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This is a publication of the National Cooperative Soil Survey, a joint effort of the United States
Department of Agriculture and agencies of the States, usually the Agricultural Experiment Stations. In
some surveys, other Federal and local agencies also contribute. The Soil Conservation Service has lead-
ership for the Federal part of the National Cooperative Soil Survey. In line with Department of Agri-
culture policies, benefits of this program are available to all, regardless of race, color, national origin, sex,
religion, marital status, or age.

Major fieldwork for this soil survey was completed in the period 1969-73. Soil names and descrip-
tions were approved in 1974. Unless otherwise indicated, statements in the publication refer to condi-
tions in the county in 1973. This survey was made cooperatively by the Soil Conservation Service, the
Bureau of Indian Affairs, United States Department of the Interior, and the North Dakota Agricultural
Experiment Station. It is part of the technical assistance furnished to the West McLean Soil Conserva-
tion District and the South McLean Soil Conservation District. Financial assistance was provided by Mec-
Lean County.

Soil maps in this survey may be copied without permission, but any enlargement of these maps
could cause misunderstanding of the detail of mapping and result in erroneous interpretations. En-
larged maps do not show small areas of contrasting soils that could have been shown at a larger map-

ping scale.

HOW TO USE THIS SOIL SURVEY

HIS SOIL SURVEY contains information

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

Locating Soils

All the soils of McLean County are shown
on the detailed map at the back of this publica-
tion. This map consists of many sheets made
from aerial photographs. Each sheet is num-
bered to correspond with a number on the
Index to Map Sheets.

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

Finding and Using Information

The “Index to Mapping Units” on page ii lists
all of the soils in the county by map symbol
and shows the page where each soil is described.
The capability unit and range site to which each
soil has been assigned are specified at the end
of the soil description.

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 information in the text.
Translucent material can be used as an overlay
over the soll map and colored to show soils
that have the same limitation or suitability. For

example, soils with a slight limitation for a
given use can be colored green, those with a
moderate limitation can be colored yellow, and
thc(:)lse 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
descriptions of the capability units.

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

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

Ranchers and others can find, under “Range,”
information on range sites, range condition,
production, management, and the names of
rr}tany of the plants that grow on each range
site.

Community planners and others can read
about soil properties that affect the choice of
sites for dwellings, industrial buildings, and
recreation areas in the sections ‘‘Wildlife,”
“Recreation,” and “Engineering.”

Engineers ond builders can find, under “En-
gineering,” tables that contain estimates of soil
properties and information about soil features
that affect engineering practices.

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

Newcomers in McLean County may be espe-
cially interested in the section “General Soil
Map,” where broad patterns of soils are de-
scribed. They may also be interested in the in-
formation about the county given in the section
“Environmental Factors Affecting Soil Use.”
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SOIL SURVEY OF McLEAN COUNTY, NORTH DAKOTA

By Lester C. Brockmann, Eldon E. Evenson, James F. Strum, Truman C. Anderson, Jr., William F. Freymiller, Paul K. Weiser,
and Robert L. Howey, Soil Conservation Service

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

MCLEAN COUNTY is in the central part of North
Dakota (see facing page). It has a total land
area of 2,065 square miles, or 1,321,600 acres. Wash-
burn, the county seat, is in the south-central part of
the county.

This county has a dry-subhumid, continental climate
that is characterized by cold winters and warm sum-
mers. Its physiography consists of glacial landforms,
loess deposits, windblown sands, glaciofluvial deposits,
a narrow area of steep residual plains, and recent
alluvium bottom land. The Missouri River, which forms
the southwestern boundary of the county, drains most
of the county. Garrison Dam, on the Missouri River
near Riverdale, forms Lake Sakakawea. Major tribu-
taries are Painted Woods Creek, Turtle Creek, Buffalo
Creek, Coal Lake Coulee, Snake Creek, Douglas Creek,
and Deep Water Creek. Much of the runoff collects in
depressions and does not reach the creeks and rivers.

About 95 percent of the acreage is in farms, and
about 783 percent is cultivated. Spring wheat and
Durum wheat are the main crops. Barley, oats, flax,
alfalfa, and corn for silage are also extensively grown.
Irrigated acreages are planted mostly to hay and
silage. There are a few dairy herds in the county, but
most of the livestock is beef cattle.

How This Survey Was Made

Soil scientists made this survey to learn what kinds
of soil are in McLean County, where they are located,
and how they can be used. The soil scientists went into
the county knowing they were likely to find many
soils they had already seen and perhaps some they had
not. They observed the steepness, length, and shape
of slopes, the size and nature of streams, the kinds of
native plants or crops, the kinds of rock, and many
facts about the soils. They dug many holes to expose
soil profiles. A profile is the sequence of natural layers,
or horizons, in a soil; it extends from the surface
down into the parent material that has not been
chaglged 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 dis-
tant. They classified and named the soils according to
nationwide, uniform procedures. The soil series and

the soil phase are the categories of soil classification
most used in a local survey.

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

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

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

The areas shown on a soil map are called map-
ping units. On most maps detailed enough to be use-
ful in planning 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 that have been seen within an area that is domi-
nantly of a recognized soil phase.

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

A s0il complex consists of two or more soils, so in-
tricately mixed or so small in size that they cannot be
shown separately on the soil map. Each area of a com-
plex contains some of each of the two or more domi-
nant soils. The pattern and relative proportions are
about the same in all areas. Generally, the name of a
soil complex consists of the names of the dominant

1
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soils, joined by a hyphen. Cohagen-Vebar complex, 15
to 35 percent slopes, 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. If there are two
or more dominant series represented in the group, the
name of the group ordinarily consists of the names of
the dominant soils joined by “and.” Falkirk and Max
loams, 1 to 3 percent slopes, is an undifferentiated group
in McLean 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 soail
series. These places are shown on the soil map and are
described in the survey, but they are called miscel-
laneous areas and are given descriptive names. River-
wash is an example in this survey.

While a soil survey is in progress, soil scientists take
soil samples needed for laboratory measurements and
for engineering tests. Laboratory data from the same
kinds of soil 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 kinds of soil. Yields under defined manage-
ment are estimated for all the soils.

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

The soil scientists set up trial groups of soils after
data has been collected and tested for the main soils in
a survey area. They test these groups by further study
and by consultation with farmers, agronomists, engi-
neers, and others. Then they adjust the groups accord-
ing to the results of their study and consultation. Thus,
the groups that are finally evolved reflect up-to-date
knowledge of the soils and their behavior under cur-
rent 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 McLean County.
A soil association is a landscape that has a distinctive
pattern of soils in defined proportions. Typically, it
consists of one or more major soils and at least one
minor soil, and it is named for the major soils. The
soils in one association can occur in another, but in a
different pattern.

A map showing soil associations is useful to people

who want to have a general idea of the soils in a
survey area, who want to compare different parts of
that area, or who want to locate large tracts that are
suitable for a certain kind of land use. Such a map is
useful as a general guide for broad planning on a
watershed, a wooded tract, or a wildlife area, or for
broad planning of recreational facilities, community
developments, and such engineering works as transpor-
tation corridors. It is not suitable for detailed planning
for farm or field management or for selecting the exact
location of a road, building, or other structure, because
the soils within an association ordinarily vary in slope,
depth, stoniness, drainage, and other characteristics
that affect their management.

The terms for texture used in the title of the asso-
ciations apply to the surface layer. For example in the
title, Williams association, the words “medium textured
and moderately fine textured” refer to the texture of
the surface layer.

The soil associations in this survey area have been
grouped into general kinds of landscapes for broad
interpretative purposes. Each of the broad groups and
the soil associations in it are described on the follow-

ing pages.

Soils of Glacial Till Areas

The five soil associations of this group occur in most
parts of the county. Some soils are on ground moraines,
others are on the dead ice moraine in the northeastern
one-third of the county, and still others are on valley-
sides where streams have cut into the till plain. The
soils of the ground moraines are nearly level to rolling,
those of the dead ice moraine are undulating to steep,
and those on valleysides are moderately steep to steep.
Soils along valleysides of the Missouri River are mod-
erately deep and shallow over shale bedrock of Tertiary
age. All formed in calcareous loam or clay loam glacial
till and in alluvium derived from the till.

1. Williams-Bowbells association

Deep, nearly level to gently rolling, well drained and
moderately well drained, medium textured and mod-
erately fine textured soils on glacial till plains

This soil association consists of deep soils that
formed in glacial till. The landscape is one of smooth
swells and swales that have differences in elevation
ranging from 3 to 20 feet. It is mostly nearly level and
gently sloping. A few steeper slopes occur along ridges
and drainageways and around depressions. Slopes are
generally short.

This sassociation makes up ahout 33 percent of the
county. It is about 50 percent Williams soils (fig. 1),
30 percent Bowbells soils, and 20 percent minor soils.

The well drained Williams soils are on plane and
slightly convex slopes. The surface layer is dark gray-
ish brown loam or clay loam about 5 inches thick. The
subsoil is grayish brown to brown clay loam, It is
underlain by light brownish gray and light olive brown
clay loam that contains a large amount of lime in the
upper part.

The moderately well drained Bowbells soils occupy
the lower slopes and slightly concave positions in the
landscape. The surface layer is dark grayish brown
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Figure 1.—Typical pattern of soils and parent material in association 1.

loam about 9 inches thick. The subsoil is dark grayish
brown and grayish brown loam and clay loam about 16
inches thick. It is underlain by light brownish gray
and light yellowish brown clay loam.

Minor in this association are the Falkirk, Arnegard,
Max, Zahl, Tonka, and Parnell soils. Falkirk soils oc-
cupy broad smooth slopes. Arnegard soils are in some
of the larger swales. Max soils are on plane and
siightly convex slopes. Zahl soils are on the ridges and
steeper convex slopes. Tonka and Parnell soils are in
the depressions and basins.

This association is well suited to field crops, hay
crops, and pasture grasses commonly grown in the
county, Fertility and available water capacity are high.
The organic-matter content is moderate to high. The
main concerns of management are controlling water
erosion, improving drainage, and maintaining tilth
and fertility.

About 80 percent of this association is used for
cultivated crops. Most farms specialize in cash grain
crops. Some are grain and livestock enterprises.

2. Williams association

Deep, nearly level to gently rolling, well drained, me-
dium textured and moderately fine textured soils on
glacial till uplands

This soil association consists of deep soils that
formed in glacial till. The landscape is a ground moraine
and a dead ice moraine. Local relief ranges from 10 to
30 feet. Slopes are short and irregular. Most slopes
are undulating to gently rolling, some are nearly level,
and a few areas have steep slopes. Depressions and
stones are common in many areas.

This association makes up about 31 percent of the
county. It is about 45 percent Williams soil, about 40
percent of approximately equal parts of Max, Bow-
bells, and Zahl soils, and 15 percent Parnell and Tonka
soils.

The well drained Williams soils are on smooth plane
slopes. The surface layer is dark grayish brown loam
or clay loam about 5 inches thick. The subsoil is gray-
ish brown to brown clay loam. It is underlain by light
brownish gray and light olive brown clay loam that
contains a large amount of lime in the upper part.

Max soils have a thinner surface layer and subsoil
than Williams soils and are on plane and slightly
convex slopes above those soils.

Bowbells soils have a thick surface layer and are
on foot slopes and in swales. Zahl soils have a thin
surface layer and are on convex ridges and steep
slopes.



4 SOIL SURVEY

The wet Parnell and Tonka soils are in the depres-
sions and basins.

Most of this association is suited to the field crops,
hay crops, and pasture grasses commonly grown in
the county. Fertility is high, and the organic-matter
content is moderate. Available water capacity is high.
The main management concern is controlling water
erosion. Numerous depressions and stones create farm-
ing problems.

About 60 percent of this association is used for
cultivated crops. Most farms are combination grain
and livestock enterprises.

3. Max-Zahl-Williams association

Deep, nearly level to steep, well drained, medium tex-
tured and moderately fine textured soils on glacial till
uplands

This soil association consists of deep soils that
formed in glacial till. The landscape is mostly a dead ice
moraine and areas of end moraines and ground
moraines. Local relief ranges from 15 to 50 feet. Slopes
are short and irregular. Most slopes are rolling. Some
areas are hilly and steep. Depressions, stones, and
boulders are common.

This association makes up about 10 percent of the
county. It is about 40 percent Max soils (fig. 2), 20

percent Zahl soils, 20 percent Williams soils, and 20
percent minor soils.

The well drained Max soils occupy most plane and
slightly convex slopes in the landscape. The surface
layer is dark grayish brown loam about 5 inches thick.
The subsoil is dark grayish brown loam. It is under-
lain by light brownish gray and light olive brown
calcareous clay loam and loam.

The well drained Zahl soils are on ridges and steep
slopes. The surface layer is dark grayish brown loam
about 6 inches thick. It is underlain by light brownish
,i;ray and light olive gray calcareous loam and clay
oam.

Williams soils occupy the smoother, less sloping
parts of the landscape. The surface layer is dark
grayish brown loam or clay loam about 5 inches thick.
The subsoil is grayish brown to brown clay loam. It is
underlain by light brownish gray and light olive brown
clay loam that contains a large amount of lime in the
upner part.

Minor in this association are Bowbells, Arnegard,
Parnell, and Tonka soils.

Bowbells and Arnegard soils are on foot slopes and
in swales. Parnell and Tonka soils occupy depressions
and basins.

The more gently sloping soils in this association are

Figure 2.—Typical pattern of soils and parent material in association 3.
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suited to the field crops, hay crops, and pasture grasses
commonly grown in the county. Fertility is low to
high, and the organic-matter content is moderate.
Available water capacity is high., The main concern of
management is controlling water erosion and soil
blowing and protecting the native plant cover from
overuse. The topography, numerous depressions, and
stones create farming problems.

About 75 percent of this association is in native
grass, and raising livestock is the main enterprise.
Most cultivated areas are gently sloping.

4. Zahl-Max association

Deep, hilly and steep, well drained, medium textured
soils on glacial till uplands

This soil association consists of deep soils that
formed in glacial till. The landscape is hilly and steep.
Local relief ranges from 20 to 100 feet. Slopes are
short and irregular. Depressions, stones, and boulders
are common.

This association makes up about 3 percent of the
county. It is about 40 percent Zahl soils, 35 percent
Max soils, and 25 percent Parnell, Bowbells, Williams,
and Arnegard soils.

The well drained Zahl soils are on ridges and steep
slopes. The surface layer is dark grayish brown loam
about 6 inches thick. It is underlain by light brownish
1gray and light olive gray calcareous loam and clay
oam.

The well drained Max soils occupy mid and lower
slopes in the landscape. The surface layer is dark
grayish brown loam about 5 inches thick. The subsoil
is dark grayish brown clay loam. It is underlain by
light brownish gray and light olive brown calcareous
clay loam and loam.

Parnell soils are in closed depressions. Bowbells and
Arnegard soils are on foot slopes and in swales.
Williams soils are on the few gentle plane slopes.

Pasture grasses grow moderately well on these soils.
Fertility is low to moderate, and organic-matter con-
tent is moderate. Available water capacity is high. The
main concern of management is protecting the native
plant cover from grazing damage.

Because this association is steep, nearly all of it is
used for grazing. Forage plants grow moderately well.
Raising livestock is the main enterprise.

5. Zahl-Cabba association

Deep to shallow, moderately steep and steep, well
drained, medium textured soils on glaciated soft shale
uplands

This soil association consists of deep soils that
formed in glacial till and shallow soils that formed in
soft shale. The landscape is moderately steep to steep.
Local relief ranges from 20 to more than 100 feet.
This association commonly parallels deeply entrenched
drainageways. It is mantled with glacial till, but sub-
sequent erosion and downcutting have exposed both
till and soft shale on the same slope.

This association makes up about 5 percent of the
county. It is about 40 percent Zahl soils, 30 percent
Cabba soils, and 30 percent minor soils.

The well drained Zahl soils are on the upper slopes

and convex ridges. They have a surface layer of dark
grayish brown loam about 6 inches thick. This layer is
underlain by light grayish brown and light olive gray
calcareous loam and clay loam.

The shallow Cabba soils at the lower elevations in
the landscape are well drained. They have a surface
layer of grayish brown loam about 8 inches thick. This
layer is underlain by light gray loam that grades into
soft shale at a depth of about.17 inches.

Minor in this association are Cohagen, Flasher,
Mglrton, Vebar, Regent, Arnegard, Williams, and Max
soils.

Cohagen and Flasher soils are in the steep parts of
the association. Arnegard soils are in swales. Morton,
Vebar, and Regent soils are at the lower elevations in
the landscape, and Williams and Max soils are at the
higher elevations. Slopes are smooth.

Pasture grasses grow moderately well on the soils
of this association. Fertility is low, and organic-matter
content is moderate or low. Available water capacity is
low to high. The main concern of management is pro-
tecting the native plant cover from grazing damage
and subsequent erosion.

Because of steep slopes, nearly all of this association
is used for grazing. Forage plants grow moderately
well. Raising livestock is the main enterprise.

Soil of Loess Mantled Areas

The two soil associations in this group are on up-
lands and terraces east of the Missouri River Valley.
Areas are 1% mile to 10 miles wide. The soils formed in
wind deposited silty sediment.

6. Mandan association

Deep, nearly level to rolling, well drained, medium
textured sotls on terraces:

This association consists of deep, nearly level to
sloping soils on terraces and benches adjacent to the
valley of the Missouri River. Nearly level and gently
sloping landscapes are most common. Slopes are domi-
nantly long and smooth. A few short steep slopes occur
along drainageways.

The well drained, nearly level to sloping Mandan
soils are in smooth areas. They have a surface layer of
dark grayish brown silt loam about 10 inches thick.
The subsoil is grayish brown silt loam. It is underlain
by light brownish gray, calcareous silt loam.

Linton soils, which also are well drained, are in the
steeper convex areas. Temvik and Wilton soils are on
side slopes at slightly higher positions in the land-
scape. Grassna soils are in smooth concave swales.
Grail soils, which are more clayey throughout, are on
smooth terraces and in concave areas.

The soils in this association are well suited to field
crops, hay crops, and pasture grasses commonly grown
in the county. Fertility is high, and organic-matter
content moderate. Available water capacity is high.
The main concern of management is controlling soil
blowing.

Most of the association is used for small grain and
combination small grain and livestock enterprises.
About 80 percent is used for cultivated crops. Some
areas are irrigated.
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7. Wilion-Williams-Mandan association

Deep, nearly level to rolling, well drained, medium

textured and moderately fine textured soils on terraces
and uplands

This soil association consists of deep soils on nearly
level to rolling landscapes where differences in eleva-
tion range from about 10 to 50 feet. There are a few
undrained depressions. The soils formed in materials
deposited by wind and in glacial till.

This soil association makes up about 5 percent of
the county. It is about 40 percent Wilton soils (fig. 3),
20 percent Williams soils, 15 percent Mandan soils,
and 25 percent Temvik, Linton, Grassna, Bowbells,
Parnell, and Zahl soils.

The well drained Wilton soils are nearly level to
gently sloping. They have a surface layer of dark gray-
ish brown silt loam about 8 inches thick. The subsoil
is dark grayish brown and grayish brown silt loam.
It is underlain by light brownish gray calcareous clay
loam.

The well drained Williams soils are gently undu-
lating to gently rolling. They have a surface layer of
dark grayish brown loam or clay loam about 5 inches
thick. The subsoil is grayish brown to brown g:lay
loam. It is underlain by light brownish gray and light

olive brown clay loam that contains a large amount of
lime in the upper part.

The nearly level to sloping Mandan soils are in
smooth areas adjacent to the steep breaks of the
Missouri River. They have a surface layer of dark
grayish brown silt loam about 10 inches thick. The
subsoil is grayish brown silt loam. It is underlain by
light brownish gray, calcareous silt loam. .

Temvik soils, which are well drained, are in slightly
convex areas in close association with Wilton soils.
The more sloping Linton soils are in convex areas
associated with Mandan soils. Grassna and Bowbells
soils are in swales and concave areas. Parnell soils are
mostly in undrained depressions. Zahl soils, which are
well drained, are on ridges and crests of hills.

The soils in this association are suited to the field
crops, hay crops, and pasture grasses commonly grown
in the county. Fertility is medium or high, and organic-
matter content is moderate. Available water capacity
is high. The main farming hazards are soil blowing
and water erosion.

- About 80 percent of this association is used for culti-
vated crops. Some farms specialize in cash grain crops.
Some are combination small grain and livestock enter-
prises.

Figure 3.—Typical patlern of soils and parent material in association 7.
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Soils of Glacio-Lacustrine Areas

The one soil association in this group occupies
areas of glacial lake sediment. Areas are mostly nearly
level, but some are sloping. The soils formed in very
fine sandy loam, loam, silt loam, and silty clay loam
textured material.

8. Roseglen-Makoti association

Deep, nearly level to moderately sloping, moderately
well drained, medium textured and moderately fine
textured soils on lake plains

This soil association consists of deep soils on glacial
lake plains. Slopes are typically short. Changes in ele-
vation are less than 20 feet.

This association makes up about 2 percent of the
county. It is about 45 percent Roseglen soils (fig. 4),
about 40 percent Makoti soils, and 15 percent Tansem,
Parshall, Lihen, Sinai, and Nutley soils. Max and
Williams soils are on nearby glacial till plains.

Roseglen soils have a surface layer of dark grayish
brown silt about 6 inches thick. The subsoil is grayish
brown and light olive brown silt loam and loam. It is
underlain by light olive brown and light yellowish
brown loam.

Makoti soils have a surface layer of dark gray silty
clay loam about 6 inches thick. The subsoil is dark
grayish brown and grayish brown silty clay and silty
clay loam, It is underlain by light brownish gray and
olive yellow stratified silty clay loam. Makoti soils are
lower in the landscape than Roseglen soils.

Tansem soils are on convex slopes associated with
Roseglen soils. The moderately coarse and coarse tex-
tured Parshall and Lihen soils are on slightly higher
convex slopes. Nutley and Sinai soils are on fine tex-
tured parts of the glacial lake plains.

These soils are well suited to field crops, hay crops,
and pasture grasses commonly grown in the county.
Fertility and the organic-matter content are high.
Available water capacity is high. The main hazard is
soil blowing.

Nearly all of this association is used for cultivated
crops. Most of the area is used for cash crops and
combination cash crop and livestock enterprises.

Soils of Glacial Qutwash Areas

The two soil associations in this group occupy a large
area in the eastern part of the county and smaller
areas scattered throughout the county. The soils

Figure 4.—Typical pattern of soils and parent material in association 8.
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formed in sandy, gravelly, and loamy material that
was carried by glacial melt water and deposited on
terraces and plains and in channels.

9, Parshall-Lihen-Flaxton association

Deep, nearly level to rolling, well drained, medium to
coarse textured soils on outwash plains and sand
mantled uplands

This soil association consists of deep soils that
formed in moderately coarse and coarse textured
glacial outwash material. Slopes are dominantly nearly
level to rolling. A few areas of hummocky, wind re-
worked materials are steeper.

This association makes up about 1 percent of the
county. It is about 45 percent Parshall soils (fig. 5),
about 20 percent Lihen soils, about 15 percent Flaxton
soils, and 20 percent Krem, Seroco, Telfer, and Ruso
soils,

Williams soils are on nearby glacial till plains.

Parshall and Lihen soils are intermingled in some
lower lying, undulating areas. Parshall soils have a
surface layer of dark grayish brown fine sandy loam
or loam about 5 inches thick. The subsoil is dark gray-
ish brown and grayish brown fine sandy loam. It is
underlain by grayish brown and light brownish gray
calcareous sandy loam and loamy sand. Lihen soils

have a surface layer of dark grayish brown loamy fine
sand about 22 inches thick. This layer is underlain by
grayish brown and light brownish gray loamy sand
and loamy fine sand.

Flaxton and Krem soils are in higher lying convex
positions. In the Flaxton soils the upper 31 inches is
dark grayish brown or grayish brown fine sandy loam.
It is underlain by clay loam glacial till. In the Krem
soils the upper 28 inches is dark grayish brown loamy
fine sand. It is underlain by clay loam glacial till.

Seroco and Telfer soils are coarse textured. They are
in rolling to steep, hummocky, convex areas. Ruso soils
have a moderately coarse textured surface layer and
are underlain by sand and gravel.

Most of the association is suited to the field crops,
hay crops, and pasture grasses commonly grown in the
county. Fertility is medium, and the organic-matter
content is moderate to high. Available water capacity
is moderate to high. The main concerns of manage-
ment are controlling soil blowing and maintaining tilth
and fertility.

About 75 percent of this association is used for
cultivated crops. Most of the area is used for small
grain and combination small grain and livestock enter-
prises.

Figure 5.—Typical pattern of soils and parent material in association 9.
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10. Ruso-Bowdle-Wabek association

Nearly level to rolling, well drained and excessively
drained, moderately coarse to medium textured soils
that are moderately deep to very shallow over sands
and gravel on outwash plains and lerraces

This association consists mostly of nearly level and
undulating soils in glacial outwash areas. There are
numerous ridges and knobs and some areas of low,
poorly drained soils and marshes.

This association makes up about 8 percent of the
county. It is about 50 percent Ruso soils (fig. 6), 20
percent Bowdle soils, 10 percent Wabek soils, and 20
percent Manning, Stady, Marysland, Colvin, and Max
soils. Zahl soils are on nearby glacial till plains.

The well drained and less sloping Ruso soils are in
smooth areas. They have a surface layer of dark gray-
ish brown coarse sandy loam about 14 inches thick.
The subsoil is grayish brown coarse sandy loam. It is
underlain by grayish brown, light brownish gray,
olive gray, and yellowish brown sand and gravel.

The nearly level and gently sloping Bowdle soils are
in smooth areas and are somewhat excessively drained.
They have a surface layer of dark grayish brown loam
about 13 inches thick. The subsoil is dark grayish
brown and grayish brown loam. It is underlain by
light brownish gray sand and gravel.

Ruso and Bowdle soils are generally not intricately

associated. Wabek soils, however, are closely associated
with both Ruso and Bowdle soils.

The excessively drained Wabek soils are on the
steeper, convex part of the landscape. They have a
surface layer of dark grayish brown loam, gravelly
loam, or coarse sandy loam about 7 inches thick. It is
underlain by light brownish gray sand and gravel.

The gently sloping and sloping Manning and Stady
soils are on the convex parts of the landscape.

Marysland and Colvin. soils are wet and calcareous
and are in swales and in low areas. The well drained
Max soils are gently sloping to rolling and are under-
lain by loamy glacial till.

Nearly all of this association is suited to the field
crops, hay crops, and pasture grasses commonly grown
in the county. Fertility is low to medium, and organic-
matter content is moderate or high. Available water
capacity is very low to moderate. The main concern
of management is controlling soil blowing and the
very low to moderate available water capacity.

About 75 percent of this association is used for
cultivated crops. Some areas are irrigated. Livestock
is the major enterprise on the shallower soils. These
soils are a source of gravel and sand.

Soils of Bottom Land
The soil association in this group is on low terraces

Figure 6.—Typical pattern of soils and parent material in association 10.



10 SOIL SURVEY

and flood plains along the Missouri River. The soils
are nearly level and formed in stratified, recently de-
posti;ted alluvium that ranges from fine sand to clay in
texture.

11. Havrelon-Banks-Lohler association

Deep, nearly level, moderately well drained to some-
what excessively drained, fine to medium textured and
coarse textured soils on bottom land

This association consists of soils on bottom land of
the Missouri River. Slopes are dominantly nearly level.
A few short slopes occur on bench edges and along
drainage channels.

This association makes up about 1 percent of the
county. It is about 65 percent Havrelon soils (fig. 7),
15 percent Banks soils, 8 percent Lohler soils, and
12 percent Trembles and Lallie soils and Riverwash.
Cabba and Zahl soils are on nearby uplands.

The well drained Havrelon soils, which are medium
textured and calcareous, are in slightly higher lying
areas. The surface layer is light brownish gray very
fine sandy loam, loam, or silty clay loam about 6
inches thick. It is underlain by light brownish gray
and grayish brown loam, very fine sandy loam, silty
clay, and silty clay loam.

Banks soils, which are coarse textured and some-
what excessively drained, are on the higher lying parts
of each terrace. The surface layer is grayish brown
loamy fine sand and loam. It is underlain by light
brownish gray fine sand, loam, and loamy fine sand.

Lohler soils, which are fine textured or moderately
fine textured, moderately well drained and calcareous,
are in the lower lying level areas. The surface layer is
grayish brown silty clay loam or silty clay about 4
inches thick. It is underlain by light brownish gray,
grayish brown, and light yellowish brown silty clay
loam, silty clay, and very fine sandy loam.

Lallie soils are fine textured and poorly drained.
Trembles soils are moderately coarse textured and well
drained. Riverwash, a miscellaneous area near the river,
is nearly barren, is subject to flooding, and has a water
table close to the surface.

Small grain, corn, and alfalfa grow well in most
areas. Fertility and organic-matter content are low to
medium, and available water capacity is low to high.
The main concerns of management are improving
drainage and maintaining tilth and fertility.

Approximately 70 percent of this association is
cultivated. Small grain is the main crop. Alfalfa, corn,
sugar beets, and tame grasses are also grown. Some

Figure 7.—Typical pattern of soils and parent material in association 11.
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areas are irrigated. Much of the uncultivated land is
in trees, brush, and grass and is used for grazing.
Some wooded areas are used for wildlife.

Descriptions of the Soils

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

An important part of the description of each soil
series is the soil profile, that is, the sequence of layers
from the surface downward to rock or other under-
lying material. Each series contains two descriptions
of this profile. The first is brief and in terms familiar
to the layman. The second is much more detailed and
is for those who need to make thorough and precise
studies of soils. Color terms are for dry soil unless
otherwise stated. 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 describing the mapping unit, or they are
differences that are apparent in the name of the
mapping unit.

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

Preceding the name of each mapping unit is a sym-
bol. This symbol identifies the mapping unit on the
detailed soil map. Listed at the end of each description
of a mapping unit is the capability unit and range site
to which the mapping unit is assigned. The page for the
description of each mapping unit can be found in the
“Index to Mapping Units.”

The names, descriptions, and delineations of soil in
this published soil survey do not always agree or join
fully with soil maps of adjoining counties published at
an earlier date. Differences are brought about by
better knowledge about soils or modification and re-
finements in soil series concepts. In addition, the corre-
lation of a recognized soil is based upon the acreage
of that soil and the dissimilarity to adjacent soils
within the survey area. Frequently, it is more feasible
to include soils, small in extent, with similar soils,
where management and response is much the same,
rather than set them apart as individuals. The soil
descriptions reflect these combinations. Other differ-
ences are brought about by the predominance of differ-
ent soils in taxonomic units made up by two or three
series. Still another difference may be caused by the
range in slope allowed within the mapping unit for
each survey.

The acreage and proportionate extent of each map-
ping unit are shown in table 1.

Many of the terms used in describing soils can be

found in the “Glossary” at the end of this survey, and
more detailed information about the terminology and
methods of soil mapping can be obtained from the
Soil Survey Manual (7).

Aquents

Ac—Aquents are somewhat poorly drained, nearly
level to sloping, coarse textured to moderately fine
textured soils along and around the edges of lakes,
intermittent lakes, marshes, and some large depres-
sions. The surface layer is thin. It is dominantly sandy
loam or loam, but in some places it is loamy sand or
Elay 1loam. It is underlain by unweathered parent ma-
erial.

Aquents are low in organic-matter content and plant
nutrients. They are subject to flooding. In some areas
they are moderately or strongly saline. In others, they
are moderately stony or gravelly.

Nearly all the acreage is used for pasture. Part of it
has been cultivated. Management is needed to main-
tain good stands of native grass. Capability unit VIiw-
SL; range site not assigned.

Aquolls

Af—Agquolls are in large, deep closed depressions,
mainly in the Missouri Coteau physiographic area of
the county. The areas are covered by water most of
the time, except during periods of prolonged drought.
Cattails, bulrushes, reeds, and sedges grow along the
margins where the water is shallow. Open water is
nearly always in the center. The surface layer is thick
and black. The underlying material is glacial till, local
alluvium, and lake sediment that range from loamy
fine sand to clay. The organic-matter content is high.

Aquolls have no agricultural value, except to supply
water for livestock. Aquolls are important for water-
fowl and other wildlife. Capability class VIIIw-1;
range site not assigned.

Arnegard Series

The Arnegard series consists of deep, nearly level to
moderately sloping, well drained loams. These soils
formed in alluvium in swales.

In a representative profile the surface layer is dark
grayish brown loam about 11 inches thick. The friable
subsoil, about 14 inches thick, is dark grayish brown
loam, The underlying material is mottled light brown-
ish gray and grayish brown loam.

Permeability is moderate, and available water ca-
pacity is high. The organic-matter content is high.
Fertility is high.

Most of the acreage is in crops. The native vegeta-
tion is mid and short prairie grasses.

Representative profile of Arnegard loam, 1 to 3 per-
cent slopes, in cultivated field 2,160 feet north and 480
feet east of southwest corner sec. 3, T. 147 N., R. 86 W.

