall soils are not so coarse textured
as Liken soils. They are darker colored 1o a greater depth than
Tally and Vebar soils, and they luck the soft sandstone under-
lying material that is typical of Verbar soils.

Parshall fine sandy loam, nearly level (0 to 6 percent
slopes) (PbA)~~This soil has mainly smooth, uniform,
nearly level slopes, but in some places it is gently sloping
or gently undulating.

This soil has the profile described as representative of
the series. Runoff is slow.

Inecluded with this soil in mapping were small areas of
Flaxton fine sandy loam, Vebar fine sandy loam, Tally
fine sandy loam, Lihen fine sandy losm, Purshall loam,
and Arnegard loams. Some eroded areas that have sandy
deposits ridged at field borders and fence lines were also
included. ATso included were soils that are like Parshall
soils but are darker colored below a depth of 50 inches
and 56 acres of a soil in which the lower part of the subsoil
and the substratum are loam to clay loam. This ncreage
is in the 8% sec. 9, T. 142 N, R. 82 W,

"The muin concern of management is soil blowing. Water
erosion is a concern only on the steeper, longer slopes, m
cultivated drainageways, and on cattle trails. This soil 1s
used mainly for small grains, corn, and alfalfa. It is snited
to small grains and well suited to all other commonly
grown crops. {Capability unit ITTe-3; Sandy range site;
windbreak group 1)

Parshall loam, nearly level (0 to 3 percent slopes)
(Pc A).—This soil has smooth, uniform slopes. The tracts
vary greatly in size, but they are mainly smaller than
40 acres.

"This soil has a profile similar to the one described as
representative for the series, except that the surface layer
is loam. Runoff is slow,

Tncluded with this seil in mapping were small areas of
Flaxton and Vebar soils and a few small areas of Arnegard
loam and Parshall fine sandy loam. Also included were
soils that are like Parshall scils but are darker colored
below a depth of 50 inches.
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Main concern of management is control of soil blowing.
This soil is used mainly for small grains, corn, and allalla,
It is well suited to all crops commonly grown in the
county. (Capability unit Ile-5; Sandy range site; wind-
bresk group 1)

Parshall loam, gently sloping (3 to 6 percent slopes)
(PcB).—This soil has smooth, uniform slopes.

This soil has a profile similar to that described uns
representative for the series, except thut the sirface layer
is loam. Rumnof! is slow to medium.

Included in. mapping were small arens of Flaxton and
Vebar soils and sore arcas of Arnegard loam and Parshall
fine sandy loam. Algo included were soils that are like
Parshall soils but are darker colored below o depth of
50 inches.

This soil is subject to soil blowing and water erosion. It
is susceptible to water erosion on the longer, steeper slopes,
in caltivated drainagewsys, and on cattle trails. The soil is
used mainly for small grains, alfalfa, and corn. 1t is well
suited to all commonly grown crops. It needs more inten-
sive management for erosion control in fields where row
crops are grown. {Capability unit ITe-5; Sandy range site;
windbreak group 1)

Parshall-Tally fine sandy loams, sloping (6 to 9 percent
slopes} (PtC).—This complex consists of well-drained
deep soils. Parghall fine sandy loam rakes up about 65
percent of the complex, and Tally fine sandy loam 30
percent.

The Parshall soil has a profile similar to that described
as representative for the series, except that the combined
thickness of the surface layer and subsoil is about 6 inches
less. The Tally soil has the profile described as representa-
tive for its series. Both of these soils are mainly fine sandy
lonm to a depth of 60 inches, but in fow areas they have o
surlace texture of loam, and in some areas they are mainly
loamy fine sand below the surface layer, Runoff is medinm.
Included in mapping were small areas of Flaxton, Vebar,
and Arnegard sotls and few areas of Lihen and Telfer fine
sandy loam.

These soils are susceptible to soil blowing. They are
suscepiible to water erosion in fields where row crops are
grown, and intensive management is needed to prevent
excessive losses of soil. The soils of this complex are used
mainly for grass and small grains. They are well suited to
grass and legumes nnd fairly well suited to small grains,
They are also fairly well suited to corn il gullying is
adequately controlled. (Capability unit 1Ve-3; Sandy
range site; Parshall part in windbrenk group 1, and Tally
part in windbreak group &)

Regan Series

The Regan scries consists of o deep, nearly level,
caleareous, poorly drained to very poorly drained seil.
These soils are in shallow basins and glacial melt water
channels below sceps and along streams, They are wet to
the surface or have a high water table during most of the
growing sessorn,

In a representative profile the surface Jayer is strongly
offervescent silt loam about 10 inches thick, Tt is dark gray
in the upper part and gray in the lower part. The under-
lying material is friable, gray, very strongly offervescent
silty elny loam to a depth of about 34 inches; calearcous,
pale-olive silty clay loam to a depth of about 44 inches;
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and light olive-gray, stratified clay loam and loam below
that depth. :

The native vegetation includes prairie cordgrass,
slonghgrass, switchgrass, wetland sedges, and rushes. In
the naturally better drained areas are big bluestem and
little bluestem.

Regan soils have high available water capacity and
moderate fertility and permeasbility. Organic-inatter
content is high at the surface.

Waetness is the main concern of management. The soils
are used mainly for pasture and hay. The naturally better
drained areas are svited to small grains. The very poorly
drained areas are suited to pasture and wildlie habitat.

Representative profile of Regan silt loam in an area of
Colvin and Regan silt loams, in native grass, 925 feet
south and 990 feet west of the northeast corner of sec. 3,

T.143 N, R. 85 W.

All—0 to 5 inghes, dark-gray (2,57 4/1) silt loan, very dark
gray (2.5Y 3/1) moist; weak, medium, crumb struc-
ture; frinble; matted roots; common fine pores;
strongly effervescent; moderately alkaline; clear,
wavy boundary.

A12—5 to 10 inches, gray (2.5Y §/1) silt loam, very dark gray
(6Y 3/1) moist; weak, eoarse and medium, prismatie
slructure scparating to moderate, medium, crumb
structure; friakle; numerous rcots:; common fine
pores; strongly effervescent; moderately alkaline;
gradual, wavy boundary.

10 to 19 inches, gray (3Y 6/1) silty clay loam, dark gray
(5Y 4/1) maist; wenk, coarse, subangular bloeky
structure separating to moderate, medium, granular
structure; friable; numerous roots; common lue
pores; very strongly effervescent; moderately alkaline;
gradual, wavy boundary.

C2ca—19 to 34 inches, gray (BY 6/1) silty elay loam, dark
gray (5Y 4/1) moist; weal, coarse, subangular blocky
structure; friable; common medium and fine roots;
common fine pores; very strongly cffervescent;
moderately alknline; clear, wavy boundary,

C5—34 to 44 inches, pale-olive (5Y 6/3) silty clay loam, olive
(8Y 5/3; moist; weak, medium and coarse, subangular
blocky structure; friable; a few medium and fine
roots; common fine pores; strongly effervescent;
moderately alkaline.

ITCg—44 to 60 inches, light olive-gray (5Y 6/2) stratified clay
loam, silty clay loam, and loam, olive gray (5Y 5/2)
moist; coarse, weak, subangular blocky structure;
friable; strongly effervescent ; moderately alkaline,

Clea

In places on the webter sites, an AQ horizon, az much as 4
inches thiek, overlies the Al horizon. The All horizon has s
hue of 10YR or 2.5, value of 2 or 3, and chroma of 1 or 2
when moist, The AL2 horizon has a hue of 2.5Y or 5Y, value
of 3, and chroma of 1 or 2 when moist, In a few places the Al
horizon containg soluble salts. The C horizon, below a depth
40 inehes in some places, is sand and gravel underlain by
silty clay to clay loam. In wetter areas it has neutral hues.
Mottling ranges from none to g¢ominon, prominent, brown or
dark yellowish brown. In few places there are broken and
irregular boundaries between the Al, Cea, and Ce horizons,

Regan soils are similar to Colvin and Tonka seils. They have
o lighter colored Al horizon than Colvin soils. They lack the
leached A2 and B2t horizons typical of Tonka seils, and they
econtpin much more lime than those soils.

Regan silt loam (0 to 3 percent slopes) (Re).—This soil
occuples very poorly drained upland swales. Areas of this
soil are below seeps, on bottom lands along creeks, and in
glacial melt water channels,

The profile of this soil is similar to that described as
ropresontative for the series, except that it has yellower
clolors and mottles below the surface luyer. Runoff is very
slow.
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Included in mapping were small areas of poorly drained
Regan soils and Strongly saline land, Small areas of more
strongly sloping soils were also included.

The surface layer seldom dries out, and most of the time
the water table is at a depth of 0 to 2 feet. Drainage is
not sconomically feasible. This soil is well suited to and
used for midseason and lale-season pasture, because ab
these times the water table is lower. It has good sites for
developing water for livestock. (Capability unit Vw—WI;
Wetland range site; windbreak group 16)

Regent Series

The Regent series consisis of moderately deep, nearly
level to sloping, well-drained soils that have a clayey
subsoil. They are on residual uplands and bave long,
pane and convex slopes. These soils formed in clayey and
loamy shales, mainly in the Fort Union Formation. Shale
beds lie at depths of 30 to 40 inches,

In o vepresentative profile the surface layer is silty clay
loam about 10 inches thick, It is very dark grayish brown
in the upper part and dark grayish brown in the lower
part. The firm subsoi!, which extends to a depth of 30
inches, is grayish-brown silty clay in the upper part,
licht brownish-gray silty clay in the middle part, and
ight-gray silty clay loam in the lower part. The under-
lying material is firm, pale-yellow, silty clay loam to a
depth of 38 inches. Below this are beds of very firm, pale-
yellow, silty clay shale.

The main native vegetation is western wheatgrass,
green needlegrass, blue grama, buffalograss, upland sedges,
and forbs.

Thesc soils have moderate organic-matter content and
high available water capacity and fertility, Permeability
is slow. These soils arc resistant to soil blowing. Shale beds
moderately restrict the root zone for deep-rooted crops,

Most of these soils are used for small grains and native
pasture and hay. They are well snited to grass. Most of
them are well suited to fairly well suited to small grains
and legumes and poorly snited to corn.

Representative profile of Regent silty clay loam,
gently sloping, in a cultivated field, 180 feet north and
690 feet west of the southeast corner of the SW¥ sec. 27,
T. 143 N.,, R. 85 W,

Apl—0 to 6 inches, very dark grayish-brown (L0YR 3/2)
gilty clay loam, very dark brown (10YR 2/2) moist;
weak, coarse, subangular blocky structure separaing
to moderate, medium, granular structure; friable;
common roots; ncutral; abrupt, smooth boundary.

Al12—6 to 10 inches, dark grayish-brown (10YR 4/2) siliy
clay loam, very dark grayish brown (10 YR 3/2) moist;
weak, coarse, prismatic structure separating tb mod-
erate, medium and fine, angular blocky structure;
firm; common roots; neutral; gradual, wavy boundary.

B21t—10 to 18 inches, grayish-brown (2-5Y 5/2) silty clay,
very dark geayish brown (2.5Y 3/2) moist; on faces
of peds are patchy staing of very dark brown (10YLR
2/2? moist; wealk, coarse, prismatie structure separat-
ing to strong, medium and fine, angular blocky strue-
ture; firm; clay films on faces of blocks; common
roots; mildly “alkaline; gradual, wavy boundary.

B22t—18 to 24 inches, light brownish-gray (2.5Y 6/2) silty
clay, dark grayish brown (2.5Y 4/2) moist; on faces
of peds in upper part are staing of very dark grayish
brown (10YLR 3/2) moist; wealk, coarse, prismatic
strueture separating to moderate, coarse and medium,
angular blocky structure; firm; clay films on faces of
blocks; eommon roots; slightly effervescent in lower
part; moderately alkaline; clear, wavy boundary.
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Bica—24 to 30 inches, light-gray (5Y 7/2) silty clay loam,
olive gray (5Y 5/2) moist; weak, coarse, prismatic
structure separating to moderate, medium, angular
blocky structure; firm; common roots; common fine
pores; strongly effervescent; many nadules of lime;
moderately alkaline; gradual, wavy boundary.

Clea—30 to 38 inches, pale-yellow (5Y 7/3) silty clay leam,
olive (5Y 5/8) moist; a few, medium, distinct mottles
of yellowish-brown (IOYR 5/6) moist; wenk, coarse,
blocky structure separating o weak, thick, platy
structure; firm; few roots; few fine pores; strongly
effervescent; common nodules of lime; moderately
alkaline; clear, wavy boundary.

239 to 60 inches, pale-yellow (8Y 7/3 and 7/4) silty clay,
olive (5Y 3/3 and §/4) meoist; very firm shale; slightly
efferveseent; moderntely alkaline.

The A herizon has a color value of 2 or 3 when moist and 3
or 4 when dry, The B2t horizon has a hue of 2.5Y or 5Y and
valne of 3 to 5 when moist and 5 to 6 when dry. Tn places this
harizon and the ones below are yellowish-brown. This appears
as pockets or discontinuous bands as much as 6 inches thick,
In mosl places clay filns are thin and patchy or continuous on
the blocks in the B2t horizon. In most places there is lime ac-
cumulation in both o B3ea and Cea horizon. Locally, the C
horizon containg a considerahble amount of soluble salts. Clacial
and gilicified stones are common on the soil surface in places.
Some areas in native sod have a silt loam surface layer (prob-
ably loess) 2 to 4 inches thick,

TRegent soils are sssocinted with Grail and Morten seils.
Regent soils are not so dark eolored to go great o depth as Grail
soilg. They bave a B2t horizon that is finer textured and
firmer thun that of Morton scils.

Regent silty clay loam, nearly level (0 to 3 percent
slopes) {RgA).—Included with this seil in mapping were
small aveas of Savage, Grail, Williams, and Morton soils.
The Grail soils nre in swales. Also included were a {ew
areas of soil that is like Regent soils but has a surlace
layer of silt loam. Runoff is slow.

The main concerns of management are maintenance
of organic-matter content, fertihty, and good seil tilth.
This soil is used mainly for small grains and alfalfa. It is
well suited to small grains, alfalfe, and grass and [lairly
well suited to corn. (Capability unit ITc—7; Claysy range
site; windbreak grmr]p 3

Regent silty clay loam, gently sloping (3 to 6 percent
slopes) (RgB).—This soil has the profile described as
representative of the series. Runoff is medium.

Included with this seil in mapping were small areas of
Savage, Grail, Williams, and Morton soils. The Grail soils
are in swales. Also included were a few areas of & soil that
is like Regent soils but has a surface layer of silt loam.

Water erosion is & moderate hazard and is most critical
in fields where row crops are grown. This soil is used
mainly for small grains and alfalfa. It is well suited to
small ‘grains, alfalfa, and grass and fairly well suited to
corr. {Capability unit 1le-7; Claycy range site; wind-
break group 3)

Regent silty clay loam, sloping (6 to & percent slopes)
(RgC).—This soil has a profile similar to that described
as representative for the series, except that the combined
thickness of the surface layer and subsoil is about 4 inches
less. Runoff 1s moderately rapid.

Included with this soil in mapping were small arcas of
Grail silty clay loam and Morton silt loam. The Grail
soils are in swales. Also included were areas of a soil that
is like Regent soils except that shale is at a depth of 25
to 30 inches.

Water erosion is a serious concern on unprotected
slopes. This soil is used mainly for small grains and grass.
It 1s well suited to grass and legumes, fairly well suited to
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small grains, and poorly suited to corn. (Capuobility unit
IIle~7; Clayey range site; windbreak group 3)

Regent-Daglum silty clay loams, nearly level (0 o 3
percent slopes) (R!A).—This complex consists partly of
well-drained, deep soils that have o firm subsoil and
partly of moderately well drained, deep scils that have a
dense claypan. These soils are on residual uplands, Regent
silty clay loam makes up about 65 percent of the complex,
and Daglom silty clay loam 25 percent. Contiguons areas
of Regent silty clay loam are generally more than 5 acres
in size.

The Daglum soil has a profile similar to that deseribed
a8 ropresentative for the series, except that it has a surface
layer of silty clay loam in most places. Riumoff is slow
Included in mapping were small areas of Grail, Belfield,
Rhoades, Savage, Morton, Sen, and Lawther soils,

Soils of this complex ave resistant to soil blowing. The
main concern of management is improvement, of claypan
permenbility. The soils are used mainly for small grains,
grass, and legumes. They are wall suited to grass, Tairly
well suited to small grains and legumes, and poorly suited
to corn. (Capability unit TTIs=7F; Regent part in Clayey
range site, and Daglum part in Claypan range site;
Regent purt in windbreak group 3, and Daglum part in
windbreak group 9)

Regent-Daglum silty clay loams, gently sloping (3 to 6
percent slopes) (RIB).—'This complex consists partly of
well-drained, deep soils that have a firm subsoil and
partly of moderately well-drained, deep soils that have a
dense claypan. These soils are on residual uplands.
Regent silty clay loam makes up about 45 percent of
the complex, Daglum silty clay loam 25 percent, and
Rhoades soils 20 percent. Contiguous arens of Regent
silty clay loam are generally more than 5 acres in size,

The Daglum soil has a profile similar to that described
as representative for the series, except that it has a surface
layer of silty clay loam in most places. Runoff is mediun.
Included in mapping were small areas of Grail, Belfield,
Savage, Morton, Sen, and Lawther soils,

Soils of this complex are resistant to soil blowing. The
mainn concerns of management are improving claypan
permeahility and controlling water erosion. The soils are
used mainly for small grains and grass. They are well
suited to grass, faitly well suited fto small grains and
legumes, and poorly suited to cormn. (Capability unit
I11e-7P; Regent part in Clayey range site, and Daglum
part in Claypan range site; Regent part in windbreak
group 3, and Daglum part in windbrenk group 9)

Regent-Daglum silty clay loams, sloping (6 to 9 percent
slopes) (RIC)}.—This complex consists partly of well-
drained, deep soils that have a firm subsoil and partly of
moderately well drained, deep seils that have n dense
claypan. These eoils are on uplands. Regent silty clay
loam makes up about 40 percent of the complex, Daglum
silty clny loam 30 percent, and Rhoades soils 20 percent.
Contiguous areas of Regent silty clay loam are generally
more than 5 acres in size.

The Regent soil has a profile similar to that described
as representative for the series, except that the subsoil
is about 4 inches thinner. The Daglum soil has a profile
similar to that described aa representative for the series,
except that it has a surface layer of silty clay loam in
most places Runoff is moderately rapid.

Included with these soils in mapping were small areas
of Grail, Belfield, Morton, and Sen scils. Also included
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was g soil that is like Regent soils except that shale is ot
o depth of 25 to 30 inches.

Soils of this complex are resistant to soil blowing, They
are very susceptible to water erosion. The soils are used
mainly for grass and small grains. 'They are well suited to
grass, marginally suited to small graing and legumes, and
poorly suited to corn. Excessive losses of soil occur in
fields where row crops are grown. (Capability unit IVe~7P;
Regent part in Clayey range site, and Daglum part in
Claypan range site; Regent part in windbreak group 3,
and Daglum part in windbreak group 9)

Rhoades Series

The Rhoades series consists of deep, nearly level to
sloping, moderately well drained soils that have a dense
claypan subseil. These soils are in seattered tracts on
uplands, swales, and terraces. They have a claypan that
is within 2 to 5 inches of the surface and salts within 10
to 20 inches of the surface.

In a representative profile the surface layer is dark
grayish-brown, friable }o&m about 3 inches. thick, The
claypan subsoll, which extends to a depth of 15 inches,
is [irm and dark grayish brown. It is siliy clay in the
upper and middle parts and silty clay loam in the lower
part. The underlying material 18 strongly alkaline and
extends to a depth of 60 inches. 1t is light brownish-gray
clay foam in the upper 7 inches, light olive-gray clay lonm
in the middle 12 Inches, and pale-olive, stratified silty
clay loam and clay loan in the lower part.

Rhoades sotls have low fertility and availoble water
capacity and moderate organic-matter content. Permea-
bility is very slow. The dense claypan severely restricts
the growth of roots and the penstration of water. These
soils are used mainly for pasture and are better suited to
pasture than to most other uses.

Representative profile of Rhodes loam, in an aren of
Rhoades-Daglum  complex, gently sloping, in native
grass, 1,080 feet enst and 300 feet north of the sonthwest
corner of the SIEY sec. 16, T, 142 N, R. 34 W,

A2—0 to 3 inches, dark grayish-brown (10YR 4/2) loam,
very dark brown (10YTR 2/2) moist; weak, thin, platy
structure in upper part, but moderale, medium,
subangular blocky and moderate, thick, platy strue-
ture in lower part; soft, friable; plates are ecoated
with light-gray (10YR 6/1) sand grains; many roots;
many very fine pores; neutral; abrupl, wavy boundary,
to & inches, dark grayish-brown (10YTR 4/2) silty
clay, very dark brown (10YR 2/2) moist; strong,
eoarse, columnar structure; caps and sides of columns
are coated with light gray (10YR 7/1); extremely
hard, firm; thin continuons elay films on faces of
peds; many distorted roots; mildly alkaline; muany
very fine pores; gradual boundary.

B22t—5 to 10 inches, dark geayish-brown (10YR 4/2) silty
clay, very dark grayish brown (10YIRR 3/2) moist;
wenk, coarse, prismatio strueture separating o weak,
coarse and maderate, fine angular blocky strueture;
patehy, very dark brown (10YR 2/2) coatings on
faces of blocks; extremely hard, firm; thin, continuous,
clay films on faces of peds; many distorted roots;
few fine pores; moderately alkaline; clear boundary.

B3sa—10 to 15 inches, dark grayish-hrown (2,5Y 4/2) silty clay
loam, very dark grayish-brown (2.5Y 3/2) moisi;
weak, coarse, prismatic structure separating to
moderate, fine and medium, subangular hlocky
structure; extremely hard, firm; few roots; few pores;
patehy clay films on faces of peda; a few salt orystals;
slighily coffervescent; strongly alkaline; gradual
boundary,

B21t—3
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Clleasa—15 to 22 inches, licht browoish-zray (2.8Y 6/2) clay
Ioam, dark grayish brown (2.5Y 4/2) moist; wenk,
gonrae, subangular blocky structure separating to
moderate, fine and medium, blocky structure; very
hard, firm; few fine pores; common salt nests; strongly
effcrvescent; common nodules of lime; strongly
alkaline; gradunl boundary.

C2cas0—22 (o 34 inches, light olive-gray (3Y 6/2) clay loam,
olive gray (3Y 5/2) moist; weak, coarse, subuangular
blocky structure separating to moderate, fine and
medinm, subangular bloeky structure; very hard,
firm; eomman fine pores; common salt nests; strongly
effervescent; common nodules of lime; strongly
alkaline; gradual boundary.

C3sa—34 to 60 inches, pale-olive (AY G/3) silty clay loam and
clay loam, olive (5Y 4/3 and 5/3) moist; massive;
girong, medium, platy structure; shale in lower part;
very hard, firm; common fine pores in upper paré; a
few salt nests; slightly effervescent ; strongly alkaline.

In some plages there is a thin Al horizon that has a texture
of fine sandy loam or silt loam. The A2 horizon has o color
value of 2 or 3 when moist and 4 or 5 when dey. The B2t
horizon coutains as much as 50 percent elay and is firm or
very firm. Stracture ig strong coarse or medium coluranar bug
separates to fine colummar in places. The columns and caps
are coated with streaks from the A2 horizen, wund there are
dark staing on peds. The C haorizon is stratified silty clay to
Jeam and has o color hue of 2.5Y or 5Y, and in some places
it has brownish and grayish mottles, Depth to zoft shale is
typically more than 30 inches but ranges from 20 to more than
60 inches. In cultivated areas, the Ap horizon is hard and
massive.

Rhoedes soils are similar 1o and are associated with Daglum
and Belficld soils. Rhodes soils have a thinuer A horizon than
Daglum and Belfield goils and a firmer B2t horizen Lhan
Belfield soils.

Rhoades-Daglum complex, gently sloping (0 to 9 per-
cent slopes) (RoB).—This complex consists of deep,
moderately weall drained soils that have a dense claypan
at a depth of less than 20 inches. Slopes are complex, vary
greatly in length, and have an average gradient of 4
percent. Rhoades soil makes up about 55 percent of the
complex, and Daglum seil 33 percent.

The landsecuape has a microreliel of scattered scabspots

or panspots. Rhoades soils occupy these spots, and
Daglum and Belfield soils are in the surrounding, slightly
higher areas. Panspots in native grass have spurser vege-
tation than surrounding arens.
. The Rhondes soil has the profile described as represent-
ative of the series. In places the surface layer is silt loam
or fine gandy loam instead of loam. The Daglum seil has a
profile similar to that described as representative of its
series, except that in some places the surface layer is silty
clay loam instead of silt loam. Runoff 1s slow to moderately
rapid. Included In mapping in places were many small
areas of Belfield soils,

Soils of this complex are too intricately mixed to be
managed separately and have to be managed as if they
were all Rhoades soils. The main limitation is the dense
claypan. The soils in this complex are better suited to
permanenl pasture than to most other farm uses and arve
used mainly for this purpose. (Capability unit Vis-TCp;
Rhoades part in, Thin Claypan range site, and Daglum
part in Claypan range site, windbreak group 9)

Ringling Series

The Ringling series consists of shallow, very steep,
reddish-brown, excessively drained, loamy soils that
formed in scoria beds on uplands. These soils are mainly
in small localized arcas in the central and southern parts
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of the county. The distinctive reddish-brown colers are
mherited from the scoria.

In o representative profile the surface layer is reddish-
brown gravelly loam about 9 inches thick, The next layer
is friable, light reddish-brown very gravelly loam about
10 inchies thick. At a depth of 19 inches is hard, reddish-
yellow seoria beds.

Ringling soils are low in available water capacity and
fertility and moderate in organic-matter content. Ter-
menbility is rapid,

These soils are used mainty for pasture, Thev are suited
to permanent grass. The underlying beds of scoria have
some value as a source of material for road surlacing.
Howcever, the scorin is pulverized by heavy traffic and
eroded off the roadbeds.

Representative profile of Ringling gravelly loam, very
steep, In nalive grass, 270 fect east nnd 200 feet south of
the northwest corner of the NEl{ sec. 24, T 142 N
R.84W.

Al—0 to 9 inches, reddish-brown (AYR 4/3) gravelly loan,
dork reddish brown {5YR 3/3) moist; common scoria
chips; very weak, medium, prismatic structure sep-
arating eagily to weak, coarse, subangular blocky and
moderate, medium, cromb structure; friabie; abun-
dant reots; common fine pares; slightly cervescent;
mildly alkaline; elear, wavy boundary.

Cea—9 to 19 inches, light reddish-brown (5YR G/4) very
gravelly loam, reddish brown (5YR 5/4) muoist;
seorin fragments are pink (YR 7/4) dry; material
between the fragments hos weak, fine, crumb strue-
ture or ig single grained; strong, thick, platy strue-
fured seorin; friable loam and hard and slightly hard
scoria fragtnents; wrany fine roots in voids and be-
tween fragments; strongly effervescent; mildly alka-
line; wavy boundary.

B—19 to 60 inches, reddish-yellow (3 YR 7/6), slightly weath-
cred seovin, yellowishred (5 YR 5/6) moist ; some loam;
hard and very hard; diffienld to fracture; a few fine
roots in upper part; slightly cflerveseent; mildly
alkaline.

The Al horizon is commonly calearecus within 6 inches of the
surface. It has a color value of 4 or 5 when dry and chroma of
2 or 3. Depth to scoria beds ranges from 5 to 20 inches, Color
hues of the cntire profile range from 2.5YR to 7.5YR. The
amount of seorin or poreelanite fragments that are the size of
sand grains or larger varies from place to place.

Ringling soils arc associated with Cabba soils and are gimilar
to Wabek soils, They are coarser textured than Cabba soils.
They differ from Wabek soils in having seoria instead of
gravel and sand in the C horizon,

Ringling gravelly loam, very steep (9 fo 40 percent
slopes) {RvE),—This scil is on side slopes along drainage-
ways and on isolated knobs and ridges. It is in 2- to 80-
acre tracts. Slopes are mainly 15 to 40 percent. Reddish
scorin outcrops as much as 50 feet across are common iden-
tifying inclusions. Slag stones are on the surface in most
places.

Included with this soil in mapping were some areas of
Cubba soils and scoria ontcrops. Also included were areas
of soils that have a lighter colored surface layer and areas
of other soils in which scorin beds are at a depth of 20 to
40 inches. Runoft is very rapid to rapid.

Almost all the precipitation is lost by runoff or percola-
tion through the soil. This soil has a thin cover of plants.
It is suited to and is used for native range. (Capability
unit VIle-Sw; Shallow range site; windbrenk group 10)
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Riverwash

Riverwash (0 to 4 percent slopes) {Rw) consists of
sandbars within the Missouri River channel. Tt occurs
either as islands or as peninsulas connected with the
bottom lands, Texture varies widely but is mainly moder-
ately coarse or coarse. This land type is exposed at low
water and is subject to shifiing during perieds of high
water, There is no soil development.

Drainige 1s variable but this land type is mainly poorly
drained. A high water table is usunlly above a depth ol 5
feet even when the river is low. This land type has little
or no vegetation and no agricultural value. It has some
value for wildlile habitat and recreation. It is so unstable
that little management is possible. (Capability clnss
VIIIe; not in a range site or windbreak group)

Savage Series

The Savage series consists of deep, nearly level, well-
drained soils that have a subsoil of silty clay loam and
silty clay. These seils are on high terrnces.

In a representative profile the surface layer is very dark
grayish-braown, friable silty elay lomm about 6 inches thick.
The subsoil is about 12 inches thick. The uppor 4 inches is
dark grayish-brown, friable silty clay loam; the next 4
inches is light olive-brown, firm silty clay; and the lower 4
inches is light. yellowish-brown, friable silty ¢lay loam. The
underlying material is pale-olive, stratified silty clay loam,
and silty cluy,

Savage sotls are high in available water capacity and
fertility and moderate in organic-matter content. Permea-
bilily 1s moderately slow. These goils are used mainly for
small grains. They are well suited to most crops commonly
grown . the county, but only fairly well suited to corn.

Representative profile of Savage silty clay loam, nearly
level, in & cultivated field, 1,290 feet north and 155 feet
east of the southwest corner of sec. 22, T. 143 N, R. 8¢ W.

Al—10 to 6 inches, very dark grayish-brown (10YR 3/2) silty
clay loam, very dark brown {(10YR 2/2) moist; weak,
coarse, subangular blocky structure separating to
moderate, medium, granular structure; hard, friable,
sticky and plostic; neutral; abrupt, wavy boundary,

B21t—6 to 10 inches, dark grayish-hrown (2.8 4/2) silty clay
loam, very dark grayish brown (2.5Y 3/2) moist;
weik, coarze, prismatic structure separating to mod-
erafe, coarse, angular bloeky strusture; very hard,
friable, sticky and plastie; thin elay sking on faces of
peds, very dark brown (10YR 2/2} moist; common
roots; mildly alkaline; wavy boundary,

B22—10 to 14 inches, light olive-brown (2.5Y 5/3) silty clay,
dark grayish brown (2.5Y 4/2) meist; wenk, coarse,
prismatic strueture separating to strong, conrse, angu-
lar blocky strueture; very hard, firm, sticky and very
plastic; moderately thick clay skins on faces of peds;
very dark grayish brown (2.5Y 3/2) moist; common
roots; slighlly effervescent; mildly alkaline; gradual
wavy boundary.

B3ca—14 to 18 inches, light yellowish-brown (2.5Y 6/3) silty
elay loam, dark grayish brown (2.5Y 4/2) moist; very
wealy, coarse, prismatic structure separating to mod-
arate, coarse, subangular blocky structure; very hard,
friable, sticky and plastie; on ped faces a few coatings
of very dark grayish bhrown {2.5Y 3/2) moist; common
roots; slightly effervescent; moderately alkaline; clear,
wavy boundary,

Clen—18 to 42 inches, pale-olive {5Y 6/3) stratified silty clay
loam and silty clay, olive (5Y 5/3) moist; weak,
eoarse, subangular blocky structure; very hard, fri-
able, sticky and plastic; a few roots in upper part;
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strongly effervescent; many threads and nodules of

lime; moderately alkaline; wavy houndary,

42 to 60 inches, pale-olive (5Y 6/4) stratified silty clay
loam and silty elay, olive (5Y 5/4) moist, very hard;
friable, sticky and plastic; coinmon threads and nod-
ules of lime; strongly effervescent; moderately alkaline.

The Al horizon is gilt loam or silty elay loam. The B2t
horizon ranges from weak to moderate, prismatic and moderate
to strong, angular blocky in structure. It has thin to moderately
thick clay films. The nonealenreons galum in most places is 10
to 18 inches thick but ranges frem 6 to 20 inches in thickness.
In places there are thin sandy and gravelly strata below o
depti of 40 inches. There nre moderate amounts of salts below
the solum in some places.

Savage soils are similar to Farland and Lawther soils, Savage
2oils have more clay below the Al horizon than Farland soils,
They have less clay and are not so dark colored to so great a
depth as Lawther soils.

Savage silty clay loam, nearly level (0 to 3 percent
slopes) (SaA).—This soil occupies long, smooth terraces.
Included in mapping were some areas that have o surface
layer of silt loam. Some small areas of Grail silt loam,
Grail silty clay loam, and Farland silt loam were also
included. Runoff is slow,

This soil is more resistant to soil blowing than most
soils in the county. The main conrerns of mansgement are
mantaining organic-matier content, fertility, and good
goil tilth. This soil is used mainly lor small grains. It is
well suited to most crops commonly grown in the county,
but it is only fairly well soited to corn. (Capability unit
IIe~7; Clayey vange site; windbreak gronp 3).

C2ea

Sen Series

The Sen series consists of moderntely deep, nearly level
to hilly, well-drained, loamy soils on residual uplands.
Depth to soft rock or hedded shale is 24 to 40 inches.

In a representative profile the surface layer is dark
grayish-brown loam about 6 inches thick, The subsoil is
friable loam about 21 inches thick. It is dark grayish brown
in the upper part and grayish brown in the lower part.
Below the subsoil is light gray loam $o a depth of nbout 34
inches. The underlying material is pale-yellow and pale-
olive, stratificd, soft sedimentary beds that have loam to
gilty clay loam texture.

Sen soils have moderate organic matter content and
high avnilable water capacity and fertility. Permeability
is moderate, Soft bedrock moderately restricts the root
zone of deep rooted crops,

Most of these soils are tilled and are used mainly for
smull grains. Except in hilly or stony areas, these soils are
suited to most crops commonly grown in the county.

Representative profile of Sen leam in an area of Sen
and Amor loams, sloping, in native grass, 320 feet cast
and 1,140 feet south of the northwest corner of sec. 7,
T.141 N, R. 82 W.

Al—0 to 6 inches, dark grayish-brown (10YR 4/2) loam, very
dark brown {10YR 2/2) moist; weak, coarse and
medium, subangular bloeky structure separating to
weak, fine, erumb structure; friable; mildly alkaline;
gradual boundary,

B2—6 to 15 inches, dark grayish-brown (I10YR 4/2) loam,
very dark grayish brown (10YR 3/2) moist; weak,
coarse, prismatic structure separating to weak, coarse,
subangular blocky structure; very dark brown (10YR
2/2), patchy stains on vertical faces of peds; friable;
mildly alkaline; clear boundary.

B3Ca—I15 to 27 inches, grayish-brown (2.5Y 5/2) loam, dark
grayish brown (2.5Y 4/2) moist; weak, coarse, pris-
matie structure separating to weak, subangular blocky
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strueture; friable; strongly cffervescent; moderately
alkudine; elear houndary.

C1Ca—27 to 34 inches, light-gray (2.5Y 7/2) loam, grayish
brown (2.5Y 5/2) moist; weak, enarse, subangular
blocky strueture separating to weak, medium, platy
structure; frinble; very slrongly effervescent; large
spots and numerous threads of lime and disseminated
lime; moderately alkaline; clear boundary.

(C2—34 to 60 inches pale-yellow and pale-alive (8Y 7/3 and
6/3), olive (0Y 5/3 and 4/3) moist; soft, platy, sedi-
mentary beds that have a texture of loam to silty
clay loam; strongly efferveseent; moderately alkaline.

The A horizon is loam or silt loam, The Al horizon has a
chroma of 2 or 3 and value of 2 or 3 when muoist and 4 or 3
when dry. The B horizon and the horizons below it have tex-
tures that range from loam to light gilty elay loam and contain
20 to 30 perecent clay. The B horizon has a hue of 10YR or
2.5Y, value of 3 or 4 when moist, and chroma of 2 or 3, It has
weak to moderate, coarse to medium, prismatic strueture
separating to subangular blocky. The C horizon has a color
hue of 2.5Y or 5¥. The Ceca horizon contains more than 20 fo
40 pereent calclum earbonate equivalent. 1ts platiness is in-
herited from the parent rock, Txepth to lime is typicaliy 12 to
16 inches but ranges from 10 to 20 inches.

Sen soils are associated with Werner and Morton soils. They
have o thicker solum than Werner soils and less elay in the
B2 horizon than Morton sails.

Sen-Werner loams, sloping (3 to 9 percent slopes)
(SeC).—This complex consists partly ol moderately deep,
well drained soils and partly of shallow, somewhat ex-
cossively drained soils. These soils are in sloping areas
near the steep Cabba and Werner soils and the gently
sloping Sen and Morton seils. Werner loam is on erests
and tops of ridges and Sen loam on the side slopes. Sen
loam makes up about 50 percent of the complex, and
Werner loam 40 percent.

The Sen soil has a profile similar to that described as
representative for the series, except that the combined
thickness of the surface layer and subsoil is about 5
inchoes less, Runoff is moderately rapid to rapid. Included
!in muapping were small areas of Zahl, Cobba and Arnegard
08108,

The main concerns of management are controlling
¢0il blowing and water erosion and maintaining organic-
matter content, fertility, and good soil tilth. Intensive
management is needed to prevent excessive losses of
soil and water if the soil is tilled. The soils of this complex
are used mainly for grass and small graing, They arc well
suited to grass, fairly well suited to small grains, and
poorly suited to corn and legumes. (Capability unit
IVe—41L; Sen part in Silty range site, and Werner part in
Shallow range site; Sen part in windbreak group 3, and
Werner part. in windbreak group 10)

Sen and Amor loams, nearly level (0 to 3 percent slopes)
(Sm A).—This undifferentiated unit consists of Sen loam
and Amor loam. The Amor soil has o profile similar to
that described nas representative for the series, except
that the combined thickness of the surface layer and
subsoil is 4 inches greater. Most areas mapped are Sen
loam. Runoff is slow.

Included in mapping were small areas of Arnegard,

Williams, Morton, and Vebar solls and areas where soft:
bedrock 15 at a depth of 40 to 50 inches.

The main concerns of management are controlling soil
blowing and maintaining organic-matter content, fer-
tility, and good soil tilth. These Sen and Amor soils are
similar in usefulness and behavior. They are used mainly
for small grains, corn, and elfalla. They are well suited
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to all erops commonly grown in the county. (Capability
unit [Te—6; Silly range site; windbreak group 3)

Sen and Amor loams, gently sloping (3 to 6 percent
slopes) (SmB).—This undifferentiated unit consists of Sen
loam and Amor loam. Most mapped areas are Sen loam.
The Amor soil has the profile described ns representuative
for its series. Runoff is medinm.

Inecluded with these soils in mapping were small areas
of Arnegard, Morton, Willinms, and Vebuar soils, and
sruall areas where soft bedrock is st a depth of 40 to 30
inches.

These Sen and Amor soils are similar in usefulness and
hehavior. They are moderately susceptible to water
erosion. They are used mainly for small grains, ecorn, and
alfalfa, They are well sulted to most commonly grown
crops, but they are only fairly well suited to corn. (Capa-
bility unit ITe—6; Silty range sile; windbreak group 3)

Sen and Amor loams, sloping (6 to 9 percent slopes)
(SmC).—This undifierentiated une consists of Sen loam
and Amor loam, Most areas mapped are Sen loam. The
Sen soil has the profile described as representative of the
geries. Rumoff is moderately rapid.

Included with these soils in mapping were small areas of
Arnegard, Werner, and Cabba soils. Also included were
small areas of Morton, Williams, and Vebar soils and a few
areas where solt bedrock is at a depth of 40 to 50 inches.

These Sen. and Amor soils are very similar in usefulness
and behavior and are very susceptible to water erosion.
These soils are used mainly for small grans and grass.
They are poorly suited to corn, They are well suited to
grnss and legumes and fairly well suited to small grains.
(Capability unit 1Ile-6; Silty range site; windbreak
group 3)

Sen and Amor leams, hilly (9 to 12 percent slopes)
(Sm D).—This undifferentiated unit consists of Sen loam
and Amor loam. Most areas mapped are Sen loam.

"The Sen soil has a profile similar to that described as
representative for the series, except that the combined
thickness of the surface layer and subsoil is about 5 inches
less. Runoff is rapid.

Tneluded with this soil in mapping were small areas of
Arnegard, Werner, and Cabba soils. Some small areas of
Morton, Willinms, and Vebar soils were also incloded.

These Sen and Amor soils are very similar in usefulness
and behavior. They are extremely susceptible to water
erosion, and excessive losses of soil occur if corn is grown.
The soils are used mainly for grass and small grains.
They are well suited to grass, fairly well suited to small
grains and legumes, and poorly suited to corn. (Capability
unit IVe—6; Silty range site; windbreak group 3)

Stady Series

The Stady series consists of nearly level to sloping,
well-drained, loamy soils that are moderately deep to
gravel. These soils are on terraces and glacial outwash
plains. Depth to sand and gravel is 20 to 40 inches.

In a representative profile the surface layer is very dark
grayish-brown loam about 7 inches thick. The subsoil is
frinble loam about 16 inches thick. It is dark grayish
brown in the upper part and brown in the lower part. The
underlying material is light yellowish-brown gravelly loam
to a depth of 30 inches. Below this it is light yellowish-
brown to grayish-brown sand and gravel.
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Stady soils have moderate available waler cnpacity,
fertility, and organic-matter content. Permeability is
moderate through the subsoil but very rapid in the sand
and gravel below.

The sand and gravel are suitable and are used extensively
for road base and surfacing, hut these materials are poor
to Talv for conerete aggregate. Crops are damaged during
the growing scason when periods of drought exceed
3 or 4 woeks. These solls are used mainly for small grains,
corn, and grass, Most of these soils are suited to fairly
well suited to all erops convmonly grown in the county.

Representative profile of Stady leam, nearly level, in o
cultivated field, 320 feet north and 790 feet west of the
southeast corner of the NEY see. 7, T. 141 N, R. 82 W,

Apl—0 to 7 inches, very dark grayish-brown (JOYR 3/2)
loawm, very dark hrown (10YR 2/2) moist; weak,
coarse, subangular bloeky structure separating to
weak, fine, subangular hlocky and weak, fine, erumb
structure; friable; common roots; many fine pores;
neutral; abrupt, smosth houndary.

B21—7 to 14 inches, dark grayish-brown (10YTR 4/2) loam,
very dark gravish brown (10YR 3/2) moist; wealk,
coarse, prismatic struetnre separating to wealk, coarse,
subangular hloeky structure; frishle; common roots;
many fine pores; neutral; clear boundary.

B22—14 to 23 inches, brown (10YR 4/3) loam, dark hrown
(10Y R 3/3) moist; moderale, coarse, prismatic struc-
ture separating to moderate, ecoarse, subangular
blocky structure; friable; commaon roots; meany fine
pores; thin, patchy clay films on faces of peds and sand
grains; mildly alkaline; gradual boundary.

I1Clea—23 to 30 inches, light yellowish-brown (2.5 6/4)
gravelly loam; very weak, subangular bloeky structure
separating to weak, fine, granular structure and single
grained; very friable; a few roots in upper purt;
strongly effervescent; moderately  alkaline; clear
boundary.

I1C2—30 to 60 inches, multicolored, light yellowish-brown
(2.5Y 6/4) to grayish-brown (2.5Y 5/2) sand and
gravel, light olive brown (2,5Y 5/4) to dark prayish
brown (2.5Y 4/2) moist; single grained; loose; slightly
effervescent; coatings of lime on undersides of pebbles;
moderately alkaline.

The Al horizon has a color value of 3 ar 4 when dry and n
texture of loam or silt loam. The B2 horizon has a color value
of 3 or 4 when moist and 4 er 5 when dry, There are thin clay films
on peds in many places. Strueture is moderale to weak, medium
to coarse, prismatic. The C horizon has a color hue of 10YR
or 2,5, In the IIC horizon there is a wide range in the size of
stones and pebbles and in the amount of sand. Much of the
sand and gravel weathered from sedimentary rocks. Depth fo
carbonates ranges from 15 to 25 inches. A few pebbles and
seatiered stones are in the solum,

Stady soils are similar to and arc associated with Lehr and
Manning soils. They have & solum that is thicker to sand and
gravel than that of Lehr soils, and they have less sand in the
solum than Manning soils.

Stady loam, nearly level (0 to 3 percent slopes) (StA).—
This soil is mainly on broad, smooth terraces. It has the
profile described us representative for the series. Runoft
15 slow,

Included with this soil in mapping were small areas of
Lehr loam. Also included were some areas of soils thab
have o surface layer und subseil of slt loam, other arcas
ol soils that have a darker colored subsoil, and a few areas
of soils in which gravel 1s at o depth of 40 to 50 inches.

The main concern of management is the moderate
available water eapacity. This soil is used mainly for small
graing, corn, and legumes Tt is suited to all crops
commonly grown, but the moderate available water cn-
pacity is a Imitation. (Capability wnit I11s-6; Silty range
site; windbrenk group 6)
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Stady-Lehr loams, gently sloping (3 to 6 percenit slopes)
(SuB).—This complex consists partly of well-drained soils
that are moderately deep to sand and gravel and partly
of somewhat excessively drained soils that are shallow to
sund and gravel. These solls are on terraces and outwash
plains. Lebr soils generally occupy the vonvex slopes.
Stady loam makes up about 55 percent of the complex,
ated Lebr loam 35 percent.

The Lehr soil has the profile described as representative
for its series. Runoff is medium,

Included with these soils in mapping were small areas
of Arnegard and Williams loam and a few small areas of
Wabek fowm. Also included were areas of soils that have a
solum of silt loanm and a few areas of soils that have gravel
at a depth of 40 to 50 inches

The main conecern of management is the moderate to
low available water capacity. These soils are moderately
susceplible to waler crosion., They are used mainly for
grass, small grain, and corn. These soils ave well suited to
grass and farly well suited to all commonly grown tilled
erops. {Capability unit T11e-86; Stady part in Silty range
site, and Lehy part in Shallow to Gravel range site; wind-
break group 6)

Stady-Lehr loams, sloping (6 to 9 percent slopes)
(5uC).—This complex consists partly of well-drained soils
thnt are moderately dee}) to sand aod grayvel and partly of
excessively dralned soils that are shallow to sand and
gravel, These soils are on bench edges. Slopes are mainly
less than 100 feet long, The Lehr soil oecupies the convex
slopes. Stady loam makes up about 50 percent of the com-
plex, and Lehr loam 40 percent.,

The profiles of Stady and Lelr soils are like those
described as representative Tor their respective series,
except that the combined thickness of the surface layer and
subsoil is about 2 to 4 inches less. Runoff is medium to
moderately rapid.

Included with these soils in mapping were small areas
of Amegard, Williams, and Wabek loams. Also included
in places were soils that have o silt loam solum.

Soils of this complex are susceptible to water erosion
and have moderate to low available water capacity. Loss
of water through runoff during short, heavy rans can
cause serious erosion. The solls nre used mainly for grass
and small grains. They are suited to grass, fairly well
suited to small grains and corn, and poorly suited to
legumes. (Capability unit IVe-5; Stady part in Silty range
site, and Lehr part in Shallow to Gravel range site;
windbreak group 6)

Straw Series

The Straw scries consists of deep, nearly level to gently
sloping, well-drained, loamy soils on bottom lands and
terraces along streams, Some areas of these soils are
flooded during perieds of high runoff.

In a representative profile the surface layer iz dark
grayish-brown loasm about 16 inches thick. The subsoil
1s friable, dark grayish-brown loam abeut 20 inches thick.
The underlying material is light brownish-gray and gray-
ish-brown loam stratified with thinner Iayers of fine sandy
loam and loamy fine sand.

Straw soils hiave high available water capacity, organic-
matter content, and fertility, Permeability is moderate.
The flood hazard on these soils is moderate,
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Most flooding 18 early in spring hefore crops are planted,
but it damages mainly roads and bridges. Summoer flood-
ing 13 rare, but it is damaging to crops. Arens of these
solls in narrow valleys are used for and are suited to pasture
and hay, but those in broad vallevs are well suited to
and used mainly for crops.

Reprezentative profile of Straw loamn, nearly level, in
a cultivated field, 600 feef west and 300 feet south of the
center of sec. 8, 1. 141 N,, R. 82 W.

Apl—0 to 7 inches, durk grayish-hrown (10YR 4/2) lonm,
very dark brown (10YH 2/2) moist; weak, conrse,
subangular blecky structure separating to weak,
fine, orumb structure; slichtly hard, {riable; common
roots; common  fine pores; slightly clfervescent;
mildly alkaline; abrupt, smooth boundary.

Al2—7 to 16 inches, dark grayish-brown (10YE 4/2) loam,
very dark brown {10YR 2/2) moist; wesk, coarse,
prisinatie structure separnting inte wenk, coarse,
subangular blocky structure; slightly hard, friable;
common roots, eommon fine pores; slighlly effer-
veseent; mildly alkaline; elear, wavy boundary.

B2—16 to 36 inches, dwk grayish-brown (10YR 4/2) leam,
very dark grayish brown (10YR 3/2) moist: weok,
coarse, prismatie structire separating to wealk, course
and medium, subangular bloeky structure; slightly
hard, friable; thin patchy clay films on vertical faces
of peds; ecommon rools; o few fine pores; strongly
effervescent; o fow Ghreads of lime; moderately
alkaline; abrupt, irregular houndary.

TTC1—--36 to 39 inches, light brownish-gray (2.5Y 6/2) finc
sandy loam, dark grayish brown (2.5Y 4/2) mois{;
weitk, cowrse, subangular blogky structure; slightly
hard, friable; common fine pores; strongly effer-
veseent; maderabely alkaline; abrupt, wovy boundary.

IIIC2—39 to 50 inches, light brownish-gray and grayish-
brown {2.5Y 6/2 and 5/2) loam, dark grayish brown
and very dark grayish brown (2.0Y 4/2 and 3/2)
moist; weak, coarse, subangular blocky structure;
hard, frizble; » few fine pores; strongly ellervescent:
moderately alkaline; abrupt, wovy boundary.

IVC3—50 to G0 inches, light brownish-gray and prayish-
brown (2.5Y 6/2 and 5/2) stratified loamy fine sand
and fine sandy loam, dark grayigh hrown and very
dark grayish brown (2.5Y 4/2 and 3/2) rmoiss; loose,
very friable; gtrongly eflfervescent; moderately
alkaline,

The Al horizon has texturcs of loam and fine sandy loam
and ranges from 10 to 20 inches in thickness. Tt has o cclor
value of 3 or 4 when dry. The B2 horizon has weak to mypderate,
prismatic structure. There are thin, patchy Lo continuous
clay films on prims in some places, This horizon has a hue of
10Y IR or 2.5Y and value of 2 or 3 when moizt and 3 te 5 when
dry. Depth to lime ranges from 0 to 20 inches. Some lime is
segregaled in films and threads, but the lime is mostly finely
divided. In many places there save thin, buried, darkened
horizons and thin gtrata of contrasting textures helow a depth
of 20 inches.

Straw soils are similar to Havrelon and Arnegard soils. They
are darker colored than Havrelon seoils. They have lime higher
in the profile than Arnegard soils.

Siraw loam, nearly level {0 to 3 percent slopes) {SwA}.—
This soil oceupies long, smooth slopes on terraces and
bottom. lands, 1t oceupies long, nnrrow tracts of 5 te more
than 300 acres. Drainage is poorly defined but genevally
runs parallel to the adjacent stream,

This soil has the profile deseribed as representative for
the series. Runofl is slow.

Included with this soil in mapping were small areas of
Velva and Arnegard soils. Velva soils are near the stream
channels, and Arnegard soils are on the outer edges of
bottom lends and terraces. Small areas that have greater
slope range than this Straw soil were also included.
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Some areas of this soil receive extra soil moisture through
periodic flooding or have a water table high enongh that
moisture iz within reach of deep-rooted crops. The soil is
used mainly for small graing, corn, and alfalfa. It is
snited to all crops commonly grown in the county.
(Capability unit TTe—6; Silty range site; wirkdbreak group 1)

Straw loam, channeled (0 to 6 percent slopes) (Sx).—
This seil occupies bottom lands and low terraces cut up by
meandering, channeled streams. The areas between cuts
and meanders are less than 10 acres in size and arve ir-
regularly shaped. In mogt places this scil is in narrow
valleys that are hounded by very steep areas, but in some
pluces il is along extremely meandering streams that cross
broad terraces. Where this soil is in stream valleys that
are less than 100 feet wide, it is included with survounding
soils. Slopes are 2 percent or less in most areas of this seil.
Moderate to severe gully erosion has oceurred in a few
places. These gullied areas are mainly within the steep
areas along the Missouri River.

Included with this soil in mapping were small areas of
Velva, Arnegard, Parshall, Harriet, Stady, Lehr, Man-
ning, Belfield, Daglum, Rhoades, Cabba, and Zahl soils.

In some places this soil is flooded for short perieds.
Runoff is slow.

This soil is nsed mainly for pastave. It 13 too cut up by
stream channels to be suited to crops, but is well snited
to pasture and hay. (Capability unit VIe-Si; Silty range
site; windbreak gronp 1)

Strongly Saline Land

Strongly saline land (0 to 3 percent slopes) (Sy) consists
of areas where the soil material is salty throughout and
textore ranges from fine sandy loam to silty clay. This
land type occupies bottom lands, terraces, npland swales,
and nreas around seeps. Most areas are poorly cdrained
to very poorly drained and have a high water table within
5 feet of the swface most of the time. The salimty is a
result. of the upward movement of salt-bearing water.
Patchy, white, salty, barren spots are noticeable where
the surface is dry. Some areas are flooded or ponded for
short periods. Runofl is slow.

Included in mapping were many small areas of Harriet
soils and a few small wrens of Rhoades and Regan soils.

The salts are toxic and withhold soil meisture from
plants, This land type is droughty during dry summers.
Grasses are mainly salt grasses. This land type is used
mainly for pasture and i= better suited to pasture than
most other farm uses. [t is not svited to crops and poorly
sutted to hay. (Capability unit VIs—SL; Sahline Lowland
range site; windbreak group 10)

Tally Series

The Tally series consists of deep, nearly level to sloping
or rolling, well-drained soils on terraces and uplands.
In o representative profile the surface [ayer is very dark
rayish-brown fine sandy loam about 7 inches thick.
The subsoil is very {riable fine sandy loam about 16
inches thick. Tt is (fark grayish brown in the upper part
and grayish brown in the lower part. The underlying
material 1s grayish-brown sandy loam to a depth of abous
30 inches. Below this is olive, calcareous, stratified sandy
loant and loamy sand.
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Tally soils have moderate available water capacity,
fortility, and organic-matter content. Permeability 1s
moderately rapid,

The miin concerns of management are conserving water,
controlling erosion, and mainteining fertility. These soils
are used mainly for small grains, corn, and grass. They
are suited to small grains and well sutted to grass, logumes,

and corn,

Representative profile of Tally fine sandy loam in an
ares of Parshall-Tally fine sandy loams, sloping, in
native grass, 50 feet west and 1,200 feet south ol the
northesst corner of sce. 25, T, 142 N,, R. 84 W,

Al—0 to 7 inches, very dark grayish-brown (10YR 3/2) fine
gandy lonm, very dark brown (10¥YL1 2/2) moiss;
weak, medium, subangular blocky strueture separating
ensily to weak, fine, crumb structure; soft, very friahle;
many roots; many pores; neutral; elear boundary.