Ap—O0 to 6 inches; dark grayish brown (10YR
4/2) loam, very dark brown (10YR 2/2)
when moist; moderate medium granular
structure; soft, friable, slightly sticky

1 Ttalic numbers in parenthesis refer to Literature Cited, p. 216.
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TABLE 1.—Acreage and proportionate extent of the soils

sslrvf:tl))o] Soil name Acres |Percent s;lrvrlr?tg)] Soil name Acres | Percent
Ac Aquents ____ 720 0.1 LeB Lihen loamy fine sand, 1 to 6
Af Aquolls 10,300 0.8 percent slopes ________________ 2,960 0.2
ArA Arnegard loam, 1 to 3 LeC Lihen loamy fine sand, 6 to 9
percent slopes . ______ 9,900 0.8 percent slopes — . ________ 485 *)
ArB Arnegard loam, 3 to 6 LgE Lihen-Zahl complex, 9 to 25
percent slopes ______________ 1,950 0.2 percent slopes ________________ 830 0.1
ArC Arnegard loam, 6 to 9 LmB Linton-Mandan silt loams, 3 to 6
percent slopes . ____________ 483 ™) percent slopes ________________ 990 0.1
Ba Banks loamy fine sand —_________ 1,350 0.1 | LmC Linton-Mandan silt loams, 6 to 9
Bk Banks loam __ —— 690 0.1 percent slopes . _______ 358 )
BoA Bowbells loam, 1 to 3 LmD Linton-Mandan silt loams, 9 to 15
percent slopes _____ . _____ 17,100 1.3 percent slopes —_._____________ 186 *)
BsB Bowbells-Williams loams, 3 to 6 ° LmE Linton-Mandan silt loams, 15 to
percent slopes ________________ . 8,700 0.7 40 percent slopes —____________ 209 @)
BwA Bowdle loam, 1 to 3 Lw Lohler silty clay loam ____._______ 970 0.1
percent slopes ——______________ 17,600 1.3 Ly Lohler silty clay . ___________ 187 *)
ByB Bowdle-Stady loams, 3 to 6 Ma Makoti silty clay loam __________ 13,300 1.0
percent slopes ______________. 8,400 0.6 | MdA Mandan silt loam, 1 to 8
ByC Bowdle-Stady loams, 6 to 9 percent slopes ——______________ 8,300 0.6
percent slopes ________________ 538 *) || MdB Mandan silt loam, 3 to 6
CaE Cabba complex, 15 to 35 vercent slopes —_______________ 5,900 0.5
percent slopes —— o _______ 5,600 0.4 || MdC Mandan silt loam, 6 to 9
CbF Cabba-Shale outcrop complex, percent slopes ———____________ 1,200 0.1
25 to 60 percent slopes —— e 1,180 0.1 || Mf Marysland loam _.______________ 4,100 0.3
ChD Cohagen-Vebar complex, 9 to MqgB Max loam, 3 to 6 percent slopes___{ 51,600 3.9
15 percent slopes —————________ 4,900 0.4 || MhC Max-Bowbells-Zahl loams, 6 to 9
ChE Cohagen-Vebar complex, 15 to percent slopes —____ . ________ 4,100 0.3
35 percent slopes ——___________ 2,730 0.2 | MIC Max-Zahl loams, 6 to 9
Co Colvin silty clay loam ___________ 3,330 0.3 percent slopes _ . _________ 112,300 8.5
Dm Dimmick elay — oo 1,250 0.1 || MID Max-Zahl loams, 9 to 15
Dv Divide loam -l 1,950 0.1 percent slopes ________________ 44,750 3.4
FaA Falkirk loam, 1 to 3 MoC Morton loam, 3 to 9
percent slopes ________________ 22,800 1.7 percent slopes . _____ 900 0.1
FaB Falkirk loams, 3 to 6 NbA Niobell-Williams loams, 1 to 3
percent slopes _______________ 3,800 0.3 percent slopes ________________ 1,600 0.1
FbA Falkirk and Max loams, 1 to 3 NbB Niobell-Williams loams, 3 to 6
percent slopes . ____________ 13,300 1.0 percent slopes . ____________ 570 Q)
FbB Falkirk and Max loams, 3 to 6 NmB Noonan-Miranda complex, 1 to 6
percent slopes ______________.__ 17,300 1.3 percent slopes ________________ 920 0.1
FbC Falkirk and Max loams, 6 to 9 NmD Noonan-Miranda complex, 6 to 15
percent slopes _______________._ 1,150 0.1 percent slopes - _________ 329 *)
FiA Farnuf loam, 1 to 3 NtA Nutley silty clay, 1 to 3
percent slopes .. ________ 437 ) percent slopes - __________ 560 Q)
FfB Farnuf loam, 3 to 6 NtB Nutley silty clay, 3 to 6
percent slopes _______________ 1,050 0.1 percent slopes —_______________ 540 Q)
FID Flasher fine sandy loam, 6 to 15 Or Orthents, loamy —_______________ 1,050 0.1
percent slopes ________________ 560 ™) | Pa Parnell silty clay loam —________ 19,700 15
FIE Flasher fine sandy loam, 15 to 35 Pe Parnell silty clay loam, very wet__ 6,890 0.5
percent slopes ________________ 570 (') || PhA Parshall fine sandy loam, 1 to 38
FnA Flaxton fine sandy loam, 1 to 3 percent slopes . ___________ 3,450 0.3
percent slopes . __________.___ 1,100 0.1 || PhB Parshall fine sandy loam, 3 to 6
FnB Flaxton fine sandy loam, 3 to § percent slopes ________________ 5,300 0.4
percent slopes —..______________ 5,300 0.4 | PhC Parshall fine sandy loam, 6 to 9
FnC Flaxton fine sandy loam, 6 to 9 percent slopes ________________ 1,838 0.1
percent slopes ________________ 1,250 0.1 PhD Parshall fine sandy loam, 9 to 15
Fs Fossum fine sandy loam _________ 222 *) percent slopes - _______________ 480 Q)
GaA Grail silty clay loam, 1 to 3 PoA Parshall loam, 1 to 3
percent slopes _______________ 5,600 0.4 percent slopes ——______________ 1,750 0.1
GaB Grail silty clay loam, 3 to 6 PoB Parshall loam, 8 to 6
percent slopes —__—___________ 770 0.1 percent slopes ________________ 1,700 0.1
Gn Grano silty clay . _________ 620 0.1 || RaC Regent silty clay loam, 3 to 9
GoA Grassna silt loam, 1 to 3 percent slopes . _________ 1,250 0.1
percent slopes ________________ 2,100 0.2 | RhB Rhoades complex, 1 to 9
HaA Hamerly loam, 1 to 3 percent slopes ________________ 2,450 0.2
percent sloves __ ______ . ____.__ 2,450 0.2 | Rm Riverwash __ 322 *)
Hk Harriet-Saline land complex ——___ 13,500 1.0l Ro Roseglen silt loam _____________ 13,600 1.0
Hn Havrelon very fine sandy loam ___ 4,850 0.4 | RpB Roseglen-Tansem complex, 3 to 6
Ho Havrelon silty clay loam ________ 4,900 0.4 percent slopes —_______________ 1,900 0.1
Hs Heil silty clay loam _____________ 680 0.1 RpC Roseglen-Tansem complex, 6 to 9
KrB Krem loamy fine sand, 1 to 6 percent slopes ._______________ 202 *)
percent slopes ____ ___________ 550 (*) || RsA Ruso coarse sandy loam, 1 to 8
La Lallie soils - _________________ 1,030 0.1 percent slopes . __________ 14,900 1.1
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syl\rdr?t?ol Soil name Acres |Percent sylvxlr?l%l Soil name Acres |Percent
RtB Ruso-Manning coarse sandy WmB Williams clay loam, 8 to 6

loams, 8 to 6 percent slopes ————-| 19,500 1.6 percent slopes ——______________ 3,200 0.2
RtC Ruso-Manning coarse sandy WoA Williams-Bowbells loams, 1 to 3

loams, 6 to 9 percent slopes ——__ 570 (@) percent slopes —______________ 142,500 10.8
RxB Ruso-Manning complex, 3 to 6 WoB Williams-Bowbells loams, 3 to 6

percent slopes oo ___ 12,800 1.0 percent slopes . ___________ 332,500 25.2
RyC Ruso-Wabek complex, 6 to 9 WoC Williams-Bowbells loams, 6 to 9

percent slopes ________________ 1,350 0.1 percent slopes ————____________ | 84,400 ! 2.6
RzA Ruso soils, 1 to 3 percent slopes—__ 6,900 0.5 WpB Williams-Bowbells-Zahl loams,
SeD Seroco fine sand, 9 to 25 3 to 6 percent slopes ———_..____ 12,200 0.9

percent slopes ________________ 142 ) [ wrB Williams loam, mine sink, 1 to
Sn Sinai silty elay - _______ 5,300 0.4 6 percent slopes —____________ 227 *)
St Straw loam - — 1,500 0.1 | WsA Wilton silt loam, 1 to 3
Sx Straw soils, channeled __._______ 1,300 01 percent slopes . ______ 14,100 11
TIC Telfer-Lihen loamy fine sands, WiB Wilton-Temvik silt loams, 3 to 6

3 to 9 percent slopes ———__.____ 800 0.1 percent slopes — .. __________ 18,500 1.4
Tp Tonka-Parnell complex . ______ 8,700 0.7 1] WwC Wilton-Williams silt loams, 6 to 9
Tr Trembles fine sandy loam ____.____ 1,450 0.1 percent slopes ——— . ___________ 4,800 0.4
VywC Vebar-Williams fine sandy loams, ZcE Zahl-Cabba complex, 15 to 385

3 to 9 percent slopes —_________ 1,600 0.1 percent slopes ——— . ___________ 31,400 24
WaB Wabek-Max-Zahl loams, 1 to 6 ZmE Zahl-Max loams, 9 to 35

percent slopes ________________ 630 0.1 percent slopes ————__________ 61,500 4.7
WaD Wabek-Max-Zahl loams, 6 to 15 ZpE Zahl-Max-Parnell complex, 15 to

percent slopes o _____ 3,600 0.3 35 percent slopes - __________ 16,100 1.2
WbB Wabek soils, 1 to 6 ZwC Zahl-Williams loams, 3 to 9

percent slopes ________________ 5,300 0.4 percent slopes ——__ . ______ 12,900 1.0
WbD Wabek soils, 6 to 15 Cut and fill land _—____________ 1,460 0.1

percent slopes _.______________ 13,800 1.0 Gravel pits —.. 800 0.1
wiIiB Williams stony loam, 1 to 9 Intermittent lake _.___________ 3,100 0.2

percent slopes .o _________ 485 Q) Lake 4,200 0.3
WmA Williams clay loam, 1 to 3

percent slopes . _________ 2,500 0.2 Total -J1,321,600 100.0

* Less than 0.1 percent.

and slightly plastic; slightly acid; abrupt
smooth boundary.

A12—6 to 11 inches; dark grayish brown (10YR

4/2) loam, very dark brown (10YR 2/2)
when moist; moderate medium subangu-
lar blocky structure parting to moderate
medium granular; soft, friable, slightly
sticky and slightly plastic, neutral ; grad-
ual wavy boundary.

B2—11 to 25 inches; dark grayish brown (10YR

4/2) loam, very dark grayish brown
(10YR 3/2) when moist; moderate me-
dium prismatic structure parting to
weak fine subangular blocky; soft, fri-
able, slightly sticky and slightly plastic;
neutral; abrupt wavy boundary.

Clca—25 to 40 inches; light brownish gray (2.5Y

6/2) loam, grayish brown (2.5Y 5/2)
when moist; few fine faint mottles of
gray (10YR 6/1) ; weak medium sub-
angular blocky structure parting to weak
fine granular; slightly hard, friable,
slightly sticky and slightly plastic;
strong effervescence; mildly alkaline;
diffused wavy boundary.

C2—40 to 50 inches; grayish brown (2.5Y 5/2)

loam, dark grayish brown (2.5Y 4/2)
when moist; few fine distinet brown to
dark brown (10YR 4/3) mottles that are
common fine distinet gray (5Y 5/1)

when moist; massive; slightly hard, fri-
able, slightly sticky and slightly plastic;
slight effervescence; mildly alkaline; dif-
fused wavy boundary.

C3—50 to 60 inches; light brownish gray (2.5Y

6/2) loam, dark grayish brown (2.5Y
4/2) when moist; common medium dis-
tinet gray (5Y 5/1) and few medium
prominent yellowish red (5YR 4/8)
mottles; massive; slightly hard, friable,
slightly sticky and slightly plastic; slight
effervescence; mildly alkaline.

The A horizon is typically loam, but is silt loam in
places. The B horizon ranges from loam and light clay
loam to silt loam. The C horizon is generally calcareous
above 40 inches. It ranges from sandy loam to clay
loam. It formed in local alluvium from glacial till or
deeply weathered soft shale.

Arnegard soils are associated in the landscape with
Williams, Max, and Zahl soils. They formed in al-
luvium, and the associated soils formed in glacial till.

ArA—Arnegard loam, 1 to 3 percent slopes. This
soil occurs as long narrow areas in drainageways and
swales in the uplands. It has the profile deseribed as
representative of the series. Included in mapping were
small areas of Williams, Bowbells, Falkirk, Grail,
Parnell, and Zahl soils.

This soil has slow runoff and is only slightly sus-
ceptible to erosion. It is suited to all crops commonly
grown in the county. The chief management needs are
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conserving moisture and maintaining fertility and
tilth. Most of the acreage is in crops. A few areas are
in native range, Capability unit IIc-6; Overflow range
site.

ArB—Arnegard loam, 3 to 6 percent slopes. This soil
occurs as long narrow areas in swales and on foot
slopes. Included in mapping were small areas of Wil-
liams, Bowbells, Grail, Falkirk, Tonka, Parnell, and
Zahl soils.

This soil has slow runoff and is slightly susceptible
to water erosion. It is suited to all crops commonly
grown in the county. The main management concerns
are controlling erosion, conserving moisture, and main-
taining fertility and tilth. Most of the acreage is in
crops. A few areas are in native range. Capability
unit ITe—6; Silty range site.

ArC—Arnegard loam, 6 to 9 percent slopes. This soil
occurs as long narrow areas on concave foot slopes or
in swales. It is about 75 percent Arnegard soils and 25
percent Williams and Bowbells soils. Included with
this soil in mapping were small areas of Grail, Zahl,
Max, and Cabba soils.

This soil has slow to medium runoff and is moder-
ately susceptible to erosion. It is suited to all erops
commonly grown in the county. The chief management
needs are controlling erosion, conserving moisture,
and maintaining fertility and tilth. About half the
acreage is in crops. The rest is in native range or
pasture. Capability unit 1ITe-6; Silty range site.

Banks Series

The Banks series consists of deep, level, somewhat
excessively drained soils on low terraces and bottom
lands. These soils formed in sandy and loamy alluvium.

In a representative profile the surface layer is gray-
ish brown loamy fine sand about 4 inches thick. The
underlying material is light brownish gray loamy fine
sand, loam, and fine sand. It is calcareous and has
several thin stratifications of loam.

Permeability is moderately rapid or rapid in the
surface layer and rapid in the underlying material.
Available water capacity, organic-matter content, and
natural fertility are low.

Nearly all the acreage is in native vegetation. A few
areas are cultivated. Banks soils support a variety of
vegetative types ranging from a sparse stand of native
grasses to a fair stand of cottonwood and willow. The
understory is grasses and shrubs.

Representative profile of Banks loamy fine sand in
native vegetation 2,000 feet west and 600 feet north of
southeast corner sec. 5, T. 143 N., R. 81 W.

A1—0 to 4 inches; grayish brown (2.5Y 5/2)
loamy fine sand, dark grayish brown
(2.5Y 4/2) when moist; weak fine gran-
ular structure; soft, very friable,
nonsticky and nonplastic; slight effer-
vescence; neutral abrupt boundary.

C1—4 to 33 inches; light brownish gray (2.5Y
6/2) fine sand, dark grayish brown
(2.5Y 4/2) when moist; single grained;
loose, nonsticky and nonplastic, slight
effervescence; mildly alkaline; abrupt
boundary.

C2—33 to 36 inches; light brownish gray (2.5Y

6/2; loam, dark grayish brown (2.5Y

4/2) when moist; massive; slightly hard,
very friable, slightly sticky and slightly
plastic; strong effervescence; mildly
alkaline; abrupt boundary.

C3—36 to 44 inches; light brownish gray (2.5Y
6/2) fine sand, dark grayish brown
(2.5Y 4/2) when moist; single grained;
loose, nonsticky and nonplastic; strong
effervescence; mildly alkaline; abrupt
boundary.

C4—44 to 52 inches; light brownish gray (2.5Y

' 5/2) loam, dark grayish brown (2.5Y
4/2) when moist; massive; slightly hard,
very friable, slightly sticky and slightly
plastic; strong effervescence; mildly
alkaline; abrupt boundary.

C5—52 to 60 inches; light brownish gray (2.5Y
6/2) loamy fine sand, dark grayish
brown (2.5Y 4/2) when moist; single
grained ; loose, nonsticky and nonplastic;
strong effervescence; mildly alkaline.

The A horizon is 2 to 7 inches thick and is grayish
brown or light brownish gray. It is tvpically loam or
loamy fine sand, but the range includes clay loam.

The C horizon ranges from grayish brown to light
gray. It is mainly strata of loamy fine sand and fine
sand. Several strata 14 inch to 8 inches thick ranging
from clay loam to sandy loam occur in the C horizon.
Strata of gravelly material are in a few places.

Banks soils are associated in- the landscape with
Trembles, Haverlon, and Seroco soils. They contain
more sand throughout the profile than Trembles and
Haverlon soils, and they have a stratified C horizon
lacking in Seroco soils.

Ba—Banks loamy fine sand. This level soil is on bot-
tom land and low terraces. It has the profile described
as representative of the series. Slopes are 0 to 1 per-
cent. Areas are irregular in shape and occur as long
stringers. Included in mapping were small areas of
iI‘rembles fine sandy loam, Havrelon loam, and Banks
oam.

This soil has very slow runoff. It is subject to flood-
ing when ice jams occur in spring. At other times it is
effectively protected by the Garrison Dam.

Nearly all the acreage is used for grazing., A few
areas are cultivated but should be seeded to grass.
Soil blowing is a hazard if the plant cover is removed.
Management ‘is needed to maintain a good stand of
grass. Capability unit VIe-2; range site not assigned.

Bk—Banks loam. This level soil is on bottom land
and low terraces. It occurs as long irregular stringers.
Slopes are 0 to 1 percent. The profile is similar to the
one described as representative of the series, but the
surface layer is loam 6 to 10 inches thick.

Included in mapping were small areas of Banks
loamy fine sand, Trembles fine sandy loam, and Hav-
relon loam. Also included were a few areas where the
loam is 10 to 25 inches thick.

This soil has very slow runoff. Permeability is mod-
erately rapid in the loam material and rapid below.
Soil blowing is a hazard if the plant cover is removed.
Garrison Dam effectively protects this soil from flood-
ing unless ice jams occur in spring.

This soil is suited to small grain and alfalfa. About
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half the acreage is cleared and used for crops. The
rest is in native vegetation. The chief management
concerns are controlling soil blowing, conserving mois-
ture, and maintaining fertility and tilth. Capability
unit IVe-5L; range site not assigned.

Bowbells Series

The Bowbells series consists of deep, nearly level to
gently rolling, moderately well drained loams. These
soils formed in glacial till.

In a representative profile the surface layer is dark
grayish brown loam about 9 inches thick. The subsoil,
about 16 inches thick, is dark grayish brown loam in
the upper 8 inches and grayish brown firm clay loam
in the lower 8 inches. The underlying material is light
brownish gray and light yellowish brown clay loam.

Permeability is moderate in the subsoil and mod-
erately slow in the underlying material. Available
water capacity is high. The organic-matter content is
high. Natural fertility is high.

Most of the acreage is cultivated and used for small
grain and alfalfa. The native vegetation is mid and
short prairie grasses.

Representative profile of Bowbells loam, 1 to 3 per-
cent slopes, in cultivated field 30 feet north and 200
g%etweast of southwest corner sec. 26, T. 144 N., R.

Ap—O0 to 9 inches; dark grayish brown (10YR
4/2) loam, very dark brown (10YR 2/2)
when moist; weak fine granular struc-
ture; hard, very friable, slightly sticky
and slightly plastic; slightly acid; abrupt
boundary.

B21—9 to 17 inches; dark grayish brown (10YR
4/2) loam, very dark grayish brown
(10YR 3/2) when moist; weak coarse
prismatic structure parting to moderate
coarse angular blocky; hard, very fri-
able, slightly sticky and slightly plastic;
many very fine pores, mildly acid; clear
boundary.

B22t—17 to 23 inches; grayish brown (2.5Y 5/2)
clay loam, very dark grayish brown
(2.5Y 3/2) when moist; moderate me-
dium prismatic structure parting to
strong medium angular blocky; hard,
firm, sticky and plastic; common very
fine pores; continuous clay films; neu-
tral; clear boundary.

B3ca—23 to 25 inches; grayish brown (2.5Y 5/2)
clay loam, dark grayish brown (2.5Y
4/2) when moist; weak coarse prismatic
structure parting to strong medium and
coarse angular blocky; hard, friable,
sticky and plastic; common very fine
pores; patches of clay films; slight effer-
vescence ; neutral; clear boundary.

Clca—25 to 30 inches; light brownish gray (2.5Y
6/2) clay loam, dark grayish brown
(2.5Y 4/2) when moist; massive; hard,
friable, slightly sticky and slightly plas-
tic; common very few pores; few soft
masses and few threads of lime; violent

effervescence; mildly alkaline; gradual
boundary.

C2—30 to 47 inches; light brownish gray (2.5Y
6/2) clay loam, dark grayish brown
(2.5Y 4/2) when moist; massive; hard,
friable, slightly sticky and slightly plas-
tic; few threads and soft masses of lime;
violent effervescence; mildly alkaline;
gradual boundary.

C3—47 to 60 inches; light yellowish brown (2.5Y
6/3) clay loam, olive brown (2.5Y 4/3)
when moist; massive; hard, friable,
slightly sticky and slightly plastic; few
soft masses of lime; strong effer-
vescence ; mildly alkaline.

The A horizon is typically loam but in places is silt
loam or clay loam. The C horizon is loam or clay loam.

Bowbells soils are associated in the landscape with
Williams and Max soils. They are not so well drained
as those soils.

BoA—Bowbhells loam, 1 to 3 percent slopes. This
nearly level soil is in broad swales and concave areas.
Included in mapping were small areas of Williams,
Tonka, Parnell, Arnegard, and Max soils.

This soil has slow runoff and is only slightly sus-
ceptible to erosion. It is used mostly for crops and is
suited to all erops commonly grown in the county. The
chief management needs are conserving moisture and
maintaining fertility and tilth. Capability unit IIc-6;
Overflow range site.

BsB—Bowbells-Williams loams, 3 to 6 percent slopes.
This undulating to gently sloping mapping unit oc-
cupies swales in the uplands. It is 60 percent Bowbells
loam and 40 percent Williams loam. Williams soil is
on the higher and slightly convex slopes. Included in
mapping were small areas of Tonka, Parnell, Arne-
gard, and Max soils.

This mapping unit has slow runoff and is slightly
susceptible to erosion. It is used mostly for crops and
is suited to all crops commonly grown in the county.
The chief management concerns are controlling ero-
sion, conserving moisture, and maintaining fertility
and tilth. Capability unit ITe-6; Silty range site.

Bowdle Series

The Bowdle series consists of nearly level to gently
rolling, well drained soils that are moderately deep
over sand and gravel. These soils formed in loamy
material underlain by sand and gravel glacial out-
wash.

In a representative profile the surface layer is dark
grayish brown loam about 13 inches thick. The very
friable subsoil, about 19 inches thick, is dark grayish
brown loam in the upper 15 inches and grayish brown
loam in the lower 10 inches. The underlying material
is light brownish gray gravelly loamy sand.

Permeability is moderate in the subsoil and very
rapid in the underlying material. Available water ca-
pacity is moderate. The organic-matter content is high.
Natural fertility is medium.

Most of the acreage is cultivated and used for small
grain, corn, and alfalfa. The native vegetation is mid
and short prairie grasses.
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Representative profile of Bowdle loam, 1 to 3 per-

cent slopes, in cultivated field 550 feet east and 30 feet.

south of northwest corner sec. 10, T. 143 N., R. 80 W.
Ap—O0 to 7 inches; dark grayish brown (10YR
4/2) loam, very dark brown (L0YR 2/2)
when moist; moderate fine granular
structure; slightly hard, very friable,
slightly sticky and slightly plastic; neu-

tral; abrupt boundary.

A12—7 to 13 inches; dark grayish brown (10YR
4/2) loam, very dark brown (10YR 2/2)
when moist; weak medium prismatic
structure; slightly hard, very friable,
slightly sticky and slightly plastic; neu-
tral; gradual boundary.

B21—13 to 22 inches; dark grayish brown (10YR
4/2) loam, very dark brown (10YR 2/2)
when moist; moderate medium prismatic
structure parting to moderate medium
blocky; slightly hard, very friable,
slightly sticky and slightly plastic; many
very fine pores; patches of clay films;
neutral; gradual boundary.

B22—22 to 28 inches; grayish brown (10YR 5/2)
heavy loam, very dark grayish brown
(10YR 3/2) when moist; moderate me-
dium prismatic structure parting to
moderate medium blocky; slightly hard,
very friable, slightly sticky and slightly
plastic; many fine pores; thin continuous
clay films; neutral; clear wavy boundary.

B3ca—28 to 32 inches; grayish brown (2.5Y 5/2)
loam, dark grayish brown (2.5Y 4/2)
when moist; weak medium prismatic
structure; slightly hard and slightly
plastic; common very fine pores; com-
mon gravel ; strong effervescence; mildly
alkaline; clear wavy boundary.

IIC1—32 to 48 inches; light brownish gray (2.5Y
6/2) gravelly loamy sand, light olive
brown (2.5Y 5/3) when moist; single
grained ; loose, nonsticky and nonplastic;
violent effervescence; mildly alkaline.

The Bowdle soils in McLean County have a slightly
drier moisture regime than is described as typical of
the series.

The A horizon is 6 to 8 inches thick and ranges
from very dark gray to dark grayish brown. It is
typically loam, but in places is clay loam.

The B horizon is 5 to 20 inches thick and is dark
grayish brown or grayish brown. It is loam or light
clay loam. Clay films occur in some pedons. The B3
horizon is lacking in places. Depth to carbonates
ranges from 20 to 40 inches.

Depth to the IIC horizon is typically about 30 inches,
but ranges from 20 to 40 inches. The texture ranges
from gravelly loamy sand to gravel. A weakly to mod-
erately expressed horizon of lime accumulation is in
the upper part of the IIC horizon.

Bowdle soils are associated in the landscape with
Stady soils. They have a thicker A horizon than Stady
soils.

BwA—Bowdle loam, 1 to 3 percent slopes. This nearly
level soil occurs as broad smooth areas. Areas are
small to large in size and irregular in shape. This soil

has the profile described as representative of the series
(fig. 8). Included in mapping were small areas of
Stady, Arnegard, and Wabek soils. In a few spots the
soil is moderately or strongly affected by salts. In
some the surface is gravelly.

This soil has slow runoff and is only slightly sus-
ceptible to erosion. It is suited to all crops commonly
grown in the county. Most areas are used for crops.
The chief management needs are conserving moisture
and maintaining fertility and tilth. Capability unit
II1s-6; Silty range site.

ByB—Bowdle-Stady loams, 3 to 6 percent slopes.
This undulating to gently sloping mapping unit is
about 70 percent Bowdle loam and 30 percent Stady
loam. The Stady soil has the profile described as repre-
sentative of the series. It has a thinner surface layer
than Bowdle loam. It is in slightly convex parts of the
landscape. Included in mapping were small areas of

Figure 8.—Profile of Bowdle loam showing gravelly loamy sand
at a depth of 32 inches.
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Arnegard, Ruso, and Wabek soils. In spots, the surface
is gravelly.

This mapping unit is well drained, has slow or me-
dium runoff, and is moderately susceptible to erosion.
It is used mostly for crops and is suited to all crops
commonly grown in the county. The chief management
needs are controlling erosion, conserving moisture,
and maintaining fertility and tilth, Capability unit
I1Ies—6; Silty range site.

ByC—Bowdle-Stady loams, 6 to 9 percent slopes.
This gently rolling to moderately sloping mapping unit
is about 60 percent Bowdle loam, 35 percent Stady
loam, and 5 percent Wabek loam. The Stady loam has
a thinner surface layer than Bowdle loam. It is on the
upper slopes and convex parts of the landscape. In-
cluded in mapping are small areas of Arnegard and
Ruso soils. In spots the surface is gravelly.

This mapping unit has medium runoff and is highly
susceptible to erosion. It has medium fertility. It is
suited to all crops commonly grown in the county.
More than half the acreage is cropped. The main con-
cerns of management are controlling erosion, con-
serving moisture, and maintaining fertility and tilth.
Capability unit IVes-6; Silty range site.

Cabba Series

The Cabba series consists of shallow, hilly to very
steep, well drained loams on hills and ridges in up-
lands. These soils formed in calcareous, soft loamy
shale beds.

In a representative profile the surface layer is gray-
ish brown loam about 3 inches thick. The underlying
material is light gray loam to 17 inches. Shale is at
17 inches.

These soils have very rapid runoff. Permeability is
moderate. Available water capacity, the organic-
matter content, and fertility are low.

Nearly all the acreage 1s in native range. A few
small areas are cultivated. The native vegetation is
mid and short prairie grasses.

Representative profile of Cabba loam in grassy area
of Cabba-Shale outcrop complex, 25 to 60 percent
slopes, 1,500 feet north and 550 feet east of southwest
corner sec. 13, T. 144 N,, R. 84 W,

A1—0 to 3 inches; grayish brown (2.5Y 5/2)
loam, very dark grayish brown (2.5Y
3/2) when moist; moderate fine granular
structure; slightly hard, very friable,
slightly sticky and slightly plastic; many
roots; slight effervescence; mildly alka-
line; clear boundary.

C1—3 to 17 inches; light gray (2.5Y 7/2) loam,
grayish brown (2.5Y 5/2) when moist;
weak medium prismatic structure;
slightly hard, very friable, slightly sticky
and slightly plastic; many roots; strong
effervescence; mildly alkaline; gradual
boundary.

C2—17 to 60 inches; pale yellow (5Y 7/3) soft
loam shale, olive (56Y 5/3) when moist;
moderate thick platy structure; hard,
firm, slightly sticky-and slightly plastic;
few roots; strong effervescence; moder-
ately alkaline.

The A horizon is grayish brown or light brownish
gray and 2 to 5 inches thick. It ranges from very fine
sandy loam to silty clay loam. It lacks free lime in
some pedons and has strong effervescence in others.

The C1 horizon ranges from grayish brown to light
gray or pale yellow. The texture is loam or silt loam.

The C2 horizon is soft, massive or platy, fine grained
sandstone, or interbedded sandstone, siltstone, and
shale. The depth to soft shale ranges from 10 to 20
inches.

Cabba soils are associated in the landscape with
Mplrton and Zahl soils and are less deep than those
soils.

CaE—Cabba complex, 15 to 35 percent slopes. This
hilly and steep mapping unit is on uplands. It is about
40 percent Cabba loam, 25 percent a soil resembling
Cabba loam but with a clay loam and clay texture,
10 percent Cohagen soil, and 25 percent minor soils.
Some of the minor soils are Regent, Morton, Vebar,
Arnegard, and Zahl soils on smooth slopes, swales, and
foot slopes.

This mapping unit has very rapid runoff and is very
susceptible to erosion. The entire area is used for
grazing. Management is needed to maintain the stands
of native grass. Capability unit VIe-Sw; Shallow
range site.

CbF—Cabba-Shale outcrop complex, 25 to 60 per-
cent slopes. This steep and very steep mapping unit is
on uplands. It occurs as narrow rounded ridge crests
between steep drainageways. It is about 50 percent
Cabba loam, 30 percent barren or nearly barren Shale
outcrop, and about 20 percent minor soils. The Cabba
soil has the profile described as representative of the
series. The texture and depth to shale range greatly
within short distances, depending on the kind of shale.
Layers of sandstone and clayey shale occur in this
unit. Included in mapping were small areas of Morton,
Zahl, Regent, Williams, Wilton, Temvik, Mandan,
Arnegard, Grail, Vebar, and Straw soils on smoother
slopes.

This unit has very rapid runoff and is very sus-
ceptible to erosion. The entire area is used for range.
Management is needed to maintain the stands of na-
tive grass. Capability unit VIIe-Sw; Cabba soil in
Shallow range site; Shale outcrop, range site not as-
signed.

Cohagen Series

The Cohagen series consists of shallow, strongly
sloping to steep, well drained, loamy soils. These soils
are on hills, ridges, and steep slopes on uplands. They
formed in calcareous soft sandstone.

In a representative profile the surface layer is gray-
ish brown loam about 3 inches thick. The underlying
material is grayish brown and light brownish gray
sandy loam. Sandstone is at 18 inches.

Permeability is moderately rapid. The available
water capacity, the organic-matter content, and fer-
tility are low.

Most areas are in native grass and are best suited
for this purpose. The native vegetation is mid and
short prairie grasses.

Representative profile of Cohagen loam in grassy
area of Cohagen-Vebar complex, 9 to 15 percent slopes,
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2,300 feet south and 1,050 feet west of northeast
corner sec. 8, T. 148 N, R. 90 W.

A1—0 to 8 inches; grayish brown (10YR 5/2)
loam, very dark grayish brown (10YR
3/2) when moist; moderate fine granular
structure; slightly hard, very friable,
slightly sticky and nonplastic; many
roots; neutral; clear boundary.

AC—38 to 8 inches; grayish brown (2.5Y 5/2)
sandy loam, dark grayish brown (2.5Y
4/2) when moist; weak medium sub-
angular blocky structure parting to mod-
erate fine granular; slightly hard, very
friable, nonsticky and nonplastic; many
roots; neutral; clear boundary.

C1—8 to 18 inches; light brownish gray (2.5Y
6/2) sandy loam, grayish brown (2.5Y
5/2) when moist; weak coarse prismatic
structure parting to weak coarse sub-
angular blocky; slightly hard, very fri-
able, nonsticky and nonplastic; common
roots; few threads of segregated lime;
strong effervescence; mildly alkaline;
gradual boundary.

C2—18 to 60 inches; light gray (2.5Y 7/2) soft
sandstone, light olive brown (2.5Y 5/4)
when moist; massive; tendency to sep-
arate on bedding plains; slightly hard,
very friable, nonsticky and nonplastic;
few seams of segregated lime in upper
few inches; strong effervescence; mildly
alkaline.

The A horizon is 2 to 5 inches thick and is domi-
nantly grayish brown. It is fine sandy loam, sandy
loam, or loam. Effervescence is none to strong.

The C horizon ranges from light gray to olive
yellow. It is sandy loam or fine sandy loam.

The underlying material is soft, massive or platy,
fine grained sandstone. The depth to soft sandstone
ranges from 10 to 20 inches.

Cohagen soils are associated in the landscape with
Vebar, Cabba, and Flasher soils. They are less deep
than Vebar soils, contain more sand than Cabba soils,
and contain less sand than Flasher soils.

ChD—Cohagen-Vebar complex, 9 to 15 percent
slopes. This strongly sloping and rolling mapping unit
is on uplands. It is about 55 percent Cohagen soil on
ridges, 25 percent Vebar soil on gentler slopes, and 20
percent Parshall and Flasher soils. The surface layer
ranges from loam to fine sandy loam and sandy loam.
The Cohagen soil has the profile described as repre-
sentative of the Cohagen series. Included in mapping
were small areas of Arnegard, Cabba, Temvik, Wil-
liams, and Zahl soils.

This unit has medium runoff. Fertility is low in the
Cohagen soil and medium in the Vebar soil.

Nearly all the acreage is in native grass. Manage-
ment is needed to maintain good stands. Capability
unit VIe-Sw; Cohagen soil in Shallow range site;
Vebar soil in Sandy range site.

ChE—Cohagen-Vebar complex, 15 to 35 percent
slopes. This hilly and steep mapping unit is on uplands.
It 1s about 50 percent Cohagen soil on steeper ridges,
20 percent Vebar soils on smoother slopes, and 30 per-
cent Cabba, Flasher, and Parshall soils. The surface

layer ranges from fine sandy loam to loam and sandy
loam. Included in mapping were small areas of Arne-
gard, Temvik, Morton, Williams, and Zahl soils.

This unit has medium runoff. Fertility is low in the
Cohagen soil and medium in the Vebar soils.

All the acreage is used for range. Management is
needed to maintain good stands of native grass. Ca-
pability unit VIe-Sw; Cohagen soil in Shallow range
site; Vebar soil in Sandy range site.

Colvin Series

The Colvin series consists of poorly drained, deep,
level, calcareous soils. These soils are in shallow de-
pressions and swales, in melt-water channels, and on
glacial lake plains and outwash plains. They formed
in moderately fine textured melt-water deposits and
lake sediment. .

In a representative profile the surface layer is dark
gray silty clay loam about 9 inches thick. In sequence
downward, the underlying material is light gray,
friable silty clay loam; 14 inches of mottled light gray
silty clay loam; 16 inches of mottled dark gray clay
loam; and 2 inches of mottled light yellowish brown
sandy loam.

Permeability is moderate or moderately slow. The
water table is at or near the surface in spring and
after heavy rains and is within 2 to 4 feet throughout
most of the growing season. Available water capacity
and organic-matter content are high. Natural fertility
is medium.

Most of the acreage is used for native range or hay.
If drained, these soils are suited to crops.

Representative profile of Colvin silty clay loam in
native vegetation 2,740 feet south and 350 feet east of
northwest corner sec. 22, T. 148 N, R. 81 W.

A1—0 to 9 inches; dark gray (10YR 4/1) silty
clay loam, black (10YR 2/1) when
moist; moderate fine granular structure;
hard, friable, sticky and plastic; many
fine roots; strong effervescence; moder-
ately alkaline; clear wavy boundary.

Clca—9 to 28 inches; light gray (N 7/0) silty
clay loam, gray (5Y 4/1) when moist;
weak coarse subangular Dblocky struc-
ture; hard, friable, slightly sticky and
plastic; common fine roots; common fine
pores; violent effervescence; mildly alka-
line; gradual wavy boundary.

C2ca—28 to 42 inches; light gray (5Y 7/1) silty
clay loam, gray (5Y 4/1) when moist;
few fine distinct light olive brown (2.5Y
5/4) mottles; weak coarse subangular
blocky structure; slightly hard, very fri-
able, slightly sticky and plastic; few fine
roots; many fine pores; violent effer-
vescence; mildly alkaline; clear wavy
boundary.

C3g—42 to 58 inches; dark gray (5Y 4/1) clay
loam, very dark gray (5Y 3/1) when
moist; few fine distinct light yellowish
brown (2.5Y 6/4) mottles; massive;
very hard, firm, sticky and plastic; slight
effervescence; neutral; clear boundary.

I1C4g—58 to 60 inches; light yellowish brown
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(2.5Y 6/4) sandy loam, greenish gray
(5GY 5/1) when moist; many large
prominent brownish yellow (10YR 6/8)
mottles; massive; hard, friable, non-
sticky and nonplastic; about 5 percent
gravel; slight effervescence; mildly alka-
line.

The A horizon is 6 to 14 inches thick. It is commonly
silty clay loam, but in places is silt loam. It ranges
from weakly to strongly caleareous.

The Cea horizon ranges from 6 to 35 inches and
from light gray to gray. Below a depth of 40 inches
the texture ranges from silty clay to coarse sand.
Crystals of soluble salts and gypsum occur throughout
the profile in some places.

Colvin soils are associated in the landscape with
Hamerly and Parnell soils. They are not so well
drained as Hamerly soils. They have more lime than
Parnell soils.

Co—~Colvin silty clay loam. This is the only Colvin
soil mapped in the county. Slopes are 0 to 1 percent.
Included in mapping were small areas of Grano,
Marysland, Divide, Arnegard, and other soils.

This soil is poorly drained. Runoff is slow or very
slow. The water table is at or near the surface in
spring and after heavy rainfall.

Most of the acreage is used for native range or hay.
A few areas have been drained and are used for small
grain and alfalfa. Colvin soils are well suited to farm-
ing if excess water is removed. The chief management
concerns are water control, erosion control, and main-
tenance of fertility and tilth. Capability unit IIw-4L;
Wet Meadow range site.

Dimmick Series

The Dimmick series consists of deep, level, very
poorly drained clay soils in basins and depressions.
These soils formed in alluvium.

In a representative profile the surface layer is dark
gray and gray clay about 10 inches thick. The under-
lying material is mottled gray clay.

Permeability is very slow. Available water capacity
is moderate. The organic-matter content is high.
Natural fertility is medium.

Most of the acreage is used for pasture and hay.

Representative profile of Dimmick clay in cropland
1,800 feet east and 2.300 feet north of southwest
corner sec. 19, T. 146 N., R. 81 W.

A11—0 to 3 inches; dark gray (10YR 4/1) clay,
black (10YR 2/1) when moist; weak
medium angular blocky structure part-
ing to moderate medium granular; hard,
friable, sticky and plastic; common very
fine roots; slightly acid; clear boundary.

A12—3 to 10 inches; gray (10YR 5/1) clay, black
(10YR 2/1) when moist; common me-
dium distinet yellowish brown (10YR
5/6) mottles; weak coarse angular
blocky structure; very hard, firm, sticky
and plastic; common very fine roots;
slightly acid; clear boundary.

Clg—10 to 24 inches; gray (10YR 5/1) clay,
black (10YR 2/1) when moist; few fine
faint yellowish brown (10YR 5/4)

mottles; massive; very hard, firm, sticky
and plastic; few fine roots; neutral;
gradual boundary.

C2g—24 to 30 inches; gray (10YR 5/1) clay,
black (10YR 2/1) when moist; few fine
faint yellowish brown (10YR 5/4)
mottles; massive; very hard, very firm,
sticky and plastic; few lime spots; slight
effervescence; neutral; gradual bound-

ary.

C3g—30 to 44 inches; gray (10YR 5/1) clay, very
dark gray (10YR 3/1) when moist; few
fine faint yellowish brown (10YR 5/4)
mottles; massive; very hard, very firm,
sticky and plastic; few lime spots; slight
effervescence; neutral.

Texture is clay or silty clay. Faint, distinet, or
prominent mottles of olive brown, yellowish brown, or
dark yellowish brown are within 20 inches of the
surface in most pedons. A few pedons have low chroma
throughout. The depth to carbonates is 24 to 60 inches.

Dimmick soils are associated in the landscape with
Grano, Sinai, and Heil soils. They have less lime than
Grano soils and are not so well drained as Sinai soils.
They differ from Heil soils in not having columnar
structure.

Dm—Dimmick clay. This is the only Dimmick soil
mapped in the county. Slopes are 0 to 1 percent. In-
cluded in mapping were small areas of Parnell, Grano,
Makoti, and other soils.

The soil is very poorly drained. It is ponded until
midsummer in most years. Available water capacity
is moderate. The organic-matter content is high.
Natural fertility is medium.

This soil is used mostly for hay and pasture, unless
it is drained. It is difficult to till because of excessive
wetness in spring. It is very hard and cloddy when
dry. A management concern is maintaining fertility
and tilth. Capability unit I1Iw-4; Wetland range site.

Divide Series

The Divide series consists of level, somewhat poorly
drained soils that are moderately deep over sand and
gravel. These soils formed in loam glacial outwash and
gravel outwash,

In a representative profile the surface layer is dark
gray and gray loam about 9 inches thick. The under-
lying material to a depth of 28 inches is very friable
light gray loam containing a large amount of lime.
Below this is stratified gravelly sand and gravelly
loamy sand.

Permeability is moderate in the loamy upper ma-
terial and very rapid in the gravel and sand. Available
water capacity is low. The organic-matter content is
high. Fertility is medium.

About half of the acreage is cultivated and used for
small grain and alfalfa. Other areas are used for hay
or pasture.

Representative profile of Divide loam in a cultivated
field 1,400 feet north and 100 feet west of the southeast
corner, sece. 7, T. 149 N,, R. 84 W.

Ap—O0 to 5 inches; dark gray (10YR 4/1) loam,
black (10YR 2/1) when moist; moder-
ate fine granular structure; slightly
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hard, very friable, slightly sticky and
slightly plastic; many fine roots; slight
effervescence; moderately alkaline;
abrupt smooth boundary.

A12—5 to 9 inches; gray (10YR 5/1) loam, black
(10YR 2/1) when moist; weak medium
subangular blocky structure; slightly
hard, friable, slightly sticky and slightly
plastic; many fine roots; common fine
pores; slight effervescence; strongly al-
kaline; clear wavy boundary.

Cleca—9 to 22 inches; light gray (2.5Y 7/2) loam,
grayish brown (2.5Y 5/2) when moist;
weak medium prismatic structure part-
ing to moderate medium subangular
blocky; slightly hard, very friable,
slighty sticky and slightly plastic; com-
mon fine roots; common fine pores; many
soft masses of lime; violent efferves-
cence; strongly alkaline; gradual wavy
boundary.

C2ca—22 to 28 inches: light gray (2.5Y 7/2)
loam, grayish brown (2.5Y 5/2) when
moist; few medium distinct yellowish
brown (10YR 5/4) mottles; moderate
medium subangular blocky structure;
slightly hard, very friable, slightly sticky
and slightly plastic; few fine roots; com-
mon fine pores; common soft masses of
lime; violent effervescence; strongly al-
kaline; clear wavy boundary.

IIC3—28 to 34 inches; light yellowish brown
(2.5Y 6/3) gravelly loamy sand, light
olive brown (2.5Y 5/3) when moist;
single grained ; loose, nonsticky and non-
plastic; few soft masses of lime; strong
effervescence; strongly alkaline; clear
wavy boundary.

11C4—34 to 60 inches; light yellowish brown
(2.5Y 6/3) gravelly sand, light olive
brown (2.5Y 5/4) when moist; single
grained; loose, nonsticky and nonplastic;
strong effervescence; strongly alkaline.

The A horizon is 5 to 14 inches thick and ranges
from very dark gray to gray. It has weak to strong
effervescence. The Cca horizon has common to many
soft masses of lime. Its upper boundary is within 16
inches of the surface. It ranges from gray to white
and is mostly loam, but ranges from sandy loam to
clay loam. The lower part of the Cea horizon commonly
contains faint to distinct yellowish brown mottles. The
IIC horizon is mixed very gravelly and gravelly sand,
loamy sand, and coarse sand. Depth to the IIC ma-
terial ranges from 20 to 40 inches.

Divide soils are associated in the landscape with
Marysland, Stady, Bowdle, and Hamerly soils. They
are better drained than Marysland soils, are not so
well drained as Stady and Bowdle soils, and have more
sand and gravel in the C horizon than Hamerly soils.

Dv—Divide loam. This is the only Divide soil
mapped in the county. It is nearly level. Slopes are 0
to 1 percent. Included with this soil in mapping were
a few small areas of Marysland, Bowdle, Ruso, Stady,
Manning, and Wabek soils. Also included are a few
gently undulating areas.

This soil is somewhat poorly drained and has slow
runoff. The water table is within 2 or 8 feet of the
surface in spring or during rainy seasons.

This soil is suited to all crops commonly grown in
the county. About half the acreage is used for crops.
The chief limitation is droughtiness caused by the
moderate depth of the root zone over sand and gravel.
The main management concerns are controlling soil
blowing, conserving moisture, and maintaining fer-
tility and tilth. Timely operations because of wet
conditions in spring are also a concern. Capability unit
ITIs-4L; Silty range site.

Falkirk Series

The Falkirk series consists of deep, nearly level to
gently rolling, well drained soils. These soils formed
in a loam melt-water mantle 20 to 40 inches thick
over loamy glacial till.

In a representative profile the surface layer is dark
grayish brown loam about 7 inches thick. The subsoil
is dark grayish brown and grayish brown, very friable
and friable loam about 21 inches thick. Below this is
6 inches of grayish brown gravelly loam. The under-
lying material is light brownish gray and light yellow-
ish brown clay loam.

Permeability is moderate in the subsoil and mod-
erately slow in the underlying material. Available
water capacity, organic-matter content, and natural
fertility are high.

Most of the acreage is cultivated and used for small
grain, corn, and alfalfa. The native vegetation is mid
and short prairie grasses.

Representative profile of Falkirk loam, 0 to 3 per-
cent slopes, in a cultivated field 1,250 feet east and 46
{{eet8 ZSO\l/thh of the northwest corner, sec. 11, T. 145 N,

Ap—O0 to 7. inches; dark grayish brown (10YR
4/2) loam, very dark brown (10YR 2/2)
when moist; moderate fine granular
structure; slightly hard, very friable,
slightly sticky and slightly plastic; many
roots; neutral; abrupt smooth boundary.

B21—17 to 14 inches; dark grayish brown (10YR
4/2) loam, very dark grayish brown
(10YR 3/2) when moist; faces of peds
coated with very dark brown (10YR
2/2) moist; moderate medium prismatic
structure parting to weak medium sub-
angular blocky; slightly hard, very fri-
able, slightly sticky and slightly plastic;
common fine roots; common fine pores;
mildly alkaline; clear wavy boundary.

B22—14 to 23 inches; grayish brown (10YR 5/2)
loam, very dark grayish brown (10 YR
3/2) when moist; faces of peds coated
with very dark brown (10 YR 2/2)
moist; moderate medium prismatic strue-
ture parting to moderate medium sub-
angular blocky; slightly hard, friable,
slightly sticky and slightly plastic; com-
mon fine roots; many very fine pores;
patches of clay films on vertical faces of
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peds; mildly alkaline; gradual
boundary.

B3—23 to 28 inches; grayish brown (2.5Y 5/2)
loam, dark grayish brown (2.5Y 4/2)
when moist; moderate medium prismatic
structure parting to weak medium sub-
angular blocky:; slightly hard, friable,
slightly sticky and slightly plastic; com-
mon fine roots; common fine pores;
slight effervescence in spots; mildly
alkaline; clear wavy boundary.

IIC1—28 to 34 inches; grayish brown (2.5Y 5/2)
gravelly loam, dark grayish brown (2.5Y
4/2) when moist; weak coarse prismatic
structure; slightly hard, friable, slightly
sticky and slightly plastic; few fine roots;
few fine pores; approximately 35 percent
by volume large pebbles and cobbles;
strong effervescence; mildly alkaline;
clear wavy boundary.

IIIC2ca—34 to 42 inches; light brownish gray
(2.5Y 6/2) light clay loam, grayish
brown (2.5Y 4/2) when moist; weak
coarse prismatic structure; hard, friable,
sticky and slightly plastic; few fine
roots; few fine pores; common soft
masses of segregated lime; strong effer-
vescence; moderately alkaline; diffuse
boundary.

ITIIC3—42 to 60 inches; light yellowish brown
(2.5Y 6/3) light clay loam, light olive
brown (2.5Y 5/3) when moist; massive;
hard, firm, sticky and slightly plastic;
few fine pores; few soft masses of segre-
gated lime; strong effervescence; moder-
ately alkaline.

The A horizon is 6 to 10 inches thick and is very dark
grayish brown to grayish brown. It is typically loam
but ranges from silt loam to fine sandy loam.

The B horizon is 10 to 24 inches thick and is dark
grayish brown to grayish brown. In some pedons there
is a 14- to 6-inch gravelly contact line directly above
the glacial till. In other pedons a 2- to 10-inch layer of
fine sandy loam is above the glacial till.

The IIIC horizon has few to many threads and soft
masses of lime. It is multicolored glacial till of clay
loam or heavy loam textures. Most pedons have 26 to 36
inches of nearly gravel-free material overlying the gla-
cial till. The mantle has a maximum range of 20 to 40
inches in thickness.

Falkirk soils are associated in the landscape with
Bowbells, Roseglen, Williams, and Wilton soils. They
contain less clay accumulation in the B2 horizon than
Bowbells and Williams soils, are better drained than
Roseglen soils, and have less silt in the B horizon
than Wilton soils.

FaA—Falkirk loam, 1 to 3 percent slopes. This
nearly level and level soil is on broad uplands. Areas
are 10 to more than 500 acres in size. This soil has the
profile described as representative of the series.
Included in mapping were small areas of Arnegard,
Williams, Bowbells, Flaxton, Roseglen, and Tonka
soils.

This soil is well drained but has slow runoff. It is
slightly susceptible to erosion.

wavy

This soil is suited to all crops commonly grown in
the county. Nearly all the acreage is used for crops.
A few areas remain in native range. The chief manage-
ment needs are conserving moisture and maintaining
f(_atrtility and tilth. Capability unit IIc—6; Silty range
site.

FaB—Falkirk loam, 3 to 6 percent slopes. This gently
sloping soil is on smooth uplands. Areas are 10 to more
than 200 acres in size. This soil has a profile similar to
the one described as representative of the series, but it
has a slightly thinner surface layer and subsoil. In-
cluded in mapping were small areas of Arnegard,
Williams, Bowbells, Flaxton, Roseglen, and Tonka soils.

This soil is well drained but has slow runoff. It is
slightly susceptible to erosion.

This soil is suited to all crops commonly grown in
the county. Nearly all the acreage is used for crops.
A few areas remain in native range. The main manage-
ment needs are conserving moisture and maintaining
fgg'tility and tilth. Capability unit IIe-6; Silty range
site.

FbA—Falkirk and Max leams, 1 to 3 percent slopes.
This nearly level mapping unit is on smooth, broad
terraces in uplands. The underlying glacial till has been
mantled with varying thickness of loam textured allu-
vium. About 50 percent of the total acreage is Falkirk
loam, 20 percent is Max loam, 15 percent is Bowdle
loam, and 15 percent is minor soils. The profiles of the
major soils are similar to the ones described for the
respective series, but the Falkirk soil has slightly
thinner darkened upper layers. Included in mapping
were small areas of Arnegard, Bowbells, Stady, Wil-
liams, Roseglen, Tansem, Tonka, and Parnell soils.

This unit is well drained but has slow runoff. It is
only slightly susceptible to erosion. It is suited to all
crops commonly grown in the county. Most of the acre-
age is used for crops. The main management needs are
conserving moisture and maintaining fertility and
tilth. Capability unit IIc—6; Silty range site.

FbB—Falkirk and Max loams, 3 to 6 percent slopes.
This gently sloping mapping unit is on terraces and
uplands. The underlying glacial till has been mantled
with varying thickness of loam textured alluvium.
About 50 percent of the total acreage is Falkirk loam,
20 percent is Max loam, 15 percent is Bowdle and Stady
loams, and 15 percent is minor soils. The profiles of the
major soils are similar to those described for the
respective series, but the Falkirk soil has slightly thin-
ner darkened upper layers. Included with these soils in
mapping were small areas of Arnegard, Bowbells,
Tonka, Williams, Roseglen, Tansem, and Parnell soils.

This unit is well drained and has slow to medium
runoff. It is slightly susceptible to erosion. It is suited
to all the crops commonly grown in the county. Most of
the acreage is used for crops. The rest is in native
range or pasture. The main management needs are
controlling erosion, conserving moisture, and maintain-
ing fertility and tilth. Capability unit IIe-6; Silty
range site.

FbhC—Falkirk and Max loams, 6 to 9 percent slopes.
This gently rolling mapping unit is on terraces and
uplands. The underlying glacial till has been mantled
with varying thickness of loam textured alluvium.
About 50 percent of the total acreage is Falkirk loam,
20 percent is Max loam, 15 percent is Stady and
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Bowdle loams, and 15 percent is minor soils. The pro-
files of these soils are similar to those described for
the respective series, but the Falkirk soil has a thinner
surface layer and subsoil. Included in mapping were
small areas of Arnegard, Bowbells, Tansem, Williams,
Roseglen, Tonka, and Parshall soils.

This unit is well drained and has medium runoff. It
is subject to moderate erosion. It is suited to all crops
commonly grown in the county. Most of the acreage
is used for crops. The rest is in native range or pasture.
The main management needs are controlling erosion,
conserving moisture, and maintaining fertility and
tilth. Capability unit I1Ie-6; Silty range site.

Farnuf Series

The Farnuf series consists of deep, nearly level and
gently sloping, well drained loams on terraces, fans,
and outwash plains. These soils formed in alluvium.

In a representative profile the surface layer is dark
grayish brown loam about 3 inches thick. The subsoil
is dark grayish brown and grayish brown friable clay
loam about 11 inches thick. The underlying material is
light brownish gray and olive clay loam and loam,

Permeability and organic-matter content are moder-
ate. Available water capacity and natural fertility are
high.

These soils are used for crops and range. The native
vegetation is mid and short prairie grasses.

Representative profile of Farnuf loam, 3 to 6 percent
slopes, in pasture 1,600 feet south and 1,180 feet west
of the northeast corner, sec. 33, T. 149 N., R. 85 W.

Al1—0 to 3 inches; dark grayish brown (10YR
4/2) loam, very dark brown (10YR 2/2)
when moist; moderate fine granular
structure; slightly hard, very friable,
slightly sticky and slightly plastic; neu-
tral; gradual boundary.

B1—8 to 7 inches; dark grayish brown (10YR
4/2) clay loam, very dark brown (10YR
2/2) when moist ; moderate medium pris-
matic structure parting to weak medium
subangular blocky ; slightly hard, friable,
sticky and plastic; many fine pores; neu-
tral; clear boundary.

B2t—7 to 14 inches; grayish brown (2.5Y 5/2)
clay loam, very dark grayish brown (2.5Y
3/2) when moist; ped faces coated with
very dark brown (10YR 2/2) when
moist; strong medium prismatic struc-
ture parting to strong fine subangular
blocky; hard, friable, sticky and plastic;
many fine pores; continuous clay films;
neutral; clear boundary.

Cl—14 to 24 inches; light brownish gray (2.5Y
6/2) light clay loam, dark grayish brown
(2.5Y 4/2) when moist; weak medium
prismatic structure parting to weak
medium subangular blocky; hard, firm,
sticky and plastic; common fine pores;
few soft masses of lime; strong efferves-
cence; mildly alkaline ; gradual boundary.

Clca—24 to 36 inches; light brownish gray (2.5Y
6/2) light clay loam, dark grayish brown

(2.5Y 4/2) when moist; massive; hard,
firm, sticky and plastic; few fine pores;
common soft masses of lime; strong
effervescence ; moderately alkaline; grad-
ual boundary.

C3—36 to 60 inches; olive (5Y 5/3) loam (5Y
4/3) when moist; massive; slightly hard,
friable, slightly sticky and slightly plas-
{;jc; strong effervescence; strongly alka-
ine.

Farnuf soils are associated in the landscape with
Rhoades, Straw, and Williams soils. In contrast with
Rhoades soils, they do not have a high sodium content.
They have a larger clay accumulation in the B2 hori-
zon than Straw soils and are more stratified in the
C horizon than Williams soils.

FfA—Farnuf loam, 1 to 3 percent slopes. This nearly
level soil is on terraces, fans, and outwash plains.
Included in mapping were small areas of Arnegard,
Grail, Stady, and Williams soils. Also included were a
few areas of Rhoades soils, which are identified by
spot symbols on the soil map.

This soil is well drained and has medium runoff.
ﬂt i'}s1 slightly susceptible to erosion. Natural fertility is

igh.

This soil is suited to all crops commonly grown in
the county and is also suited to irrigated crops. More
than half the acreage is cultivated. The rest is in native
range. The chief management needs are conserving
moisture and maintaining fertility and tilth. Capability
unit Ilc-6; Silty range site.

F{B—Farnuf loam, 3 to 6 percent slopes. This gently
sloping soil is on terraces, fans, and outwash plains.
It has the profile described as representative of the
series. Included in mapping were small areas of Arne-
gard, Grail, Stady, and Williams soils. Also included
were a few areas of Rhoades soils that are indicated by
spot symbols on the soil map.

This soil is well drained and has medium runoff.
It is slightly susceptible to erosion.

This soil is suited to all crops commonly grown in
the county and is also suited to irrigated crops. More
than half the acreage is used for crops. The rest is in
native range. The chief management needs are con-
trolling erosion, conserving moisture, and maintaining
fgtrti]ity and tilth. Capability unit IIe-6; Silty range
site.

Flasher Series

The Flasher series consists of shallow, moderately
sloping to very steep, somewhat excessively drained
fine sandy loams on crests of hills, ridges, and valley-
sides. These soils formed in material weathered from
sandstone.

In a representative profile the surface layer is gray-
ish brown fine sandy loam about 5 inches thick. The
underlying material is very friable grayish brown and
light yellowish brown loamy fine sand. Sandstone is at
17 inches.

Permeability is moderately rapid. Available water
capacity is very low. The organic-matter content and
natural fertility are low.

These soils are used mostly for range and pasture.
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Representative profile of Flasher fine sandy loam,
6 to 15 percent slopes, in rangeland 980 feet south and
40 feet west of the northeast corner, sec. 31, T. 149 N.,
R. 89 W.

A1—0 to 5 inches; grayish brown (10YR 5/2)
fine sandy loam, very dark grayish
brown (10YR 3/2) when moist; weak
fine granular structure; soft, very fri-
able, nonsticky and nonplastic; slight
effervescence; neutral; clear boundary.

AC—5 to 9 inches; grayish brown (2.5Y 5/2)
loamy fine sand, very dark grayish brown
(2.5Y 4/2) when moist; weak coarse
subangular blocky structure parting to
weak fine granular; slightly hard, very
friable, nonsticky and nonplastic; strong
effervescence; mildly alkaline; gradual
boundary.

C1—9 to 17 inches; light yellowish brown (2.5Y
6/4) loamy fine sand, light olive brown
(2.5Y 5/4) when moist ; massive; slightly
hard, very friable, nonsticky and non-
plastic; strong effervescence ; mildly alka-
line; gradual boundary.

C2—17 to 60 inches; light yellowish brown (2.5Y
6/4) soft sandstone, light olive brown
(2.5Y 5/4) when moist; weak platy;
hard, firm, nonsticky and nonplastic;
strong effervescence; mildly alkaline.

The A horizon is dark grayish brown or grayish
brown loamy fine sand, fine sandy loam, or sandy loam.
The C horizon is loamy sand or loamy fine sand. A few
films and threads of segregated lime occur in the C
horizon and upper part of the soft sandstone. The soft
sandstone begins at 10 to 20 inches. It crushes easily
to fine sand or loamy fine sand.

Flasher soils are associated in the landscape with
Cohagen and Vebar soils. They contain more sand than
Cohagen soils and are less deep than Vebar soils.

FID—Flasher fine sandy loam, 6 to 13 percent
slopes. This moderately sloping and strongly sloping
soil is on ridges and valleysides. It has the profile
described as representative of the series. Included in
mapping were small areas of Cabba, Vebar, Parshall,
Lihen, and Cohagen soils.

This soil is somewhat excessively drained and has
medium runoff. It is highly susceptible to erosion.

Nearly all the acreage is in range and pasture. A
few areas are cropped and should be seeded to grass.
Management is needed to maintain good stands of
native grass. Capability unit VIe-Sw; Shallow range
site.

FIE—Flasher fine sandy loam, 15 to 35 percent
slopes. This moderately steep to very steep soil is on
ridges and valleysides. Included in mapping were small
areas of Cabba, Vebar, Parshall, Lihen, and Cohagen
soils.

This soil is somewhat excessively drained and has
medium runoff. It is highly susceptible to erosion.

Nearly all the acreage is in range and pasture.
Management is needed to maintain good stands of
native grass. Capability unit VIe-Sw; Shallow range
site.

Flaxton Series

The Flaxton series consists of deep, nearly level to
moderately sloping, well drained soils. These soils
formed in a sandy loam mantle over glacial till.

In a representative profile the surface layer is dark
grayish brown fine sandy loam about 10 inches thick.
The subsoil, about 25 inches thick, is very friable,
brown fine sandy loam in the upper 21 inches and fri-
able, grayish brown clay loam in the lower 4 inches.
iI‘he underlying material is light brownish gray clay
oam.

Permeability is moderately rapid in the upper sub-

- soil and moderately slow in the underlying material.

Available water capacity and organic-matter content
are high. Natural fertility is medium.
Nearly all the acreage is used for crops. The native
vegetation is mid and short prairie grasses.
Representative profile of Flaxton fine sandy loam,
1 to 3 percent slopes, 2,400 feet east and 150 feet north
of southwest corner sec. 35, T. 145 N, R. 83 W.

Ap—0 to 6 inches; dark grayish brown (10YR
4/2) fine sandy loam, very dark brown
(10YR 2/2) when moist; moderate
medium granular structure; slightly
hard, very friable, nonsticky and non-
plastic; slightly acid; abrupt boundary.

A12—6 to 10 inches; dark grayish brown (10YR
4/2) fine sandy loam, very dark brown
(10YR 2/2) when moist; weak medium
prismatic structure; slightly hard, very
friable, nonsticky and nonplastic; neu-
tral; clear boundary.

B21—10 to 24 inches; brown (10YR 5/3) fine
sandy loam, dark brown (10YR 3/3)
when moist; weak medium prismatic
structure; slightly hard, very friable,
nonsticky and nonplastic; neutral; clear
boundary.

B22—24 to 81 inches; brown (10YR 5/3) fine
sandy loam, brown to dark brown (10YR
4/3) when moist; weak medium pris-
matic structure; slightly hard, very fri-
able, nonsticky and nonplastic; neutral;
abrupt boundary.

IIB23t—31 to 35 inches; grayish brown (2.5Y
5/2) clay loam, dark grayish brown
(2.5Y 4/2) when moist; strong medium
prismatic structure parting to moderate
medium angular blocky; hard, friable,
sticky and plastic; clay films on vertical
faces; tongues of sandy material between
peds; few pebbles and shale fragments;
neutral ; clear irregular boundary.

IIC1ca—35 to 42 inches; light brownish gray
(2.5Y 6/2) clay loam, light olive brown
(2.5Y 5/3) when moist; few fine dis-
tinct brownish yellow (10YR 6/6) mot-
tles; massive; hard, firm, sticky and
plastic; common threads and masses of
lime; few pebbles and shale fragments;
strong effervescence; moderately alka-
line; clear irregular boundary.

IIC2—42 to 60 inches; light brownish gray (2.5Y
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6/2) clay loam, light olive brown (2.5Y
5/8) when moist; few fine distinct
brownish yellow (10YR 6/6) mottles;
massive; hard, firm, sticky and plastic;
few threads and masses of lime; few
pebbles and shale fragments; strong
effervescence; moderately alkaline,

The A horizon and part of the B horizon formed in
fine sandy loam sediment. The IIB and IIC horizons
formed in glacial till. The A horizon is fine sandy loam
or loam. The IIB and IIC horizons begin between
depths of 20 and 40 inches.

Flaxton soils are associated in the landscape with
Krem, Parshall, and Williams soils. In the upper B2
horizon, Flaxton soils have less sand than Krem soils
and more sand than Williams soils. They have more
clay accumulation in the B2 horizon than Parshall
soils.

FnA—TFlaxton fine sandy loam, 1 to 3 percent slopes.
This nearly level soil is on glacial till uplands mantled
by fine sandy loams. It has the profile described as
representative of the series. Included in mapping were
small areas of Zahl, Williams, Krem, and Parshall
soils.

This soil is well drained but has slow runoff. It is
moderately susceptible to erosion.

This soil is suited to all crops commonly grown in
the county. Most of the acreage is used for crops. The
rest is in native range or pasture. The chief manage-
ment needs are conserving moisture, controlling soil
blowing, and maintaining fertility and tilth. Capability
unit IITe-3; Sandy range site.

FnB—TFlaxton fine sandy loam, 3 to 6 percent slopes.
This gently sloping soil is on glacial till plains mantled
by fine sandy loams. Included in mapping were small
areas of Zahl, Williams, Krem, and Parshall soils.

This soil is well drained but has slow runoff. It is
moderately susceptible to erosion.

This soil is suited to all crops commonly grown in
the county. Nearly all the acreage is used for crops.
The rest is in native range or pasture. The main man-
agement needs are controlling erosion, conserving
moisture, and maintaining fertility and tilth. Capa-
bility unit IIle-3; Sandy range site.

FnC—Flaxton fine sandy loam, 6 to 9 percent slopes.
This moderately sloping soil is on glacial till uplands
mantled by fine sandy loams. It has a slightly thinner
surface layer than that described as representative of
the series. Included in mapping were small areas of
Zahl, Williams, Krem, and Parshall soils.

This soil is well drained but has slow runoff. It is
severely susceptible to erosion.

Most of the soil is in crops. The rest is in native
range or pasture. The main management concern is
controlling erosion. Other needs are conserving mois-
ture and maintaining fertility and tilth. Capability
unit IVe-3; Sandy range site.

Fossum Series

The Fossum series consists of deep, level, poorly
drained fine sandy loams in drainageways. These soils
formed in deep sandy material.

In a representative profile the surface layer is dark
gray fine sandy loam and loam about 6 inches thick.

The subsurface layer is mottled dark gray and dark
grayish brown loamy fine sand. The underlying mate-
f‘lal is light olive brown and gray fine sand and sandy
oam.

Permeability is moderately rapid in the surface
layer and rapid in the underlying layer. Available
water capacity is low. Organic-matter content is high.
Natural fertility is medium.

Nearly all the acreage is in native vegetation and is
used for range or hay.

Representative profile of Fossum fine sandy loam in
range 200 feet north and 1,600 feet west of southeast
corner sec. 18, T. 145 N., R. 83 W,

Ap—0 to 5 inches; dark gray (10YR 4/1) fine
sandy loam, black (10YR 2/1) when
moist; common medium distinet dark
brown (10 YR 3/3) mottles; weak fine
crumb structure; soft, very friable, non-
sticky and nonplastic; slight efferves-
cence; neutral; clear boundary.

A12—5 to 6 inches; dark gray (10YR 4/1) loam,
black (N/2) when moist; weak fine
crumb structure; soft, very friable,
slightly sticky and slightly plastic; slight
effervescence ; neutral; clear boundary.

A13—6 to 13 inches; dark gray (10YR 4/1) loamy
fine sand, very dark brown (10YR 2/2)
when moist: few fine faint light olive
brown (2.5Y 5/4) mottles; weak coarse
blocky structure; loose, very friable,
nonsticky and nonplastic; slight effer-
vescence; neutral; gradual boundary.

A14—13 to 18 inches; dark grayish brown (2.5Y
4/2) loamy fine sand, very dark grayish
brown (2.5Y 3/2) when moist; common
medium distinct light olive brown (2.5Y
5/4) mottles; weak coarse blocky struc-
ture; loose, very friable, nonsticky and
nonplastic; slight effervescence; mildly
alkaline; gradual boundary.

Clg—18 to 23 inches; light olive brown (2.5Y
5/4) fine sand, olive brown (2.5Y 4/3)
when moist; common medium distinet
dark gray (5Y 4/1) mottles; single
grained; loose, nonsticky and nonplastic;
slight effervescence; mildly alkaline:
clear boundary.

C2g—23 to 50 inches; light olive brown (2.5Y
5/6) fine sand, olive brown (2.5Y 4/3)
when moist; common medium distinct
dark gray (5Y 4/1) mottles; single
grained; loose, nonsticky and nonplastic;
strong effervescence; mildly alkaline;
gradual boundary.

C3g—50 to 60 inches; gray (5Y 5/1) sandy loam,
dark gray (5Y 4/1) when moist; single
grained; hard, very friable, nonsticky
and nonplastic; strong effervescence;
mildly alkaline.

The A horizon is 15 to 24 inches thick. It is domi-
nantly fine sandy loam, but the range includes loam
and loamy sand. Mottles range from few to common
and fine to medium in the lower A horizon. The C hori-
zon ranges from loamy fine sand to sand and com-
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monly has a few thin strata of finer textured material.
The soil is limy throughout and has very slight to
strong effervescence. In places, it is slightly or moder-
ately saline.

Fossum soils are associated in the landscape with
the better drained Lihen soils.

Fs—Fossum fine sandy loam. This soil is in concave
areas in sandy outwash plains. It is the only Fossum
soil mapped in the county. Slopes are 0 to 1 percent.
Included in mapping were small areas of Marysland,
Lihen, and Colvin soils.

This soil is poorly drained and has very slow runoff.
Soil blowing is a hazard if the native vegetation is
removed.

This soil is suited to crops if excess water is
removed. Nearly all the acreage is used for range. In
cultivated areas, the main management needs are con-
trolling water, controlling erosion, and maintaining
fertility and tilth. Capability unit I1Tw-3; Wet Meadow
range site.

Grail Series

The Grail series consists of deep, nearly level and
gently sloping, well drained silty clay loams in broad
swales, on smooth terraces, and on foot slopes. These
soils formed in alluvium.

In a representative profile the surface layer is dark
grayish brown silty clay loam about 11 inches thick.
The firm subsoil is grayish brown silty clay about 9
inches thick. The underlying material is light brownish
gray, light gray, and dark gray silty clay loam, clay
loam, and loam.

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

These soils are in crops and range. The native vege-
tation is mid and short prairie grasses.

Representative profile of Grail silty clay loam, 1 to 3
percent slopes, in cultivated field 200 feet west and 200
gf%e‘%v south of northeast corner sec. 33, T. 149 N., R.

Ap—0 to 6 inches; dark grayish brown (10YR
4/2) silty clay loam, very dark brown
(10YR 2/2) when moist; moderate
medium granular structure; hard, firm,
sticky and slightly plastic; mildly alka-
line; abrupt smooth boundary.

A12—6 to 11 inches; dark grayish brown (10YR
4/2) silty clay loam, very dark brown
(10YR 2/2) when moist; weak medium
subangular blocky structure parting to
moderate medium granular; hard, firm,
sticky and slightly plastic; neutral; clear
wavy boundary.

B2t—11 to 20 inches; grayish brown (10YR 5/2)
silty clay, very dark grayish brown
(10YR 3/2) when moist; moderate
medium prismatic structure parting to
moderate fine subangular blocky; hard,
firm, sticky and slightly plastic; thin clay
films on ped faces; mildly alkaline; clear
wavy boundary.

Clca—20 to 27 inches; light brownish gray (2.5Y

6/2) silty clay loam, dark grayish brown
(2.5Y 4/2) when moist; weak coarse
prismatic structure parting to weak fine
subangular blocky ; hard, firm, sticky and
slightly plastic; few soft masses of lime;
strong effervescence; mildly alkaline;
gradual wavy boundary.

C2ca—27 to 44 inches; light gray (2.5Y 7/2) silty
clay loam, grayish brown (2.5Y 5/2)
when moist; massive; hard, firm, sticky
and slightly plastic; common soft masses
of lime; strong effervescence; moderately
alkaline; abrupt wavy boundary.

ITA1b—44 to 55 inches; dark gray (10YR 4/1)
clay loam, black (10YR 2/1) when
moist; massive; hard, friable, sticky and
plastic; slight effervescence; moderately
alkaline; clear wavy boundary.

ITCca—50 to 60 inches ; light brownish gray (2.5Y
6/2) loam, dark grayish brown (2.5Y
4/2) when moist; few medium distinet
gray (5Y 5/1) and few medium distinct
strong brown (7.5Y 5/6) mottles; mas-
sive; hard, firm, slightly sticky and
slightly plastic; few soft masses of lime;
]strong effervescence; moderately alka-
ine.

The A horizon is 7 to 24 inches thick and ranges
from dark gray to grayish brown, The texture is typi-
cally silty clay loam, but in some places it is silt loam
or clay loam.

The B2 horizon is heavy silty clay loam or silty clay
with 385 to 45 percent clay. The depth to calcareous
material ranges from 18 to more than 40 inches.

The C horizon has slight to strong effervescence. The
texture ranges from loam to clay but is dominantly
silty clay loam.

Grail soils are associated in the landscape with
Regent and Morton soils but are deeper.

GaA—~Grail silty clay loam, 1 to 3 percent slopes.
This nearly level soil is in drainageways and swales.
It has the profile described as representative of the
series. Included in mapping were areas of Arnegard,
Parnell, Tonka, and Bowbells soils. Also included were
a few small areas of Rhoades soils, which were identi-
fied by spot symbols.

This soil is well drained and has medium runoff, It
is slightly susceptible to erosion.

This soil is suited to all crops commonly grown in
the county. Nearly all the acreage is used for crops.
The chief management needs are conserving moisture
and maintaining fertility and tilth. Capability unit
ITe-7; Overflow range site.

GaB—Grail silty clay loam, 3 to 6 percent slopes.
This gently sloping soil is in drainageways and swales
and on foot slopes. Included in mapping were small
areas of Arnegard, Parnell, Tonka, and Bowbells soils.
Also included were a few small areas of Rhoades soils,
which were indicated by spot symbols.

This soil is well drained and has medium runoff.
It is slightly susceptible to erosion,

This soil is suited to all crops commonly grown in
the county. Nearly all the acreage is used for crops.
The chief management needs are conserving moisture
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and maintaining fertility and tilth. Capability unit
I1e-7; Silty range site.

Grano Series

The Grano series consists of deep, level, very poorly
drained silty clay soils in low flat basins and in depres-
sions on lake plains. These soils formed in alluvium.

In a representative profile the surface layer is dark
gray and gray silty clay about 17 inches thick. The
underlying material is light gray, gray, and white
silty clay and clay loam.

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

Nearly all the acreage is in native pasture. The
native vegetation is mid and tall prairie grasses and
some aquatic plants,

Representative profile of Grano silty clay in pasture
2,300 feet north and 2,100 feet east of southwest
corner sec. 22, T. 145 N,, R. 82 W,

01—3 inches to 0; organic mat of roots. _

A11—0 to 3 inches; dark gray (2.5Y 4/1) silty
clay, black (2.5Y 2/1) when moist; mod-
erate fine crumb structure; very friable,
sticky and plastic; mildly alkaline; clear
wavy boundary.

A12—3 to 9 inches; dark gray (2.5Y 4/1) silty
clay, black (2.5Y 2/1) when moist;
strong fine angular blocky structure; fri-
able, sticky and plastic; slight efferves-
cence; mildly alkaline; gradual wavy
boundary.

A13g—9 to 17 inches; gray (5Y 5/1) silty clay,
black (5Y 2/1) when moist; strong fine
angular blocky structure; firm, sticky
and plastic; strong effervescence; mildly
alkaline; gradual irregular boundary.

Clg—17 to 28 inches; light gray (5Y 7/1) and
gray (5Y 5/1) silty clay, gray (5Y 5/1)
and very dark gray (5Y 3/1) when
moist; weak fine angular blocky struc-
ture; firm, sticky and plastic; strong
effervescence ; moderately alkaline; grad-
ual boundary.

C2g—28 to 48 inches; gray and light gray (5Y
6/1) silty clay, dark gray (5Y 4/1) when
moist; massive; firm, sticky and plastic;
strong effervescence; strongly alkaline;
clear boundary.

C3g—48 to 60 inches; white (5Y 8/1) clay loam,
light gray (5Y 7/2) when moist; mas-
sive; firm, sticky and plastic; common
snail shells; violent effervescence; mod-
erately alkaline,

The A horizon has hue of 5Y or 2.5Y. The texture
is silty clay or silty clay loam. In some pedons, a hori-
zon of lime accumulation occurs below 16 inches. The
texture of the C horizon is silty clay or clay. Coarser
textured material occurs below 40 inches in some
pedons.

Grano soils are associated in the landscape with
Dimmick, Sinai, and Nutley soils. They have more lime

than Dimmick soils and are not so well drained as
Sinai and Nutley soils.

Gn—=Grano silty clay. This level soil is in broad flat
basins. It is the only Grano soil mapped in the county.
Slopes are 0 to 1 percent. Included in mapping were
are]as of Parnell, Dimmick, Marysland, and Hamerly
soils.

This soil is very poorly drained. Runoff ponds. The
water table is at or near the surface in spring and
after heavy rains. Permeability is slow.