B2-—7 to 17 inches, dark grayish-brown (10YR 4/2) fine sandy
loam, very dark grayish brown {10YRR 3/2) moist;
wealt, eoarse, prismalic strueture; sofs, very friable;
many roots; many pores; mildly alkaline; gradual
boundary.

B3—17 to 23 inches, grayish-browe (10Y R 5/2) fine sandy loam,
dark grayish brown (10YR 4/2) maist; compound
gtrueture of weak, conrse prisms and subangular blocks;
soft, very friable; common roots; many pores; mildly
alkaline; gradual boundary,

C1—23 1o 31 inches, grayish-brown (2.5Y 5/2) sandy leam,
dark grayish brown (2.5Y 4/2) moist; weak, eoarse,
subangular blocky structure; soft, very friahle;
common rocts; many pores; mildly alkaline; eloar
boundary.

(02—31 to 60 inches, olive (5Y 5/3), stratified sandy loam and
lonmy sand, olive (8Y 4/3) moist; weak, course,
subangular blocks and single grained; soft to loose,
very friable; thin pebble line at depth of 31 inches; a
few roots in wpper part; slightly effervescent; mod-
erately alkaline.

The Al horizon is fine sandy loam or leam and very dark
grayish brown {10YR 3/2) or dark grayish brown (LOYR 4/2)
when dry, The B horizon is grayish brown or brown (10YR 5/2
or 5/3) to dark grayish brown or dark brown (10YIR 4/2 or
4/3) when dry. It has weak or moderate structure. Textures
coarser than sandy loam are common below a depth of 40
inches, Depth to lime ranges from 20 to more than 60 inches,
There iz a Cea horizon in some places. In some places soft
sandstone is at a depth of 40 to 60 inches.

In Oliver County the Tally loams that are mapped in com-
plexes with the Vebar loams have a B horizon of losm or light
cloy loam and many glacial pebbles, cobblestones, and stones
in the profile, These differences are not within what is defined
as the range for the series, but they do not alter the usefulness
or hehavior of these =oils.

Tally seils are sssociated with Parghall and Telfer soils.
Tally soils are not so dark colored 10 so great o depth as Parshall
soils and are not €0 coarse textured as Telfer soils.

Tally-Parshall fine sandy loams, gently sloping (0 to 6
percent slopes) (TaB).—This complex consists of deep,
well-drained soils on uplands and on smooth, broad,
dissected, stream and galeial outwash terraces, Most of this
soil complex is gently sloping, but some is nearly level.
Tally fine sandy loam makes up about 60 percent of the
complex, and Parshall fine sandy loam 30 percent.

Included with these soils in mapping were a few areas
where Parshall soils are dominant in the complex. Also
included were small arens of Vebar soils on uplands and
Telfer and Lihen soils on terraces, and a few areas of soils
that have a surface layer of sandy loam. Runoff is slow to
mediom,

Controlling both soil blowing and water erosion are
concerns of management. The control of water erosion
is a concern on long slopes. These soils are used mainly
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for small grains, corn, and grass. They are suited to smnll
grains and well suited to all other commonly grown
crops. The hazard of water erosion is greater in fields where
row crops are grown than in other arcas. (Capability
unit Ille-3; Sandy range site; Tally part in windhreak
gronp 5, and Parshall part in windbreak group 1)

Tally-Vebar fine sandy loams, nearly level (0 to 3
percent slopes} (ThA).—This complex consists of deep
and moderately deep, well-drained soils on residual sand-
stone uplands. Tally soils make up about 60 percent of
the complex, and Vebar soils 35 percent.

The Tally soil has a profile similar to that described ag
representative of the series, except that the substratum
is fine sandy loatn. Runoft is slow. Ineluded in mapping
were small nreas of Parshall loam and Arnegard loam.

The main concern of management is soil blowing. The
soils are used mainly for small grains, corn, and grass.
They are suited to small grains and well suited to all
other crops commonly grown in the county. (Capability
unit ITle-3; Sandy range site; windbreak group 5)

Telfer Series

The Teler series consists of decp, excessively drained,
steep sandy soils on dissected terrace edges. These soils
are in small scattered tracts along major streams.

In a representative profile the surface layer iz dark
grayish-brown loamy fine sand about 9 inches thick.
Below this is a transitional layer of very friable, caleareous,
dark grayish-brown loamy fine sand about 9 inches thick,
The underlying material is loose, calcareous, light olive-
brown, layered fine and medium sand.

Telfer soils are low in available water capacity, but
nearly all the soil moisture is readily available to plants.
Permeability is rapid. Fertilicy and organic-mntter con-
tent are moderate. These soils arve erodible.

These soils arc used mainly for pasture. They are suited
to permanent pasture and hay, but they are not suited to
crops because they are too erodible and droughty.

Representative profile of Telfer loamy fine sand in an
area of Teller-Lihen loamy fine sands, steep, in native
grass, 530 Teet west and 155 feet south of the northeast
corner of the NWY sec. 2, T. 1453 N, R. 84 W,

A1—0 to 9 inches, dark grayish-brown (10YR 4/2) loamy fine
sand, very dark brown (10YR 2/2) moist; very weak,
medium, subangular blocky structure separating
eagily o single grained; very friable; many roots;
neutral; elear, smooth boundaory,

AC—9 to 18 inches, dark grayish-brown (10YR. 4/2) finc sand,
very dark grayish brown (10YT 3/2) moist; very
weak, coarse, subangular blocky structure separating
eagily to single grained; very friable; many roots;
slightly effervescent; mildly alkaline; clear, wavy
boundary.

C—18 to 60 inches, light olive-hrown (2.5Y 5/4) fine sand and
a few thin strata of mediuwn sand, dark grayish brown
{2.6Y 4/2) moist; single grained; loose; common roots
in the upper part; moderately efferveseent; mod-
erately alkaline,

The Al horizon ranges from loamy fine sand to fine sandy
loam in texture and from 10YR 2/2 to 10Y R 3/2 in color when
moist. In most places the transitional AC horizon is lighter
browr when moist than the A horizen and has a slightly redder
hue than the C horizon. A few small pebbles ocour throughout
the profile. A thin, dark, discontinuous, buried A1l horizon is
present below a depth of 20 inches in places. Depth to lime
ranges from 5 to 30 inches.

Telfer soils are associated with and are similar to Lihen and
Tally soils. Telfer soils have a thinner, darker colored Al
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horizon than Lihen soils and are coarser textured than Tally
soils.

Telfer-Liken loamy fine sands, steep (9 to 15 percent
glopes) (TeD).—This complex consists of deep, sandy and
moderately sandy soils underlain by fine sand and medium
sand. Telfer loamy fine sand makes up about 40 percent of
the complex, Lihen loamy fine sand 35 percent, and Teller
fine sandy loam 20 percent. The Lihen soils occupy lower
side slopes and swales, and the Telfer soils are on the hill-
tops and upper side slopes.

The Lihen soil has a profile similar to that described as
representative for its series, except that, in some places,
the surface layer is fine sandy loam. Runofl is slow.

The main concern of management is controlling soil
blowing. Soils of this complex are used mainly for pasture.
They are suited to permanent hay and pasture. (Capability
unit VIe-Sa; Sands range site; Telfer part in windbreak
group 7, and Lihen part in windbreak group 5)

Temvik Series

The Temvik series consists of deep, nearly level to hilly,
well-drained, silty soils glacial till uplands and terraces
that are mantled with a thin Jayer of loess. These soils
formed partly in a thin layer of loess and partly in the
underlying glacial till or loamy {errace materials.

In a representative profile the surface layer is dark gray-
ish-brown silt loam about 7 inches thick. The subsoil is
very frinble silt loam about 17 inches thick. The upper 3
inches of the subsoil is dark grayish brown; the next 8
inches is brown; and the lower 6 inches is yellowish brown.
"(I‘hc underlying material is calcareous clay loam glacial il
(fig. 11V,

Temvik soils are high in available water capacity and
fertility and moderate In organic-matter content. Per-
meability is moderate in the loess subsoil and moderately
slow in the glacial till underlying material. These soils are
slightly susceptible to soil blowing and susceptible to water
erosion where slopes arc more than 3 percent.

These soils are used mainly for crops. Most of them are
snifed to all crops commonly grown in the county.

Representative profile of Temvik silt loam in an area
-of Temvik-Williams silt loams, undulating, in native grass,
990 feet south and 430 feet east of the northwest corner
of sec. 2, T 143 N,, R. 84 W.

Ap1—0 to 7 inches, dark grayish-brown (10YR 4/2) silt loam,
very dark brown (10YR 2/2) moist; weak, medium,
subaugular blocky and weak, fine, erumb structure;
very friable; many roots; many very fine pores;
neutral; abrupt, smooth boundary.

B21—7 to 10 inches, dark grayish-brown (10YR 4/2) silt loam,
wvery dark grayish brown (10YR 3/2) moist; weak,
coarse, prismatic strueture separating to weak, medi-
um, subangular blocky structure; very friable; many
roots; many very fine pores; neutral; gradual, wavy
boundary.

B22—10 to 18 inches, hrown (10YR 4/3) silt loam, dark brown
(10YR 3/3) moist; moderate, coarse and medium,
prismatic structure separating to moderate, coarse
and medium, subangular blocky structure; thin,
patchy, clay films on faces of peds; very friable;
«common fine roots; common fine pores; neutral; clear
wavy boundary.

B3—18 to 24 inches, yellowish-brown (L0YR 5/4) silt loam,
brown {(10YR 4/3) moist; weak, coarse, prismatic
strueture separating to weak, coarse and medium,
subangular blocky structure; very friable; common
fine roots; common fine pores; neutral; clear, wavy
iboundary.

Figure 11.—Profile of a Temvik silt loam that has a 9-inch Al
horizon and a 15-inch B horizon. This seil formed in loess that
is underlain by calcareous glacial till.

IICTea—24 to 32 inches, light brownish-gray (2.5Y 6/2) clay
loam, light olive brown (2.5Y 5/3) moist; a few small,
distinet, dark-red (2.5YR 3/6, moist) motbtles; weak,
caarse, prismatie structure separating to weak, coarse,
medium, subangular blocky stmeture; friable; vio-
lently effervescent; many large and medium nodules
of lime; common fine roots; comumon fine pores;
moderately alkaline; gradual, wavy bounduary.

11C2ea—32 to AD inches, light brownish-gray (2.5Y 6/2) clay
loam, light olive hrown (2.5Y 5/3) moist; weak,
coarse to fine, subangular blocky structure; friable;
violently cffervescent; common nodules of lime; a
few fine roots; common porcs; moderately alkaline;
gradual boundary,

IIC3—50 to 60 inches, light yellowish-brown (2.5Y 6/3) clay
loam, olive brown (2.5Y 4/3) moist; a few, small,
distinct, dark-red (2.5Y 3/6, moist) mottles; weal,
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suhangular blocky structure; firin; strongly efferves-
eent; o few small and medinm nodules of lime;
moderately alkaline.

The B22 horizen has a color hue of 10YR or 25Y and a
value of 2 or 8 when moist and 3 or 4 when dry. It ranges from
weak to strong in structure, Thin, continuous, clay films cont
prisms in some places. On terraces all or gart of the C horizon
formed in stratified loam to silty clay loam. Balis ave in the
C horizon in a few places. Depth to carbonates in most places
is the same as the thickness of the solum, or 16 10 30 inches.
Tho npper 20 to 40 inches formed in loess. In some plages the
fower part of the B2 horizon and the B3 horizon formed in
glaecial till.

Temvik soils are associated with and are sintilar to Williams
and Linton soils. Temvik soils have a.coarser Lextured B2
horizon than Williams soils and a finer textured C horizon
than Linten soils,

Temvik silt loam, nearly level (0 to 3 percent slopes)
(Trm A).—This soil occuples tracts of 5 to more than 80
acres in size. It is on uplands and terraces.

This soil has a profile similar to that described as
representative for the sevies, except that on terraces the
underlying material is stratified loam to silty clay loam.
Runoff is slow, and surface drainage is poorly defined in
mosh places.

Incloded in mapping were small areas of Grassnn, Wil-
linms, and Tonka soils and some small areas of Linton
and Mandan soils, Also included were areas of soils where
part of the solum formed in 10 to 20 inches of loess and
arens of soils that are darker colored in the lower part of
the subsoil,

This soil is slightly suscoptible to soil blowing. Tt is
used mainly for small grains and is well suited to all crops
commonly erown in the county. (Capability unit I1le—6;
Silty range site; windbreak group 3)

Temvik- Williams silt loams, undulating (3 to 6 percent
slopes) (TwB).—This complex consists of deep, well-
drained soils that formed partly in a thin layer of loess
and partly in the underlying glacial till as well as soils
that formed entirely in glacial till, Tt 13 on uplands in
fracts that are mainly 5 to 150 aeres in size. The Temvik
soil is mainly on side slopes, and about 500 acres is on
terraces. On the terraces the Temvik soil has longer slopes
than most of this complex, The Williams soil has convex
glopes. Temvik silt lonm makes up about 60 percent of the
complex, and Williams silt loam 20 percent.

The Temvik scil has the profile described as representa-
tive for the series. On the terraces it has o substratum of
stratified loam or silty clay loam. The Willinms soils has
a profile similar to that described as representative for
the series, excepl that the surface Jayer is silt Joam in
most places. Runoff 1s moderately slow.

Included with these soils in mapping were small arens
of Grassna, Tonka, nnd Arnegard soils and some small
areas of Linton and Mandan soils. Also included were
areas of soils in which part of the solum fornted in 10 to
20 inches of loess and areas of soils that have darker colors
in tha lower part of the subsoil.

Soils of this complex are moderately susceptible to
water erosion, They are used mainly for small grains.
They are fuirly well suited to corn and well suited to all
othor erops commonly grown in the county. (Capahility
unit ITe—~6; Silty range site; windbreak group 3)

Temvik-Williams =ilt loams, rolling (6 toc 9 percent
slopes) (TwC).—This complex consists of deep, well-
drained soils that formed partly in a thin layer of loess
and partly in the underlying glacial till, as well as soils
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that Tormed entirely in glacial tiil. Tt is mainly in 3- to
50-acre tracts on uplands and on terrace edges underlnin
by glacial till. The Willilams soil is on the upper side
slopes and hilltops, and the Temvik seil is on the lower
side slopes. Temvik silt loam makes up about 60 percent
of the complex, and Williams silt loam 30 percent.

The Temvik soil has a profile similar to that described
as representative for the series, except that the solum
is about 3 inches thinner. The Willinms soil has a profile
similar to that described as representative of its series,
except that the combined thickness of the surface layer
and subsoil 1s about 3 inches less and in some places the
surface layer is silt loam. Runeft is medium to moderntely
rapid.

Included with these seils in mapping were small areas
of Grassun, Arnegord, Williams, and Zabhl soils. Also
incleded were small areas of Mandmn and Linton silt
loams and small arcas of soils in which part of the solum
formed in 10 to 20 inches of loess.

The main concern of management is controlling water
erosion. Soils of this complex are used mainly for smuoll
grains and grass. They are Tairly well suited to small
grains, well suited to grass and legumes, and poorly suited
to corn. Infensive management is needed to control
water erosion in flelds where row crops are grown.
(Capability unit IITe-6; Silty range site; windbrenk
group 3)

Temvik-Williams silt loams, hilly (9 to 12 percent
slopes) (TwD).—This complex consists of deep, well-
drained soils that formed partly in a thin layer of lcess
and partly in the underlying glacial till, as well as soils
that Tormed entively in glacal till. [t is mainly in 3- to
50 acre tracts on uplands and on torrace edges underlain
by glacial 11l The Williams soil 18 on the npper side slopes
and hilltops, and the Temvik soil is on the lower side
slopes. Temnvik silt loam makes up about 60 percent of
the complex, and Williams loam and Williems silt loam
30 percent. Runeff 1s moderately rapid.

The Temvik soil has o profile similar to that described
for the series, except that the combined thickness of the
surface layer and subsoil is about 5 inches less. The
Willinms soil has a profile similar to that described ns
representative of ifs series, except that the combined
surface layer and subsoil is about 5 inches less and it
has o silt loam surface layer in some places.

Included with these soils in mapping were small areas
of Grassnn, Arncgard, Williams, and Zah! soils. Also
ineluded were small areas of Mandan and Tinton silt
loams and small arens of soils in which part of the solum
formed In 10 to 20 inches ol loess.

Soils of this complex are exiremely susceptible to water
erosion il they are cultivated. They are uscd mainly for
native pasture. They are well suited to grass, fairly well
suited to small grains and Isgumes, and poorly suited to
corn. Row crops cannot be grown without excessive
losses of soll. (Capability unit; IVe—G; Silty range site;
windbreak group 3)

Tonka Series

The Tonka series consists of deep, nearly level, poorly
drained soils in shallow basins. These soils are mainly
on glacial Gl uplands, but some of the uplands have been
covered with o thin layer of lToess.
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In a veprosentative profile the swrface layer is dark-gray
silt lenm abeut 5 inches thick. In eultivated areas the
original smface layer has been mixed with part of the
grayer subswrface layer. The subswiface layer is mottled,
gray silt loam about 6 inches thick. The firm, dark-gray
subsoil is about 29 inches thick. It is silty clay in the
upper 7 inches and heavy silty clay loam below. The
underlying material is mottled, olive-gray heavy silly
clay loam.

Tonka soils are high in available water capacity and
organic-matter content and moderate in fertility. Peyrme-
ability is slow. These soils are ponded in the spring and
and after heavy rains.

Wetness is the main concern of management. These
soils are used mainly for permanent lay, pasture, and
wildlife habitat. Drained areas are also used for small
grains.

Representative profile of Tonka silt loam in an area
of Tonka and Parnell silt loams, in native grass, ahout 3
miles south of Sanger and 310 feet east and 800 feel
north of the southwest corner of sec. 7, T. 142 N., R. 81 W.

Al—0 to 5 inches, dark-gray (10YR 4/1) silt loam, black
(A0YR 2/1) moist; compound strueture of weak,
mediam, subangular blocky and weak, thick, platy
separating casily (o weak, fine, crumh; friable,
sticky and slightly plastic; many fine graing of clear
quartz; very slightly aecid; clear, wavy boundary.

AZ—5 to 11 inchies, gray (M0YR 5/1) silt loam, very dark gray
(10Y R 3/1) maist; many medium, distinet, dark-brown
(10YR 3/3) mottles, light gray (J0YR 6/1) and
brownish yellow (10YRK 6/6) dry; weak, thin and
medium, platy strueture; friable, slightly sticky and
slightly plastic; plates are coated with bleached sand
grains; many roots; neutral; clear, wavy boundary.
to 18 inches, dark-gray (10YR 4/1) silty elay, very
dark gray (10YR 3/1) moist; weak, prismatic struc-
ture separating to strong, angular bloeky structure;
continuous clay films on vertical surfaces and patchy
clay skins on horizontal surfaces of peds; streaks of
dark-gray (10YR 4/1, moist) coatings on faces of
prisms; firm, very sticky und wvery plastic; many
roots; neutral; gradual boundary.

B3-—18 1o 40 inches, dark-gray (10YR 4/1} heavy silty clay
loam, very dark gray (I0YLR 3/1) moist; weak,
coarse, prismatic structure separating to  strong,
coarse, angular hlocky strueture; thin, patchy, clay
films on vertical surfaces of peds; firm, very sticky
and very plastic; neutral; elear houndary.

Cg—40 fo 60 inches, olive-gray (5Y 5/2) heavy silty elay loam,
dark olive gray (6Y 3/2) meist; many, eoarse, promi-
nent, dark  yellowish-brown (10YR 3/4 and 4/4,
moigt) mobtles; weak, coarse, subangular blocky
structure {0 massive; Hrm, very sticky and very
plastie; a few roots ib upper several inches; neutral.

The Al horizon ranges from 3 to 12 inches in thickness.
Where it has been mixed with the A2 horizon, the thin Apl
lorizon is generally very dark gray (I0YR 3/1) when moist.
It ranges from 4 to 8 inches in thickness and from very fine
sandy loam to silt lonnt in texture. The A2 horizon has njotiles
that range from few to many, fine to coarse, faint to prominent,
and from light gray, dark brown, and grayish brown to yellow-
ish brawn. In many places the B horizon has peds that are
coated with Dbleached sand grains and silt. It ranges {rom
clay to silty clay loam, and the average clay content is 35 and
45 percent. It has a color hne of 10¥ R or 2.5Y, and mottling
is weakly expressed. The C horizen is loamy alluvium or
glacial till. The solum ranges from 20 to more than 60 inches
in thickness, There are a few pebbles, stones, coarse-textured
strata and lime below a depth of 30 inches in some places.

In Oliver County, the color wvalue of the A2 horizon in
Tonka soils is darker than is defined as the range for the series,
but this difference does not alter the usefulness or behnvior of
these soils,
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Tonks soils are associnted with TParnell, Williams, and
Temvile soils. Tonka soils are generally in shallower basins
and are not so poorly drained as Parnell soils. They are more
poorly drained and bave a more elayey B2 horizon than
Williamns and Temvik soils,

Tonka and Parnell silt loams (0 to 1 pereent slopes)
(Tx).—This undifferentiated unit consisis of Tonka silt
loam and Parnel! silt loam. Tt occupies ronnd to oblong
baging, 2 6o about 40 acres In size, in nearly level to
hilly uplands, Parnell silt loam is. in the center of some
basing that are mainly Tonka silt loam, but it oceupies
less than one-third of the bnsin area. Ponded waler that
is more than 1 to 4 feet deep naturally flows from many
basing through well defined drainageways.

The Parnell soil has a profile similar to that described
as representative for its series, except that it has o gray
subsurface layer less than 4 inches thick ‘n many places.
This soil is also better drained than the representative
Parnell silt loam.

Included with thesc soils in mapping were small areas
of a soil that is like Tonka soil except for having a
moderately dense claypan subsoil. Aveas of soils that hava
a lighter colored substrface layer are included.

Undrained areas of these soils are used mainly for per-
manent hay and pasture. They are suited to pasture,
hay, and lnte-seeded crops. Drained areas are used mainly
or grass, slfalfa, and small grains but are suited to all
crops grown in the county. (Capability unit TVw-6 if
undrained, IIw—6 if drained; Wet Meadow range site;
windbreak group 2)
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Trembles Series

The Trembles series consists of deep, nearly level to
nndulating, caleareous, well-drained, loamy soils that
occupy the inner part of bottom lands along the Missouri
River. These soils have thin strata, in which there are
extreme variations of texture, but that are mainly mod-
erately coarse texiured. The scil materials have only
recently been deposited by floodwater, and therefore there
is little soil development. The pattern of drainage is
indistinet, but the drainage is generally parallel to the
river channel.

In o representative profile the surface layer is light
brownish-gray fine sandy loam ahout 6 nches thick. The
underlying material is light brownish-gray. Lt is mainly
vary frinble fine sandy loam in which are interspersed
lnyers of very fine sandy Ioam, leam, loamy [ine sand,
aed fine sand.

Trombles soils are moderate in available water capucity
and fertility and low in organic-matter content. Permen-
bility is moderntely rapid.

Intensive applications of commereial fertilizer, manure,
or crop restdues are needed to increase the organic-matier
content and fertility and to control erosion. Leaving belts
of native trees when clearing trees and brush Lielps control
erosion. Native vegetation 1s a mixture of broadleal trees,
shrubs, and tall and mid grasses. Trembles soils are used
mainly for irrigated and dryland crops common to the
county. Most areas that have frees and shrubs are pas-
tured. These soils are well suited to fairly well suited to
all crops commonly grown in the county.

Representative profile of Trembles fine sandy loam in
an area of Banks-Trembles fine sandy loams, nearly level,
in tame pasture, about 2 miles southenst of Washbuin,
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which is across the Missouri River, 690 feet west and 100
feet north of the sontheast corner of sec. 31, T, 144 N,
R.SI W.

Al—0 to 6 incheg, light hrownish-gray (2.5Y 6/2) fine sandyv
loam, dark grayish brown (2.5Y 4/2) moist; weal, fine
and medium, subangular blocky slrueture; slightly
hard, very friable; many roots; slightly effervescent;
mildly alkaline; clear, wavy boundary,

ITC1—6 to @& inches, light brownish-gray (2.5Y 6/2) very fine
sandy loam, dark grayish brown {2.5Y 4/2) moist; a
few distinet, dark vellowish-brown (10Y 1R 4/8, moist)
mottles; weak, thiek, platy structnre separaling casily
o weak, medium, subangular bloeky siructure;
slightly hard, very [riable; many roots; slightly effer-
veseent; mildly alkaline; elear, irregular boundary,

IITC2—4 to 16 inches, light brownish-gray (2.5Y 6/2) fine
sandy loam, dark grayish brown (2.5Y 4/2) moist;
weak, thiek, platy structure separating easily to weak,
medium, subangular blocky structure; slightly hard,
very friable; muny roots; slightly effervescent; mnildly
alkaline; abrupt, wavy boundary.

IVC3---16 to 25 inches, light brownish-gray (2.5Y 6/2) loainy
fine sand, dark grayish brown (2.5Y 4/2} moist; very
weal, thiek, plaly and single grained; soft, very
friable; many roots; slightly effervescent; mildly
alkaling; clear, wavy houndary.

VC4—25 (o 33 inches, Hght brownish-gray (2.5Y 6/2) fine
gandy loam, dark grayish brown (2,5Y 4/2) moist; o
few medium, distinct, hrown {(10YR 4/3, moist)
mottles; wenk, thick, platy structure; soft, very
friable; slightly effervescent; mildly alkaline; abrupt,
wavy boundary.

VIC5—33 to 43 inches, light brownish-gray (2.5Y 6/2) loam,
dark grayish brown (2.5Y 4/2) moist; a few medium,
digtinet, brown (10YR 4/3, moist) mottles: weak,
thick, platy structure; hard, friahle; slightly effer-
vescent; mildly alkaline; abrupt, wavy boundary.

VIIC6—43 to 57 inches, light brownish-gray (2.5Y 6/2) fine
sand, dark grayish brown (2.5Y 4/2) moist; single
grained; loose; slightly cffervescent; moderately
alkaline; abrupt boundary.

VIIIC7T—57 to 60 inches, light brownish-gray (2.6Y 6/2) finc
sandy loam, dark grayish brown (2.5Y 4/2) maist;
soft, very frinble; slightly effervescent; moderabely
alkaline.

The A1 horizon ranges from light brownish gray (2.5Y 6/2)
to grayish brown (2.5Y 5/2) in color when dry. It is silty clay
loam, loam or line sandy loam and is 3 to 10 inches thick.
Below this horizon in some plaecs are slightly darkened hori-
zontal bands less than 1 inch thick and helow it in most places
are u few distinet to faint mottles, Lime is finely divided.

Trembles goils are nssociated with Banks, Havrelon, and
Lohler soils. Trembles soils are coarser texbured than the
nearby Lohler and Havrclon soils and finer textured than the
Banks soils.

The Trembles soils in this survey area are mapped only in
complex with Banks and ITavrelon soils.

Vebar Series

The Vebar series consisis of moderately decp, nearly
level to steep, well-drained, moderaiely sandy soils that
formed in materinl weathered from soft sandstone. They
are on long, sloping residual uplands. Soft sandstone is at
a depth of 20 to 40 inches. Drainnge patterns are well
defined.

In a representalive profile the surface layer is dark
grayish-brown fine sandy lonm nbout 6 inchea thick. Below
this is o layer of dark grayish-brown fine sandy loam,
about 5 inches thick, that is tongued with very dark
grayish brown. The subsoil is very {riable fine sandy loam
about 11 inches thick. It is brown in the upper part and
grayish brown in the lower part. The underlying material
1s caleareous fine sandy loam to o depth of 31 inches. Tt is
pale olive in the upper part and brown and yellowish
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brown n the lower part. Below this is mottled, light
vellowish-brown, sofi sundstone,

Vebar soils are moderate in available water capacity,
organic-matter content, and fertility. Permeability is
moderately rapid. The voot zone of deep-rooted erops is
slightly to moderately restricted by the underlying
sandstone.

Cuitivated arens of these soils are subject to soil blow-
ing, and areas that have slopes of more than 3 percent are
subject to gullying. Most ol these solls nre used for native
pasture and hay. Stone-free areas that have slopes of less
than @ percent are well suited to [airly well suited to most
crops commonly grown in the county.

Representative profile of Vebar fine sanidy loam, sloping
In native prass, 200 feet west and 20 feet south of the
northenst corner of the SEY sec. 26, T 143 N, R. 85 W.

Al—0 to 6 inches, durk grayvish-brown (10YR 4/2) finc sandy
loam, very dark grayish brown (10YR 3/2) moist;
weak, soarse, prismaiic structure separnting casily
to wenk, fing, srumhb structure; very friable; many
ronts; neutral; ditffuse, wavy boundary.

AB—6 to L1 inches, dark grayish-brown (10Y R 4/2) fine sandy
loam, davk brown (LOYTR 3/3) moist; tongucd with
very dark grayish brown {(L0YR 3/2) moist; weak,
conrse, prismatic strueture; very frinble; many roots;
neutral; gradual, irregular boundary.

B2—11 to 18 inches, brown (10YR 4/3) fine sandy loam, dark
hrown (10Y X 8/3) meist; moderate, coarse, prismatio
gtructure; very friabls; muny roets; neutral; elenr,
wavy houndary.

R3—18 10 22 inches, grayish-brown (2.5Y §/2) finc sandy loam,
dark grayish brown (2.5Y 4/2) moist; weak, veory
coarse, prismatie strueture; very frinble; many rools;
mildly alkaline; gradual, wavy boundary.

Clea—22 to 31 inches, pale-olive (5Y 6/4) fine sandy loam,
olive gray (5Y 4/2) moist; weak, very coarse, prismaltis
structure; wvery friable; common roots; wviolently
effervescent; diffused lime; moderately alkaline; clear,
wavy boundary.

C2ea—31 to 30 inches, brown (7.5Y R 4/4) and vellowish-brown
(IO0Y R 5f4) fine sandy loam,; dark brown (7.5Y R 3/4)
and dark yellowish brown (10YT. 4/4) maoist; wealk,
coarse, subangular bloeky strusture; wvery [riable;
commoen reots; violenily cffervessent; diffused lime;
moderately alkaline; nbrupt, wavy boundary,

Cid—39 1o 60 inches, light yellowish-hrown (2.5 6/4), soft,
platy to massive sandstone, olive brown (2.5Y 4/4)
moist; few to common, disiinet, yellowish-red (3YR
4/8, moist) molilles; no roots; strongly efferveseent and
slightly cffcrveseent  in lower part; moderately
alkuline,

The Al horizon is fine sandy loam or loam and has o color
value of 2 or 3 when moist and 4 or 5 when dry. The B horizon
hus u color value of 4 or § when dry and 3 or 4 when moist and o
ehroma of 2 through 4. The B3 horizon has o hue of 2.5Y or
10YR. In ploces the B2 horizen has organic staing and films
on prism faces and sand grains. In many places part of the C
horizon has a color hue of T.3YR to 3YR. A Cea horizon is
present in many places. The underlying sandstone is dffer-
veseent in most places. The thickness of the solum is the same
ag the depbh to soft sandstone in seme places, Glaeial pebhles,
stones, and boulders ure scommon on the surface in many places.

In Oliver Coauntby the Vebar loams that are mapped in com-
plexcs with the Tally loams have a B horizon that conlaing
more clay and has stronger structure than is defined as the
range for the serics. These soils nlso contain many glacial
pehibles, cabblestones, and stones. These differences, although
nob within whal is defined s the range for the series, do not
alter the behavior or usefolness of these soils.

Vebar soils are associnted with Cohagen and Tully soils,
They hove a thicker solum over sandstone than Cohagen soils,
Vebar soils are shallower to soff sandsbone than Tally soils.
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Vebar fine sandy loam, sloping (6 to 9 percent slopes)
(VaC).—This soll has the profile described as representa-
tive for the series. Runoff is medium.

Included with this goil in mapping were croded areas
where the original darker colored surface layer has been
plowed and mixed with part of the brown subsoil. Also
mncluded were small areas of Tally, Parshall, Cohagen,
and Arnegard soils and some small areas of Williams and
Sen soils.

The main concerns of management are conirol of soil
blowing and the control of water erosion on long slopes.
Gullying is a serious hazard in fields where row crops are
grown, This soil is used mainly for small grains and grass.
It is well suited to grass, airly well suited to small grains
and legumes, and fairly well suited to poorly suited to
CoTn. fCupabi]iLy unit IVe-3; Sandy range site; wind-
break group 5)

Vebar stony fine sandy loam, hilly (8 to 15 percent
slopes) {VbD),—This mapping unit consists of stony
Vebar fine sandy loam and intervening arcas of Vebar
soils thal are relatively free of stones. The stony and stone-
free areas are too intricately associated to be mapped
separately, but stony areas are dominant. Boulders and
stones cover about 10 to 15 percent of the surface areas,
and more than 75 percent of the coarse fragments are
larger than 10 inches in diameter. Glacial granitic and
s-(:i_liciﬁec)l stones are the main kinds of conrse fragments
fig. 12).

The profile of this soil is similar to that described as
representative for the series, except that combined thick-
ness of the surface layer and subsoil is about 4 inches

NORTH DAKOTA 55
less. Also, the surface is stony. Runoff is moderately
rapid to medium. Included in mapping were some sloping
II'CAaSs.

Stone clearing is not economically feasible for farmers.
However, many areas have been cleared by contractors
who use the stone for construction. This soil is used for
and is suited to native pasture. Cleared areas where
slopes are less than 9 percent ave suited to tame crops.
(Capability unit VIIs—Sy; Sandy range site; windbreak
group 10)

Vebar-Cohagen fine sandy loams, hilly (9 to 12 percent
slopes) (VhD).—This complex consists of well-drained
soils that are moderately deep and shallow to sandstone.
These soils are on residunl uplands. Vebar fine sandy
loam makes up about 70 pereent of the complex, and
Cohagen fine sandy loam 20 percent.

The Vebar soil has a profile similar to that described
ag representative for the series, except that the combined
thickness of the surfece layer and subsoil is about 5
inches less. Runoff is rapid.

Included with these seils in mapping were many small
eroded areas in cultivated fields. 'These arens have a
plow layer in the lighter colored subsoil, or the original
darker colored surface layer is mixed with part of the
subsoil. Also included were small arcas of Arnegard,
Tally, and Parshall soils and some small areas of Williams,
Sen, Werner, and Zahl seils. Other inclusions were o few
areas, less than 15 acres in size, of sloping to steep fine
sandy loam that is moderately deep to sand and gravel,
An exumple of this inelusion 18 10 acres in the W1/2 see.
35, T. 141 N, R. 82 W.

Figure 12.—Arca of Vebar stony fine sandy loam, hilly, 6 to 15 percent slopes. Stones and boulders on the surface are mainly granilic
and are of glacial origin.
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The soils in this complex are subject to soil blowing
and water erosion, and soil losses are excessive in fields
used for cultivated erops. They are suited to and are
used for pasture and Lay. {Capability unit VIe-Sy;
Vebar part in Sandy range site, and Cohagen part m
Shallow range site; Vebar part in windbreak group 3,
and Cohagen part in windhreak group 10)

Vebar-Tally fine sandy loams, gently sloping (3 to 6
pereent slopes) {VkB).—This complex consists of moder-
ately deep to deep, well-drained soils on residual uplands.
Vebar soils have mainly convex slopes. Vebar fine sandy
lonm makes up about 65 percent of the complex, and
Tally fine sandy lonm 30 percent.

The Tally soil has & profile similar to that described as
representative [or the series, except that soft sandstone is
at a depth of 40 to 60 inches. Runofl is slow to medium.

Included with these soils in mapping were small arens
of Arnegard and Parshell soils and small areas of Sen
and Williams soils. Included alse were eroded areas where
the original darker colored surfnce layer has been plowed
and mixed with part of the browner subsoil.

The main concern of management is controlling soil
blowing. Water erosion is a concern in fields where row
crops are grown. The solls of this complex are used
mainly for small grains, corn, and grass. They are well
suited to grass, legumes, and corn and suited to small
geains.  {Cnpability unit ITle-3; Sandy range site;
windbreak group 5)

Vebar-Tally loams, undulating (3 to 6 percent slopes)
(VIB).—This complex consists of moderately deep to
deep, well-drained soils that have a surface layer of
loam and o subsoil of loam to light-textured clay loam.
These soils are on glacier-reworked residual uplands.
Vebar loam makes up about 85 percent of the complex,
and Tally loam 40 pereent.

The profiles of the Vebar and Tally soil are similar to
those described as representative for their respective
series, except that in most places the surface layer and
subsoil are loam. Runoff is medinm. Inclnded in apping
were some areas of Williamse and Arnegird loam and a
few areas of soils that have less than the slope range
described for this complex.

Soil blowing is o moderate hazard, and water erosion

13 a slight hazard on the soils of this complex. The soils
are used mainly for small grains, corn, and alfalfa. They
are well suited to the crops commonly grown in the county
(Capability unit ITe-5; Sandy range site; windbreak
group 5)
Velbar-Tally loams, rolling (6 to 9 percent slopes)
(VIC).—'This complex consists of moderntely deep to
deep, well-drained soils that have a loam surface layer and
a subsoil of loam to light-textured clay loam. These soils
are on glacier-reworked residual u]_)]}a;nds. Vebar loam
makes up about 60 percent of the complex, and Tally
loam 30 percent.

The profiles of the Vebar and Tally soills are similar to
those described as representative Tor their respective
series, except that the surface layer and subsoil are loam.
Runoff is medium to moderately rapid. Many small arcas
of Vebar fine sandy loam were included in mapping and
some small arens of Williams and Arnegard loam and
Tally fine sandy loam.

Soil blowing is a moderate hazard on the soils of this
complex, and waler erosion is a serious hazard. Water
erosion 18 more severe in cultivated drainageways and
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in fields where row crops are grown than in other arens.
The soils are uwsed mainly for small grains and grass.
They are well suited to grass and legumes, lairly well
suited to small grains, and poorly suited to corn. (Capa-
bility unit TITe-5; Sandy range site; windbrenk group 3)

Velva Series

The Velva series consists of deep, nearly level, well-
drained, moderately sandy soils on stream bottom lands.
Most of these soils are flooded during periods of high
runoff. Velva soil is charncterized by stratification below
the surface layer. The layers are thin and vary in color
and texture.

In o vepresentative profile the surface lnyer is dark
grayish-brown fine sandy loam about 10 inches thick.
Below this, to a depth of about 35 inches, are - to
2-inch layers of grayish-brown and pale-brown, very
[riable fine sandy loam and loamy fine sand and lrialile
loam. Below this is light yellowish-hrown, friable loam
about 7 inches thick, Belween depths of 42 and 60 inches
islight brownish-gray, layered sandy lonm and loamy sand.

Velvn soils are moderate in available water capacity,
organic-matter content, and fertility. Permeability is
moderately rapid.

The flood hazard is moderate, mainly early in spring
before crops are seeded, and damages mainly the roads
and bridges. Summer flooding from heavy rains is rave
but damages crops when it occurs, Velva soils are used
mainly for aifalfa, grass, and corn. Most of these crops
are harvested as forage. These soils are swited to small
groins and well suited to legumes, grass, and corn.

Representative profile of Velva fine sandy Toam in an
arca of Velva-Straw fine sandy loams, in a cultivated
field, 480 feet west and 580 feel south of the center of
sec. 8, T. 141 N, R. 82 W,

Apl—0D to 5 inehes, dark grayish-brown (I0YR 4/2) fine
sondy loam, very dark brown (IOYR 2/2) mboist;
moderste, fine, crumb structure; very friable; many
roots; neutral; abrupt boundary.

A12—5 to 10 inches, davk grayish-brown (10Y IR 4/2) fine sandy
foam, very dark brown (10¥YR 2/2) moist; weak,
conrse, subangular blocky structure separating to
maoderate, fine, erumb sirneture; very friable; many
roots; many pores; neutral; abrupt, smooth boundary,

CLl—10 {o 35 inches, grayish-brown and pale-brown (10YR 5/2
and 6/3) fine sandy loam, loamy fine sand, and loam
in elternate layers, ¥ inch to 2 inehes thick, dark
grayish brown (10YR 4/2) moist in most layers but
very dark grayish brown (2.5Y 3/2) moist in loam
layers; weak, coarse, subangular blocky structure,
except in loamy fine sand strata; friable and very
friable; common roots but a few roots in lower part;
slightly to strongly effervescent; mildly alkaline;
abrupt boundary.

IIC2—35 to 42 inches, light yellowish-hrown (2.5Y 6/3) loam,
dark grayish brown (2.5Y 4/2) moist; weak, coarse
subangular hlocky strueture; few roofs; common
medium pores; friable; strongly effervesgent; mod-
erately alkaline; abrupt boundary,

IIIC3—42 to 60 inches, light brownish-gray (2.5Y 6/2) sandy
loam and lanmy sand in alternate layers, dark grayish
brown (2.5Y 4/2) moist; weak, coarse, subangular
blocky structure and single grained; very friable and
loose; slightly effervescent; moderately alkaline,

The A1l horizon is fine sandy loam or leam in texture, The
stratified C horizon has dominant textures of fine sandy loam
and light-textured loam, The strata of heavy loam, silt loam,
and fine sand are thin. Depth to lime ranges from 0 to 20 inches.
In most places there is o thin, buried Al horizon between depths
of 10 and 40 inches. In a few places strata of sand ond gravel
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are below a depth of 40 inches. Small chips of scoria and lignite
are common in the C horizon.

Velva soils are associated with Straw soils and are similar
to Straw and Trembles soils. Velva soils are coarser textured
and are stratified closer to the surface than Straw soils, They are
darker colored than Trembles soils,

Velva-Straw fine sandy loams (0 to 3 percent. slopes)
{Vs).—This complex consists of decp, well-drained soils
that have a subsurface layer mainly of fine sandy lonm to
loam. They are on bottom lands aleng creeks, mainly in
5- to B0-acre tracts. In most places it is periodically
flooded, and in places, the water table is high enough that
moisture is within reach of deep-rooted crops. Velva fine
sandy loam makes up about 60 percent of the complex,
and Straw fine sandy loam 35 percent.

The Straw soil has a profile similar to that described as
representative for the series, except that the suiface layer
is fine sandy loam., Runoff is slow. Included in mapping
were small areas of Velva loam and Straw loam.

The main concern of management is control of soil blow-
ing, Soils of this complex are used mainly for allalfa, corn,
and grass cat for forage. They are suited to small graing
and well suited to all other commonly grown ecrops.
(Capability unit I1le-3; Overflow range site; windbreak
group 1)

Wabek Series

The Wabek series consists of gently sloping to very
steep, excessively drained, loamy smls that are very
shallow to sand and gravel. These soils are on stresm
terraces and in outwash channels and on outwash plains.

In & representative profile the surface layer is duk
grayish-brown pravelly loam about 4 inches thick. The
underlying material is loose, grayish-brown gravelly
conrse sandy loam fo o depth of 9 inches. Below this it 1s
pale-brown and light brownish-gray, stratified coarse sand,
gravel, and cobblestones.

The Wabek soils are very low in available water capac-
ity, moderate in organic-matter content, and low in
fertility, Permeability in the sand and gravel underlying
material is vory rapid. The root zone for plants is restricted
to the npper few inches of the sand and gravel. The sand
and gravel is snitable for roadbase and snvfacing but has
poor to fair suitability for concrete aggregnte. These soils
are suited to and used mainly for pasture. They are not
suited to hay,

_ Representative profile of Wabek gravelly loam, steep,
in native grass, 300 feet south and 580 feet east of the
northwest, corner of see. 26, T. 143 N., R. 82 W.

A1—0 to 4 inches, dark grayish-brown (10YR 4/2) gravelly
loam, very dark brown (10YR 2/2} moist; weak, fine,
granular structure; very friable; many roots; few to
cominnn pebbles; slightly efferveseent; mildly alka-
line; gradual, wavy boundary.

IIClea—4 to 9 inches, grayish-brown (2.3Y 5/2), gravelly,
coarse sandy loam, dark grawish brown (2.5Y 4/2)
moist; single grained; loose; common roots; strongly
effervescent; ¢rusls of lime on undersides of pebbles
and cobblestones; modorately alkaline; gradual, wavy
boundary.

IITC2—9 to 60 inches, pale-brown (10YR 6/3) and light
brownish gray (2.5Y 6/2), stratiied coarse sand,
gravel, and cobblesiones and mixtures of these; a
few roots in upper 10 inches; strongly effervescent
but decreasing to slightly effervescent in lower part;
moderately alkaline.
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The Al haorizon s gravelly loam, sandy gravelly [oam, lowm,
or sandy loam and dark grayish brown to grayish brown in a
hue of 10YR. In some places it is nonecaleareous. In some
places there is a clear bhoundary between the Al and IIC
horizons. The IICea horizon has segregated lime in some
places and diffused lime in others. Thin erusts of lime are on
the bottoms of pebbles. The C horizon has a hue of LOYR
to 2.5Y, chroma of 2 or 3, and values of 4 through 6. The
solum is the surface horizon above the I1C horizon. In many
places there is a thin, transitional AC horizon of gravelly or
sandy loam.

Wahek soils are similar to Lehr and Manning soils. They
have a thinner solum and lack the B2 horizon thaf is typical
of Lehr and Manning soils.

Wabek gravelly loam, steep (6 to 30 percent slopes)
(WaD).—This is a sloping to very steep soil mainly on
terrace edges, but in a few places slopes are gentle.

In some places this soil has a surface layer of loam,
sandy loam, or gravelly sandy loam. Runoft is slow to
mediam,

Included with this soil in mapping were small areas of
Tehr loam and Manning fine sandy loam and a few small
arens of Werner, Zahl, and Cabba loams,

Most of the precipitation enters the soil and percolates
beyond rooting depth. Besides droughtiness, other con-
cerns of management arc maintenance of fertility and
organic-matter content and control of erosion. This soll is
used mainly for and is suited only to pasture. (Capability
unit VIIs-VE; Very Shallow range site; windbrenk group
10)

Werner Series

The Worner series consists of shallow, sloping to very
steep, well-drained, lonmy soils on residual uplands, Soft
bedrock lies at a depth of 7 to 20 inches.

In a representative profile the swrface layer is dark
grayish-brewn loam about 6 inches thick. Below this is a
transitional layer of friable, pale-brown silt loam about
6 inches thick. T'he undetlying material, to a depth of
aboat 40 inches, is very pale brown silt loam in the upper
6 inches; very pale brown, fractured, soft siltstone in the
middle 10 inches; and light yellowish-brown, soft sand-
stone in the lower 12 inches.

Werner soils are low in available water capacily and
fertility and moderate in organic-matter content. Perme-
ability is moderate. Rooting is restricted in the under-
lying rock.

Most of these soils are used for range. The native vegeta-
tion. is mainly upland sedges, little blucstem, western
wheatgrass, green needlegrass, blue grama, and needle-
and-thread. The soils are better suited to range than to
other farm uses. They are suited to native hay in stone-
and rock-free areas where slopes are less than 12 percent.

Representative profile of Werner loam in an area of
Cabba-Werner complex, very steep, in nalive grass, 495
feet east and 725 feet north of the southwest corner of
sec, 26, T. 142 V., R. 85 W.

Al1—0 to 6 inches, dark grayish-brown (10Y R 4/2) loam, very
dark grayish brown (10Y R 3/2) moist; weak, medium,
subangular blocky structure separating to weak,
fine, srumb structure; frisble; many roots; many fine
pores; slighily effervescent; mildly alkaline; gradual,
wavy boundary.

AC—6 to 12 inches, pale-brown (10YR 6/3) silt Joam, ycllowish
brown (10YR 5/4) moist; weak, medium, prismatic
structure separating progressively to weak, medium,
subangnlar bloeky and weak, fine, granular structure;
friable; many roots; common fine pores; strougly
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effervescent; moderately  alkaline; clear,
boundary.

Clea—12 o 18 inches, very pale brown {L0YR 7/3) silt loam,
pale brown (10YR 6/3) moist; wealk, very thiek,
platy structure separating to weak, medinm, angular
blocky; friable; many roois; ecommon fine pores;
violently effarvesecent; few small spots of white lime;
moderately alkaline; abrupt, wavy boundary.

(C2—18 to 28 inches, very pale brown (10YR 7/3), soft, frac-
tured siltstone, pale brown (10Y R 6/3) maoist; frinble;
few roots in fractures; strongly cffervescent; mod-
erately alkaline; abrupt, wavy houndary.

C3-—98 to 60 inehes, light yellowish-brown (10YR 6/4) soft
sandstone, dark yellowish brown (10YR 4/4) moist;
strongly effervescenl; moderately alkaline.

wavy

The Al horizon has a color value of 2 or 3 when moist, and in
places it iz nonealeareous. The Cea horigon has a eolor hue of
10YR or 2.3Y, value of G or 7 when dry and 4 o 6 when moist,
and chroma of 2 or 3. A [ew stones and scattered boulders
are in the A and AC horizons in some places. Texture ranges
from very fine eandy losm to light clay leam thronghout the
profile but is mainly loam or silt loam, Bedrock is soft, mnssive
or platy, fine-grained sandstone, loamstone, siltstone, or loamy
or elayey shale. These are steatified and interbedded in places.

Werner soils are assoeiated with Cabba, Cohagen, and Zahl
soils. They have a darker colored Al horizon than Cabba
soils, are finer textured than Cohagen soils, and have a soft
bedrock O harizon that is lacking in Zahl soils.

The Werner soils in this survey area ave mapped anly in
ecomplexes with Cabba and Sen soils.

Williams Series

The Willining series consists of deep, nearly level to
steep, well-drained, loamy soils on glacial till wnpland
plains. They are more extensively used for crops than other
soils in the county. Surface drainage is mainly well de-
fined but is poorly defined in some of the larger lLracts.
Williams soils have convex and plane slopes. Rounded
cobblestones, stones, and boulders are common on the
surface or within the soil profile.

In o representative profile the surface layer is very dark
grayish-brown loam about 7 inches thick, The subseil is
friable clay loam that extends to a depth of about 21
inchies. Tt is brown in the upper part and grayish brown in
the lower pnrt. The underlying material is calcareous
clay loam glacial till that is pale olive to a depth of nbout
27 inches and light brownish gray below that depth.

Williams soils are high in available water capacity and
fertility and moderate In organic-matter content. Permea-
bility 1s moderate in the subsoil and moderately slow in
the underlying material,

Most of these soils arve nsed for crops, mainly small
erains. Because stones are on the surface, cultivation is
difficult in some places, but the stones are only a nuisance
in most places. Exceptin hilly or stony areas, most of these
soils are suited to all erops commonly grown in the county.

Representative profile of Williams loam, undulating, in
o cultivated field, 360 feet south and 90 feet west of the
northeast corner of see. 34,71, 142 N., R. 84 W.

Apl—0 to 7 inches, very dark grayish-brown {1I0Y1 3/2)
loam, very dark brown (10YR 2/2) moist; weak,
soarse, subangular blocky sirueture separating to
moderate, medinm, crumb structure; friable; many
roots; few pebbles; neutral; abrupt, smeoth boundary.

B21t—7 10 13 inches, brown (10YR 5/3) elay leam, dark brown
(10YR 3/3) moist; moderate, medinm, prisntatic
strueture soparating to moderate, medium subangular
blocky structure; very dark grayigh-hrown (10YR 3/2,
maisty, thin, clay films on faces of prisms and padehes
on blacks; friable; many roots; few pebbles and
stonee; neutral; gradoal, wavy boundary.
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B22t—13 to 2) inches, grayish-hrown (2.5Y 5/2) elay loam,
dark grayish brown (2.5Y 4/2) meist; moderate,
conrse, prismaotic structure geparating o strong,
coarsc and mediwm, angular blocky structure; very
dark grayish-brown (2.5Y 3/2, moist) elay films on
faces of blogks: friable; commeon roots; few pebbles and
stones; mildly alkaline; clear, wavy boundary.

21 to 48 inches, light yellowish-brown (2.5Y 6/3) clay
loarn, olive-brown (2.5Y 4/3) moist; weak, coorse
and medium, subangular blocky structure; thin,
patehy, elay Nlms on faces of blocks in upper part;
tfriable; few pebbles and cobblestones; violently ef-
forvescent; many spots of lime; moderately allealine;
diffuse boundary.

(0248 Lo 60 inches, light brownish-gray (2.5Y 6/2) clay loam,
dark grayish brown (2.5Y 4/2} moist; weak, mediom
and fine, blocky structure; friable, few pehbles and
cobblestones; strongly effervescent; common spots of
lime; moderately alkaline.

Clen

The Al herizon is mainly loam, but in places it iz silt loam
or fine sandy loam. Tt has o solor value of 3 or 4 when dry. In
some places the B22t horizon hag o hue of 10YR. The B hori-
zon has a value of 4 or & when dry and 3 or 4 when moist and
a ehroma of 2 or 3. The B2t herizon ranges from 7 to 16 inches
in thickness. It has a moderate or strong, medium or coarse,
prismatic structure that separates to moderate or strong,
medium or fine, angular or subangular blocky. Clay films are
thir, digtinet, and continuous on most faces of peds. Where
these soils are under native sod, prismatic structure extends
upward inta the Al horizon. The B2t horizon is clay loam or
loam that is 24 to 35 percent clay. The C horizon has a eclor
velue of 4 to 7 and chroma of 2 to 4. It is friable or firm elay
loam to loam. The Clea horizon has much diffused lime and
few to many zpots of lime. In places the till C horizon is mulli-
eolored white, olive, brown, and grayish brown., Distributed
randomly throughout the profile is 1 to 10 percent pebhbles and
stones. Fragments of lignite, limonite and seorin are in and be-
low the B3B22t horizon.

Williams soils are assacinted with Zahl, Tonka, and Parnell
soils. Willinms soilg have a thicker solum than Zahl soils and
they have a B horizon, which is lacking in Zahl soils. Willams
g0ils are better drained and have a thinner solum and a coarser
textured B horizon than Tonka and Parnell soils.

Williams loam, nearly level (0 to 3 percent slopes)
{WI A).—This soil has shghtly undulating to plane slopes.
It is mainly in 3- to 80-acre tracts.

The profile of this seil is similar to that deseribed as
representative for the series, except that the surface layer
is silt loam in places in the norvtheastern part of the
county, Runoff 1s slow.

Included in mapping weve small arens of Arnegard loam
and Tonka and Parnell silt loams. A few small areas of
Temvik, Sen, and Livona soils were also included.

This soil is slightly susceptible to soil blowing. It is.
used mainty for small grains, corn, and alfalfa, It is well
suited to all crops commonly grown in the county. (Cap-
ability unit ITe—6; Silty range site; windbreak group 3)

Wiiliams loam, undulating (3 to 6 percent slopes)
(WI18).—This soil is mainly in 3- to 150-nere tracts. It has.
the profile described as representative for the series. In
places m the northenstern part of the county, the surface
lnyer is silt loam instead of loam. Runoff is medium.