Nearly all the acreage is used for pasture. It needs
to be drained of excess water before it can be success-
fully cultivated. An important management need
is maintaining fertility and tilth. Capability unit
IITw-4L; Wetland range site.

Grassna Series

The Grassna series consists of deep, nearly level,
well drained silt loams in swales and broad, slightly
concave areas. These soils formed in deep silt loam
loess or alluvium from loess.

In a representative profile the surface layer is dark
grayish brown silt loam about 17 inches thick. The
very friable subsoil is grayish brown silt loam about
22 inches thick. The underlying material is light
brownish gray silt loam and loam.

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

Nearly all the acreage is in crops. The native vegeta-
tion is mid and short prairie grasses.

Representative profile of Grassna silt loam, 1 to 3
percent slopes, in cultivated field 1,400 feet south and
%0 fee’{veast of northwest corner sec. 17, T. 144 N.,

.83 W.

Ap—O0 to 8 inches; dark grayish brown (10YR
4/2) silt loam, very dark brown (10YR
2/2) when moist; moderate fine granular
structure; slightly hard, very {riable,
slightly sticky and slightly plastic; neu-
tral; abrupt boundary.

A12—8 to 17 inches; dark grayish brown (10YR
4/2) silt loam, very dark brown (10YR
2/2) when moist; weak medium and
coarse prismatic structure parting to
weak coarse blocky; hard very friable,
slightly sticky and slightly plastic; com-
mon medium pores; neutral; clear wavy
boundary.

B2-—17 to 34 inches; grayish brown (10YR 5/2)
silt loam, very dark grayish brown
(10YR 3/2) when moist; moderate
medium prismatic structure parting to
moderate medium blocky; slightly hard,
very friable, slightly sticky and slightly
plastic; many fine pores; a few patches
of clay films on vertical faces; neutral;
clear wavy boundary.

B3—34 to 39 inches; grayish brown (2.5Y 5/2)
silt loam, very dark grayish brown (2.5Y
3/2) when moist ; moderate medium pris-
maltic structure parting to weak medium
blocky; slightly hard, very friable,
slightly sticky and slightly plastic; com-
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mon fine pores; slight effervescence in
places; mildly alkaline; gradual wavy
boundary.

Clca—39 to 50 inches; light brownish gray (2.5Y
6/2) silt loam, olive brown (2.5Y 4/3)
when moist ; weak coarse prismatic struc-
ture; slightly hard, very friable, slightly
sticky and slightly plastic; many threads
and soft masses of lime; strong efferves-
cence; mildly alkaline; clear boundary.

IIC2—50 to 60 inches; light brownish gray (2.5Y
6/2) heavy loam, olive brown (2.5Y 4/3)
when moist; massive; slightly hard, fri-
able, slightly sticky and slightly plastic;
few pebbles; few threads and films
of lime; strong effervescence; mildly
alkaline.

The A horizon is 10 to 20 inches thick and is very
dark grayish brown or dark gravish brown. The B2
horizon, which is 12 to 80 inches thick, is dark grayish
brown or grayish brown. The texture is silt loam or
light silty clay loam. The C horizon has a few to many
threads and soft masses of lime. It is mostly silt loam,
but strata of coarser and finer textures occur below 40
inches in places. Denth to carbonates ranges from 20
to more than 40 inches.

Grassna soils are associated in the landseape with
Linton, Wilton, Mandan, and Temvik soils. They have
more clay in the B2 horizon than Linton and Mandan
soils. They differ from Wilton and Temvik soils in not
having glacial till within 40 inches of the surface.

GoA—Grassna silt loam, 1 to 3 percent slopes. This
nearly level soil is the onlv Grassna soil mapped in the
county. It is in smooth, slightly concave, broad swales.
Included in mapping were small areas of Arnegard,
Wilton, Mandan, and Temvik soils.

This soil is well drained but has slow runoff. It is
suited to all crops commonly grown in the county.
Nearly all the acreage is cropped. Only a few areas
are in native range. The main management needs are
conserving moisture and maintaining fertility and
tilth. Capability unit IIc—6; Overflow range site.

Hamerly Series

The Hamerly series consists of deep, nearly level,
somewhat poorly drained loams that are limy at or
near the surface. These soils occur as rings and ir-
regularly shaped areas surrounding depressions. They
formed in calecareous loamy glacial till.

In a representative profile the surface layer is dark
gray loam about 6 inches thick. The underlying ma-
terial is a light gray and grayish brown loam and
clay loam.

Permeability is moderately slow. Available water
capacity and natural fertility are high. Organic-matter
content is medium. A seasonal water table rises to
within 2 to 5 feet of the surface during wet periods,

Nearly all the acreage is cultivated and used for
small grain, corn, and alfalfa. The native vegetation
is mid and short prairie grasses.

Representative profile of Hamerly loam, 1 to 3 per-
cent slopes, in cultivated field 2,500 feet east and 210
gge%v north of southwest corner sec. 23, T. 149 N,, R.

Ap—O0 to 6 inches; dark gray (10YR 4/1) loam,
very dark gray (10YR 3/1) when moist;
moderate medium crumb structure;
slightly hard, friable, slightly sticky and
slightly plastic; few fine pebbles; slight
effervescence; neutral; abrupt smooth
boundary.

Cca—=6 to 27 inches; light gray (2.5Y 7/2) loam,
light brownish gray (2.5Y 6/2) when
moist; very few olive mottles; weak
coarse prismatic structure parting to
moderate medium subangular blocky;
slightly hard, friable, slightly sticky and
slightly plastic; few fine pebbles; many
soft masses of lime; strong efferves-
cence; moderately alkaline; gradual
wavy boundary.

C1—27 to 35 inches; grayish brown (2.5Y 5/2)
loam, dark grayish brown (2.5Y 4/2)
when moist; few fine faint gray (5Y
5/1) mottles; massive; slightly hard,
friable, slightly sticky and slightly plas-
tic; few fine pebbles: slight efferves-
cence; moderately alkaline; gradual
wavy boundary.

C2—85 to 60 inches; grayish brown (2.5Y 5/2)
clay loam, dark grayish brown (2.5Y
4/2) when moist; common fine faint
gray (5Y 5/1) and common medium
distinct olive (5Y 4/5) mottles; massive;
hard, firm, slightly sticky and slightly
plastic; common fine pebbles; slight ef-
fervescence; moderately alkaline.

The A horizon is 6 to 15 inches thick and is dark
gray to grayish brown. It is clay loam in some places.
The Cca horizon has lime disseminated through the
mass or segregated in films and masses. Mottles are
common in the underlying material below about 20
inches. In some places there is a layer that contains
gynsum crystals.

Hamerly soils are associated in the landscape with
Williams, Parnell, Tonka, and Colvin soils. They are
not so well drained as Williams soils but are better
drained than Parnell, Tonka, and Colvin soils.

HaA—Hamerly loam, 1 to 3 percent slopes. This
nearly level soil is on glacial till uplands and occurs
as irregular rings adjacent to enclosed depressions. It
is the only Hamerly soil mapped in the county. In-
cluded in mapping were small areas of Tonka, Par-
nell, Colvin, Bowbells, and Williams soils. Also
included were some gently sloping soils.

This soil is moderately well drained and has me-
dium runoff. It is slightly susceptible to erosion.

Nearly all the acreage is used for crops. The rest is
in native range or pasture. The soil is suited to all
crops commonly grown in the countv. It is wet many
times in the spring and must be seeded late. The chief
management needs are controlling soil blowing, con-
serving moisture, and maintaining fertility and tilth.
Capability unit Iles—4L; Silty range site.

Harriet Series

The Harriet series consists of deep, level, poorly
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drained soils. These soils formed in stratified calcare-
ous loamy alluvium. .

In a representative profile the surface layer is gray
very fine sandy loam about 2 inches thick. The firm
subsoil, about 9 inches thick, is dark gray clay in the
upper 2 inches and grayish brown clay loam in the
lower 7 inches. The underlying material is grayish
brown, light olive brown, and light brownish gray clay
loam, fine sandy loam, and silty clay.

Permeability is slow. Available water capacity and
natural fertility are low. Organic-matter content is
moderate.

Most of the acreage is used for native range or pas-
ture. The native vegetation is inland saltgrass, alkali
sacaton, Nuttall alkaligrass, and other salt-tolerant
grasses.

Representative profile of Harriet very fine sandy
loam in grassy area of Harriet-Saline land complex
300 feet east and 75 feet north of southwest corner
sec. 36, T. 144 N, R. 81 W.

A2—0 to 2 inches; gray (10YR 5/1) very fine
sandy loam, very dark gray (10YR 3/1)
when moist; weak medium and thin platy
structure, slightly hard, very friable,
nonsticky and nonplastic; many fine
roots; neutral; abrupt boundary.

B21t—2 to 4 inches; dark gray (2.5Y 4/1) clay,
black (2.5Y 2/1) when moist; strong
medium and fine columnar structure
parting to moderate medium subangular
blocky; very hard, firm, sticky and plas-
tic; common fine roots; many fine pores;
patches of clay films; moderately alka-
line; clear boundary.

B22t—4 to 11 inches; grayish brown (2.5Y 3/2)
clay loam, very dark grayish brown
(2.5Y 3/2) when moist; moderate me-
dium prismatic structure parting to
moderate medium subangular Dblocky;
very hard, firm, sticky and plastic; com-
mon fine roots; many fine pores; patches
of clay films; few nests of salts; few
threads of lime; strong effervescence;
strongly alkaline; gradual boundary.

Cl1—11 to 18 inches; grayish brown (2.5Y 5/2)
clay loam, dark grayish brown (2.5Y
4/2) when moist; weak coarse prismatic
structure; very hard, firm, sticky and
plastic; few roots; few nests of salt
crystals; strong effervescence; very
strongly alkaline; clear boundary.

(C2—18 to 30 inches; light olive brown (2.5Y 5/3)
clay loam, olive brown (2.5Y 4/3) when
moist; massive; very hard, firm, sticky
and plastic; very few roots; few nests of
salt crystals; strong effervescence; very
strongly alkaline; clear boundary.

(C3—30 to 42 inches; light olive brown (2.5Y 5/3)
fine sandy loam, olive brown (2.5Y 4/3)
when moist; few fine distinct gray (5Y
5/1) mottles; friable, slightly sticky and
nonplastic; strong effervescence; very
strongly alkaline; clear boundary.

C4—42 to 60 inches; light brownish gray (2.5Y
6/2) silty clay, grayish brown (2.5Y

5/2) when moist; massive; very hard,
firm, sticky and plastic; few nests of salt
crystals; strong effervescence; strongly
alkaline.

The A2 horizon is dominantly loam, but ranges from
silt loam to very fine sandy loam. It is 1 to 4 inches
thick and is gray or light gray. Some pedons have a
1- to 2-inch A1 horizon overlying the A2 horizon.

The B2t horizon is 7 to 18 inches thick. It is clay
loam or clay that is 35 to 45 percent clay. Threads and
nests of salt erystals range from few to many.

The C horizon is gray to light olive brown, It ranges
fir?im fine sandy loam to clay and is commonly strati-

ed.

Depth to lime ranges from 2 to 10 inches. The water
table is at or near the surface in spring, but is deeper
than 3 feet in fall.

Harriet soils are associated in the landscape with
R}}loades soils. They are not so well drained as Rhoades
soils.

Hk—Harriet-Saline land complex. This mapping unit
is in channels and on low terraces, foot slopes, and
bottom land along upland streams. It is dominantly
nearly level. A few small areas are gently sloping.
Slopes are 0 to 1 percent. About 50 percent is Harriet
very fine sandy loam and 50 percent is Saline land.
Saline land has such a high concentration of soluble
salts that only the most persistent salt-tolerant plants
can grow. The texture ranges from loamy fine sand to
clay. Included in mapping were small areas of Rhoades,
Colvin, Straw, and Havrelon soils.

This unit is poorly drained. The seasonal high water
table is within 1 foot of the surface for a short time
in spring. Runoff is very slow. In many areas a salt
crust commonly appears on the surface during dry
periods.

Nearly all the acreage is in native vegetation and is
used for range. A few areas have been cultivated and
abandoned. Management is needed to maintain good
stands of native grass. Capability unit VIw-SL;
Harriet soils in Saline Lowland range site; Saline land
not assigned to a range site.

Havrelon Series

The Havrelon series consists of deep, level, well
drained soils on bottom land and low terraces. These
soils formed in stratified beds of loamy alluvium.

In a representative profile the surface layer is light
brownish gray very fine sandy loam about 6 inches
thick. The underlying material is light brownish gray
and grayish brown loam, silty clay loam, silty clay,
and fine sandy loam.

Permeability is moderate. Available water capacity
is high. Natural fertility is medium. Organic-matter
content is low,

Nearly all the acreage is cultivated and used for
small grain, corn, and alfalfa. The native vegetation
is mixed grasses, shrubs, and trees.

Representative profile of Havrelon very fine sandy
loam in cropland about 300 feet from riverbank 4,600
feet south and 200 feet east of northwest corner sec.
29, T. 144 N., R. 83 W.

Ap—O0 to 6 inches; light brownish gray (2.5Y
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6/2) very fine sandy loam, dark grayish
brown (2.5Y 4/2) when moist; moderate
fine granular structure; slightly hard,
very friable, slightly sticky and slightly
plastic; strong effervescence; neutral;
abrupt boundary.

C1—6 to 18 inches; light brownish gray (2.5Y
6/2) loam, dark grayish brown (2.5Y
4/2) when moist; massive; slightly hard,
very friable, slightly sticky and slightly
plastic; strong effervescence; neutral;
abrupt boundary.

C2—18 to 26 inches; light brownish gray (2.5Y
6/2) silty clay loam, dark grayish brown
(2.5Y 4/2) when moist; massive;
slightly plastic; two 14-inch strata of
loam; strong effervescence; neutral;
abrupt boundary.

C3—26 to 29 inches; grayish brown (2.5Y 5/2)
silty clay, very dark grayish brown
(25Y 3/2) when moist; strong fine
angular blocky structure; hard, firm,
sticky and plastic; strong effervescence;
neutral; abrupt boundary.

C4—29 to 36 inches; light brownish gray (2.5Y
6/2) loam, dark grayish brown (2.5Y
4/2) when moist; weak bedding planes;
slightly hard, very friable, slightly sticky
and slightly plastic; strong efferves-
cence; mildly alkaline; clear boundary.

C5—36 to 60 inches; light brownish gray (2.5Y
6/2) fine sandy loam; weak bedding
planes; soft, very friable, nonsticky and
nonplastic; few strata of loam; strong
effervescence; mildly alkaline.

The A horizon is 2 to 8 inches thick and is grayish
brown or light brownish gray. The texture is domi-
nantly very fine sandy loam or silty clay, but it ranges
to loam. The C horizon ranges from grayish brown to
pale yellow. These horizons are mainly loam, but strata
ranging from silty clay to loamy fine sand are com-
mon. The soil is typically calcareous throughout, but
the upper 3 to 6 inches is noncalcareous in some
profiles. In places salinity is slight to moderate. Yel-
lowish brown mottles occur in the lower C horizon in
places.

Havrelon soils are associated in the landscape with
Banks, Trembles, and Lohler soils. They have more
clay than Banks and Trembles soils and less clay than
Lohler soils.

Hn—Havrelon very fine sandy loam. This level soil
is on low terraces and bottom land. Slopes are 0 to 1
percent. This soil has the profile described as repre-
sentative of the series. Included in mapping were
small areas of Banks loam, Trembles fine sandy loam,
Lohler silty clay loam, and Havrelon silty clay loam.

This soil is well drained but has slow runoff. It is
susceptible to flooding when ice jams occur. At other
times it is protected by the Garrison Dam.

This soil is suited to all erops commonly grown in
the county, including irrigated crops. Nearly all the
acreage is cropped. The rest is in native grass and
trees. The main management needs are conserving
moisture and maintaining fertility and tilth. Capabil-
ity unit IIe—4L; range site not assigned.

Ho—Havrelon silty clay loam, This level soil is on
low terraces and bottom land. It occurs as narrow
stringers and as large irregularly shaped areas. Slopes
are 0 to 1 percent. The surface layer is silty clay loam
6 to 15 inches thick. Otherwise, this soil has a profile
similar to the one described as representative of the
series. Included in mapping were small areas of
Trembles fine sandy loam, Lohler silty clay loam, and
Havrelon loam. Also included were a few small areas
where the surface layer is silty clay.

This soil is well drained but has slow runoff. It is
subject to flooding when ice jams occur. At other
times it is protected by the Garrison Dam.

This soil is suited to all ecrops commonly grown in
the county, including irrigated crops. Nearly all the
acreage is used for crops. The rest is in native grass
and trees. Conserving moisture and maintaining fer-
tility and tilth are the main management needs. Ca-
pability unit IIe-4L; range site not assigned.

Heil Series

The Heil series consists of deep, level, poorly drained
silty eclay loams. These soils formed in caleareous silty
clay or clay alluvium in enclosed shallow depressions.

In a representative profile the surface layer is gray
silty clay loam about 2 inches thick. The very firm
subsoil is dark gray silty clay about 21 inches thick.
’Iihe underlying material is gray and light gray silty
clay.

Permeability is very slow. Runoff ponds. Available
water capacity and organic-matter content are mod-
erate. Natural fertility is medium.

Nearly all the acreage is used for range or hay. The
native vegetation is mostly western wheatgrass.

Representative profile of Heil silty clay loam in
grass 2,400 feet east and 1,550 feet north of southwest
corner sec. 34, T. 144 N., R. 81 W.

A2—0 to 2 inches; gray (10YR 5/1) silty clay
loam, very dark gray (10YR 3/1) when
moist; weak fine platy structure parting
to moderate fine granular; slightly hard,
very friable, sticky and plastic; many
roots; slightly acid; abrupt boundary.

B21t—2 to 4 inches; dark gray (10YR 4/1) silty
clay, very dark gray (10YR 3/1) when
moist; moderate medium columnar struc-
ture parting to moderate medium angu-
lar blocky; coating of gray (10YR 5/1),
uncoated sand and silt on tops and sides
of column; extremely hard, very firm,
sticky and plastic; many roots; vertical
surface of peds appears glossy when
moist; neutral; clear boundary.

B22t—4 to 16 inches; dark gray (10YR 4/1) silty
clay, very dark gray (10YR 3/1) when
moist; moderate medium and coarse pris-
matic structure parting to strong me-
dium and fine angular blocky; surface
of peds appears glossy when moist;
mildly alkaline; clear boundary.

B3—16 to 23 inches; dark gray (5Y 4/1) silty
clay, very dark gray (5Y 3/1) when
moist; weak coarse prismatic structure
parting to moderate medium angular
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blocky; extremely hard, very firm, sticky
and plastic; few roots; slight efferves-
cence; mildly alkaline; gradual bound-

ary.

C1g—23 to 37 inches; gray (5Y 5/1) silty clay,
dark gray (5Y 4/1) when moist; weak
medium angular blocky structure; ex-
tremely hard, very firm, sticky and plas-
tic; few small masses of gypsum
crystals; few soft masses of lime; strong
effervescence ; moderately alkaline; grad-
ual boundary.

C2g—37 to 46 inches; light gray (5Y 6/1) silty
clay, dark gray (5Y 4/1) when moist;
massive; extremely hard, very firm,
sticky and plastic; common large masses
of gypsum crystals; strong efferves-
cence; moderately alkaline; gradual
boundary.

C3g—46 to 60 inches; gray (5Y 5/1) silty clay,
dark gray (5Y 4/1) when moist; com-
mon fine faint olive (5Y 5/4) mottles;
massive; extremely hard, very firm,
sticky and plastic; slight effervescence;
moderately alkaline.

The A2 horizon is mostly silty clay loam but in some
places is silt loam. It is gray or light gray and is 1 to
4 inches thick. Some pedons have a 1- to 2-inch thick
A1 horizon above the A2 horizon, The B2t horizon is
clay or silty clay and is 8 to 20 inches thick. The
underlying material ranges from dark gray or olive
gray to light gray or pale olive. Mottles do not occur
in the Cg horizon in some profiles but are distinct in
others. The Cg horizon is silty clay, clay, or clay loam.
Glacial till or other contrasting materials occur below
40 inches in some profiles. The depth to carbonates
ranges from 15 to more than 38 inches.

Heil soils are associated in the landscape with Dim-
mick soils. In contrast, they have a columnar B21t
horizon.

Hs—Heil silty clay loam. This level soil is in flat en-
closed depressions on glacial till uplands and lacustrine
plains. Slopes are 0 to 1 percent. This is the only Heil
soil mapped in the county. Included in mapping were
smiall areas of Dimmick, Hamerly, Parnell, and Tonka
soils.

This soil is poorly drained and is ponded for part of
the year. Nearly all the acreage is in native grass and
is used for range or hay. A few areas have been culti-
vated and should be reseeded to grass. Management is
needed to maintain good stands of native grass. Capa-
bility unit VIs—CD ; Closed Depression range site.

Krem Series

The Krem series consists of deep, nearly level to
undulating, well drained soils. These soils formed in
a sandy mantle over glacial till.

In a representative profile the surface layer is dark
grayish brown loamy fine sand about 16 inches thick.
The subsoil, about 22 inches thick, is grayish brown
and pale brown, very friable loamy fine sand in the
upper 12 inches and firm brown and grayish brown
clay loam in the lower 10 inches. The underlying ma-
terial is light brownish gray clay loam.

Permeability is rapid in the upper subsoil and mod-
erately slow in the underlying material. Available
water capacity and organic-matter content are high.
Natural fertility is medium.

Nearly all the acreage is in native grass, and some
is cropped. The native vegetation is mid and short
prairie grasses.

Representative profile of Krem loamy fine sand,.1 to
6 percent slopes, 1,320 feet east and 780 feet north of
southwest corner sec. 18, T. 145 N,, R. 84 W.

A11—0 to 5 inches; dark grayish brown (10YR
4/2) loamy fine sand, very dark brown
(10YR 2/2) when moist; weak fine
crumb structure; soft, very friable, non-
sticky and nonplastic; many fine roots;
neutral; gradual boundary.

A12—5 to 16 inches; dark grayish brown (10YR
4/2) loamy fine sand, very dark brown
(10YR 2/2) when moist; weak coarse
blocky structure; soft, very friable, non-
sticky and nonplastic; many fine roots;
neutral; gradual boundary.

B21—16 to 21 inches; grayish brown (10YR 5/2)
loamy fine sand, very dark grayish
brown (10YR 3/2) when moist; weak
coarse blocky structure; soft, very fri-
able, nonsticky and nonplastic; common
fine roots; neutral; clear boundary.

B22—21 to 28 inches; pale brown (L0YR 6/3)
loamy fine sand, dark grayish brown
(10YR 4/2) when moist; single grained;
loose, very friable, nonsticky and non-
plastic; common fine roots; neutral;
abrupt boundary.

ITB23t—28 to 34 inches; brown (10YR 5/3) clay
loam, dark brown (10YR 4/3) when
moist; moderate medium prismatic
structure parting to moderate medium
blocky; hard, firm, sticky and plastic;
continuous clay films on ped faces; few
fine roots; a few pebbles; neutral; cleax

_ wavy boundary.

IIB3ca—34 to 38 inches; grayish brown (2.5Y
5/2) clay loam, dark grayish brown
(2.5Y 4/2) when moist; weak medium
prismatic structure; hard, firm, slightly
sticky and slightly plastic; strong effer-
vescence; mildly alkaline ; gradual bound-

ary.

IIC1—38 to 60 inches; light brownish gray (2.5Y
6/2) clay loam, dark grayish brown
(2.5Y 4/2) when moist; massive; hard,
firm, slightly sticky and slightly plastic;
few threads and soft masses of lime; a
few pebbles; strong effervescence; mildly
alkaline.

The A horizon and part of the B horizon formed
in loamy fine sand. The IIB and IIC horizons formed
in glacial till. The A horizon is commonly loamy fine
sand, but in some places is loamy sand. Thin or mod-
erately thick clay films are on ped faces in the IIB
horizon.

Krem soils are associated in the landscape with
Flaxton, Lihen, Telfer, and Williams soils. They have
more sand in the upper B horizon than Flaxton and
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Williams soils. They have more clay in the C horizon
than Lihen and Telfer soils.

KrB—Krem loamy fine sand, 1 to 6 percent slopes.
This nearly level to undulating soil is on till uplands
mantled by loamy fine sand material. It is the only
Krem soil mapped in the county. Included in mapping
were small areas of Lihen, Flaxton, Telfer, Williams,
and Zahl] soils.

This soil is well drained but has slow runoff.

Most areas are in range, and a few are cropped. The
main management concerns are controlling erosion,
conserving moisture, and maintaining fertility and
tilth. Capability unit IVe-2; Sands range site.

Lallie Series

The Lallie series consists of deep, level, poorly
drained soils. These soils are in depressed slack-water
areas and oxbows on bottom land. They formed in
stratified beds of fine textured alluvium.

In a representative profile the surface layer is gray
clay about 3 inches ‘thick. The underlying material is
gray and light brownish gray, mottled silty clay and
clay to a depth of 42 inches and gray loam and loamy
fine sand from 42 to 60 inches.

Permeability is slow, The water table is within 5
feet most of the year and is at or near the surface in
spring. Lallie soils are subject to flooding. The avail-
able water capacity is high. The natural fertility and
organic-matter content are low. _

Nearly all the acreage is in native vegetation and is
used for pasture. The native plants are sedges, reeds,
sloughgrass, and willow. A few areas are drained and
used for hay and crops.

Representative profile of Lallie clay in an area of
Lallie soils in grassland 1,840 feet west and 800 feet
south of northeast corner sec. 18, T. 144 N, R. 82 W.

A1—0 to 3 inches; gray (5Y 5/1) clay, very dark
gray (5Y 3/1) wRen moist; moderate
fine granular structure; very hard, firm,
sticky and plastic; many fine roots;
slight effervescence; neutral; clear
boundary.

Clg—3 to 19 inches; gray (5Y 6/1) clay, dark
gray (5Y 4/1) when moist; common fine
prominent light olive brown (2.5Y 5/4)
mottles when moist; weak bedding
planes; very hard, firm, sticky and plas-
tic; common fine roots; strong efferves-
cence; neutral; gradual boundary.

C2g—19 to 28 inches; light brownish gray (2.5Y
6/2) silty clay, dark grayish brown
(2.5Y 4/2) when moist; common fine
distinct gray (5Y 5/1) and light olive
brown (2.5Y 5/4) mottles when moist;
weak bedding planes; very hard, firm,
sticky and plastic; few fine roots; strong
effervescence; mildly alkaline; diffuse
boundary.

C3g—28 to 42 inches; light brownish gray (2.5Y
6/2) silty clay, dark grayish brown
(2.5Y 4/2) when moist; many fine dis-
tinet gray (5Y 5/1) and light olive
brown (2.5Y 5/4) mottles when moist;

weak bedding planes; very hard, firm,
sticky and plastic; strong effervescence;
mildly alkaline; gradual boundary.

C4g—42 to 50 inches; gray (5Y 6/1) loam, dark
gray (5Y 4/1) when moist; many large
prominent light olive brown (2.5Y 5/4)
mottles when moist; weak bedding
planes; hard, firm, slightly sticky and
slightly plastic; strong effervescence;
mildly alkaline; gradual boundary.

Cbg—50 to 60 inches; gray (5Y 6/1) loamy fine
sand, dark gray (5Y 4/1) when moist;
many large prominent light olive brown
(2.5Y 5/6) mottles when moist; massive;
slightly hard, very friable, nonsticky and
nonplastic; strong effervescence; mildly
alkaline,

The A horizon is 2 to 10 inches thick and is gray
to dark grayish brown. The texture is typically silty
clay but ranges from loam to clay. The C horizon is
gray or light brownish gray. Mottles range from few
to common and faint to prominent. In some pedons
the mottles are mostly yellowish brown, and in others
the mottles are gray or greenish gray.

Lallie soils are associated in the landscape with
Lq}11ler soils. They are more poorly drained than those
soils.

La—Lallie soils. This level mapping unit is in de-
pressed areas in bottom lands. It occurs as narrow
stringers in slack-water areas and old oxbows. Slopes
are 0 to 1 percent. The surface layer is dominantly
silty clay, but ranges from loam to heavy clay. In-
cluded in mapping were a few small areas of Lohler
and Havrelon soils and a few small areas of marsh.

These soils are very poorly drained. The water table
is within 5 feet most of the year and is at or near the
surface in spring. Flooding occurs once or twice a
year (fig. 9). Runoff is slow.

This unit is suited to crops if excess water is re-
moved. Nearly all the acreage is used for range and
pasture. A few areas have been drained and are used
for crops and hay. Controlling excess water and main-
taining fertility and tilth are the chief management
needs. Capability unit ITIw—4; Wetland range site.

Lihen Series

The Lihen series consists of deep, nearly level to
hilly, well drained soils. These soils formed in deep
sandy material.

In a representative profile the surface layer is dark
grayish brown loamy fine sand about 22 inches thick.
The underlying material is grayish brown and light
brownish gray loamy fine sand and loamy sand.

Permeability is rapid. Available water capacity and
organic-matter content are moderate. Natural fertility
is medium.

Less than half the acreage is cultivated and used
for small grain and alfalfa. The native vegetation is
mid and short prairie grasses.

Representative profile of Lihen loamy fine sand, 1
to 6 percent slopes, in native grass, 1,050 feet south
and 200 feet west of northeast corner see. 11, T. 145
N, R. 84 W.
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Figure 9.—Lallie soils are subject to flooding during snowmelt and heavy rains.

Al11—0 to 4 inches; dark grayish brown (10YR
4/2) loamy fine sand, very dark brown
(10YR 2/2) when moist; moderate fine
granular structure; soft, very friable,
nonsticky and nonplastic; many fine
roots: slightly acid; clear boundary.

A12—4 to 22 inches; dark grayish brown (10YR
4/2) loamy fine sand, very dark brown
(10YR 2/2) when moist; weak coarse
subangular blocky structure; soft, very
friable, nonsticky and nonplastic; many
fine roots; neutral; gradual boundary.

AC—22 to 35 inches; grayish brown (10YR 5/2)
loamy fine sand, very dark grayish
brown (10YR 3/2) when moist; mas-
sive; soft, very friable, nonsticky and
nonplastic; common fine roots; neutral;
gradual boundary.

C1—35 to 47 inches; grayish brown (2.5Y 5/2)
loamy fine sand, dark grayish brown
(2.5Y 4/2) when moist; single grained;
loose, nonsticky and nonplastic, few fine
roots; neutral; clear boundary.

C2ca—47 to 51 inches; light brownish gray (2.5Y
6/2) loamy sand, olive brown (2.5Y 4/3)
when moist; single grained; loose, non-
sticky and nonplastic; about 10 percent
gravel; lime coatings on underside of

pebbles; strong effervescence; neutral;
clear houndary.

C3—51 to 60 inches; grayish brown (2.5Y 5/2)
loamy sand, dark grayish brown (2.5Y
4/2) when moist; single grained; loose,
nonsticky and nonplastic; strong effer-
vescence ; mildly alkaline.

The A horizon is 16 to 30 inches thick and is dark
grayish brown or grayish brown. The texture is
commonly loamy fine sand, but loamy sand and sandy
loam occur in places, The C horizon ranges from gray-
ish brown to light gray and is loamy sand or loamy
fine sand. The depth to carbonates ranges from 10 to
36 inches. This horizon is commonly stratified and has
some gravel in places. Depth to fine sandy loam or
finer textured material is greater than 30 inches.

Lihen soils are associated in the landscape with
Parshall, Telfer, and Krem soils. They are more sandy
than Parshall soils, have a thicker A horizon than
Telfer soils, and have less clay in the C horizon than
Krem soils.

LeB—Lihen loamy fine sand, 1 to 6 percent slopes.
This nearly level to undulating soil is on hummocky
terraces and outwash plains. It has the profile de-
scribed as representative of the series. Included in
mapping were small areas of Telfer loamy fine sand,
Parshall fine sandy loam, Krem loamy fine sand, Flax-
ton fine sandy loam, and Seroco fine sand.



MC LEAN COUNTY, NORTH DAKOTA 33

This soil is well drained but has slow runoff. It is
highly susceptible to erosion.

Nearly all the acreage is used for native range and
pasture. Some areas are cropped. Small grain and
alfalfa are the main crops. The main management
needs on cropland are controlling soil blowing, con-
serving moisture, and maintaining fertility and tilth.
Capability unit IVe-2; Sands range site.

LeC—Lihen loamy fine sand, 6 to 9 percent slopes.
This gently rolling soil is on sandy uplands. It has a
profile similar to the one described as representative
of the series, except that it has a slightly thinner
surface layer. Included in mapping were small areas
of Telfer loamy fine sand, Parshall fine sandy loam,
Seroco fine sand, Krem loamy fine sand, and Flaxton
fine sandy loam. ]

This soil is well drained but has slow runoft. It is
highly susceptible to erosion.

This soil is not suited to crops. Nearly all the acre-
age is used for native range and pasture. Management
is needed to maintain good stands of native grass.
Capability unit VIe-Sa; Sands range site.

LgE—Lihen-Zahl complex, 9 to 25 percent slopes.
This rolling to hilly mapping unit is on terrace edges
and uplands. It occurs along streams that have cut
through the sandy mantle and exposed the underlying
glacial till and sedimentary beds. It is about 50 percent
Lihen loamy fine sand; 25 percent Zahl soil; and 25
percent Flaxton, Krem, Telfer, Cabba, and Flasher
soils. The Lihen soil is on the higher parts of the land-
scape and in swales and on foot slopes. The Zahl soil
is on convex slopes and on steep slopes in the lower
parts of the landscape. In most areas the surface layer
is loamy fine sand. In some areas of the Zahl soil, it is
only 1 inch thick.

This unit is well drained and has slow to rapid
runoff. It is used for range. It is highly susceptible to
erosion and is not suitable for cultivation. Manage-
ment is needed to maintain good stands of native grass.
Capability unit VIe-Sa; Lihen soil in Sands range site;
Zahl soil in Thin Upland range site.

Linton Series

The Linton series consists of deep, gently sloping to
very steep, well drained soils. These soils formed in
deep silty loess material on uplands.

In a representative profile the surface layer is dark
grayish brown silt loam about 7 inches thick. The
subsoil is very friable silt loam about 22 inches thick.
It is grayish brown, light brownish gray, and light
gray. The underlying material is light yellowish brown
silt loam.

Permeability is moderate. Available water capacity
is high. Organic-matter content is moderate. Natural
fertility is medium.

Nearly all the acreage is cultivated and used for
small grain, corn, and alfalfa. The native vegetation
is mid and short prairie grasses.

Representative profile of Linton silt loam in area of
Linton-Mandan silt loams, 8 to 6 percent slopes, in
cropland 1,250 feet east and 350 feet south of north-
west corner sec. 26, T. 147 N., R. 84 W.

Ap—O0 to 7 inches; dark grayish brown (10YR

4/2) silty loam, very dark grayish brown
(10YR 3/2) when moist; moderate fine
granular structure; slightly hard, very
friable, slightly sticky and slightly plas-
tic; neutral; abrupt smooth boundary.

B21—7 to 14 inches; grayish brown (10YR 5/2)
silt loam, very dark grayish brown
(10YR 3/2) when moist; weak medium
prismatic structure parting to weak me-
dium subangular blocky; slightly hard,
very friable, slightly sticky and slightly
plastic; many fine roots; common fine
pores; slight effervescence; neutral;
clear smooth boundary.

B22—14 to 17 inches; light brownish gray (2.5Y
6/2) silt loam, dark grayish brown (2.5Y
4/2) when moist; weak medium pris-
matic structure; slightly hard, very fri-
able, slightly sticky and slightly plastic;
many fine roots; many fine pores; slight
effervescence; mildly alkaline; clear
boundary.

B3ca—17 to 29 inches; light gray (2.5Y 7/2) silt
loam, grayish brown (2.5Y 5/2) when
moist; weak coarse prismatic structure;
slightly hard, very friable, slightly sticky
and slightly plastic; common fine roots;
common fine pores; common soft masses
of lime; strong effervescence; mildly
alkaline; clear boundary.

C1—29 to 60 inches; light yellowish brown (2.5Y
6/3) silt loam, light olive brown (2.5Y
5/3) when moist; slightly hard, very
friable, slightly sticky and slightly plas-
tic; strong effervescence ; mildly alkaline.

The A horizon is 4 to 8 inches thick and ranges
from very dark grayish brown to grayish brown. The
B2 horizon is 5 to 10 inches thick and ranges from
dark grayish brown to pale brown. The depth to
carbonates ranges from 10 to 20 inches. The C horizon
is typically silt loam, but in some places coarser or
finer textures occur below 40 inches. Lime is segre-
gated in some profiles but is diffused in others.

Linton soils are associated in the landscape with
Mandan, Temvik, Grassna, and Wilton soils. They
have a thinner A horizon than Mandan and Grassna
soils. They differ from Temvik and Wilton soils in not
having a IIC horizon.

LmB—Linton-Mandan silt loams, 3 to 6 percent
slopes. This gently sloping mapping unit is on loess
mantled terraces and uplands. It is about 60 percent
Linton silt loam and 40 percent Mandan silt loam. The
Linton soil occurs in most of the landscape, and the
Mandan soil is in slightly concave areas. The Linton
soil has the profile described as representative of the
series. Included in mapping were small areas of
Grassna, Wilton, and Temvik soils.

This unit is well drained. It has medium runoff and
is slightly susceptible to erosion.

This unit is suited to all ecrops commonly grown in
the county. Nearly all the acreage is cropped. A few
areas are in native range or pasture. The chief man-
agement needs are controlling erosion, conserving
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moisture, and maintaining fertility and tilth. Capabil-
ity unit ITe-5; Silty range site.