Tncluded in mapping were small areas of Arnegard loam
and Tonka and Parnll silt loams, and some small arcas.
of Temvik, Sen, Livona, Williams, and Zahl soils. A few
eroded areas where the browner subsoil has been exposed
and plowed were also included.

This soil is slightly suseeptible to soil blowing and
moderately susceptible to water erosion. It is used mainly
for small grains, corn, and alfalfa. Many small tracts are
used for native pasture. This soil is fuirly well suited to
corn and well suited to all other crops commonly grown:
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in the county. (Capability unit Ile-6; Silty range site;
windbreak group 3)

Williams loam, rolling (6 to 9 percent slopes)
{(WIC)—This soil is mainly in 3- to 100-acre fracts. The
profile of this soil is similar to that described s representa-
tive for the series, except that the combined thickness of
the surface layer and subsoil averages about 6 inches less,
and in a few places in the northeastern part of the county,
the surface layer is silt lonm instead of loam. Runoff is
medium to moderately rapid.

Included with this soil in mapping were small areas of
Arnegard Joam, Tonka and Pamnell silt loams, and Sen
and Vebar soils. Also included were small arcas of Zahl
soils and croded aveas where the browner subsoil has been
exposed and plowed,

This soil is slightly susceptible to soil blowing and very
susceptible to water erosion. It is used mainly for small
grains and grass. 16 Is well suited to grasses and fegumes,
fairly well suited to small grains, and poorly suited to
corn. Control of water erosion iz necessary in ficlds where
row crops are grown. {Capability unit ITTe-6; Silty range
sile; windbreak group 3)

Williams stony loam, rolling (2 to 9 percent slopes)
(WmC).—This mapping unit consists of small tracls of
stony Willilams loam and intervening areas of Williams
loam that are relatively free of stones. In some areas, the
soil 15 undulating to nearly level.

The soil has a profile similar to that described as
representative for the series, except that the combined
thickness of the surface layer and subsoil averages about
4 imches less. Stones, cobblestones, and boulders cover
about 10 percent of the soil surface, and more than 50
percent of these conrse fragments are larger than 10
inches in diameter. The stones are mostly glacial and
granitic, Runoff is mediom to maoderately rapid.

The clearing of stones has not been economically
fensible for the farmers, but many areas have been cleared
by contractors who use the stones for construction.
This soil is suited to and used for pasture. Cleared areas
are suited to most crops grown in the county. (Capability
unit VIIs—Si if uncleared, or 11Te—6 if cleared; Silty range
site; windbreak group 10)

Williams-Flaxton loams, rolling (6 to 9 percent slopes)
(WnC).—This complex consists ol well-drained, deep,
friable soils that formed in loamy glacial till, in loamy,
wind-laid deposits, and in the underlying glacial till.
Williams loam malkes up about 45 percent of the complex,
Flaxton loam 30 percent, and Livona loam 20 percent.

The Williams soil has a profile similar to that described
as representative for the scries, except that the combined
thickness of the surface layver and subsoil averages ahout
6 inches. The Flaxton soil hag a profile similar to that
described s representative ol its series, except that the
surface layer is loam about 10 inches thick. The Livona
soil in this complex has a profile similar to that described
as representative for its series except that it has a surlace
layer of loarm about 8 inches thick. Runoff is medium.
Small areas of Parshall, Arnegard, and Tonka soils were
included in mapping.

About half the acreage is cultivated. The soils are
moderately susceptible to soil blowing and very susceptible
to waler erosion. Water crosion is more severe in cultivated
drainageways than in other areas.

These sotls are used mainly for grass and small grains.
They are well suited to grasses and legumes, fairly well
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suited to small grains, and poorly suited to corn. (Capa-
bility unit ITTe—5; Williams part in Silty range site, and
Flaxton part in Sandy range site; Williams part in wind-
break group 3, and Flaxton part in windbreak group 5)

Williams-Zahl loams, hilly (9 to 12 percent slopes)
(WzD).—This complex consists of deep, well-drained soils
that have a moderately thick solum or a thin solum. These
soils formed in glacial till. They sre mainly in 3- to 50-acre
tracts on uplands. Williams loam makes up about 70 per-
cent of the complex, and Zahl loam 20 percent.

The Willizims soil hag a prolile similar to that described
as representative for the series, except that the combined
thickness of the surface layer and subsoil is about 6 inches
less. Runoff is rapid.

Included in mapping were small areas of Arnegard loam,
Tonks and Purnell silt loams and Williams loam that has
a 7- to 10-inch solum. Also included were a few small areas
ol Sen, Werner, and Cabba loams and a few eroded arens
where the browner subsoil and grayer underlying material
have been exposed and plowed.

This complex is slightly susceptible to soil blowing and
extreniely susceptible to water erosion. It is used mainly
for grass and small grains. It is well suited to grass and
fairly well suited to legumes, but its use for crops is mar-
ginal. Corn cannot be grown without excessive losses of
soil. {Capahility unit IVe~6; Willlams part in Silty range
gite, and Zahl part m Thin Upland range site; Williams
part in windbreak group 3, and Zahl part in windbreak
group 8).

Zahl Series

The Zahl series consists of deep, hilly to steep, well-
drained, caleareous, loamy soils that have a thin selum.
They formed in glacial till. They oceupy the tops and
crosts of ridges on upland plains, and valley side slopes.
Surface drainage is mainly well defined, but it is poorly
defined in the larger tracts on upland plains. Rounded
cobblestones, stones, and boulders are common on the
surface and within the soil profile,

Tn a representative profile the surlace layer is very dark
griyish-brown loam about 6 inches thick. The underlying
material is [riable, light brownish-gray, mottled clay loam
to a depth of 36 inches. Below this 1t is mottled, multi-
colored, Jight vellowish and light olive-brown clay loam
glacial il

Zahl soils are high in available water capacity, moder-
ate in organic-matter content, and low in fertility. Permea-
bility is moderately slow. In somo places stones and
boulders make these soils vnsuitable for hay. Zahl soils
are uged mainly for native pasture. They are too shallow,
and most of them are too steep to be suited to crops.

Representative profile of Zahl loam in an aren of Zahl-
Williams logms, hilly, in native grass, 130 feet novth and
660 feet west of the southwest corner of sec. 26, T. 143 N,
R.82W.

Al—10 to 6 inches, very dark grayish-brown (10YR 3/2) loam,
very dark brown (10YIR 2/2) moist; weak, medium,
subangular blocky structure separafing to weak,
medium, crumb structure; slighily hard, friable;
slightly effervescent; tongues from this horizon extend
aghout § inches into the Clea horizen; mildly alkaline;
clear, irregular boundary.

Clea—6 to %6 inches, light brownish-gray (2.5Y 6/2) clay
loam, dark grayish brown (2.5Y 4/2) moist; many
coarse, distinet, gray (3Y 6/1, moist) and common,
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medium, prominent, red (2.5YR 5/6, moist) mottles;
very weak, coarse, prismalic structure separating
easily to modernte, coarse, subangular hlocky struc-
ture; hard, friable; violently effervescent; many dis-
tinet, white, soft nodules and threads of lime; moder-
ately alkaline; diffuse boundary.

C2—36 to 60 inches, multicolored clay loam glaeial till, domi-
nantly light yellowish brown (2.5Y 6/4) and light
olive brown (2.5Y 5/3); gray and light gray (5Y 6/1
and 7/1, moist) mottles and streaks; commeon, medium,
prominent, red (2.5YR 46, moist) mottles; laminar
strueture separating to irregular subangular blocky
structure; strongly effervescent; common, distinet,
white nodules and threads of lime; moderately alkaline.

The Al horizon ranges from leam to clay loam or gravelly
loam in texture and from 4 to 8 inches in thickness. It is very
dark grayish brown {10YR 3/2) when moist and dark grayish
prawin (I0YR 4/2) when dry in some places. A thin, transi-
tional AC hovizon lies directly under the Al horizon in places,
The AC horizon is dark grayish brown (2.5 4/2) when meist
and gruyish brown (2.5Y 5/2) when dry. The till ranges from 2
to more than 10 feet in thickness. Material heneath the till is
mainly westhbered loamy shale. There are thin layers of dirty
gravel and sand below the Al horizon in o few places. The
horizon has much diffused lime in addition to segregated lime
in most places. Pebbles and stones are senttered throughout.
They muke up 1 to 10 percent ol the profile.

Zahl soils nre associated with Willinms and Temvik soils.
They have a thinner solum and more lime in the profile than
Williams soils. Zahl zoils have a thinner sclum that contains
less silb and more lime in the profile than Temvik soils.

Zahl-Williams loams, hilly (9 to 15 percent slopes)
{ZaDy.—This complex consists of deep, well-drained soils
that have o thin or moderately thick solum. These soils
formed in glacial till on uplands. The eomplex is mainly
in 5- to 50-acre tracts and has slopes 25 to 300 feet long.
Zah! loam makes up about 45 percent of the complex, and
Williams lowm 45 percent.

The Zall soil has the profile described as representative
of the series. The Willinms soil has a profile similar to
that deseribed as representative for its series, except tha
the combined thickness of the surface layer and subsoi)
averages about 6 inches less, and in & few places the
surface layer is eluy loamn or gravelly loam. Runoff is rapid.

Included with these soils in mapping were small areas of
Arncgard, Tonka, Parnell soils, and Williams soils, in
which the combined thickness of the surface layer and
subsoil is 7 to 10 inches. Also included were some areas of
stony Zohl and Willinms soils, small areas of Temvik,
Werner, Cabba and Wabek soils, and a few croded spots
where the plow layer is the light-colored iill underlying
materinl.

The main concerns of management are excessive runoff
and the hazard of water erosion. Soils of this complex are
used mainly for pasture. They are suited to pasture, and
the more gently sloping, more stone-free soils are suited to
hay. These soils ave not suited to crops. (Capability unit
VIe-TU; Zahi part in Thin Upland range site, and
Williams part-in Silty range site; Zahl part in windbreak
group 8, and Williams part in windbreak group 3)

Zahl-Williams loams, steep (15 to 40 percent slopes)
(ZaE)}.—This complex consists of deep, well-drained soils
that have a thin or moderately thick solum. These soils
formed in glacial till on uplands. This complex is mainly
in 20- to 80-acre tracts and has slopes 25 to 300 feet
long. Zahl loam makes up ahout 65 percent of the com-
plex, and Williams loam 25 percent.

The Willinms soil has a profile similar to that described
as representative for its series, except that the solum
averages sbout 6 inches thinner and in a few places the
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sutface layer is clay loam or gravelly loam. Runoff is
rapid to very rapid.

Included with these soils in mapping were areas of
Williams soil, in which the thickness of the combined
surface layer and subsoil is 7 to 10 inches, and arcas of
Arnegard, Tonkn and Parnell soils. Also included were
some areas of stony Zahl and Williams soils, small areas
of Werner, Cabbn, Wabek, and Cohagen soils, and a few
eroded spots where the plow layer is the light-colored till
underlying material.

The main concerns of management are excessive runoff
and the severe hazard of water erosion. The soils of this
complex are used mainly for pasture. They avc better
sutted to pasture than to most other farm uses, but in a
few places there are small, stone-free, more gently sloping
areas that are suited to hay. In steep and shallow areas,
the soils are not suited to crops. (Capability unit Vile-TU;
Zahl part in Thin Upland range site, and Williams part
in Silty range site; Zahl part in windbreak group 8, and
Williams part in windbreak group 3)

Use and Management of the Soils

This section discusses the management of dryland and
irrigated soils in Oliver County and explains the capability
grouping used by the Soil Conservation Service. Estimated
yields of the principal crops aure given. Also discussed are
managetent of the soils for range, woodland and wind-
breaks, and wildlife habitat. The degree and kinds of
limitations that affect recrveational use and the properties
and features that affect engineering praclices are enu-
merated, mainly in tables.

Management for Crops

The main considerat ons i managing the soils in this
survey srea for crops are moisture conservation, erosion
control, and feriility maintenance. Other important con-
cerns on some soils in the arvea sre salinity, poor iilih,
excessive wetness, and a resirictive subsoil or substratum.

Most soils of the area are suitable for cultivation, but
conservition of moistore is essential. Excepiions are those
soils that are excessively wet because they arve ponded or
have & high water table. In dry farming, practices are
needed that prevent excessive evaporation, slow runoff,
increase moisture infiltration, and prevent excessive use of
moisture by plants.

Control of soil blowing and water erosion are also im-
portant in managing soils, Susceptibility to erosion varies
with length of slope and steepness, texture of the surface
layer, permeability of the soil, and plant cover. Most of
the practices useful in controlling erosion alse help to con-
serve moisture. Among these praciices ave crop residue
management, stubble-mulch fallage, siripcropping, field
windbreaks, cover crops, buffer sirips, contour tillage,
grassed waferways, and the use of minimum, timely, or
emergency tillage. Generally, a combination of erosion-
control practices is used.

Fertility maintenance consists of keeping an ndeguate
level of organic material and nutrients in the soil, This is
done by including legumes and grasses in the crop rotation,
conscrving erop residue, and applying commercial fer-
tilizer and barnyard manure. Nitrogen and phosphate
fertilizers should be applied according to the results of
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goll tests. Controling erosion is also Important in main-
taining fertility. Maintenanee of good tilth depends mainly
on adding sufficient residue and keeping ftillage to a
minimurm.

Management of Soils for Irrigation

In this section the only soils considered are those that
have some characteristics that make them suitable for
irrigation and that are in areas where adequate sources of
irrigation water arc known. In this county, they are most
of the solls on bottom lands and terraces along the
Missouri River, Among them are soils of the Arnegard,
Banks, Grassna, Havrelon, Lallie, Lehr, Lohler, Mandan,
Savage, Stady, Straw, Temvik, and Trembles series, The
soils now Irrigated are mainly on bottom lands, but most
of the soils on tcrraces have a better potential for crops
than those on botiom lands and need only minimum
management to maintain fertility.

Adequate water is available from the Missouri River or
from wells, Most of the ares is underlain by a thick
gravel aquifer, and some wells have a it of Jegs than 100
feet. Wells are more economically competitive on the
terraces where the lifi and distance from the river are
grenter. Water is pumped from the Missouri River and is
delivered through gravity systems, but sprinkler irri-
gation is more snitable than a gravity system on soils that
are sloping, that have a substratum or gravel, or that are
difficult to drain,

Tuable 2 shows, for cach listed soil, the suitability for
twvo systems of nrigation, the limitations, if any, and
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management concerns. Not listed are soils that are not
svited to irvigation or that are less thon 150 acres in extent.
In the section “Engineering Uses of the Soils,” table 7
gives the soil features affecting Irrigation for all series
mapped in the eounty.

Tn rating the snitability of a soil for a system of irrigation,
good indicates that there are few, if any, limitalions or
manngement coneerns; fair incdicates that there are
moderste limitations or management concerns that require
specinl management; poor indicates that there are severe
limitations or management concerns that require intensive
management; and unsuitable indicates that there are very
gavere lunitations or management concerns that make
frrigation not & suitable practice.

Capability grouping

Capability grouping shows, in a general way, the suita-
bility of soils Tor 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 so used, and the
way they respond to treatment, The grouping does not
take into account major and generally expensive land-
forming that would change slope, deptl, or other char-
acteristics of the seils; does not take into consideration
possible but unlikely major reclamation projects; and
does not apply to rice, erunberries, horticultural crops, or
other c¢rops requiring special management.

Those familiar with capability classification con infer
from it much about the behavier of seils when used for
other purposes, but this clussification is not a substitute
for interpretations designed to show suitability and limita-

TarLe 2.—Suitability of specified svils for irrmgation

Suitability fer—
Soil Limitations Management coacerns
Gravity Sprinkler
irrigation ‘irrigation

Arnegard loam, nearly Cood__.___ Good._ _____| All features favorable. .o ___ . - .. Slight soil hlowing.
level, :

Arnegard toam, gently Fuoir.. .__.j Good._____ All features favorable. ..o ______ Slight soil blowing, For gravity irriga-
sloping. ] tion only: slight water erosion.

Banks fine sand, roliing _ _| Poor to Fair to Rough topography; loose sand; rupid | Soil blawing; waier erosion; fertility;

unsuit- poor infiltration; low available water ca- water loss through percolation. For
able. pacity. For gravity rrigation only: gravity irrigation oaly: water loss
unstahle ditehlbanks. through ditches.

Banks soils, gently un- Poor to Fair. ___.__| Loose sand in subsoil and substratuny; § Soil  blowing; fertility; water loss
dulating. fair. rapid infiltration; low available water through percolation. For gravity irri-

capacity. For gravity irrigation only: gation only: waler erosion; water
undulating topography; unstable loss througlh ditches.
ditchhanks,

Banks-Tremnbles fine Pair 1o Fair .. ___._| Loose sand in subsoil and substratum; | B0l bLlowing; fertility; water loss
sandy loams, nearly poor rapid infiltration; lew to moderate through percolation, For pravity
level. available water capacity. For gravity irrigation only: water loss through

irrigation only: slightly undulating ditches.
topography; nnstable ditchbanks.,

Banks-Trembles fine Poor__...__ Fair__..__.| Loose sand in subsoil and substratum; | Soil blowing; fertility; water loss
sandy loams, undulat- rapid infiltration; low {tc moderate through percolation. For gravity
ing. available wafer eapacity. For gravity irrigation only: water erosion; water

irrigation only: undulaiing topog- loss through ditches,
raphy; unstahle ditchbanks.

Grassna silt loam, Good...-__ Good ______ AN fantures favorable. ... ________ Slight soil blowing.
nearly level.

Haovrelon loam. .o _____ Good ... Good__.___ Tor gravity irrigation only: areas of | Tertility; soil blowing.

undulating topography.
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TABLE 2.—Suitability of specified soils for wrrgation—Continued

Suitability for—

Soil

Gravity
irrigation

Sprinkler
irrigation

Limitations

Management concerns

Favrelon silty clay loam.

Havrelon silty elay_ .-

Lavrelon-Trembles fine
sandy loams.

Lallic silly elay - oo o._
Lallic silty clay, very wet_
Lohler silty clay_ .. __.

Mandan silt loam,
nearly level,

Mandan zilt loam,
gentbly sloping.

Mandsan silt loam,
gravelly substratum,
nearly level.

Mandan silt loam,
gravelly substratum,
gently sloping.

Savage silly clay loam,
nearly level.

Stady-Lehr loams,
sloping.

Straw loamn, neurly level .

Temvik silt loam, nearly
level

Temvik-Williams silt
loams, undulating.

Tade o ___

Poor to
unsuit-
able.

Fair to
good.

Fair to
poOT.
Poor.__.___

Gooed - ___.

Good to
fair.

Good . __._.
Good

- undulaling soils.

Areas of loose sand in subsoil and sub-
stratum; areas of low available water
capaciby; moderately slow infiltra-
tion into surfoce layer.

Slow infiltration into surface layer_ ____

Trembles soils have moderate avail-
able water eapacity and moderately
rapid infiltration. IPor gravity irri-
gation only: undulating arcas.

Poor drainage; moderately slow o
slow permenhility.

Very poor drainage; moderately slow
to slow permeability.

Moderately slow permeahility; areas of
poor drainage.

For gravity irrigation only: slightly
undulating topography.
For gravity irrigation only: steep soils_

For gravity irrigation only: slightly
For gravity irrigation only: steep goils__

Moderately slow permeability; arens
that have salls in substratuin.

Steep soils. Lehr soils have low avail-
able water capneity; rooting zone
thin in cut areas,

Small field size hecause the interval be-
tween benches is short,

Moederately glow permeability in under-
lying muterial.

Moeoderutely slow permeability in under-
lying material.

Boil blowing; fertility; arens of water
loss through percolation ; maintenance
of soil tilth.

Fertility; maintenance of anil  tilth;
sitght seil blowing.

Fertility; soil blowing,

Fertility; waterlogging: anceumulation of
salts; seoil blewing; maintenance of
sail Lilth.

Fertility; waterlogging; accumulation of
salls; soil blowing; maintenance of
soil silih.

Fertility ; waterlogging; accumulation of
salts; soil blowing; maintenunce of
soil tilih,

Soil blowing.

Boil blowing. Tor pravity irrigation
only: water erosion.
Soil blowing.

Soil blowing. TFor gravity irrigation
only: water erosion.

Waterlogging: maintenance of soil tilth.
For gravity irrigation only: accumu-
lation of salts.

Fertility; soll blowing; water erosion.

Soil blowing; flood hazard.

Soil blowing, For gravity irrigation only:
accumulation of salts; waterlogging.

Soil blowing. For gravily jrrigation only:
water erosion; waterlogging; accumu-
lation of salts.

tions of groups of soils for range, forest trees, or engineer-

ing,
g,[n the capability system, the soils are grouped ot thres
the capability class, subelass, and unit. These are

levels:

discussed in the following paragraphs.

Caranmary Crasses, the broadest groups, are desig-
nated by Roman numerals T through VIIL. The numerals
indicate progressively greater limitations and narrower

choices for practical use, defined as follows:

Closs T soils have few limitations that restrict their
use. (There are no Class I soils in Oliver County.)
Class IT soils have moderate limitations that reduce
the choice of planis or thot require moderate

conservation practices.

Class 111 scils have severe limitations that reduce
the choice of plants, require special conservation

practices, or both,

Class TV soils have very severe limitations that
reduce the choice of plants, require very careful

manageinent, or both,

Class V soils are not likely to erode but have other
limitations, impractical to remove, that limit
their use largely to pasture, range, woodland, or
wildlife habitat.

Clags VI soils have severe limitations that make them

generolly unsuited to cultivation and limit their
ugse largely to pasture, range, woodland, orv
wildlife habitat,

Class VII soils have very severe limitations that make

them unsuited to cultivation and that resirict
their use largely to pasture, range, woodland, or
wildlife habitat.

Class VILI soils and landforms have limitations that
preclude their use for commercial plants and
restrict their use to recrention, wildhfe habitat,
water supply, or to esthetic purposes.

CAPABILITY SuBcLassEs are soil groups within one

class; they are designated by adding o small letter, e, w, s,
or ¢, to the class numeral, for example, Ile. The letter e

shows that the main limitation is risk of erosion unless
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close-growing plant cover is maintained; w shows that
water i or on the soil interferes with plant growth or
cltivation {in some soils the wetness can be partly
covrected by artificial drainage); s shows that the soil is
limited maoinly because it is shallow, droughty, or siony;
and ¢, used in only some parts of the United States, shows
that the chief limitation is climate that i1s too cold or
too dry.

In elass 1 there are no subelasses, because the soils of
thiz class have few limitations, Class V can contain, at the
most, only the subelasses indicated by w, s, and ¢, beeause
the soils in class 'V are subject to little or no erosion,
though they have other Jimitations that restrict their use
largely to pasture, range, woodland, wildlife habitat, or
Teereation.,

Caraptrry Unres are soil groups within the subclasses.
The soils in one copability unit are enough alike to be
suited to the same crops and pasture plants, to require
similar management, and to have similar productivity and
other responses to management, Thus, the capahility unit
is & convenient grouping for making many statements
about management of soils. Capability units are generally
designated by adding an Arabic numeral to the subelass
symhol, for example, [le—6 or 111s—6. Thus, in one symbol,
the Roman numeral designates the capability class, or
degree of limitation; the small letter indicates the snb-
«lass, or kind of limitation, as defined in the foregoing
paragraph; and the Arabic numeral specifically identifies
the capability unit within each subelnss. Arabic numerals
are algo used to indicate the susceptibility to wind erosion,
ranging from 2, which is very high, to 7, which is slight.
The letter IP indicates the presence of a sodic claypan in
the subsoil, the letter T, indicates that the soil is cal-
careous, and the letter M indicates soils that have upper
layers of fine sandy loam and a substratum of clay loam.
Following the subeluss designation in capability units in
classes V, VI, and VII iz an abbrevintion of the name of
the range site in which the soils of the unit have been
placed.

Management by capability units

In the following pages each of the capability units in
Oliver County is desecribed, and snggestions Tor 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
s0il serics Tepresented are mentioned in the description of
ench unit, but this does not mean that all the soils of a
given series are in the unit. The capability designation for
each soil in the county can be found in the “Guide to
Mapping Unita.”

CAPABILITY UNIT Ife-5

This unit consists ol deep and moderately deep, nearly
level to gently sloping and undulating, well-drained soils
of the Flaxton, Linton, Mandan, Parshall, Tally, Vebar,
and Williams series. These soils have o surlace layer of
coarse-textured loam or silt loam. Fertility, organic-
matter content, and available water capacity are lngh to
moderate. Permeability generally is moderate and mod-
erately rapid, but the Flaxton and Willinms seils have
maoderately slow permeability in the underlying material,
and some Mandan scils have very rapid permeability at
depths between 40 and 60 inches. Most precipitation
entors the nenrly level seil, but there is some runoff on
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the gently sloping and undulating soils. Waler erosion
is a slight. hazard, and soil blowing is a moderate hazard.

Soils’ in this unit are ensily worked and penctrated by
plant roots. Stubble mulching, crop residue management,
stripcropping, and windbreak planting are the main
practices used to control erosion. Grassed walerways
are needed in long drainngeways and in the shorter
drainageways that have fan-shaped watersheds. Most
gullies form on soils that have slopes greater than 3
pereent.

These soils are well suited to crops commouly grown
in the county. They are used mainly for small grains,
alfalfa, and corn.

CAPABILITY UNIT lle-6

This nnit consists of deep and moderately deep, gently
sloping or undnlating, well-drained soils of the Amor,
Arnegard, Farland, Grail, Grassnn, Morton, Sen, Temvik,
and Willinms series. These solls have a surface layer of
loatmn or silt loam. Fertility and the organic-maiter content
arc high to moderate. The available water capaeity is
generally high, but the Amor soils have moderate availuble
witer capacily. Permeability generally iz moderate, but
the Grail, Temvik, and Williams seils have moderately
slow permeability in some layers below the surface layer.
A considerable amount of water runs off the zoils in this
unit during periods of heavy rains, and a few areas of
these soils are croded. Water erosion is o moderate hanavd,
and =oil blowing a slight hazard.

Soils in this unit arve easily worked. Good tilth is not
difficult to mainlain, except in eroded spots. Stubble
mulching, crop residue management, and striperopping
are the main practices used to control erosion. On the longer
slopes, measures should be more intensive or use of
row crops should be limited. Grassed waterways are
needed m long drainageways and in the shorter drain-
agewnys that have fan-shaped watersheds.

These soils arc well suited to small grains, alfalln,
and grasses and arc fairly well suited to corn. They arve
used mainly for small grains, corn, and alfalfa.

CAPABILITY UNIT Le-7

This unit consists of deep and moderately deep, gently
sloping, well-drained soils of the Grail and Regent series.
These soils have o surface layer of silty clay loam. Fertility
and the available water capacity are high, and the organic-
matter content is high o modernte. Permeability is slow
and moderately slow. Consequently, considerable water
runs off these solls during periods of heavy rains and a
few arcas are eroded. Water erosion is a moderate hazard.
These soils are more resistant to soil blowing than mest
other seils In the county. )

Difficulty in maintaining soil tilth is a concern but is
not o critical as on clayey soils. Stubble mulching, crop
residue mansgemeni, and striperopping are the main
practices used to control erosion. On long slopes, such
practices as contour striperopping and the use of diversions
und grassed waterways nre needed, or the use ol row
crops should be linited. _

These soils are well suited to grasses, small grains, and
alfalfa, and fairly well suited to corn. They are used
mainly for small grains and alfnila.

CAPABILITY UNIT Ilw-4

This unit consists only of ditched and drained nreas of
Lallie silty elay. This soil is deep, nearly level, and poorly
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drained. Fertility and the available water capacity are
modernte, the organic-matier content is low, and permea-
bility is slow. Heavy rains cause shallow ponding for
eriods of several hours to o day or two. Soil blowing is a
azard early in spring, alter the soil has granulated during
the winter.

Power requirements for tilling this soil are high, and
tilth is difficult to maintain, Drainage ditches need main-
tenance to keep ponding to & minimum during the growing
season. Short periods of spring flooding are benelicial to
crops. Optimum content of so1l moisture is necessary at
time of tillage to prevent cleddiness or puddling and
crusting. Stubble mulching and crop residue management
are the main practices used to control soil blowing. Fer-
tilization and addition of crop residue build up organic-
matter content and ferfility.

This soil is suited to small grains, alfalfs, and gross and
poorly suited to corn. It is used mainly for grass and
alfalta hay.

Undrained areas of Lallie silty clay are in copability
unit IVw—4,

CAPABILITY UNIT HweiL

This unit consists only of drained areas ol Colvin and
Regnn silt Josms. These soils are deep, nearly level, and,
in their natoral state, poorly drained. Fertility is moderate,
and the organic-mattor content and available water co-
pacity are liigh, Permesbility is moderate. Soil blowing
is o hazard, because of the high lime content of these soils,

Because the water table is excessively high and should
be lowered during the growing season, drainsge ditches
are needed and shonld be maintained. Limne causes these
soils to slake down after they have been tilled and have
dried. Stubble mulching and crop residue management
are the main practices used to control soil blowing.

These soils are well suited to grass snd alfalfa and [airly
well suited to small grains and covn. They are used mainly
for perennial hay and small grains,

Tndrained arens of Colvin and Regan silt loams are
in capability unit IVw—4L.

CAPADILITY UNIT IIw-6

This unit consists only of drained areas of Tonka and
Parnell sill loams. These soils are deep, nearly level, and,
in their natural state, poorly drained to very poorly
drained. In some places, the Parnell soil in this unit is
in. small deptessions within larger areas ol the Tonka soil.
Fertifity is modernte to high, and the organmic-matter
content and available water capacity are high. Permea-
bility is slow. During heavy rains, shallow ponding lusts
for periods of several hours to a day or two. Soil blowing
is o glight hazard.

These soils are casily worked, and tilth is easily main-
tained. Stubble mulehing and crop residue management
are the main practices used to control soil blowing. Be-
cause the soil is ponded during the growing season, drain-
age ditches are needed and should be maintained to keep
the wetness to a minimum. Control of ditches that allows
short periods of spring flooding is heneficial to crops.

These soils ave well suited to grass and alfalla and fairly
well suited to small grains and corn. They are used mainly
for grass, alfalfa, and small grains.

Undrained areas of Tonka and Parnell silt lonms are in
capability unit IVw-6.
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CAPABILITY UNIT IIs-4

This unit eonsists of deep, nearly level, moderntely
well drained to well-drained soils of Lohler, Havrelon,
and Lawther series. These solls have o surface layer of
silby clay. Fertility is moderate, the organic-matter
confent is low, but the Lawther soil has high fertility and
organic-matter content. The availnble water capacity is
high. Permeability in some layers below the surface laycr
is slow and moderately slow, except in the Havrelon soil,
which has moderate permeability below the elayey surface
layer. Runoff is mediom during heavy rains in areas
where the Lawther soil has long slopes. Soil blowing is a
hazard early in spring, after the goils have become granu-
Iated during the winter.

For these soils tillage power requivemments arve high and
soil tilth is diffieult Lo maintain, Optimum content of
soil moistare is necessary at the time of tillage, especially
for seedbed preparation, to prevent puddling and crusting
when wet and cloddiness when dry. Stubble mulching
and crop residue managing are the main practices used to
control soil blowing, On long slopes, cross-slope culti-
vation and grassed waterways help to control water
erogion. More intensive management is needed in main-
taining fertility and using crop residues on the Havrelon
and Lohler soils than on the Lawther soil.

These zoils ave suited to and used for all crops, except
corn, commonly grown in the county. They are poorly
guited to corn.

CAPABILITY UNIT Ils-6P

This unit consists of complexes of deep and moderately
deep, nearly level, well-drained soils of the Belfield,
Morton, and Straw series, These soils have a surlace
layer of loam or silt loam. The available water capacity
is high, and lertility and the organic-matter content are
high to moderate. Permenbility is moderate, except in
the Belfield soils, which have moderately slow permea-
bility. Runofl is medium during heavy rains in areas
where the Belfield-Morton soil complex has long slopes
but slow in other areas. Soil blowing is n slight hazard.

Belfield soils have a claypan that moderately restricts
the penetration of roets and moisture. Use of deep-
rooted legumes, manure, and crop residues improves
claypan penetration. Stubble mulching and crop residue
management are the main practices used to control soil
blowing. On long slopes, cross-slope cultivation and grassed
waterways help control water erosion.

Soils in this unit are well snited to small grains and
grasses, but are not as well suited to corn and legumes
because of the claypan. They are used mainly for small
grains, corn, and alfalfa.

CAPABILITY UNIT Llc-§

This unit consists of deep and moderately deep, nearly
level, well-drained soils of the Amor, Arnegard, Farland,
Grail, Grassna, Havrelon, Morton, Sen, Steaw, Temvik,
and Williams series. These soils have a surlace layer of
lonm or silt loam. Fertility is moderate to high. The
organic-matter content is generally high to moderate,
but the Havrelon scil has low orgunic-matter content.
The available watcr capacity is generally high, but the
Amor soil has moderate available water capacity. Permen-
bility is moderate, but the Grail, Temvik, and Williams
soils have moderately slow permeability 1 some layers
below the surface layer. Soil blowing is a slight hazard.



CLIVER COUNTY,

Soils in this unit are eagy to work. Stubble mulching
and crop-residue management are the maln practices
used to control soil blowing. More intensive management
in maintaining lertility and using crop residue is needed
on the Havrelon soil than on other soils in this unit.
Crop production is limited muainly by moisture supply,
wind velocity, and temperature during the growing
Seagon.

These soils arve well suited to all crops commonly grown
in the county. They are used mainly for small grains,
corn, and alfalfa.

CAPABILITY UNIT He7

This unit consists of deep and moderately deep, nearly
leve), well-drained soils of the Grail, Havrelon, Regent,
and Savage series. These soils have a surlace layer of silty
clay loam. Fertility is generally high and the organic-
matter content is generally high to moderate, but the
ITavrelon soil has moderate fertility and low organie-
matter content. The available water capacity is high.
Permeability 15 moderntely slow and slow, but the
Havrelon soil has moderate permeability. Water erosion
is a slight hazard on long slopes. These soils arc more
resistant to soil blowing than most other soils in the
county.

Difficulty in maintaining soil tilth 18 a concern of
management but is nol so criticnl ns on clayey solls.
Stubble mulehing and crop residve management are
the main practices used to control erosion. Crop produc-
tion iy limited mainly by the maisture supply, wind
velocity, and temperature during the growing season,

These soils are well sulled to grass, small praing, and
are Tarly well suited to corn. They are used mainly [or
small grains and alfalfa.

CAPABILITY UNIT Ille-3

This unit consists of necarly level to gently sloping or
undulating and gently undulating soils of the Havrelon
TLihen, Manning, Parshall, Straw, Tally, Trembles, Vebar,
and Velva series. These soils are generally deep and well
drained, but the Manning and Vebar soils are mocerately
deep and the Manning soil is excessively drained. These
soils have a surface layer of fine sandy loam. Fertility is
moderate to high. The organic-matter content is genernlly
maoderate to high, but the Havrelon and Trembles soils
have a low organic-matter content. The available watex
capacity is generally moderate, but the Havrelon and
Siraw solls have high available water capacity and the
Manning soil has a low available water capacity, Peorme-
abllity 1s generally moderately rapid, but the Havrelon
and Straw soils hive moderate permenbility, the Lihen
and Manning soils have rapid permeability, and in the
layers below the subsoil, Manning soils have very rapid
permeability. Soil blowing is a serlous hozard.

Soils in this unit are easily worked and, except for the
Muanning and Vebar soils, have o deep root zone. Stubble
mulching, crop residue managenment, striperopping,
windbreak plantings, and buffer strips are the muin prac-
tices used to control erosion. Water erosion is a concern
Lo management in areas that have long slopes of more
than 3 percent. In these areas, grassed walerways and
diversions are needed. Control of erosion and management
of crop residue algo help to maintain soil tilth. On the
Havrelon goil, the Trembles soil, and eroded areas of
other soils, intensive management is needed in maintain-
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ing fertility and using crop residues. The use of wind-
breaks and the inclusion of grass and legumes in the crop
rotation are both suitable and valuable erosion control
practices. Crops generally respond well Lo commarcial
fertilizers. The use of summer fullowing to stors seil
moisture is not generally practiced because of the moderate
available water capacity and high crodibility.,

These soils are suited to small grains and well suited
to corn, grass, and legumes. They are used mainly for
corn, small grains, and grass.

CAPABILITY UNIT INle-sM

This unit consists of deep and moderately deep, level
to undulating and gently sloping, well-dramed soils of
the Flaxton, Lefor, Livons, and Williams series. These
soils have a surface luyer mainly of fine sandy lonm. The
organic-matter content and fertility are moderate to
high., The available water capacity is generally high,
but the Lefor soil has moderate available water capuacity.
Permenbility is moderate and moderately rapid in the
upper part of the subsoil and moederate and moderately
slow in the lower part of the subsoil and in the underlying
matertal. The upper part of these soils quickly becomes
saturated during heavy rains. The resulting runoff causes
gullying in cultivated drainageways. Soil blowing is a
serious hazavd.

These soils are easily worked. Seil tilth is easily main-
tained by controlling erosion and maintaining crop
residues. Except for the Lelor soil, these soils have deep
rooting zenes and can store a large amount of moisture
for deep-rooted crops. Stubble mulching, crop residue
management, striperopping, and buffer strips are the
main practices nsed to control soil blowing, Water erosion
is 0 conecern of management in areas that have long slopes
of more than 3 percent. In these aress grassed waterways
are necded. For the Lefor soil and for eroded nreas of
other soils, intensive management is needed in maintaining
fertility and using crop residues. The use of windbreaks
and the inclusion of grass and legumes in the crop rotation
are both suitable and valuable erosion conirol practices.
Crops generally respond well to commercial fertilizer.
In summer-fallowed fields, adequate protection of these
erodible soils is needed.

These soils are suited to small grains and well suited
to corn, grass, and legumes., They are used mainly for
small grains, corn, and alfalfa.

CAPABILITY UNIT Ille-1

This unit consists only of Lawther silty clay, gently
gloping, which is deep, and meoderately well drained.
Fertility and the organic-matter content are high. The
available water capacity is moderate, and permeability
is slow. A considerable amount of water runs off this seil.
Water erosion is a moderate hazard. Soil blowing is a
hazard early in spring after the soil has granulated during
the winter,

On this soil the power requirements for tillage are high,
and tilth is difficult to maintain. Optimum content of
soll moisture 13 necessary ot the time of tillage, especially for
seedbed preparation, to prevent puddling and crusting
when wet and cloddiness when dry. Stubble mulching,
crop regidue management, cross-slope cultivation, di-
versions, and grassed waterways ore the main practices
used to control erosion. Practices that incrense water
intake and reduce runoff are needed.
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This soil is suited to and used [or all crops, except
corn, grown in the county. It is poorly suited to corn.

CAPABILITY UNIT Ille-5

This unit consists of deep and moderately deep, sloping
and rolling, well-drained soils of the Linton, Flaxton, Tally,
Vebar, and Willinms series. These soils have a surface
layer of loam. Fertility, the organic-matter content, and
available water capacity are high to moderate. Permen-
bility is generally modernte and moderately rapid, but the
Flaxton and Williams soils have moderately slow per-
meability in the underlying material. Runoff on the soils
ol this unit is considerable during heavy raing, and a few
areas are eroded. Water erosion is a severe hazard. Soil
blowing is n moderate hazard.

Seils in this unit are easily tilled, and except for the
Vebar soil, they are easily penetrated by plant reots. Row
crops can be grown only il intensive management is used;
otherwise, losses of soil and water are excessive. Stubble
mulching, erop residue management, striperopping, wind-
brealks, buffer strips, and grassed waterways are the main
practices used to control erosion.

These soils are fairly well suited to small grains, poorly
suited to corn, and well suited to grasses and leguines.
They are used mainly for small grains and grasses.

CAPABILITY UNIT Ille-6

This unit consists of deep and moderately deep, sloping
or rolling, well-drained soils of the Amor, Arnegard,
Morton, Sen, Temvik, and Williams serics. These soils
have a surface layer of loam or silt loam. Fertility and the
organic-matter content are high to moderate. The avail-
able water capacity is generally high, but the Amor soil
has moderate available water capacity.- Permeability is
gencrally moderate, but the Temvik and Williams soils
have moderntely slow permeability in the underlying
material. Considerable water runs off these soils during
periods of heavy rains, Some areas are eroded. On unpro-
tected slopes, water erosion is o serious hazard. Soill
blowing is & slight hazard.

Soils in this unit are eastly worked. Good tilth is not
difficult to maintain, except in eroded spots where the
more cloyey subsoil is exposed. Stubble mulching and
crop residue management are the main practices used to
control erosion. Additional practices, such as siriperop-
ping, buffer strips, contour tillage, grassed waterways,
and diversions, are used on long slopes to prevent excessive
losses of soil and water.

These soils are well suited to grassed and legumes,
fairly well suited to small graing, and poorly suited to
corn. They arve used muainly for small grains and grass,

CATABILITY UNIT IHe-6F

This unit consists of the deep and moderately deep,
gentbly sloping soils of the Belfield, Daglum, and Morton
series. Belfield and Morton soils are well drained. Daglum
solls are moderately well drained and have a shallow, dense
claypan. Belfield soils have a shallow to moderately deep,
fractured claypan. These soils have a surlnce layer of silt
loam. Fertility and the available water eapacity are mod-
erate to high and the organic-matter content is moderate.
Permeability is generally slow and very slow, but the
Morton soils have moderate permeability, Much of the
water runs off these soils during heavy rains. Some arens
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are eroded. On unprotected slopes, water erosion is o
serious hazard. Soil blowing 18 a shight hazard.

Soils in this unit are easily worked, and good tilch is
easy to maintain, except in eroded areas where the more
clayey subsoil is exposed. The growth of plant roots and
the penetration of meisture are restricted in the eloypan.
Stubble mulching, erop residue management, and strip-
cropping are the main practices used to control erosion.
On long slopes, diversions and grassed waterways are also
used to help control water erosion. Stubble mulching,
manuring, and including Jegumes in the rotation help to
loosen the elaypan.

These soils are well sulted to grasses and fairly well
suited to small grains, legumes, and corn. They are used
mainly for small grains and grasses,

CAPABILITY UNIT 1lle-7

This unit consists of deep and moderately deep soils of
the Banks, Grail, and Regent series, The Grail and Regent
goils are sloping and well drained; the Banks soils are
mainly undulating and are somewhat excessively drained.
The soils i this unit have a surface Tayer mainly of silty
clay loam. Generally, fTertility and the available water
capacity are high, and the organic-matter content is mod-
erate to high. Banks soils, however, have low fortility,
available water capacity, and organic-matter conlent,
Permeability i1s generally moderntely slow and slow, but
the Banks soils have rapid permeability. Considerable
amounts of water run off the Grail and Regent soils, and
some areas ol these soils are eroded. On unprotected slopes
water erosion is a serious hazard. The soils in this unit are
more resistant to soil blowing than most soils in the county.

Difficulty in maintaining soil tilth is a moderate con-
cern of management. Stubble mulching and crop residue
management are the main practices used to control erosion.
On long slopes grassed waterways and diversions are also
uged to control water erosion. On the Banks soils intensive
management is needed in maintaining fertility and using
crop residues,

The soils in this unit are well suited to prasses and
legumes and fairly well suited to small graing. The Banks
soils are fairly well suifed to corn. The Grail and Regent
soils are poorly suited to corn. These soils are used mainly
for small grains and grasses.

CAPADILITY UNIT IMe-7P

Thig vnit consists of deep and moderately deep, gently
sloping soils of the Belfield, Daglum, and Regent series.
'The Belfield and Regent soils are well dvained and the
Daglum soils are moderately well drained. The Daglum
soils have a shallow, dense claypan, and the Belfield soil
has a shallow to moderately deep, fractured claypan.
The soils in this unit have a surface layer of silty clay
loam. Fertility and the available water capacity are
moderate to high, nnd the orgnnic-matter content is
moderate. Permeability is slow and very slow. Consider-
able amounts of water run off these soils during heavy
raing, and & few areas are eroded. On unprotected slopes,
water erosion is o serious hazard. These soils are more
resistant to soil blowing than most other soils in the connty.

Difliculty in mainfaining soil tilth is a moderate con-
cern of management. Stubble mulching and crop residue
management are the main practices used to control
eroston. On long slopes, gragsed wolerways and diversions
are also used to help conirol erosion. The growih ol plang
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roots and the penetration ol moisture in the claypan are
improved by stubble mulching, manuring, and ineluding
legumes in the rotation,

These soils are well suited to prasses, fairly well suited
to small grains and legumes, and poorly suited to corn.
They are used mainly for small grains and grasses.

CATABILITY UNIT 1fe-S85

This unit consists only of Noonan-Flaxton soils, un-
dulating. These soils are deep and moderately well drained
and well drained. They have s surface layer of loam or
fine sandy lonm. The Noonan soil has a shallow, dense
claypan. The organic-matter content and available water
capacity are high to moderate, and fertility is moderate.
Permeability is generally moderately slow, but the Flaxton
s0i] has moderately rapid permeability in the upper part
of the subseil. The upper part of these soils is quickly
saturnted during heavy rains. The resulting runoff causes
gullying in cultivated drainageways. Soil blowing is a
moderate to serious hazard.

Soils in this unit are easily worked, and tilth is casily
maintained by controlling erosion and returning crop
residues to the soil. Stubble mulching, crop residue
management, and stripcropping are the main practices
nsed to control erosion. Grassed waterways help control
gullying. The penetration of roots and moisture in the
claypan snbsoll 1s improved by stubble mulching, manur-
ing, and including legumes in the rotation. Summer-
fallowed fields need adequate protection.

This soil complex is suited to small grains and grasses
and fairly well suited to corn and legumes. It iz used
mainly for small graing and corn.

CAPABILITY UNIT Ille-S6

This unit consists only of Stady-Lehr loams, gently
sloping. These soils are moderately decp to shallow over
oravel and saud. They are well drained and somewhat
excessively drained. They have a surface layer of loam or
silt loam. TFertility and the organic-matter content are
moderato and the available water capacity is low. Per-
meability is moderate and moderately rapid through the
subsoil and very rapid below the subsoil. The root zone is
resiricted to the upper few inches of the underlying sand
and gravel. Water erosion and soil blowing are moderate
to slight hazards.

Sotls in this unit are ensily tilled, and soil tilth is easily
maintained. Frequent rains are needed during the grow-
ing season to maintain good growth of planis. Dry spells
more than 3 weeks long are damaging to grain and forage
erops. Summer fallowing is not generally procticed be-
canse the soils have low available water capacity. Stubble
mulching, crop residue management, and stripcropping
are the main practices used to control erosion. In long
drainagewnys, grassed waterways arc needed.

These soils are well suited to grass and fairly well
suited to small grains, corn, and legumes, They are used
mainly for grass, small grains, and corn.

CAPABILITY UNIT IMw—4

This unit consists of ditched and drained areas of deep,
nearly level, very poorly drained soils of the Dimmick and
Lallie series. These soils have a surface layer of silty clay.
Fertility and the available water capacity are moderate,
Organic-matter content is high in the Dimmick soil and
Jow in the Lallia soil. Permeability below the surface layer
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is slow and very slow. Heavy rains or the rapid melting
of snow cause ponding lor periods of several days to more
than a week. Soil blowing is a hazard early in spring, alter
the soils have granulated during the winter.

On these soils the power requirements for tillage are
high, and tilth is difficult to maintain., Drainage ditches
should be maintained to keep ponding to & minimum
during the growing season, but short periods of spring
flooding are beneficial to crops. Optimum content of
moisture i3 o necessary condition at time of tillage to
prevent cleddiness or puddling and crusting. Stubble
mulching and crop residue management are the main
practices nsed to control soil blowing.

Soils in this unit are well suited to adapted grasses. The
risk ol drowning the crops when the soils are ponded
limits their nse for small grains, alfalla, and corn. These
soils are Tairly well suited to small grains, [airly well to
poorly suited to alfalfa, and poorly suited to corn. Soils in
this unit are used mainly for perennial or late-seeded
annual hay crops.

Undrained areas of these Dimmick and Lallie soils are
in capability unit Vw—WI.

CAPABILITY UNIT ITiw-6

This unit consists only of ditched and drained areas of
Parnell silt loam. This soil is deep, nearly level, and, in
its natural state, poorly drained. Fertility, organic-matter
content, and available water capacity are high. Perme-
ability is slow. Heavy rains or the rapid melting of snow
canse ponding for periods of several days to more than a
week. The ponding lasts longer in large arcas that hove
shallow outlets than in other sreas. Soil blowing 18 a
slight hazard.

This soil ig easily worked, and tilth is easily maintained.
Drainage ditches should be maintained to keep ponding
to a minirmum doring the growing season, but shorb
periods of spring flooding are beneficial to crops. Stubble
mulching and crop residue management are the main
practices used to control soil blowing.

This soil is well suited to adapted grasses and fairly
well suited to all other commonly grown crops. The risk
of drowning the crops when the soil is ponded limils the
use of the soil for small grains, atfalfs, and corn. This soil
iz used mainly for perennial hay crops or for late-sceded
snnual hay or grain crops.

Undrained areas of Parnell silt loam are in capability
unit Vw-W1.

CATABILITY UNIT Ills-6

This unit consists only of Stady loam, nearly level. This
soil is well drained and is moderately deep to gravel and
sand. It has a surface layer of loam or silt loam. Organic-
matter content and lertility are moderate, and the avail-
able water capacity is low. Permeability is moderate in
the surface layer and subsoil and very rapid below the
subsoil. The root zone is restricted to the upper few inches
of sand and gravel. Only a small amount of water rmuns
oft. Soil blowing iz a slight hazard.

This soil is easily worked, and soil tilth is easily main-
tained. Frequent rains are nceded during the growing
season to maintain good plant growth. Dry spells more
than 3 weeks long damage grain and forage crops. Summer
tallowing is not generally practiced because of low avail-
able water capacity. Stubble mulching and crop residue
management are the main practices used o control
erosion.
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This soil is suited to small grains, eorn, legumes, and
grass. It is used mainly for small grains, corn, and legumes.

CAPABILITY UNIT Ilis-6P

This unit consists of deep and moderately deep, nearly
level soils of the Belfield, Daglum, and Morton series.
The Belficld and Morton soils are well drained. The Bel-
field soil has a shallow to mederately deep, fractured
claypan, and the Dagluim soils are moderntely well
drained and have o shallow, dense claypan. These soils
have a surface Inyer ol silt loam. Fertility and the available
water capacity are moderate to high, and the organic-
matter content is moderate. Permeability is generally
slow and very slow, except that the Morton soil has mod-
erate permeability. On long slopes, some water runs off
during heavy rains, and water crosion is o moderate
hazard. Soil blowing is a slight hazard.

Seils in this nnit are ecasily worked, and good tilth is
ensily maintained. The growth of plant roots and the
penctration of moisture arve restricted in the claypan.
Stubble mulching and erop residue management are the
main practices used to conirol erosion. On long slopes,
grassecl waterways and diversions are needed. Stubble
mulching, manuring, and including legumes in the rofa-
tion help loosen the elaypan.

These soils are well suited to grasses wnd [arly well
suited to small grains, legumes, and corn. They are used
mainly for small grains and corn.

CAPABILITY UNIT Ils-7P

This unit consists of deep and moderately decp, nenrly
level soils of the Belfield, Daglum and Regent series. The
Belfield and Regent soils arc well drained. The Belfield
soil has a shallow to moderately deep, fractured cluypan,
and the Daplum soils are moderafely well drained and
have a shallow, dense claypan. These soils have a surface
layer of silty clay loam. Fertility and the available water
capacity are moderate to high, and the organic-matter
content is moderate. Permeability is slow and very slow.
On long slopes, wafer runs during heavy rains, and on
unprotected slopes, water erosion is a moderate hazard.
These soils are more resistant to soil blowing than most
other soils in the county.

Diffieulty in mainteining soil tilth iz o moderate con-
cern of managoment. Stubble mulching, crop residue
management, and cross-slope cultivation are the main
practices used to control erosion. On long slopes, grassed
waberways and diversions help confirol erosion. Stubble
mulehing, manuring, and including legumes in the rota-
tion help loosen the claypan.

Those soils are well suited to grasses, fairly well suited
to small grains and legumes, and poorly suited to comn.

CAPABILITY UNIT IVe-

This unit consists of deep, gently undulating and un-
dulating, well-drained soils of the Flaxton and Lihen series.
These soils have a surface layer of loamy fine sand.
Fertility, available water capacity, and organic-matter
content are modernte. Permeability is generally rapid,
but the Flaxton soil has moderately slow permeability
below the upper part of the subseil. Soil blowing is »
serious hazard.

Soils in this unit are easily worked, but controlling
erosion and returning crop residues to the soil are needed
to maintain good tilth. These soils have a deep root zone.

The Flaxton soil can store a large amount ol moisture for
deep-rooted Jegumes. Drainageways should he protected
to control gullying. Tntensive use of severnl measures is
needed to control erosion, to conserve moisture, and to
maintain tilth, ferfility, and the organic-matter content.
The use of windbreaks and the inclnsion of grass and
legumes in the crop rotation are especially needed in
areas under continued cultivation. Summer fallowing to
conserve moisture on Lihen soils is a marginal practice
that may not be boneficial enough to be warranted.
Tilling when the soil 1s moist leaves maximum cloddiness,
which helps to control erosion.

These goils are well suited to legumes nnd grasses and
fairly well suited to small grains and corn. They are used
mainly for grass, small grains, and corn.

CAPARILITY UNIT IVe-1

This unit consists mainly ef deep and moderately deep,
nearly level to rolling soils of the Banks, Trembles,
Flaxton, Livona, Parshall, Tally, Vebar, and Williams
sovies, The Banks and Trembles soils are nearly lavel to
undulating, but the other soils arve sloping or rolling. These
soils have a surfnce layer mainly of fine sandy loam.
Soils in this unit are generally well drained, but the Banks
woils are somewhat excesstvely drained. TFertility and
available water capacity are low in the Banks soils, hut
moderate to high in the other soils. The organic-matter
content is low in the Trembles and Banks soils but mod-
arate to high in the other soils, Permeability in some
layers below the upper part of the subseil is generally
moderately rapid fo moderately slow, but the Banks soils
have rapid permeability, Except on the Banks and Trem-
bles soils, considerable amounts of water run off the
steeper and longer slopes, and water erosion is a moderate
hazard. Soll blowing is also a hazard on all but Banks
and Trembles soils.

Soils in this unit are easily worked and have n deep root
zone. Gullying in cultivated drainageways is a serious
hazard. Intensive use of several conservation measures
is needed to control erosion, maintain fertility and good
soil tilth, and conserve moisture. Losses of soil and water
can be minimized by including more grasses and legumes
ancd less row erops in the crop rotation. Summer fallowing
i not generally practiced on the Banks, Trembles,
Parshall, Tally, and Vebar soils because these soils have
moderate to low available water capacity and high erodi-
bility, Tor the Banks and Trembles soils and croded areas
of other soils, intensive management is needed in the
maintenance of fertility and the use of crop residues.

These soils are well suited to grasses, well suited to (airly
well suited to legumes, and faivly well suited to small
grains, They are suited to corn if adequate amounts of
moisture are conserved and erosion conirol practices nre
used. These soils are used mainly for grass and small
grains.

CAPABILITY UNIT IVe-iL

This unit censists only of Sen-Werner loams, sloping.
These soils are moderately deep and shollow and well
drained. They have moderate organic-matter content. The
Sen soil has high fertility and nvailable water capacity,
but the Werner soil has low fertility and available water
capacity. Permeability 1s moderate. Considerable wmounts
of water run off during heavy rains, and some areas are
eroded. Because this soil contains lime, the soil granules
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slake into sand-sized particles that are susceptible o soil
blowing.

Soils in this unit are easily tilled. Control of water
crosion and maintenance of organic-matter content, fer-
tility, and good soil tilth are concerns of management.
Intensive use of several messures is needed to prevent
excessive losses of soil and water. Intensive management
of crop residues and restrictions on the use of row crops
and fallowing are needed. The rooting of legumes and
trees is restricted in the shallow underlying material.

These soils are well suited to grasses, fairly well suited
to small grains, and poorly suited to corn sud legumes.
They are used mainly for grass and small grains.

CATABILITY UNRIT IVe-5

This unit consists only of Stady-Lehr loams, sloping.
These soils are moderately deep and shallow to sand and
gravel and are well-drained and somewhat excessively
drained. They have o surface layer of loam or silt lomm.
Fertility and the organie-matter content are moderate,
and the available water capacity is low. Permeability is
maderate and moderately vapid in the subsoil and very
rapid below. The root zone is restricted to the upper few
inches of sand and gravel. Some water runs off during
heavy rains, and water erosion is o serious hazard. Sol
blowmg is o moderate hazard.

Soilg in this unit are easily titled, and seil tilth is easily
maintained. Frequent rains are needed during the growing
season to maintain good plant growth. Dry spells more
than 3 weecks long are damaging to grain and forage
crops. Summer fallowing is not generally practiced
becnuse the soils have low wavailable water capaeity.
Stubble mulching, crop residue management, cultivating
across the slope, and striperopping are the main practices
used to control erosion. Grassed waterways arve needed
in most drainageways. Use of row crops should be
restricted.

This complex is suited to grass, fairly well suited to
small grains and corn, and poorly suited to legumes.
It is used mainly for grass and small grains.

CAPABILITY UNIT IVe-§

This unit consisis of deep and moderately deep, well-
denined, hilly soils of the Amor, Morton, Sen, Temvik,
Williams, and Zahl series. These soils have a surface
layer of loam or sitt loam. Fertility and the available
water capacity are generally high, but the Zahl soil has
low fertility and the Amor soil has moderate fertility and
available water capacity. The organic-matter content is
moderate. Permeability is moderate and moderately slow.
Much of the water runs off these soils, and some areas
are eroded. Water erosion is a serious hazard, and seil
blowing is a slight, hazard,

Soils in this unit are easily worked, except in croded
spots where the more clayey subsoil is exposed, and good
tilth is casily maintained. Intensive usc of several
practices is needed to control erosion. Row crops cannot
be salely grown becanse soil losses are excessive and most
cultivated drainageways are gullied. Grassed waterways
are needed in these drainageways,

These soils are fairly well suited to small grains and
legumes, well suited to grass, and poorly suited to corn.
They are used mainly for grass aud small grains.
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CAPADILITY UNIT 1Ve-6P

This unit consists of deep and moderately deep, stoping
soils of the Belfield, Daglum, and Morton series. The
Belfield and Morton soils are well drained, and the Daglum
soil 1s moderately well drained. The Belfield soil has a
shallow to moderately deep, fractured subsoil, and the
Daglum soil has o shallow, dense snbsoil. The soils m
this unit have a suwrface layer of silt loam. Fertility and
the available water capacily are moderate o high, and
the organic-matter conient iz moderate. Permeability
is generally slow and very slow, but the Morton soils have
modernte permeability. Most of the water runs off these
soils during heavy rains, and some areas are eroded. On
unprotected slopes, water erosion is a serious hazard.
Soil blawing is a shght hazard.

Soils in this unit are easily worked. Good tilth is easily
maintained except in eroded areas where the more clayey
subsoil is exposed. Plant roots and moisture penectration
are restricted in the claypan. Intensive use of diversions,
grassed waterways, and other measures is needed to con-
trol erosion. Stubble mmiching, manuring, and including
legumes in the rotation help leosen the cluypan. Row
crops cannot be grown because losses of soil are excessive.

These soils are well suited to grasses, fairly well suited
to marginally suited to small grains and legnmes, and
poorly suited to corn. They are used mainly for grass and
small grains.

CAPABILITY UNIT IVe-TD

This unit consists of a complex of the deep and mod-
erately decp, sloping soils of the Daglum and Regent
series. The Ilegent soil is well drained and the Daglum
soil has a shallow, dense claypan and is moderately well
drained. These soils have a surface layer of silty clay lonm.
The organic-matter content is moderate, and fertility
and the available water capacity are moderate to high.
Pormeability below the surface layer is slow and very slow.
Mest of the water runs off during heavy rains, and some
arens are eroded. On unprotected slopes, water erosion is
a serious hazard. These soils are more resistant to soil
blowing than most soils in the county.

Difficulty in maintaining soil tilth is a moderate con-
cern of management and is more serious in eroded arcas
than in other areas. Intensive use of diversions, grassed
waterways, and other meagsures is needed to control
erosion. Plant roots and moisture penetration are re-
stricted by the claypan. Stubble mulching, muanuring,
and incloding legumes in the rotation help loosen the
claypsn. Row crops cannot be grown because soil losses
are excessive,

These soils are well suited to grasses, marginally suited
to small grains and legumes, and poorly suited to corn.
They are used mainly lor grass and small grains.

CAPABILITY UNIT IVw-i

This unit consists only of undrained areas of Lallie
silty clay, a deep, nearly level, poorly drained soil, Fertility
and the available water capacity are moderste, and the
organic-matter content is low. Permeability is slow,
This soil ponds for periods of several weeks carly in spring
and after heavy rains, In most years, the water table
ranges {rom 0 {o 5 feet in depth. The high water table
is beneficial in dry years.

Wetness is the main concern of management. Proper
mstallation and maintenance of drainage ditches are
needed il this soil is to be intensively cultivated.
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This soil iz well suited to reed canarygrass and per-
manent, adapted grasses, and fairly well guited to late-
seeded small grains and annual hay. However, there is a
risk ol drowning the crops. This soil is used mainly for
perennial hay crops.

Drained arens of Lallie silty clay are in capability
unil Tiw—4.

CAPABILITY UNIT IVw-41,

This unit consists of nndrained areas of Colvin and
Regan silt loams, These soils are deep, nearly level, and
poorly drained. Fertility is moderate, and the organic-
matter content and available water capacity are high.
Permenbility is moderate. In most years the water
table ranges {from 1 to 4 feet in depth.

Wetness is the main concern of management, except
in dry years when the high water table is beneficial.
Proper installation and maintenance of drainage ditches
are necessary if these soils are to be intensively enltivated.

These soils are well suited to permanent hay or pasture.
They are suited to late-sseded small grains and annual
hay, but there is a risk of crop damage from wetness as a
result of & high water table. These soils furnish good sites
for stockwater dugouts and shallow wells, They are
used mainly for native pasture and hay. _

Drained areas of Colvin and Regan silt loams are in
capability unit TIw—4L.

CAPABILITY UNIT 1Vw-5§

This unil consists of mdrained areas of Tonka and
Parnell silt loams. These soils are deep, nearly level, and
poorly drained to very poorly drained. The very poorly
drained Parnell soll in this unit is in small depressions
within larger areas of Tonkn soil. Fertilily is moderate to
high, and the organic-matter content and available water
capacity are high. Permeability is slow. In most years,
these soils pond or have & water table from 0 to 8 feet n
depth. They are ponded for several weeks in spring or
after heavy rains. In dry vears, the high water table and
the short periads of flooding are beneficial.

Wetness is the main concern of management. Proper
installation and muintenance of drainage ditches are neces-
sary if these soils are to be intensively cultivated.

These soils are well suited to permuanent hay or pasture.
They are suited to late-seeded small grains and ammual
hay, but there is a risk of drowning the crops. These soils
furnish good sites for stockwater dugonts and shallow wells.
They are used mainly for permanent hay, pasture, and
wildlife habitat.

Drained areas of Tonka and Parnell silt loams are in
capnbility unit ITw-6.

CAPABILITY UNIT Vw-Ov

This unit consists only of Alluvial land. The soil 1s deep
and poorty drained to somewhat poorly drained. This Innd
type is in bottom lands along the Missowri River, It is
nearly level to gently undulating. Surface texture is mainly
coarse or moderntely coarse. The available water capacity
is mainly low te moderate, and the organic-matter content
and fertility are low. Permcability is moderale to rapid.
This land is flooded during periods when the Missouri River
is high. The water table is above a depth of 5 feet most
of the time.

The main concern of management is weiness. This Jand
type is suited to wildlife habitat and to pasture during
periods when the surface soil is dry. Controlled grazing

SO0IL BURVEY

during wet periods is needed to prevent frampling that
destroys forage.
CAPABILITY UNIT Vw-WIL

This unit consists mainly of undrained areas of soils of
the Dimmick, Lallie, Parnell, and Regan series. These
soils are deep and nearly level. The Regan soil is very wet,
and the other soils are very poorly drained. These soils
have a surlace layer of silt loam or silty clay. Fertility and
available water capacity are moderate to high. The organic-
matter content is generally moederate to high, hut the
Lallie soil hag a low organic-matier content. Permeability
is moderate to very slow, These solls are saturated in spring
and early in summer, and the water table is always high.
Water from runoff, flooding stresms, or seepage is con-
stantly on the surfuce, or it is recharging the ground water
and thus contributing to o high water table.

The main comecern of management is wetness. Inadequate
drainage outlets, periodic flooding, and seepage make
drainage not economically leasible in many areas of these
soils, Native plants are mainly coarse grasses and sedges.
Late-scason grazing is mecessary to prevent excessive
trampling that desleoys forage on the saturated surface
Inyer.

These soils ave suited fo wildlife habitat and during
the drier part of the season to pasture, In dry years the
Dimmick and Parnell soils are suited to late-season hay,
and after a series of dry years, these two goils can be used
for lale-sceded small graing but the risk of flooding is
great.

CAPABILITY UNIT Vie-Sa

This unit consists only of Telfer-Lihen loamy fine sands,
steep. These solls are deep and excossively drained and well
drained. Fortility and the organic-matter content are
moderate, and the available water capacily is low to
moderate. Permeability is rapid.

Frequent rains are needed to sustain growth ol grasses.
on these solls. Growth, however, quickly resumes after
rains and is rapid while soil moistire is available. Con-
servation of moisture and protection from erosion are
helped by proper stocking and distribution of grazing,
During establishment of plant cover, eroded areas neced
reseeding and protection from grazing.

These soils are too droughty and eredible to be suitable
for cultivation. They are smted to permanent hay amnd
pasture and are used mainly for pasture.

CAPABILITY UNIT Vie-Si

This unit consists ouly of Straw loam, channeled, a.
deep, well-drained soil. This soil 1s generally nearly level.
Fertility, the organic-matter content, and available water
capacity are high. Permeability is moderate. Some areas
of this soil are occasionally flooded for short periods. This
soil is gullied in places where it receives excessive runoft
from nearby, overgrazed, very steep soils. Water erosion is
o hazard.

Channel alinement, shaping, and stream diversions are
needed before resecding gullied arcas to grass. Seceded
arcas need protection from grazing for establishment of
protactive cover. Proper stocking and distribution of
grazing are needed to maintain range condition.

This soil is too channeled and too subject to water
erosion to be suilable for cultivation. It is well suited to
and used mainly for native range and hay.
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CAPABILITY UNIT VIe-Sy

This unit consists of well-drained, hilly soils of the
Cohagen, Flaxton, Vebar, and Willinms series. The
Vebar soil is moderately decp, the Cohagen soil is shallow,
and the other soils are deep. These soils gonerally have a
surface lnyer of fine sandy loam. Fertility, the organic-
matter content, and available water capacity are moderate
to high, hut the Cohagen soil is low in these gualities.
Permeability 1s moderately rapid to moderately slow.
Much of the water runs off these soils, and a few cultivated
areas are eroded.

Reseeding eroded arens to permanent grass and protec-
tion from grazing are needed during establishment of
ground cover. Proper stocking and grazing distribution
are needed to conserve moisture and control erosion.

These soils arc too erodible to be suitable for cultivation.
They are suited te and used mainly for native pasture.
The more gently sloping soils on uplands and in swales
are suited to native hay.

CATABILITY UNIT VIe-Sw

This unit consisls of steep, shaliow and moderately
deep, well-drained soils of the Cabba, Cobhagen, Vebar,
and Werner series. These soils have a surlace layer of
clay loam to fine sandy loam. Fertility, the organic-matter
content, and available water capacity are low to moderate.
Permeability is moderate and moderately rapid. Most of
the water runs off ihese soils. Shallow, bedded sandstone
and shale seriously restrict the plant root zone. Gullying
of cattle trails is common on overgrazed slopes. In some
places are small areas of very stony soils or shale and
rock outerops,

Proper stocking and grazing distribution are needed
to conserve moisture and control erosion. During establish-
ment of ground cover, shaping, diversions, reseading, and
protection from grazing are practices needed to control
gullying,

These scils are too shallow and too erodible to be
suited to cultivation. They are suited to and used mainly
Tor native range. The small, more gently sloping areas
on uplands and in swales are suited to native hay.

CAPABILITY UNIT VIe-TS

This unit consists only of Buanks fine sand, rolling, a
deep, somewhat excessively drained soil. Fertility, the
organic-matter content, and available water capacity
are low. Permeability is rapid. This seil is droughty
because of the low available water capacity and loss of
water by runoff. Some places have many blowout spots.
The soil supports a thin stand of grasses, trees, and
shrubs. It is very susceptible to soil blowing.

Trequent rains are needed to sustain plant growth.
Proper stocking and distribution of grazing are needed
Lo control runoff, conserve meisture, and conirel erosion.
In croded sreas, reseeding and protection from grazing
are needed during establishment of ground cover.

This soil iz too erodible and droughty to be suitable for
cultivat on. It is sulted to and used mainly for native
pasture.

CAPABILITY UNIT Vie-TU

This unit consists only of Zahl-Williams loams, hilly.
These soils are deep and well drained. The acreage of
Zah soil is about equal to that of Williams scil. In some
places are arcas of very stony coils. These soils have
moderate organic-matter content and high awvailable
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water capacity., The Williams scil has high fertility and
the Zahl soil has low fertility. Permeability is moderate
and moderntely slow, Most water Tuns off. A few areas
that have been caltivated arve eroded.

In eroded areas, reseeding to permanent grass and
profection from grazing are needed during establishment
of ground cover. Grazing maonagement that conserves

water and controls erosion helps fo maintain range
condition.

These soils are too steep, shallow, and erodible to be
suitable for cultivation. They are snited to and used
mainly for native range. The stone-free, more gently
sloping areas on tablelands and in swales are suited to
native hay. These soils have good sites for stoclowater
development.

CAPABILITY UNIT YIs-CD

This unit consists only of Hail silty clay, a nearly level,
deep, poorly drained soil. This soil has a very shallow,
dense claypan. Fertility, the organic-matter content, and
available water capacity are moderate. Permeability is
very slow, The soil is ponded for short periods in spring
and after heavy rains. In most years, the water table
ranges from 0 to 7 feet in depth. The claypan seriously
restricts the growth of plant roots and the penetraiion of
moisture. This soil does not give up moisture readily to
plant roots and is droughty in the dry part of the growing
SEASOTL.

Ponding partly offsets the bad effect of the claypan on
erass production, and drainage of this soil lowers forage
production. The trampling of livestock while the soll is
wet destroys some of the forage and further reduces
permeability of the soil. Range condition is maintained by
use of proper stocking and grazing distribution.

This soil is not suitable for cultivation. It is suited to
and 1s used for native pasture and hay. It has good sites
for stockwater dugouts.

CAPABILITY UNIT Yis-SL

This unit consists of deep, nearly leve! Tlarriet soils
and Strongly saline land. These soils are strongly saline
and =somewhat poorly drained to very poorly drained.
The Harriet soils have o very shallow, weak claypan.
The soils in this unit have o surface layer of fine sandy
loam to silty clay. Ferlility is low, and the organic-mat-
ter content and available water copacity are maoderate.
Permeability is moderate to slow. A few areas are ponded
for short perinds. In most years, the water table ranges
from 0 to 6 feet in depth. Vegetation is mainly a palchy
stand of salt-tolerant native grasses, Strongly saline, bar-
ren surface spots are subject to soil blowing when dry.

Wetness, salinity, and the c¢laypsan arve the main con-
cerns of mansgement. Drainage improves soils that have
moderate permeability that allows the leaching of salis,
but the drainage of most arvens is not economically feasible.
The trampling of livestock destroys forage when these
soils are wet, Proper stocking and grazing distribution
help control erosion and maintain range condition.

Soils in this unit are too salty and poorly drained to be
suitable for cultivation. They are suited to and used for
native pasture and hay, bui in most years the hay cannot
be cul early enough to be of good quality because the
soils are wet. These soils have good sites for stockwater
dugouts, but the salt content of the water is high.
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CAPABILITY UNIT Vig-TCp

This unit consists only of Rhoades-Daglum complex,
rently sloping. These soils are deep and moderaiely well-
drained. The Daglum soil has a shallow claypan, and the
Rhondes soil has a very shallow, dense claypon. These
soils have a surface layer of fine sandy loam Lo silty clay
loam. Fertility and the available water capacity are mod-
erate to low, and the organic-matter content is moderate.
Permeability is very slow. The claypan subscil sevecely
restricts the penetration of roots and moisture. Much of
the water runs off these soils, and some livestock trails
are gullied. In some places are small areas of very stony
solls.

The dense claypan is the major concern of management.
Late-season grazing, deferred grazing, proper stocking,
and distribution of grazing help maintain range condition,
Manuring and seeding of sweetclover and other legumes
are heneficial [or water intake and fertility. Eroded live-
stock trails need reclaiming and protection from grazing
during establishment of grass seedlings. These solls are not
suitable for cultivation because they have poor iilth, are
erodible, and have a subsoil that resiricts roots.

These soils wre suited to and used mainly for native
pasture. Forage production is too low for good hay. There
are good sites for stockwater development.

CAPABILITY UNIT VIle~Sw

This unit consists of complexes of very steep, well-
drained and excessively dramed, shallow soils of the
Cabba, Cohagen, Ringling, and Werner scries, Shale
outcrop, and Sandstone outerop. These soils have »
surfnce layer of light silty clay loam to fine sandy loam
or gravelly loam. In seme places on ridgetops are areas
of very stony soils. Fertility and the available water
capacity are low, and the organic-matter content is low
to moderate. Permeability is moderate in the Cabba
and Werner soils, moderately rapid in the Cohagen soil,
and rapid in the Ringling seil. Mosi of the waler runs
off these soils. The shallow bedded materinls seriously
restrict the growth of plant roots. Areas where shale,
rock, and sandstone crop out have little plani cover.
Raw shale and rock are subject to geologic erosion that
is accelerated by overgrazing, and the gullying of cattle
trails is common on overgrazed slopes,

Proper stocking and distribution of grazing are needed
for protection of soil and control of erosion. Shaping,
diversions, resceding, and protection during establish-
ment of cover are practices needed to control gullying
and erosion,

These soils are too shallow, steep, and erodible to he
guitable for cultivation. They are suited to and used
mainly for native range.

CAPABILITY UNIT VIle-TU

This unit consists only of Zahl-Williams loams, steep.
These soils are deep and well drained. The dominant
soil is the Zahl soil, which has a thin sclum. In some
places are areas of very stony soils. The soils in this
unit have moderate organic-matter content and high
available water capacity. The Williams soil has high
fertility, and the Zahl soil has low fertility. Permeability
ts moderate and moderately slow. Most of the water
runs off, and in places, overgrazed slopes and cattle
trails are eroded.
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In eroded aress, reseeding to permanent prass and
protection from grazing are needed during establishment
of ground cover. Grazing management that conserves
water and controls erosion helps to maintain range condi-
tion on these soils.

These zoils are too steep, shallow, and erodible to he
suitable for cultivation. They are suited to and used for
native range. A few of the small, stone-free, more gently
sloping areas on tablelands and in swales are suiled to
native hay. These soils have good sites for livestock
water developments.

CATABILITY UNIT VIIs-Si

This unit consists of the moderately deep and deep,
sloping or rolling, well-drained, stony and slone-lree
soils of the Morton, Sen, and Williams series. Glacial
and silicified cobblestones, stones, and boulders cover
about 10 percent of the soil surface, and more than 50
percent of the coarse fragments ave lorger than 10 inches
i diameter. These soils have a surface Taver of loam or
silt loam. Fertility and the available water capacity are
high, and the organic-matter content is moderate. Perme-
ability is moderate and moderately slow.

Because of the stoniness, these soils are nol suituble
for cultivation with machinery, and removal of stones
has not been economically feasible for farmers. Some
formerly stony areas have been cleared of stone by
contractors who use the stone for construction purposes.
Proper stocking and grazing distribution control erosion
and maintain range condition.

These soils are well suited to and nsed mainly for
native pasture,

Cleared areas ol these seils are in capability unit
IITe-6.

CAPABILITY UNIT YiIs-Sy

This unit consists only of Vebar stony fine sandy loam,
hilly. This soil is'moderately deep and well drained. Some
areas are stony, and some are relatively free of stones.
Glacial and silicified cobblestones, stones, and boulders
cover 10 to 15 petcent of the soil surface, and more than
75 percent of the coarse fragments are larger than 10
inches in diameter. Fertility, the organic-matter content,
and available water capacity are moderate. Permenhility
is moderately rapid.

Because of the stoniness, these soils are not suitable Tor
cultivation with machinery, and the removal of stones is
not economically feasible for farmers. Some formerly
stony areas have been cleared hy contractors who use the
stone for construction purpoeses. Proper stocking and
grazing distribution sre practices that control erosion and
maintain range condition.

This soil i well suited to and used mainly for native
pasture.

Cleared areas of this soil are in capability unit VIe-Sy.

CAPABILITY UNIT VIIs-V3

This unit consists only of Wabek gravelly loam, steep.
This soil is excessively drained and is very shallow over
sand and gravel. The organic-matter content is moderate,
fertility is low, and the available water capacity is very
low. Permeability is very rapid in the sand and gravel
underlying matertal but rapid in layers above this. This
soil supports a thin stand of native grasses. The growth of
plant roots is restricted to the upper few inches of sand
and gravel.
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Frequent rains are needed to sustain plant growth.
Practices are needed to prevent runoff snd to conserve
as much precipitation as possible. Proper stocking and
grazing distribution are essential to maintenance of range
condition.

This soil is too shallow, droughty, and steep to he suit-
able for cultivation. Tt is suited to and used for mative
pasture. Forage production is too low for the soil to be
suited to hay.

CAPABILITY UNIT VIIs-1

This unit consists of Gravel pits and Mine dumps. The
areas are more than 3 acres in size. These land types are
nearly level to very steep, deep to very shallow, and
ponded to excessively drained. Fertility and the organic-
matbter content are low, the available water capacity is
very low to modernte, and permeability is very rapid to
slow. Vegetation is very sparse over most of the acreage
and is more dense in nearly level areas than in other areas.
Some waot, low areas have irees and shrubs. Plants on the
dry sites are mainly grasses, weeds, and sweetclover,
Nearly all water runs off Mine dumps, but very little
ruus off Gravel pits; both are very droughty.

Without reclmmation these land fypes are suited to
wildlife habitat and recreation and pootly suited to pasture.
In time, they support more vegetation if protected from
Iivestock, They are suited to pasture after extensive
land leveling, revegetation, and fertility and residue
management.

CAPABILITY UNIT Vlle

This unit consists only of Riverwash. It is made up of
barren sandbars, within and adjacent to the Missouri
River channel, that are exposed when water is low. During
periods of high water, these sandbars are flooded, and
the rest of the time the water table ranges from 0 to 5
feet in depth. The surface layer is mainly fine sand Lo
fine sandy loam. IFertility and the organie-matter content
are low, the available water capacity is low to moderate,
and permeability is rapid to moderate.

This land type is highly unstable and is constantly
shifted by the river current. When dry, the soil blows.
More stable areas support a growth of willows and
cottonwoods.

This land Gype is suited to wildlife habitat, recreation,
and esthetic purposes. Management, is not feasible be-
cause of the instability.

Predicted Yields

Predicted yields of the principal erops grown in Oliver
County, under two levels of management, are shown in
table 3. These predictions are based on information
obtained from farmers and other agricultural workers in
the eounty. They are avernges {or a period long enough
to include years of both faverable and unfavorable tem-
perature and moisture supply during the growing season.
The predictions represent the acreage planted, rather than
only the acreage harvested.

Range *

In Oliver County about half the acreage is used mainly
ag range. This range supports a cover of natural vegeta-

? By CuavroN L. QUiNnTLD, Tange conservatinnist, Boil Can-
servation Service, Bismarek, N. Dak.
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tion, chiefly grasses, sedges, and other herbaceous plants,
that are in large enough gquanlity to be valuable for
grazing. Most of this land remains in range because it
is not suited to cultivated crops, but in places there are
areas of high-quality soils that are kept in range becnuse
they are interspersed with large areas of untillable soils.
Currently, range is a valuable natural resource in this
county and is important to the farm economy.

Range occurs in all parts of the county, but most of
it is in the eastern part, where it adjoins the bottom lands
along the Missourt River. This area ig relatively rough,
mainly because it is cut by many drainageways leading
to the river. The soils are steep, have mainly a thinly
developed profile, and are underlain by slightly weathered
loamy residuum or thin glacial till, “There are also areas
used for range along the drainage system of Square
Butte Creek m the central and southeastern parts of
the county and on the river breaks nlong the wvalleys
of the Missouri River and the larger creeks. Less extensive
arens where range is locally a major land wse oceur
throughout the county, but they have mainly smooth
topography.

Range sites and condition classes

Different kinds of soil vary in their capacity to produce
grass and other plants for grazing. Soils that produnce
aboul the same kinds and amounts of forage, if the rnnge
is in similar condition, make up a range site.

Range sites are kinds of rangeland that differ in (heir
ability to produce vegetation. The soils of any one range
site produce about the same kind of climax vegetation.
Climax vegetation is the stabilized plant community;
it reproduces itself and does not change as long as the
environment remaing unchanged. Throughout the prairie
and the plains, the climax vegetation consists of the
plants that were growing there when the region was
first settled. If cultivated crops are not grown, the most

roductive combination of fornge plants on a range site
1s generally the climax vegetation.

Decreasers are plants in the climax vegetation that
tend to decrease in relative amount under close grazing.
They generally are the tallest and most productive
Fereﬂnial grasses and forbs and the most palatable to
ivestock.

Tncreasers arve plants in the climax vegetation that
increase in relative sinount as the more desirable decrenser
plants are reduced by close grazing. They are commonly
shorter than decreasers and are generally less palatable
to hvestock.

Tnvaders ave plants that cannot compete with plants
in the climax plant community for mosture, nutrients,
and light. Hence, invaders come in and grow along with
increasers after the climax vegetation has been veduced
by grazing. Many arve annual weeds, and some are shrubs
that have some grazing value, but others have little
valuefor grazing.

Four range condition classes are used to indicante the
degree of departure from the potential, or climax, vegeta-
tion brought about by grazing or other uses. The classes
show the present condition of the nalive vegetation on a
range site in relation to the native vegetation that could
grow there.

A range Is in excellent condition if 76 to 100 percent of
the vegetation is of the same kind as that in the climax
stand. It is in good condition if the percentage is 51 to
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TapLe 3.—Estimated average yields per acre of principal crops under bwo levels of management

[Columns A dist yields to be expected under prevailing management and columns B list yields that can be obtained under improved manage-
ment, Abscence of a yield figure indicates that the crop is not suitable or ordinarily is not grown]

Wheat, Barley Oats Corn Alfalfa
silage hay
Soil
A B A B A B A B A B
Bu, Bu, Bu, Bu. Bu. Bu. Tims Tons Tong Tons
Allavial lando . e e e e e oo
Arnegard leam, nearly level .o L._..- 22 29 29 40 40 51 4.8 6.6 1.5 2.2
Arnegard loam, gently sloping_ . .- 20 26 26 a8 36 46 4, 4 G0 1. 4 2.0
Arnegard loam, sloping. .. .o ... 17 22 22 31 31 3 37| 51 1.2 1.9
Banks finc sand, rolling._ e e m e e e mm e e e
Banks soils, gently undulating.--. . __.____ e 9 12 12 16 16 21 2.5 3.5 1.0 1.2
Banks-Trembles fine sandy loams, nearly level . . ____________ 10 13 13 18 18 231 30| 40| 1.0 1.4
Banks-Trembles fire sandy loams, undulating ... ____________ 11 14 14 20 20 251 3.0 40 .9 1.3
Belfield-Daglum silt leams, nearly level . __________________ 18 21 21 29 20 371 20 3.0 1.0 1.2
Belfield-Dagluin silt loams, gently sloping . ______._______ 14 18 18 25 25 32 L7 27 .9 1.1
Belfield-Daglum silty clay loams, nearly level .. .. __ . ___. 14 18 18 25 25 32 1.7 2.7 Nt 1.1
Belfield-Daglum siliy clay loams, gently sloping - . _____._.__ 13 17 17 23 23 30 1.5 2.5 .8 1.0
Belfield-Morton silt loams, nearly level. o _______________ 18 23 23 32 a2 41 30| 40 1.1 1.5
Belfield-Morton silt loams, gently sloping- ... ____________ 16 21 21 29 29 37 2.5 3.5 L0 1. 4
Belfield-Morton silt loams, sloping. . oo . oo 13 17 17 23 23 30 2.0 3.0 .9 1.2
Belfield-Straw loams, nearly level .. . ______.._. 19 25 25 34 34 44 | 3.0 4.0 1.1 1.5
Cabba-Shale outerop complex, very steep.. oo oo ouleaooo oo e e
Cnbba-Werner complex, steep_ oo .. _f|eeooo|ooolil JERSRR UUOU SRR FSORUPSUO (PRI I SR (S PR
Cabba-Werner complex, very steep . oo eoooo e e e
Cohagen-Sandstone outerop, very steep. oo b | e e e
Cohagen-Vebar fine sandy lTowms, steep_ - - oo e e oo e fea o
Colvin and Regan silb loams . .. o . ... 115 20 20 27 27 351 33| 45 1.5 2.0
Dimmick silty elay - . oo e o 115 20 20 27 a7 35 2.5 . 8.5 1.5 2.2
Farland silt loamn, nearly level o __ ... ____._.__ 19 25 25 34 34 4| 4.2 57| L3 1.9
Farland silt loam, gently sloping_ ... ______. 18 23 23 3 32 41 3.7 52 1.2 1.8
Flaxton loamy fine sand, undulating . o oo _______. 12 16 16 22 22 28 2.3 3.8 .7 1.2
Flaxton-Livona fine sandy loams, nearly level ... _____ . _____ 16 21 21 29 20 37 3.6 4.8 1.0 1.5
Flaxton-Livona fine sandy loams, undulating_____ . __________ 15 20 20 27 27 3| 38 43 .9 1.4
Flaxton-Livona fine sandy loams, rolling....__ . ey 14 18 18 25 25 320 27, 39 . 8 1.2
Flaxton-Williams loams, nearly level _______________________ 17 22 22 31 31 30 3.7 51 1.1 1.7
Flaxton-Williams loatns, undulating.. .. __________._____ 16 21 21 29 20 37 3.8 484 1.0 16
Flaxton-Willinms soils, undulating ... _________. ____..__ 16 21 21 29 20 37| 3.5 4.8 1.1 1.7
Flaxton-Williams soils, ralling____ .. e 13 17 17 23 23 30 20 3.9 1.0 1.6
Flaxton-Williams soils, hilly. o .o e
Grail silt loam, nearly Yevel o . ____ 22 29 29 40 40 51 4,4 &0 1.5 2.3
Grail silt loam, gently sloping_ . _.. 20 26 26 35 36 46 4.0 55 i. 4 2.1
Grail silby clay loam, nearly level oo . ____ . .. ____. 22 29 20 40 40 5l 3.8 5.0 1.5 2.3
Grall silty elay loam, gently sloping_ - . ..o ______ 20 26 26 36 36 46 3.3 4.5 1.4 2.1
Grail silty elay loam, sloping_ ... __. 17 22 22 N 31 39 2.8 3.8 1.3 1.8
Grassng silt loam, nearly level ___ . ________ 22 29 29 44 40 51 4.8 6.6 1.5 2.3
Grassna silt loam, gently sleping . .. _____________ 20 26 26 36 36 46 4. 4 6.0 1.4 2.1
Gravel pits o . oo oo e e e e
Flarriet eomplex_ . .o e e
Havrelon loam - . eee_ 19 25 25 34 34 44 | 4.3 5.5 1.4 2.0
Havrelon silty clay loam. .. .. 19 25 25 34 34 44 3.5 4 5 1.4 2.0
Havrelon silty elay - - aa__ 18 23 23 32 32 41 3200 40 13 1. 8
Havrelon-Trembles fine sandy loams .. ________._ ___.. . ___ 17 22 22 31 31 39 4.0 5.0 1.3 1.9
Heil silty elay . e e e
Lallie silty elay_ o oo .. 115 20 20 27 27 35+ 30| 40 1.5 2.0
Tallie silty clay, very webo o e __ 115 20 20 27 27 34 2.5 3.4 1.2 1.8
Lawther silty clay, nearly level . __________ ____ S 20 26 26 36 an 441 5.0 4.0 1.4 1.9
Lawther silty elay, gontly sloping___ ____ . _____ . _____________ 18 23 23 32 32 41 2.5 3.5 1.3 1.8
Lefor fine sandy loam, gently sloping_____ . ____.________.___ 13 17 17 23 23 30 3.0 4.0 .9 1.3
Lihen loamy fine sand, nearly level o . . _________.._____. 10 13 13 18 18 23 2.5 3.3 Bt 1.3
Lihen fine sandy loam, nearly level . . ______________________ 12 16 16 22 22 28 3.3 5.0 Lo 1.5
Linton silt kaam, sloping ... .. __________. 12 16 16 22 22 28 [ 3.4 47| 1.0 15
Linton-Mandnn silt loamns, gently sloping_ - ___ . _________ 16 21 21 29 29 37 3.8 5.1 1.2 17
Lohler silty elay ..o oo o e e 19 25 25 34 34 44 3.0 4.0 1.5 2.0
Mandean silt loam, nearly level . . . ____.___________ 19 25 25 34 34 44 4.3 5.5 1.3 1.9
Mandan silt loam, gently sloping . .. ___ . _________ 17 22 22 31 31 39 3.7 5.1 1.2 1.7
Mandan silt loam, gravelly substratum, nearly level..________ 19 25 25 34 34 44 4.0 A5 1.3 1.9
Mandan silt loam, gravelly substratum, gently sloping . _ . . ___ 17 22 22 3l 31 39 3.5 50 1.2 1.7

See footnote &t end of {able.
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TABLE 3.—Hstimated average yields per acre of principal erops under two levels of management—Continued

Wheat Barley Oats Corn Alfalfa
silage hay
Soil J i
A LD A B A B A B A B
Ru, Bu. . By, Bu. R Tona Tons Tong Tuns
Manning fine sandy loam, gently sloping . .. .. _____ ] 12 12 16 16 1 L7008 0.8 1.2
Mine dumps . oo e e e e Y e e e e
Morton silk loam, nearly level. . _ . _____._ 19 25 25 34 34 44 | 43| &5 1.3 2.0
Marton silt loam, gently sloping. - . _._.__. 18 23 23 32 32 41 48] 50 1.2 L9
Morton silt lonm, sloping_ . . 13 17 17 23 3 300 31 4.3 1.1 1.6
Morton gilt Yoam, hilly - - 11 14 14 20 20 251 2.0 25 -0 1.4
Morton-Daglum sili loams, nearly level ... ______________. 14 18 18 25 25 321 25| 4.4 .8 1.8
Morton-Daglum silt loams, gently sloping . . o oo __ 13 17 17 23 23 30 20 2.5 .7 1.5
Morton-Daglumn sift loams, sloping .. __________ e 10 13 13 18 18 23 L5 20 .5 1.3
Morton and Sen stony loams, sloping . - - oo oo | e e e
Noonan-Flaxton seils, undulating_ .~ _______ ______.__ 11 14 14 20 20 257 L5 2.0 .7 1.1
Parnell silt loam__ .. 117 22 2% a1 5L 39| 30| 45 1L.57 23
Parshall fine sandy loam, nearly level oo . ____ 16 20 20 27 27 35 3.5 5.0 1.3 18
Parshall loam, nearly tevel __ _______________ . _________ 17 22 22 31 31 3 40| &3] 1.2 1.6
Parshall loam, gently sloping_ - _ ... 13 20 20 27 27 3b 35 5.0 1.1 1.5
Parshall-Tally fine sandy loams, sloping . .- ________. 14 18 18 25 25 327 25 4.5 1.0 1. 4
Regan silt loam - .o et e e e e
Regent silky elay Joam, nearly level___ . ________._________ 19 25 25 34 3 44 3. & 4. 5 1.3 1.9
Regent silty elay loam, gently sleping o ______._ 17 22 22 31 31 39 3.0 4.0 1.2 1.7
Regent silty clay loam, sloping_ .. _____ . 14 18 18 25 25 32| 24| 3.5 1.0 1.5
Regent-Daglum silty elay loams, nearly fevel . ... ... ______._ 14 20 20 27 27 36 2.0 2.5 1.4 1.3
Regent-Daglum silty clay loams, gently sloping .. .. - __..__ 11 B4 14 20 20 25 1.3 1.8 .8 Lo
Regent-Daglum silty elay loams, sloping . - - . o ______ 9 12 12 16 16 21 1.1 1.3 -5 .8
Rhoades-Daglum complex, gently sloping - .\ oo e e
Ringling gravelly loam, very steep_ . oo oo e e
Riverwash. . e e SRR PSRN (SRR FEPERINUINN PRI VORI PR IR -
Bavage silty elay loam, nearly level o .. _____._.__. 19 25 25 34 34 4 | 35| 45| 1.4 1.9
Sen-Werner loams, sloping______ .. . _____.___ 10 13 13 18 18 23] 2.5 3.0 .8 1,3
Sen and Amor loams, nearly level oo .. oaoo._. 18 23 a3 a2 32 41 | 381 507 1.3 1. 8
Sen and Amor loams, gently sloping. . . ______.___ 17 22 22 31 31 39 34l 45 1.2 1.7
Sen and Amor loams, sloping. . ___________ 13 17 17 23 23 30 28] 39| LO 15
Sen and Amor losms, hilly _______ ... 12 16 16 22 22 28 2.0 2.5 .8 1.3
Stady leam, nearly level o _ .. . ______ 13 17 17 23 23 30 a) 44| 10 1.1
Stady-Lehr loams, gently sloping - - oo o oo oo 10 13 13 18 18 23 2851 3.0 .7 1.2
Stady-Lehr loams, sloping. . . ________..__._. 8 10 10 14 14 18 2.0 2.5 i) 1.0
Straw loam, nearly level ..o 21 27 a7 38 38 48 | 4.5 4.5 1.4 2.0
Straw loarn, channeled . . . oo . [SUSURURSI DRSNRSUUN PSRN PRDIURUN FRUUROUPR FEPUNDUPUUE (USRI PP RUPIPU PPN
Strongly saline land . . . o - .o oo e e [N RVSSUUN P
Tally-Parshall fine sandy loams, gently sloping - ... oo ___ 14 18 18 25 25 32 30, 40 1 1.6
Tally-Vebar fine sandy loams, nearly level. . ____________.____ 14 18 15 25 25 320 3.5 45 10 14
Telfer-Lihen losmy fine sands, $t€eP - - o e oo oo oo o oo e oo e e e e
Temvik silt loam, nearly level . ___ o _______________. 19 25 25 34 34 44| 4.2 55| 1.3 1.9
Temvik-Williams silt loams, undulating_ _ ___________ ... ____ i8 25 23 32 a2 41 ] 3.7 5.0 1.2 1.7
Lemvik-Williams silt loams, rolling_ - _____ .. ____._..._____ 13 17 17 23 23 30 327 43 11 1.5
Temvik-Williams silt loams, hilly________________._.________ 10 13 13 18 18 231 20| 2.5 .0 1.3
Tonka and Parnell silt loams_______ . _._____ R, 117 22 22 31 31 39 3.8 50| LS5 2.3
Vebar fine sandy loam, sloping_ _ ___ _ . ____.__________ 12 16 16 22 22 281 2.5 3.0 .8 1.1
Vebar stony fine sandy loam, hilly - ... oo || __ [ESURUIURR PRSUURNUN FRRSURUU FEUSUIPU PSRRI RSP (SRR
Vebar-Cohapgen fine sandy loams, hilly .. o _ oo - o |ooo oo e RN P D R ISP
Vebar-Tally fine sandy loams, gently sloping_ ... ___________ 14 18 18 25 25 321 30| 40| 10O 1.3
Vebar-Tally loams, undulating_ . _____ . ____ .. ________ 15 20 20 27 27 3n] a5 45| 1.1 1.4
Vebar-Tally loams, rolling_ _ oo 12 15 16 22 22 28 a0l 40 1.0 1.3
Velva-Straw fine sandy loams__ __ ___ oo ___.__________ 17 22 22 31 31 39| &5 A0y L2 1.8
Wabek gravelly loam, steep oo oo e e [ (ST (EDERURNN FRORRDEPINN SNUUPUIVRUE IRURPIUUUN INSIPIPIN RIS
Williams Yoam, nearly level . . _____ .. 19 25 25 34 34 44 ] 40| 63| 1.3 2,0
Williams loam, undulating . - oo e 18 23 23 32 32 41| 351 50| L2 1.8
Williams loam, rolling __ _____ . . 13 17 17 23 23 3| 30| 45, 10 1.7
Williams stony loam, roMing - __ oo o e e e e i e e
Williams-Tlaxton loams, rolling. .. _ . ______.__ 13 17 17 23 23 30| 40| 40 .9 1,3
Williams-Zaht loams, hilly_ . ___ ..o _______ 10 13 13 18 18 231 20 2.5 LT 1.0
Zahl-Williams loams, hilly . - oo oo oo oo e e e e
Zahl-Williams loams, 86eeD_ oo o ;e e oo ceme o oo e e e

1 Yields given for drained areas of these soils.
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75; in [air condition if the percentage is 26 to 50; and in
poor condition if the percentoge is less than 25.

Range condition is judged according to standards that
apply to the particular range site. It exprasses the present
kind and amount of vegetation in relation to the climax
plant community for that site.

Potential forage production depends on the range site.
Current forage production depends on the range condi-
tion and the moisture available to plants during their grow-
ing season.

A primary objective of good range management is
to keep rangeland in excellent or good condition. Tf this is
done, water is conserved, yields are improved, and the
soils are protecied. The problem is recognizing important
changes in the kind of cover on a range site, These changes
take place gradually and can be misinterpreted or over-
looked. Growth encouraged by heavy ramfall may lead
to the conclusion that the range is in good condition,
when actuelly the cover is weedy and the long-term
trend is toward lower production. On the other hand,
some rangeland that has heen closely grazed for short

eriods, under the supervision of a carveful manager, may
1ave o degraded appearance that temporarily conceals its
quality and ability to recover.

Descriptions of range sites

In the following pages, the soils, or range sites of Oliver
County are described and the climax plants and principal
invaders on the sites are named. Also given is an estimate
of the potential annual vield or air-dry herbage for cach
site when 1t is in excellent condition. The figures for high
and low yields are based on research studies of plant hife
and the estimates ol trained scientists. They indicate
yields that usaally ean be expected under normal varia-
tions In weather., Extreme diffevences in weather, such
as an unusually dry or a very wel growing secason, are nob
considered. The soils in each site can be determined by re-
ferring to the “Guide to Mapping Units” at the back of
this soil survey. Gravel pits, Mine dumps, Riverwash, and
Shale outerop were not placed in a range site.

WETLAND RANGE SITE

This range site consists of low-lying soils in areas where
water accumulates and remains long enough to have a
major influence on the vegetation. Root crowns are
tvpically below the water level for periods runging from
2 or 3 to several weecks during the growing season. The
water may ho runoff from higher arveas or seepage. The
soils are mainly silt loam and silty clay.

Principal plants in the climox plant community are
rivergrass, slough sedge, American mnnnagrass, and long-
rooted smarfweed. Plants that are commeon but of sec-
ondary importance are reed canaryprass, northern reed-
grass, and tall white aster, Several other species of tall
wetland sedges grow in many places.

Plants that commmonly increase or invade on this site
are slim sedge, ballic rush, and several species of butter-
cup and swamp vervadn.

IT this site 1s in excellent condition, the estimated an-
nual yield of nir-dry herbage per acre ranges from 4,500
pounds o 7,000 pounds.

WET MEADOW RANGE STTE

This range site consists mainly of soils that are subject to
plentiful and consistent seepage. Water normally stands
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on these soils for only brief periods of time, hut o water
table is close to the surface until around midsummer. The
degree of wethess in the seeped soils of this site is inter-
mediate between that of soils in the Wetland and Sub-
itrigated sites. Also it the site are soils in shallow basing
where water normally accumulates during spring runoff
or after heavy rains. Internal drainage is rapid in these
basing, and this results in an average degree of wetness
comparable to that of the sceped soils in the site. The
seeped solls have a thick surface layer in which the con-
tent of organic-matter is high, Most of the solls in hasins
have o pronounced loached layer immediately bencath o
thick surface layer.

Principal plants in the climax plant community are
woolly sedge, slim sedge, novthern reedgrass, prairie
cordgrass, sRydberg’s sunflower, swamp vervain, and
false aster.

Plants that commanly increase on this site are mat
muhly, common spikesedge, baltic rush, and some species
of bulrush.

If this site is in excellent condition, the estimated an-
nual yield of ar-dry herbage per acre ranges from 3,500
pounds to 5,000 pounds,

SHALLOW RANGE SITE

Fhis range site is the most extensively used site for
range in the county. Tt consists of soils 10 to 20 inches
deep over residual rock that is weathered to varying
degrees. The partly weathered underlying rock is mainly
soft, but it is hard in a few places. Even the soft rock re-
tains o stratified form and a platy strueture that restricts
root penetration. The soils are rolling, hilly, steep, or
very steep. Some of the normal precipitation runs off,
and n slight degree of geologie erosion has taken place,
Tt is especially important to retain a considerable propor-
tion of the herbage grown each year. The site is quite
vulnerable to damage from continned overgrazing.

Principal plants in the climax plant community are
little bluestem, plains mubly, side-oats groma, stiff sun-
flower, purple coneflower, purple prairie-clover, snd dwarf
wild-indigo.

Plants that commonly incrense on this site are pasque-
flower or common crocus, threadleaf sedge, gray sagewort,
white penstemon, and woolly goldenrod.

If this site is in excellent condition, the estimated an-
nual vield of air-dry herbage per acre ranges from 1,300
pounds to 1,800 pounds,

CLOSED DEPRESSION RANGE SITE

This range site consists only of Heil silty clay. This
soil is in flat-bottomed basins that vary in size but are
mainly small. Generally, these basins are shallow but
have no outlets. The area of land contributing runoff
is small in proportion to the area of the basin. Thus,
the amount of extra water received on the site is in-
termittent and highly wvarinble. The amount of water
available affects the composition of the plant cover.
The composition varies from one site to another and
from one period of years to another, depending npon
scasonal moisture, i

Principal plants in the climax plant community are
wesfern  wheatgrass, slender wheatgrass, and mid to
tall wetland sedges. In some places, foxtail barley, inland
saltgrass, and fowl bluegrass are abundant. A few hroad-
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leaf plants, mainly weeds, are generally present. These
include some species of dock, cinguefoil, and smartweed.

I this site is in excellent condition, the estimated
annual yield of air-dry herbage per acre ranges from
2,000 pounds to 2,750 pounds.

OVERFLOW RANGE SITE

This rangs site consists of soils that regularly receive
8 significant ammount of water in addition to the water
they receive by precipitation. The additional water is in
the form of flooding or surface runoff from higher areas.
Soils in this site are mainly on low terraces or hottom
lands along streams or in nearly level areas at the base of
long slopes,

Principal plants in the ¢limax plant community are
big hluestem, green needlegrass, wostern wheatgrass,
and several species of perennial sunflower, goldenrod,
and aster. A small amount of native legumes is generally
present.

There is n strong tendency for Kentucky bluegrass to
invade the plant cover on these soils, especially il grazing
is heavy.

If this site is in excellent condition, the estimated
arnual yield of air-dry herbage per acre ranges from
2,200 pounds to 3,300 pounds.

SALINE LOWLAND RANGE SITR

This range site consists mainly of soils on salty bottom
lands and Jow terraces. Ordinarily, the soils receive some
extrn woter either from surface runoff or scepage. Seepage
is the major source. These soils are mainly on the lower
terraces along the larger streams, on ancient flat-bottomed
drainage channels that remain as imperfectly drained
swales, and on flats berdering small lakes that have no
outlets and that collect mnoff from a sizable watershoed.

Principal plants in the climax plant community are
Nuttall alkaligrass, plains bluegrass, alkali cordgrass,
alkali bulrash, and inland saltgrass. Salt-tolerant species
of stender wheatgrass and western whenigrass are prev-
alent in places. Broadleaf plants common to this site
ave silverweed cinquefoil, arrow podgrass, alkali plantain,
and seablite.

If this site Is in excellent condition, the estimated
annuul yield of air-dry herbage per acre ranges from
1,900 pounds to 2,550 pounds.

SANDS RANGE SITE

This range site consists of coarse-textured soils thal
have been in place long enough to become well enriched
with organic matter. They are mainly on rather smooth
terrain in Oliver County, and they formed in wind-
deposited material.

Principal plants in the climax plant community are
proirie sandreed, needle-and-thread, sun sedge, prairie
junegrass, soft goldenrod, heath aster, and prodrvie spider-
wort. Several specios of small, woody plants are quite com-
mor on the site. Leadplant nmorpha is rather generally
distributed, and western snowberry and Woods rose grow
in some favored places.

If this site is In excellent condition, the estimated
annual yield of air-dry herbage per acre ranges from
1,800 pounds to 2,500 pounds.
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SANDY RANGE SITE

This range site consists mainly of deep and moderately
deep soils that have a moderately thick, organically en-
riched surface layer. The soils are well drained. They are
mainly nearly flat to undulating, but some are rolling
or hilly. The soils are mainly coarse texturved, but they
are associated with medium-textured soils in places und
with shallow soils on hills and ridges. Most of the soils
formod in wind-deposited materials derived from glncial
outwash.

Principal plants in the climax plant community arve
praivie sandreed, needle-and-thread, threadleaf sedge,
and sun sedge, and in places there is a significant under-
story of hlue grama or hairy grama. Most common of these
plants are species of goldenrod, sagewort, penstemon
aster, groundsel, western varrow, silverleaf scurf-pea,
and a few bienninl species of the mustard [amily.

If this site 12 in excellent concition, the estimated
annual yield of air-dry herbage per acre vanges from
1,700 pounds to 2,300 pounds. A wide variety of broad-
Jeaf plants generally makes up about 20 percent of the
yield.

SILTY RANGE SITE

This range site consists mainly of well-drained, medinom-
textured soils that have a surlace layer that has organie
enrichment, about typical for the climate. There are also
firer textured soils that because of their granular struetnre
have permeability about equal to that of the coarser soils
on the site. The site is mainly on relatively smooth terrain,
where the soils formed mainly in weathered residual rock
and glacial drift, hut a small acreage is on stream terroces,
on glacial outwash flats or in channels, and in areas of
windblown silt deposits.

Principal plants in the climax plant community are
western whentgrass, green needlegrass, and prairvie june-
grass. Needle-and-thread is generally important where
the soils do mot have a high content of clay. A wide
variety of broadleal plants generally make up 15 to 20
percent of the plant cover. Among these plants are cud-
weed sagewort, western yarrow, heath aster, Missouri
goldenrod, American wvetch, and silverleaf scurf-pea.
There iz generally a minor understory of blue grama and
drylund sedges, except in areas where these plants have
increased because of overgrazing.

Tf this site is in excellent condition, the estimated
annual yield of air-dry herbage per acre ranges from 1,600
pounds to 2,200 pounds.

CLAYEY RANGE SITE

This range site consists of the more friable, fine-textured
soils that have a moderately thick, organically enriched
swrface layer and are well drained. They are mainly on
smooth plains. The soils formed in secondary residual
materials. Much of this site is underlain by a degraded
claypan,

Prineipal plants in the climax plant community are
wesfern wheatgrass, green needlegrass, and plains reed-
grass. Broadleaf plants are less abundant on the soils
of this site than on coarser textured soils, although several
species are quite common. Milkvetches, blne wild lettuce, .
wild parsley, searlet globe mallow, and several species of
perennial wild mustard are more prevalent than other
broadleal plants. There is generally a significant under-
story of blue grama, needleleaf sedge, and Hoods phlox.
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If this site is in excellent condition, the estimated an-
nual yield of air-dry herbage per acre ranges from 1,500
pourds to 2,200 pounds,

THIN UPLANT) RANGE SITE

This range site consists of medinm-textured soils that
are hilly to rolling. The soils are subject to rapid runoff
and have a thin, organically enriched surface layer. They
mainly oceupy knobs and ridges in sreas of glacial mo-
raines and side slopes of conlees and larger drainasgeways
that are mantled with glacial till. The slopes are generally
quite smooth and completely vegefated.

Principal plants in the elimax plant community are
little bluestem, plaing muhly, side-oats gramng, and thick-
gpike wheafgrass. Among the broadleaf plants generally
prevalent are stif sunflower, dotted gaylonther, purple
coneflower, white penstemon, and purple prairie-clover.
A small number of dwarl wild-indigo, prarie rose, and
other woody plants are conumon in the plant cover.

If this site is in excellent condition, the estimated an-
nual yvield of air-dry herbage per acre ranges {from 1,350
to 1,900 pounds.

CLAYPAN RANGE SITE

This range site consists of soils that have a moderately
fine textured to moderalely coarse textured surface layer
and a tight layer of subsoil that greatly restricts downward
;pcrco]ation of water and the penetration of plant roots.
This highly impervious layer is mainly at o depth of 3 to 10
inches and greatly reduces the amount of soil mass from
which roots can draw effectively, The site is mainly on
smnooth land but there is also gently sloping to flat topog-
raphy. The land surface is typically pock-marked by
small dips or shallow depressions where the surface layer
i3 less than 1 inch thick. In these small scatiered areas the
very hard layer thot has been exposed is locally known as
“seab spots,” “slick spots,” or “pan spots.”’

The vogetation on this site is quite different from place
to place, depending on the thickness of the topseil over
the claypan, Slick spots are sparscly vegetated in places
and are barren in others. Principal plants in the ¢limax
plant community are western whentgrass, ploins reed-
grass, and blue grama. Inland salterass is prevalent,
especially in places where the site is affected by seepage.
Needleleaf sedge and Sandberg bluegrass are prevalent in
some places, Broadleaf plants and woody plants are gen-
erally not important, but & few species, such as Hoods
phlox, scarlet globemallow, and broom snakeweed, are
generally present. A small amount of pricklypear cactus
is generally present.

If this site is in excellent condition, the estimated an-
nual yield of air-dry herbage per acre ranges from 1,050
pounds to 1,550 pounds,

THIN CLAYPAN RANGE S51TE

This range site consists only of the Rhoades soil in
the Rhoades-Daglum complex, gently sloping. These
soils are similar in make-up to these in the Claypan
range site, but because of a few basic differences, they
do not produce as well and are less valuable. A claypan
lies at a depth of 2 to 5 inches. The area of slick spots
or scab spots in this range site is considerably larger
than that in the Claypan range site,

Vegetation is quite similar in composition to that of
the- Claypan range site, but individual plants attain
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smaller size. Short grass and droughi-tolerant forbs
make up a larger percentage of the total preduction,

If this site is in excellent condition, the estimated
annual vield of air-dry herbage per acre ranges from
600 pounds to 800 pounds.