LmC—Linton-Mandan silt loams, 6 to 9 percent
slopes. This moderately sloping mapping unit is on
loess mantled terraces and uplands. It is about 65
percent Linton silt loam and 35 percent Mandan silt
loam. The Linton soil is on the upper plane and convex
slopes. The Mandan soil is on the lower slopes and in
concave areas. Included in mapping were small areas
of Grassna, Wilton, and Temvik soils.

This unit is well drained. It has medium runoff and
is susceptible to erosion.

This unit is suited to all crops commonly grown in
the county. Nearly all the acreage is used for crops. A
few areas are in native range. The main management
needs are controlling erosion, conserving moisture, and
maintaining fertility and tilth, Capability unit ITle-5;
Silty range site.

LmD—Linton-Mandan silt loams, 9 to 15 percent
slopes. This strongly sloping mapping unit is on loess
mantled terraces and uplands. It is about 65 percent
Linton soil and 35 percent Mandan soil. The Linton
soil is on the upper plane and convex slopes. The
Mandan soil is on the lower slopes and in concave
areas. Included in mapping were small areas of Wilton,
Grassna, Max, Temvik, and Zahl soils.

This unit is well drained. It has rapid runoff and is
highly susceptible to erosion.

This unit is suited to close-seeded crops commonly
grown in the county. About half the acreage is used
for crops. The rest is in native range or pasture. The
main management needs are controlling erosion, con-
serving moisture, and maintaining fertility and tilth.
Capability unit IVe-5; Silty range site.

LmE—Linton-Mandan silt loams, 15 to 40 percent
slopes. This moderately steep to very steep mapping
unit is on terrace edges and uplands. It is 75 percent
Linton soils-and 25 percent Mandan soils. Linton soils
are on the upper slopes in the landscape, and Mandan
soils are on foot slopes and in concave areas. Included
in mapping were small areas of Wilton, Grassna, Max,
Temvik, and Zahl soils. Also included were a few
eroded areas.

This unit is well drained. It has rapid runoff and is
highly susceptible to erosion.

This unit is not suited to crops. All of the acreage
is used for native range or pasture. Management is
needed to maintain good stands of native grass. Ca-
pability unit VIe-Si; Silty range site.

Lohler Series

The Lohler series consists of deep, level, moderately
well drained soils. These soils are on broad flats or in
slichtly depressed areas in bottom lands and low
terraces. They formed in beds of stratified moderately
fine and fine textured alluvium.

In a representative profile the surface layer is gray-
ish brown silty clay loam about 4 inches thick. The
underlying material is light brownish gray, grayish
brown, and light yellowish brown silt loam, silty clay
loam, silty clay, and very fine sandy loam.

Permeability is slow. Available water capacity is
high. Natural fertility is medium. Organic-matter con-
tent is low.

Nearly all the acreage is cultivated and used for
small grain, corn, and alfalfa. The native vegetation
is mixed grasses and trees.

Representative profile of Lohler silty clay loam in
hayland 2,100 feet south and 2,540 feet west of north-
east corner sec. 20, T. 143 N., R. 81 W.

A1—0 to 4 inches; grayish brown (2.5Y 5/2)
silty clay loam, very dark grayish brown
(2.5Y 3/2) when moist; moderate fine
granular structure; hard, friable, sticky
and plastic; slight effervescence; neu-
tral; abrupt boundary.

C1—4 to 6 inches; light brownish gray (2.5Y 6/2)
silt loam, dark grayish brown (2.5Y 4/2)
when moist; massive; slightly hard, very
friable, slightly sticky and slightly plas-
tic; strong effervescence; neutral;
abrupt boundary.

C2—6 to 22 inches; grayish brown (2.5Y 5/2)
silty clay loam, dark grayish brown
(2.5Y 4/2) when moist; weak bedding
planes; hard, firm, sticky and plastic;
strong effervescence; mildly alkaline;
clear boundary.

C3—22 to 35 inches; grayish brown (2.5Y 5/2)
light silty clay, dark grayish brown
(2.5Y 4/2) when moist; moderate fine
angular blocky structure; hard, firm,
sticky and plastic; strong effervescence;
mildly alkaline; abrupt boundary.

C4-—35 to 47 inches; grayish brown (2.5Y 5/2)
silty clay, dark grayish brown (2.5Y
4/2) when moist; few fine distinct
mottles of brownish yellow (10YR 6/6) ;
strong fine angular blocky structure;
hard, firm, sticky and plastic; few
threads of gypsum; strong effervescence;
mildly alkaline; abrupt boundary.

C5—47 to 53 inches; light yellowish brown (2.5Y
6/3) very fine sandy loam, olive brown
(2.5Y 4/3) when moist; few fine distinct
mottles of olive yellow (2.5Y 6/6); mas-
sive; soft, very friable, slightly sticky
and nonplastic; strong effervescence;
mildly alkaline; abrupt boundary.

C6-—53 to 60 inches; light brownish gray (2.5Y
6/2) silty clay, dark grayish brown
(2.5Y 4/2) when moist; moderate fine
angular blocky structure; hard, firm,
sticky and plastic; strong effervescence;
mildly alkaline.

The A horizon is 2 to 8 inches thick and is grayish
brown or light brownish gray. The texture ranges
from silt loam to silty clay or clay, but is dominantly
silty clay loam or silty clay. The C horizon ranges from
grayish brown to pale yellow. It is dominantly silty
clay loam and silty clay with a clay content of 35 to
50 percent. Strata of other textures ranging from
loamy fine sand to heavy clay occur in places.

The soils are commonly calcareous throughout, but
the upper 3 to 6 inches is noncalcareous in some pro-
files. Some profiles have slight to moderate salinity.
In some pedons, there are yellowish brown to strong
brown mottles in the lower subsoil and in others there
are none.
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Lohler soils are associated in the landscape with
Havrelon and Lallie soils. They have more clay than
Havrelon soils and are better drained than Lallie soils.

Lw—Lohler silty clay loam. This level soil is on low
terraces and bottom lands. It occurs as narrow string-
ers and as large irregularly shaped areas. Slopes are
0 to 1 percent. This soil has the profile described as
representative of the series. Included in mapping were
small areas of Havrelon silty clay loam, Lallie soils,
and other texture phases of Lohler soils.

This soil is moderately well drained. It has slow
runoff and is slightly susceptible to erosion. It is
subject to flooding from the Missouri River when ice
jams occur. At other times it is protected by the
Garrison Dam. Runoff from local side streams oc-
casionally flows across the soil and remains ponded in
places for a few hours to a few days.

This soil is suited to all crops commonly grown in
the county, including irrigated crops. Nearly all the
acreage is used for crops. The rest is in native grass
and trees. The main management needs are conserving
moisture and maintaining fertility and tilth. Capabil-
ity unit IIe-4L; range site not assigned.

Ly—Lohler silty clay. This level soil is on smooth,
low terraces. Slopes are 0 to 1 percent. The surface
layer is silty clay; otherwise, this soil has a profile
similar to the one described as representative of the
geries. Included in mapping were small areas of Lohler
silty clay loam and Lallie soils.

This soil is moderately well drained, has slow runoff,
and is slightly susceptible to erosion. It is subject to
flooding from the Missouri River when ice jams occur.
At other times it is protected by the Garrison Dam.
Runoff from local side streams occasionally flows
across and is ponded in places from a few hours to a
few days.

This soil is suited to all erops ecommonly grown in
the county, including irrigated crops. Nearly all the
acreage is used for crops. The rest is in native grass
and trees. The main management needs are controlling
soil blowing, conserving moisture, and maintaining
fertility and tilth. Capability unit IIs—4; range site
not assigned.

Makoti Series

The Makoti series consists of deep, level, moderately
well drained soils. These soils formed on nearly level
lake plains in the glacial till plains.

In a representative profile the surface laver is dark
gray silty clay loam about 6 inches thick. The subsoil,
about 18 inches thick, is firm silty clay loam. It is dark
grayish brown in the upper 8 inches and grayish
brown in the lower 5 inches. The underlying material
is light brownish gray and olive yellow silty clay
loam, silt loam, and very fine sandy loam.

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

Nearly all the acreage is cultivated and used for
small grain, corn, and alfalfa. The native vegetation
is mid and short prairie grasses.

Representative profile of Makoti silty clay loam in
a cultivated field 190 feet east and 70 feet south of
northwest corner sec. 15, T. 149 N., R. 87 W.

Ap—O0 to 6 inches; dark gray (10YR 4/1) silty
clay loam, very dark brown (10YR 2/2)
when moist; moderate medium granular
structure; slightly hard, firm, slightly
sticky and slightly plastic; few roots;
neutral; abrupt smooth boundary.

B21—6 to 14 inches; dark grayish brown' (10YR
4/2) silty clay loam, very dark grayish
brown (10YR 3/2) when moist; mod-
erate coarse prismatic structure parting
to moderate fine subangular blocky;
slightly hard, firm, slightly sticky and
slightly plastic; few roots; common fine
and very fine pores; slightly acid; clear
wavy boundary.

B22—14 to 19 inches; grayish brown (2.5Y 5/2)
silty clay loam, very dark grayish brown
(2.5Y 3/2) when moist; moderate coarse
prismatic structure parting to moderate
fine subangular blocky; slightly hard,
firm, slightly sticky and slightly plastic;
few roots; common fine and very fine
pores; neutral; clear wavy boundary.

Clca—19 to 26 inches; light brownish gray (2.5Y
6/2) silty clay loam, dark grayish brown
(2.5Y 4/2) when moist; weak medium
prismatic structure parting to weak very
fine subangular blocky; slightly hard,
friable, slightly sticky and slightly plas-
tic; few roots; common fine and very fine
pores; violent effervescence with dis-
seminated lime; mildly alkaline; gradual
wavy boundary.

C2ca—26 to 34 inches; light brownish gray (2.5Y
6/2) silt loam, dark grayish brown
(2.5Y 4/2) when moist; weak medium
subangular blocky structure parting to
weak very fine subangular blocky;
slightly hard, friable, slightly sticky and
nonplastic; few roots; common fine and
very fine pores; violent effervescence
with disseminated lime; mildly alkaline;
gradual wavy boundary.

C3—34 to 46 inches; olive yellow (2.5Y 6/6)
stratified silt loam and very fine sandy
loam, grayish brown (2.5Y 5/2) when
moist; many medium distinet gray (5Y
5/1) moist mottles; slightly hard, fri-
able, slightly sticky and nonplastic; few
roots; common fine and very fine pores;
lime segregated in fine rounded soft
masses; strong effervescence; mildly al-
kaline; gradual smooth boundary.

C4—46 to 60 inches; light brownish gray (2.5Y
6/2) stratified silty clay loam and very
fine sandy loam, olive brown (2.5Y 4/4)
when moist; many medium distinct gray-
ish brown (2.5Y 5/2) moist mottles;
slightly hard, firm, slightly sticky and
slightly plastic; lime segregated in me-
dium rounded soft masses; strong effer-
vescence; moderately alkaline.

The A horizon is 5 to 10 inches thick and is dark
gray or dark grayish brown. In most areas the texture
is silty clay loam, but silt loam occurs in places. The
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B horizon is 6 to 20 inches thick and ranges from
very dark grayish brown to light brownish gray. The
texture is silty clay loam with 30 to 35 percent clay.
Patches of clay films occur in some profiles. The depth
to carbonates ranges from 16 to 30 inches. The lower
part of the B horizon contains lime in places. The Cca
horizon contains lime, both disseminated and as seg-
regated soft masses and threads. The lower C horizon
is stratified or varved and commonly contains mottles.
In places, glacial till or strata of sand and gravel occur
below 40 inches. .

Makoti soils are associated in the landscape with
Roseglen and Bowbells soils, although they have more
silt.

Ma—Makoti silty clay loam. This level soil is on
smooth glacial lake plains. It is the only Makoti soil
mapped in the county. Slopes are 0 to 1 percent. In-
cluded in mapping were areas of Roseglen, Tansem,
Sinai, Parnell, Grail, Max, and Williams soils. Also
included were areas where the surface layer is silt
loam and areas of gently sloping soils.

This soil is moderately well drained and has slow
runoff. Nearly all the acreage is used for crops. The
rest is in native range and pasture.

This soil is suited to all the crops commonly grown
in the county. The main management needs are con-
serving moisture and maintaining fertility and tilth.
Capability unit IIe-7; Silty range site,

Mandan Series

The Mandan series consists of deep, nearly level to
moderately sloping, well drained silt loams. These soils
formed on loess mantled terraces and uplands.

In a representative profile the surface layer is dark
grayish brown silt loam about 10 inches thick. The
subsoil is grayish brown, very friable silt loam about
16 inches thick. The underlying material is light
brownish gray silt loam.

Permeability and organic-matter content are mod-
erate. Available water capacity and natural fertility
are high. )

Nearly all the acreage is cultivated for small grain.
The native vegetation is mid and short prairie grasses.

Representative profile of Mandan silt loam, 1 to 3
percent slopes, in cropland 2,300 feet north and 65
feet west of southeast corner sec 16, T. 143 N., R.
81 W.

Ap—0 to 6 inches; dark grayish brown (10YR
4/2) silt loam, very dark brown (10YR
2/2) when moist; weak fine granular
structure; slightly hard, very friable,
nonsticky and nonplastic; neutral;
abrupt boundary.

A12—6 to 10 inches; dark grayish brown (10YR
4/2) silt loam, very dark brown (10YR
2/2) when moist; weak coarse prismatic
structure; slightly hard, very friable,
nonsticky and nonplastic; neutral; clear
boundary.

B2—10 to 26 inches; grayish brown (2.5Y 5/2)
silt loam, very dark grayish brown (2.5Y
3/2) when moist; weak coarse prismatic
structure parting to weak coarse angular
blocky; slightly hard, very friable, non-

sticky and nonplastic; slight efferves-
cence; neutral; gradual boundary.
C1—26 to 32 inches; light brownish gray (2.5Y
6/2) silt loam, olive brown (2.5Y 4/3)
when moist; weak coarse prismatic
structure parting to weak coarse angular
blocky; slightly hard, very friable, non-
sticky and nonplastic; strong efferves-
cence; moderately alkaline; gradual
bouncfary.
C2—32 to 60 inches; light brownish gray (2.5Y
6/2) silt loam, light olive brown (2.5Y
5/3) when moist; massive; slightly hard,
very friable, nonsticky and nonplastic;
violent effervescence; strongly alkaline,

The A horizon is silt loam 8 to 20 inches thick. The
B horizon is dark grayish brown or grayish brown
and is 7 to 18 inches thick. The texture is silt loam or
very fine sandy loam containing less than 18 percent
clay. Some profiles lack a distinet B horizon. The C
horizon is silt loam or very fine sandy loam. In places,
shale, sand and gravel, or glacial till occurs below 40
inches (fig. 10).

The thickness of the darkened A horizon ranges
from 16 to 35 inches. The depth to lime is generally
? to 20 inches, but a few pedons are limy to the sur-

ace.

Mandan soils are associated in the landscape with
Linton, Grassna, Temvik, and Wilton soils. They have
a thicker A horizon than Linton soils, have less clay
in the B horizon than Grassna soils, and have less
clay in the C horizon than Temvik and Wilton soils.

MdA-—Mandan silt loam, 1 to 3 percent slopes. This
nearly level soil is on loess mantled uplands and ter-
races. It has the profile described as representative of
the series. Included in mapping were small areas of
Linton, Wilton, Temvik, Grassna, and Williams soils.
There are areas totaling about 120 acres, in T. 144
N. and T. 145 N., R. 84 W., that have fine sand at
depths of 28 to 40 inches.

This soil is well drained but has slow runoff.

This soil is suited to all the crops commonly grown
in the county. Nearly all of the acreage is cropped. The
chief management needs are conserving moisture and
maintaining fertility and tilth. Capability unit Ile-5;
Silty range site.

MdB—Mandan silt loam, 3 to 6 pereent slopes. This
gently sloping soil is on loess mantled uplands and
terraces. Included in mapping were,small areas of
Linton, Temvik, Wilton, Grassna, and Williams soils.
There are areas totaling about 80 acres, in T. 144 N.
and T. 145 N, R. 84 W, that have fine sand at depths
of 28 to 40 inches.

The soil is well drained but has slow runoff. It is
slightly susceptible to erosion.

This soil is suited to all crops commonly grown in
the county, including irrigated crops. Nearly all the
acreage is in crops. The main management needs are
controlling erosion, conserving moisture, and main-
taining fertility and tilth. Capability unit ITe-5; Silty
range site.

MdC—Mandan silt loam, 6 to 9 percent slopes. This
moderately sloping soil is on loess mantled uplands
and terraces. Included in mapping were small areas of
Linton, Temvik, Wilton, Grassna, and Williams soils.
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Figure 10.—Profile of Mandan silt loam showing sand and gravel
below 48 inches.

This soil is well drained but has medium runoff, It
is moderately susceptible to erosion.

This soil is suited to all crops commonly grown in
the county. Nearly all the acreage is used for crops.
The main management concern is controlling erosion.
Conserving moisture and maintaining fertility and
tilth are also important. Capability unit IIle-5; Silty
range site.

Manning Series

The Manning series consists of gently to moderately
sloping, somewhat excessively drained soils that are
moderately deep over sand and gravel. These soils
formed in moderately coarse sediment underlain by
sand and gravel outwash.

In a representative profile the surface layer is dark
grayish brown coarse sandy loam about 6 inches thick.
The subsoil is very friable, dark grayish brown coarse

sandy loam about 5 inches thick. The underlying ma-
terial is grayish brown and light brownish gray
gravelly loamy coarse sand and coarse sandy loam.

Permeability is moderately rapid in the subsoil and
very rapid in the underlying material. Available water
capacity is low. Organic-matter content is moderate.
Natural fertility is medium,

Nearly all the acreage is cultivated and used for
small grain, corn, and alfalfa. The native vegetation
is mid and short prairie grasses.

Representative profile of Manning coarse sandy
loam in cultivated area of Ruso-Manning coarse sandy
loams, 3 to 6 percent slopes, 1,300 feet north and 300
feet east of southwest corner sec. 6, T. 147 N., R. 80 W.

Ap—0 to 6 inches; dark grayish brown (10YR
4/2) coarse sandy loam, very dark brown
(10YR 2/2) when moist; moderate fine
granular structure; slightly hard, very
friable, slightly sticky and nonplastic;
neutral; abrupt boundary.

B2—6 to 11 inches; dark grayish brown (10YR
4/2) coarse sandy loam, very dark brown
(10YR 2/2) when moist; weak medium
prismatic structure parting to weak me-
dium subangular blocky; slightly hard,
very friable, slightly sticky and plastic;
neutral; clear boundary.

C1—11 to 21 inches; grayish brown (10YR 5/2)
coarse sandy loam, dark grayish brown
(10YR 4/2) when moist; very weak me-
dium subangular Dblocky structure;
slightly hard, very friable, slightly sticky
and nonplastic; about 10 percent fine
gravel; slight effervescence; neutral;
gradual boundary.

IIC2—21 to 60 inches; light brownish gray (2.5Y
6/2) gravelly loamy coarse sand, dark
grayish brown (10YR 4/2) when moist;
single grained; loose, nonsticky and non-
plastic; strong effervescence; mildly al-
kaline.

The depth to the IIC horizon ranges from 20 to 40
inches, and the depth to lime ranges from 10 to 25
inches. The A horizon is 5 to 12 inches thick and is
coarse sandy loam or sandy loam. It ranges from dark
gray to grayish brown. The B horizon is 12 to 22
inches thick and ranges from dark grayish brown to
light olive brown. The texture is coarse sandy loam or
sandy loam. The IIC materials range from gravelly
sandy loam or loamy sand to coarse sand and gravel.

The content of fine and coarser sand in the upper
part of these Manning soils is greater than in the
range defined for the series. This difference, however,
does not alter use and management.

Manning soils are associated in the landscape with
Stady, Parshall, and Ruso soils. They have less clay
in the B horizon than Stady soils and have a IIC
horizon that is lacking in Parshall soils. They have a
thinner A horizon than Ruso soils.

Marysland Series

The Marysland series consists of level, poorly
drained soils that are moderately deep over sandy
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and loamy material. These soils formed in a loamy
mantle of glacial outwash underlain by sand and
gravel outwash.

In a representative profile the surface layer is very
dark gray and dark gray loam and clay loam about 9
inches thick. The underlying material is light gray
and gray clay loam, loamy sand, and sand.

Permeability is moderate in the loamy material and
rapid or very rapid in the sand and gravel. Available
water capacity is moderate. Organic-matter content is
high. Natural fertility is medium.

Nearly all the areas are in native pasture or hay.
The native vegetation is sedges, cordgrass, and other
tall prairie grasses. If adequately drained, these soils
are used for crops.

Representative profile of Marysland loam in hayland
1,000 feet west and 1,600 feet north of southeast
corner sec. 21, T. 145 N, R. 82 W.

A11—0 to 4 inches; very dark gray (2.5Y 3/1)
loam, black (2.5Y 2/1) when moist;
moderate fine granular structure; fri-
able, slightly sticky and slightly plastic;
many roots; slight effervescence in
spots; neutral; clear boundary.

A12—4 to 9 inches; dark gray (2.5Y 4/1) clay
loam, black (2.5Y 2/1) when moist;
weak medium prismatic structure part-
ing to moderate medium subangular
blocky ; friable, sticky and plastic; 5 per-
cent fine gravel, many roots; strong
effervescence; neutral; clear boundary.

Clcag—9 to 20 inches; light gray (5Y 7/1) clay
loam, light gray to gray (5Y 6/1) when
moist; common large distinct light olive
brown (2.5Y 5/4) mottles; weak me-
dium subangular blocky structure; fri-
able, sticky and plastic; 5 percent gravel,
many roots; violent effervescence; mildly
alkaline; abrupt boundary.

IIC2g—20 to 23 inches; gray (5Y 6/1) loamy sand,
gray (5Y 5/1) when moist; common
large distinct light olive brown (2.5Y
5/4) mottles; single grained; loose, non-
sticky and nonplastic; 10 percent gravel,
few roots; strong effervescence; mildly
alkaline; abrupt boundary.

11C3g—23 to 26 inches; light gray (5Y 7/1) clay
loam, dark gray (5Y 4/1) when moist;
few olive brown (2.5Y 5/4) mottles;
massive; friable, sticky and plastic; 10
percent fine gravel, few roots; violent
effervescence; mildly alkaline; abrupt
boundary.

IIC4g—26 to 60 inches; light gray (2.5Y 7/2)
stratified loamy sand and sand, light
olive brown (2.5Y 5/4) when moist; few
small gray (5Y 5/1) mottles; single
grained ; loose, nonsticky and nonplastic;
10 percent gravel, few roots; strong ef-
fervescence; mildly alkaline.

The A horizon is 7 to 16 inches and is dark gray or
very dark gray. The Cca horizon is gray or light gray.
1t has few to many gray, olive brown, or yellowish
brown mottles. It ranges from heavy sandy loam to
clay loam. The IIC horizon is mixed, calcareous loamy

sand, gravelly sand, coarse sand, or gravelly sand.
The depth to IIC material ranges from 20 to 40 inches.

Marysland soils are associated in the landscape with
Divide, Bowdle, and Stady soils. They are more poorly
drained.

Mf—Marysland loam. This level soil occurs in low
and slightly concave areas in the glacial outwash plain.
Slopes are 0 to 1 percent. This is the only Marysland
soil mapped in the county. Included in mapping were
small areas of Colvin, Divide, Bowdle, and Stady soils.

This soil is poorly drained and has slow runoff. It is
slightly susceptible to erosion.

Nearly all the acreage is in native pasture. A few
drained areas are used for crops. Management is
needed to control excess water and erosion and to
maintain fertility and tilth. Capability unit IVw—4L;
Wet Meadow range site.

Max Series

The Max series consists of deep, undulating to steep,
Wﬁ“ drained soils. These soils formed in loamy glacial
till.

In a representative profile the surface layer is dark
grayish brown loam about 5 inches thick. The subsoil
is dark grayish brown, friable loam about 4 inches
thick. The underlying material is light brownish gray
and light olive brown loam and clay loam.

Permeability is moderate in the subsoil and moder-
ately slow in the underlying material. Available water
capacity is high. Organic-matter content is moderate,
and natural fertility is medium.

These soils are used mostly for crops. The native
vegetation is mid and short prairie grasses.

Representative profile of Max loam in cultivated
area of Max-Zahl loams, 6 to 9 percent slopes, 140
feet east and 1,700 feet south of northwest corner sec.
5 T.149 N, R. 81 W.

Ap—~0 to 5 inches; dark grayish brown (10YR
4/2) loam, very dark brown (10YR 2/2)
when moist; moderate fine granular
structure; slightly hard, friable, slightly
sticky and slightly plastic; mildly alka-
line; abrupt smooth boundary.

B2—5 to 9 inches; dark grayish brown (10YR
4/2) heavy loam, very dark brown
(10YR 3/3) when moist; peds coated
with very dark grayish brown (10YR
3/2) moist; moderate medium prismatic
structure parting to weak medium sub-
angular blocky; hard, friable, sticky and
slightly plastic; common fine roots; few
fine pores; patches of clay films on verti-
cal faces; mildly alkaline; clear wavy
boundary.

Clca—9 to 17 inches; light brownish gray (2.5Y
6/3) loam, olive brown (2.5Y 4/3) when
moist; moderate coarse prismatic struec-
ture; hard, friable, slightly sticky and
slightly plastic; common fine roots; few
fine pores; few films and soft masses of
lime; strong effervescence; mildly alka-
line; gradual wavy boundary.

C2ca—17 to 37 inches; light olive brown (2.5Y
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5/8) clay loam, olive brown (2.5Y 4/3)
when moist; many medium distinct gray
(5Y 5/1) and dark yellowish brown
(10YR 4/4) moist mottles; weak coarse
prismatic structure; hard, friable, sticky
and plastic; few fine pores; common
films and soft masses of lime; strong
effervescence; moderately alkaline; grad-
ual wavy boundary.

C3—37 to 60 inches; light olive brown (2.5Y 5/3)
clay loam, olive brown (2.5Y 4/3) when
moist; many large distinet gray (5Y
5/1), olive (5Y 4/4), and dark brown
(7.5YR 4/4) moist mottles; massive;
very hard, firm, sticky and plastic; very
few roots; few pores; very few soft
masses of lime; strong effervescence;
moderately alkaline.

The B horizon is loam or clay loam. Depth to carbon-
ates ranges from 8 to 16 inches. The profile is 1 to 10
percent pebbles and stones.

Max soils are associated in the landscape with
Williams, Zahl, Bowbells, and Arnegard soils. They
have less clay accumulation in the B horizon than
Williams soils. They differ from Zahl soils in having a
B horizon. They have a thinner A horizon than Bow-
bells and Arnegard soils.

MgB—Max loam, 3 to 6 percent slopes. This undulat-
ing soil is on glacial till uplands. Included in mapping
were small areas of Williams, Bowbells, and Zahl soils
and small areas of Tonka and Parnell soils in un-
drained depressions.

This soil is well drained and has medium runoff. 1t
is suited to all crops commonly grown in the county.
Most of the acreage is used for crops. The rest is in
native range or pasture. Control of erosion, conserva-
tion of moisture, and maintenance of fertility and tilth
are the chief concerns of management. Capability unit
ITe-6; Silty range site.

MhC—Max-Bowbells-Zahl loams, 6 to 9 percent
slopes. This gently rolling mapping unit is in glacial
till landscapes. It is about 35 percent Max loam, 30
percent Bowbells loam, 25 percent Zahl loam, and 10
percent minor soils. Max loam is on side slopes. Bow-
bells loam is on lower side slopes and in concave parts
of the landscape. Zahl loam is on ridges and the higher
convex slopes. Included in mapping were small areas
of Williams and Arnegard soils and areas of Tonka
and Parnell soils in undrained depressions.

This unit is moderately well drained and well
drained. Runoff is medium to rapid. The erosion haz-
ard is moderate.

This mapping unit is used for crops and range. It is
suited to all crops commonly grown in the county.
Control of erosion is an essential part of management.
Conserving moisture and maintaining fertility and
tilth are also important. Capability unit IIle-6; Max
and Bowbells soils in Silty range site, Zahl soil in Thin
Upland range site.

MIC—Max-Zahl loams, 6 to 9 percent slopes. This
gently rolling mapping unit is on glacial till uplands.
It is about 65 percent Max loam, 25 percent Zahl loam,
and 10 percent Bowbells and Williams soils. The Max
soil is on side slopes. The Zahl soil is on convex ridges.
Bowbells and Williams soils occur on the gentler

slopes and in concave areas. The profiles of the major
soils are the ones described as representative of the
Max and Zahl series. Included in mapping were small
areas of Tonka and Parnell soils in undrained depres-
sions.

This unit is well drained. Runoff is medium to rapid.
The erosion hazard is moderate.

This unit is suited to crops commonly grown in
the county. More than half the acreage is cultivated.
The rest is in native range or pasture. Control of
erosion is an essential part of management. Conserv-
ing moisture and maintaining fertility and tilth are
also important. Contour stripcropping is generally not
practical because of the short irregular slopes. Capabil-
ity unit IITe-6; Max soil in Silty range site; Zahl soil
in Thin Upland range site.

MID—Max-Zahl loams, 9 to 15 percent slopes. This
rolling mapping unit is on uplands. It is 60 percent
Max loam and 40 percent Zahl loam. The Max soil is
on side slopes. The Zahl soil is in the steepest part of
the landscape and on convex ridges. Included in map-
ping were small areas of Williams, Bowbells, Arne-
gard, Tonka, and Parnell soils.

This unit is well drained and has rapid runoff. The
erosion hazard is severe.

The unit is suited to small grain and alfalfa. About
half the acreage is cultivated. The rest is in native
range or pasture. Control of erosion is an essential
part of management. Conserving moisture and main-
taining fertility and tilth are also important. Capabil-
ity unit IVe-6; Max soil in Silty range site; Zahl soil
in Thin Upland range site.

Miranda Series

The Miranda series consists of deep, nearly level to
strongly sloping, moderately well drained soils. These
soils formed in alkaline loamy glacial till.

In a representative profile the surface layer is dark
gray and gray loam about 4 inches thick. The subsoil
18 very firm, dark grayish brown clay loam about 15
inches thick. The underlying material is light yellow-
ish brown clay loam.

Permeability is very slow. Available water capacity
and natural fertility are low. Organic-matter content
is moderate.

Nearly all the acreage is in native vegetation and is
used for native range or pasture. The native vegetation
is a sparse stand of alkali-tolerant prairie grasses.

Representative profile of Miranda loam in grassy
area of Noonan-Miranda complex, 1 to 6 percent slopes,
50 feet north and 2,015 feet east of southwest corner
sec. 36, T. 150 N., R. 89 W.

A21—0 to 2 inches; gray (10YR 5/1) loam, very
dark gray (10YR 3/1) when moist; weak
fine subangular blocky structure parting
to weak very fine platy; slightly hard,
friable, slightly sticky and nonplastic;
common fine roots; many very fine pores;
medium acid; abrupt smooth boundary.

A22— 2 to 4 inches; gray (10YR 5/1) loam, very
dark gray (10YR 3/1) when moist;
moderate medium prismatic structure
parting to weak medium platy; slightly
hard, friable, slightly sticky and non-
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plastic; common fine roots; many very
fine pores; neutral; abrupt wavy bound-

ary.

B2t—4 to 12 inches; dark grayish brown (10YR
4/2) clay loam, very dark grayish brown
(10YR 2/2) when moist; strong coarse
columnar structure parting to strong
coarse blocky; very hard, very firm,
sticky and plastic; few fine roots; com-
mon very fine pores; thin continuous clay
films; mildly alkaline; gradual wavy
boundary.

B38sa—12 to 19 inches; dark grayish brown (2.5Y
5/2) clay loam, very dark grayish brown
(2.5Y 3/2) when moist; moderate
medium prismatic structure parting to
moderate medium angular blocky ; hard,
firm, sticky and slightly plastic; few very
fine roots and pores; patches of clay
films; few masses of gypsum and salts;
tongues of organic staining on ped faces;
mildly alkaline; gradual wavy boundary.

Clsa—19 to 238 inches; light yellowish brown
(2.5Y 6/3) clay loam, light olive brown
(2.5Y 5/83) when moist; common fine
distincet dark brown (7.5YR 4/4) moist
mottles; weak coarse subangular blocky
structure parting to weak fine subangu-
lar blocky; slightly hard, firm, slightly
sticky and nonplastic; common masses
of gypsum and salts; violent efferves-
cence; strongly alkaline; diffuse bound-

ary.

C2—28 to 60 inches; light yellowish brown (2.5Y

6/4) clay loam, olive brown (2.5Y 4/4)

when moist; common large distinct gray

(5Y 5/1) moist and dark reddish brown

(5YR 3/4) moist mottles; massive;

slightly hard, firm, slightly sticky and

nonplastic; many soft masses of lime;

few masses of gypsum crystals; strong
effervescence ; strongly alkaline.

The A horizon is 1 to 4 inches thick and is gray or
dark gray. It is typically loam but ranges to silt loam
and very fine sandy loam. In a few places a thin Al
horizon overlies the A2 horizon. The combined thick-
ness of the Al and A2 horizon is less than 5 inches.
The B2t horizon is 5 to 10 inches thick. It ranges from
very dark gray to grayish brown and is clay loam or
light clay. A thin to thick clay film coats the ped faces.
No gypsum occurs in places in the B3 horizon. Masses
of salts and gypsum occur within 16 inches of the
surface. Tongues of darkened material commonly ex-
tend into the B3 horizon and in some areas into the
C horizon. The depth to carbonates ranges from 8 to
20 inches. The C horizon commonly contains a few to
many masses of gypsum crystals and lime masses. It
is saline or alkaline loamy glacial till.

Miranda soils are associated in the landscape with
Noonan and Williams soils. They lack the Al horizon
that occurs in Noonan soils and have a higher sodium
content than Williams soils. They have a thinner
solum than Noonan soils and have more coarse sand
and pebbles in the underlying material than Rhoades
soils.

Morton Series

The Morton series consists of moderately deep,
gently to moderately sloping well drained loams on
uplands. These soils formed in soft shale.

In a representative profile the surface layer is dark
grayish brown Joam about 7 inches thick. The subsoil
is friable silty clay loam about 11 inches thick. It is
grayish brown and light brownish gray. The under-
lying material is light olive gray silt loam. Shale is at
38 inches.

Permeability and organic-matter content are mod-
erate. Available water capacity is high. Natural fer-
tility is medium.

About half the acreage is in crops and is used for
small grain and alfalfa. The rest is in native vegetation
and is used for range or pasture.

Representative profile of Morton loam, 3 to 9 per-
cent slopes, in rangeland 470 feet east and 140 feet
south of northwest corner sec. 18, T. 145 N., R. 80 W.

A1—0 to 7 inches; dark grayish brown (10YR
4/2) loam, very dark brown (10YR 2/2)
when moist; moderate medium angular
blocky structure; hard, friable, slightly
sticky and slightly plastic; neutral; clear
boundary.

B21t—7 to 12 inches; grayish brown (2.5Y 5/2)
silty eclay loam, dark grayish brown
(2.5Y 4/2) when moist; moderate me-
dium prismatic structure parting to
strong medium blocky; hard, friable,
slightly sticky and slightly plastic; com-
mon very fine pores; thin continuous
clay films; neutral; gradual boundary.

B22t—12 to 15 inches; grayish brown (2.5Y 5/2)
silty clay loam, dark grayish brown
(2.5Y 4/2) when moist; moderate me-
dium prismatic structure parting to
moderate medium blocky; hard, friable,
slightly sticky and slightly plastic; com-
mon very fine pores; patches of clay
films; slight effervescence; neutral; clear
boundary.

B3ca—15 to 18 inches; light brownish gray (2.5Y
6/2) silty clay loam, dark grayish brown
(2.5Y 4/2) when moist; moderate coarse
angular blocky structure; hard, friable,
slightly sticky and slightly plastic; com-
mon very fine pores; few fine roots; few
threads and soft masses of lime; strong
effervescence; neutral; gradual bound-
ary.

Clca—18 to 38 inches; light olive gray (5Y 6/2)
silt loam, olive gray (5Y 5/2) when
moist; moderate medium angular blocky
structure; hard, friable, nonsticky and
slightly plastic; few fine roots; few
threads and soft masses of lime; violent
effervescence; neutral; gradual bound-

ary.

C2—38 to 60 inches; pale olive (5Y 6/3) soft
shale, olive (5Y 4/3) when moist; hard,
friable, slightly sticky and slightly plas-
tic; strong effervescence; moderately
alkaline.
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The A horizon is 4 to 12 inches thick and is dark
grayish brown or grayish brown. The B horizon is 6
to 16 inches thick and ranges from dark grayish
brown to pale brown. The texture is dominantly silty
clay loam. Clay films are thin continuous or patchy.
Depth to carbonates ranges from 11 to 24 inches. The
Cca horizon has disseminated lime throughout and
contains few to common soft masses and threads of
lime. Depth to soft shale ranges from 20 to 40 inches.
Shale is bedded and has a platy structure in some
places and is massive in others.

Morton soils are associated in the landscape with
Williams, Arnegard, Regent, and Grail soils. They are
less deep than Williams soils, have a thinner A horizon
than Arnegard and Grail soils, and contain less clay
in the B horizon than Regent soils.

MoC—Morton loam, 3 to 9 percent slopes. This gently
to moderately sloping soil is on shale uplands. It is
the only Morton soil mapped in the county. Included
in mapping were areas of Regent, Farnuf, Gralil,
Cabba, and Williams. Also included were soils that
have a profile similar to the profile of this Morton soil
but contain more sand and less silt.

This soil is ‘well drained and has medium runoff. It
is moderately susceptible to erosion.

About half the acreage is used for crops, and the
rest is used for range or pasture. The main manage-
ment needs are controlling water erosion, conserving
moisture, and maintaining fertility and tilth. Capabil-
ity unit IIle-6; Silty range site.

Niobhell Series

The Niobell series consists of deep, nearly level and
gently sloping, moderately well drained soils on plane
or in slightly concave positions. These soils formed in
glacial till.

In a representative profile the surface layer is dark
grayish brown loam about 7 inches thick. The next
layer is gray loam about 4 inches thick. The firm sub-
soll is dark grayish brown, brown, and light yellowish
brown clay loam ahout 14 inches thick. The underlying
material is light brownish gray and light yellowish
brown clay loam.

Permeability is slow. Available water capacity is
high. Organic-matter content is moderate. Natural
fertility is medium.

Nearly all the acreage is cultivated and is used for
small grain, corn, and alfalfa. The native vegetation
is mid and short prairie grasses.

Representative profile of Niobell loam in cultivated
area of Niobell-Williams loams, 1 to 3 percent slopes,
1,050 feet east and 125 feet south of northwest corner
sec. 7, T. 149 N., R. 84 W.

A1—0 to 7 inches; dark grayish brown (10YR
4/2) loam, very dark brown (10YR 2/2)
when moist; weak medium subangular
blocky structure parting to moderate fine
granular; slightly hard, very friable,
slightly sticky and slightly plastic; many
fine roots; slightly acid; clear boundary.

A&B—7 to 11 inches; gray (10YR 5/1) loam,
very dark gray (10YR 3/1) when moist;
light gray on upper surface of plates;
moderate medium blocky structure part-

ing to weak medium and fine platy; hard,
very friable, slightly sticky and slightly
plastic; many fine roots; many fine
pores; a few patchy clay films; slightly
acid; clear boundary.

B21t—11 to 16 inches; dark grayish brown (10YR
4/2) clay loam, very dark brown (10YR
2/2) when moist; moderate medium
prismatic structure parting to strong
medium blocky; very hard, firm, sticky
and plastic; common fine roots; many
fine pores; continuous clay films on ped
faces; thin coating of bleached fine sand
and silt on tops and sides of prisms;
some gravel; slightly acid; clear wavy
boundary.

B22t—16 to 20 inches; brown (10YR 5/3) clay
loam, dark brown (10YR 4/3) when
moist; moderate medium prismatic
structure parting to strong medium and
fine blocky; very hard, firm, sticky and
plastic; common fine roots; many fine
pores; continuous clay films on ped
faces; grayish brown (10YR 5/2) coat-
ings on ped faces; some gravel; neutral;
clear wavy boundary.

B3ca—20 to 25 inches; light yellowish brown
(2.5Y 6/3) clay loam, light olive brown
(2.5Y 5/3) when moist; moderate me-
dium prismatic structure parting to
strong medium blocky ; hard, firm, sticky
and plastic; common fine roots; common
fine pores; a few grayish brown (2.5Y
5/2) coatings on ped faces; few soft
masses of lime; some gravel; strong
effervescence; mildly alkaline; clear ir-
regular boundary.

Clca—25 to 34 inches; light brownish gray (2.5Y
6/2) clay loam, grayish brown (2.5Y
5/2) when moist; weak medium pris-
matic structure parting to moderate me-
dium subangular blocky; hard, firm,
slightly sticky and slightly plastic; few
fine roots; few fine pores; common soft
masses of lime; some gravel; strong
effervescence ; moderately alkaline; grad-
ual boundary.

C2—34 to 60 inches; light yellowish brown (2.5Y
6/4) light clay loam, light olive brown
(2.5Y 5/4) when moist; few fine distinct
light yellowish brown (10YR 6/4) moist
mottles; massive; hard, friable, slightly
sticky and slightly plastic; few soft
masses of lime; a few masses of salt and
gypsum; some gravel; strong effer-
vescence; moderately alkaline.

The A horizon is 6 to 15 inches thick. It is dark gray
to grayish brown in the upper part and dark gray to
light brownish gray in the lower part. In most areas a
thin layer at the lower boundary of this horizon is
platy. The B2t horizon has a texture of clay loam with
28 to 35 percent clay. Bleached fine sand and silt from
the A horizon extend into the B horizon and coat the
sides and upper part of prisms and blocks. The B
horizon is alkaline and contains sodium.
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The solum ranges from 16 to 30 inches in thickness.
The C horizon has some segregated lime and some
visible salt and gypsum crystals. The amount of visible
salt crystals and segregated lime varies within in-
dividual profiles and within short distances.

Niobell soils are associated in the landscape with
Noonan and Williams soils. They lack the columnar
B2 horizon that occurs in Noonan soils and have a
higher sodium content than Williams soils.

NbA—Niobell-Williams loams, 1 to 3 percent slopes.
This nearly level mapping unit is on glacial till up-
lands. It is about 65 percent Niobell loam, 25 percent
Williams loam, and 10 percent minor soils. The Niobell
soil occurs on the plane or slightly concave lower
slopes in the landscape, and the Williams soil in
slightly convex areas. The Niobell soil has the profile
described as representative of the series. Included in
mapping were small areas of Noonan, Miranda, Bow-
bells, Max, and Tonka soils.

This unit is moderately well drained and well
drained and has medium runoff. It is slightly sus-
ceptible to erosion. The alkaline subsoil restricts roots
and water movement.

This unit is well suited to all crops commonly grown
in the county. Nearly all the acreage is used for crops.
The rest is in native range or pasture. The chief man-
agement needs are conserving moisture and maintain-
ing fertility and tilth. Capability unit IIIs-6P; Niobell
soil in Clayey range site, Williams soil in Silty range
site.

NbB—Niobell-Williams loams, 3 to 6 percent slopes.
This gently sloping mapping unit is on glacial till up-
lands. It is about 65 percent Niobell loam, 25 percent
Williams loam, and 10 percent minor soils. The Niobell
soil occurs on the plane or slightly concave slopes in
the landscape. The Williams soil is on the high parts
of the landsecape. Included in mapping were small areas
of Noonan, Miranda, Bowbells, Max, and Tonka soils.
Also included were a few areas where slopes are more
than 6 percent.

This unit is moderately well drained and well
drained and has medium runoff. It is moderately sus-
ceptible to erosion. The alkaline subsoil restricts roots
and water movement.

This unit is well suited to all erops commonly grown
in the county. Nearly all the acreage is used for crops.
The rest is in native range or pasture. The chief man-
agement needs are controlling erosion, conserving
moisture, and maintaining fertility and tilth. Capabil-
ity unit IIIe-6P; Niobell soil in Clayey range site;
Williams soil in Silty range site.

Noonan Series

The Noonan series consists of deep, nearly level to
strongly sloping, moderately well drained soils on till
plains. These soils formed in alkaline loam or clay
loam glacial till.

In a representative profile the surface layer is about
8 inches thick. It is dark grayish brown loam in the
upper 6 inches and gray silt loam in the lower 2 inches.
The subsoil is dark grayish brown, very firm and firm
clay loam about 14 inches thick. The underlying ma-
}serial is grayish brown and light yellowish brown clay
oam.

Permeability is slow. Available water capacity and
organic-matter content are moderate. Natural fertility
is medium.

Nearly all the acreage is in native vegetation, which
is mid and short prairie grasses.

Representative profile of Noonan loam in area of
Noonan-Miranda complex, 1 to 6 percent slopes, in
native pasture 200 feet south and 1,100 feet east of
northwest corner sec. 7, T. 149 N., R. 84 W.

A1—0 to 6 inches; dark grayish brown (10YR
4/2) loam, very dark brown (10YR 2/2)
when moist; moderate fine granular
structure; slightly hard, very friable,
slightly sticky and slightly plastic; many
fine roots; medium acid; clear boundary.

A2 6 to 8 inches; gray (10YR 5/1) silt loam,
very dark gray (10YR 3/1) when moist,
light gray (10YR 6/1) on upper sides
of plates; weak medium subangular
blocky structure parting to weak fine
platy; slightly hard, very friable, non-
sticky and slightly plastic; many fine
roots; many fine pores; slightly acid;
clear wavy boundary.

B21t—8 to 12 inches; dark grayish brown (10YR
4/2) clay loam, very dark brown (10YR
2/2) when moist; strong medium colum-
nar structure parting to strong medium
blocky ; extremely hard, very firm, sticky
and plastic; few fine roots; few fine
pores; continuous clay films on ped
faces; mildly alkaline; clear wavy bound-

ary.

B22t—12 to 18 inches; dark grayish brown
(10YR 4/2) clay loam, very dark gray-
ish brown (10YR 3/2) when moist; ex-
tremely hard, very firm, sticky and
plastic; few fine roots; few fine pores;
continuous clay films on vertical faces
and patches of clay films on horizontal
ped faces; moderately alkaline; clear
wavy boundary.

B8sa—18 to 22 inches; dark grayish brown (2.5Y
4/2) clay loam, very dark grayish brown
(2.5Y 3/2) when moist; weak medium
prismatic structure parting to moderate
medium subangular blocky; very hard,
firm, sticky and plastic; few fine roots,
common masses of salts and gypsum;
moderately alkaline; clear wavy bound-

ary.

Clsa—22 to 27 inches; grayish brown (2.5Y 5/2)
clay loam, dark grayish brown (2.5Y
4/2) when moist; few fine distinct light
olive brown (2.5Y 5/6) mottles; weak
medium prismatic structure parting to
moderate medium subangular blocky;
hard, friable, sticky and slightly plastic;
few fine roots; few tongues of dark gray-
ish brown (2.5Y 4/2) on ped faces;
common masses of salts and gypsum;
slight effervescence in spots; moderately
alkaline; clear wavy boundary.

C2casa—27 to 35 inches; light yellowish brown
(2.5Y 6/3) clay loam, olive brown (2.5Y
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4/3) when moist; few fine distinct light
olive brown (2.5Y 5/6) moist mottles;
massive; hard, friable, sticky and
slightly plastic; few masses of salts and
gypsum; common soft masses of lime;
strong effervescence; strongly alkaline;
gradual boundary.

C3—35 to 60 inches; grayish brown (2.5Y 5/2)
clay loam, dark grayish brown (2.5Y
4/2) when moist; few fine distinet yel-
lowish brown (10YR 5/6) and few fine
faint gray (5Y 4/1) moist mottles; mas-
sive; hard, firm, sticky and slightly
plastic; strong effervescence; strongly
alkaline.

The A horizon is 3 to 9 inches thick. It is dark gray
to grayish brown in the upper part and gray or light
gray in the lower part. The A2 horizon is 14 inch to
4 inches thick and is gray, light brownish gray, or
light gray. In cultivated areas, this horizon is com-
monly incorporated into the Ap horizon.

The B2t horizon is dark grayish brown to light
brownish gray. It is typically clay loam and is 27 to
35 percent clay. This horizon ranges from mildly to
strongly alkaline. Salts are in the lower part of some
profiles.

The C horizon is firm loam or clay loam glacial till
and contains accumulations of lime in the upper part.
It also contains salt crystals.

Noonan soils are associated in the landscape with
Niobell, Williams, and Miranda soils. They differ from
Niobell and Williams soils in having a columnar B2
horizon. They differ from Miranda soils in having an
A1 horizon.

NmB—Noonan-Miranda complex, 1 to 6 percent
slopes. This nearly level and gently sloping mapping
unit is on glacial till uplands. It is about 70 percent
Noonan loam and 30 percent Miranda loam. The Noo-
nan soil is continuous in the landscape. The Miranda
soil is discontinuous. Areas are small, circular, or irreg-
ular. The profiles of these soils are the ones described as
representative of their respective series. Included in
mapping were small areas of Niobell, Williams, Bow-
bells, Mak, and Grail soils.

This unit is moderately well drained. It has medium
runoff and is moderately susceptible to erosion. The
alkaline subsoil restricts roots and water movement.

Nearly all the acreage is in native range or pasture.
Some areas are cultivated. A chief management need
is controlling erosion. Conserving moisture and main-
taining fertility and tilth are also important needs.
Capability unit IVs—6P ; Noonan soil in Claypan range
site; Miranda soil in Thin Claypan range site.

NmD—Noonan-Miranda complex, 6 to 15 percent
slopes. This moderately and strongly sloping mapping
unit is on glacial till uplands. It is about 70 percent
Noonan loam and 30 percent Miranda loam. The
Noonan soil is continuous in the landscape. The
Miranda soil is discontinuous. Areas are small, circu-
lar, or irregular. Included in mapping were small areas
of.lNiobell, Williams, Bowbells, Zahl, Grail, and Max
soils.

This unit is moderately well drained. It has rapid
runoff and is highly susceptible to erosion. The alka-
line subsoil restricts roots and water movement,.

Nearly all the acreage is in native range or pasture.
Management is needed to maintain good stands of
native grasses. Capability unit VIe-CP; Noonan soil
in Claypan range site; Miranda soil in Thin Claypan
range site.

Nutley Series

The Nutley series consists of deep, nearly level and
gently -sloping, well drained silty clay soils. These
soils formed in calcareous glacio-lacustrine sediment.

In a representative profile the surface layer is dark
gray silty clay about 8 inches thick. The subsoil is
firm silty clay about 22 inches thick. It is dark grayish
brown in the upper 6 inches and grayish brown and
light brownish gray in the lower 16 inches. The under-
lying material is light brownish gray, yellowish brown,
and light gray silty clay.

Permeability is slow. Available water capacity is
high. Natural fertility is medium. Organic-matter con-
tent is moderate.

Nearly all the acreage is cultivated and used for
small grain, corn, and alfalfa. The native vegetation
is mid and short prairie grasses.

Representative profile of Nutley silty clay, 1 to 3
percent slopes, in a cultivated field 2,600 feet east and
2,140 feet south of the northwest corner sec. 21, T.
145 N, R. 79 W.

Ap—O0 to 6 inches; dark gray (10YR 4/1) silty
clay, black (10YR 2/1) when moist;
weak fine granular structure; very hard,
friable, sticky and plastic; slightly acid;
abrupt boundary.

A12—6 to 8 inches; dark gray (10YR 4/1) silty
clay, black (10YR 2/1) when moist;
moderate medium and coarse angular
blocky structure parting to moderate
fine angular blocky; very hard, friable,
sticky and plastic; slightly acid; clear
boundary.

B21—8 to 14 inches; dark grayish brown (2.5Y
4/2) silty clay, very dark grayish brown
(2.5Y 3/2) when moist; tongues of
black (10YR 2/1) moist coatings on sides
of peds; moderate coarse angular blocky
structure parting to moderate medium
subangular; very hard, firm, sticky and
plastic; strong effervescence; neutral;
clear boundary.

B22-—14 to 26 inches; grayish brown (2.5Y 5/2)
silty clay, dark grayish brown (2.5Y
4/2) when moist; strong medium and
coarse angular blocky structure parting
to strong fine angular blocky; very hard,
firm, sticky and plastic; strong effer-
vescence; neutral; gradual boundary.

B23—26 to 30 inches; light brownish gray (2.5Y
6/2) silty clay, dark grayish brown
(2.5Y 4/2) when moist; strong medium
and coarse angular blocky structure
parting to strong fine angular blocky;
very hard, firm, sticky and plastic;
strong effervescence; neutral; gradual
boundary.

C1—30 to 38 inches; light brownish gray (2.5Y
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6/2) silty clay, dark grayish brown
(2.5Y 4/3) when moist; massive; very
hard, firm, sticky and plastic; strong
effervescence; neutral; gradual bound-

ary.

C2—38 to 51 inches; light brownish gray (2.5Y
6/3) silty clay, olive brown (2.5Y 4/4)
when moist; massive; very hard, firm,
sticky and plastic; strong effervescence;
neutral; gradual boundary.

C3—51 to 60 inches; yellowish brown (10YR
5/4) and light gray (5Y 6/1) silty clay,
dark yellowish brown (10YR 4/4) and
dark gray (5Y 4/1) when moist; mas-
sive; very hard, firm, sticky and plastic;
strong. effervescence; neutral.

The A horizon is 4 to 8 inches thick and is dark gray
or gray. The B horizon is 10 to 24 inches thick and
ranges from dark gray or dark grayish brown to light
brownish gray. The texture is silty clay that is 40 to
70 percent clay. Tongues of dark organic stains range
from few to common. The C horizon is clay or silty
clay. Thin tongues of dark organic stains extend into
the C horizon in some places. The C horizon is com-
monly varved material or pockets of till-like materials.
The thickness of the darkened A horizon ranges from
6 to 16 inches.

The annual precipitation received by these Nutley
soils is a few inches less than that defined as typical
of the series, but this difference does not alter use or
management.

Nutley soils are associated in the landscape with
Sinai and Grano soils but are better drained than those
soils.

NtA—Nutley silty clay, 1 to 3 percent slopes. This
nearly level soil is on smooth glacio-lacustrine plains.
It has the profile described as representative of the
series. Included in mapping were small areas of Wil-
liams, Sinai, Makoti, and Parnell soils.

This soil is well drained and has medium runoff. It
is slightly susceptible to erosion.

This soil is suited to all crops commonly grown in
the county. Nearly all the acreage is used for crops.
The rest is in native range or pasture. The main man-
agement needs are controlling erosion, conserving
moisture, and maintaining fertility and tilth. Capabil-
ity unit IIs-4; Clayey range site.

NtB—Nutley silty clay, 3 to 6 percent slopes. This
gently sloping soil is on smooth glacio-lacustrine
plains. Included in mapping were small areas of Wil-
liams, Makoti, Sinai, and Parnell soils.

This soil is well drained. It has medium runoff and
is moderately susceptible to erosion.

This soil is suited to all ecrops commonly grown in
the county Nearly all the acreage is used for crops.
The rest is in native range or pasture. The main man-
agement needs are controlling erosion, conserving
moisture, and maintaining fertility and tilth. Capabil-
ity unit IT1le-4; Clayey range site.

Orthents

Or—Orthents, loamy, occurs as spoil banks and spoil
piles in areas that have been strip mined. The spoil
banks and piles are coal fragments, fragments of

shale and sandstone, and glacial till. Slopes are irregu-
lar and steep with gradients up to 100 percent. The
vegetation ranges from barren in some recently
stripped areas to a fair stand of sweetclover, grasses,
and trees in areas that were mined many years ago.
Unless vegetated, the material erodes rapidly.

Orthents, loamy, has little agricultural value. It is
best suited to wildlife. Some of the better vegetated
areas can be used for limited grazing. Areas can be
reclaimed by leveling and applying topsoil. Capability
unit VIIs—1; range site not assigned.

Parnell Series

The Parnell series consists of deep, level, very poorly
drained silty clay loams in depressions. These soils
formed in local alluvium from glacial drift.

In a representative profile the surface layer is dark
gray silty clay loam about 8 inches thick. The subsoil
is dark gray silty clay about 30 inches thick. The
underlying material is light olive gray and yellowish
brown silty clay loam and clay loam.

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

Nearly all the acreage is used for pasture and hay.

Representative profile of Parnell silty clay loam in
pasture 1,150 feet east and 800 feet south of north-
west corner sec. 23, T. 146 N., R. 80 W.

Ap—O0 to 5 inches; dark gray (10YR 4/1) silty
clay loam, black (10YR 2/1) when
moist; moderate fine granular structure;
hard, friable, slightly sticky and plastic;
common fine roots; medium acid; abrupt
boundary.

Al12—5 to 8 inches; dark gray (10YR 4/1) silty
clay loam, black (10YR 2/1) when
moist; moderate fine platy structure;
hard, friable, slightly sticky and slightly
plastic; common fine roots; medium
acid; abrupt boundary.

B21tg—8 to 20 inches; dark gray (10YR 4/1)
silty clay, black (10YR 2/1) when
moist; weak medium prismatic structure
parting to strong fine angular blocky;
very hard, firm, very sticky and very
plastic; few fine roots; patches of clay
films on ped faces; slightly acid; gradual
boundary.

B22tg—20 to 38 inches; dark gray (10YR 4/1)
silty clay, black (10YR 2/1) when
moist; weak fine angular blocky struc-
ture; very hard, firm, very sticky and
very glastic; few fine roots; patches of
clay films; slightly acid; gradual bound-

ary.

Cl1g—38 to 50 inches; light olive gray (5Y 6/2)
silty clay loam, olive gray (5Y 4/2)
moist; common fine faint gray (5Y
5/1) mottles; massive; very hard, firm,
sticky and plastic; few dark coatings on
peds; neutral; clear boundary.

I11C2g—50 to 60 inches; yellowish brown (10YR
5/6) clay loam, dark yellowish brown
(10YR 4/4) moist; common medium dis-
tinet light olive gray (5Y 6/2) mottles;
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massive; very hard, firm, sticky and
plastic; few pebbles; slight efferves-
cence; mildly alkaline.

The A horizon is typically more than 30 inches
thick. Most profiles are noncalcareous to 30 inches
or more, but in some places lime is near the surface
and there is no distinct lime zone. In some places
glacial till occurs within 40 inches of the surface, but
in other places the alluvium is more than 5 feet thick.

Parnell soils are associated in the landscape with
Tonka, Williams, Hamerly, Max, and Bowbells soils,
but they are more poorly drained.

Pa—Parnell silty clay loam. This level soil is in de-
pressions. It has the profile described as representative
of the series. Slopes are 0 to 1 percent. Because runoft
from snowmelt and from high intensity rain collects
in depressions, water ponds from early in spring to
midsummer. Included in mapping were small areas of
Tonka, Hamerly, Colvin, and Dimmick soils.

This soil is very poorly drained. Unless drained, it
is ponded during about half of the growing season.

If excess water is removed, this soil is suited to all
crops commonly grown in the county. Nearly all the
acreage is used for hay and pasture. Hay can be cut
more than half the years, The chief limitation is very
poor drainage. The chief management needs are con-
trolling water and maintaining fertility and tilth. Ca-
pability unit IIIw-7; Wetland range site.

Pe—Parnell silty clay loam, very wet. This level soil
is in deeper depressions. Slopes are 0 to 1 percent.
Because runoff from snowmelt and from high intensity
rain collects in depressions, water ponds on the sur-
face during nearly all the growing season. Included in
mapping were small areas of Parnell silty clay loam,
Hamerly loam, Dimmick clay, and Marsh.

Part of the acreage is used for pasture and range.
Part is idle. In most years hay cannot be cut because
the soil is too wet. Capability unit Vw-WL; Wetland
range site.

Parshall Series

The Parshall series consists of deep, nearly level to
strongly sloping, well drained soils. These soils formed
in outwash and alluvial material.

In a representative profile the surface layer is dark
grayish brown fine sandy loam about 5 inches thick.
The subsoil is dark grayish brown and grayish brown,
very friable fine sandy loam about 22 inches thick.
The underlying material is grayish brown and light
brownish gray fine sandy loam and loamy fine sand.

Permeability is moderate or moderately rapid in the
upper part and moderately rapid in the lower part.
Available water capacity is moderate. Organic-matter
content is high. Natural fertility is medium.

Representative profile of Parshall fine sandy loam,
3 to 6 percent slopes, in cultivated field 2,200 feet east
and 100 feet north of southwest corner sec. 10, T. 144
N.,, R. 83 W.

Al1—0 to 5 inches; dark grayish brown (10YR
4/2) fine sandy loam, very dark brown
(10YR 2/2) when moist; moderate me-
dium granular structure; slightly hard,
very friable, slightly sticky and non-
plastic; neutral; abrupt boundary.

B21—b to 15 inches; dark grayish brown (10YR
4/2) fine sandy loam, very dark brown
(10YR 2/2) when moist; weak coarse
prismatic structure; slightly hard, very
friable, nonsticky and nonplastic; com-
mon fine roots; neutral; gradual bound-

ary.
B22—15 to 27 inches; grayish brown (10YR 5/2)
fine sandy loam, very dark grayish
brown (10YR 3/2) when moist; weak
coarse prismatic structure; slightly hard,
very friable, nonsticky and nonplastic;
common fine roots; neutral; clear bound-

ary.

C1—27 to 36 inches; grayish brown (2.6Y 5/2)
sandy loam, olive brown (2.5Y 4/3)
when moist; massive; soft, very friable,
nonsticky and nonplastic; few fine roots;
slight effervescence; neutral; gradual
boundary.

C2—36 to 60 inches; light brownish gray (2.5Y
6/2) loamy sand, olive brown (2.5Y 4/3)
when moist ; massive; soft, very friable,
nonsticky and nonplastic; few fine roots;
strong effervescence: mildly alkaline.

The depth to carbonates ranges from 24 to 60 inches.
The A horizon is fine sandy loam or loam. The C
horizon ranges from sandy loam to loamy fine sand.
In places there is small gravel. Some profiles have a
gravelly substratum below 40 inches.

Parshall soils are associated in the landscape with
Flaxton, Lihen, Manning, and Ruso soils. They have
less clay in the C horizon than Flaxton soils and less
sand in the upper C horizon than Lihen soils. They
laq%q the IIC horizon that occurs in Manning and Ruso
soils.

PhA—Parshall fine sandy loam, 1 to 3 percent slopes.
This nearly level soil is on terraces and outwash plains.
Included in mapping were areas of Parshall loam,
Lihen loamy fine sand, and Flaxton fine sandy loam.

This soil 1s well drained but has slow runoff.

This soil is suited to all crops commonly grown in
the county. Nearly all the acreage is cropped. The rest
is native range or pasture. The chief management
needs are controlling soil blowing, conserving mois-
ture, and maintaining fertility and tilth. Capability
unit ITIe-3; Sandy range site.

PhB—Parshall fine sandy loam, 3 to 6 percent slopes.
This gently sloping or undulating soil 1s on terraces
and outwash plains. It has the profile described as
representative of the series. Included in mapping were
areas of Parshall loam, Flaxton fine sandy loam, and
Lihen loamy fine sand.

This soil is well drained but has slow runoff.

This soil is suited to all crops commonly grown in
the county. Nearly all the acreage is cropped. The rest
is in native range or pasture. The chief management
needs are controlling soil blowing and water erosion.
Conserving moisture and maintaining fertility and
tilth are also necessary. The soil is subject to gullying
where water concentrates., Capability unit IIle-3;
Sandy range site.

PhC—Parshall fine sandy loam, 6 to 9 percent slopes.
This gently rolling soil is on uplands and outwash
plains. It has a profile similar to that described as
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representative of the series, but it has a thinner sur-
face layer. Included in mapping were areas of Flaxton
fine sandy loam and Lihen loamy fine sand. Also in-
cluded were a few areas that have a loam surface
layer.

This soil is well drained but has slow runoff.

This soil is suited to all ecrops commonly grown in
the county. It is subject to gullying in areas where
water concentrates. Nearly all the acreage is cropped.
The rest is in native range or pasture. The main man-
agement need is controlling erosion. Conserving mois-
ture and maintaining fertility and tilth are also
necessary. Capability unit IVe-3; Sandy range site.

PhD—Parshall fine sandy loam, 9 to 15 percent
slopes. This strongly sloping soil is on outwash plains
and uplands. It is about 70 percent Parshall fine sandy
loam and 30 percent a similar soil that has a thinner
surface layer. Parshall soils are on the smooth side
slopes and in swales. The thin surfaced soil is on the
steeper and convex parts of the landscape. Included in
mapping were areas of Lihen loamy fine sand and
Flaxton fine sandy loam.

This soil is well drained and has medium runoft.

This soil is not suited to crops. Nearly all the
acreage is in range. A few areas are cropped, but
should be seeded to grass. Management is needed to
maintain good stands of grass. Capability unit VIe—
Sy; Sandy range site.

PoA—Parshall loam, 1 to 3 percent slopes. This
nearly level soil is on terraces and outwash plains. Its
profile is similar to the one described as representative
of the series, but the surface layer is loam. Included
in mapping were small areas of Parshall fine sandy
loam, Flaxton fine sandy loam, and Wilton silt loam.
Also included were a few areas where the surface
layer is silt loam.

This soil is well drained but has slow runoff. It is
slightly susceptible to erosion. Organic-matter content
is high.

This soil is suited to all crops commonly grown in
the county. Nearly all the acreage is cropped. The rest
is in native range or pasture. The chief management
needs are conserving moisture and maintaining fer-
tility and tilth. Capability unit Ile-5; Sandy range
site.

PoB—Parshall loam, 3 to 6 percent slopes. This un-
dulating and gently sloping soil is on terraces and out-
wash plains. Its profile is similar to the one described
as representative of the series, but the surface layer is
loam. Included in mapping were small areas of Par-
shall fine sandy loam, Flaxton fine sandy loam, and
Wilton silt loam. Also included were a few small areas
that have a silt loam surface.

This soil is well drained. The available water ca-
pacity is moderate. Natural fertility is medium.

This soil is suited to all crops commonly grown in
the county. Nearly all the acreage is cropped. The rest
is in native range or pasture. The main management
needs are controlling erosion, conserving moisture,
and maintaining fertility and tilth. Capability unit
IIe-5; Sandy range site.

Regent Series
The Regent series consists of moderately deep,

gently and moderately sloping, well drained silty clay
loams. These soils formed from soft shale.

In a representative profile the surface layer is dark
grayish brown silty clay loam about 6 inches thick.
The subsoil is firm, dark grayish brown silty clay,
about 10 inches thick. The underlying material is light
brownish gray silty clay loam. Shale is at 35 inches.

Permeability is slow. Available water capacity is
high. Natural fertility is medium. Organic-matter con-
tent is moderate.

Nearly all the acreage is cropped. The native vegeta-
tion is mid and short prairie grasses.

Representative profile of Regent silty clay loam, 3 to
9 percent slopes, in cultivated field 1,200 feet north
and 150 feet west of southeast corner sec. 29, T. 149
N.,, R. 85 W.

Ap—0 to 6 inches; dark grayish brown (10YR
4/2) silty clay loam, very dark brown
(10YR 2/2) when moist; strong fine
granular structure; hard, firm, sticky
and plastic; neutral; abrupt boundary.

B21t—6 to 13 inches; dark grayish brown (10YR
4/2) silty clay, very dark brown (10YR
2/2) when moist; strong medium to fine
prismatic structure parting to strong
medium angular blocky; very hard, firm,
sticky and plastic; common fine pores;
continuous clay films; neutral; gradual
boundary.

B22t—13 to 16 inches; dark grayish brown (2.5Y
4/2) silty clay, very dark grayish brown
(2.5Y 3/2) when moist; moderate me-
dium prismatic structure parting to
moderate medium angular blocky; very
hard, firm, sticky and plastic; few small
lime segregations, common fine pores;:
continuous clay films; strong efferves-
cence in spots; neutral; gradual bound-

ary.

Clca—16 to 26 inches; light brownish gray (2.5Y
6/2) silty clay loam, dark grayish brown
(2.5Y 4/2) when moist; weak medium
prismatic structure parting to moderate
medium angular blocky; very hard, firm,
sticky and plastic; few fine nores; com-
mon films and threads of lime; strong
effervescence; mildly alkaline; gradual
boundary.

C2—26 to 35 inches; light brownish gray (2.5Y
6/2) silty clay loam, dark grayish brown
(2.5Y 4/2) when moist; massive; very
hard, firm, sticky and plastic; few fine
pores; few threads of lime; strong effer-
vescence; moderately alkaline; gradual
boundary.

C3—35 to 60 inches; gray to light gray (5Y 6/1)
soft platy shale, dark gray (5Y 4/1)
when moist: strata of light yellowish
brown (2.5Y 6/4) and light olive brown
(2.5Y 5/6) when moist; strong effer-
vescence; moderately alkaline.

The depth to soft shale is 30 to 40 inches. The soft
shale is mainly silty clay loam but in places is stratified
with silt loam. The A horizon is dark grayish brown
or grayish brown. The B2t horizon is silty clay loam
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or silty clay with 85 to 45 percent clay content. It is
dark grayish brown, grayish brown, or light brownish
gray. This horizon has thin to moderately thick clay
films. Most profiles have a B3ca horizon or Cca
horizon with segregations of lime.

Regent soils are associated in the landscape with
Morton and Grail soils. They have more clay than
Morton soils and a thinner A horizon than Grail soils.

RgC—Regent silty clay loam, 3 to 9 percent slopes.
This gently and moderately sloping soil is on upland
plains. It is the only Regent soil mapped in the county.
Included in mapping were small areas of Morton,
Cabba, Grail, Arnegard, Vebar, and Flasher soils.

The soil is well drained. It has medium runoff and
is moderately susceptible to erosion.

This soil is suited to all crops commonly grown in
the county. Nearly all the acreage is cropped. The rest
is used for range and pasture. The main management
need is controlling water erosion. Conserving moisture
and maintaining fertility and tilth are also necessary.
Capability unit IIIe-7; Clayey range site.

Rhoades Series

The Rhoades series consists of deep, nearly level to
moderately sloping, moderately well drained loams on
terraces, foot slopes, or uplands. These soils formed
in alluvium or from soft shale.

In a representative profile the surface layer is gray-
ish brown loam about 3 inches thick. The very firm
clay subsoil is dark grayish brown and about 12 inches
thick. The underlying material is light brownish gray
and olive gray clay and clay loam.

Permeability is slow or very slow. Available water
capacity and natural fertility are low. Organic-matter
content is moderate.

Nearly all the acreage is used for pasture. The na-
tive vegetation is a sparse stand of short grasses.

Representative profile of Rhoades loam, 1 to 9 per-
cent slopes, in pasture 1,600 feet north and 600 feet
west of southeast corner sec. 33, T. 149 N., R. 85 W.

A2—0 to 3 inches; grayish brown (10YR 5/2)
loam, very dark grayish brown (10YR
3/2) when moist; weak fine platy struc-
ture; slightly hard, very friable, non-
sticky and nonplastic; medium acid;
abrupt boundary.

B21t—3 to 8 inches; dark grayish brown (10YR
4/2) clay, very dark brown (10YR 2/2)
when moist; strong medium and coarse
columnar structure parting to moderate
medium angular blocky; extremely hard,
very firm, very sticky and very plastic;
continuous clay films; few fine pores;
mildly alkaline; clear boundary.

B22t—8 to 15 inches; dark grayish brown (2.5Y
4/2) clay, very dark grayish brown
(2.6Y 3/2) when moist; moderate me-
dium prismatic structure parting to
strong medium angular blocky; ex-
tremely hard, very firm, very sticky and
very plastic; continuous clay films; few
fine pores; few threads of lime; strong
effervescence; moderately alkaline; clear
boundary.

Cles—15 to 22 inches; light brownish gray (2.5Y
6/2) clay, dark grayish brown (2.5Y
4/2) when moist; weak medium pris-
matic structure parting to moderate me-
dium angular blocky; extremely hard,
very firm, sticky and plastic; few fine
pores; many segregations of lime and
gypsum; strong effervescence; moder-
ately alkaline; gradual boundary.

C2—22 to 50 inches; light brownish gray (2.5Y
6/2) light clay, dark grayish brown
(2.5Y 4/2) when moist; massive; very
hard, firm, sticky and plastic; few seg-
regations of salts and gypsum; strong
effervescence; mildly alkaline; gradual
boundary.

C3—50 to 60 inches; olive gray (5Y 5/2) clay
loam, olive gray (5Y 4/2) when moist;
massive; hard, firm, sticky and plastic;
few segregations of salts and gypsum;
strong effervescence; mildly alkaline.

The A1l and A2 horizons have a combined thickness
of 1 to 5 inches. The texture is usually loam or very
fine sandy loam. The B2t horizon is commonly darker
than the A horizon. Clay films and organic stains coat
the faces of the columns. The C horizon is clay loam,
silty clay, or loam transported or weathered from
shale; depth to shale is commonly more than 30 inches.
This horizon is moderately or strongly alkaline and
calcareous and has few to common salt crystals.

Rhoades soils are associated in the landscape with
Grail, Morton, and Regent soils, but they have a
higher sodium content.

RhB—Rhoades complex, 1 to 9 percent slopes. This
nearly level to moderately sloping mapping unit is on
terraces or side slopes. The landscape is one of re-
curring slight highs and lows that have a difference
in elevation of 1 to 6 inches over short distances. The
unit is dominantly Rhoades soil. The Surface layer
ranges from loam to very fine sandy loam. Dispersed
areas occur where the claypan is near the surface. In
these areas vegetation is sparse.

About 60 percent of the total acreage is Rhoades
soil. Other soils included in mapping were Farnuf,
Grail, Regent, Morton, and Williams soils. Soils with
natric horizons were also included. These soils are
similar to Niobell and Noonan soils, but they formed in
alluvium or from shale.

The Rhoades soil is moderately well drained and
has medium runoff. It is highly susceptible to erosion.

Nearly all the acreage is used for pasture. This unit
is not suited to crops. Management is needed to main-
tain good stands of native grass. Capability unit VIs—
TCP; Thin Claypan range site.

Riverwash

Rm—Riverwash occurs as sand bars and mud bars
in the flood channels and adjacent to the main chan-
nels, only on the flood plains of the Missouri River.
The bars are out of the water most of the year, but
they are unstable because the materials are shifted at
the varying water levels. They are flooded one or more
times each year when water is released from Garrison
Dam. Some of the lower areas are barren of vegeta-
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tion. Others have a cover of annual weeds, sweetclover,
or willow.

Riverwash is not used for farming or grazing. It is
suitable for wildlife and recreation. Capability unit
VIIle-1; range site not assigned.

Roseglen Series

The Roseglen series consists of deep, level to mod-
erately sloping, moderately well drained soils on glacio-
lacustrine and outwash plains.

In a representative profile the surface layer is dark
grayish brown silt loam about 6 inches thick. The
subsoil is grayish brown and light olive brown very
friable silt loam and loam about 19 inches thick. The
underlying material is pale yellow and light yellowish
brown loam.

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

Nearly all the acreage is cultivated and used for
small grain, corn, and alfalfa. The native vegetation is
mid and short prairie grasses.