THIN SANDS RANGE SITE

This range site consists only of Banks fine sand, rolling.
This soil iz deep and somewhat excessively drained, It
has a thin, organically enriched surface layer. This soil
is younger than the thicker soils in the Sands range site.
Low natural fertility and available water capacity are
reflected in o much lower annual plant yield than is
obtained on the Sands rangno site.

In Oliver County this site is only in areas of wind-
blown depostts that are on and adjacent to bottom lands
along the Missouri River. These deposits are on rolling
terrnin and are piled too high to recelive any benefit
from a higher water table or from overflow. The materials
originated {rom alluvivm earried in during periods of
flooding. This alluvium hecomes windborne when the
sandbars dry out at the surface.

Principal plants in the climax plant comununity are
sand Dbluestemn, sand dropseed, Canada wildrye, and
prairic sandreed. A high proportion of the plant cover
15 generally broadloat plants. Field sagewort, prairie
spiderwort, hairy goldaster, silky prairvic-clover, and
lemon scurf-pea are more common than other broadleaf
plants. Among the woody plants, quite prevalent on the
site in places, are leadplant amorphn, Woods rose, and
western snowberry.

If this site is in excellent condition, the estimated
annual vield of air-dry herbage per acre ranges from
1,250 pounds to 1,750 pounds per acre,

VERY SHALLOW RANGE SITE

This range site consists only of Wabek gravelly loam,
steep. This soil is underlain by gravel and coarse sand
at a depth of less than 10 inches. This site has a very
shallow effective rooting zone for range plants and 1s
congidered droughty. It occurs mainly on the edges of
smootl, glacial cutwash terraces.

Prinecipal plants in the climax plant comimnunity are a
small form of needle-and-thread, plaing muhly, red
threé-nwn, blue gramsa, and threadlenf sedge. A high
proportion of the plant cover is generally drought-tolerant
forbs, Broom snakewced, irouplant goldenwecd, scarlet
globemallow, Moods phlox, and common winterfat are
more common than other drought-tolerant forhs. There
are generally significant amounts of fringed sage.

If this site is in excellent condition, the estimated
annual yield of air-dry herbage per acre ranges {rom 700
pounds to 950 pounds,

SHALLOW TO GRAYEL RANGE SITE

This range site consists of well-drnined soils that have a
surface layer of loam underlain by gravel and sand at a
depth of 10 to 20 inches. The growth of plant roots is
restricted mainly to the soil material above the deposits of
gravel and sand. These soils have low available water
capacity. The site is on smooth glacial outwash fans or on
terraces,

Prineipal plants in the climax plant community are
needle-and-thread, plains muhly, blue grama, red three-
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awn, prairvie junegrass, dotted gayfeather, fringed sage,
scarlel globemallow, and skeletonweed.

If this site is in excellent condition, the estimated an-
nual yield of air-dry herbage per acre ranges {rom 1,150
pounds to 1,450 pounds.

Woodland and Windbreaks °

Oliver County has approximately 2,050 acres of native
woodland, Most of the trees and shrubs grow on Havrelon,
Lohler, Trembles, Arnegard, Grassna, Grail, Mandan,
and Parshall soils on the Missouri River bottom lands
and on adjacent draws and breaks. They also are on the
Straw soils along prominent creeks, such as Square Butte,
Sherk, and Otter Creeks.

The principal trees and shrubs are cottonwood, green
ash, American elm, boxelder, bur oak, chokecherry,
thornapple, wild plun, juneberry, redosier dogwood,
Woods rose, and shrub willows,

The early settlers used the trees for lumber, fenceposts,
and fuel. Today, however, the trees and shrubs are used
mainly for livestock protection, wildlife habitat, recrea-
tion, estheties, erosion control, and watershed protection,

Windbreaks have been planted since the days of the
early settlers. In most places early plantings were for pro-
tection of the farmstead and livestock. A need for these
plantings still exists around many of the farmsteads, The
planting of field windbreaks to help control soil erosion is
increasing in cultivated arveas where the hazard of soil
blowing is serious. On thousands of acres in Qliver County,
some form of wind protection is needed.

Windbreaks return many economic and environmental
benefits to the landowner. They distribute and hold
snow Lhat might otherwise become a problem around the
farmstead, protect the home and livestock from the
cold, wintery winds that raise the cost of fuel and feed;
protect field crops, gardens, and orchards from strong,
damaging winds; reduce evaporation of moisture; provide
a suitable habital for many kinds of birds and other
wildiife ; Irelp control soil erosion; and enhance the beauty
of the rural home and its surroundings.

Items to consider before a windbreak is planted are
the purpose of planting, the suitability of seils, the
adaptability of trees and shrubs, and the location. Im-
properly designed windbreaks cause many difficulties.

Establishment of s windbreak and continued growth
of the trees depend upon careful selection of the site, suit-
able preparation, and adequate maintenance. Grass and
weeds should be eliminated before the trees are planted,
and regrowth of the ground cover should be controlled
for the entive life of the windbreak. Some replanting is
likely to be needed during the first and second years.

Suitability of trees and shrubs for windbreak
plantings

Table 4 gives the height and vigor for most of the
trees and shrubs used in windbreak plantings. It gives
the actnal or estimated average height and the vigor of
the various species at 20 years of age. All measurements
and ratings are lor well-managed plantings. In the column
headed “Vigor” the trecs are rated for density of folinge,

3 By Davip L. Hixez, woedland conservatichist, Soil Congerva-
tion Service, Huron, 8, Dak.
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freedom of damage by insects or discase, and general
appesarance.

A plant that has a rating of “good’” generally exhibits
one or more of the following: The color and growth of
leaves or needles are normal; small amounts of deadwood
(tops, branches, twigs) occur within the live crowns;
evidence of disense and insect or chimatic damage is
limited; and the evidence of stagnation or suppression,
if any, is slight.

A plant that hag a rating of “fain” exhibits one or
more of the following: The color and growth of leaves
or needles are obvicusly abnermal; substantial amounts of
deadwood (tops, branches, and twigs) occur within the
live crowns; evidence of some discose and insect or climatic
damage is obvious; definite suppression or stagnation
exists; and the current year’s growth is obviously less
than normal.

A plant that has o rating of “poor’” exhibitz one or
more of the following: the color and growth of leaves or
needles are ahnormal; very large amounts ol deadwood
(tops, branches, and twigs) occur within the live crowns;
evidence of extensive damage from disease, insects, or
climate 18 obvious; plants show the effects of severe
stagnation, suppression, or decadence; and eurrent yeor's
growth is essenlially negligible. Plants that have a rating
of poor are not suited to farmstead, feedlot, or field
windbrenks, but they may he safisfactory for some
wildlife and beautification plantings.

Deseriptions of windbreak groups

The soils of North Daketa are in ten windbreak groups.
all of which are found in Oliver County. The growth
response of adapted trees and shrubs is generally the same
for all of the soils in each group, if good management
practices are uscd.

The height and viger of adapted trees and shrabs are
listed by windbreak groups in table 4. The vigor and
height for windbreak groups 9 and 10 arc not given in the
table because these groups arc nol desirable sites for
trees and shrubs. Gravel pits, Mine dumps, Riverwash,
the Shale outerop part of the Cabba-Shale outcrop com-
plex, very steep, and the Sandstone outerop part of the
Cohagen-Sandstone ontcrop complex are not placed in
windbreak groups.

Several factors are used in grouping soils into windbreak
groups, but the dominant and most critical factor is the
amount and seasonal availability of soll moisture to the
trees. Hence, in most groups the soils have o rather wide
range of slope and of texture in the surface layer. These
two soil characteristics largely determine the hazard of
soil blowing and water erosion. The degree of slope also
determines the need for water and the management
practices used on soils that have ne other limiting
characteristics.

Susceptibility to zoil Wowing in soils used lor windbreaks
is very serious for conrse-textured secils, serious for
moderately coarse textured seils, moderate to slight for
medium-textured soils, slight for moderately fine textured.
soils, and serious for fine-textured soils. Susceptibility
to water ercsion is none fo slight where slopes are 0 to 3.
percent, moderate where slopes are 3 to 6 percent,
serious where slopes are 6 to 9 percent, serious to very
serious where slopes are 9 to 12 percent, and very serious
where slopes are 12 percent or more,



80 SOTL SURVEY
TavLe 4.-—Height and viger of trees and
[TTeight measurements and vigor ratings
Windbreak group—
Trees and shrubs
1 2 3
Vigor Height Vigor Height Yigor Heisht
Conifers: Freet Fert iicet
Blaek Hills spruee, Colorado blue spruse___.._ Cood_________. 18-20 | Qood..______._ 16-18 | Good. . ________ 17-19
Lastern redeedar or Rocky Mountain juniper | Good__________ 10-12 | Good_._______. 12-14 | Good. .. ._____ 10-12
Ponderosn pINe_ - .« cei o Good_ ... 18-20 | Good______..__ 18-20 | Good. ____.____ 18-20
Desidnous shrubs: ) i
Carmgimi . oo oo Good._________ 810 | Fair__________. 7-8 Cood_ . ._____ 810
Chokecherry - - o o oo Good_ _________ 10-12y Fairo oo _. 810 | Good..________ 810
Honeysuekle . . Good__________ 8-10 | Good.______.__ 7-8 | Cood..________ 8-9
Wild plum . o oo Good____..____ -8 | Good__________ 5-6 | Good__________ G-8
Deciduous trees:
Ameriean el oo . Good. .. _.__ 21-23 | Good._.__._____ 20-22 | Good_________. 19-21
Coltonwood. - oo oo e __| Fair to good. _..| 42-46 | Poor to good.___| 40-44 | Poor___________|._____.
Crreenash. oo ... Good________.. 20-22 | Good._____.__. 20-22 | Good_______.__ 1021
Russian-olive_ o .. Fair _________ 14-16 | Fairo_.________ 12-14 § Good. . _______ 13-15
Siberinn @l e o el aoo Good__________ 28-30 i Cood________._ 28-30 | Good__________ 24-27

On all soils that are suited and planted to windbreaks
and that have slopes of more than 6 percent, practices that
conserve water are needed for sotisfactory tree growth.
On ull soils where soil blowing or water erosion is a hazard,
specinlized site preparation, planting, and cuitivation
practices are needed for snecessful establishment and main-
tenance of plantings. The water table is beyond the reach
of tree roots in nearly all soils in groups 3 through 10,
except for several soils in group 10. These soils are very
webt during at least part of the year, and a lew have
additional limitations that are critical for the growih of
trees and shrubs.

WINDBREAK GROTP 1

In this group are deep, well-drained, or moderately
well drained, nearly level to sloping soils of the Arnegard,
Grail, Grassna, Havrelon, Lohler, Parshall, Straw,
Trembles, and Velva series. These soils are loamy or clayey.
Soil moisture is lavorable for survival and growth of
trees and shrubs. The water table is within reach of tree
roofs in the Havrelon, Lohler, Straw, and Trembles soils.
Arnegard, Grail, and Grassna soils receive extra moisture
in the form of runofl from surrounding higher aresas.

These soils are well suited to all types of windbreaks
and plontings. Except on soils where soil blowing is a
serious hazard, there are no serious hazards or limitations
that affect the planting of trees and shrubs.

WINDBREAK GROUP 2

In this group are deep, poorly drained or very poorly
drained, nearly level sols of the Colvin, Lallie, Regan,
and ‘lonks servies and drained soils of the Dimmick,
Parnell, nnd Lallie sertes. These soils are loamy or clayey.
Salinity is low to moderate in the subsoil and underlying
material. These soils are ponded or have a high water
table. Without drainage, they are poorly suited or not
suited to trees and shrubs.

These soils are well suited to all types of windbrenks
and plantings if they are adequately drained. The number
of adapted trees and shrubs is more limited on Colvin and
Regan soils than on other soils in this group.

The hazard of soil blowing is serious on the Colvin nnd
Regan soils in this group becanse they have a high lime
content, but it is also serious on the drained clayey soils.
The high lime content is a limiting factor, but welness
is the only critical limitation.

WINDBREAK GROUP J}

In this group arve loamy, well-drained, nearly Jevel to
hilly soils of the Amor, Farland, Linton, Mandan, Morton,
Regent, Bavage, Sen, Temvik, and Williams series. These
soils are deep or moderately deep to solt bedrock. If cure
is taken to conserve moisture, nearly all adapted trees and
shrubs can be grown on these soils.

These soils are well suited to all types of windbreaks and
plantings.

Except on the soils where soil blowing or water erosion
is 0 hazard, there are no serious hazards or limitations that
affect the planting of trees and shrubs. On most o the soils, -
soil blowing is only a slight hazard.

WINDBREAK GHOUP 4

In this group are deep, well-drained or moderaicly well
drained, nearly level to sloping soils of the Belfield and
Lawther series. These soils are loamy or clayey and have
a clayey subsoil. Because only a limited number of species
of trees and shrubs grow well on these soils, there is
nead to be selective in the choice of species to he planted.

These soils are suited to all types of windbreaks and
plantings, if a proper selection of tree and shrub species
is made.
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shrubs by windbreak switability groups

are for trees at 20 years of age]

Windbreak group—Continued
4 3 7 8
Yigor Height Vigor Height Vigor Height Yigor Feight Yigor ITeight
Feet . Fert Feel Feet Feet

POOr . o e o Poor____ . ____|___ PR Poor . | ____. Poor__________ [ TPoor_._ . | _____
Good . oo _.___ 0-11 | Good_ . _______ 8§10 | Fair_ . ______. 7-4 Fairo . ____. 7-9 Pairo .. . _.__ 6-8
Good. ... 168 | Good. . ___.__._ 18-20 | Faijvo . _____ ] 12-%4 ¢ Fair__ . _______| 12-14 | Fair__. ._.____ 12-14
Good ... oo .. 6-8 Guood_ . ______ 70 Fair. . ______ G-5 Poor. o ___ Fuair_ . 4-5
) 7S] S 7-9 Fairo - o .._._. 6-8 Pooroo | _ Poor_ | _.___ Poor .| ...
Good .. .._____ 6-7 Good_ _ ... ___ G-7 Good_ . __._. 6-7 Poor .o ae e Poor_ | .____
Fadr . e-7 Fair_ .. _______ 4-6 Poor. .. .. Pooro . _. Poor. |-
Taire o __ 14=16 } Faire .o _____._; 14-1G 4V Pooro o _____ | ______. Poor._____ U I Poor__.__. I PO
Poor . __ Poor__ o | Pooro . ___ | _____ _ Poor______ .. ____ Poar.____ I R
Good ooy 1818 | Good. oo ____ 1416 | Fairo oo oo .| 1315 | Poor_ . ___ . ... ___ Fair_ o . ____._. 8-10
Good ... ______| 16=18 | Good. . .______ 16-18 | Foir. oo _____| 10-12 | Pooro____.__.__|._._.__ Fair_ . 8-9
Faiv____._______] 18-20 ] Good_. .. __.__ 22-25 f Fairo oo .. ____] 18-20 | Pooro_.. ___.._|______._. Faive oo .. 10-12

Water erosion und soil blowing are slight to severe haz-
ards on the soils in this group. The only eriticul limite-
tion iz the claysy texture of the sabsoil.

WINDBREAK GROUP 5

Tn this group are well-drained, nearly level to hilly soils
of the Flaxton, [efor, Lihen, Tivena, Tally, and Vebar
series. These svils are deep or moderately deep to soft
bedrock and are loamy or sandy in texture. Most of the
precipitation is absorbed by these soils, but some is lost
throngh runoff, Awvailable water capacity is generally
moderate but it is high in the Livona soils and in most of
the Flaxton scils in this group. The number of species that
grow well on these soils is hmited. Ounly adapted species
should be planted.

Ti the proper selection of species is made, these soils
are suited to all types of windbreaks and plantings.

The hazard of erosion is severe, but the main limitation
is the moderate available water capacity of most of the
solls. WINDBREAK GROUP ¢

I this group are somewhat excessively drained or well-
drained, neatly level o sloping soils of the Lehr, Manning,
and Stady scries. These soils are shallow or moderately
deep to sand and gravel and are loamy in texture. Most
of the precipitation is ahsorbed by the soils, but it moves
very rapidly through the underlying material of sand and
gravel. Available water capacity is low.

The Manning and Stady soils are poorly suited to all
types of windbreaks and plantings. Plantings can be
established by proper selection of species where survival,
erowth, and vigor are not required or expected to be
optimum. T.ehr soils are poorly suited to wildlife habitat,
reeveation, and beautification plantings. They are not
suited to windbreak plantings.

These soils are subject to slight to serious erosion. Low
available water capacity and a restricted rooting zone
are critical limitations.

WINDEREAK GROUP 7

In this group are deep, somewhat excessively drained
or excessively drained, nearly level fo hilly, sandy soils
of the Banks and Telfer series. Most of the precipitation
is absorbed by the soils, but little is retained. They have
& low available water capacity. The selection of adapted
species is limited.

These soils ave suited to plantings for wildlife habitat,
recreation, and beautification, where survival, growth,
and vigor are not required or expected to be optimum.
They are poorly suited to field windbreaks.

Soil blowing is a serious hazard, and water erosion is a
slight to moderate hazard. Low available water capacity
is the critical limitation.

WINDBREAK GROUP 8

This group consists of deep, well-drained, hilly or steep,
loamy =oils of the Zahl series. These scils have convex
slopes. Moast of the precipitation runs oftf these soils.
They have high available water capacity, but excessive
runoff restricts the intake of water and the amount of
water available to trees and shrubs.

These soils are not suited to field windbreaks. They are
suited to plantings for wildlife habitat, recreation, and
heautification where survival, growth, and vigor are not
required or expected to be optimum.

Water erosion is o very serious hnzard. Steopness is the
main limitation. It causes excessive runoff and low intake
of water,
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WINDEREAK GROUP 9
In this group are deep, moderately well drained or
oorly drained, nearly level to sloping, loamy soils of the

aglum, Harret, Noonan, and Rhoades series. These
soils have a dense claypan subsoil. They have a nonsodie
and nonsaline root zone that is generally less than 20
inches thick. Available water capacity is low in the
Rhoades soils, but moderate in the other soils.

These soils are notb suited to any type of windbreak or
planting, but they occur in complexes with other soils
that are suited to trees and shrubs. Other soils in the
complex are suited to trees and shrubs for wildlife habitat,
recreation, or beautification, if the trees and shrubs are
planted by hand.

Soil blowing is a slight hazard, and waler erosion is o
slight to severe hazard. The main limitations are the
restricted rooting zone, the moderate or low available
water capacity, and the toxicity of salts,

WINDBREAK GROUP 10

This group consists of soils in the Cabba, Cohagen,
Dimmick, Heil, Laltie, Morton, Parnell, Regan, Ringling,
Sen, Vebar, Wabck, Werner, and Williams series, and
Alluvinl land and Strongly saline land. The Dimmick
soils in this group are not drained; the Regan soil is very
wet; the Morton, S8en, Vebar, and Williams soils are stony;
and the Cabba, Cohagen, Ringling, Wabck, and Werner
soils are sloping to very steep. All the soils in this group
have a wide range of depth, texture, drainage, and slope.
They all have one or more charncteristics that are highly
critical to the planting, survival, vigor, and growth of
trees and shrubs. These are soils that are too waterlogged,
low in avaifnble water capacity, stony, rocky, shallow,
sodie, saline, steep, infertile, restrictive, or erodible to be
suited to trees and shrubs,

These soils are not suited to windbreak plantings, but
the Dimmiclk, Lallie, Morton, Parnell, Regan, Sen, Vebar,
nnd Williams soils and Alluvial land can be planted by
hand for wildlife habitat, recreation, and beautificntion.
Proper care is needed in selecting the planting sites and in
choosing adapted trees and shrubs.

Erosion is a slight to serious hazard. Depending on the
particular soil, the limitations are wetness, stoniness,
slope, rockiness, shallowness, infertility, salinity, and high
sodinm content, as well as restrictions related to available
water capacity and depth to the rooting zone.

Wildlife ¢

Wildlife resources in Oliver County provide a major
source of ontdoor recreation for people in the survey area.
They also contribute significantly to the economic well-
being of the county because some furnish hunting, some
help to control insects, and others are fur bearers.

The most importanl present-day game are sharp-tailed
grouse, white-tailed deer, waterfowl, antelope, ring-neck
pheasant, wild turkey, and gray partridge. Other less
important game are the mourning dove and the fox
squirrel. Hunting for ducks and geese is available along
the Missouri River, and waterfowl can also be hunted on
artificin] impoundments crested mainly lor watering
livestock and on a limited acreage of natural wetland that

{ By Eruwe B, Popory, biologist, Soil Conservation Service,
Bismark, N. Dak.
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provides shelter for the waterfowl. Furbearers of economie
wnportance in the county are mink, jackrabbit, and red
fox. The red fox and rabbit also provide much outdoor
recreation and sport lor hunters.

Most public fishing in Oliver County is done in the
Missouri River, but some is provided by water artificially
impounded behind dams. Among these are Van Qostin
Dam, Mosbrucker Dam, and Nelson Lake. A smal
number of fishponds also provide limited fishing (fig. 13).
The fish most commonly sought in the Missowi River
are walleye, northern pike, sauger, and catfish, and those
mainly in artificial impoundments ave largemouth bass,
bluegill, crappie, perch, and rainbow trout.

The habitat for most wildhfe ean be created, improved,
or maaintained by managing existing vegetation, planting
snitable vegetation, induecing natural regeneration of
desired plants, moving earth Lo improve the habitat, or
using a combination of these measures.

In table 5 the suitability of soils in Oliver County is
shown for three wildlife groups, based on the ability of the
s0il to provide the various elements of habitat. The wild-
lifo groups are farmland wildlile, rangeland wildlife, and
wetland wildlife. The clements of wildlife habitat were
considered and, in turn, weighted for the general wildlife
groups. Not considered were present land use; size, shupe,
and extent of each soil area; relationships botween soil
areas; and the mobility of the wildlife, The suitability
ratings in table 5 should be used as an aid in the selection
of sites for general kinds of wildlife habitat or as an indi-
cation of the management intensity needed to produce
satisfactory results. They provide a means of grouping
soils for broad-scale wildlife planning, and they help
landowners learn what management practices should be
used.

Tour levels of suitability are recognized—good, fair,
}3001‘, very poor. Good means that there are few or no soil
imitafions [or the particular wildlife group. Fair means
that the habitat for the wildlife group can be created,
improved, or maintained, but there are moderate soil
limitations. Poor means that the habitat can be created,
improved, or maintained, but there are severe goil limita-
tions. Very poor means that creating, improving, orv
maintaining the habitat is not possible or not feasible.

The elements selected and weighted for farmland and
rengeland wildlife are tame gragsses and legumes, native
herbaceous plant communities, planted woody plants,
and native woody plants. For farmland wildlife, grain
and seed erops were also selected. The elements for wetland
wildlife are natural wetlands, improved wetlands, and
native woody plants.

Farmland wildlife ave gray partiidge, pheasant, cotton-
tail rabbit, red fox, goldfinch, ground squirrel, and
mtroduced or native wildlife that are tolerant of or
dependent on disturbed soil or annual plants.

Rangeland wildlife nre big-game animals, sharp-tailed
grouse, coyote, horned lark, jackrabbit, field sparrow, and
other similar range-dependent wildlife.

Wetland wildlife are ducks, herons, shorebirds, mink,
muskeat, geese, coot, and other animals that normally
are dependent on natural wetlands,

_ Although not shown in table 5, woodland wildlife
inhahit wooded arveas of the county. They are wild
turkey, thrushes, vireos, mourning dove, warblers,
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Figure 13.—Farm pond that is 40 feet deep. It is used for recreation, and it is stocked with rainbow trout.

fiycatehers, fox squirrel, red squirrel, gray fox, white-
tailed deer, raccoon, cottontail rabbits, and other animals
that normally frequent naturally wooded aress. 'The
elements of habitat considered for woodland wildlife
are woody plants, native herbaceous plants, and tame
grasses and legumes.

Recreational Development *

Knowledge of soils is necessary in planning, developing,
and maintaining areas used for recreation. In table 6 the
soils of Oliver County are rated according to limitations
that affect their suitability for play areas, camp areas,
picnic areas, and paths and trails.

In sable 6 the soils are rated as having slight, moderate,
or severe limitations for the specified uses. For all of these
ralings, it is assumed that a good plant cover can be
established and maintained. A slight limitation means
that soil properties are generally favorable and limitations
are so minor that they easily can be overcome. A moderate
limitation can be overcome or modified by planning, by
design, or by special maintenance. A severe limitation
means that costly soil reclamation, special design, intensive
maintenance, or a combination of these is required.

Play areas are used intensively lor baseball, football,
badminton, and similar organized games. Soils suited to
this use must withstand intensive foot traffic. The best

8 By Erniwe B. Popour, biologist, Soil Conservation Servige,
Bismarck, N. Dak.

soils for this purpose are level, free of coarse fragments
and rock ounterops, well drained, free of flooding during
periods of heavy use, and firm after rains but not dusty
when dry. If grading and leveling are required, depth
to rock is important.

Camp areas are used intensively for tents, small camp
trailers, and the accompnnying activities of outdoor
living. Little preparation of the site is required, other
than shaping and leveling for tent and parking areus.
Camp areas are subject to heavy foot traffic and limited
vehicular traffic. The best soils have mild slopes, good
deainage, a surface free of rocks and coarse fragments,
freedom from flooding during periods of heavy use, and
a surface that is firm after rains but not dusty when dry.

Picnic areas are attractive natural or landscaped tracts
used mainly for preparing meals and eafing outdoors.
These areas are subject to %wavy foot traffic. Most of the
vehicular traffic, however, is confined to access roads.
The best soils for this purpose are firm when wet but
not dusty when dry, are free of flooding during the scason
of use, and have no slopes or stoniness that greatly in-
creases the cost of leveling sites or building access roads,

Paths and trails arve used for local and cross-country
travel on foot or horseback. Design and layout should
require little or no cutting and filling. The best soils for
paths and trails are at least moderately well drained, are
firm when wet but not dusty when dry, are flooded not
more than onee during the season of use, have slopes of
lTess than 15 percent, and have few or no rocks or stones
on the surface.
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Tavrw 5, —Suitability to kinds of wildlife

’ Wildlife

Mapping unit

Farmland Rangeland Wetland
Alluvinl land_ - ... e e Very poor____| Good________ Guood,
Arnegard loam, nearly level .o ______.. e e Good________ Good________ Poor,
Arnegard loam, gently sloping_ _ ... e Good. . ______ Good- ... Very poor.
Arnegard loam, sloping_ . . e Fair. - ___.... Fair.. _.._.__| Yery poor.
Banks fine sand, rolling_ ... e e Poor.________ Fair_ . ______ Very poar.
Banks soils, gently undulating oo Fair______.___ Fair_________ Yery poor.
Banks-Trembles fine sandy loams, nearly level o __ .. .. Poor______.__ Good___ .. __ Very poor.
Banlks-Trembles fine sandy loams, undulating- - __ .. ______________________________ Poor___._____ Good._._____ Very poor.
Belficld-Daglum silt loams, nearly level ... e Fair_________ Pooro________ Very poor.
Belfield-Daglum silt lowms, gently sloping. - - - .. ____ Faivo______._ Poor_._.__._. Very poor.
Belfield-Daglum silty elay loams, nearly level . o . . .. Fair. ________ Poore__ ... Very poar.
Belfield-Daglum silty clay loams, gently sloping- .. oo ______ Fairo oo ___ Poor._...__.. Very poor.
Belfield-Morton silt loams, nearky levelo oo~ _..____ Geod_____.__ Tair_ ... Very poor.
Belfield-Morton silt loams, gently sloping. ... . .. Fairo .. o_o.o.. Fair.._______! Very poor.
Belfield-Morton sill loarns, sloping_ L . . Poor_ .. ______. Pairo .o _._ .. Very poor,
Belfiefd-Straw loams, nearly level __ . _____ Sy Good._ . .____ Fair_._..___. Very poor.
Cabba-Shalc outerop complex, very steep. . oo Very poor..__| Poor_..___._. Very poor.
Cabba-Werner complex, Sheep - - oo L . e Poor o o-__ Poor_.._____. Very poor,
Cabba-Werncer complex, very steCp - - o oo ..« . Very poor.__.] Poor.________ Very poor.
Cchagen-Sandstone outernp, very steep_ .- - Very poor_ . __| Pooro..______ Very poor.
Cohagen-Vebar fine sandy loams, steep__ . ____._____ Poor.__._____ Poor_________ Very poor. ,
Colvin and Regan silt loams. - oL ol Good________ Fairo ________ -Fajir.
Dimmiek silty ¢lay. o - .. ____. S, Fair_________ Poor________. Fajr,
Farland silt loam, nearly level .l Good________ Good....____ Very poor.
Farland silt boam, gently sloping_ . . L _____ Good. - Good._._._.__ Very poor,
Flaxton loamy fine sand, undulating_ . . . e ___ Poor_ .. _____ Cood________ Very poor.
Tlaxton-Tivona fine sandy_loams, nearly level ..o __________ _____.__ Pair_________ Good._ ______. Very poor.
Flaxton-Livona fine sandy loams, undalating: - oo Fair_________ Good._._.___ Very poor.
Flaxton-Livona fine sandy loams, rolling_ - . Poor_______.. Good_o.___._. Very poor,
TFlaxton-Williams loams, nearly level. . . Good________ Good_.___.__ Poor.
Flaxton-Williams loarms, undwating . _______________________________ e Good________ Good_ ... _._ Very poor.
IFlaxton-Williams soils,.undulating._ . .. Fairo o ____ Good________ Very poor.
TFlaxton-Williams soils, ralling . o e Pooro.____.__ Goed________ Very poor.
Ilaxton-Willinms soils, hilky . . Pooroo...___ Good_ -, ... Very poor.
Grail silt Yoam, nearly level . .. ___ . Good_____.__ Good__._.__. Very poor.
Grail silt loam, gently sloping . oo oo ._. e Good- . .__._. Good.__...__ Very poor.
Grail silty clay loam, nearly level o __ Good______.. Good_._____. Very poor.
Grail silty clay loam, gently sloping_ . o e __ Good_._____. Cood__ ... _. Very poor.
Grail silty clay loam, sloping. . oo e Fairo . __.__ Fajro .. __.. Very poor.
Grassna, silt loam, nearly Yevel o _ ... Good. . _.____ Good________ Very poor.
Grassna silt loam, gently sloping. o oo oo Cood_ . ______ Good________ Very poor.
Gravel pibs . _ . Very poor____| Very poor__ . _| Very poor.
Harriet complex- . ________ e e Poor______._, Poor____.. ... Yery poor.
Havrelon loam__ . e Good______._. Good________ Poor.
Havrelon silty elay loamn . o o oo e Good. _______ Good________ Poor.
Tavrelon siléy elay . o o Good________ Good_.______ TPoor,
Havrelon-Trembles fune sandy loams_ . oo ___________________._ e Fajiro . __ Good__._____ Very poor.
Heidl silty elay o e e e fmmmmmmeen Poor.____._.. Poor.___ ____ Fair.
Lallie silty elay ... Good.._._.__ Good________ Poor.
Lallie silty elay, very wet_ ... .. _____________._ e e Foair_________ Poor_._____.. Fair,
Lawther silty elay, nearly lovel oo i Good_______. Fair. . __. Very poor.
Lawther silty elay, gently sloping. e Fair_________ Tair, .. ______ Very poor.
Lefor fine sandy loam, gently sloping Fair_____.__. Good__._____ Yery poor.
Lihen loamy fine sand, nearly level . .. . e Poor_____.__. Fair_ . .. __ Very poor.
Lihen fine sandy loam, nearly tevel .- _ . ____. Fair________. Good__._.__. Yery poor.
Linton silt loam, slaping__ - _____________.____._.. e Fair________. Fair__ ... _. Very poor.
Linton-Mandan silt loams, gently sloping. .. o .. Good________ Good___._.__ Very poor.
Lohler silby €lny oo oo e Good_______. Good_.______[ Poor.
Manduan silt loam, nearly level . - o e Cood_______. Good_ . ______ Very poor.
Mandan siit loam, gently sloping_ .. woo| Good____.___ Good________ Very poor.
Mandan silt loam, gravelly substratwm, nearly level . . . __ _______________________._.____ CGood_ . ___.__ Good_ _______ Yery poor.
Mandan silt loam, gravelly substratum, gently sloping . _ . ________________________ | Good_ _______ Good_ .. .____ Very poor.
Manuing fine sandy loam, gently sloping - . . . . Fajr . ______ Good_ .______ Yery poor.
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Wwildlife
Mapping unit

Farmland Rangeland Wetland
Mine duwmps _ Very poor____| Very poor._._| Very poor.
Morton sile loam, nearly level o e Good_ _______ Good_ ___.___ Very poor.
Morton silt loam, gently sloping. o e Good_.______ Good. . _.._._| Very poor.
Morton silt loam, sloping - Fairo o _______ Fair_ ___.____ Very poor.
Morton silt loam, hilly o e Poor_____.._. Fair_. _ .. ._ Very poor.
Morton-Daglum silt loams, nearly level - - . o o e Poor_________ Poor_..__.__. Yery poor.
Morton-Daglum gilt Toams, gently sloping - - - _ . e Poor_________ Poor_. __._ .. Very poor.
Morton-Daglum silt loams, sboping . _ . e Poor_._______ Poor_________ Very poor.
Morteon and Sen stony loams, sloping _ - _ . e Very poor_ . | Fair_________ Very poor.
Noonsn-Flaxton soils, undulating. e Poor_________ Poor____..__. Very poor,
Parnell silt Toam Fair_ _______. Poor._______. Fuir,
Parshall fine sandy loam, nearly level - - o o . I Pair_______.. Good________ Very poor.
Parshall loam, nearly level L - e CGood ... __._ Good_ _______ Very poor.
Parshall loam, gently sloping. o e e CGood . _____._ Good______._ Yery poor,
Parshall-Tally fine sundy loams, sloping . . .o o Poor_ .. ____ Faiv_.__._____| Very poor.
Regan silt Loam e e Poor. ... ____ Poor_________ Fair.
Regent silty clay loam, nearly level . __ .. . Good________ Good_______. Very poor,
Regent silty elay loam, gently sloping_ .. . e Good________ Good. ______. Very poor.
Regent silty elay loam, sloping . o e Tair. oo __ Fair._______._ Very poor,
Regent-Daglum silty clay loams, nearly level o s TFair_ .. ____ Pooro._______ Very poor.
Regent-Daglum silty elay loams, genthy sloping - . _ .o i Yair__ .. __. Poor______.__ Very poor.
Regent-Daglum silty elay loams, sloping_ o . i Poor______._.__ Poor_._______ Very poor.
Rhoades-Daglum complex, gently sloping. - . _ .. . Poor__.______ Poor______ .. Very poor.
Ringling gravelly loam, very steep_ . . o e Very poor____| Pooro________ Very poor.
Riverwash e Very poor_ _ __| Very poor.. __| Very poor.
Savage silty elay loam, nearly bevel - _ . _ o i Good_______. Good. _______ Very poor.
Sen-Werner lonms, sloping _ _ . . v e i Poor________. Poor______ .. Verv poor,
Sen and Amor leams, nearly level - __ o Good_ _._____ Good________ Very poor.
Sen and Amor feams, gently sloping_ . .. el Good . _____. Good . ... __ Very poar.
Sen and Amor loams, sloping . o e Fair_ . ... .__ Fair .. ...__ - Very poor.
SBen and Amor leams, hilly o _.___ e Poor._ ... ___ Tair_ . ______ Very poor.
Stady loam, nearly level . Fair_ ... _. Fair__ . _____ Very poor.
Stady-Lebhr loams, gently sloping - oo oo o oo o e Fair_ . ______ Fair. . __..___| Very poor.
Stady-Lehr loams, sloping - . o e Poor_________ Fair_ _ ______ Very poor,
Btraw loam, nearly level . e Good . _______1 CGood. _ .____. Poor.
Stroaw loam, channeled . L L Poor_  ___.__ { Fair___._.___ Poor.
Strongly saline land. . e Yery poor | Poor______.__ Poor.
Tally-Parshall fine sandy loams gently sloping. . . . ________._ Fair . ._.____ Cood . .__.___ Very poor.
Tally-Vebar fine sandy Ioams; nearly level - o o oo e Fair. . .____| Good. __.___. Very poor.
Telfer-Lihen loamy fine sands, steep_ . e ___ I Poor____.____ air _._____. Very poor,
Tenvik silt loam, nearly level o . Good._._____. Good .. __.__| Poor.
Temvik-Williams silt loamns, undwlabing o . . Good . ______ Good . _..____} Very poor.
Temvik-Williams silt loams, rolling . . . e Fair __ ______ Faiv. . _.____ Yery poor.
Temvik-Williams silt loams, hilly __ L Poor.. . ______ Fair . . .______ Very poor.
Tonka and Parnell silb 108MS_ - - e Good . _______ Good. .. _.__ Fair,
Vebar fine sandy loams, sloping. e Paor._ ______. Good . ______. Very poor.
Vebar stony fine sandy Toam, hidly _ oo Very poor_.._1 Fair_ . ._.____ Very poor..
Vebur-Cohagen fine sandy loams, hilly .. Poor.._______ Fair_ ... __ Yery poor.
Vebar-Tally fine sandy loains, gently sleping - . oo Fair__ ... Good_ ... .____ Very paor.
Vebar-Tally loans, undulabing. - - o e Good . .______ Good..______ Very paoor.
Vehar-Tally loams, rolling . . .l Fair. . _______ Good_ .. __ Very poor.
Velva-Straw fine sandy loams - . o i Fair_ ________ Clood . . _____ Very poor.
Waliek gravelly loam, steep . o i Very poor_ .. Pooro.__.___. t Very poor.
Willinms loany, nearly level - o o Good . _____. Good . ______. Very poor,
Williams loam, undulating . __________ I S Good . .______ Good . ______ Very poor.,
Williams loam, rolling . . e Fair_ . ____ | Fair______ _.| Very poor.
Williams stony loam, rolling. . . Yooro_____ .. Fair._ . __. __| Very poor.
Williams-Flaxton loams, rolling. o e Fair_ . . ... Fajr . ______ Very poor,
Williams-Zahl loams, hilly - . . Poor_._ ... Fair .. __.__. Very poor.
Zahl-Williams loams, hilly . . e Poor_o__.____ Fair_ . ______| Very poor.
Zahl-Williams Joams, SUeeD o o e Pooro . _.____ Fair . ._____. Very poor.
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S0IL, SURVEY

and kind of limitations for recreational uses

Mapping unit

Play areas

Camp areas

Picnic arens

Paths and trails

Alluvinl tand__ e

Arnegard loam, nearly
level.
Arnegard loam, goently

sloping.
Arnegard loam, sloping___
Banks fine sand, rolling ..

Banks soils, gently un-
dulating.

Banks-Trembles fine
gandy loams, nearly
level.

Banks-Trembles fine
sandy loams, un-
dulating,

Belfield-Daglum silt
loams, nearly level,

Belfield-Daglum silt
loams, gently sloping.

Belfield-Daglum silty
clay loams, nearly
level.

Relfield-Daglum silty
clay loams, gently
sloping,.

Belfield-Morton silt
loams, nearly level.

Belfield-Morton silt
loams, gently sloping.

Belfield-Morton silt
loams, sloping.

Belfield-Straw loams,
neatrly level.

Cahba-shale outcrop
complex, very steep.

Cabba-Werner com-
plex, steep.

Cabba-Werner complex,
very steap.

Cohagen-Sandstone
outcrop, very steep.

Cohagen-Vebar fine
sandy loams, steep.

Colvin and Regan silt
loams,

Dimmick silty clay - __

Farland silt loam,
nearly level.

Farland silt loam,
gently sloping,

Flaxton loamy fine
sand, nndulating.

Flaxton-Livona fine
sandy loams, nearly
level.

Flaxton-Livona fine
sandy loams, undu-
lating.

Flaxton-Livona fine
sandy loams, rolling.

Flaxton-Willinms loams,
nearly level.

Flaxton-Williams loams,
undulating.

Flaxton-Williams soils,
undulating.

Flaxton-Williams goils,
rolling,

Severe: flooding________
None to slight - . .
Moderate: slope.......
Severe: slope. .o oo.-
Bevere:  fine sand sur-
facc layer.
Slight to moderate:
slope.

Moderate: fcoding. ...~

Moderate: Acoding.____

Severe: moderately
slow to very slow
permeahility,

Severe: moderately
slow to very slow
permaability.

Severa: moderntely
slow to very slow
permeability.

Bevere: moderately
slow to very slow
permeability.

Slight to moderate:
loam surfaece layer.

Moderate: slope. .. _.-__

silt

Severe: slope. _._._.___.

Moderate: flooding_..__
Severe: slope: soft bed-
roclk at depth of
10 to 20 inches.

Severe: glope_ .. ______
Severe: slope.____.____
Severe: slope; soft

bedrock at depth of
10 to 20 inches.

Severe: slope.._-o—ooo-
Severc: ponding..._____
Severe: ponding__.....

None toslight__________
Moderate: slope._._____
Bevere: loamy fine

sand surface layer,
None toslight________._

Moderate: slope.-—-....

Severe: slope. .. _____..

None to slight_______ ...

Moderate: slope_.______
Modarate: slope________
Severe: slope___ ...

Severe: flooding..______
None to glight. . ____.__

None to slight .

Moderate: slope._.

Severe: fine sand sur-
face layer.

Moderate: silty clay
loam surface layer,

Severe: fooding..__.___

Bevere: fooding..______

Severe: maoderately
slow to very slow
permeability.

Bevere: moderately
slow to very slow
permeability.

Severe:  moderately
slow to very slow
permeability.

Severc: moderately
slow to very slow
permeability.

Slight to moderate:
loam surface layer.

Slight, 0 moderate:
loant surface kayer.

Moderate: slope..-___

gilt
silt
Moderate: flooding_____

Severe: slope.._o_...o-

Moderate: slope; loamy
surfoce layer.,
Severe: slope----—___--

Bevere: slope._ .. ao .

Maoderate to severe:

slope,
Severe: ponding._______
Severe: ponding......__

None toslight_ - _.____._
None o slight- oo .. __
Moderate: loamy fine

sand surface layer,
None toslight__ - ______

None toslight_. - - ______

Moderate:
None to slight- .- _______

slope________

None to slight_ ... ____
None toslight_._________

Moderate: slope____.___

Severe: flooding..___...
Naone to slight . -, ______

None to slight - _ . _______

Moderate: slope. .. __._
Severe: slope_ . .. ___
Moderate: silty clay
loam surfaece layer.
Moderate: flooding. - ___
Moderate: flooding. ___

None to slight - . . ._____
None toslight . .. ..___..
Moderate: silty clay

loam surface layer.

Moderate: silty clay
loam surface layer.
None to alight .. . ______
None to slight - .. .______
Modernte: slope_-....._
Moderate: flooding__.._

Severe: slope-_________

Moderate: slope.....___

Severe: sglope. o ... .

Hevere: slope-. oo -

Moderate to severe:

slope.
Bevere: ponding_ o ..-
Severs: ponding________

None toslight_ - ________
None toslight __ ________
Moderate: loamy fine

sand surface layer,
None toslight_ _____.___

None to slight. .. .o.-__

Moderate:
None toslight. - . oneeo__

slope__.__.._

None toslight___________
None toalight__________

Moderate: slope__...._.

Severe: flooding.
None to slight.

None to slight.

None to slight.
Severe:  slope.

Moderate:  silty clay

loam surface layer.
Moderate: flooding.

Moderate: flooding.

None to slight.
None to slight.
Moderate: silty clay

loam surface layer.

Moderate: silty clay
loam surface layer.

None to slight.
None to slight,
None to slight,
Moderate: flooding.

Moderate to severs:
slope,

None to slight.

Moderate: slope.

Moderate to severe:
slope.

Moderate to severe:

slope.
Severe: ponding.
Severe: ponding,

None to slight.
None to slight.
Moderate: leamy fine

sand surface layer.
None to slight.

None to slight.

None to slight.
None to slight.
None to slight.
None to stight.

None to slight.
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Mapping unit

Play areas

Camp arcas

Picnic areas

Paths and trails

Flaxton-Williams soils,
hilly.

Grail silt loam, ncarly
level,

Grail silt loam, gently
sloping.

Crail gilty clay loam,
nearly level,

Grail silty clay loam,
gently sloping.

Grail siliy elay loam,
sloping.

Grassna silt loam,

nearly level __._______
Grassha silt loam,

gently sleping.
Gravel pitso . ____

Harriet complex_________
Havrelon loam-_________
Havrelon silly clay loam _

ITavrelon silty elay. . ____

Havrelon-Trenibles
fine sandy loams.
Heil silty eloy_ . - ____

Lallie silty clay .- _.___.

Lallie silty clay, very
wel.

Lawther silty clay,
nearly level,

Tawther siley elay,
genlly sloping.

Lefor fine sandy loam,
gently sloping.

Lihen loamy fine sand,
nearly level.

Lihen fine sandy loam,
nearly level.

Linton silt loam,
sloping.

Linton-Mandnn silt
loams, gently sloping.

Lohler silty elay_ ...~

Mandan silt loam,
nearly level.

Mandan silt loam,
gently sloping.

Mandan silt loam,
gravelly substratum,
nearly level,

Mandan silt loam,
gravelly substrabum,
gently sloping.

Mauning fine sandy
loam, genily sloping.

Mine dumps_ .- .. ____

Morfon silt loam,
nearly level,

Morton silt loam,
gently sloping.

Morton silt loam, sloping.

Morton silt loam, hilly___

Morton-Daglum silt
lonms, nearly level.

Severe: slope

None to slight .. ________

Moderate: slope________

Moderate: silty clay
loam surface layer.

Moderate: slope; silty
clay loam surface
layer.

Severe: zlope

None to slight

Moderate: slope_______

slope

Severe: glope; gravelly
surface layer.

Severe: wetness________

None to slight__________

Moderate: silty elay
lnam surface layer.

Severe: gilty clay sur-
face layer.

None toslight . - ______

Scvere:  silly clay
surface layer.

Severe: silty clay
surface layer.

Severe: wetness_______.

Severe:  silty clay

surface layer.
Severce:  silty elay
gurfaec layer.
Maderate: slope_.______

Moderate: loamy fine
sand surfacc layer,
None to slight

Severe: slope._________
Moderate: slope____.__
Bevere:  silty clay

gurface layer; floocding.
None to slight _ .. .______
Moederate: slope._.._.__

None toslight . .. _______

Moderate: slope_.______

None to slight . ... __.__

Severe: slope
None to slight . __

Moderate: slope._o.__.._
Severc:
Severe: slope
Severe:  moderately
slow to very slow
permeability.

Moderate: slope ... ...

None to glight
None toslight_ . _ . ._...._

Moderate: silty clay
loam gurface layer.
Moderate: silty clay
loam surface layer.

Moderate:  slope; silly
glay loam surface
layer.

None toslight._ .. _____.

None to slight

Moderate to zevere:
slope; gravelly sur-
face layer.

Severe: weblness________

None to slight_ . ________

Moderaie: silty elay
loam suwrface layer.

Severe:  silty elay sur-
facc layer.

None loslight- o _______

Severe: silty clay
surface luyer.

Severe: silty elay
surface layer.

Bevere: wetness________

Severe:  silty clay

surface layer.

Severe: silty clay
surface layer.

None to slight. - ________

Moderate: loamy fine
sand surface layer.
None to slight

Mederate:  slope

None to slight

Scvere:  silty elay
gurface laver; flooding,
None to slight . .. _______
None to slight _ _ .

None to slight . .. ______

None to slighi,_ - _.oo___

None to slight . __._.__._

None to slight .. .. _____

Moderate: slope..______
Moderate: slope-_._____
Severc: moederately

slow to very slow
permecability.

Modcerale: slope________

Nomne to slight
None to slight - - - _______

Moderante: silty elay
loam surface layer,
Moderate: silty olay
loam surface layer.

Moderale: slope; silty
elay loam surface
layer.

None toslight__ ... ____
None toslight_o_ . ___..__

Moderate to severe:
slope; gravelly sur-
face layer.
Severe: wetness_______.
None to slight_ - - . .____
Moderate: silty clay
loam swnface layer,
Severe:  silty clay sur-
faee layer.
None toslight__________
Severe: silty elay
surfaee layer.

Severe: silty clay
surface layer.

Hevere: wetness___. ...

Severe: silty clay

surface layer,

Severc: silty elay
surface layer.

None toslight- - o _______

Moderate: loamy fine

sand surface lnyer,
Nonce to slight

Moderale: slope_.__.___

None to slight- - ..

Severe:  silty elay
surface laver.

None toslight - ..o ___.

None to slight . .. .______

None to slight .. _ .

None to slight . . .. ___..

None toslight - .o ______

Scvere:  slope
Nomne to slighti. _ .

None to slight - .. _______

Maoderate: slope_____.___
Moderate: slope____.___
None toslight ... .__.___

None to slight.
None to slight..
Noue to slight.

Moderate: silty clay
loam surface layer,
Moderate: silty clay
loam surface layer,

Moderate: silty clay
loam surface layer.

Wonce to slight.
None to slight.

Moderate:  slope.

Severs: wehlness.

None to slight,

Moderate: siléy clay
loam swrface layer,

Severe: silty clay sur-
face layer.

None to slight.

Severe: silty clay
surface layer.

Severe: silty clay
surface layer.
Severe: welness,
Severe: silly clay

surface layer,
Bevere: silty clay

surface layer.
None to slight.

Moderate: loamy fine
sand surface layer,

None to slight.

None to slight.

None to slight.

Bevere: silty clay
surface layer.

None to glight.

None to slight.

None {o slight.

None to slight.

None Lo slight.

Severe:
None to

slope.
slight.
None to slight.
None ta

None to
None to

glight.
slight.
slight.
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Mapping unit

Play areas

Camp arcas

Picnic areas

Paihs and trails

Maorton-Daglum silt
loams, gently stoping.

Morton-Daglum silt
loams, sloping.

Morton and Sen stony
loams, sloping.
Nocnan-Flaxten soils,
undulating,
Farnell silt Yoanm . .. ____
Parshall fine sandy
leam, nearly level,
Parshall laam, nearly
level,
Parshall loam, gently
slaping.
Parshall-Tally fine
sandy loams, sloping.
Regan silt loamo________
Regent silty clay loam,
nearly level,
Rogent ziley clay loam,
gontly sloping.

Regent &ilty clay loam,
sloping,

Regent-Daglum silty
elny loams, nearly
level.

Regent-Dagluny sitty
clay loams, gently
sloping.

Regent-Daglum silty
clay loams, sloping.

Rhoades-Daglum com-
plex, gently sleping.

Ringling gravelly loam,
vory steep.

Riverwasho_______.__._

Savage silly clay loam,
nearly level.

Sen-Werner loams,
sloping.

Sen and Amor loams,
nearly level,

Sen and Amor loams,
gently sloping.

Sen and Amor loams,
sloping.

Sen and Amor loams,
hilly.

Stady loam, nearly level ..

Stady-Lehr loams, gently
sloping

Stady-Lehr loams,
sloping,

Btraw loam, nearly level. .

Straw losm, channeled___

Strongly saline land____ .
Tally-Parshall fine sandy
loams, gently sloping.

Tally-Vebar fine sandy
loams, nearly level.
Telfer-Lihen loamy fine

zands, stoep.
Temvik silt loam, nearly
level.

Bevere: maoderately
slow to very slow
permeability ; slope.

Severe: moderntely
slow to very slow
rermeahbility; slope,

Severc:  stony surface
layer; =lope.

Severe: slope. . _____..

Severa:  ponding________

None to glight ... ____._
None to slight ... ___.__.

Moderate: slope..._.___

Moaderate: slope._ ... __
Severe:  pondingo.._.__.
Moderate: silty clay
loam surface layer.
Moderate: slape; silby
clay loam surface
layer,

Severe: slape .. ______

Sevarc:  very slow
permeability,

Severe:  very slow
permeability.

Severe:  slopo; very
slow pormenbility.

Severe:  very slow
permeability.
Severe: slope..__.____.

Severer  fooding__ . ____
Moderate:  silty clay
lonm gurfaece layer.
Severa:  slope; soft
bedrock at depth of
16 o 20 inches in
soma places,
Nome to slight oo . ______

Moderate:  slope._______

Severe: slope.______. .
Bevere: slope- ... _____

None to slight. . ________
Moderate: slope_____.__
Severe: slope._ . .______

Moaderate:

flooding_____
Severs:

slope. . ...

Severe: wethess________
Moderate:

None to slight. _________
Severe!  slope; stoniness_

None to slight_ . ________

Severe:  moederately
slow to very slow
permeability,

Severe:  moderately
slow to very slow
permeability,

Severe: stony surface
surface layer.

Severe: zlope. . _______

Severa: ponding________
None to slight,

None o stight o .. _______
None o slight - . _ .. _____
None to slight .. . ____

Severe: ponding________

Moderate:  silty clay
loam surfoce layer,

Moderate:  silty clay
Inam surface layer.

Moderate:  slepe; siliy
clay loam surface
layer.

Severe:  very slow
permenbility.

Severe:  very slow
permenbility.

Severe:  very slow
permeability.

Scvere:  very slow
permeahility,

Moderate: slope_______
Bevere:  feoding________
Mederate:  silty clav

loam surface layer,
Mederate:  slope._______

None Lo slight

Nene Lo slight .

Moederate:  slope._______

Moderate: slope.___....
None to slight- ... ______
None to slight. .. ______
Madernte: slope..______
Severe:

flooding__ .. ____
Severe:

flooding._______

Severe: wetness________
Noue to slight

None to slight_._______.

Moderate: slope; loamy
fine sand surface layer,
None to slight - ___..___

None o slight - .. o _____

Moderate: slope-__o___

Moderate: stony
surface layer; slope.
None toslight . _ _ ... __._

Severe: ponding _______
None to slight . .. .______

None toslight _ .. ______

Noue Lo slights

None to slight ... ... ___

Soevere: ponding.._..___

Moderate:  silty elay
loam surface layer,

Moderate: silty elay
loam surfase layer,

Moderate: slope; silty
clay loam swrface
inyer,

Moderate: silty elay

loam surface layer,

Moderate: silty clay
toam surface layer.

Moderate:  slope; silty
clay loan surface
layer,

None to glight ... .______
Muoderate: slope_______
Severe: flooding....____
Moderate:  silty elay
loam surface layer.
Moderate: slope.__.___

None to glight .. . _______

None to slight . .. .______

Moderate: slope.______.
Moderate: slope..___.__
None toslight . _______
None to slight - ... ___
Moderate: slope....____
Muoderate: flooding.__..
Moderate: slope;
flooding.

Severe: welness_______,
None toslight_ o ______.
None to slight. .- ___.__
Moderate: slope; loamy

fine sand surface layer.
None to slight__ ______..

Severe:

None to slight,
None to slight,

Moderate: stony
surface layer.
Naone Lo slight.

Sovere: ponding,
None to glight.

None to slight.

None to slight.

None to slight.

ponding.

Moderate: silty clay
loam surface layer.