Representative profile of Roseglen silt loam in culti-
vated field 2,250 feet west and 150 feet north of south-
east corner sec. 3, T. 145 N., R. 83 W.

Ap—0 to 6 inches; dark grayish brown (10YR
4/2) silt loam, very dark brown (10YR
2/2) when moist; moderate fine granular
structure; slightly hard, very friable,
slightly sticky and slightly plastic; neu-
tral; abrupt boundary.

B2—6 to 22 inches; grayish brown (10YR 5/2)
silt loam, very dark grayish brown
(10YR 3/2) when moist; moderate me-
dium prismatic structure parting to
weak medium subangular blocky;
slightly hard, very friable, slightly sticky
and slightly plastic; few very fine pores;
neutral; clear boundary.

B3—22 to 25 inches light olive brown (2.5Y 5/3)
loam, dark grayish brown (2.5Y 4/2)
when moist ; moderate medium prismatic
structure; slightly hard, very friable,
slightly sticky and slightly plastic; com-
mon fine pores; slight effervescence; neu-
tral; clear boundary.

Clca—25 to 37 inches; pale yellow (2.5Y 7/3)
loam, light olive brown (2.5Y 5/3) when
moist; massive; slightly hard, very fri-
able, slightly sticky and slightly plastic;
common threads and soft masses of lime;
few fine pores; strong effervescence;
mildly alkaline; gradual boundary.

C2—317 to 60 inches; light yellowish brown (2.5Y
6/3) loam, olive brown (2.5Y 4/3) when
moist; massive; slightly hard, very fri-
able, slightly sticky and slightly plastic;
strong effervescence; mildly alkaline.

The solum is 20 to 38 inches thick. The darkened
surface layer is more than 16 inches thick. The A
horizon is 6 to 10 inches thick and is very dark grayish
brown to grayish brown. The B2 horizon ranges from
very dark grayish brown to brown. A Clca horizon is
lacking in some profiles. The texture is silt loam or
loam. The calcareous C horizon is stratified loam and

silt loam. There are threads and nodules of lime in
most profiles.

Roseglen soils are associated in the landscape with
Tansem, Makoti, and Williams soils. They are darker
to a greater depth than Tansem soils. They have more
sand than Makoti soils. In contrast with Williams soils,
they do not have a clay accumulation in the B2 horizon.

Ro—Roseglen silt loam. This level soil is on smooth
glacial lake plains. Slopes are 0 to 1 percent. This
soil has the profile described as representative of the
series. Included in mapping were small areas of Par-
nell, Makoti, Tansem, Tonka, and Williams soils.

This- soil is moderately well drained and has slow
runoff. It is slightly susceptible to erosion.

This soil is suited to all crops commonly grown in
the county. Nearly all the acreage is cropped. The rest
is In native range or pasture. The chief management
needs are conserving moisture and maintaining fer-
tility and tilth. Capability unit IIc-6; Silty range site.

RpB—Roseglen-Tansem complex, 3 to 6 percent
slopes. This gently sloping mappineg unit is on glacial
lake plains. It is about 60 percent Roseglen soil and 40
percent Tansem soil. Roseglen silt loam is on the lower
parEs of the landscape. Tansem loam is on the upper
parts.

The Tansem soil has the profile described as repre-
sentative of the series. Included in mapping were small
areas of Makoti, Max, Parnell, Parshall, Tonka, Wil-
liams, and other soils.

This unit is moderately well drained and well
drained. It has medium runoff and is slightly sus-
ceptible to erosion.

Nearly all the acreage is cropped. The rest is in
native range or pasture. This unit is suited to all
crops commonly grown in the county. Capability unit
IIe-6: Silty range site.

RpC—Roseglen-Tansem complex, 6 ‘to 9 percent
slopes. This moderately sloping mapping unit is on
small glacial lake plains intermixed with glacial till
areas. It is about 45 percent Roseglen silt loam, 40
percent Tansem loam, and 15 percent minor soils. The
Roseglen soil has a slightly thinner solum than the one
described as representative of the series. Included in
mapping were small areas of Max, Williams, Parshall,
and Zahl soils.

This unit is moderately well drained and well
drained. It has medium runoff and is moderately sus-
ceptible to erosion.

Nearly all the acreage is cropped. The rest is in
native range or pasture. This unit is suited to all erops
commonly grown in the county. Capability unit 11Ile-6;
Silty range site.

Ruso Series

The Ruso series consists of nearly level to moder-
ately sloping, well drained soils that are moderately
deep over sand and gravel. These soils formed in mod-
erately coarse sediment that is underlain by sand and
gravel outwash.

In a representative profile the surface layer is dark
grayish brown, coarse sandy loam about 14 inches
thick. The subsoil is grayish brown friable coarse
sandy loam about 8 inches thick. The underlying ma-
terial is grayish brown, light brownish gray, olive
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gray, and yellowish brown gravelly loamy coarse sand,
very gravelly loamy coarse sand, and gravelly coarse
sand.

Permeability is moderately rapid in the subsoil and
very rapid in the underlying material. Available water
capacity is low. Organic-matter content is moderate.
Natural fertility is medium.

Nearly all the acreage is cultivated and used for
small grain, corn, and alfalfa. The native vegetation is
mid and short prairie grasses.

Representative profile of Ruso coarse sandy loam,
1 to 3 percent slopes, in cultivated field 120 feet south
and 20 feet east of center of sec. 4, T. 147 N., R. 80 W.

Ap—O0 to 6 inches; dark grayish brown (10YR
4/2) coarse sandy loam, very dark
brown (10YR 2/2) when moist; moder-
ate fine granular structure; slightly
hard, very friable, slightly sticky and
slightly plastic; neutral; abrupt smooth
boundary.

A12-—6 to 14 inches; dark grayish brown (10YR
4/2) coarse sandy loam, very dark
brown (10YR 2/2) when moist; weak
coarse subangular blocky structure part-
ing to moderate fine granular; slightly
hard, very friable, slightly sticky and
nonplastic; many fine roots; neutral;
clear smooth boundary.

B2—14 to 22 inches; grayish brown (10YR 5/2)
coarse sandy loam, very dark grayish
brown (10YR 3/2) when moist; weak
medium prismatic structure parting to
weak medium subangular blocky; hard,
friable, slightly sticky and slightly plas-
tic; many fine roots; many fine pores;
very dark brown (10YR 2/2) moist coat-
ings on ped faces; neutral; clear wavy
boundary.

IIC1ea—22 to 28 inches; grayish brown (2.5Y 5/2
gravelly loamy coarse sand, dark grayis
brown (2.5Y 4/2) when moist; single
grained ; loose, nonsticky and nonplastic;
common fine roots; violent effervescence,
lime segregated in common soft masses;
mildly alkaline; clear irregular bound-

ary.

1IC2ca—28 to 36 inches; light brownish gray
(2.8Y 6/2) very gravelly loamy coarse
sand, grayish brown (2.5Y 5/2) when
moist; single grained; loose, nonsticky
and nonplastic; few fine roots; violent
effervescence; lime segregated in many
soft masses; mildly alkaline; clear ir-
regular boundary.

I1C3ca—36 to 50 inches; olive gray (5Y 5/2) and
yellowish brown (10YR 5/4) gravelly
coarse sand, olive gray (5Y 4/2) and
dark yellowish brown (10YR 4/4) when
moist; single grained; loose, nonsticky
and nonplastic; few roots; strong effer-
vescence ; gradual boundary.

IIC4—50 to 60 inches; yellowish brown (10YR
5/4) gravelly coarse sand, dark yellow-
ish brown (10YR 4/4) when moist;
single grained; loose, nonsticky and non-

plastic; slight effervescence; moderately
alkaline.

The depth to sand and gravel ranges from 20 to 40
inches, and the depth to lime ranges from 20 to 34
inches. The A horizon is 8 to 16 inches thick and is
coarse sandy loam, sandy loam, and loamy sand. It
ranges from dark brown to grayish brown. The B
horizon is 6 to 15 inches thick. It ranges from dark
grayish brown to light olive brown and is coarse
sandy loam and sandy loam. In most areas it is non-
calcareous throughout, but in places it is limy in the
lower part. Tynically, there is a little gravel in the
A horizon and B2 horizon. The underlying material is
stratified gravelly loamy sand to very gravelly coarse
sand.

Ruso soils are associated in the landscape with
Manning, Stady, Bowdle, Wabek, and Parshall soils.
They have a thicker A horizon than Manning soils and
have less clay in the B horizon than Stady and Bowdle
soils. They have a B horizon that Wabek soils lack
and have a IIC horizon that Parshall soils lack.

RsA—Ruso coarse sandy loam, 1 to 3 percent slopes.
This nearly level soil is on terraces and glacial out-
wash plains. It has the profile described as representa-
tive of the series. Included in mapping were small
areas of Manning, Wabek, Bowdle, and Stady soils.
Also included were a few areas that have a gravelly
surface.

This soil is well drained. It has slow runoff and is
moderately susceptible to erosion,

This soil is suited to irrigated crops. Nearly all the
acreage is cropped and used for small grain and
alfalfa. The main management needs are controlling
soil blowing, conserving moisture, and maintaining
fertility. Capability unit I1Ies—-8; Sandy range site.

RtB—Ruso-Manning coarse sandy loams, 3 to 6 per-
cent slopes. This gently sloping mapping unit is on
terraces and glacial outwash plains. It is about 70
percent Ruso coarse sandy loam and 30 percent Man-
ning coarse sandy loam. The Manning soil has the
profile described as representative of the series. In-
cluded in mapping were small areas of Wabek, Bowdle,
Stady, and Max soils and a few areas that have a
gravelly surface.

This unit is well drained and somewhat excessively
drained. It has slow runoff and is moderately sus-
ceptible to erosion.

This unit is suited to irrigated crops. More than half
the acreage is cropped. Small grain and alfalfa are
the main crops. The main management needs are con-
trolling soil blowing, conserving moisture, and main-
taining fertility and tilth. Capability unit IIles-3;
Sandy range site.

RtC—Ruso-Manning coarse sandy loams, 6 to 9 per-
cent slopes. This moderately sloping mapping unit is on
terraces and glacial outwash plains. It is about 55 per-
cent Ruso coarse sandy loam, 30 percent Manning
coarse sandy loam, and 15 percent Wabek soils. The
Wabek soil is on the convex ridges and steep slopes.
Included in mapping were areas of Bowdle, Stady,
Parshall, Lihen, Max, and Zahl soils. Also included
were a few areas where the surface is gravelly.

This unit is well drained and somewhat excessively
drained. It has slow runoff and is highly susceptible to
erosion.
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Less than half the acreage is cropped. The rest is
used for native range or pasture. Small grain and al-
falfa are the main crops. The main management need
on cropland is controlling soil blowing and water
erosion. Conserving moisture and maintaining fertility
and tilth are also necessary. Capability unit IVes-3;
Sandy range site.

RxB—Ruso-Manning complex, 3 to 6 percent slopes.
This gently sloping mapping unit is on terraces and
glacial outwash plains. It is about 60 percent Ruso
soils, 30 percent Manning soils, and 10 percent Wabek
soils. The profiles of these soils are similar to the one$
described as representative of their respective series,
but the surface layer is loamy sand, loamy coarse sand,
or coarse sandy loam. The steep Wabek soil is on con-
vex ridges. Included in mapping were small areas of
Lihen and Parshall soils. Also included were a few
areas that have a gravelly surface.

This unit is well drained and somewhat excessively
drained. It has slow runoff and is moderately suscep-
tible to erosion. It is also droughty.

This unit is suited to irrigated crops. Nearly all the
acreage is cropped. Small grain and alfalfa are the
main crops. The main management need is controlling
soil blowing. Conserving moisture and maintaining fer-
tility and tilth are also necessary. Capability unit
ITTes-33; Sandy range site.

RyC—Ruso-Wabek complex, 6 to 9 percent slopes.
This moderately sloping mapping unit is on terraces
and glacial outwash plains. It is about 50 percent Ruso
soils, 30 percent Wabek soils, and 20 percent Manning
soils. The Wabek soil is on the higher convex parts of
the landscape. The profiles of these soils are similar to
the ones described as representative of their respective
series, but the surface layer is loamy sand, loamy
coarse sand, or coarse sandy loam. Included in map-
ping were small areas of Lihen and Parshall series.
Also included were a few areas where the surface is
gravelly.

This unit is well drained and excessively drained. It
has slow runoff and is highly susceptible to erosion. It
is also droughty.

Less than half the acreage is cropped. The rest is
used for native range and pasture. Small grain and
alfalfa are the main crops. The main management
needs are controlling soil blowing and water erosion.
Conserving moisture and maintaining fertility and
tilth are also necessary. Capability unit IVes-3; Ruso
soil in Sandy range site, Wabek soil in Very Shallow
range site.

RzA—Ruso soils, 1 to 3 percent slopes. These nearly
level soils are on terraces and glacial outwash plains.
They have a profile similar to the one described as
representative of the series except the surface layer is
loamy sand, loamy coarse sand, or coarse sandy loam.
Included in mapping were small areas of Lihen, Par-
shall, Wabek, and Manning soils. Also included were a
few areas that have a gravelly surface.

These soils are well drained. They have slow runoff
and are moderately susceptible to erosion. They are
also droughty.

These soils are suited to irrigated crops. Nearly all
the acreage is cropped. Small grain and alfalfa are the
main crops. The main management need is controlling
soil blowing. Conserving moisture and maintaining fer-

tility and tilth are also necessary. Capability unit Iles-
33; Sandy range site.

Seroco Series

The Seroco series consists of deep, rolling to hilly,
excessively drained soils on sandy uplands. The land-
scape is hammocky or dunelike. These soils formed in
windblown sands and in coarse textured deposits left
by glacial melt water.

In a representative profile the surface layer is grayish
brown fine sand about 4 inches thick, The underlying
material is light yellowish brown fine sand.

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

These soils are highly susceptible to erosion and are
not suitable for cultivation. All the acreage is in native
range. The native vegetation is prairie sandreed and
other native grasses and a few shrubs.

Representative profile of Seroco fine sand, 9 to 26
percent slopes, in grassland 800 feet west and 1,100
feethouth of northeast corner sec. 13, T. 145 N., R.
84 W.

Al1—0 to 4 inches; grayish brown (10YR 5/2)
fine sand, very dark grayish brown
(10YR 3/2) when moist; weak fine gran-
ular structure; loose. nonsticky and non-
plastic; neutral; gradual boundary.

C—4 to 60 inches; light yellowish brown (2.5Y
6/3) fine sand, olive brown (2.5Y 4/3)
when moist; single grained; loose, non-
sticky and nonplastic; neutral.

The A horizon ranges from 2 to 6 inches in thick-
ness and is grayish brown or light brownish gray. In
most areas the C horizon is fine sand, but it ranges
from loamy fine sand to sand. In places there are thin,
buried layers where wind action has covered an old
surface layer. Most profiles are noncalcareous to 60
inches.

Seroco soils are associated in the landscape with
Banks and Telfer soils. They differ from Banks soils in
not having stratification in the C horizon. They have a
thinner A horizon than Telfer soils.

SeD—Seroco fine sand, 9 to 25 percent slopes. This
is the only Seroco soil mapped in the county. It has the
profile described as representative of the series. The
landscape is rolling to hilly or choppy. Old blowouts
have revegetated. Included in mapping were areas of
Telfer and Lihen soils in swales and concave areas.

This soil is excessively drained. Runoff is very slow.

This soil is highly susceptible to erosion. It is not
suitable for cultivation. All the acreage is used for
native range. Management is needed to maintain good
stands of native grasses. Capability unit VIle-TSa;
Thin Sands range site.

Sinai Series

The Sinai series consists of deep, level, moderately
well drained silty clay soils. These soils formed in
glacio-lacustrine sediment.

In a representative profile the surface layer is very
dark gray silty clay about 7 inches thick. The subsoil
is dark grayish brown, firm silty clay about 14 inches
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thick. The underlying material is light yellowish brown
and light brownish gray silty clay.

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

Nearly all the acreage is cultivated and used for
small grain, corn, and alfalfa. The native vegetation is
mid and short prairie grasses.

Representative profile of Sinai silty clay in a culti-
vated field 155 feet south and 560 feet west of the
northeast corner, sec. 26, T. 148 N., R. 85 W,

Ap—O0 to 7 inches; very dark gray (10YR 3/1)
silty clay, black (10YR 2/1) when moist;
moderate coarse granular structure; very
hard, firm, sticky and plastic; neutral;
abrupt smooth boundary.

B2—7 to 21 inches; dark grayish brown (10YR
4/2) silty clay, very dark grayish brown
(10YR 3/2) when moist; weak coarse
prismatic structure parting to moderate
fine subangular blocky; very hard, firm,
sticky and plastic; neutral; clear wavy
boundary.

Cleca—21 to 37 inches; light yellowish brown
(2.5Y 6/4) silty clay, light olive brown
(2.5Y 5/4) when moist; many medium
distinet gray (5Y 5/1) mottles; weak
coarse subangular blocky structure part-
ing to moderate fine subangular blocky;
hard, firm, sticky and plastic; strong ef-
fervescence; mildly alkaline; gradual
wavy boundary.

C2—37 to 46 inches; light brownish gray (2.65Y
6/2) silty clay, olive brown (2.5Y 4/4)
when moist; many large distinet dark
gray (5Y 4/1) mottles; massive; hard,
firm, sticky and plastic; many soft
masses of lime; strong effervescence;
moderately alkaline; clear wavy bound-

ary,

C3—46 to 60 inches; light brownish gray (2.5Y
6/2) silty clay, dark grayish brown (2.5Y
4/2) when moist; few medium faint
gray (5Y 5/1) and few fine prominent
dark red (5YR 3/6) mottles; massive;
hard, firm, sticky and plastic; slight ef-
fervescence; moderately alkaline.

The A horizon ranges from very dark gray to gray-
ish brown. The B2 horizon is 7 to 16 inches thick and
ranges from dark gray to light brownish gray. It is
dominantly silty clay, but strata of silt loam or silty
clay loam are common. The clay content ranges from
35 to 60 percent. The C horizon has lime throughout
and contains lime masses and threads in some pedons.

The annual precipitation received by these Sinai soils
is a few inches less than in the range defined for the
series, but this difference does not alter use and man-
agement.

Sinai soils are associated in the landscape with Dim-
mick and Nutley soils. They are better drained than
Dimmick soils but not so well drained as Nutley soils.

Sn—Sinai silty elay. This level soil is on terraces and
broad, level areas on uplands. Slopes are 0 to 1 per-
cent. This is the only Sinai soil mapped in the county.
Included in mapping were small areas of Nutley, Dim-
mick, Tonka, and Parnell soils.

This soil is moderately well drained. It has medium
runoff and is slightly susceptible to erosion.

This soil is suited to all crops commonly grown in
the county. Nearly all the acreage is cropped. The
main management needs are controlling erosion, con-
serving moisture, and maintaining fertility and tilth.
Capability unit IIs—4; Clayey range site.

Stady Series

The Stady series consists of gently sloping to
moderately sloping, well drained soils that are mod-
erately deep over sand and gravel. These soils formed
in a loamy mantle of glacial outwash that is underlain
by sand and gravel outwash.

In a representative profile the surface layer is dark
grayish brown loam about 9 inches thick. The subsoil
is friable loam about 16 inches thick. It is dark grayish
brown in the upper 5 inches and grayish brown and
light yellowish 1n the lower 11 inches. The underlying
material is light yellowish brown very gravelly sand.

These soils have siow runoff. Permeability is mod-
erate in the subsoil and very rapid in the underlying
material. Available water capacity and organic-matter
content are moderate. Natural fertility is medium.

Nearly all the acreage is cultivated and used for
small grain and alfalfa. The native vegetation is mid
and short prairie grasses.

Representative profile of Stady loam in an area of
Bowdle-Stady loams, 3 to 6 percent slopes, in cultivated
field 2,100 feet south and 800 feet east of northwest
corner sec. 2, T. 144 N,, R. 81 W.

Ap—0 to 9 inches; dark grayish brown (10YR
4/2) loam, very dark brown (10YR 2/2)
when moist; weak fine granular struc-
ture; slightly hard, friable, nonsticky
and nonplastic; neutral; abrupt bound-

ary.

B21—9 to 14 inches; dark grayish brown (10YR
4/2) loam, very dark brown (10YR 2/2)
when moist; moderate coarse prismatic
structure parting to moderate medium
and coarse blocky; hard, friable, non-
sticky and nonplastic; neutral; clear
boundary.

B22—14 to 20 inches; grayish brown (2.5Y 5/2)
loam, dark grayish brown (2.5Y 4/2)
when moist; moderate coarse prismatic
structure parting to moderate medium
and coarse blocky; hard, friable, slightly
sticky and slightly plastic; few thin clay
films; neutral; clear boundary.

B3ca—20 to 25 inches; light yellowish brown
(2.5Y 6/3) loam, olive brown (2.5Y 4/3)
when moist; weak coarse prismatic
structure parting to moderate medium
and coarse blocky; hard, friable, slightly
sticky and slightly plastic; common
threads and soft masses of lime; strong
effervescence; mildly alkaline; abrupt
boundary. ,

IIC1—25 to 53 inches; light yellowish brown
(2.5Y 6/3) very gravelly sand, olive
brown (2.5Y 4/3) when moist; struc-
tureless; loose, nonsticky and nonplastic;
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lime coating on underside of gravel;
strong effervescence; mildly alkaline;
gradual boundary.

IIC2—53 to 60 inches; light yellowish brown
(2.5Y 6/3) very gravelly sand, olive
brown (2.5Y 4/3) when moist; struc-
tureless; loose, nonsticky and nonplastic;
strong effervescence; mildly alkaline.

The solum is 15 to 30 inches thick. The A horizon is
4 to 10 inches thick and is dark grayish brown or
grayish brown. The B horizon is 5 to 17 inches thick
and is typically grayish brown loam. It is noncal-
careous in the upper part and is typically calcareous in
the lower part. The loamy upper mantle commonly con-
tains 1 to 5 percent gravel. In some places a Cca
horizon has formed in the loam material. The IIC
horizon is mixed calcareous very gravelly sand, coarse
sand, or sand and gravel. Depth to the IIC material
ranges from 20 to 40 inches. )

Stady soils are associated in the landscape with
Bowdle, Wabek, Ruso, and Manning soils. They are
deeper over the coarse material and have a B2 horizon
that Wabek soils lack. Stady soils contain less sand in
the solum and have more clay in the B2 horizon than
Ruso and Manning soils. They have a thinner A hori-
zon than Bowdle soils.

Straw Series

The Straw series consists of deep, level, well drained
loams on terraces and flood plains of small streams.
These soils formed in alluvium.

In a representative profile the surface layer is dark
grayish brown loam about 7 inches thick. The subsoil
is dark grayish brown and grayish brown, very frlable
loam about 11 inches thick. The underlying material is
light brownish gray and grayish brown loam, silty clay
loam, and clay loam.

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

Most of these soils are used for hay and pasture.
Some areas are used for crops.

Representative profile of Straw loam in cropland
1,400 feet west and 30 feet south of northeast corner
sec. 19, T. 148 N., R. 85 W.

Ap—0 to 7 inches; dark grayish brown (10YR
4/2) loam, very dark brown (10YR 2/2)
when moist; moderate fine granular
structure; slightly hard, very friable,
slightly sticky and slightly plastic;
slightly acid; abrupt boundary.

B21—7 to 11 inches; dark grayish brown (10YR
4/2) loam, very dark grayish brown
(10YR 3/2) when moist; moderate
medium subangular blocky structure;
slightly hard, very friable, slightly sticky
and slightly plastic; common fine roots;
few fine pores; neutral; clear boundary.

B22—11 to 18 inches; grayish brown (10YR 5/2)
loam, very dark grayish brown (10YR
3/2) when moist ; moderate medium pris-
matic structure parting to moderate
medium subangular blocky; slightly
hard, very friable, slightly sticky and

slightly plastic; many fine roots; com-
mon fine pores; strong effervescence;
mildly alkaline; clear boundary.

C1—18 to 23 inches; light brownish gray (2.5Y
6/2) silty clay loam, dark grayish brown
(2.5Y 4/2) when moist; weak medium
prismatic structure parting to weak
medium subangular blocky ; hard, friable,
sticky and slightly plastic; many fine
roots; common fine pores; strong effer-
vescence; moderately alkaline; clear
boundary.

C2—23 to 28 inches; grayish brown (2.5Y 5/2)
silty clay loam, very dark grayish brown
(2.5Y 3/2) when moist; weak medium
prismatic structure parting to weak
medium subangular blocky ; hard, friable,
sticky and slightly plastic; many fine
roots; many fine pores; few fine threads
and soft masses of lime; strong effer-
vescence; strongly alkaline; gradual
boundary.

C3—28 to 34 inches; grayish brown (2.5Y 5/2)
loam, dark grayish brown (2.5Y 4/2)
when moist; massive; hard, very friable,
slightly sticky and slightly plastic; com-
mon fine roots; common fine pores; few
soft masses of lime; few masses of salts
and gypsum; strong effervescence; very
strongly alkaline; gradual boundary.

C4—34 to 37 inches; grayish brown (2.5Y 5/2)
clay loam, dark grayish brown (2.5Y
4/2) when moist; massive; hard, friable,
sticky and plastic; few fine roots; few
fine pores; few masses of salt and gyp-
sum; strong effervescence; strongly
alkaline; gradual boundary.

C5—37 to 60 inches; light brownish gray (2.5Y
6/2) loam, dark grayish brown (2.5Y
4/2) when moist; massive; hard, very
friable, slightly sticky and slightly
plastic; few fine roots; few fine pores;
strong effervescence; strongly alkaline.

The A horizon is 8 to 12 inches thick and is dark
gray or dark grayish brown. The B horizon is 10 to 25
inches thick and typically ranges from dark gray to
grayish brown. Depth to carbonates ranges from 5 to
24 inches. In most areas the C horizon is loam with
few to many stratifications of fine sandy loam, silt
loam, or clay loam. There are few or common bands of
darker colored materials in the profile and few to com-
mon threads and masses of lime in this horizon.

Straw soils_are associated in the landscape with
Farnuf soils. In contrast, they do not have a clay ac-
cumulation in the B horizon.

St—Straw loam. This level soil is on terraces and
flood plains of small streams. Slopes are 0 to 1 percent.
This soil has the profile described as representative of
the series. Included in mapping were small areas that
have slight and moderate salinity.

This soil is well drained but has slow runoff. It is
slightly susceptible to erosion.

About two-thirds of the acreage is used for hay and
pasture. Some areas are used for crops. The main man-
agement need on cropland is conserving moisture and
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maintaining fertility and tilth. Capability unit IIc-6;
Silty range site.

Sx—Sitraw soils, channeled. This level mapping unit
is on flood plains of small streams. It has been dis-
sected by steep-sided stream channels that cut the
landscape into small patches. The unit is mostly Straw
soils, but in some areas, there are soils with a thinner,
dark colored surface layer. The Straw soils have a pro-
file similar to the one described as representative of
the series, but the surface layer ranges from fine sandy
loam to clay loam. Included in mapping were areas of
Arnegard, Havrelon, Trembles, Parshall, and Farnuf
soils. Also included were a few moderately saline areas.

This unit is well drained but has slow runoff. It is
subject to flooding from high intensity rainstorms. It
is highly susceptible to erosion.

This unit is not suited to crops, because it is dis-
sected into small patches that are considered uneco-
nomical to farm with common machinery. Nearly all
the acreage is in range. Capability unit VIe-Ov; Over-
flow range site.

Tansem Series

The Tansem series consists of deep, gently sloping
and moderately sloping, well drained soils. These soils
formed in glacial lake and outwash deposits.

In a representative profile the surface layer is dark
grayish brown loam about 7 inches thick. The subsoil
is very friable loam about 9 inches thick. It is brown
in the upper 5 inches and light olive brown in the
lower 4 inches. The underlying material is light gray,
white, pale yellow, and light yellowish brown loam,
fine sandy loam, silt loam, very fine sandy loam, and
very fine sand.

These soils have medium runoff. Permeability and
organic-matter content are moderate. Natural fertility
is medium.

Nearly all the acreage is cultivated and used for
small grain, corn, and alfalfa. The native vegetation is
mid and short prairie grasses.

Representative profile of Tansem loam in an area of
Roseglen-Tansem complex, 3 to 6 percent slopes, in
cultivated field 1,320 feet east and 175 feet north of
southwest corner sec. 13, T. 146 N., R. 83 W.

Ap—O0 to 7 inches; dark grayish brown (10YR
4/2) loam, very dark brown (10YR 2/2)
when moist; moderate fine granular
structure; hard, very friable, slightly
sticky and slightly plastic; many fine
roots; many fine pores; neutral; abrupt
smooth boundary.

B21—7 to 12 inches; brown (10YR 4/3) loam,
dark brown (10YR 3/3) when moist;
ped faces coated with dark grayish
brown (10YR 4/2) stains; moderate
medium prismatic structure parting to
moderate medium subangular blocky;
hard, very friable, slightly sticky and
slightly plastic; common fine roots, com-
mon fine and few medium tubular pores;
neutral ; clear wavy boundary.

B22—12 to 16 inches; light olive brown (2.5Y
5/3) loam, olive brown (2.5Y 4/3) when
moist; weak coarse prismatic structure

parting to weak coarse and medium sub-
angular blocky; slightly hard, very fri-
able, slightly sticky and slightly plastic;
common roots; common pores; clear
wavy boundary.

Clca—16 to 20 inches; light gray and white (2.5Y
7/2 and 8/2) loam, light olive brown
(2.5Y 5/3) when moist; weak coarse
prismatic structure; hard, very friable,
slightly sticky and slightly plastic; few
roots; common fine pores; many large
soft masses of lime; violent efferves-
cence; moderately alkaline; clear wavy
boundary.

C2ca—20 to 32 inches; pale yellow (2.5Y 7/3)
loam and fine sandy loam, light olive
brown (2.5Y 5/3) when moist; weak
coarse subangular blocky structure;
slightly hard, very friable, slightly sticky
and slightly plastic; few roots; common
fine pores; common medium soft masses
of lime; violent effervescence ; moderately
alkaline; gradual wavy boundary.

C3—32 to 45 inches; light yellowish brown (2.5Y
6/4) laminated silt loam and very fine
sandy loam, olive brown (2.5Y 4/4)
when moist; few fine prominent dark
yellowish brown (10YR 4/4) moist and
few faint gray (5Y 5/1) moist mottles;
massive; slightly hard, very friable,
slightly sticky and slightly plastic; few
fine pores: few fine soft masses of lime;
strong effervescence; moderately alka-
line; gradual boundary.

C4—45 to 60 inches; light vellowish brown (2.5Y
6/4) laminated silt, very fine sand, and
loam, olive brown (2.5Y 4/4) when
moist; gray (5Y 5/1) moist and yellow-
ish brown (10YR 5/4) moist mottles on
some of the thin layers; massive; hard,
friable, slightly sticky and slightly plas-
tic; few soft masses of lime; strong effer-
vescence; moderately alkaline.

The solum is 14 to 20 inches thick. The A horizon is
5 to 10 inches thick and is dark grayish brown or
grayish brown. The B2 horizon ranges from dark gray-
ish brown to light yellowish brown. The C horizon is
calcareous, stratified loam, silt loam, and fine sandy
loam. There are threads and soft masses of lime in
most profiles. The lower C horizon is stratified or
varved and commonly contains mottles.

Tansem soils are associated in the landscape with
Roseglen and Williams soils. They have a thinner B
horizon than Roseglen soils. In contrast with Williams
ioi]g, they lack the clay accumulation in the B2

orizon,

Telfer Series

The Telfer series consists of deep, undulating and
gently rolling, excessively drained soils. These soils are
on hummocky, dunelike, or hilly areas. They formed
in deep sandy material on uplands.

In a representative profile the surface layer is dark
grayish brown loamy fine sand about 5 inches thick.
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The underlying material is grayish brown and light
brownish gray loamy fine sand and fine sand.

Permeability is rapid. Organic-matter content is
moderate. Available water capacity and natural fer-
tility are low.

Nearly all the acreage is used for native range. The
native vegetation is mid and short prairie grasses.

Representative profile of Telfer loamy fine sand in
grassy area of Telfer-Lihen loamy fine sands, 3 to 9
percent slopes, 2,340 feet south and 600 feet west of
northeast corner sec. 13, T. 145 N., R. 84 W.

Al1—0 to 5 inches; dark grayish brown (10YR
4/2) loamy fine sand, very dark brown
(10YR 2/2) when moist; weak fine
granular structure; soft, very friable,
nonsticky and nonplastic; many roots;
medium acid; clear boundary.

AC—5 to 15 inches; grayish brown (10YR 5/2)
loamy fine sand, very dark grayish
brown (10YR 3/2) when moist; single
grained; loose, very friable, nonsticky
and nonplastic; common roots; slightly
acid; gradual boundary.

C1—15 to 85 inches; grayish brown (2.5Y 5/2)
fine sand, dark grayish brown (2.5Y
4/2) when moist; single grained; loose,
nonsticky and nonplastic; few roots;
neutral; gradual boundary.

C2—35 to 60 inches; light brownish gray (2.5Y
6/2) fine sand, olive brown (2.5Y 4/3)
when moist; single grained; loose, non-
sticky and nonplastic; neutral.

The A horizon is 5 to 8 inches thick and is very dark
grayish brown to grayish brown. The AC horizon is
very weakly developed. It is dark grayish brown or
grayish brown loamy fine sand, loamy sand, or fine
sand 3 to 10 inches thick. The underlying material
ranges from loamy fine sand to fine sand. The depth
to carbonates ranges from 40 to more than 60 inches.

Telfer soils are associated in the landscape with the
Seroco and Lihen soils. They have a thicker A horizon
than Seroco soils and a thinner A horizon than Lihen
soils.

TIC—Telfer-Lihen loamy fine sands, 3 to 9 percent
slopes. This undulating and gently rolling mapping unit
is on uplands and terraces. It is about 70 percent
Telfer loamy fine sand on slopes and convex ridges,
about 25 percent Lihen loamy fine sand in concave
areas, and about 5 percent Seroco fine sand on some
of the convex ridges. The Telfer soil has the profile
described as representative of the Telfer series. In-
cluded in mapping were a few areas of Parshall fine
sandy loam and Flaxton loamy fine sand.

This unit is excessively drained and has slow runoff.
It is droughty and is highly susceptible to erosion.

This unit is not suited to crops. Nearly all the
acreage is used for native range and pasture. A few
areas are cropped but should be seeded to grass. Man-
agement is needed to maintain a good stand of grass.
Capability unit VIe-Sa; Sands range site.

Temvik Series

The Temvik series consists of deep, gently to mod-
erately sloping, well drained soils. These soils formed

in a silty loess mantle 20 to 40 inches thick overlying
loamy glacial till.

In a representative profile the surface layer is dark
grayish brown silt loam about 8 inches thick. The
subsoil is very friable silt loam about 18 inches thick.
It is grayish brown in the upper 6 inches and pale
brown in the lower 12 inches. The underlying material
is light brownish gray and pale olive clay loam.

These soils have medium runoff. Permeability is
moderate in the subsoil and moderately slow in the
underlying material. Available water capacity is high.
Organic-matter content is moderate. Natural fertility
is medium.

Nearly all these soils are cultivated and used for
small grain, corn, and alfalfa. The native vegetation is
mid and short prairie grasses.

Representative profile of Temvik silt loam in culti-
vated area of Wilton-Temvik silt loams, 3 to 6 percent
slopes, 375 feet north and 150 feet west of southeast
corner sec. 31, T. 147 N., R. 83 W.

Ap—O0 to 8 inches; dark grayish brown (10YR
4/2) silt loam, very dark brown (10YR
2/2) when moist; moderate fine granu-
lar structure; slightly hard, very friable,
slightly sticky and slightly plastic;
slightly acid; abrupt smooth boundary.

B2—8 to 14 inches; grayish brown (10YR 5/2)
silt loam, very dark brown (10YR 3/2)
when moist ; moderate medium prismatic
structure parting to moderate medium
subangular blocky; slightly hard, very
friable, slightly sticky and slightly plas-
tic; many fine roots; common fine pores;
neutral; clear wavy boundary,

B3ca—14 to 26 inches; pale brown (10YR 6/3)
silt loam, brown (10YR 4/3) when
moist; weak medium prismatic structure
parting to weak medium subangular
blocky; slightly hard, very friable,
slightly sticky and slightly plastic; many
fine roots; many fine pores; very few
soft masses of lime; strong efferves-
cence; mildly alkaline; abrupt wavy
boundary.

IIClca—26 to 39 inches; light brownish gray
(2.5Y 6/2) clay loam, dark grayish
brown (2.5Y 4/2) when moist; few fine
distinct brown (7.5Y 5/4) mottles; weak
coarse prismatic structure parting to
weak coarse subangular blocky; hard,
firm, sticky and plastic; common fine
roots; common fine pores; about 2 per-
cent fine pebbles and shale fragments;
common seams and soft masses of lime;
violent effervescence; mildly alkaline;
gradual boundary.

I1C2—39 to 60 inches; pale olive (5Y 6/3) clay
loam, olive (5Y 4/3) when moist; few
fine distinct brown (7.5Y 5/4) mottles;
massive; hard, firm, sticky and plastic;
few fine roots; common fine pores; about
2 percent fine pebbles and shale frag-
ments; few soft masses of lime; strong
effervescence ; moderately alkaline.