Moderate: silty clay
loam surfuce Inyer,

Moderate: silty clay
loanm surface layer,

Moderate: silty clay
loam surface layer,

Moderate: silly elay
lozm snrface layer,

Muoderate: silty elay
loam surface layer,

None to slight,
None to slight,
Moderate:  flooding,
Moderate:  silty clay

loan surface layer,
None to slight,

None to slight,
None Lo slight.
None to slight.
None fo slight.

None o slight.
None to slight.

None to slight.

Moderate: flooding.
Moderate: flooding.
Severe: wetness.

None to slight.
Nene to slight..
Moderate: loamy [ine

sand surface layer.
None to slight.
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TasLE 6.—Degree and kind of Limitations for recreational usés—Continued

Mapping unit Play areas Camp areas Picnic areas Paths and trails

Temvik-Williams silt Moderate: slope_._.____ None to slight- ... None to slighto - - o _._o.- None to slight.
loams, undulating.

Teinvik-Williams sitt Bevere: Slopé. e omao--- Moderate: slop€.a-—a_-_ Moderate: slopeeaece-.- None 1o slight.
leams, rolling,.

Temvik-Williams silt Severe: slope_._ ... Moderate: slope.._.____ Moderate: slope-_-___ None to slight,
loamns, hilly.

T(illkﬂ. and Parnell silt Severe: ponding__.___._| Severe: ponding . . __._ Severe: pondinge.---—- Severe:  ponding,
OAINS,

Vebar fine sandy loams, Moderate: slop@eaow--.. None to slight_ . ___.___ None to slight. ... .o~o.._| None Lo slight.
sloping.

Vebar stony fine sandy Severe: stoniness..._ ... Severe: sboniness._._.__ Moderate: stoniness._..] Moderate: stoniness.
loam, hilly.

Vebar-Cohagen fine Severe: slope-__ .. _. Moderate: slope_«oa--- Moderate: slope_-_....-| None to slight,
gandy loams, hilly.

Vebar-Tally finc sandy Moderate: slope_...-- -=| None to slight- - - . __.. None to slighfecwaoooo- None to slight.,
loams, gently sloping.

Vebar-Tally loams, Moderate: slope__......| None to slight_-_..____.| None toslight..coacaeao None to slight.
undulating,

Vebar-Tally loams, Severe: slope- oo _.o_._. Moderate: slope..._____ Moderate: slope..o- - __ None to slight.
ralling.

Vellva-.‘.-itmw fine sandy Moderate: flooding.____ Bevere: flooding. ... . Moderate: flooding.__-. Moderate: flooding.
OHLITIS.

Wahek gravelly loam, Savere: slope; gravelly._| Severe: slope._._______ Moderate to severe: Slight to severe:  slope.
steep. slope,

Willias loam, nearly None to slight- - ______.| Noene toslight- - .____.._ None to slighto oo ____ None Lo slight.
level.

Williams loam, undulat- | Moderate: slope.._.___. None to slight. .- .___.__ None to slight . _______ None to slight.
mg,

Willinms loam, rolling.__.| Severe: slope._______._ Moderale: slope.___.__ Moderate: slope..______ None to glight.

Williamns stony loam, Bevere:  slope; stoniness_| Severe: stoniness______. Maderate: slope; Moderate: stoniness.
rilling. stoniness,

Williams-Flaxton loams, | Severe: slope_._.___.___ Moderate: slope..______ Mederate:  slope ... None te slight.
rolling,.

Williams-Zahl loams, Severe: slope_ .- ._____.| Maderate: slope..____._ Moderate: slope..._____| Nonc to slight.
nilly.

Zahl-Williams loamns, Bevere: slope_ ... _____ Moderate: slope-_______ | Moderate: slope... . None to slight.
hilly.

Zahl-Williams loams, Severe: slope. _.__.._.- Bevere: slope.__-..__..__ Severe: slope_..._..___ Moderate: slope.
steep. B

Engineering Uses of the Soils ©

This section is uvseful to those who need information
about soils used as structural material or as foundation
upon which structures are built. Planning commissions,
town and city managers, land developers, engineers,
contractors, and farmers are among those who can benefit
from this section.

Among propertics of soils highly mmportant to enginecr-
ing are permcubility, strength, compaction characteristics,
soll drainage conditions, shrink-swell potential, grain size,
plasticity, and reaction. Also important ave depth to the
wabter table, depth to bedrock, and slope. These prop-
ertics, in various degrees and combinations, affect con-
struction and maintenance of roads, airports, pipelines,
foundations for small buildings, irrigation gystems, ponds
and small dams, and systems [or disposal of sewage and
refuse.

Information in this section of the soll survey can be
helplul to those who—

1. Select potential residential,
merecial, and recreational areas.

2. Tvaluate alternate routes for roads, highways,
pipelines, and underground cables.

industrial, com-

6 By Drxxts F. Mryer, agricultural engineer, and Crixton R.
JorwzoN, State couservation enginecr, 8ol Conservation Service,

3. Beek sources of gravel, sand, or clay.

4. Plan farm drainage systems, irrigation syslems,
ponds, terraces, and other structures for control-
ling water and conserving soil.

5. Correlate performance of structures already built
with properties of the soil on which they are
built, for the purpose of predicting performance
of strnctures on the sarue or similar kinds of
soil in other locations.

6. Predict the trafficability of soils for cross-country
movement of vehicles and construction equip-
ment.

7. Develop preliminary estimates pertinent to con-
struction in a particalar area.

Most of the information in this section is presented in
tables 7 and & Table 7 shows several estimated soil
properties significant to engineering, and table 8 gives
mterpretations for various engineering uses.

This information, along with the soil map and other
parts of this publication, can be used to make interpre-
tations m addition to those given in tables 7 and 8. It
also can be used to make other useful maps.

This information, however, does not eliminate the
need for further investigalion at sites selected for engi-
nesring works, especially works that involve heavy loads
or that require excavations to depths greater than those
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S0IL

JURVEY

Tapre 7.—Istimated soil properties

[An asterisk in the first eolumn indicates that at least one mapping unit in this series is made up of two or more kinds of s0il. The goils in
referring to other serics that appear in the first column of this table. The gign>>

Depth to—
Classification
Depth
Sail series and map symbols Bea- from
Bed- sonal | surfaee | Dominant USDA texture Unified AASHO
rack ! water
tablc
Keel Freet Tnches
Alluvial Tand:  Aa. .o e >b € S RN S
Most properties too variable to be estimated.
ATNOr . e e 2--34% =10 0-35 : Toam. o ____________. ML A-4
Mapped only in undifferentiated units with 35-60 | Soft loamstone and fine- |____ . ____ | ________...
Sen goils, grained sandstone.
Arnegard:  ArA, ArB, ArC_ . _.. >b >5 0-40 | Toam__________________ MT, A-4
40-60 | Clay loam______________ ML or CL | A-4 or A-§
#*Banks: BaC, BbA, BeA, BeB. oo onooo oo >5 >5 0-5 TFine sandy loam _ _______ SM A-2 or A4
Iror the Trembles part of BeA and BcB, see 5-60 | Loamy fine sand and SM A-2
Trembles series, fine gand.
*Belfield: BdA, BdB, BzA, BeB, BmA, BmB, =304 =10 0-10 | Silt loam. ______________ ML or CL | A-6 or A-T
BmC, BsA, 10-28 | Silty clay_ .. CH A-7
For the Daglum part of BdA, BdB, BeA, 28-60 | Silty elay loam and clay | CL A-7
andBeB, gee Daglum series; for the loam.
Morton part of BmA, BmB, and BmC, sce
Morton series; and for the Siraw part of
Bs A, see Straws eries.
*#¥Cabba: CaE, ChD, CbE. e . <1% >10 0-14 | Silt loam ____________.__ ML or CL. | A-4 or A-6
For the Werner part of ChD and CbE, see 14-60 | Soft Joamy shale_ o o | ___|____________
Werner series,
*Coh&%n: CeF, ChOD o ___ < 1% =10 0-17 ¢ Finesandy loam.____.___ M A-2 or A-4
or the Vebar part of ChD, see Vebar series. 17-60 | Soft sandstonc_______.|o_ ______|______.._..
FOOIVIN: G0 e e >5 14 (-60 | Silt loam and clay loam. .| CL A-6 or A-T
For the Regan part, see Regan series,
Daglum_ . ____ e >34 =10 0-8 Silt loam . _____________ CL A-G
Mapped only in complexes with Delfield, 8-20 | Ciny_ o ____ CH A-7
Morton, IRegent, and Rhouades soils.
20-G0 ¢ Silty clay and elay loam__| CL A-§ or A-7
Dimmick: Dmoo o . =5 i 0-3 0-60 | Silty clay and elay_._____| CI A-T7
Farland: FaA, FaB___ . o _____ =5 >10 0-60 | Silt loam and siliy elay CL A-8 or A7
loam.
#1laxton:
FeB o e =5 >=10 0-28 | Loany finesand________| 8M A-D
28-60 | Clay loam. . ____________ Cls A-6
FIA, FIB, FIC, FwA, FwB, FxB, FxC, FxD____ =5 =10 0-28 . Fine sandy leam.__ _____ ML or 8SM | A-2 or A-4
For the Livona part of FIA, FIB, and FIC, 28-60 | Clayloam_________.__.__. CL A-6
see Livana geries; for the Williams part of
FwA, FwB, FxC, and FxD, sce Williams
garies,
Grail: GaA, GaB, GeA, GeB, GeC__ o _________ >h =5 0-60 | Silty clay loam and CL or CH A-T
silty elay.
Grassna: GnA, GnB__.__ . _ . . _____.__ =5 =5 0-60 | Silt loam and silty elay ML ar CL A-4 or A7
loam,
Gravel Pits:  GP oo e =5 A
Most properties too variahle to be estimated.

Bee fooinotes at end of table.
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guch mapping units may have dilferent properties and limitations, and for this reagon it is necessary to follow carefully the instructions for
means more than; the sign < means lass than. Absence of data indicates no eslimabe was made]

Percentage less than 3 inches
passing sieve *— Corrosivity to—
Available Shrink-swell [
Permeahilily water Reaction Salinity potential
No. 4 | No. 10 | No. 40 | No. 200 capacity Uneoated | Concrete
(4.7 (2.0 (0.42 (0.074) steel
mm.} mm.) mmu,) mm.)
Tiches per fnch Minhos per em af
Inchey per four of soil pH £5° O
100 100 | 90-100 | 55-74 0. 63-2, 0 0. 15-0. 17 6. 6-8.4 | None________ Low._ . _____. Moderate___{ Tow
________________________________ 0. 20-0. 63 0. 07-0. 09 7.0-8 4 | None-__—____| Low___.._...| Moderate___| Tow
100 100 | 85-95 55-70 0. 63-2. 0 0, 15-0, 17 6.6-7.8 | None____-.-- Low-. .. ___ Moderate_. .| Low
100 100 | 85-100 | 60-85 0. 63-2. 0 0, 16-0, 18 7.0-8.4 | None_______.| Low fo Moderate.__| Low
moderate
100 100 | 85-100 | 30-50 2, 00-6. 30 | 0.12-0. 14 7.4-7.8 | Nome__...._. Low_________ Moderate...| Low
100 100 | 70-95 10-25 6.3 -2, 00 0. 05-0. 08 7.4-7.8 ! None___..-.-- Low________ Moderate._ | Low
100 100 | 95-100 | 70-85 0. 63-2, 0 0. 18-0. 20 G.1-6.5 | None___._.__.. Low to Mederate__.| Low.
~moderate
100 100 | 95-100 | 95-100 | 0. 20-0. 63 0. 15-0. 17 6, 6-7. 8 | Moderate__. High ________ High_____._ Moderate.
100 100 | 95-100 | 70-80 0. 20-0. 63 0. 16-0. 18 7.9-8 4 Tfig,h lt‘.o very | Moderate.____ High_____.__ High.
igh.
100 100 | 95-100 | 85-95 0, 63-2. 0 0. 16-0. 19 7.4-8. 4 | None to low. .| Low to High_o._____ Laow,
moderate.
________________________________ 0.06-0,20 | 0.04-0.05 | 7.4-9.0 | None to Low to High.......| Moderate.
moderate. moderate.
95-100 | 95-100 | 75-85 30-50 2.0-6.3 0, 12-0. 14 7.4-8.4 | None.._.._.- Tow_________ Moderate._.| Low.
________________________________ 0. 20-0. 63 0. 06-0. D8 7.4-8 4 | Nona._______| Low-.__.__.__| Moderate.._| Low.
100 100 | 80-00 70-90 0. 63-2. 0 0.17-0. 19 7.9-8 4 | Low to Moderate.___. High___.___ Moderate,
moderate.
100 100 | 90-100 | 80-90 0.63-2.0 0. 17-0. 19 6. 1-7. 3 | None to low-.| Moderale_____ High_..__._ Low.
100 100 | 95-100 ¢ 90-100 < 0. 06 0. 12-0. 14 7.4-8. 4 Hi}%h to very High_________ High_--____ High.
igh.
100 100 | 95-100 | 85-100 | 0. 06-0. 20 0.06-0,08 | 7.9-9.0 | High to very | High__...._.__ High,____.- Iigh.
high.
100 100 100 | 80-95 <0, 06 0. 12-0. 14 6-7.8 | None..._-___. High. o .____ High. - ___ Low,
100 100 100 | 70-95 0.63-2.0 0, 17-0. 19 6.6-8.4 | None_.__.._. Moderate_____ Moderate_.-| Low.
100 | 95-100 | 6085 15-30 6. 3-20.0 0. 08-0. 11 6.6-7.8 | None. . ____._ TOW. oo Moderate.._| Low.
05-100 ¢ 95-100 | 856-95 65-80 0. 20-0. 63 0. 16-0. 18 7.4-8.4 | None..--a..- Moderate.____ Maderate.__| Moderate.
100 | 95-100 | 75-90 30-60 2.0-6.3 (. 13-0. 15 6.6-7.8 | None. cacuaa- LOW_ e Maderate._-| T.ow.
095-100 | 95-100 | 85-95 65-80 0. 20-0. 63 0.16-0. 18 7.4-8 4 | None________ Moderate-..-. Moderate.__1 Moderate.
100 100 | 95-100 | 85-95 0.20-0.63 | 0.16-0.18 6. 6-8. 4 | None to Moderate High_.o.-__ Low.
low to high.
100 100 | 95-100 | 75-90 0, 63-2. 0 0. 19-0. 21 B8.6-8 4 | None________ Moderate. .- Moderate___| Low.
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TazLe 7.—Estimated soil properties
Depth to—
Classifieation
Depth
Soil series and map symhols Ses- from ]
Bed- sonal | surface | Dominant USDA texture Unified AASTHO
rock ! water
table
Feat Feet Inches
Harrieh: Hao e o o e —ae =5 0-5 0-40 | Silty clay leam._ . ... CL or CH A-6 or A-7
40-46 | Loam oo, . ML A-4
46-60 | Silby elay_ . ... __ CLor CIL A-G or A-T
*Mavrelon: Hb, He, Hd, Hm_ . o ____ >5 s 0-60 | Loam and very fine MLorCL | A~4or A6
Far the Trembles part of Hm, see Trembles sandy loam.
series.
Heil;: Hsoo e =5 -7 N-60 | Silty elay_—a__._________| CH A-Y
Lallic: La, Lbe oo 5 05 0-60 | Silty elay_ . _____. CTT. A7
Lawther: LeA, LeB oo 34 >>10 0-60 ; Silty clay and ¢clay ... CTL A-7
Lefor: e o immmm e 2143l >10 0-14 | Fine sandy looon________| 8M A4
14-34 | Clay loam______________ CL A6
34-60 | Soft loamstone,
| T R 5 > 10 0-15 | Twwam_________________ t ML or A-4
Mapped only in complex with Stady soils. MI-CT,
15-60 | Cravelly coarse loamy SM A-] or A-2
sand, sand, and gravel.
Lihen: LhA, LkA e >h >>10 0-60 | Loawmy fine sand and SM A-2
fine sand.
#Linton: LG, Ln B e 5 =10 0-60 | Silt loam and very fine ML A4
For the Mandan part of LnB, see Mandan ! sandy loain.
series.

TAVONA - o e =5 >10 0-15 | Fine sandy loam. . ..____ SM or ML | A-2 or A-4
Mapped only in complex with Flaxton soils. 15-60 | Clay loam_ . ___.___.____ CL A6
Lohler: Lo oo e e e ) >5 0-32 | Silty eloy_ . __ CLor CH A-B or A-7

32-40) | Very fine sandy loam . ___| ML A4
40-60 | Siley elay loam_..________ CLor CH A-6 or AT
Mandan:
MaA, MaB_ e ciim——- =5 =10 0-46 | Silt loam ... _.____ ML A-4
46-60 | Loam and fine sandy ML or SM | A-4
loam.
MBA, MBB i 5 >10 0-40 | Silb loam___ ... _._____ ML A-4
40-60 | Sand and gravel___._____ SM A-1or A-2
Manning: MeBo oo >a >10 0-24 | Fine sandy loam and SM A4
gravelly fine sandy
loam.
Mine dumps: Mdo e >5 >10
Most properties too variable to be estimated__ 24-60 | Sand and gravel....____. SM A-1lor A-2
#*Morton: MoA, MoB, MoC, MoD, MpA, MpE, 154-314 >10 0-33 | Silt loam and loam and ML or CL | A-4 or A-§
MpC, MsC. silty clay loam,
For the Daglu n part of MpaA, MpB, and 33-60 | Soft siltstone and loam- || ______
M pC, see Daglum serieg; for the Sen part stone,
of MsC, see Seon series.
#Noonan: NIB e >5 >10 0-11 | Loam__ . _.____ ML A-4
For the Flaxton part, see Flaxton series_____ 11-60 | Clay loam.______________ COLor CIT | A-6 ar A-7

Hee foolnotes at end of table.
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Percentage less than 3 inches
passing sieve *—

Corrosivity to—

Available Shrink-swell
Permeability water Reaction Salinity potential
No. 4 | No. 10 | No. 40 | No. 200 capacity Uncoated Cancrete
(4.7 2.0 (0.42 (0.074) stacl
mm.) mm.) mnz.) mm.)
Inckes per inch Adinkos per cm al
Inches per hour of soil nir 2%

100 | 95-100 | 85-100 | 75-00 06-0, 20 0. 13-0. 14 7. 9-9 High._.._____ Mﬁdemte to High_ . ___ Tigh.

igh.

100 | 95-100 | 85-95 50-80 0. 63-2. 0 0. 16-0. 18 8 5-0.0 | Thgho___.___ Modetrl‘a.te to Higho.____ High.

high.

100 100 | 95~-100 | 80-95 0. 06-0. 20 0. 13-0. 14 8 5-9.0 [ Highoo____.__ Moderate to High______ Eigh,

high,

100 100 | 85-100 | 65-00 0.63-2.0 0 16-0. 18 | 7.4-% 4 | None to low__| Low to mod- | Moderate_._| Moderate.

ate.

100 100 100 | 80-95 <0, 06 0. 13-0, 14 7.4-9, 0 I\f.[ggielrate to High .o ... __ High______. ITigh.

igl.

100 100 ¢ 95-100 | 85-95 0. 06-0, 20 0. 13-0G. 15 7.4-8 4 | None______..| High__.______ High______. Moderale.

100 100 | 90-100 | 85~-100 Q. 06-0, 20 0. 15-0, 18 7.4-8 4 | None to low__| Tigh. ... ._. High_______ Moderate.

100 100 | 85-95 35-5{) 2.0-6.3 0. 12-0. 14 6 1-7.3 1 Noneo____.__ Low_ oo .__ Moderate___| Low.

100 | 95-100 | 85-100 [ 50-70 0. 63-2.0 0.13-0.15 | 6.6-7.8 | None to moed- | Low_._______ High_______ Moderate.

erate.
0. 200, 63 0. 07-0. 09 7.0-8.4 | Low__._____. Tow_________ Moderate.._| Moderate.
90-100 | 85-45 80-90 50-65 2.0-6.3 0. 14-0. 16 6.6-7.8 | None._______ Tow. . .o- Moderate._.| Low.
6080 40-G0 15-25 5-10 >20,0 0, 04-0. 05 7.4-8.4 | None_ _______ Tow_____.._. Moderate. -_| Tow.

100 100 | 90-100 | 15-30 6. 3-20,0 0.10-0, 12 6.6-7.8 | None________ Tow. . ____ Moderate....| Low.

100 100 | 90-100 | 75-90 0. 63-2. 0 ¢, 18-0. 20 G.6-8 4 | None_.______| Low._-_.____ Moaoderate. .| Low.

100 | 95-100 | 75-95 30-60 2.0-6. 3 Q. 13-0, 15 6.6-7.3 | None________| Low_________ Modernte__.| Low.
95100 | 95-100 | 85-93 65-80 0. 20-0. 63 0. 16-0, 18 6.6-8. 4 | Nonc______.__ Moderate. ... Moderate.__| Moderate,

100 100 | 95-100 [ 85-95 {1 20-0. 63 0. 15-0, 17 7.4-7.8 | Noene________ Migho._____.__ High . __ .. Moderate.

100 100 | H5-100 | 70-80 0. 63-2. 0 0. 17-0. 19 7.4-7.8 | None________ Toowo oo _- High_____._ Moderate.

100 100 | %5-100 | 80-00 0. 20-0. 63 0. 16-0.18 7.4-7. 8 ) None._______ Wigh___.___. High______. Moderate,

100 100 | 95-100 | §0-00 0.63-2.0 0, 18-0. 20 7.4-8.4 | None__.__._. Tow. oo ____ Moderate-__| Low.

1040 100 | 75-9%0 4060 0. 63-6. 3 0. 15-0. 17 7.4-8.4 | None________ Tow.oo_____ Moderate...| Low.

100 100 | 90-100 | 80-00 0 63-2. 0 3, 18-0. 20 7.4-8.4 | None________ Towo o= Moderate_._| Low.
60-80 40-60 15-25 5-10 20,0 ¢ 04-0. 05 7.4-8 4 | None_______. Low_ o n-o___ Moderate___| T.ow.
05-100 | 85-95 70-85 35-50 2.0-6. 3 G, 12-0. 14 6. 6-7.8 | None_______. Low_ oo Moderate...| Low.
G0-80 40-65 25-50 5-15 >20.0 0, 04-0. 05 7.4-8 4 | None___.__.. Low__ o __. Moderate__.{ Low.

100 | 95-100 | 90-100 | 70-90 0.63-2.0 0. 19-0. 20 6. 6-8 4 | None........| Low to mod- | Moderate_._| Low.

erate.
________________________________ 0. 20-0, 63 0. 10-0. 12 7.0-8 4 | None._....__| Low to mod- | Moderate-.., Low.
erate.
05-100 | 90-95 | 85-95 | 55-70 2.0-6.3 | 0.15-0.17 | 6.6-7.3 | None________ LOW- o aeerme Moderate.__| Low.
95-100 | 90-95 85-05 65-80 0. 06-0. 20 0. 10-0. 12 7.6-9. 0 | High to very | Higho_..____. Higho______ High.

high.
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TasLn 7.—Estimated soil properties

Depth to—
Classification
Depth
Soil geries and map symbols Sea- from
Bed- sonal | surface | Dominant USDA texture TUnilied AASHO
roclk ! water
table
Irget Feet nches
Parnell: Pa. ..o =5 10-6 — Silt loam - - o CL A-6
7-G0 | Silty elay leam and silty | CIT AT
clay.
*Parshall: PbA, PcA, PcB, Pt ___________ =5 >h 0-32 | Fine sondy loam. __.____ SM A-4 or A-2
For the Tally part of PtC, see Tally series_ ___ 32-60 | Loamy finc sand and SM A-2 or A4
fine sandy loam,
Regan: Reo oo e >5 114 0-60 | Silt loam and silly clay CL A-G or A-7
loam.
*Regent: RgA, RgB, RgC, RIA, RIB, RIC ____.___ 24-344 10 0-38 | Silty clay loam and silty | CI A-6 or A-7
clay.
For the Daglum part of RIA, RIZ, and RIC, 38-60 | Boft elayey shale. . | ooom oL
see Daglum series,
#Rhoades: RoB.__. ... >2nr 10 0-15 | Bilty clay and silty ¢lay | CLor CH | A-T
loam.
For the Daglum part, sce Daglum serica .. 15-60 | Clay loam and silty clay | CL or CH A-G or A-7
loam.
Ringling: RvE_ . e < 1% > 10 0-19 | Grovelly loam and very MLor8M | A-2 or A-4
gravelly loam.
19-60 | Scoria bedroek. .|| ___.
Riverwash: Rw_______________________________ >5 8)-5
Moast properties too variahle to be estimated.
Savege: SaA ..o i >b >10 0-60 | Siity clay loam and CL A-6 ar A-7
silty clay.
*Ren: SaC, SmA, SmB, SmC, SmD oo e 2-3% >10 0-34 | Toam_____._____________ ML A4
For the Werner part of SeC, see Werner 34-60 | Soft loamy shale_ . _ . __ | ________ | _______.____
geries; for the Amor part of SmA, SmB,
SmC, and SmD, see Amor scries.
*3tady: StA, SuB, SuC____ L ___ >5 >10 0-30 | Loam and gravelly ML or A-4
For the Lehr part of SuB and SuC, see Lehr loam. ML-CL
series. 30-60 | Sand and gravel._______ SM A-1 or A-2
Straw: Swh, Sx_ >5 ¥>>5 0-60 | Loam. oo .u________.. ML or A~
MI-CI,
Strongly saline Iand: Sy o amceneo- >5 10-5
Most properties tao variable to be estimated.
*#Tally: TaB, ThA_ o cceae >5 >10 0-31 | Fine sandy loam___ _._.._ SMor ML, | A~4
For the Parghall part of TaB, see Parghall 31-60 | Sandy loam and loamy 8M A-2 or A-4
geries; for the Vebar part of TbA, see Ve- sand.
bar series.
¥Telfer:  Tely e e >5 >10 0-9 Loamy fine sand________ SM A-2
For Lihen part, see Lilen series 9-60 | Finesand._.____________ S5M A-2
*Temvyik: TmA, TwB, TwC, TwD. .. _______.._. >5 =10 0-24 | Silt loam______________. ML A-4
TFor the Williams part of TwB, TwC, and 24-60 | Clayloam.__.___________. CL A-Bor A-7
TwC, see William series.
FTOnKA: T X enercmmcnmccrvwecmmarenamrnaman >5 80-8 0-11 | Silt loam_______________ ML A-4
For the Parncll part, see Parnell series, 11-60 | 8ilty clay and silty clay | CL A-7
loam.
Trembles. o o e >5 =5 0-43 | Fine sandy loam and | SMor ML | A-Zor A4
Mapped only in complex with Banks and stralified loamy fine
Havrelon soils, sand and loam.
43-60 | Finesand._ . o ooee._ . SM A-2

Bee footnotes at end of table,
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nH1-TH1—T5—T

Percentage less than 3 inches
pasging sieve 2—

Available
Permealility water Renction

No, 4 | Na. 10 | No, 40 | No. 200 eapacity

(4.7 (2.0 {0.42 (0.074)
mm.) mm.) mn) mim.)
Tnches per hour Ineches per inch b
of woil

100 10D | 95-100 | 80-H0 0. 63-2.0 a. 19-0, 21 G. 6-7. 3
100 Hn LOO | 90-100 0. 06— 20 0. 16-0. 18 6, 6-7. 8
104 100 | 90-100 | 2h-45 2.0-6.3 (. 12-0. 14 I, 6-8. 4
00 [ H5=100 | B5-100 | 15-45 2.0-20. 0 0. 10-0. 13 . G-8. 4
100 10003 90=100 | 70-95 0. (3-2. 0 0, 16-0. 18 7.0-8. 4
104 100 | B5-100 © 80-100 (. 06-0. 24} 0. 17-0. 19 6, 6-8. 4
________________________________ <. 06 0. 10-0. 12 7.89-40
100 | 95-100 | 895-100 | 85-495 <. 06 L 12-9. 14 . 6-9, 0
0 | 95100 | 95-100 | 70--90 0. 06--0. 20 1 06-0. 0§ 7.9-%.0
i G0-05 40-80 356-75 25-65 G. 3-20, 0 B, 12-00 15 7. 4-8. 4
_________________________________ 6.3-20. 0 0. 02-0. 03 70484
100 | 93-100 j 90-100 50-045 0. 20-0. 63 0. 16-0. 18 6. 68, 4
100 100 | 95-10H) TO-8A 0. 63-2. 0 0. 10-0, 20 7. 4-8. 4
________________________________ 0 20-0. 63 0. 10-0. 12 7. 4-8. 4
100 95-100 | 85-495 60-75 0. 63-2. 0 0. 16-0. 18 G. 6-8. 4
60-89 40-60 15-25 H=11} =>20.0 0. 04-0. 05 7.4-8.4
100 | 95100 | 85-95 60-75 0. 63-2. 0 0. 16-0. 18 7.4-7.8
100 1060 | 85100 35-60 2. 0-6. 3 0. 13-0. 15 6. 6-7. 8
100 | 95-100 | A5-70 20-40 2.0-46.3 0 10-0.12 6. (-8, 4
100 [ 45-100 | 90-100 20-30 6. 3-20. 0 0. 10-0. 13 6.6-7. 3
i 100 | 945100 | 7T0-90 10-25 6. 3-20.0 0. 05-0. 07 6, (-8, 4
100 100 95-100 8095 0. 63-2.0 0. 18-0. 20 6. 6~7. 3
B5-100 | 95-100 | 85-95 60-75 0. 20-0. 63 0.16-0.18 | 7.4-8.4
100 100 | 95-100 70-%0 0. 63-2. 0 0. 19-0. 21 6. 1-7. 3
100 100 | 95-100 20--05 0, 06-0. 20 0. 16— 18 fi. 6-7. 8
100 100 | 90-100 30-60 2.0-G.3 0.12-0, 14 7.4-8. 4
100 100 | 70-95 15-30 6, 3-20. 0 0. 05-0. 08 7.4-8 4

Shrink-sweail

Corrosivily to—

Salinity potentinal ]
Uneoated Conerete
steel
Adiufion per con al |
e P
None_o______ Medernleo - \ Tigh._._._. Low.
None - .. ____l Migho_____.__i Hlgh___. _. Low.
None_o - ____ Tow_ o __ Maderate | Low.
None . .- oo Tew oo L Madernte_._| Low.
Low 1o mod- | Moderateo._._| High_______ M-
orate. erate.
None to low__| Moderate to Migh . Mod-
high. crate.
None to low._| Moderate to High . __. Mouod-
high. erate.
Moderate. Higho_._____. High____ _ | Muod-
orate,
Migh to very | Moderate Lo High______.| High.
high. very high.
Noncoo___... Taow. o ____ | Moderale- .| Low.
None_ . __ ... Tow_ oo ____ Moderate__.) Low.
Nane_ _______ Moderate ... Moderate . | Moderate.
Nomeo .o . Modernte ____ Moderate-__| Low.
None..____... Modernbe__ __| Moderafe___| Low.
None. ... Low____.__._ | Moderate.._| Low.
None_ .. ____ Low___.. . _ - Moaoderate_._| Low.
None___.____ Low Lo moed- | Moderate -7 Law.
erate. 1
Nane_ . ____._ Twow_ oo __ Maderpte - | Low.
None___ .. ___ Toow_ ________ Maderate__ | Low.
None__ ... Tow_ ... Modernte. | Low.
None.  .____. Tiow_ oo __ Madernte._ .| Low.
None. .. .__ Low______._. Moderate. | Low.
None.__.. .__ Moderate.____ Moderate .| Moderate.
None___._____ Low__.___.___ High____.__. Low,
None._______ Moderate.. .. _| High_______ Low.
Neneo ... Low______.__ Moderate.__| Low,
None_....___. Tww__ . __ Moderate.__° Low.
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TapLe 7.—Istimated soil properties

- 1
Depth to—
Classification
Llepth
Seil series and map symbols Bea- from o ] ! ]
Bed- sonnl | surface | Dominant USDA fexture Unified | AASHO
rock ! witer
table
i
Irget Feet fnches '
#¥Vehar: VaC, VbD, VhD, VKB, VIB, VIC.._______. 13434 =10 039 | Finesandy loso_________ ‘ SM or ML A2or A4
Tor the Cohagen part: of VhD, see Cohagen 3960 | Seftsandstone_ - ___ ' | . ..
serics; for the Tally part of YIC, VkB, and ‘
VI B, sec Lally series. !
*Yealva: Vs__. b =5 0-40 | Fine sandy loam and J ML or SM | A-2or A4
For the Str thinly stralified
loamy fine sand to |
Toam.
Wabek: WalD e~ =5 > 10 0-9 Gravelly loam and ‘ SM A-2
i‘ pravelly coarse sandy
loam.
| 9-60 | Gravel and sand_ - ______ 5M A-1or A-2
W eI Er - o e e | < 1% 10 (1-18 | Loan and silt loam._____ ML or CL: A4 or A-G
Mapped only in complex with Cabba and 18-60 | Soft siltstone-and sand- | oL L ...l _
Sen soils, stone.
*Williams: WA, WIB, WIC, WmC, WnC, WzD.__} & =10 0-21 | Loam and clay loam_____ ML or CI, | A-G or A-7
For the Flaxton part of WnC, see Flaxton 21-60 | Clay loam__ . _________ CL A-G or AT
series; for the Zahl part of WzD, see Zahl |
geries. |
#Zahl: ZaD, ZaE__ . ____________..____ s 10| 06 | Toam- oo __.____ ML or Ad :
For the Willinms part of ZaD and Zak, see MI—CL |
Willinins series. G-60 | Clay loam__ o ______ CL A-G or A-7 -

! Bedrogk is soft buf restricts rooting.

? Yeany phases of Merton, Sen, Vebar, and Williams soils have 10 to 20 pereent, by volume, of material eoarser than 3 inches in 8W

diametar in the upper fool of soil.
3. Rails are subject to Mooding.

TarLE 8. —Lngineering wnlerpretatons

[An asterisk fin the Mest eolumn indicates that al least ene mapping unitin this serigs is made up of bwo or mare kinds ol sail. The soils tn snch mapping units may have different

Tregree wied kind of Minitaiion for—

Soil series and map Svmbols .
Heptic tank
absorplion fields t

Sewagoe lagoons

hallow oxcavations Dwellings Banilary lundfill,

rench 2

Lacal rogds and
streels

Alluvial iand:  Aa.
No interpretalions nade; properties
too varfable,

Severer mader-
ately slow pernie-
abllity helow
depth ol 2 10 344
Toet.

Amor____.___. E
Mapped only with Sen soils in undll-
ferentinted unils,

Arnegard: ArA, ArB, ArCoL .. Moderate: moder-

ale permcability,

See footnotes at end of tuble,

Moderule where
slapes are 0 to &
perestb. Sovere
where slopes ars
mare than 9 per-
cent: moderate,
permeability,

Moderate: moder-
ate perineability.

Slight

Slight where slopes
are 0 1o 9 percent,

Moderate where
slapes ure maora
than 9 pereent.,

Slight where slapes

ara 0 1o 9 parcent,

Moderate where
slopes are 9 1o 15
percent,

Moderatle: paor
compaction.

Moderale: soit
I>ecdrock helow
depth ol 2 to 314
feel.

Elight ... ..

Moderaie:

Moderate:

texiure;
polential frost
heave; moderuale
load-hesring
capaeity,

texlure;
pelentinl lrost
heave,
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|
Pereentage less than 3 inches
passing sicve 20— Corrosivity to—
Available Shrink-swell
Permneahility water Reaction Salinity potential

No.4 | No. 10 | No. 40 | No. 200 capacity Unecoajed | Concrete
(4.7 (2.0 (0.42 0.074) stecl

mn) mn..) mm.) mm.)

Frches per fnch ATmhag per emt of
Tiehes per howr of soif nir 25° €
100 0 95-100 [ 90-100 ¢ B0-60 . 0-6. 0. 13-0. 15 6.6-8.4 Nome.__.__._.] Low_.______.__ Modernte.__| Low.
________________________________ (. 20-0. 63 0, 07-0. 09 7.4-8.4 | None.______.) Tow_________| Moderate.._| Low.
100 | 95-100 | 83-100 | 30-G0 2.0-6. 3 0. 13-0.15 G.6-8.4 | Nono.____.__ Low. .. Maderate__.| Low.

90-95 80-95 50-74 15-30 6. 3-20, 0 0, 10-0. 12 7.4-8. 4 | None._ ... __ Low____ . .___ Moderate. .| Low.

(30-80 40-G0 15-25 5-10 >20.0 0. D3-0. 04 7.4-8.4 | None_.____.__ low_ ... Moderate___| Low.

05-100 | 95-100 | 75-90 | 65-90 0. 6i3-2. 0 0.16-0.18 | 7.4-8.4 | None__.___.___ Low to Moderate.._| Low.

mederate,
________________________________ Q. 06-0. 63 0, 05-0, 07 7.4-8.4 | None._______| Law to Moderate___ Low,
moderate. i

95-100 | 90-100 | 85-95 G5-80 ¢ 63-2.0 0. 17-0. 19 6.6-7.8 | None._....__ Moderate to Moderate___| Low.

high.

45-100 | 90-95 85-95 60-30 0. 20-0, 63 0..16-0, 18 7.4-8.4 | None________ Moderite to Moederate. | Moderate.

high.

95-100 | 90-100 | 80-95 50-80 0.63-2.0 0. 16-0, 18 7.4-7.8 | Nane_._____._ Moderate.____| Mederate.._| Low.

95-100 | 90-100 | 80-95 60-80 0. 20-0. 63 0. 16-0. 18 7.9-8 4 | None.. ___.___ Moderate to Meoederalo_._| Moderate.

high.
of soils
properties and Umitations, and for this reason it {5 necessary i follow carelully the instructions for referring to other saries that appear in the first colima of chis talle]
Builabilily as source of— Soil features atfecling—
Road fill Band or gravel Topsail Pond resorvoir Embankments, | Drainage of erop- Trrigation Terraces and Grassad
arens dikes, and levees | land and pasiare diversions waterways

Fair: poor com- | Unsuitable...._...| Fair; thickness_. | Moderate permea- | Poor stability Mat applicable.._| Moderately deep | Sloping teo hilly Nearly level to

puetion. Iility and scep- ind compac- Lo soft hed- in somne places. lLiilly.
age potential. tinn; semi- rock; moders
porviouns. ately slow per-
meabiily in
bedrock.

IFrair: low to Unsuitabdle .. ____ Gond_ o ... .. Moderate permen- | FFair stability Not applicable. .., Nrearly level to A few slopes of All features
moderate bility and seep- and compac- sloping, more thuu 6 faverable,
shrink-sweil age potential, tion; semi- percent,
patential. pervious,




08

SOIL

SURVEY

TABLE 8. —Engineering inlerpretations

Soil series and map symbols

Degree and kind of imitation for—

Saptle lank Sewage lagoons Shallow excavalions Dwellings Snnilery Inndlill, Toenl roads and
ahsarplion fields ! troneh 2 sirocts
*Banks: BaC,BbA, BoA BeBo_.... Slight: 4 ________. Severe: rapid per- | Severe: sidewall Slight.s_____.________ Severn:  rapid per- Slighti ... ..
For Trembles soil in Bea and BcE, menhility, instability. meability.
ser ‘I'rembles geries.
*Relfield: 8dA, BdB, BeA, 8:B, BmA, | Severe: roder- Slight where slopes | Slight. . .. Severe:  high Modorate:  dieult | Severe: high
BmB, BmC, BsA. ately slow per- are 0 1o 3 poereent. shrink-swoll to work. shrink-swell
For Daglum sail in BdA, BdB, BeA, miebility. Maoderte where potnnitial, poteniial,

and BeB, see Daglum series; lor
Marton sail in BmA, BmB, and
Bm, see Morton series; for Straw
part of BsA, see Straw series.

*Cubba; CaE, CbD,CbE._ .. ...
For Werner soil in ChD and ChE, see
Wiernar serics.

*Cohagen: Cg&, ChD______ . . ...

For Vebar soil in ChD, ses Vebar
series.

*Colvin: Co_._______ ...

For Regnn soil, see Regan series.

Taglowm .. ...
Mapped anly in eomplex with Tel-
field, Morion, Rhoades, and Regent,

soils,

Dimumick:

Fuarland: Fah, Fai

“Flaxtan:

See footnotes af end of tahle,

Severc: slow per-
meability below
: depth of 124 (eat;
Vo slopes of more
tlin 15 pereent.

Sevare: moder-
alely slow per-
meability below
depth of 134 fect;
slopes af mere
shan 15 pereent
in places.

Severe:
table.

high wuler

Severe:  very slow
permeabilily.

Sevore;  flooding;
yvery slow perme-
ability.

Muaderate: moder-
ale permeability.

HSevers:  muodorate
permeshilily
helaw depth of 2
10 414 feet.

slopesare 3 to Y
percent.

Severe: slope__ ...

Severe: slope_ ..

Sovere:
table.

high waler

| Blight where slopes
are 0 1o 3 percent.
Moderate where
slopes ure 3 to 9
pereent,

Bewern: flooding....

Maderata:  mader-
sl permaenhility.

Severe:  rapid por-
menbility sbove
depth of 210 814
fect.,

Moderate where
slepes are ) to 15
pereant. Severe
where slopes are
more than 15
percent.

Modernte where
slopes are 9 1o 15
pereent, Severe
wherae slopas are
niore than 15
pereent: diffienlt
to wark in soff
Twdrock.

Bevere:  poorly
drained; high
waler Luble,

Severe:  sidewnll
tnstability; diffi-
cull 4o wark.

Severe:  very poor
drainage.

Slight

Slight

Moderale whern
slopes nre 9 to 15
porcent. Sovere
whoere slopes are
more than 15
pereent.

Modernie whare
slopes are 9 10 15
pereent, Seyvere
where slopes are
more than 15
peccent.

Hevere:  high water
tablae; oecasional
flandiug.

RBevere:  high
shrink-swell
potential.

Severe: hequent
(lnooding; high
shrinlk-swell
potential.

Moderate: moder-
ate sheink-swell
potential.

Modorale: moder-
ate shrink-swell
notential below
depth of 2 to 814
feet.

Moderate where
stopes are 910 15
pereent, Sevare
whare slopes are
mare than 15
percent.

Modorate where
slopes are Y to 15
percant. Severe
where slopes are
more tha 5
pereont,

Severe:  high waler
table; Mlooding.

Severe:  dillleul,
to work.

Bevere:  flanding. ..

Blight . _..___..

Moderale:  dillicull

to work,

Moderule wlere
slopes are loss
than 15 pereent.
Severe where
slopes are more
than 15 perrent.

Maderate whoere
slopies are less
than 15 percent.
Sevore whern
siopies are nre
than 15 peresut,

Severs:  paor
fdrainage,

SBuevere: high
shrink-swall
polential.

Severe:  looding;
high shrink-swell
potential,

Maderater  moder-
ate shrink-swell
potential; patential
frast heave.

Maderate: moder-
ate shrink-swell
potenhtial below
depth af 214 10 3
feel; potential
frost heave,
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Suitability s source of—

Soil features affecting—

Road fiil Sand ar gravel Topsoil FPond reservolr Embankmenis, | Druinage of crap- Errigation Terraces and Qrassed
areas dikes, &nd lovees | land and pasture diverslons waterways

Gand; may need | Paor for sand: Poor: texture Rapid permea- Frair stability; Not applicable, Complex slopes; | Not applicable,_.| Not applicable.
binding high in fine 0 charse., Dility; high fnir to good low availubls
material. mauterinl; seepags polen- eornpacelion; waler capac-

myulnly fing 1ial. SeINi-Rervious, iy, rapid
sand, Tnsult- intekc rate.
able for gravel.

Poor: moderats | Unsuitable ... CGood inupper 7 | All features favor- | Fair to good sta- | Not applicable...| Moderately slow | Clayey subsoil; Clayey subsoll;
ta high shrink- inchas; fair in able. hility and eom- permeability; moderately difficult to
swell patential, iogwer 7 to 10 paction; sodie. slow permea- vegataie.

inches; texiure imperviaus. bility; slopes

too finag, of mnre than
6 percent in
places,

Fair te poor: Unsultable.___....} Peor; thin sur- Steep to very Poar to fair sta- | Not applicable__.| Low available Shallow to soft Difficult to vege-
steap to very face layer; steep steap. bility; semi- watet capac- hadrock; steep tate; steap to
steep; modsrate to very steap. nervicus to Ity; shallow to to vary sleap. very steep.
to low shrink- impervicus. soft bedrock;
swell petential. steep to very

steep.

Faijt to peor: Unsuitable. ... Poor: thin sure- Steep to very Fair to good Not applicable._.| Low avallable Shallow 1o soft Tighly eradible;

steep to very face layer; steop steep; fractiured compactian; water capac- bedrock; sus- difficult to

steap; pockets
of hard rack.

Poor: poor
drainage.

Poor: high
shrink-swell
potential;
highly plastie.

Poor: high
shrink-swell
potentlal;
highty plastfe.

Falr: moderate
shrink-swell
potential,

Goad: shrink-
swell petential
reduced when
material Is
mixed.

531-T61—T74%

Unsuitable__......

Unsultable_...___.

Unsuitable........

TUusultable . ...

Unsultablo.eevan.

8

to vary steep.

Clvod in upper 7
inches; fair in
lower 7 to 17
inches:  high
water table,

Qood in uppar 5
te 10 inches; too
alkallne below.

Poor: fine tex-
ture; very poor
dratnage,

Fair: thickness...

Fajr: coarse
textured.

rock; high seep-
ape potential.

High water table;
normally
suited only 1o
dugouts,

All features
favorable.

All features favor-
able,

Moderate peeme-
abllity and seep-
age potential,

Rapid permeahil-
ity in upper 2
to 334 feet and
modsrately
slow helow;
high sespage
potential.

faly stability;
somipervions;
diffieult to
vegatate.

Semipervious to
parvious.

Fair stabillty;
subject to
cracking;
impervious.

Fair to poor
stability and
compaction;
subject to crack
ing; Impervi-
ous.

Fair to good
siahility;
impervious.

Guood stahility;
impervious it
upper § feet
used after
mizing; stones
and cobble-
stones.

Low wet areas;
high water
table,

Not applicable. ..

Low wet areas;
very slow per-
meability.

Mol applicable. ..

Not appllcable. ..

ity; shallow to
sandstone;
steep to very
steep.

Poor desinage;
high water
table,

Vary slow per-
mesbility;
sodie; saline.

Very poor draln
age; very slow
permeability.

Some areas ars
gontly sloping.

Choppy slopes;
hazard of salf
accumulation;
rapid permea-
bility above
depth of 2 to
314 feet and
moderately
slow belew,

captilile 1o soil
blewing; difMi-
cult to vege-
tate; steep to
very sieep,

Not npplicable. -

Sodie; unstable
embankiment;
clayey stbsoll;
some slopas
mors than 6
percent.

Not applleable___

All fentures
favorable.

Short choppy
slopes; suscept-
ible to sail
blowing; in
some places
sloping and
hilly.

vegotato; steap
to very steep.

Difficult to con-
struct and
vegelate;
poorly
drained.

Difficult to vege-
tate; clayey
stibsoil; highly
erodible.

Not applicabla:

All fenlures
favarable.

Diffleult to
vegetala;
nearly lavel to
hilly; highly
erodibla,
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Boll secies and map symbols

Dagree and kind of limitation for—

Seplie (ank
absarption felds

Sawuge Lignons

Shallow excavations

Dwrellings

Sunilary landfin,
trench 2

TLoeal ronds wnd
Slreels

*Flaxtou~—Continued
Fia, FIB, F1C, FwA, FwB, FxB,
FxC, FxD.
Far Livana sail in FlA, FIB, and
FiC, see Livona serles; for Willinms
soll In Fwa, FwB, Fx8, FxC, and
FxD, ser Willinms series.

Grail: GaA, GaB, GeA,GeB, GeC. ...

Grassna: Gra,

Gravel pits: Gp.
No interpretations made; properties
too variable.

Huarriet:

*Havrelon: Hb, He, Hd, Hm____.___._._.
For Trembles goft in Him, see Trem-
hlas sertes.

Hell: Hsoo s
Tallie; La, Lo o
Lawtner: LoA, LeB oo mccem e
Lefor: LeA eceimcmaeanas [

Sevare:  moderntely
stow permeehility.
helow depliv of 2
La 34 (eet,

Severe: moderately
slow permeabil-
ity,

Moderate: moder-

ate permeahility.

Buvere: slow per-
meability; high
water Lable.

Slight 34 .. __

Severe:  very slow
permcability.
Bovere:. slow por-

]'Ilqpbilit.y,‘ high
waler table or
flooding.

Severe:  slow per-
meabillty.

Severe:. moderate-
1y slow permes-
bllity below depth
of 24 to 34 leet,

See fonlnoics at end of tahle,

Bewvere: Iioder-
ately rapid perina-
ability ahowve
deplh of 210 314
feet.

Blight where slopes
are ¢ to 3 pereent,
Modernte whers
slopes are 3 (0 U
pereent.

Moderafe: muoder-
ate permeability.

Sovere:  slow per-
meahility; high
water tabie.

Moderate: mad-
erate prermeabil-
ity.

SBevere: flooding
or high water
table.

Sovere: looding
or high wator
table.

Sligltt, where slopes
are 0 Lo 8 pereent.
Maoderate where
slopes are 3 {09
percett.

Moderate: maod-
erate permen-
bility.

Slight. ... ________ !
3

Modernte:  difficnlt

to work.

Slighto oo

Savere:  poor

drainage; high
water table.

Slight s ...

Bevere: poor
drainage.

Savere:  poor aud
vory poor drain-
age.

Moderate:  difli-
cult fo work,

Moderate:  Jifli-
cult to work e-
low a depth of
334 feef.

Moderale:  moder-
ale ghrink-swell
potential helow
depilof 2 to 314
feet,

Severe: moderate
o ligh shrink-
swall potential.

Maoderate: moder-
ale shrink-swell
potential,

Severe: modarate
to high shrink-
swell potential;
high wuter table.

Moderate:? poor
compaction.

Severe: Nrequent
flooding; high
shrink-swell
petential

Sovere: [requent
leoding; high
shrink-swell
potential,

Severe;  high
shrink-swell
polential.

Shighte ..

Moderale: difficult

o work,

Severe:  diffienlt
to work.

Slight

Severe: poorly
drained.

8light.?

Bevere: {lcoding.._ -

Severn; Tlooding.....

Severe:  diffieult
to work.

Modlorate:  anfl;
hedrock helow
diepth of 214 1o
314 feet.

Moderate where
slopes nre Bta d
porcent. Severy
where slopes are
muere than 9 per-
sent: modarate
shrink-gwell po-
tentlal helow
deptl: oI 215 10 &
feat; polentinl frost,
lienve.

Severe: maoderate
to high shrink-
swell potential.

Maderale: moder-
ale shrink-swell
potential,

Savere:  poorly
drained.

Moderated  lexture;
nolential frosi
hewve; moderate
lond-hearing ca-
pacity,

SBeverr: flaoding;
high shrink-swell
poteniial.

Severe: Nooding;
ligh shrink-swell
poteniinl.

Severe;  high
shrink-swel)
poatentlal.

Slight___ ...
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Suilability as souree af—

S0l fealures alfeeting—

Road LM

Band or gravel

Tapsoil

Lrond resorvolr
ureas

Embankments,
dikes, o leviees

Dirainape of crop-
land and pasiure

Trrigation

Terraces and
diversions

Grassed
WALGIWYS

Fair when mixed:
low to modar-
ate shrink-
swell potential,

Poor; moderate
to high shrink-
swell potential;
plastic.

Falr; moderate
shrink-gwell
potential.

I*oor:  moderate
te high shrink-
swell potontial;
poor drainage.

Faiv if soil layers
mixed: low to
moderate
shrink-swell
Potential.

Toor: high
shrink-swell
potential; poor
drainage.

Traor:  high
shirink-swell
potential; poor
0 VELY oo
drainage.

Poor: ligh
shrink-swell
potentlal;
highly plastic.

TFair 1o good:
shrink-swell pa-
tential mad-
erate in subsoil
and low in sur-
face lnyer and
subslrata.

Unsuitable._______

Unsuitable ...

Unsuitable. ...

TUnsultalble......__

TInsuitablo.-....

TUnsultable_, ...

Tnsoitable ...

Unsullui)]u

Unsuitable, ..o ..

CGood where slopes
are U 1o 9 per-
cent. Falr where
slopes are 9 Lo
15 pereent.

Good for silt leam
phase, Fair for
silty clay Joam
phase.

Poor: saline,
alkaline, or
hoth.

Toar: too alka-
line; poor
drainage.

I*aor: peor and
TOUY poor
drainage.

Toor: (g tex-
tared.

Fuir: thickness_..

Moderately rapid
permeahility ln
upper 2 (o 314
fect and mod-
erately slow
Below; high
Scipage pos-
tential,

All features
favorahle.

Moderate per-
meability and
seepage poten-
tial,

Higl water table;
normally suited
anly to dug-
outs.

Thin, rapidiy
permeable
strata in places,;
suited only to
dngouls,

All featinees fu-
vorable.

Flooding and
ponding; suiled

All featores fa-
vorable.

Maoderate per-
meability and
seepage po-
tential,

only to dugeuats.

Fair to good
stability: im--
pervlous when
snbsoil and
substrata
mixed; stenes
and eobble-
stones,

Trairly stable;
subject to
cracking; im-
pervious,

Fair stabilily;
impervicus to
semipervieus.

Unstable; poor
to fair com-
paction; sih-
ject 1o erack-
ing; impervi-
nns,

: wor to fair sta-

bility and
conipaction;
semipearvions.

Unstakle: sub-
Jeet to crack-
ing; impervi-
ons,

Trair to poor
stability and
compaction;
fmpervious,

Poor to fair sta-
hility and
eolpaction;
itnpervious.

DiMenlt ta
vegetate; fair
stability; good
compaction,

Not applicable_ ..

Nol applicalile_ .

Not applicable. .

Ditehbanks un-
stabile; high
waler table,

Nob applicalle. .

Very slow per-
meahility;
ditechbanks
uusiable.

Tnadequate
draln outlets;

high water
table.

Nat applicable. ..

Nol applicable, .

Choppy slopes;
hazard of salt
aeeumulation;
moderately
slow pernea-
hillky belew
depih ol 2 te
34 feetl.

Moderilely slow
permenbility;
u few slopes
more than 6
pereent.

Senie arens
gently sloping.

Sodic; saline;
poarly drained;
slow permea-
bility.

All Iealures
fuvorable.

Vory slow per-
meahilily;
sadie; saline;
poor drainage.

Poor and very
paor drain-
age; slow per-
meability.

Slow permeabil-
ily; suseepti-
IXle to salt
accumulation,

Moderately deep
to soft bed-
rock; hazard
of sall accu-
milation;
mederately
slow permea-
Lility in bed-
ek,

Bhovl. cheppy
slopes; suscepl-
ible 1o soil
blowing; slop-
ing und hilly
in some places,

Clayey subsoil. ..

All featares Tu-
vorahle.

Unstable -
hankmenis;
difTicult te
vigetale; sa-
line and sedie.

Not applicalble.

Not applicable. .

Nol applicehle_ ..

Clayey subsoll;
difficult. o
vegotate; nne
stable banks.

Difficult to
vegetate; gus-
ceptible to soil
IHowing.

Diflicult Lo
vegetaie; nearly
level to hilly;
highly crodible.

Clayey subsoil.

Al features fu-
vornhle,

1iitteull Lo voge=
tale; poor
drainage;
saline,

Naot applicable.

Nob epplicable.

Notapplicable.

Clayey suhsoil;
ditlieull {a
vegelate.

Highly erodible;
diffleuls te
vegelato.
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TABLE 8.—Ingincering interpretations

Boll serles and map symbols

Drepres and kind of limitation for—

Septic tank Sewngn lagoons Shallow axcavations Dwellings Sanitary landfill, Local roads nnd
abscrption flelds ! trench ? sirocly

0] 18 S Slight e Severe: very rp- Moderale:  side- Slight. oo Severa: very ra- Slight. oo

Mapped only in complex with Btady pid permesability wall instabilicy. pid permeability
snils, belaw depth of below depth of
114 feet. 1} foat,

Linhen: LhA, LKA ceeccnmmcecmaaccaaes Slight 4 whera Bevere: rapid Bevere:  sidewall Slight where slopes | Bevere: rapid Slight whora slopes
slopes are 0 to & permenbility. instability. are 0 to 9 peroent. pormeability. are 0to 9 percent.
percont, Moderate Mocderate whers Modarate whera
wharo slopes are 9 slopes are 0 to 15 slopea are more
to 15 porcent. percent. than 9 percent;,

Linton: LIC, LN8_ e ieaeeaamea Slight. . ... Moderate: mod- Blight_ ... Moderate: poor Slight. .. Moderate texture;

For Mandan soil in LnB, see Mondan crate permea- compaction, modernig load-
series, bility. bearing capoclty,

) 53R U Sevorar moder- Slight where slopes | Biight where slopes | Moderate; maod- Moderate: alif- Moderate: mod-

Mapped only in complex with Flax- stely slow per- are 0 to 3 percent. are 0 to 9 percent. erate shrink- cnlt to worlk. orate shrinlke
ton solls. meability below Modernte whers Moderate whern swell patential, swell potential.
depth of 134 fect, slopes are 3to 9 slopss are 9 to 15
percant. percent.
Severs whera slopas
are more than 9
percent.

Lohler: Lo o emeeeae Severa: ¥ moder- Slight® .. Moderate:3 diffl- Beverc: high Savare: difficult Hewera: high
ately slow eult to worle, shrink-swell to work. shrink-swell
permeabillty, polential. poteniial.

Mandan:

MaA, MabB . oo Shght e Moderate: meder- | Slight.._ .. ______. Moderate; poor SHENE e e Modernto texture;
ate permeability. campaction. modoerats load-
bearing eapagity.
MBA, MBB .o eimcaciemcacmnumimann Slight4__________... Sovere; very rapid | Moderate: sidewall | Slight if excavated Severa: very rapid | Slight if muterial
permeability instability below below depth of permeakility helow depth of
below depth of depth of 314 feet. 314 feokt. below depth of 314 feet I3 nixed
344 feet, 334 faet, with material
above that depth.
Manning: MeB. ... e Blight 4 o o.. Hevora: very rapld | Moderate: sidewall | Slight,.eo_.o___..__. Sewera: wery rapid | Slight._______. ...
permeability instability below permeability
below Jepth of depth of 2 fest, below depth of
2 feat. 2 (eat,
Mine dumps: Md.
No interpretations mada; preperties
toe variable.
Merton:t MoaA, MoB, MoC, Mo, MpA,| Savare: moder- Moderate where Moderote: diffienlt | Moderate: fair Moderate: sofi Moderate toxture;
MpB, MpC, MsC, ately slow per- slopesare 0to 9 to work below compactlon; iow bedrock balow moderats lond-
For Daglum soll in MpA, MpB, and meabllity below percent, Severe depth of 134 to to moderato depth of 134 to hearing capacily;
MpC, see Daglum serles; for Sen depth of 124 to where slopes are 314 feet. shrink-swall 34 feot, potential frost
soilin MsC, ses Jen series. 314 test, more than 9 per- potantial. heave.

See footnotes at end of table.

cent: moderate
pormeability.
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Suilabilily as snures: ai—

Soil fealures affecling—

Raoad filt Band ar gravel Topsoil Pand reservoir Embankmenis, | Drainage of erop- Irrigation Terruces and Grasgad
areas dikes, and Jevees | land and pasture diversions Walerwinys

Qood: may need | 100r to falr: Fair: thickness. | Permeability is Needs binding Not applicable_..| Low available Shallow to gra- Erodible; diffi-
binding mate- high in fine moderate to a malerial; waler capa- val; emmbank- cult ta vege-
rinl material; soft depth of 124 mixed, porous cily; shallow ments are tate; low avail.

stone and iron- feot and very stones and te sand and porous and able water
stone. rapid Lelow; cobblestones. gravel. difficult e capacity.
high seepnge vegetate,; few
petential, slopes of mora
than § percent.

Qood: may Unsuitable........| Geod for fine Rapid permes- Fair stability Not applicable__.| Rapid permea- | Susceptible to Nighly erodible,
necd binding sandy loam bility and high and compae- bility; short soll blowing:
malerial. phese. Fair for seepage Po- tion; sexni- uneven slopey shart or steep

loamy fine sand tential. pervious. in some areas, choppy slapes
phasn. in sorme ureas.

Fair: poor sta- Unsultable...._.._ Good_ ... Modersto per- Toor stability Not applicable.._| Choppy slopes Areas of un- All features
bility and meability and and compac- in places, even choppy favorable.
paction, seepage Po- tion; semi- slopes; some

tential. pervious. slopes of more
than § percent,

Fair when mixed; | Unsultable..__.___ Good where the Moderately rapid | Falr to good Not applicablo...| Cheppy slopoes; Ehorl choppy Highly erodible;
low to mad- surface layer permeability; stability; im- lazard of salt slopos; somo nearly iovel o
erate shrink- is fine sandy ahove depth of pervious when aeeumula- slapes maore hilly slopes;
swell potential. loam. Fair 15 inchas; high soil layers tion; moder- than 8 per- diffieull ta

whate the sur- SCCPRge po- mixed; stones ately slow cent; sus- vegelate.
face layer Is tential, and cobble~ permeahility ceplible ta

loamy fine stones. below depth soll blowing.

sand. of 20 fuches.

Poor: high Unsultable. ......_| Poor: fine Suiled only to Falr compac- Nol applicable...| Mederately slow | Not applicable_._| Not applicabla:
shrink-swell textured. dugouts; all tion and sta- permeability.
potential; features bhility;
plastic. Iavarable, impervions.

Falr: poor TUnsuitable 8. _____ Good . o oaa Moderate per- Poor stability Not applicable...| Somo ateas A few slopes All fealures
stability and meability and and compac- gently sieplog. more than favorable,
campacilon. scepage tlon; semi- 8 pereent.

potential. pervious.

Qood when silty | Poor to fair; Good. ... Permeability s Mixed silt, sand, | Not appileable___! Rooting depth All features All features
and coarse high in fina modorate above and gravel; to 335 foct, favarable, favornlile.
layers mixed. matorial, soft depth of 3}4 Iair stability which is above

stone, and feet and very and compac- sand and
ironstone, rapid below; tion; semi- grovel,
high seapage porvious.
potential,

Goed: may neod | Poor to falr: Good . eueeeooo..._| Permeability Is Fair stabilily Not applcehlo.. .| Low avallablo Susceptible to Low available
hinding high in fine moderately and compac- water capac- s0ll blowing. WaLCT capue-
material, material, soft, rapld above tlon; somi- ity; moder- ity; erodible;

stone, and depth of 2 fest POTVIOUS. ately deep to diffienlt to
ironstone. and very rapid gand and vegntate.
below; high gravel,
Seepars
patlential.

Falr: low to Unsuitable . ____. Fair: thickness_...| Moderate per- TFair o good Not applicabl_..| Moderately Blaping to hilly Nearly level to
moderste meability and stability and steep to soft in some places. | hilly,
shrink-swell secpage poten- compaction; badrock;
potential und tial, “impervious. hazard of
plasticity. salt accumu-

lation; med-
erately slow
permealllity

in bodrock.
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Tavuk 8. —Ingineering interpretations

Degres and kind of limitation for—

Boil series and map syrubols

Septic tank Sewage lagoons Shaliow oxeavalions Dwellings Sanitary landnll, Local ronds und
absarption fields ! troneh 2 strecls

*Noonan: NFB. ... ... ... Sevare: slow Slight where slopes | Severe:  sidawall Bevere: ligh Modeorate: Bevere: high

For Fluxlown sail, see Flaxton series, permeahility. ate  to 3 pereent. instability; dini- shrink-gwell diflieult shrink-swell
Madernte where cult to work. poteniial. to work, potentinl.
slnpes are 3 o 9
pereentd.

Parnell: Pa. o e Savere: slow Severr: floading..__| Bevere: very poor | Severe: froquoenl Savere: flooding__._| Severe: {flonding;
permcability; drainage. flooding: high high shrink-swell
fleading. shrink-swell poteniial.

polentinl.

*Parshall: PbA, PeA, PeB, PtC..._..... Slight. ... Severe: mederately | Slight . ... Slight. ... Savere: moderalely | Slight_________._____

ForI'ally soil in PtC, see Tally series. rapid permen- rapid permen-
bility. hility.

Repnn: Re_ e amaus Severe: high water ¢ Severe: high waker | Severe:  poor and Severe: occcasional | Bevere: high walor | Seveve: flaoding.._.
table or flooding. table. very poor drain- or fronuent table; NMoeding.

uge; high water fooding or high
tuble. water table.
Rogent: Rga, RgB, RgC,RIA, RIB, RIC._| Severe: slow per- Slight where slopes | Modevate:  diflicult | Severe: maderale Severe: diflicult to | Severe: modoerate
For Daglum soil in RIA, RIB, and meanbility; very are 1 (o 3 pereent, 10 Work. to high shrink- WOrk, 1o high shrink-
RIC, see Daglum series. slow below depih Moderate where swell potentigl, swell patential,
of 214 to 314 feci. slopes are 3 to 0
prsreet,
*Rhagdes: RoB_ oo iiomcaaana Savere: wary slow | Slight where slopes Bevere:  sldewnll Severe: high to Moderale:  difficnlt | Bawere! high to
For weglum soil, see Daglum scrics. permeability. are 0 Lo 3 pereent. instability; ditf- very high shrink- o work, very bigh shrink-

Ringling: RYE. o ieiiieaoaes

Rivorwash: Rw.
No interpretatiens wmnde; properlies
Loo variable.

Bavnge: Sah e iieiee

Bee footnotes at end of table,

Severc: whereslopes
are more than 15
prsreenit.

Severe: modaer-
ately slow per-
meability.

Moderade wliere
slopos are 3 to O
percent.

Severa: rapid per-
meability; slope,

Blight oo

cult to work,

Savere: slope...___.

Moderale: difficult

to waork,

gwoell potential,

Severe: slope._..__.

Maodarate: moder-
ate shrink-swelt
potenbinl,

Sovere: rapid per-
meahility; slope.

Moderale:  diffienls

w work,

swell potential.

Severe; whore slopes
are more than 15
Ppereend.

Moderats:  moder-
ate shrink-swell
patentinl; po-
Lteniinl frosg
heave,
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SuliabilHy ns souree of—

Soil fealures affecting—

Road Bl Sand or gravel Topsoil Pond reservolr Embanknents, | Druiunage of crop- Trrigation Tearraces and Grassed
areas dikes, and levees | land and pushnre diversions walerways

I*oor: high Cusuitalle_. . ... Gaod in tha All [eatures Fair to poor Nat applicable___[ Undululing Notapplicuble. . | Clayey subsoil;
sheink-swell upper 4 1o 10 favorable, stability and slopes; sodic difficutt to
potenilal; inehes; poor comprelion; and saline; vegetato.
plastivity. helow: too stones and slow per-

alkaline. wobblestones; meahility.
impervious;
subject to
cracking.

Poor: high Unsuitable. . ... Pear: very pnor All [eatures Tair to poor Drainage outlets | Very poor draln- | Not applieable...| Not applicable,
shrink-sweil drainuge. favorable. stabilily and inadenuate in age; slow
potential; vory compaelion; some places; permeabillty.
poor drainagoe. npervious. slow pernien-

bility.
Good__oL_ao.. TUnsuitahle_._..... Good. oo eaaas Modarately rapid | Tair stability Neot applicable. .| Gently sloping A few slopes Tighly erodilyle.
permeability; and eompac- ot sloping in more than &
high scepage tian; seiniper- SOMe arsas. pereont; sus-
potential, vious. ceplible ta
soil blowlng.

Paor: low to Unsuitable. . Fair in uppor 10 Hight water tuble; | Tazir stabilliy; Wet urons; mod- | Poor and vory Not applicable.__| Difli
moderate inehes. Poorin sulted ouly ta semipervious ratn perimedi- poor dralnage; construel and
shrink-swell wet areas; high dugonts. to lmpervians, hility; high high water vegelule; poor
potenlisl; poor water table; wrler tabla. tablae. and very poor
{0 very poor slight to mod- drainage.
drainags, crate salivily.

Toar: moderalo Unsoitalle.. . Falr: texture too | All featires Fair ta good Mol applicable-__| Permeability 1s Clayey subsnil; Clayey sabsall;
ta high shrink- fina, favorable. stability and slow ta a some slopes highly erodinla,
swell pelential compgction: depth of 24 to more thau
and plasticily. impervious. 314 feel Lut percent.

very slow bhe-
low: woder-
ately deep (0
shale.
Poor; highio Unsuitable... ... Poor: strongly All featuires Fair to poor Nat applicable.._| Very slow per- Clayey suhsoil; Clayey subsail;

very high
shirink-gwell
notential and
plaslicity,

TFair to poor:
very steep,;
naeds hinding
matcrial,

Poor: moderate
shrink-swell
potential; high
plasticity.

Fair for raad sub-
Dase and surfac-
ing: pulverizes
easily. Unsuit-
able for ail
other uses.

TUnsuitable ...

alkaline and
saline helow
ihin surface
layer.,

Poor: highin
coarge materlal;
very steep,

Ciood whers
swface layer of
silt loam 1o
depth of 7
inches. Fair
where surface
iayer issiliy

clay loam.

favorable,

Rapid permen-
bility; very
steep; high
SEEDAgE Po-
tential.

All features
favorable,

stability nond
ecompaclion;
fmpervious;
subject Lo
cracking.

Needs binder
mixed; porous.

Fair to good
stability and
compaction;
impervionus;
sublect 1o
cracking,

Not applicable___

Nt applicable.. -

meshilily;
alkaline; sodie;
Jow available
wuiler capac-
ity.

Low availabls
water capucily;
shullow o
seorin, very
steep.

Moderately slow
permoeability;
hazard of salt
peetmulation.

thin surface
lnyer; diflicult
to vegetule;
suline and
sodie; un
siable em-
bunkimenis.

Bhallow to
scorta; difficult
T8 vegetnte;
very steep.

Clayoy in part
of subsoil.

difficult Lo
vegalate;
saline; uu-
atable; highly
crodible,

Shallow to
seoria; difteult
te vegotate;
very sieep.

Clayey in part
of subsoll,
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TABLE 8.—Engineering interprelations

Degree and kind of limitation for—

Soil series and map symbols

Saplic tank
absorplion fields !

Bewugoe lagoons

Shallow exenvilinns

Dwellings

Sanilary lnndfill,
irench 2

Loeal roads and
streals

*Ben:® SelC, SmA, Sm8, Sm&, SmbD,_._.
Fer Werner soll in SeC, see Werner
serfes; for Amor soll in SmA, SmB
smC, and SmD. see Amor serles,

*Btady: StA, SuB, SuC ...
Far Lehr soil in SuB snd SuC, see
Lehr series.

Blraw: SWA, SXeacacomc oo

Birongly saline land; Sy
No interpretsilons made; properties
too varlable,

“Tally: TabB, ThA e eeeeee
For I'arshall sollin Ta 8, see Parshall
series; for Vebar soil in TbA, see

Voebar scries.

*Telfer: TeD o oo criveaean
For Lihen soil, see Lihen serics.

*Temvik: TmA, TwA, TwC, TwD.......
For Williams soil In TwB, TwC, and
TwD, see Williams serles.

*Tonks:
Far Parnell soil, see Parnell serles.

Trembles. . u oo
Mapped only in complex with Banks
and Iavrelon soils.

Bee footnotes at end of table,

Severe: meder-
erately slow per-
meability below
depth of 2 10 314
feat.

SHENE A cememsranes

Severe; flooding....

Mederate: 4 glope___

Sovere: moderate-
ly slow permesa-
bility below
dapth of 2 lest.

Bevere: slow per-
meabtllty;
flooding.

Blights ...

Maoderato whers
slopes.are G.to 9
pereenl, Severs
where slapos are
e than 9
percenl: mod-
erate permea-
bility,

Bovere:  very rapid
permeability be-
low depth of 134
to 3% leel.

Severe: floeding....

Savere: 1mod-
erately raplad
permeability.

Severe: rapid per-
meubilily; slape.

Slight where slopes
are 0 ta 3 perzent.
Moadernle where
slopes are 3 to 9
perennt; Severe
where glopes are
more than 9 per-
cent; moderate
permeability
above depth of 2
feet.

Severa:  flopding or
high waler table.

Severe:$ moder-
ately rapid per-
meability.

Moderate: ditfienli.
6 work below
depthof 2t0 3
foet.

Moderate: sldewall
instakility below
depth of 134 to
314 feet.

Severe; {lgoding....

Slight e e

Bevere: sldewall
instabllity,

Blight. ...

Severe: poor
drainage,

Slight s . ...

Maderate: . fair to
poor-conipaction.

Slighto e

Maderate: pooer
compaetion; oc-
casional Aooding.,

Blight e eeewnno i

Blighl where slopes
ate {1 io 9 percent.
Moderate where
slopes are 9 to 15
percent.

Madersle: moder-
ate shrink-swell
polential; fair
compaciion.

Severe: [requent
flooding.

Slight_ ...

Modernte: . sof
Ledrock Delow-
deplh of 2 1n 34§
{est,

Severe:  very rapld
permeability bo-
low depth of 124
to 31y feat.

Bevere: flooding... ..

Sovere: mod-
erately rapid
permeability.

Severa: rapld per-

menbility.

Moderata:
to work.

difticu!t

Severe: flonding....

Severe! moder-
ately rapid per-
meability.

Modernte: {ex-
ture; modernle
load-hearing
capacity.

SHEt e

Moderale: aeca-
slonal flooding,

SHghtwe e

Slight. where slopes
are O to § percent.
Meoderate where
slopes are 9 1o 15
percent.

Moderate: moder-
ate shrink-sweil
potential; potentinl
irost heave.

Severs: poor
drainage.

Slightd ..
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Suitability as source of—

Boll features affecting—

Road Ml

Band or gravel

Topsoil

Pond reservolr
areas

Einbankmenis,
dikes, and levees

Drainage of erop-
Innd nnd pagture

Trrigulion

Tarracos and
diverslons

Qrassed
Wwalsrways

Fair: moderate
shrink-swell
potential.

Uoord when
lzeny and
eoarsi: lyers
are ntixod,

Fair: low to
moderale
shivinlc-gwelt
patential,

Goodo o oaae

" Goed: may need
| Linding ma-
levial.

Fair: maoderate
ta low shrink-
swell patential;
paor tg fair
compaction and
stability.

Toor: noderate
shrink-swell
potential; poor
drainage.

Cood. ..o

Unsuitahte ...

aor to faix:

high in fine
materisd, safi-
stone, and iron-
stone.

Unsnitatile ... —--

Unsuitabled._.____

Unsuitatde s oo

Unsuitable . ...

Unsuitatlo. ...

Unsultable . ...

831-7061—75

]

Fair: thickness...

Iair:  coarse
toxtured.

Good. oo

Poar: poor
drainage.

Moderule permen-
Lility abave
depth of 2 Lo
314 ooty mod-
BraLy SPLPHIE
potential,

Permeability is
moderate in up-
per 124 to 3l4
fect and very
rapid belpw,;
high seepage
potential,

Moderate parmesa-
bilivy; more
porous sirala
helow dapth ol
2 feel In places;
maderate seap-
age patential.

Moderately rapid
permeahility;
high seepage
poteatial.

Rapid permes-
bility; sieep;
high seepage
potential.

Moderule pormeas-
bility in upper
2te 34 feey;
moderate seep-
age polential.

All features favor-
alble,

Moderately rapid
parmeability;
high seepnge
poteniial,

I"air to poot
stability and
fompaction;
impervious Lo
semipervious.

Mixed lonm nnd
conrse layers
give fair sta-
bllity; semi-
pervicns.

Fair to pour slu-
lility und
colnpaction;
impervious.

Fair slubility
and emnpac-
tion; semi-
pervious.

Tair glabilily
and campac-
tion; semi-
pervlous.

Trair stabilily
and compan-
LI seai-
perviols;
slonss and
eohblestones.

Good lo [nir slp-
bility and
compaciion;
Imperviaus;
subjeat to
eracking.

Fair stability
and compac-
Lion; semi-
pervious.

| No applicable.___

Not applicable. .

Not applicable. ..

Not applicable. ..

Nol applicable. ..

Not applicakle. __

Inndequate
dratnage out-
lgts in places;
slow permea-
bility.

Nol appiieabla_. .

Muoderalely deep
10 sofl hed-
rock; hazurd
of salt au-
eumulnlion.

Low availablo
water capacity;
mederately
deep Lo sand
and gravel.

All features
[avorable.

Choppy slopos
in places.

Low available
water capacity;
sleep.

Choeppy slopes;
modserately
slow permea-
hility below
depth of 2 o
814 foot.

Poor drainage;
slow permea-
bility.

Maoderate avail-
able water
cipoeily,

Bloping o hilly
in places.

Sand and gravel
al depth of 134
Lo 314 feel;
some slopes
more than G
percent.

All Jestures
favorable.

Short, choppy
slopes in
places.

Sandy; slesp
slopes; suseep-
1ible to sail
hlowing.

Short, cheppy
slopes In most
places but
sloping to hilly
il some places.

Nat applicable. ..

Not applicable. .

Nuearly level ta
hiily.

All features
favorahlo,

All fentures
favorable,

Tighly erodib ¢

Difficult to vega-
tate; highly
erodible; slopo.

Naearly leveal to
lilly.

Not applicablg. .-

Not applicable,
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Dregree and kind of limitation for—

Boil series and map symnbois

T
Septic tank Bewage lugoons Shallow exeavations Dweilings Sunitary landnil, ] T.owal roads and
absorplion felds tre. 1c,l1 2 raels
A
“Vebar: VaC,¥bD,VhD, VKB, VIB,VIC.. | Severe:  moder- Severe: oder- Modorale: difli- Slighl. whers glopes | S8evore:  mader- ! Slight ... ... ..
IPor Cohagen soil in VhD, see Co- slow pet- ately rapid per- cill to work be- are egs than y ately rapid per-
hagen serfes; lor Tally soil n VKB, meability helow meability in up- low deplh of 134 pereant. Moder- meability in np-
VIB, tnd VIC, see Tally series. deplh of 125 ta per 12510 334 to 314 feel. nle whove slopes per 1¥4 1o 314
314 foet. fent. are §i Lo 15 faut.
pereent. i
AV alvi VS e na Severe: fooding ..} Bevere:  moder- Severe: floading_.__; Severe:  [requent Severs: flooding_.__| Severe: frogquent
For Siraw soil, see SLraw series. ately rapid per- ooding, flaoding.
menbility;
Noading,

Wahek: Wal .. Blight 4 where Sovers:  very Severn:  sidewall Slight, wheorg slopes | Severa:  very ! Slight where slopes
slopes e 0 to 0 rapld and rapid instability; difli- are 0010 D pereent, rapid and rapid I e ess than 9
pereent. Mod- permeabilivy, cuit Lo work. Maoderate whers permeability. | pereeul. Moduer-
arale whern slopes slopes. slepes are U 1o 15 i ale where slopes
are D Lo 18 per- percent. Sevors ari: 0 to 16 per-
went. Severs whaere slopes cenl. Severe
where slopes are are more Lhan where slopes are
more than 18 15 percent. more Lthan 15

percent.
Warner i ieaan Boverc:  slow por- Moderate where
Mapped only in camplex wilh Cabiha meability below glopes are 3 to B
and Sen soils. depih of 134 {ect; pereent. Severe
some glopos more whero slopos are
than 15 pereent. more Lhan 9

percend.

AWillimngs: . WiA, WIB, WIC., WmC, | Severe: slow por- Slight where slopes
wnt, wWz0D. menbitity helow are 0 Lo 3 percont;
For Fluxion spil in Wn, sne Fluxton deptl of 134 feet; moderale where
sories; for Zahl soid in Wz D, see Zahl sonie slepes more slopes are 3 tn 9
series, than 1§ percent. pereril. Sevevs

where slopes nre
maore that @

pereenl.
*Zahl; ZeD, Zak L .. SBevere: moder- Bevere: slopes..__. -
For Williams soil in Za0 and ZaE, alely slow pov-
see Williams serics. menhilily some

slopies more than
158 pereent.

pereent.

Moderate whers Moderale: poor Maderate where Moderate where
slopes are 9 1o 15 cohipaction. slopes ave 9 10 1§ slopeg are V1015
percenl, Sevaere pereent. Sever porennt. Scvere !
where slopos are whers slopes are where slopes are
miore than 15 e 1hian 16 mere than 15
Perecnt. prreend. pereent.

Moderate where Moderate:  mod- Modaerate:  difloult | Moderate: mod-
slopes are less cratle to high 1o work. erule to high
thnan 15 percent., shrink-swell shrink-gwell
Severe whern potential, potential; poten-
slopes are more tial frost heave.

than 15 pereent.

Modernte wheve Moderate wlere Madernly where Moderate where
slopes are 9 to 15 slopes are U to 15 slopes are 8 1o 15 slopes ure 9 o 15
1. Severe pereent, Sovere parcent. Sevore peresnt. Severs

Lypies ore whore slopes are where slopes are where slopes are
more ihan 18 more than 14 mare than 15 mory than 1§
perecil. pereent:  mord- nareant: diflicult percent:  mad-
arale {0 high to work, arate shrink-
shrink-swell swill potential.
potenitinl.

t Sepliz teok ratings hased on §-fool depll; pereolation is helow frost line tn winter.

2 Ougite studies of themderlying straia, waler table, and hazards of aquifer pollution and drulnage inte gronnd water need 1o be nrade for landiills deeper than & or § fuel.
3 Flooding is nnt 2 eritical limitation (no Noading of Banks, Havrelon, Lokler, and Trembles seils in Gliver County since closure af Gurrison Dain in 1052).

shown in the tables, generally depths greater than 6
feet. Also, inspection of sites, especially the small ones,
is needed because many delinented arens of n given map-
ping unit may contain small areas of other kinds of soil
that have strongly contrasting properties and diferent
suitahilities or limitations for soi engineering.

Some of the terms used in this soil survey have special
meaning in soil science that are not used in engineering.
The Glossary defines many of these terms conumonly
used in soil science.

Engineering classification systems

The two systerns most commonly used in classifying
aumplw of soils for engineering are the Unified wstun
(7), used by the SCS engineers, the Department of
Defense, and others, and the AASHO system adopted
by the American Association of State Highwny Officials

Tn the Unifed system soils are classified according
to particle size distribution, plasticity, liquid limit, and
organic-riatter content, Soils are grouped in 15 classes
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Suitahility as souree of—

Boil feataes affecting—

modarnte to
high shrvink-
swell potential;
{air compae-
tion and
stanility,

surlaee lnyer;
Lilly to steep.

limited storage
capacity,

slabilily and
eonipuetion;
impervious;
stanes and
eobyblostones,

shorl slopes;
thin soil.

shorl, slopes;
erodibility.

Road ill Band or gravel Topsoil Pand veservair Embankments, | Drainage of crop- Trrignlion Terraces and Crvassud
nreus dikes, and levees | land and pesiore diversions walerways

Cood oo Unguitablie. .. .. Tair:  thickness...| Moderately rapid | Fair siability Not applicable___| Chappy nurd Sloping to steep | Difficult to vege-

permeability and eompac- sleep slopas in ploees; fate; nearly
it upper 134 Lo tion; sewiper- in places; shisrd, uneven level lo steep;
314 feet; high vious. moderately slopes in plages;|  high erodible.
seepage degp over susceplibla to
potential. sandstane; soll hlowing.

moderately

slow pormiea-

hility in

saudstone.

Good. ..o Unsuitable..._... Good_ oL Moderately rapid | Tair stability Not applicable__ | Moderale avail- | Suseeptibile fo TTighly erodible.

pernmeahilily; and comphe- able wiler soil hlowing.
high seepage Lin. vapaeiby.
poteniial.

Goorl:  needs Tair  to poor: Poor: thiu Raplid and very Fair stabilily Not applicable...| Very shiallow to | Very shallow to | Very low avail-
hiuding Ligh in fine surface layer and|  rapid permes- and compne- snud and gravel; neads able Water
malerial. material, soft tao cuarse bility; high {ion; porous; gravel; vory binding ma- capacity;

stane, and texinred below, SOEDARO slones and I availahle ierial; difMenlt difficait 1o
iranstoenc. potential, cobblestones, water to vepelale, vegetale.
capacily, many slopes
more thait §
percent.,

Fair Lo poor: Unsuitable.____._.{ Ppar: thin Slaping 1o very Fair{o poor | Mol applicable. .| 8hallow Lo sofk Shallow to soft Diffienls to vege-
steep and vary surlace layor; steep; moder- stahility and bedrock; hedrock; {ate; sloping
slaep; low to steap Lo very ate permes- compaction; sloping Lo very sloping to very 10 very steep.
nndernte steep, bility in upper sentipervings. steep; low steep.,
shrink-swaell 134 fent; mod- available
npatential, £rate secpage wiler

polential. copaeity.

Fair Lo poor: Unsnilable..._____| Falrr thickness. .| Moderate perme- | Good 1o fair Not applicable...| Morerately slow Short, meven Wearly level to
moderate Lo abilily in npper stabilty and permeability slopes; sloping siecp.
high shrink- 124 feet; mod- compaclion; BLelow denth to steep Lo
swell potantial; crufe seepags impervions; of 144 feet; some piaces.
fair compae- patential, slanes and nearly level Lo
iion and cabblestones, Litly; short
stabilliy. slopes.

Fair to poor: Unsaitable, . Poar: thin Lilly o steep; Cioad ta (air Not applicable...| Tilly and sicep, | Hilly and steep, | illy and steep;

difliculi to
vegnlate,

1 Pollution is n hazard In places because of raptd permeability in substratum.
& Locally, gravel and sand are below a depth of 3 ta b feet.,
¥ Soils witll surface siony phases in a few places that make earthmoving mors difflealt and make pocrly compacled embankmenis.

There are eight clagses of coarse-grained soils, identified
as GW, GP, GM, GC, SW, SP, SM, and 8C; six classes
of fine-grained soils, 1dentified as ML, CL, OL, MII, CH,
and OH; and one class of highly organic soils, identified
as Pt. Soils on the borderline between two closses are
designated by symbols for both classes; for example,

ML-CL.

The AASITIO system is used to classily soils according
to those properties that affect their use in highway
construction and maintenance. In this system, n soil

is placed in one of seven basic groups ranging from A-I
through A-7, on the basis of grain-size distribution,
ligmid limit, and plasticity index. In group A-1 are
gravelly soils of high bearing strength, or the best soils
for subgrade {(foundation). At the other extreme, in
group A-7, are clay soils that have low strength when
wet and are the poorest soils for subgrade. The estimated
classification for each soil mapped in the county is given
in table 7.
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Soil properties significant to engineering

Several estimated soil properties significant in engineer-
ing are given in table 7. These estimates are made for rep-
resentative soil profiles, by layers sulliciently dilferent, to
have different significance for soil engineering. The
estimates are based on field opservations made in the
course of mapping, on test data for these and similar
soils, and on experience with the some kinds of soil in
other counties. Following are explanations of some of the
columnsin table 7.

Depth to bedrock is the distance from the surface of
tho soil to the upper surface of the rock layer.

Depth to seasonal water table is the distance from the
surlace of the soil to the highest level that ground water
reaches in the soil in most years,

Soil texturc is described in table 7 in the standard
terms used by the Department of Agriculture. These
terms take into account relative percentages of sand,
silt, and clay in soil material that is less than 2 milli-
melers in digmeter. “Lowm,” for example, is seil material
thal contains 7 to 27 percent clay, 28 to 50 percent silt,
and less than 52 percent sand. If the soil contains gravel
or other particles coarser than sand, an appropriate
modifier is added, as for example, “oravelly lonmy sand”.
“Sand,” “silt,” “clay,”” and some of the other terms used
in USDA textural classification are defined in the Glossary.

Permeability is that quality of o soil that enables it to
transmit water or air. Tt is estimated on the basis of the
soil characteristics observed in the field, particularly
structure and poresity, and on the results of permeability
and infiltration tests on undisturbed corcs of similar soil
material. The estimates in table 7 do not take into account
lateral seepage or such transient soil leatures as plowpans
and surface crusts.

Available water eapacity i3 the ability of soils to hold
water for use by most plants. It is commonly defined as
the difference between the amount of water in the soil at
field copocity and tho amount at the wilting point of
most crop plants. The figures in the table show the amount
of water that will wet air-dry soil material to a depth of 1
inch without deeper percolation,

Reaction is the degree of acidity or alkalinity of a soil,
expressed in pH values. The pH value and the terms used
to describe soil reaction arve explained in the Glossary.
Soils that have a pII of less than 8.5 are Jikely Lo have
high consolidation potential and better shear strength
than other soils, and a high degree of alkalinity, par-
ticularly a pH of more than 8.5, promotes dispersion,

Salinity refers to the amount of soluble salts in the soil.
It is expressed as the electrical conductivity of the satura-
tion extract, in millimhos per centimeter at 25 €. Soils
that have a rating of moderate to very high contain gyp-
sum. 'They are suitable for borrow material, but they
should not be used in foundations because abnormal
porosity may result when the crystals dissolve.

Shrink-swell potential is the relative change in volume
to be expected of soil material as its moisture content
changes; thot is, the extent to which the soil shrinks as it
drics out or swells when it gets wet. Extent of shrinking
and swelling is influenced by the amount and kind of clay
in the soil. Shrinking and swelling of soils causes mmch
damage to building foundations, roads, and other strue-
turas. A high shrink-swell potential indicates a hazard to
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maintenance of structures built in, on, or with material
having this rating.

Corrosivity, as used in table 7, pertains to potential
soil-indueed chemical action that dissolves or weakens
uncoated steel or concrete. The rate of corrosion of un-
coated steel is related to soll properties, such as drainage,
texture, total acidity, and eclectrical conductivity. Cor-
rosivity for concrete is influenced mainly by the content
of sodium or magnesium sulfate, but also by soil texture
and weidity. The salts are quite soluble, and salt solution
enters the pores ol conerete and as it dries reforms crys-
tals, which expand, rupture the comercte, and cause de-
terioration. Installations of uncoated steel that intersect
soil boundaries or soil horizons are more susceptible to
corrosion than installations entirely in one kind of soil
ot in one soil horizon. A corrosivity rating of low means
that there is a low probability of soil-induced eorrosion
damage. A rating of high means that there is a high
probability of damage, so that protective measures for
steel and more resistant concrete should be used to avoid
or minimize damage,

Engineering interpretations of the soils

The estimated interpretations in table 8 are based on the
engineering properties of soils shown in tuble 7 and on the
experience of engineers and soil scientists with the soils of
Obiver County. In table 8, ratings are used to summarize
limitation or suitability of the soils for all listed purposes
other than for pond reservoir areas; embankments, dikes,
and levees; drainage of cropland and pasture; irrigation;
terrnces and diversions; and grassed waterways. For these
particular uses, table 8 lists those soil features not to be
overlooked in planning, installation, and maintenanee.

Soil limitations are indicated by the ralings shght,
modernte, and sovere. Slight means soll propertics are
generally [avorable for the rated use, or in other words,
limitations are minor and easily overcome. Moderate
menns that some soil properties are unfavorable buk can
be overcome or modified by special planning and design,
Severe means soil properties so unfavorable and so difficult
to corroct or overcome as to require mnjor soil reclamation
and special designs,

Soil suitabilily is rated by the terms good, fair, and
poor, which have meanings approximately parallel to the
terms slight, moderate, and severe, respectively.

TFollowing are explanations of the columns in table .

Septic tank absorption fields are subsurface systems
of tile or perforated pipe that distribute effluent from a
septic tank into natural soil. The soil material from a
depth of 18 inches to 6 feet is evaluated. Soil properties
considered are those that affect both absorption of
effluent and construction and operation of the system.
Properties that affect absorption are permeability,
salinity and alkalinity, depth to water table or rock,
and suseceptibility to flooding. Slow permealility is o
severs limitation. Slope nffects the diffienlty of layout
and construction and also the risks of ercsion, lateral
seepage, and downslope flow of efluent. Large rocks or
boulders increase construction costs,

Sewage Jagoons are shallow ponds constructed to hold
gewage within o depth of 2 to 5 feet long enough for
bacteria to decompose the solids. A lagoon has a nearly
level floor, and sides, or embankments, of compacted
soil material. The assumption is made that the embank-
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ment is compacted to medium density and the pond is
protected from flooding. Flooding cairies away sewage
before bacterial decomposition has taken place and can
cause pollution of streams, which may be a serious

concern. Properties considered are those that affect the .

pond floor and the embankment. Those that affect the
pond floor are permeability, organic-matter content, and
slope. Tf the floor needs to be leveled, the depth to bedrock
becomes important., Soil properties that affect the em-
bankment are the engineering properties of the embank-
ment material, as interpreted from the Unified Soil
Classification, und the amount of stones, if any, that
inflnence the ease of excavation and compaction of the
simbaokment material. When properly constructed, the
lagoon must be capable of holding water with minimum
seepage.

Shallow excavations are those that require digging or
trenching to a depth of less than 6 feet, as for example,
excavations for pipelines, sewerlines, phone and power
transmission lines, basements, open ditehes, and cem-
eleries. Desirable soil properties are good workabifity,
moderate resistance to sloughing, gentle slopes, absence
of rock outcrops or big stones, and freedom from flooding
ar a high water table,

Dwellings are not more than three stories high and
are supported by foundation [ootings placed in un-
disturbed soil. All ratings are based on undisturbed
soil to n depth of 6 feet. 'The features that affect the
raling of a soil [or dwellings are those that velate to
capacity to support loads and resist seftlement under
load, and those that relute to ease of excavation. Soil
properties that affect capacity to support load are wetness,
susceptibility to flooding, density, plasticity, texture,
and shrink-swell potential. Those that affect excavation
are wetness, slope, depth to bedrock, and content of
stones nnd rocks. Onsile investigation is needed for the
spocific placement of buildings and utility lines and for
detailed design of foundations.

Sanitary landfll i3 a method of disposing of refuse in
dug-trenches. Waste is spread in thin layers, compacted,
and covered with soil throughout the disposal period.
Landfill areas are subject o heavy vehicular fraffic.
Some soil properties that affect suitability for landfll
arc ense of excavation, hazard of polluting ground water,
and {rafficability. The better soils for landfill have med-
erately slow permeability, withstand heavy traffe, and
are friable and easy to excavate. Unless otherwise stated,
the ratings in table § apply only to a depth of about 6
feet, and therefore limitation ratings of slight or moderate
may not be valid if trenches are to be much deeper. For
some soils, reliable predictions can be made to a depth
of 10 or 15 feet, but regardless of that, every site should
be investigated before it is selected.

Local roads and streets, as rated in table 8, have an
all-weather surface expected lo carry automobile traffic
all yenr. They have a subgrade of underlying seil mate-
rinl} a base consisting of gravel, crushed rock, or soil mate-
rinl stabilized with lime or cement; and a flexible or
rigid surface, commonly asphalt or conerete. These roads
are graded to shed water and have ordinary provisions
for drainage. They are built mainly from soil at hand,
and most cuts and fills ave less than 6 {eet deep.

The soil propertios that most affect design and con-
struction of roads and streets are loud-supporting capacity
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and stability of the subgrade, and the workability and
quantity of eut and fill material availuble. The AASHO
and Unified classifications of the soil material, and also
the shrink-swell potentinl, indicate traffic-supporting ca-
pacity. Wetness and flooding affect stability of the mate-
rial. Slope, depth to huard rock, content of stones and
rocks, and wetness affect the ease of excavation and the
amount of cut and fill needed to reach an even grade.

Road fill is soi! material used in embankments for
roads. The suitability ratings reflect the predicted per-
formance of soil after it has been placed in an embank-
ment that has been properly compacted and provided with
adequate drainnge, and the relotive ease of excavating
the material at borrow arens.

Sand and gravel are used in great quantities in many
kinds of construction. The ratings in table 8 provide
guidanee about where to look for probable sources. A
soil rated as a good or fair source of sand or gravel generally
has o laver st least 3 feet thick, the top of which Is above a
depth of 6 leet. The ratings do not take inlo account
thickness of overburden, location of the water table, or
other factors that affect mining of the malerinls; neither
do they indicate quality of the deposit. Soils thatl are
shown as suitable should be explored intensively to find
material that meets gradation requirements for specific
1808,

Topsoil is nsed for topdressing an arcn where vegeta-
tion i3 to be established and maintained. It good, it has
physical, chemieal, and biological characteristics favorable
for growth of vegetation. Suitability is affected mainly by
ease of working and spreading the soil malerinl, as in
preparing a seedbed; naturnl fertility of the material, or
the response of plants when fertilizer is applied; and ab-
sence of substances toxic Lo plants. Texture ol the soil
material and content of stone fragments are characteristics
that also affect sumtability., Damage that will result at
she area from which topsoil is taken is considered in the
ratings. If all other characteristics are favorable, the soil
is still a poor source ol topseil if the thickness is less than
6 inches, but o good source if up to 12inches in depth.

Pond reservoir areas hold water behind a dam or em-
bankment. Soils suited to pond reservoir arens have low
seepage, which is related to pérmeability and depth to
fractured or permeable bedrock or other permeable
material. The ratings are for undisturbed soils.

Embankments, dikes, and levees require soil material
resistant to seepage and piping and of favorable stability,
shrink-swell potential, shear strength, and compactibility.
Presence of stones or organic material in a soil are among
factors that are unfavorable. The ratings are for un-
disturbed soils.

Drainage of cropland and pasture is affected Dy such
soil properties as permeability, texture, and structure;
depth to claypan, rock, or other Inyers that influence rate
of water movement; depth to the water table; slope; sta-
bility in ditchbanks; susceptibility to stream overflow;
salinity or alkalinity; and availability of outlets Tor drain-
age. Soils that have poor drainage and a seasonal or perm-
anent high water table arc severely limited for crop pro-
duction. Soil that is saturated. with water excludes air
from plant roots and permits the growth only of wuler-
tolerant plants. The soil features considered are those that
affect both surface and subsurface drainage systems.
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Trrigation of o soil is affected by such leatures as slope;
susceptibility to stream overllow, waber erosion, ov soil
blowing; soil texture; content of stones; accumulation of
salts and alkali; depth of root zone; rate of water intake
at the surface; pormenhbility ol soil layers below the sur-
face layer and of [ragipans or other layers that restrict
movement ol water; amount of water held available to
plants; and need for drainage, or depth to water table or
bedrock. If permenbility is slow, water must be applied
very slowly to allow it to sonk into the soil and to avoid
runoff. I the available water capacity is low, water must
be applied frequently for a rapid rate of plant growth.

Terraces and diversions are embankments, or ridges,
constructed across the slope to intercept runofl so that
it soaks into the soil or flows slowly to o prepared outlet.
Features that afect suitability of a soil Tor terraces are
unilormity and steepness ol slope; depth to bedrock or
other unfavorable material; presence of stones; permen-
bility; and resistance to water erosion, soil slipping, and
soil blowing. A soil suitable for these structures provides
outlets for runofl and is not difficult to vegetate.

Grassed waterways are natural or conslructed water-
ways, coverad by grass and used for protection agninst
erosion. Features considered are gualities of soils that af-
feet the establishment, growth, and maintenance of plant
cover. Also considered are factors that hinder the con-
struction and layout of the watcrways.

Formation and Classification
of the Soils

This seckion discusses the factors of soil formation and
the system ol soil classification cwrently used. Table 9
gives the classification of soils by higher categories.

Factors of Soil Formation

Soil is produced by processes thal act on materials
deposited or accumulated by geologic agencies. The
charncteristics of the soil at any given point are de-
termined by the physical and mineralogical composition
of the parent material; the climate under which the soil
maberial has acemmulated and existed since nceumulation;
the plant and animal lile on and in the soil; the reliel,
or lny of the land; and the length of time the forces of
soit formation have acted on the seil material.

Climate and plant and animal life, chiefly plants, are
active factors ol soil Tormation. They act on parent
material accumulated throngh weathermg ol rocks, and
they slowly change it to a natural body that has genetucally
relnted horizons. The effectz of climate and plant and
animal life ave conditioned by relief. The parent material
also nifects the soil profile that is lormed and, in extreme
coses, determines it almost entively. Finally, some time
is needed for changing parent material into o soil profile.
It may be much or little, but some time 18 always required
for differentintion of soil horizons. Usually, a long time
is required for development of distinet horizons.

The [netors of soil formation nre so closely interrelated
in their effects on the soil that few generalizations can
be made regarding the effect of any one fuctor unless
conditions are specified for the other four. Many processes
of soil formation are nnknown.
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Parent material

The texture of the parent material is generally the
most important physical property, and it determines
the texture ol the soil. The texture is one of the most
important factors in the use and management of the
soil. In some instaneces other properties of parent material
also have an important effect on soil formation. For
example, some soils that have an alkali claypan formed
in parent material that has a high sedium content.
Among these are soils of the Rhoades, Daglum, Belfield,
Noonan, and Fleil serics.

About hall the soils of QOliver County formed in materials
of glacial origin, Among these mnierials are colearcous
loam or clay loam glucial till; glacial melt-water deposits
of varying texture; wind-laid sili and sand of glacial
origin; and postglocial alluvium. These materials are
thickest in the northenstern part ol the county and
thinner and more patchy toward the southwestern part.
Much of the glacial tll 18 overinin by a thin mantle of
wind-laid silt and sand. In some aureas only the stones
and boulders on the surface are glacial,

In the southwoestern, southeastern, and west-cenfral
parlts of the connty, the soils formed mainly in materinl
weathered [rom solt sandstone, siltstone, and elayey
ghale, bul there are thin patches of soils of glacinl origin
within these avens. Recent alluvium, varying in texture
from clay to sand, covers the hottomn lands along the
Missouri River and other streams.

The Tongue River Member of the Fort Union Forma-
tion is the oldest geologic formation in which the parent
material of soil in Oliver County wenthersd. Tt cops Red
Butte, which is in the northwestern part of the county.
Tiis 30 to 35 percent bedded gandstone and 60 Lo 65 per-
cenl, hedded silty to clayey shale. The sand is made up
mostly of quartz, which is resistant to weathering, but
it hns some calcite and feldspar. Soma beds are weakly
cemented with ealcium carbonate or iron oxide. The sand-
stone is fine grained to medium grained. The parent mote-
rinl of soils of the Cohagen and Vebar series wenathered from
this sandstone, and that of seils of the Parshall, Tally,
Flaxton, Livona, and Arnegard series was secondary de-
posits of this material. The parent material of soils of the
Amor, Sen, Morton, Regent, Werner, Cabba, Lawther,
Belfield, Daglum, and Rhoades series weathered in place
from the silty to clayey shale, and that ol soils of the
Belfield, Daglum, Rhondes, Heil, Dimmick, Tonka, Grail,
and Arnegard series was secondary deposits of this
material. )

The Tongue River Member is also a rich source of
lignite, and Oliver County has large reserves of this
Tuel. An angular, gray, dense, silicified stone is peculiar
to this formalion, and there ave eylindrical holes com-
pletely through some stones,

In afew nreas the soils formed in porcelanite or scoria.
The scorin was formed by bwrning of lignite veins that
baked the surrounding material, which was both residnal
and glacial. The vesulting red clinker material is highly
resistant to weathering and is a source of fair road-surfac-
ing matetial. The only soils in Oliver County that formed
in scoria beds nre of the Ringling series.

In the southwestern corner of the county the residutim of
the Golden Valley Formation is exposed in a fow areas.
This formation is at higher elevations and is younger than
the Fort Unton Formation, but most of it has eroded
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Series Family Subgroup Order
Amoro .o .___. Fine-loamy, mixed_ ... Typic Haploborolls_ ... Mollisols,
Aregard__________. Fine-lowmy, mixed_ o= *achic Haploborolls. oo oo oo~ Mollisols.
Banks_ . ___.___.__ Sandy, mixed, frigid_ . Typic Ustifluvents oo oo oeoo Lintizols,
Belfield__._____._.__ Fine, montmorillonitie.. - - - Glossie Natriborollsoo_ oo . o o__ Mollisnls.
Cabba__o_____...___ Loamy, mixed, ealeareous, frigd, shallow_____________ Typie Ustorthentso .. .o _. Lontizols.
Cohagen_ ... .___. Lomuny, mixed, calcareous, frigid, shallow__.__.____.__ Typic Ustorthents oo oo . Entisols.
Colvin______ .. Finc-silty, frigid . _ . - Typie Caleiagquolls . oo Mallisols,
Daglum__ .~ Fine, montmoritlonitic_ . - .. .- Typic Natriborollsoo__ o o oo Mallisols.
Dimmiek oo Fine, monumeritlonitic, frigid_ . ... .. Yerlie Haplogquolls oo oo oo Mollisols.
IFoarland_ - ... ____ Fine-silty, mixed . .o - Typic Avgibhorolls o~ Mollisols,
Fine-loamy, mixed.___ ... Pachie Argiborolls_ ..o Mollisols.
Tine, moentmorillonitic .- . ... Pachic Argiborolls__ oo o____ Mollizols,
] Fine-silly, mixed o o Pachic Blaploberolls. oo ..o Mollisols,
Hrr Fine, mixed, frigidoo o e Typic Natraguellse oo . Mellisols,
Mavrelon. oo ___ Iine-loamy, mixed, calenreous, frigid. .. - Typic Ustifluvents. oo ... Entisalz,
Teil .o ___ Fine, montmorillonitic, frigid_ .. ... Typie Nolraguolls oo - Mollisols.
Jadlie V- ... Iine, montmaerillonitic, enleareous, frigid. ... ____ Typic Fluvaguents. - . ooooooooo oo Entisols.
Lawther 1o ___ .. - .| Fine, montmorillonitic. - - .- Vervic Haploborolls_ .o oo Mollisols.
Tefor Voo Fine-loany, 1xed. .o oo ao Typic Argiborolls. .. .o Moblisols.
Tehro oo ___ Tine-loamy over sandy or sandy-skeletal, mixed__ Typic Haploborolls_ Muollisols.
Lihen. oo ... .. Sandy, mixed o e Pachic Haploborolls. - oo . - Mollisals,
Linton_o ... . Coarse-silty, mixed ... oo Typic Haploborolls. .o Mallisols.
ldvona_ .. .. Fine-loamy, mixed_ __ . oo Typic Avgiborolls o . oo - Mollisols.
Loher____._ . . Fine, montmorillonitie, caleareous, frigid . ... Typic Ustifluvents_ . ocooomooo - Tintisols.
Mandon_ oo . Cloarse-silty, mixed .o . . Pachie Haploborolls_ ...~ Malligols.
Manning_ - - _____ Coarse-lonmy, mixed__ oL Typie Haploborolls_ « oo Mollisols.
Morbon___..________ Tine-silby, miged e Typie Argiborolla_ oo .- Mollizols.
Noonan_o___ . Fine-loamy, wixed ___ oo Typic Nadriborolls . oo Mollisols.
Pamell_. . . - . . Fine, montmorillemitic, Trigid_ - ..o ___ Typic Arginguolls__ . oo Mollisols.
Parshoall_ ... . __ Coarse-loamy, mixed_ oo .o o Pachic Haplohoralls . .- Molligols.
Regan____ . - - - - Fine-silty, frigid - e Typic Cadeingquolls o ooooo Mollisols.
Regent ... ... Fine, montmarillonitie. oo oo oo Typic Argiboralls oo Mollisols,
Rhoades. .. .. - - Fine, montmorillonitic o oo o oo Leptic Natrihoralls . oo -~ Mollisols,
Ringling .- _._._. Loamy skeletal, mixed. oo . oo . Lithie Tuplaborells. oo Mollisols.
Savage. oo .. _____. Tine, montmorillonitie . oo Iypic Argiborolls oo ___ .. Mollisols.
Benoo ool _ | Fine=silty, mixed _ L e Typic Haplohorolls_ o oo Mollizols.
Slady .. Fine-loamy nver sandy or sandy-skeletal, mixed.______ Typie Haploborolls. o oo ooooooooaoo- Mollisols.
BhrAW . s Fine-loamy, mixed_ .. aeaaomaon Cumulie Taploborolls .o ____._ Mollisols.
Tally oo Conrse-lonmy, mixed_ . - e e —n- Typic Haploborolls_ .- _____ Mallisols.
Telfer_ ..o Sandy, mixed o Tntie Haploborolls .. .. Mollisols.
Temvik ..o oo Finesilty, mixed oo __ .| Typie Haploborolls. oo oo oo Molligals.
Tonka o . . IFine, montmaorillenitie, frigid_ . _________. Arginquic Argiabolls . ... Moallisals.
Trembles . oo ____ Conrseloamy, mixed, sadearcous, frigid. ... ._______ Typic Ustifuvents o -cooooooooo- Tintisols.
Vebar 1o ___ Coarse-loamy, mixed_ ..o . oo Typic Haploborolls__ . - oo .- Mollisols.
Velva_ oo oo Coarse-lonny, mixed__ .o .- Fluventie Haploboralls_ . . ... Mollisols.
Wabek_ _ ..o ________ Sandy-skeletal, mixed oo - Entic Haploborolls. oo .o~ Mollisols.
Werner oo ... ... Loamy, mixed, shallow_ oo . oo ... Tntic Haploborols oo .. Mollizals.
Williams____ ... TFinc-loamy, mixed .. . o Typie Argiborolls_ _coomoo e Mollisals.
Zahlo .o Fintic Haplobaralls. oo oo Mollisala.

Fine-loamy, mixed__ . e |

* The soils in this county that are taxadjuncts to the series for which they are named, and the ways they differ fron the defined range

for the scries, follow:

Dimmick soils have a mollic cpipedon that is more than 24 inches thicle.

Tlaxton seil FeB has a solumn that confains less than 18 percent clay.
Tallic soils have a dark-colored surface horizon that is 3 inches or more thick and that has a moist color

Tawther soils have a mallic epipedon that has o eolar chrotua of less than L5 in the upper 7 inches.
Tefor soils have o dark-golored surface horizon that ig nat thick enongh for a mollic opipedon.
Tonku soils lack an alhic horizon.

Vebar soils V113 and VIC have a solim that contains more clay.

These differcnces do not alter the usefulness and behavior of these soils,

awiy. Soils of the Tefor and Vebar series are the main
soils that formed in it. The soils that formed in secondary
depositions of this material are mainly of the Parshall and

Tally series.

Also in the southwestern part of the county are arcas
where there are numerous silicified and glacial stones on
the surface. A stony phase of Morton and Sen soils, which
ave o prime source of riprap, formed in the materials of
these deposits. Also there are lignite beds that contain

value of 3 or more.

the logs and stones of silicified conilerons trees, and some
of the pressure-flattened logs are more than 15 leet a

At one time Oliver County was covered with glacial
drift, except in a few places at high elevations, but much
ol the soil material has been eroded away [rom the thin-
nest deposits. Most of this diilt was deposited during the
Mankato substage of the Wisconsin glacial age, but some.
appears to have been deposited dwuring the older Lowan or
Tazewell substages.

Cross.
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In the western part of the county, some of the till
appears to be [rom the Towan and Tazewell substages and
is somewhat more firmn and plastic than till in other areas,
Most of it was deposited as ground moraine, but in a few
places, it was deposited as Indistinet and discontinuous,
terminal and recessional moraines. Soils that formed in
this glacial till are of the Williams and Zahl series. Soils
that formed in sceondary depositions of this 6ill arve of the
Arnegard and Grail series,

Within areas of this glacial till, the soils that formed in
the alluvium of creek valleys ave mainly of the Farland,
Straw, Velvn, Parshall, Colvin, Regan, Harriet, Belfield,
Daglum, and Arnegard series. The Straw and Velva soils
are subject to some {looding and deposition of soil materinl.

Near the northern county line, postglacial deposits
of windblown materials that cover the till are thickest and
most extensive. The flood plain along the Missouri River
was the main source of windblown silt. The soils that
formed in this loess, or silt, are of the Mandan, Temvik,
and Linton series. Soils of the Grassna series formed in
secondary deposits of this materinl in swales. The flood
plain along the IXnife River was the main source of
windblown loam and fine sandy loam. The soils that
formed in these maderials are of the Flaxton, Parshall,
Livona, Lihen, and Tally series.

In areas other than near the northern county line and
scattered throughout the county arc smaller areas of
soils that formed in wind-laid materials, which cover
the glacial ll, and that are adjacent to glacial trenches
or arens of residual sandstone. In the areas where the
till is covered with only n thin layer of loess, soils of the
Tonka and Parnell series arve in the potholes. In areas
where the glacial material is outwash, soils of the Lebr
and Stady series formed.

The Missouri River terrnce is covered with Toess that,
in nearly all areas, is underlain by gravel at varying
depths. In most places there are intervening, stratified,
medium-textured to moderately fine textuwred deposits.
On these terraces are soils of the Temvik, Stady, Lehr,
Wiabek, Grassne, Linton, and Mandan series, Mandan
soils are dominant, and some have o gravelly substratum,

On bottom lands along the Missouri River are young
immature soils that weve subjeet to annual fooding and
soil deposition. The flooding and deposition were vietually
eliminated in 1952 by the completion of Guarrison Dam.
On these botiom lands, soils of the Lallie, Lobler,
Havrelon, Trembles, and Banks series formed. River-
‘(%ash and Alluvial land arve adjacent to the river channel

g. 14).

Climate

The physical and chemical processes ol weathering in
the parent material, as well as biologic activity, are
influenced by climate. Processes of soil formation are
most active 1f soll material s warm and moist. Processes
are slow if it is too cold, too wet, or too dry.

Oliver County has cold winters and wnm summers.
Annual precipitation avernges o little more than 174
inches, about three-fourths of which falls in the growing
SeAsom.

Rainfall and tempernture directly affect the soils of
Oliver County through weathering of parent material,
leaching and redistribution of carbonates and clay
particles in the soil profile, and accumulation of organie
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matter. Climate affects the kinds of plant and animal
life that help develop soils.

Chemical processes of weathering are slower in Oliver
County than in warmer and more humid climates, Frozen
ground prevents soil leaching during the winter. In
summer, rainfall peaks when evaporation and transpira--
tion are approachimg their maximum. Rapid evaporation
and maximum plant growth in this period tend to decrease
soil leaching. On uplands soils that have gentle slopes.
are generally leached of carbonates to a deplh of 12 to
24 inches,

Plant and animal life

Plants have been the principal influence on the forma-~
tion of soils in this county. Enrthworms, bacteria, and
other forms of Jife ave of secondary imporiance. All plants.
and animals add organic matter to the soil material when
they die.

Native vegetation is mostly mid and short native
grasses. A dark-colored surface layer forms as the tops.
and roots of grass decay. Roots also bring up plant nu-
trients lo be added to the soil surface through decay.
In swales, the soils have a thicker, darker surface layer
and plant growth is more luxuriant. Some iall grasses,
such as big bluestem, grow in the swales. On drier ridge-
tops are mainly blue grama, plains muhly, little bluestem,
and threadleaf sedge and on gently sloping uplands, green
necdlegrass, western wheatgrass, needle-and-thread, prai--
rie sandreed, and little bluestem. On poorly drained sites.
are prairie cordgrass, rivergrass, reed canarygrass, switch-
grass, and cattails,

Bacteria and other smaoll organisms break down the
dend tissues of plants and animal into humus. Some bac-
terin associated with legumes remove nitrogen from the-
air and convert it to n form nsed by plants. Small rodents,
earthworms, and some insccts also affect soil formation.

Relief

Relief, or the lay of the land, influences soil formation
chiefly by controling the movement of water. The effact
ol relief, however, is modified by the other four [actors of
soil formation, especially climate and vegetation.

In basing whore water ponds, the soils have a different
arrangement of seil horizons and are mottled. Seils that.
have n high water table and are not subject to ponding:
have a high content of lime. In moderately sloping soils.
that do not have a high water, lime is leached downward.
On steep side glopes and on hilltops, the seils are thin,
are low in organic-matter content, and have lime close
to the surface. These soils are excessively drained, and
plant growth is sparse.

Time

Soil horizons lorm slowly. As water moves downward
through the soil profile, it takes soluble materials and tiny
solid particles with it in the process of leaching. Chemicals.
in the water react with minerals to weather und alter the
parent material. Extremes in temperature cause expansion
and contraction that help to break down resistant min-
erals. Over a long period of time these processes help-
form distinct horizons, or layers within the soil profile..
As fine particles are leached from the surface layer and
deposited in the subsoil, the grouping of soil aggregates
take place. The structure of the soil develops in this way.
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Figure I4.—Relationship of soils on the bottom lands along the Missouri River to pareni materials and tepography.

Boils on bottom lands are young becanse fresh material
is periedically added and not enough time elapses for the
formation of soil structure ov of -distinet horizons. The
gently sloping soils of the uplands are older than those of
the bottom lands. The older soils have well-defined hori-
zons and distinet blocky or prismatic structure in the
suhanil.

Classification of the Soils

Clasgsification consists of an orderly grouping of soils
according to o system designed to make 16 easier to remem-
ber soil characteristics and interrelationships. Classifica-
tlon is uselul for organizing and applying the results of
experience and research. Scils are placed in narrow classes
for diseussion in detailed soil surveys and {for applicat'on
of kneowledge within farms and fields. The many thousands
of narrow classes are then grouped into progressive y
fewer and broader classes in successively higher cate-
gories, so that information can be applied 1o large geo-
graphic areas.

Two systems of classifying soils have been used in the
United States in recent years. The older system was
adopted in 1938 (2) and revised later (4). The system
currently used by the National Ceoperative Soil Survey
was developed in the early sixties (8) and was adopted in
1965 (8). Itis under continual study.

The current system of classification has six categories.
Beginning with the most inclusive, these categorics are
the order, the suborder, the great group, the subgroup,
the family, and the series. The criteria for classification
are soil properties that are observable or measurable, but
the properties are selected so that soils of similar genesis
are grouped together. The placement of some soil series in

the current system ol classification, particularly in families.
may change as more precise information becomes avatlable.

Order.—Ten soil orders are recognized. They are
Euntisols, Vertisols, Inceptisols, Aridisols, Mollisols, Spo-
dosols, Alfisols, Ultisols, Oxisols, and Histosols. The
properties nsed to differentinte these soil orders ave those
that tend to give broad climatic groupings of soils. The
two exceptions to this are Entisols and Histosols, which
exist in many different kinds of chimate. Table 9 shows
that the two soil orders in Qliver County are Entisols and
Mollisols.

Intisols are light-colored soils that do not have natural
genatic horizons or that have only very weakly expressed
beginnings of such horizons. These soils do not have
trails that reflect soil mixing caused by shrinkng and
swelling,

Mollisols formed under grass and have a thick, dark-
colored surface horizon containing colloids dominated by
bivalent cations. The material in these soils has not heen
mixed by shrinking and swelling.

Suborder—Each order has been subdivded mto
suborders, primarily on the basis of the characteristics
that seemed to produce classes. that have the greatest
genetic similarity. The suborders narrow the hroad
climatic range permitted in the orders. The scil prop-
erties used to separate suborders are mainly those that
reflect cither the presence or abscnece of waterlogging,
or soil differences resulting from climate or vegetation.

Ghreat  groups.—Suborders are separated into great
groups on the basis of uniformity in the kinds and sequence
ol major soil horizons and features. The horizons used to
make separations are those m which clay, iron, or humus
have accumulated or those that contain a pan that inter-
feres with the growth of roots or movement of water.
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The fentures nsed arve the self-mu'ching properties of
clays, soil temperature, major differences in chemical
composition (mainly ealeium, magnesium, sodiun, and
potagsium), and the like. The great group is not shown sep-
arately in table 9, because it 1s the last word in the name
of the subgroup. N

Subgroup.—Great groups are subdivided into subgroups,
one representing the central (typie) segment of the greup,
ane others, ealled intergrades, that have properlies ol
the group and also one or more properties of another great
group, suborder, or order. Subgroups may also be made
those mstances where soil properties intergrade outside of
the range ol sny other great group, suborder, or order.
The names of subgroups are derived by placing one or
more ndjectives before the great group. _

Family—Familles are separated within a subgroup
primurily on the bosis of propert'es important Lo the
erowth of plants or behavior of soils when used for en-
gineering. Among the properties considered are texiure,
mineralogy, reaction, soil temperature, permeability,
thickness of horizons, and conglstence.

General Nature of the County

Oliver County played o prominent part in the ecarly
history of the upper Missouri River territory. The Mundan
Indinns and associnted tribes cultivated maize, beans,
squash, wild tobacco, and sunflowers in small plots on the
Missouri River bottom lands and terrnces. They sold orv
traded maize for seed to the Winnebago iribe in Wiscon-
sin, the Yukima tribe in Washington, and other tribes.
Corn was cultivated with bone or wooden tools, harvested
and dried, and stored in hidden jug-shaped cache pils
beneath lodge floors ov ouiside of lodges. During butfalo
hunts the women made pemican by nuxing ground corn,
buffale meat, and somoctimes wild berries, Tweniy-six
of these village sites, which date back more than two
centuries, have baen discovered along the Missouri River
in Oliver County. Arvourdl 1850 the Indians moved to
reservabions, thus opening up the county to settlement.

The early ranchers used the lunds in public domain and
railroad lands for free grazing. From 1863 to 1891 a sot-
tler could prove up on ene to three quarters of land, but
after 1891, when only the Homestend Law remained,
gains were one quarter of land, Al present nearly all land
is privately owned; all railroad land and most school
Jands have been sold. In 1964 about 40 percenf of farm
income was from crops and 60 percent {rom livestock aned
livestock products. There were 430 furms, and the average
gize was shout 1,000 acres,

The present county was formed from part of Mercer
County in 1885, when it had n population of 327 and 102
farms. The county sent was Raymond in 1885 bhut was
moved to Center in 1903, Raymond was near the present
town of Sanger. Ten towns were established, but only
Center, which has a population of about 619, survives
commercinlly, The peak of settlement in the county oc-
curred hetween 1900 and 1914. The populntion peaked
about 1920 at 4,500 people in the counly and nearly 800
farms, but it has declined steadily and was 2,287 in 1970.

The native vegetation is mainly mid and short grasses,
sedges, and forbs, Some tall grasses grow in swales and on
floodd plains. The few basing and potholes have slough
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grasses, wetland sedges, and rushes. Broadlenf froes and
shrubs are on sites that have s low evaporation arwd
transpiration rate, a high soil moisture supply, or both.
The only cvergreens are shrubby junipers, Trecs and
shrubs make up a small part of the vegetntion.

Before 1911, grain was shipped by river boat or hauled
overland to the main line of the ratlroad, but after 1911,
it was shipped entively by railvoad. At present, n railroad
that parallels the Missourl River furnishes transportation.
Two hard-surfaced state highways cross the county from
north to south and from east to west. Several good gravel
farm to-market vonds also cross the county,

Lignite from strip mines supphes fuel [or power genera-
tion. A watershed project that has been started on Squave
Butte Creek.

The park area at Center is the only developed public
ontdoor recrestion site in Oliver County. Many siies,

uch ns Fort Clark, Molander Indian Village, and other
Todian archaecological sites offer potential for develop-
ment, preservation, and interpretation, as they are water-
based or tied in with historle or seenic sites.

Physiography, Relief, and Drainage

Oliver County i8 on the western border of the aren in
North Daketa where soils formed in glacial deposits, and
on the eastern horder of the arven where soils formed n
residuum  weathered from bhedrock. The northern and
eastern parts are glacial arens that consist mainly of
undulating to rolling plains that slope gently to the
northeast., Within this till plain are discontinuous, hilly
moraings that have short, irregular slopes of as much as
20 percent. The isolated, residual Red Butte projects
above the plain in thig area.

The southeastern part of the rounty and areas along
the main streams have mainly long, very steep slopes
that range maindy from 15 to 40 percent. Undulating
and rolling glacial plains oceupy the tablelands between
drainageways. The Square Bultes are prominent land-
marks in this area.

The southern and western parts of the county are
mainly gently sloping and sloping residunl plains. Within
this area are some patches of nndulating glacinl topog-
raphy and a few residual buttes thai projeet above the
plain. One prominent buite 15 the unnamed oue at the
headwaters of Otter Creek.

Elevation ranges from 2,420 feet nbove sea level in
the southwestern part of the county to 1,640 fect on the
Missour: River bottom lands near the southern county
line. The difference in maximum and minimum elevation
ranges Irom about 550 [eet on the Missourl River breaks
to less than 10 feet on glacial ground moraine, loess-
mantled ground moeraine, terraces, and bottom lands,

Druinage is well defined except in some places on the
till plain. Most of the till plain has hetter surface drainage
than is typical for glacial topography. Most potholes are
shallow and, within a short distance, are connected to
drainagewnys that have erodible gradients. Most major
drainagewnys occupy trenches formed in glacial times,
when ice blocked the natural drainage to the northeast
and caused the water to flow southeast through topograph-
ical sags. Present-day drainage splits within the trenches,
and runs in opposite directions, The Missouri River is
the main stream and all other drainagewnys are tributary
to it. Water drainege to the northwest flows infto the
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Knife River in Mercer County, but draining water to
the southeast flows divectly 1nte the Missouri River
or into the Heart River in Morton County. Northwesi-
flowing streams in Oliver County are Kinneman, Brady,
and Otter Creeks, and one branch of Coyeote Creek.
Square Butte Creek and branches of Sweet Briar and
Hulstone Creeks ocenpy the same giacial (renches but
flow southeast. A northeast flowing branch of Alderin
Chreek connects with the Kinneman-Square Butle trench.
Flowing east but not in glacial trenches are Sherk Creek
and an unnamed creek at Fort Clark. A northeast-
southeast trench comnects branches of Square Butte and
Sweet Briar Crecks; in glacial times the flow was south-
west. All but the headwuters of major streams are deeply
entrenched ; the deepest are the trenches of the Missouri
River and the lower reaches of Square Butie Creek.
The Missouri River gradient drops 0.7 feet per mile and
most erecks drop 6 to 12 leet per mile.

Climate 7

Oliver County has a continental climate. The summers
are pleasantly warm, The winters are long and cold, but
they vsually Lhinve several mild periods when temperatures
are well above the freezing mark. About 80 percent of the
precipitation falls during the warm season, April through
October.

Frontal passages occur [requently throughout the
year and can cause temperature changes of 40° or 50°
within 24 hours. Several large and rapld fluctuations in
ternperature can oceur o period of a week or two. The

TRav JeNsex, State elimatologist for North Dakota, National
Weather Service, U.8. Department of Commeree, Fargo.
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normal daily range in temperature is about 23° F. in
midwinfer and 31° duving the later part of the summer.
In the 32-vour period for which records are available ab
Center, maximum temperatures have been as high as
L10° F. and minimum temperatures as low as 42° below
zero, o range of 152°.

Tahle 10 gives temperature and precipitation data.
These datn ure based on records kept at the Weather Ser-
vice Station in Center. Table 11 gives probability of
receiving stated amounts of precipitation in specific
periods, and table 12 shows probabilities of low fem-
peratures In spring and fall,

It an average year maximmm temperatures equal or
exceed 30° on about 22 days, and about three-fourths of
these doys are in July and August. The greatest likelihood
of 5 or more consecutive days that have temperatures
above 90° is during the Iast 2 wescks of July, but this
generally oceurs in only 15 vears out of 100, Minimunm
temperatures drop Lo freezitig or below on about half
of the days during the year. Temperatures of zero or below
ocetr about 50 flmes I an avernge year.

The average length of u freeze-lrec period ranges from
about 125 days on the Missourt River bettom lands to
about 115 days on the ligher ground, but no time of the
yvear can be considered absolutely ree of frost or freezing
temperatares. In the period of record at Center, freezing
temperatures occurred in every month, except July, and
in July lows of 35° K. were recorded.

Table 10 shows that the average annual precipitation
at Center 13 17.55 inches. Based on maps of normal
precipitation for 1951 to 1960, there is little variation in
precipitation across the county. Annual rainfall reanges
from 10.41 inches to 23.02 inches. Normaully 0.01 inch or
more of precipitation is received on about 97 days. In

TaBLE 10.~—Temperature and precipitation data

Al data from Center]

Temperature Precipitation
Two years in 10 will have One year in L0
at least 4 days with 2— will have — Average
Month Average Average Days with depth of
daily daily Average SUOW SIOW On
maximum ! 1 minimuom ! Maximurn Minimum fntal ! T.ess More cover ¥ days with
temperature | temperature than— [ than— SNOW
equal to or | equal to or cover ?
higher lower
than— than—
° K, e, ok O Tnehes Tches Hiches Number Inches
January. ___________ 20,1 —2. 0 44 — 26 ] 4 (1. 86 83
February ... ____ 24, G 1.9 42 —22 .57 .18 1. 18 24 9.8
Mareh.___ ______.._ 36. D 14. 3 60 —12 .81 .14 1. G5 19 9.2
April. . _____ 54. 8 28.3 75 14 1. 52 .41 2,60 3 3. &
MAY oo 67. 6 30, 3 85 24 2,55 . B8 4. 20 1 .8
Juneo_o oo _..__ 75 3 49. 0 20 3R 3 52 1. 40 h.70 0 0
July oo 83. 9 A4. 2 a5 43 275 .42 5. 38 0 0
August___ .. 83.1 51.8 06 40 2,01 .20 3. 98 0 0
Beptember_ .o _ L __ 71. 6 41.0 88 27 1. 53 10 2,497 0 0
Octaber.___________ G0, 8 311 80 18 .83 L 05 1. 76 1 .9
November-._______ 0. 8 16. 6 59 —8 il T 1. 47 ) 3.3
December._ . ______ 27. 4 5, 2 46 —17 L 47 .12 . B5 17 5 8
Yearo oo ____ 53, 8 27. 4 4100 i —33 17. 55 1. 335 21.73 100 5.0

I Based on records for the 32-year period, 1938-1969.
¢ Based on records for the 2(-veur period, 1949-1969.

8 Average annual highest temperature.
+ Average annual lowest temperature,
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TABLE 11.—Probability of receiving precipitation during three periods
77-Day Prriop

Rainfall
Dales 4 inches More than | More than | Mere than | More than | More than
or less 4 inches 6 inches 8 inches 10 inches 12 inches

k. Pet, Pt Prt, Pt e,
March 1A-May 30 . .- ki) 45 15 (%) (%) (2)
Mareh 22-June 6____ ... . .. . 40 60 25 (2} (2) ()
Mareh 29-June 13 a_..- 35 B35 30 10 2 12)
April 5-June 20 - ... 30 70 41 20 (2) (%)
April 12-June 27 . . o oo.- 20 80 60 25 10 (%)
April 10-Tuly 4_ _ _ . L _Lll.l_. 15 85 55 a0 1m0 (2}
April 26-Yuly 11_ L . e aio . 15 85 G0 30 15 (e}
Nfay 3-July 18 . . 15 85 G0 30 14 )
May 10=July 25 ... 13 85 60 30 15 (%)
May 17-August 1 __ L ___. 10 90 [i55) 35 15 (2)
May 24-Avgust 8_ ... 10 00 G5 a5 15 i)
Moy d1-Aungust 10 __. 15 85 GO 30 15 (23
June 7-August 22 . 15 85 55 25 10 (%)
June 1d-Avugust 29 _ . __ . 20 80 45 an (2) ()

01-Day Perion
Mareh 15-TJune 13___ ... 20 80 40 15 ) ()
Mareh 22—-June 200 L. 20 20 50 21) {2) {2}
March 20-June 27___ . ____ 15 85 60 30 10 (%)
April 5=July 4 _ . 10 00 65 35 15 ()
April 12-July 11 - Lg 90 70 40 20 ()
April 19-July 18 _.__ A 95 70 45 20 (%)
April 26-Taly 25 L 5 uj 70 45 25 10
May 3-August 1. .. A 35 70 45 25 10
May 10-August 8 ... 10 0 70 40 20 (%)
May 17-August 1o o LLl. i} 1 7h 45 25 ()
May 24-August 22 _ . 5 95 20 a0 25 (%)
May 31-Aagust 2% . 10 90 70 40 20 (2)
June T-September 5 _ o _.. 10 90 65 35 15 (%)
June l4-Septomber 12 o . H} 90 GO 25 (2) (%)
119-Day Prriop

April 26-August 22_____________________ 1 49 04 70 40 25
MMay 3-August 20 L ______ 2 98 90 [15] 40 20
May 10-September 5_ o ______ 2 08 85 65 35 20
May 17-8September 12_ _ o __________________ 2 98 90 G5 40 20
May 24-Seplember 19__________________________ 2 08 90 i5 40 20
May 31-Beptember 26_ . o o 5 95 85 G0 35 15

! Data for more than 14 inches was not included beeausc it is not more than 10 percent in any of the periods speeified.

2 Tiess than 10 percent.

at leagt 1 wear in 5, the following intensitics of rainfall
can be expected; 1.1 inches in 30 minutes, 1.5 inches
1 hour, 1.8 inches in 3 hours, 1.9 inches in 6 hours, 2.3
Inches in 12 hours, and 2.7 inches in 24 hours. Thunder-
storms occur on about 37 days in an average year.

Hail can be expected on about 40 days in the north-
eastern half of the county and up to 50 davs in the
extreme southwestern corner of the county. June and
July are the prime months for hoil activity. In 1 vear
out: of 20, hail falls on about L0 days in June and 10 to
15 days in July.

Mean annual snowfall is about 35 inches and ranges
from 13 to 73 inches & year. Average snowfall for the
months November through March is § to 7 inches.
Light snowfnll may be expected in September in 1 yeor

out of 6 and in May in 1 year out of 4. Blizzards ocenr
nearly every year, and several times cach winter, visibilicy
is restricted by blowing snew (ground blizzard).

Annual evaporation from Weather Bureau Class A
pans averages about 48 inches; 84 percent of this evapora-
lion takes place in the period from May through October.
The annual evaporation from lakes averages 34 to 35
inches,

Oliver Counly receives 60 percent of the possible
sunshine annually. July, averaging 73 percent of possible
sunshine, s the sunniest month, and Novembor and
December, which have about 48 percent of possible
sunshine, are the cloudiest months.

The prevailing wind direction in Oliver County is
west-northwesterly except in May, July, and August,
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TABLE 12.—Probabilities of low lemperatures in spring and fall
[AN duta from Center]
Dates for given probability nnd temperature
Probahility
16° F 20° T 24° F. 28° F. 320 T,
ar lower or lower or lower or lower or lower

Spring:

1 yvear in 10 lnfer than__ ... May 4 May 16 My 24 May 29 June 8

2 yenrs in 10 later than o __ oo _____ April 29 May 11 Muay 19 | May 24 June 8

A yenrs in 10 later tham_________ ... April 17 April 30 May 8 ! May 13 Muy 25
Fall:

1 year in 10 earlier than_ . .. .. October 7 Septembor 21 | Septenber 15 | September 8 | August 31

2 vears in W earlier than___ .. .- October 12 September 26 | Septewnber 20 | September 11 | September 4

5 yearsin 10 earMer than_ .. ... Qctober 24 Qctober § October 1 September 21 | September 12

when the prevailing winds ave easterly. The windiest
month is April, during which the windspeed averages
13.0 miles per hour.

Seil blowing and water erosion are probably the most
serious management concerns associated with most soils:
in the county. Seil blowng generally is most severe in
March and April.
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Glossary

Alkali soil. Generslly, a highly alkaline soil. Specifieally, an alkali
soil has so high a degree of alkalinity (pE 8.5 or higher) or so
high a pereentnge of exchangenble sodium (15 pereent or more
of Lthe total exchangeable bases), or bolh, that the growth of
most crop plants is poor from this eause.

Alluvium, Soil material, such as sand, silt, or clay, that has heen
deposited on land by streama.

Availahle water capacity (also termed available maoisture capacity).
The eapacity of soils to hold water available for nse by most
plants. Tt is commonldy defined us Lhe difference between the
amount of soil waler at field capncity and the amount nt wilt-
ing point. Tt is commonly expressed as inches of water per
ingh of soil.

Calcareous soil. A soil containing enough ealeium earbonate (often
with magnesium carbonate) to clervesce (fizz) visibly when
treated with cold, dilute hydroehlorie neid.

Clay. As n soil separate, the mineral soil particles less than 0.002
millimeter in diameter. As o soil textural clags, soil material
that is 40 pereent or more clay, less than 45 percent sand, and
less thau 40 pereent silt.

Clay film. A thin coating of clay on the surface of o soil aggregate.
Synanym: clay coaling,

Claypan. A compact, slowly perincable seil horizon that eontains
more clay than the horison sbove and below it. A claypan is
eommonly hard when dry and plastic or stiff when wet.

Colluvium. Soil material, roek fragments, or both, moved by creep,
slide, or loeal wash nnd deposited at the base of stecp slopes.

Conerctions. Grains, pellets, or nodules of various aizes, shapes, and
colove consisting of concentrations of compounds, or of soil
grains cemented together, The composition of some conere-
tions is unlike tlut of the swrrounding soil. Calehnm earbonate
and iron nxide are cxamples of maierial commonly foumd in
coneretions.

Consistence, soil. The fcel of the soil and the ease with which a lurnp
can be erushed by the fingers. Terns commonly used to de-
seribe consistence arc—

Loose.—Noncoheront when dry or moist; does not hold together
in & Mass.

I'rigble—When noisl, erushes ensily under gentle pressure be-
tween thamb and forefinger and can be pressed together
inbo a lomp.

Firm.—When moist, erushes under modernle preasure between
thumb snd forelinger, but resistance is distinetly notice-
able.

Plastic.—When wet, readily delformed by moderate pressure but
can be pressed into a lump; will form a “wire” when rolled
between thuinb and forefingar.

Sticky.—When wet, adheres to other material, and tends to
stroteh somewhat and pull apart, rather than to pull free
from other materinl,

Hard —When dry, moderately rvesistant Lo pressure; ean be
broken with diffieulty belween thumb and forefinger.

Soft.—When dry, breaks inlo powder or individual grains nnder
very slight presaure.

Cemended.—Fard and brittle; little affected by maistening,

Drainage class (natural). Drainnge that existed during the develop-
ment of the soil, as opposed fo altered drainage, which is
commponly the result of attificinl drainage or irrigation bnt
may be ciused by the sudden deepening of channels or the
blocking of drainage outlets. Seven different clusses of natural
soil drainage are recognized.
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Excessively drained soils are commonly very porous and rapidly
permeable and have a lew water-holding capacity,

Somewhat excessively drained soils are also very permeable and
are free from mobtling Lhroughout their profile.

W ell-drained soils are nearly free from mottling and arc commonly
of intermediate texture.

Maderately well draimed soils conumonly have o slowly permeable
Liver in or immedintely heneath the soluinm. They have
uniferm color in the A horizan and upper part of the B
horizon and have mottling in the lower part of the B
horizon and in the C horizen.

Somewhat poorly drained soils ave web for signifieant periods
but not all the time, and somne soils commonly have mebiling
at o depth below 6 to 14 inches.

Paorly drained soils are wet for long periods; they are light gray
and generally mottled from the surfaee downward, bul
soma have few or no mottles,

Very poorly drained soils are wet nearly all the time. They have
a dark-gray or black surface layer and are gray or light
gray, with or without nwofifling, in the deeper parbs of the
profile.

Diversion, er diversion lerrace. A ridge of earih, penerally o terrace,
that is built to divert runofl from itz natural eourse and, thus,
ta protect areas downslope from the effects of such runoff,

Grassed waterway. A natural or constructed waterwny, typleally
broad and shallow, and eovered by grass for profection agrinst
erosion; used to conduct surface water away from cropland.

Horizon, soil. A layer of soil, approximately parallel to the surface,
that has distinet choracteristics produced by soil-forming
pracesses. These are the major horizans:

O horizon.—The layer of organic matter on the surfuce of o
niineral soil, This layer consisis of decaying plant residues.

A harizon —The mineral horizon at the surface or just below an
(O herizan, This horizan is the one in which living organisms
are most ackive and therefore is marked by the nceumulation
of humus, The horizen may have lost one or more of soluble
salts, elay, and sesquioxides (ivon and alninum oxides).

B hordzon.—The mineral horizon below an A horizon. The B
hotizan is in part & layver of change from the overlving A
to the underlying C horizon. The B horizon also has distine-
tive charncteristice eaused (1) by aceumulation of elay,
seagnioxides, manuns, or some combination of these; (2) by
prismatic or blocky structure; (3) by redder or stronger
colors than the A horizon; or (4) by seme combination of
these. Combined A and B hotizons are usually called the
solum, or frue soil. If a soil lncks a B horizon, the A horizon
wone ig the solun.

C horizen—"The wenthered rock material immediately beneath
the solum. In mnst soils this material is presumed to be like
that from which the overlying horizons were formed. If
the material is known to he different from that in the sobum,
i Roman numeral precedes the letter C.

I loyer~—Consolidated rock henenth the soil. The rock nsually
undarlies 0 € horizon but may be immediately beneath an
A or B horizon,

Infiltration. The downward enlry of water inlo the irmediate
surface of soil or other matarial, ns contrasted with pereolation,
which is movement of water throngh soil layers or muterial,

Internal soil drainage. The downward movement of water through
the soil profile, The rate of movement is determined by the
texfine, structure, and other characleristics of the soil profile
and underlying layers, and by height of the water table, either
pernignent, or perchod. Relative terms for.expressing internal
drainage are none, very slow, slow, medium, rapid, and very
raprid.

Nutrient, plant. Any clement baken in by a plant, essential to its
growth, and usged by it in the praduction of food and tissue,
Nitrogen, phospharus, potassinm, ealeium, magnesium, sulfur,
iron, manganese, capper, baton, zine, and perhaps other cle-
ments obfained from the soil and carbon, hydrogen, and
oxvgen obtuined largely from the nir and water, are plant
nulrients. .

Parent material. Disinlegrated and partly weathered rock from
which soil has formed.

Ped. Aun individual natural soil agpregate, such as a crumb, o
prisuy, or a block, in contras! to xclod.
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Permeability. The quality that enables the soil to fransmit water
or ajr, Terms used bo deseribe permeability are as follows:
very slow, slow, moderalely slow, moderate, moderately rapid,
rapid, and very rapid.

Profile, soil. A vertical section of the soil threugh all iLs horizons and
extending into the parent material,

Reaction, soil. The degree of acidity or alkaliniby of a soll, ex-
pressed in pH valines, A soll that tests to pH 7.0 is precisely
neutral in reaction because it is neither acid nor allaline.
In wards, the degrees of acidity or alkolinity are expresscd
thus:

Bl pIT
Extremely acid-___ Below 4.5 Mildly alkaline____ 7.4 t0 7.8
Very steongly acid- 4.5 ve 5.0 Moderately alkaline 7.9 to 8.4
Strongly neid_.___ . Bt 5.5 Strongly alkaline._ 8.5 to 9.0

Medium neid______ A.6 10 6.0 Very strongly alka-
Slightly neid___ .. 6.1 to 6.5 ne. ... 0.1 and
Neatral ..o ____ §6.6 ta 7.3 higher

Saline soil. A soil that containg soluble salts in amounts that impair
arowth of plants but that does not enntain excess exchangeable
sndium,

Runoff {hydranlics), The part of the precipitation upon a drainage
aren thit Iz discharged from the aren in stremn channels. The
waber that flows off the land sgurfuce without sinking in is
called surface runoff; that which enters the ground before
reaching eurface streams is ecalled ground-water runofl or
seepage low from ground water.

Sand. As a soil separate, individual rock or mineral fragments
that range from L5 to 2.0 millimeters in disuneter. Most
sand pgraing consist of quartz, bué the sand may he of any
miineril compogition as o fextural class soil that is 85 pereent
or move sand and nofomore than 10 percent elay.

Silt. As a soil separate, individual mineral particlez that range in
dinmeter from the npper limit of clay (0.002 millimeter) to
the lower limit of very fine sand (0.05 millimeler). As a textiral
class, soil that is 80 percent or more silt and less than 12
pereent elay,

Soil. A nabural, three-dimensional hody on the earth’s surface
that supports plants and that hag preperties resulting from
the integrated cffect of climade und living matter acting on
enrthy parent material, as conditioned by reliel over periods
of time.

Selum. The upper part of a soil profile, above the parent, maboerinl,
in which the processes of soil formation are active. The sohun
in mature soil includes the A and B horizons. Generally, she
charncteristies of the material in these horizons are unlike
those of the nnderlving material, The living roots and other
plant and animal life eharacteristic of the soil are largely
confined to the solum.

Striperopping. Crrowing crops in a systemabic arrangement of
strips, or bands, to serve as vegetative barriers to wind and
walker arasion.

Structure, soil. The arrangement of primary soil particles into
connpound particles or clusters that are separated from nd-
joining aggregates and have propertics unlike those of an
cqual mass of unaggregated primary soil particles. The prineipal
forms  of soil strueture  are—splaty  (laminated), prismoiic
(vertical axis of aggregates longer than horizenlal), colimnor
(prisms with rounded tops), blocky {angular or subangnlar),
and gromloer. Strectureless soils are cither single gradn {each
grain by itself, ns in dune sand) ov messive (the porticles
adhering together without any regnlar cleavage, 3 in many
elaypans and hardpans).

Stubble muleh. Stubble or other erop residues left on the soil, or
partly worked inte the soil, to provide protection {from wind
and water erozion after hovvest, during preparation of a
seedbed for the next crop, and during the early growing period
of the new crap.

Summer fallow. The tillage of uneropped land during the summer
to coubrol weeds and allow storage of moisture in the soil
for the growth of a later crop. A praclice common in semiorid
regions, where annual precipitation is nob enough to produce
a crop every vear. Summer fallow is frequently practiced
before planting of winter grains.

Textfure, soil. The relative proportiong of sand, silt, and elay par-
ticles in 0 mass of soil. The basic textnral elasses, in order of
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increasing proportion of fine particles, are sund, loamy sand,
sandy loam, loam, st loam, sill, sandy clay lowm, cloy loam,
silty elay loam, sandy clay, silty clay, and elay. The sand, loamy
sand, and sandy loam classes may be further divided by speci-
fying “eoarse,’” “fine,’”’ or “very fine.”

Tilth, seil. The condition of the soil in rclation $o the growth of
plants, especially soil structure. Good tilth refers to the friable

ghate and is associated with high noncapillary porosity and
stable, granular stracture, A soil in poor tilth is uonfriable,
hard, nonaggregated, and difficul to till.

Waler table. I'he highest part of the seil or underlyiug rock mate-
rial that is wholly saturated with water. In some places an
upper, or perched, witer table may be separated frow a lower
one by a dry zone,



GUIDE TO MAPPING UNITS

For a full description of a mapping unit, read both the description of the mapping unit and that of the soil

series to which the mapping unit belongs,
introduction to the section it is in for general information about its management.

descriptions of range sites. Other information is given in the tables as follows:

Acreage and extent, table 1, page 10,
Suitability fer irrigation, table 2, page 61.
Predicted vields, table 3, page 74.
Suitability for shrubs and trees, table 4, page 80,

Map
symbol

Aa

ArA
Arh
ArC
BaC
Bba
BcA

BeB

BdA

BdB

BeA

BeB

BmA

BmB

BmC

RsA

Cal

CbD

Mapping unit

Alluvial landee-cweomommma oo
Arnegard loam, nearly level----------
Arnegard loam, gently sloping--------
Arnegard loam, sloping---------------
Banks fine sand, rolling-------~-----
Banks soils, gently undulating-------

Banks-Trembles fine sandy loams,

nearly level---vr-v--mmommemoonn-mon
Banks part-----------------------
Trembles part--------------------

Banks-Trembles fine sandy loams,

undulating-e--cwo-mommmmmm e
Banks part-----------------------
Trembles part-------v-memmoooanoo

Belfield-Daglum silt leams, nearly

Belfield part--------------------
Daglum part-------~--------------

Belfield-Daglum silt leams, gently

sloping----~-nr---mmmmmmm oo
Belfield part-------v------------
Daglum part----------------------

Belfield-Daglum silty clay loams,

nearly level---------v-oomveoooo
Belfield part-----=---ro-mooonommno
Daglum part-----------ccom-cmmown

Belfield-Daglum silty clay loams,

gently sloping-------------vu--n---
Belfield paTt-=----mer---mommmno-
Daglum part----------——--—---—---

Belficld-Morton silt loams, nearly

Belfield part-------------------~
Morton part---------s-----mmm—uoo

RBelfield-pMorton silt loams, gently

sloping-------------m oo me e
Belfield partem---------v-u--m----
Marton part----------------------

Belfield-Morton silt loams, sleping

Belfield partre-w---vosmocemaa o
Morton part------------ mmmm e
Belfield-Straw loams, nedariy level---
felfield part------v-cmmmsrmoanun
Straw part------------r----ucana-

Cabba-5hale cutcrop complex, very

Cabba part--w------2urrm--mv-----
Shale outcrop part=-------r--r---
Cabba-Werner complex, steep----------

In referring to a capability unit or windbreak group, read the

——-—- 12

- 14

--- 15

- 15

S

.- 16

See pages 76 to 78 for

Suitability for kinds of wildlife, table 5, page 84.
Limitations for recreational use, table &, page 86.

Engineering uses of the soils, table 7, page 90,

and table 8, page 98.

1/

Capability unit”™

2/

Range site”

Windbreak group

Symbol

Vw-0v
Tlc-6
ITe-6
IITe-6
Vie-TS
Ille-7

Vie-Sw

Page

70
64
63
66
71
66

68

63

68

66

69

64

72

Name

Overflow3/
Overflow3d/
Silty
Silty
Thin Sands
Overflow3/

Overflow3/

Clavey
Claypan

Clavey
Claypan

Clayey
Claypan

Clayey
S5ilty

Shallow

Number

1

R IS I

10

10

Page

82
80
80
80
81
81

81
8D

81
80

80
82

80
82

80
82

80
82

a0
80

80
80
80
80
80
80

82

82



Map
symbol

ChE
CgE

ChiD

Ce

Dm

['wB

FxB

FxC

Fxl

Gah
Gab
GecA
GeB

GeC
Gna
GnB

Ha
Hb
He
11d
Hm
Hs

La

Mapping unit

Cabba-Werner complex, very steep--------
Cohagen-Sandstone cutcrep, very

Sandstone outerop part--------------
Cohagen-Vebar fine sandy loams, steep---
Cohagen part---------=------~---c---
Vebar part--------oommmmme o
Colvin and Regan silt loamS-------~----=-

Dimmick silty clayv--------ommmmmiimeen s

Farland silt loam, nearly level---------
Farland silt loam, gently sloping-------
Flaxton leamy fine sand, undulating-----
Flaxton-Livona fine sandy loams,
nearly level-wceoccmmm oo
Flaxton-Livona fine sandy loams,
undulating---«-=- - mom oo
Flaxton-Livona fine sandy loams,
rolling-----mmmm e
Flaxton-Williams loams, nearly level----
Flaxton part---------- e mmeemee -
Williams part----------=c-co-cmoooo
[laxton-Williams leams,
Flaxton part------------------u--—--
Williams part-------------mommmeoooo
Flaxton-Williams soils,
Flaxton part------------m--oooommnnn
Williams part---------cmwmmmmmmoao s
Flaxton-Williams soils,
Flaxton part-----------------------
Williams part----------—--~----—-—---
Flaxton-Williams soils,
Flaxton part-----=-=-------wuomoooo
Williams part---------rom-ommmommns
Grail silt loam, nearly level-----------
Grail silt leam, gently sloping---------
Grail silty clay loam, ncarly level-----
Grail silty clav loam, gently
Sloping-=-v---mcmmm e
Grail silty clay loam, sloping----------
Grassna silt loam, nearly level---------
Grassna silt loam, gently sloping-------
Gravel pitsS--c---momommmm e
Harriet complex-------ccocmmcmmcaaaao
Havrelon loam-=------ooommmam oo
Havrelon silty clay loam----------------
Havrelon silty clay-----------=-c--c---
Havrelon-Trembles fine sandy loams------
Heil silty clay-------c--cocmmmmoemo oo

Lallie silty clay--------—-----——--—----

17

17

18

19

20
20
21

21

28

[ I U G T I
(Lo Re = B e e o)

e
o

Capability unit

Range site

Windbreak group

Symbol
VIle-Sw

VIle-5Sw

ITW—4L, if
drained;

IVw-4L, if
undrained

IIIw-4, if
drained;

Vw-W1, 1if
undrained

Tic-6

Ile-6

Ive-2

ITIe-3M
IITe-3M

IVe-3
IIe-5

[Te-7

VIs-SL
ITc-6
17c-7
ITs-4
ITle-3
VIs-CD

IIw-4, if
drained:

Ivw-4, if
undrained

Page
72

72

71

64
70
64
70

64
63
68

05

63
66
64
63
73
71
84
&4
o4
65
71

63

70

Name

Shallow

Shallow
Sancly
Wet Meadow

Wetland

Silty
Silty
Sands

Sandy
Sandy

Sandy
Siltw

Sandy
Silty
Sandy
Silty
Sandy
Silty
Sandy
Stlty
Overflow3/
Silty
Overflow3/

Silty
Silty
Cverflow3/
Silty

Saline Lowland

Querflow3/
Overflow3/
Overfiows/
Overflowgf
Closed
Bepression
Overflow

Number

1G

10

10
5
2z

2, if
drained;
10, if
undrained

3

3

5

5

[l
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=
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Page
82

82

82
81
30

81
g1

81
81
80
81
80
81
80
81
80
8l
80
80
80
20

g0
30
a0
80
82
30
80
80
80
32

80



Map

symhol Mapping unit

Lb Lallie silty clay, very wet-------------
LecA  Lawther silty clay, nearly level--------
LeB  Lawther silty clay, gently sloping------
LeA  Lefor fine sandy loam, gently

Sloping------- - m oo mem oo
LhA  Lihen loamy fine sand, nearly level-----
LkA  Lihen fine sandy loam, nearly level-----

L1C  Linten silt lecam, sloping---------------
InB  Linton-Mandan silt loams, gently
S1oping--w-msmemmm oo
Lo Lehler silty clay---------~-----=-=--=--
MaA Mandan silt loam, nearly level----------
MaB Mandan silt loam, gently sloping------w-
MbA Mandan s11t loam, gravelly substratum,
nearly level-se-----commmmmmimem oo

MbB Mandan silt loam, gravelly substratum,
gently sloping------=-c---wooooooomonn
McB  Manning fine sandy lcam, gently

sloping----m=-r--------mmme oo
Md Mine dumps--s------covmmmmm oo
MoA  Morton silt loam, nearly level-------~--

MoB  Morton silt loam, gently sloping--------
MeC  Morton silt loam, sloping---------------
Mol Morton silt loam, hilly-----------nummun
MpA Morton-Daglum silt loams, ncarly
| R 2 P T
MOTLON part----ee-mmrmmm e m e
Daglum part----------—-----mmmoom oo
MpB  Morton-Daglum silt loams, gently
sloping-«~------ e
Morton part---------r--memmenoooaaon
Daglum part--------------c-cooocomo—
MpC  Morton-Daglum silt loams, sloping-------
Morton part----------------------o-=
Daglum part-------------cmmmmo oo
MsC Morton and Sen stony loams, sloping-----

NfB Noonan-Flaxton seils, undulating--------
NoDRan part--------=---==---——=----—-
Flaxton part-r------—---=--—---—--——-
Pa Parnell silt lodm--------—ccccmocmmeuoo-

PbA Parshall fine sandy loam, nearly

level---mmmm e e -

PcA Parshall loam, nearly level-------------

PcB  Parshall loam, gently sloping-----------
PtC  Parshall-Tally fine sandy loams,

S§1OPINg---——===mm—mmm e

Parshall part--------~-----=ccc-onuo

Tally part-----------c-mo-mmmmmmmm o

Re Regan silt loam-----------------------—-

RgA Regent silty clav loam, nearly level----
RgB Regent silty clay loam, gently
sloping--------------------—-—----—-—-

Pege

30

30
3l

3]
33
33
34

34
35
36
36

39

349

40

11

Capability unit

Range site

Windbreak group

Symbal

ITTw-4; if
drained;
V-1, if
undrained
ITs-4
ITIg-4

I1Te-3M
Ive-2
IIle-3
IITe-5

Ile-5
IT1s-4
I'le-5
ITe-5

Ile-5
ITe-5

IITe-3
VIls-1
I1c-6
Ile-6
Tile-6
IVe-G

111s5-6P

VIIs-S1, if
uncleared;

T1Te-6, if
cleared

Tlle-55

IITw-4, if
drained:;

Vw-W1, if
undrained

IlTe-3
Ile-5
ITe-5

Vie-W1
Tle-7

Ile-7

Page
67
70

G4
65

65
68
65
66

63
64
63
63

63
63

65
73
64
63
60
69

68

6o

69

72
66
G7

67

68

70
65

63

Name

Wetland

Clayey
Clayey

Sandy
Sands
Sands
Silty

Silty
Overflow3/
Silty -
Silty

Silty

Silty

Silty

Silty
Claypan
Silty
Clavpan
Siltv

Claypan
Sandy
Wetland

sandy
Sandy
Sandy

Sandy

Wetland
Clavey

Clavey

Number

2, if
drained;
18, if
undrained

4

4

Ll Ll L oL th

L

1

[¥2RRFXIN 5 I FE R B Y

(SN =T

2, if
drained;
10, if
undrained

1

=

Fage

80

80
80

81
80
30
80
80

S0
a2

80
82
80
82
82

52
81
80

a0
80
80

80
81
82
80

30



Map
symbol Mapping unit
RgC  Regent silty clay loam, sloping---------
R1A Regent-Daglum silty clay loams,
nearly level--cocommmm i
Regent part---------«-oeooou-—-
Daglum part----------c---ccommoo o
R1B  Regent-Daglum silty clay loams,
gently sleping-------------=--vno----
Regent part-----------=----------oo-
Daglum part------------o-mmmmmmmmmas
RIC Regent-Daglum silty clay loams, sloping-
Regent part------------“-s------
Daglum part-----------c-ooommoo -
RoB Rhoades-Dagium complex, gently
sloping-------c-mmmmmm e
Rhoades part---------w--vcmmomeaaon .
Daglum part--------“-c--r-wuoeo
RvE  Ringling gravelly loam, very steep------
Rw Riverwash----ccomcmmm e
Sah Savage silty clay loam, nearly level----
SeC Sen-Werner loams, sloping----------num---
Sen part----------ommmmmm e
Werner part--------------- e
SmA Sen and Amor Ioams, nearly level--------
SmB Sen and Amor loams, gently sloping------
SmC  Sen and Amor loams, sloping---------- -—-
Smb Sen and Amor loams, hilly---------------
StA Stady loam, nearly level--------ccoommn-
SuR Stady-Lehr loams, gently sloping--------
Stady paTE-------mmmmm e
Lehr part--v-vommom oo
Sul  Stady-Lehr loams, sloping------w--------
Stady part------ccrom oo
Lehr part-----commmmi e
SwA Straw loam, nearly level-------------~--
SX Straw loam, chamneled---------«occnoo-
Sy Strengly saline land-------------ooo--
TaB  Tally-Parshall fine sandy loams,
gently sloping---------~----------—«---
Tally part-ec--recoomm e m oo
Parshall part----------—-----"c-----
Tba Tally-Vebar fine sandy loams, nearly
level---c-mmmmmmm e
Tel  Telfer-lihen leoamy fine sands, steep----
Telfer part----------mommmm oo
Lihen part------- R R R TP E TR
TmA Temvik silt loam, nearly level----------

TwB Temvik-Williams silt loams, undulating--
TwC Temvik-Williams silt loams, rolling-----
TwD  Temvik-Williams silt loams, hilly-------
Tx Tonka and Parnell silt loams------------

VaC  Vebar fine sandy loam, sloping----------

Vbl Vebar stony fine sandy loam, hilly------
VhD Vebar-Cohagen fine sandv loams, hilly---
Vebar part----------mmmmmme o
Cohagen part----------------~-———~-_-

VER Vebar-Tally Fine sandy loams, gently
sloping-s--cmo e

44

44

45

45
46
46
47

47
47
47
47
48
48

48

49
49
49

50

50
51

52
52
52
52
53

55
55
55

56

Capability unit

Kange site

Windbreak group

Symbeol
ITle-7

ITfs-7P

VIiie-Sw
VIilIe
II¢-7
TVe-4L

Iile-3

[[w-G, if
drained;
TWw-£, if
undrained
IVe-3

Page
66

68

66

G8

72

72
73
65
68
64
G3
66
69
G7
G7
69

64
70
71

65

65
70

64
63
66
69
o4

68
72
71

G5

Name
Clavey

Clayey
Claypan
Clavey
Claypan

Thin Claypan
Claypan
Shallow

Silty

Shallow

Silty

Silty

Silty

Silty

Silty

Silty

Shallow to gravel
Silty

Shallow to gravel
Silty

Silty

Saline Lowland

Sandy

Sands

Wet Mezadow

Sandy
Sandy
Sandy
Shallow

Sandy

Number

e
(=)

1

[

[

(I L O o AR 5 RS I Y S B a2

1
o

=]

LA LIt U ed 1t

%]

10

10

Page
80

g4
82

80
82
80
82

82

82

80

30

80
80
80
80
81
81

81

80
80
82

81
80

81
81
81
80
80
80
80
80

81
82
81
82

81



Map

syirbel

V1B
V1C
Vs

WulD
W1A
W1B
W1C
WmC

WnC

Wzl

Zak

Mapping uni

t

Vebar-Tally loams, undulating----------+~
Vebar-Tally loams, rolling-
Velva-Straw fine sandy loams------------

Wabek gravelly
Willlams loam,
Williams loam,
Williams loam,
Williams steny

loamn, steen-
nearly level
undulating--
relling-----
loam,

rolling--«--=meuea-

Williams~Flaxton loams, rolling---------
Williams part----------

Williams part-------- mmmem e
Zahl part---------mmomo oo
Zahl-%illiams loams, hilly-
Zalll part-~-=—--sm-memmmmmemmma oo
Willilams part----------

Zahl-Williams loams,

Zahl part---w-so e m e
Williams part---—-—--~---

1/
2/

5/

56
56
57
57
58

59
59

59

59

a0

G0

T ALl range sites consist of undrained soils.
‘

Capability unit

Range site

Windbreak group

Svihol

Ile-5
11le-5
IIte-3
VITs-VS
Tlc-6
Ile-6
ITle-6
YIIs-Si, if
uncleared;
TIIle-6, if
cleared
1Ile-5

l'age

63
66
G5
72
G4
63
GO

72
£6

60

69

71

72

T Unless stuted otherwise, capability classification is for drained arcas.

Name

Sandy

Sandy
verflowl/
Very Shallow
Silty

Silty

Silty

Silty

Silty
Sandy

Silety
Thin Upland

Thin Upland
Silty

Thin Upland
Silty

Number Page
5 81
5 81
L 80

10 &2
3 80
3 80
3 50

10 82
3 30
5 81
3 80
8 51
8 81
3 80
8 81
3 30

" No flooding on soils of Overflow range site since 1952, when construction of Garrison Dam was

completed.



Accessibility Statement

This document is not accessible by screen-reader software. The Natural Resources
Conservation Service (NRCS) is committed to making its information accessible to all
of its customers and employees. If you are experiencing accessibility issues and need
assistance, please contact our Helpdesk by phone at (800) 457-3642 or by e-mail at
ServiceDesk-FTC@ftc.usda.gov. For assistance with publications that include maps,
graphs, or similar forms of information, you may also wish to contact our State or local
office. You can locate the correct office and phone number at http://offices.sc.egov.
usda.gov/locator/app.

Nondiscrimination Statement

Nondiscrimination Policy

The U.S. Department of Agriculture (USDA) prohibits discrimination against its
customers, employees, and applicants for employment on the basis of race, color,
national origin, age, disability, sex, gender identity, religion, reprisal, and where
applicable, political beliefs, marital status, familial or parental status, sexual orientation,
whether all or part of an individual’s income is derived from any public assistance
program, or protected genetic information. The Department prohibits discrimination in
employment or in any program or activity conducted or funded by the Department. (Not
all prohibited bases apply to all programs and/or employment activities.)

To File an Employment Complaint

If you wish to file an employment complaint, you must contact your agency’s EEO
Counselor (http://directives.sc.egov.usda.gov/33081.wba) within 45 days of the date of
the alleged discriminatory act, event, or personnel action. Additional information can be
found online at http://www.ascr.usda.gov/complaint_filing_file.html.

To File a Program Complaint

If you wish to file a Civil Rights program complaint of discrimination, complete the
USDA Program Discrimination Complaint Form, found online at http://www.ascr.usda.
gov/complaint_filing_cust.html or at any USDA office, or call (866) 632-9992 to request
the form. You may also write a letter containing all of the information requested in
the form. Send your completed complaint form or letter by mail to U.S. Department
of Agriculture; Director, Office of Adjudication; 1400 Independence Avenue, S.W.;
Washington, D.C. 20250-9419; by fax to (202) 690-7442; or by email to program.
intake@usda.gov.

Persons with Disabilities

If you are deaf, are hard of hearing, or have speech disabilities and you wish to file
either an EEO or program complaint, please contact USDA through the Federal Relay
Service at (800) 877-8339 or (800) 845-6136 (in Spanish).

If you have other disabilities and wish to file a program complaint, please see the
contact information above. If you require alternative means of communication for


mailto:ServiceDesk-FTC@ftc.usda.gov
http://offices.sc.egov.usda.gov/locator/app
http://offices.sc.egov.usda.gov/locator/app
http://directives.sc.egov.usda.gov/33081.wba
http://www.ascr.usda.gov/complaint_filing_file.html
http://www.ascr.usda.gov/complaint_filing_cust.html
http://www.ascr.usda.gov/complaint_filing_cust.html
mailto:program.intake@usda.gov
mailto:program.intake@usda.gov

program information (e.g., Braille, large print, audiotape, etc.), please contact USDA's
TARGET Center at (202) 720-2600 (voice and TDD).

Supplemental Nutrition Assistance Program

For additional information dealing with Supplemental Nutrition Assistance Program
(SNAP) issues, call either the USDA SNAP Hotline Number at (800) 221-5689, which
is also in Spanish, or the State Information/Hotline Numbers (http://directives.sc.egov.

usda.gov/33085.wba).

All Other Inquiries
For information not pertaining to civil rights, please refer to the listing of the USDA
Agencies and Offices (http://directives.sc.egov.usda.gov/33086.wba).
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