The A horizon is 4 to 10 inches thick and ranges



MC LEAN COUNTY, NORTH DAKOTA 5b

Figure 11.—Profile of Temvik silt loam showing glacial till at 24 inches.

from very dark grayish brown to grayish brown. The
B2 horizon is 6 to 18 inches thick and ranges from
dark grayish brown to brown. The B3 horizon, if
present, is as much as 12 inches thick. In some pedons
it is calcareous in the lower part, and in others it is
calcareous throughout. The IIC horizon has few to
many segregations of lime. It is multicolored glacial
till with clay loam or loam. The depth to the IIC
horizon ranges from 20 to 40 inches but commonly is
20 to 28 inches (fig. 11).

Temvik soils are associated with Wilton, Grassna,
Linton, Mandan, and Williams soils. They have a
thinner dark colored A horizon and lime accumulation
at shallower depths than Wilton soils. Temvik soils
have a IIC horizon of glacial till that Grassna, Linton,
and Mandan soils do not have. They are less clayey and
more silty in the B horizon than Williams soils, and
they have a thinner A horizon than Grassna soils.

Tonka Series

The Tonka series consists of deep, level, poorly
drained silt loams. These soils occur as shallow de-
pressions on glacial till plains and lake plains. They
formed in local alluvium and deposits left by glacial
melt water.

In a representative profile the surface layer is dark
gray silt loam about 7 inches thick. The subsurface
layer is light gray silt loam about 4 inches thick. The
subsoil is about 15 inches thick. It is dark gray, very
firm silty clay in the upper 6 inches and grayish brown
clay loam in the lower 9 inches. The underlying ma-
terial is mottled light olive gray clay loam.

Permeability is slow. Available water capacity,
organic-matter content, and natural fertility are high.
These soils are ponded after heavy rainfall and rapid
snowmelt.
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Much of the acreage is cultivated and is used for
small grain and alfalfa. The native vegetation is
prairie cordgrass, northern reedgrass, sedges, and
other plants that thrive on overflow and wetness.

Representative profile of Tonka silt loam in culti-
vated area of Tonka-Parnell complex, 2,240 feet north
and 1,920 feet west of southwest corner sec. 18, T. 149
N., R. 85 W, )

Ap—0 to 7 inches; dark gray (10YR 4/1) silt
loam, black (10YR 2/1) when moist;
moderate fine granular structure;
slightly hard, very friable, slightly sticky
and slightly plastic; neutral; abrupt
boundary. }

A2—T7 to 11 inches; light gray (10YR 7/1) silt
loam, dark gray (10YR 4/1) when
moist; few fine distinct brown (10YR
5/8) mottles; moderate fine platy struc-
ture; slightly hard, very friable, slightly
sticky and nonplastic; slightly acid;
abrupt boundary.

B21t—11 to 17 inches; dark gray (10YR 4/1)
silty eclay, black (10YR 2/1) when
moist; strong medium prismatic struc-
ture parting to moderate medium blocky ;
very hard, very firm, sticky and plastic;
common pressure faces; slightly acid;
gradual boundary.

B22t—17 to 26 inches; grayish brown (2.5Y 5/2)
heavy clay loam, dark grayish brown
(2.5Y 4/2) when moist; many medium
distinct very dark gray and yellowish
brown (10YR 8/1 and 5/4) mottles;
weak medium prismatic structure part-
ing to moderate medium blocky; very
hard, very firm, sticky and plastic;
slightly acid; gradual boundary.

Clg—26 to 35 inches; light olive gray (5Y 6/2)
clay loam, olive gray (5Y 5/2) when
moist; common medium distinct yellow-
ish brown (10YR 5/4) mottles; massive;
hard, firm, sticky and plastic; slight ef-
fervescence; neutral; clear boundary.

C2gca—35 to 45 inches; light olive gray (5Y 6/2)
clay loam, olive gray (5Y 5/2) when
moist; common medium distinet yellow-
ish brown (10YR 5/4) mottles; massive;
hard, firm, sticky and plastic; few
threads of lime; strong effervescence;
mildly alkaline; gradual boundary.

C3gca—A45 to 60 inches; light olive gray (5Y 6/2)
clay loam, olive gray (5Y 5/2) when
moist; common large prominent white
(10YR 8/1) and common fine faint dark
yellowish brown (10YR 4/4) mottles;
massive; hard, firm, sticky and plastic;
many threads and few soft masses of
lime; strong effervescence; mildly alka-
line.

The Ap horizon is 6 to 18 inches thick. The A2
horizon is 4 to 10 inches thick and is typically light
gray with few to many brown or yellowish brown
mottles. It is silt loam, very fine sandy loam, or loam.
The B horizon ranges from very dark gray to grayish
brown and is 8 to 20 inches thick. It ranges from silty

clay loam to clay and is 35 to 45 percent clay. The C
horizon is loamy glacial till, local alluvium, or glacial
melt water. The depth to lime is commonly the base of
the B horizon but ranges from 20 to 60 inches.

Tonka soils are associated in the landscape with
Parnell, Williams, Hamerly, and Bowbells soils. They
are better drained than Parnell soils and are wetter
than Williams, Hamerly, and Bowbells soils.

Tp—Tonka-Parnell complex. This level mapping
unit is in shallow depressions on glacial till plains and
lake plains. It is about 75 percent Tonka silt loam and
25 percent Parnell silty clay loam. Slopes are 0 to 1
percent. The Parnell soil is in the deeper parts of the
depression that holds water for a longer time. It is
slightly less wet than is typical of Parnell soils. In-
cluded in mapping were small areas of Bowbells,
Hamerly, and Colvin soils.

This unit receives runoff from higher areas and is
occasionally ponded. Much of the acreage is used for
crops. Drained areas are suited to all crops commonly
grown in the county. Undrained areas are frequently
too wet to be planted early in spring.. They are used
for late crops of small grain, flax, or forage crops. In
some years the soils are left idle because of wetness.
Areas that are not cultivated are usually cut for hay.
Capability unit IIw—-6; Tonka soil in Wet Meadow
range site; Parnell soil in Wetland range site.

Trembles Series

The Trembles series consists of deep, level, well
drained soils on bottom land and low terraces. These
soils formed in stratified alluvium.

In a representative profile the surface layer is gray-
ish brown fine sandy loam about 4 inches thick. The
underlying material is light brownish gray fine sandy
loam, loam, and loamy fine sand.

Permeability is moderately rapid. Available water
capacity is moderate. Organic-matter content is low.
Natural fertility is medium.

Nearly all the acreage is cultivated and used for
small grain, corn, and alfalfa. The native vegetation
is mixed prairie grasses, shrubs, and trees.

Representative profile of Trembles fine sandy loam
in pasture 1,150 feet south and 50 feet west of north-
east corner of sec. 17, T. 144 N, R. 82 W,

A1—0 to 4 inches; grayish brown (2.5Y 5/2) fine
sandy loam, very dark grayish brown
(2.5Y 3/2) when moist; moderate fine
granular structure; soft, very friable,
nonsticky and nonplastic; strong effer-
vescence; neutral; abrupt boundary.

C1—4 to 28 inches; light brownish gray (2.5Y
6/2) fine sandy loam, dark grayish
brown (2.5Y 4/2) when moist; massive
and stratified; soft, very friable, non-
sticky and nonplastic; several 10 milli-
meter strata of loamy fine sand and
loam; strong effervescence; neutral;
abrupt boundary.

C2—28 to 30 inches; light brownish gray (2.5Y
6/2) loam, dark grayish brown (2.5Y
4/2) when moist; massive and stratified;
slightly hard, very friable, slightly
sticky and slightly plastic; strong effer-
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vescence ; mildly alkaline; abrupt bound-

ary.
C3—30 to 46 inches; light brownish gray (2.5Y
6/2) fine sandy loam, dark grayish
brown (2.5Y 4/2) when moist; massive
and stratified; soft, very friable, non-
sticky and nonplastic; several 3 to 5
millimeter stratifications of loam and
loamy fine sand; strong effervescence;
mildly alkaline; abrupt boundary.
C4—46 to 60 inches; light brownish gray (2.5Y
6/2) loamy fine sand, grayish brown
(2.5Y 5/2) when moist; single grained;
loose, very friable, nonsticky and non-
plastic; strong effervescence; mildly
alkaline.

The A horizon is 2 to 7 inches thick and is a grayish
brown or light brownish gray. It ranges from clay
loam to loamy fine sand but is dominantly fine sandy
loam. The C horizon is light brownish gray, light
yellowish brown, and light gray fine sandy loam and
loamy fine sand with thin strata of finer and coarser
textures. In most areas the soil is calcareous through-
out, but the upper 4 to 6 inches is noncalcareous in
some profiles.

Trembles soils are associated in the landscape with
Banks and Havrelon soils. They are less sandy than
Banks soil and less clayey than Havrelon soils.

Tr—Trembles fine sandy loam. This level soil is on
low terraces and bottom land. It occurs as narrow
stringers and as irregularly shaped areas. Slones are
0 to 1 percent. Included in mapping were small areas
of Banks loamy fine sand and Havrelon loam. Also
included were several areas, 10 to 40 acres in size,
of a Trembles soil that has a loam surface layer.

This soil is well drained. It has slow runoff but is
moderately susceptible to erosion. It is subject to
flooding when ice jams occur in spring. At other times
it is protected by the Garrison Dam.

This soil is suited to all crops commonly grown in
the county, including irrigated crops. Nearly all the
acreage is cropped. The rest is used for native range
or pasture. The main management needs are con-
trolling soil blowing, conserving moisture, and main-
taining fertility and tilth. Capability unit IIle-3;
range site not assigned.

Vebar Series

The Vebar series consists of moderately deep, gently
sloping and moderately sloping, well drained fine sandy
loams. These soils are on uplands and are weathered
from sandstone,

In a representative profile the surface layer is dark
grayish brown fine sandy loam about 7 inches thick.
The subsoil is dark grayish brown and grayish brown,
very friable fine sandy loam about 8 inches thick. The
underlying material is light gray sandy loam. Sand-
stone is at 38 inches.

Permeability is moderately rapid. Available water
capacity and organic-matter content are moderate.
Natural fertility is medium.

Representative profile of Vebar fine sandy loam in
grassy area of Vebar-Williams fine sandy loams, 3 to

9 percent slopes, 2,250 feet east and 40 feet north of
southwest corner sec. T. 150 N., R. 89 W.

A1—0 to 7 inches; dark grayish brown (10YR
4/2) fine sandy loam, very dark brown
(10YR 2/2) when moist; moderate me-
dium granular structure; soft, very fri-
able, nonsticky and nonplastic; many
roots; neutral; clear smooth boundary.

B21—7 to 12 inches; dark grayish brown (10YR
4/2) fine sandy loam, very dark grayish
brown (10YR 3/2) when moist; weak
coarse prismatic structure parting to
weak medium subangular blocky; soft,
very friable, nonsticky and nonplastic;
many roots; neutral; gradual wavy
boundary.

B22—12 to 15 inches; grayish brown (10YR 5/2)
fine sandy loam, very dark grayish
brown (10YR 3/2) when moist; weak
medium prismatic structure parting to
weak medium subangular blocky; soft,
very friable, nonsticky and nonplastic;
few roots; neutral; abrupt smooth
boundary.

C1—15 to 38 inches: light gray (2.5Y 7/2) sandy
loam, grayish brown (2.5Y 5/2) when
moist; massive; loose, nonsticky and
nonplastic; few roots; strong efferves-
cence; mildly alkaline; diffuse wavy
boundary.

C2—38 to 60 inches; light olive gray (5Y 6/2)
soft sandstone that crushes to loamy fine
sand. olive gray (5Y 5/2) when moist;
massive; strong effervescence; mildly
alkaline,

The A horizon is 5 to 9 inches thick. The B horizon
ranges from dark grayish brown to brown or pale
brown. The C1 horizon is mostly sandy loam, but is
fine sandy loam and loamy fine sand in places. The
depth to carbonates ranges from 12 to 30 inches.
Segregated lime that ranges from very few to common
threads and soft masses occur in some pedons. The C
hor}ilzon grades into soft sandstone between 20 and 40
inches.

Vebar soils are associated in the landscape with
Flasher, Cohagen, Arnegard, Parshall, and Williams
soils. They are deeper than Flasher and Cohagen soils
but are less deep than Arnegard, Parshall, and Wil-
liams soils.

VwC—Vebar-Williams fine sandy loams, 3 to 9 per-
cent slopes. This gently and moderately sloping map-
ping unit is on uplands. It is about 50 percent Vebar
soil, 30 percent Williams soil, and about 20 percent
Parshall soil. The Vebar soil has the profile described
as representative of the series. It is on plane and
convex upper slopes. The Williams soil is on plane
and concave lower slopes. The Parshall soil is gently
sloping and in swales. Included with these soils in
mapping were small areas of . Cohagen, Flaxton,
Flasher, Max, Arnegard, and Zahl soils.

This unit is well drained. It has medium runoff and
is moderately susceptible to erosion.

About half the acreage is cropped. The rest is used
for native range or pasture, The soils are suited to all
crops commonly grown in the county. Controlling
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erosion is an essential part of management. Conserving
moisture and maintaining fertility and tilth are also
necessary. Capability unit IVe-3; Vebar soil in Sandy
range site; Williams soil in Silty range site.

Wabek Series

The Wabek series consists of nearly level to rolling,
excessively drained soils that are very shallow over
sand and gravel. These soils formed in outwash.

In a representative profile the surface layer is dark
grayish brown loam about 7 inches thick. The under-
lying material is light brownish gray gravelly sandy
loam and very gravelly coarse sand.

Permeability is moderately rapid in the surface
layer and very rapid in the underlying material. Avail-
able water capacity is very low. Organic-matter con-
tent is moderate. Natural fertility is low.

Most of the acreage is in native vegetation of mid
and short prairie grasses.

Representative profile of Wabek loam in area of
Wabek soils, 1 to 6 percent slopes, in native vegetation
2,685 feet east and 70 feet south of northwest corner
of see. 23, T. 145 N., R. 79 W.

A1-—0 to 7 inches; dark grayish brown (10YR
4/2) loam, very dark brown (10YR 2/2)
when moist; moderate fine granular
structure; slightly hard, very friable,
nonsticky and nonplastic; many fine
pebbles; slight effervescence; mildly al-
kaline; clear boundary.

IIC1leca—7 to 13 inches; light brownish gray (2.5Y
6/2) gravelly sandy loam, dark grayish
brown (2.5Y 4/2) when moist; massive;
loose, nonsticky and nonplastic; common
soft masses of lime; violent efferves-
cence; mildly alkaline; gradual bound-

ary.
IIC2—13 to 60 inches; light brownish gray (2.5Y
6/2) very gravelly coarse sand, dark
grayish brown (2.5Y 4/2) when moist;
single grained; loose, nonsticky and non-
plastic; lime pendants on underside of
gravel; violent effervescence; mildly al-
kaline.
The solum is 6 to 14 inches thick. The A horizon is
3 to 7 inches thick and is dark gray to very dark
brown. It ranges from gravelly sandy loam to loam or
gravelly loam.

The IIClea horizon is typieally gravelly loam or
gravelly sandy loam 4 to 8 inches thick. It ranges from
coarse sand to very gravelly loamy sand or a mixture
of sand and gravel. Crusts of lime are on the underside
of the pebbles in the upper part.

Wabek soils are associated in the landscape with
Ruso, Manning, Bowdle, Stady, Max, and Zahl soils.
They are shallower over sand and gravel than Ruso,
Manning, Bowdle, and Stady soils. They differ from
Max and Zahl soils in having a IIC horizon.

WaB—Wabek-Max-Zahl loams, 1 to 6 percent slopes.
This nearly level and undulating mapping unit is on
outwash mantled areas of glacial till plains. Thickness
of the gravelly mantle ranges from 1 inch to several
feet. Scattered gravel, cobbles, and stones are on the
surface.

This unit is about 50 percent Wabek soil, 20 percent
Max loam, 20 percent Zahl loam, and 10 percent minor

soils. All are intricately associated. Thickness of the
profile varies greatly within short distances. Included
in mapping were small areas of Williams, Stady, Man-
ning, Bowdle, and Ruso soils.

This unit is excessively drained and well drained.
Runoff is slow. Nearly all the acreage is in native
range and pasture. Management is needed to maintain
good stands of native grasses. Capability unit VIe-
TU; Wabek soil in Very Shallow range site, Max soil
ir_lt Silty range site, Zahl soil in Thin Upland range
site.

WaD—Wabek-Max-Zahl loams, 6 to 15 percent
slopes. This gently rolling and rolling mapping unit is
on outwash mantled areas of glacial till plains. Thick-
ness of the gravelly mantle ranges from 1 inch to
several feet. Scattered gravel, cobbles, and stones are
on the surface.

This mapping unit is about 50 percent Wabek soil,
20 percent Max loam, 20 percent Zahl loam, and 10
percent minor soils. All are closely associated. Thick-
ness of the profile ranges greatly within short dis-
tances. Included in mapping were small areas of Wil-
liams. Stady, Manning, Bowdle, and Ruso soils.

This unit is excessively drained and well drained.
Runoff is slow. Nearly all of the acreage is in native
range and pasture. Management is needed to maintain
good stands of native grasses. Capability unit VIe-
TU: Wabek soil in Very Shallow range site, Max soil
ir_lt Silty range site, Zahl soil in Thin Upland range
site,

WbB—Wabek soils, 1 to 6 percent slopes. These
nearly level and undulating soils occupy ridges and
knolls on terraces and glacial outwash plains. The
surface layer ranges from loam to gravelly sandy
loam. The profile is the one described as representative
of the series (fig. 12). Areas are convex and concave.
The concave areas are generally the deeper soils.
Depth to loose sand and gravel varies greatly over
short distances. Included in mapping were areas of
Stady, Manning, Bowdle, Ruso, and other soils.

These soils are excessively drained. Runoff is slow.
Most of the acreage is in native range and pasture. A
few areas in fields of better soils have been farmed.
These areas should be seeded to grass and well man-
agif:ed. Capability unit VIs-VS; Very Shallow range
site.

WhD—Wahek soils, 6 to 15 percent slopes. These
gently rolling and rolling soils occupy ridges and knolls
on outwash plains and terraces. They are intermingled
with deeper soils on the landscape. The surface layer
ranges from loam to gravelly sandy loam. Depth to
loose sand and gravel varies greatly over short dis-
tances. Included in mapping were areas of Stady,
Manning, Bowdle, Ruso, and other soils. Also included
were some areas where slopes are steeper than 15
percent.

These soils are excessively drained. Runoff is slow.
Nearly all the acreage is in native range and pasture.
Management is needed to maintain good stands of
native grasses. Capability unit VIs-VS; Very Shallow
range site.

Williams Series

The Williams series consists of deep, nearly level to
gently rolling; well drained soils. These soils formed
in loamy glacial till.
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Figure 12.—Profile of Wabek loam showing gravel at a depth of
7 inches.

In a representative profile the surface layer is dark
grayish brown loam about 5 inches thick. The subsoil
is friable clay loam about 11 inches thick. It is brown
in the upper 7 inches and grayish brown in the lower
4 inches. The underlying material is light brownish
gray and light olive brown clay loam.

Permeability is moderate in the subsoil and moder-
ately slow in the underlying material. Available water
capacity and natural fertility are high. Organic-matter
content is moderate.

Nearly all the acreage is cultivated and used for
small grain, corn, and alfalfa. The native vegetation is
mid and short prairie grasses.

Representative profile of Williams loam in culti-
vated area of Williams-Bowbells loams, 1 to 3 percent
slopes, 2,310 feet east and 2,020 feet north of southeast
corner sec. 17, T. 146 N., R. 81 W.

Ap—O0 to 5 inches; dark grayish brown (10YR
4/2) loam, very dark brown (10YR 2/2)
when moist; moderate fine granular
structure; slightly hard, friable, slightly

sticky and slightly plastic; few pebbles;
abrupt smooth boundary.

B2t—5 to 12 inches; brown (10YR 4/3) clay
loam, dark brown (10YR 8/3) moist;
peds coated with dark grayish brown
(10YR 4/2) and very dark grayish
brown (10YR 3/2) when moist; moder-
ate medium prismatic structure parting
to moderate medium angular blocky;
hard, friable, sticky and plastic; common
fine roots; few fine pores; continuous
clay films on ped faces; few pebbles;
clear smooth boundary.

B3ca—12 to 16 inches; grayish brown (2.5Y 5/2)
clay loam, dark grayish brown (2.5Y
4/2) when moist; peds coated with
patches of dark grayish brown (2.5Y
4/2) and very dark grayish brown (2.5Y
3/2) moist; moderate medium prismatic
structure parting to weak medium sub-
angular blocky; hard, friable, sticky and
slightly plastic; common fine roots; few
fine pores; patches of clay films on ped
faces; about 5 percent fine gravel; few
seams and soft masses of lime; strong
effervescence; clear wavy boundary.

Clca—16 to 26 inches; light brownish gray (2.5Y
6/2) light clay loam, light olive brown
(2.5Y 5/3) when moist; white (2.5Y
8/2) and light gray (2.5Y 7/2) moist on
lime patches; moderate coarse prismatic
structure parting to weak coarse sub-
angular blocky; hard, friable, sticky and
slightly plastic; common fine roots; com-
mon fine pores; about 5 percent fine
gravel ; common and soft masses of lime;
strong effervescence; gradual wavy
boundary.

C2—26 to 40 inches; light brownish gray (2.5Y
6/2) light clay loam, grayish brown
(2.5Y 5/2) when moist; weak very
coarse prismatic structure; hard, friable,
sticky and slightly plastic; few fine
roots; few fine pores; about 5 percent
fine gravel; few seams and soft masses
of lime; strong effervescence; diffuse
boundary.

C3—40 to 60 inches; light olive brown (2.5Y 5/3)
clay loam, olive brown (2.5Y 4/3) when
moist; common medium distinet light
yellowish brown (10YR 6/4) and gray
(5Y 6/1) moist mottles; massive; very
hard, firm, sticky and plastic; few fine
roots; few medium pores; about 5 per-
cent gravel; few seams and soft masses
of lime; strong effervescence,

The A horizon is very dark grayish brown to gray-
ish brown 5 to 12 inches thick. It is dominantly loam,
silt loam or clay loam, but some is fine sandy loam.
The B2 horizon is clay loam or heavy loam 5 to 16
inches thick and ranges from brown to dark grayish
brown. Clay films are common on vertical and hori-
zontal ped faces, although they are only on vertical
surfaces in some profiles. The Cca horizon has dis-
seminated lime throughout and contains few to com-
mon soft masses and threads of lime. The C horizon is
multicolored glacial till and is clay loam or heavy
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loam. Coarse fragments ranging in size from gravel
to stones occur throughout the profile. )

Williams soils are associated in the landscape with
Bowbells, Max, Zahl, Temvik, and Flaxton soils. They
are better drained than Bowbells soils. They have more
clay accumulation in the B horizon than Max soils.
They have a B horizon that Zahl soils do not have.
They lack the IIC horizon of Temvik and Flaxton
soils.

WIB—Williams stony loam, 1 to 9 percent slopes.
This nearly level to gently rolling, very stony soil is on
glacial till uplands. It has manv boulders and stones
on the surface and throughout the soil, and removing
them is not feasible. The surface is stony; otherwise,
this soil has a profile similar to the one described as
representative of the series. Included in mapping were
areas of Bowbells, Max, and Zahl soils, which are also
stony.

This soil is well drained. Runoff is medium.

This soil is too stony. for cultivation. It is suited to
grazing or wildlife. All the acreage is in native grass.
The stones interfere with cutting hay. Capability unit
VIIs-Si; Silty range site.

WmA—Williams clay loam, 1 to 3 percent slopes.
This nearly level soil is on glacial till uplands. The
surface layer is dark grayish brown clay loam 5 to 10
inches thick. The subsoil and underlying material are
slightly finer textured than is described as representa-
tive of the series. Included in mapping were areas of
Sinai, Makoti, Grail, Bowbells, Tonka, and Parnell
soils.

This soil is well drained. It has medium runoff and
is slightly susceptible to' erosion. )

Nearly all the acreage is used for crops. The rest is
in native range or pasture. The soil is suited to all
crops commonly grown in the county. The chief man-
agement needs are conserving moisture and maintain-
ing fertility and tilth. Capability unit IIc-6; Silty
range site.

WmB—Williams clay loam, 3 to 6 percent slopes.
This undulating and gently sloping soil is on glacial
till uplands. The surface layer is dark grayish brown
clay loam 5 to 10 inches thick. The subsoil and under-
Iying material are slightly finer textured than is de-
scribed as representative of the series. Included in
mapping were areas of Sinai, Makoti, Grail, Bowbells,
Tonka, and Parnell soils.

This soil is well drainéd. It has medium runoff and
is slightly susceptible to erosion.

Nearly all the acreage is used for crops. The rest is
in native range or pasture. Controlling erosion, con-
serving moisture, and maintaining fertility and tilth
are the main management needs. Capability unit IIe-
6; Silty range site.

WoA—Williams-Bowbells loams, 1 to 3 percent
slopes. This nearly level mapping unit is on glacial till
uplands. It is about 70 percent Williams loam and 30
percent Bowbells loam. Williams soils are on the plane
and slightly convex slopes. Bowbells soils are on the
lower and concave parts of the landscape. These soils
have the profiles described as representative of their
respective series. Included in mapping were small
areas of Zahl, Max, and Arnegard soils. Also included
were small areas of Tonka and Parnell soils in un-
drained depressions.

This unit is well drained. It has medium runoff and
is slightly susceptible to erosion.

Nearly all the acreage is used for crops. The rest
is in native range or pasture. This unit is suited to all
crops commonly grown in the county. The main man-
agement needs are conserving moisture and maintain-
ing fertility and tilth. Capability unit Ilc-6; Williams
spgl in Silty range site, Bowbells soil in Overflow range
site.

WoB—VWilliams-Bowbells loams, 3 to 6 percent
slopes. This undulating and gently sloping mapping
unit is on glacial till uplands. It is about 60 percent
Williams loam, 30 percent Bowbells loam, and 10 per-
cent minor soils. Williams soils are on the smooth and
slightly convex slopes. Bowbells soils are on the lower
and concave parts of the landscape. Included in map-
ping were small areas of Zahl, Max, and Arnegard.
Also included were small areas of Tonka and Parnell
soils in undrained depressions.

This unit is well drained. It has medium runoff and
is slightly susceptible to erosion.

Nearly all the acreage is used for crops. The rest is
in native range or pasture. This unit is suited to all
crops commonly grown in the county. Controlling
erosion, conserving moisture, and maintaining fertility
and tilth are the main management needs. Capability
unit ITe—6; Silty range site.

WoC—VWilliams-Bowbells loams, 6 to 9 percent
slopes. This gently rolling and moderately sloping
mapping unit is on glacial till uplands. It is about 60
percent Williams loam, 30 percent Bowbells loanY, and
10 percent Zahl and Max soils. The Williams soil is
on the smooth side slopes. The Bowbells soil is on the
lower and concave parts of the landscape. Zahl and
Max soils are on steeper slopes and convex ridges. Also
included were small areas of Tonka and Parnell soils
in undrained depressions.

This unit is well drained. It has medium runoff and
is moderately susceptible to erosion.

More than half of the acreage is cultivated. The
rest is in native range or pasture. The soils are suited
to all crops commonly grown in the county. Controlling
erosion is an essential part of management. Contour
stripcropping generally is impractical because of the
short irregular slopes. Capability unit IITe-6; Silty
range site.

WpB—VWilliams-Bowbells-Zahl loams, 3 to 6 percent
slopes. This undulating mapping unit is on glacial till
uplands. It is about 40 percent Williams loam, 30 per-
cent Bowbells loam, 25 percent Zahl loam, and 5 per-
cent minor soils. Williams loam is on the smooth side
slopes. Bowbells loam is on lower side slopes and
concave parts of the landscape. Zahl loam is on the
ridges and higher convex slopes. Included in mapping
were small areas of Max loam and Arnegard loam.
Also included were small areas of Tonka and Parnell
soils in undrained depressions.

This unit is moderately well drained and well
drained. It has slow runoff and is slightly susceptible
to erosion.

This unit is used for crops and range. It is suited to
all crops commonly grown in the county. Controlling
erosion, conserving moisture, and maintaining fertility
and tilth are the main management needs. Capability
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unit ITe—-6; Williams and Bowbells soils in Silty range
site, Zahl soil in Thin Upland range site.

WrB—Williams loam, mine sink, 1 to 6 percent
slopes. This nearly level and undulating soil is on glacial
till uplands. Mine sinks or caved-in areas caused by
underground mining are mapped with this soil. Al-
though they vary greatly in number, they average
about 30 percent of each mapped area. Included in
mapping were areas of Bowbells, Max, and Zahl soils,
which also contain mine sinks.

Much of this soil is used for grazing, but occasion-
ally livestock are lost. The soil is not suited to crops
or hay because of the danger of additional cave-ins. It
has limited use for wildlife. Capability unit VIIs-Si;
Silty range site.

Wilton Series

The Wilton series consists of deep, level to rolling,
well drained soils. These soils formed in a silty loess
mantle 20 to 40 inches thick over loamy glacial till.

In a representative profile the surface layer is dark
grayish brown silt loam about 8 inches thick. The
subsoil is very friable silt loam about 19 inches thick.
It is dark grayish brown in the upper 5 inches, and
grayish brown in the lower 14 inches. The underlying
material is light brownish gray clay loam.

The permeability is moderate in the subsoil and
moderately slow in the underlying material. Available
water capacity and organic-matter content are high.
Natural fertility is medium.

Nearly all these soils are cultivated and used for
small grain, corn, and alfalfa. The native vegetation is
mid and short prairie grasses.

Representative profile of Wilton silt loam, 0 to 3
percent slopes, in cultivated field 1,600 feet east and
300 feet north of southwest corner sec. 31, T. 147 N,,
R.83 W.

Ap—0 to 8 inches; dark grayish brown (10YR
4/2) silt loam, very dark brown (10YR
2/2) when moist; moderate fine granular
structure; slightly hard, very friable,
slightly sticky and slightly plastic; many
fine roots; common fine pores; neutral;
clear wavy boundary.

B21—8 to 13 inches; dark grayish brown (10YR
4/2) silt loam, very dark brown (10YR
2/2) when moist; moderate medium
prismatic structure parting to weak me-
dium subangular blocky; slightly hard,
very friable, slightly sticky and slightly
plastic; many fine roots; common fine
pores; neutral; clear wavy boundary.

B22—13 to 18 inches; grayish brown (10YR 5/2)
silt loam, very dark grayish brown
(10YR 3/2) when moist; moderate me-
dium prismatic structure parting to
moderate medium subangular blocky;
slightly hard, very friable, slightly sticky
and slightly plastic; common fine roots;
common fine pores; thin clay films on
some vertical ped faces; very dark brown
(10YR 2/2) moist coatings on peds;
neutral; gradual wavy boundary.

B23—18 to 27 inches; grayish brown (10YR 5/2)

silt loam, very dark grayish brown
(10YR 3/2) when moist; moderate me-
dium prismatic structure parting to
weak medium subangular blocky;
slightly hard, very friable, slightly sticky
and slightly plastic; common fine roots;
common fine pores; slight effervescence
in spots; mildly alkaline; clear wavy
boundary.

IIClca—27 to 36 inches; light brownish gray
(2.5Y 6/2) light clay loam, dark grayish
brown (2.5Y 4/2) when moist; weak
coarse prismatic structure parting to
weak coarse and medium subangular
blocky ; hard, friable, sticky and plastic;
few fine roots; common fine pores;
strong effervescence; lime segregated in
many medium and few large soft masses;
mildly alkaline; gradual wavy boundary.

IIC2¢a—36 to 60 inches; light brownish gray
(2.5Y 6/2) light clay loam, olive brown
(2.5Y 4/3) when moist; few fine promi-
nent strong brown (7.5YR 5/6) mottles;
massive; hard, friable, sticky and plas-
tic; few roots; strong effervescence ; lime
segregated in common soft masses; mod-
erately alkaline,

The A horizon is 6 to 14 inches thick and ranges
from very dark grayish brown to grayish brown. The
B horizon is 10 to 24 inches thick and ranges from
dark grayish brown to pale brown. The lower part of
the B horizon is caleareous in many pedons.

The IIC horizon has few to many segregations of
lime. It is glacial till of clay loam or heavy loam. The
depth to a IIC horizon ranges from 20 to 40 inches,
but commonly is 24 to 32 inches.

Wilton soils are associated in the landscape with
Temvik, Linton, Mandan, Grassna, and Williams soils.
They have a lime accumulation at greater depths than
Temvik soils and have a IIC horizon that is lacking
above 50 inches in Linton, Mandan, Grassna, and
Williams soils.

WsA—Wilton silt loam, 1 to 3 percent slopes. This
level and nearly level soil is on broad uplands. It has
the profile described as representative of the series.
Included in mapping were small areas of Temvik,
Williams, Grassna, Linton, Mandan, and Tonka soils.

This soil is well drained but has slow runoff.

Nearly all this soil is used for crops. It is suited to
all crops commonly grown in the county. The main
management needs are conserving moisture and main-
taining fertility and tilth. A few areas remain in
native range. Capability unit IIc-6; Silty range site.

WtB—Wilton-Temvik silt loams, 3 to 6 percent
slopes. This gently sloping and undulating mapping
unit is on uplands. It is about 60 percent Wilton silt
loam, 25 percent Temvik silt loam, and 15 percent
Williams silt loam. The Wilton soil is on plane and
concave slopes. The Temvik soil is on upper slopes
and in slightly convex areas. It has the profile de-
scribed as representative of the Temvik series. Except
for a silt loam surface layer, the Williams soil has a
profile similar to the one described for the Williams
series. Included in mapping were small areas of
Grassna, Linton, Mandan, Max, Zahl, and Tonka soils.
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This unit is well drained. It has medium runoff and
is slightly susceptible to erosion.

This unit is suited to all crops commonly grown in
the county. Nearly all the acreage is used for crops.
A few areas are in native range. Controlling erosion,
conserving moisture, and maintaining fertility and
tilth are the main management needs. Capability unit
Ile-6; Silty range site.

WwC—Wilton-Williams silt loams, 6 to 9 percent
slopes. This moderately sloping and gently rolling map-
ping unit is on uplands. It is about 45 percent Wilton
silt loam, 25 percent Williams silt loam, 20 percent
Temvik silt loam, and 10 percent Grassna silt loam.
Wilton soils are on smooth or slightly concave slopes.
Williams soils are on upper slopes and convex slopes.
Temvik soils are on steeper plane slopes, and
Grassna soils are in swales. The Williams soil has a
silt loam surface layer; otherwise, its profile is similar
to the one described as representative of the series.
Included in mapping were a few small areas of Linton,
Mandan, Arnegard, Max, Zahl, and Tonka soils.

This unit is well drained and has medium runoff, It
is moderately susceptible to erosion.

This unit is suited to all crops commonly grown in
the county. Nearly all the acreage is used for crops.
The rest is in native range or pasture. Controlling
erosion is an essential part of management. Conserv-
ing moisture and maintaining fertility and tilth are
also necessary. Capability unit I1le-6; Silty range site.

Zahl Series

The Zahl series consists of deep, nearly level to
steep, well drained soils. These soils formed in loamy
glacial till.

In a representative profile the surface layer is dark
grayish brown loam about 6 inches thick. The under-
lying material is light brownish gray and light olive
gray loam and clay loam.

Permeability is moderate in the upper part of the
profile and moderately slow in the underlying ma-
terial. Available water capacity is high. Organic-
matter content is moderate. Natural fertility is low.

Nearly all the acreage is used for range and pasture,
but some areas are used for crops. The native vegeta-
tion is mid and short grasses.

Representative profile of Zahl loam, 8 percent slopes,
in a cultivated field 240 feet east and 1,600 feet south
of the northwest corner, sec. 8, T. 149 N., R. 81 W.

Ap—O0 to 6 inches; dark grayish brown (10YR
4/2) loam, very dark brown (10YR 2/2)
when moist; moderate fine granular
structure; slightly hard, very friable,
slightly sticky and slightly plastic; slight
effervescence; abrupt smooth boundary.

Clca—6 to 15 inches; light brownish gray (2.5Y
6/2) heavy loam, olive brown (2.5Y 4/3)
when moist; common medium faint dark
grayish brown (2.5Y 4/2) and olive
brown (2.5Y 4/4) and many medium
distinct dark gray (5Y 4/1) and dark
brown (7.5Y 4/4) moist mottles; moder-
ate medium prismatic structure parting
to weak medium subangular blocky;
hard, friable, slightly sticky and slightly

plastic; common fine roots; common fine
pores; common films and masses of lime;
strong effervescence; gradual wavy
boundary.

C2—15 to 26 inches; light brownish gray (2.5Y
6/2) light clay loam, light olive brown
(2.5Y 5/3) when moist; common me-
dium faint olive brown (2.5Y 4/4) and
many medium distinct dark gray (5Y
4/1), dark brown (7.5Y 4/4), and dark
yellowish brown (10YR 4/4) moist
mottles; weak coarse prismatic strue-
ture; hard, friable, sticky and slightly
plastic; common fine roots; common fine
pores; few films and soft masses of lime;
strong effervescence; gradual wavy
boundary.

C3—26 to 42 inches; light brownish gray (2.5Y
6/2) clay loam, light olive brown (2.5Y
5/3) when moist; many large distinct
dark gray (5Y 4/1), dark brown (7.5YR
4/4), and dark yellowish brown (10YR
4/4) moist mottles; moderate structure;
very hard, firm, sticky and slightly plas-
tic; few fine roots; few fine pores; strong
effervescence; diffused boundary.

C4—42 to 60 inches; light olive gray (5Y 6/2)
clay loam, olive (5Y 4/3) when moist;
many large distinct dark gray (Y 4/1)
and dark brown (7.5YR 4/4) moist
mottles; strong medium prismatic strue-
ture parting to strong medium angular
blocky; very hard, firm, sticky and plas-
tic; few roots; few pores; strong effer-
vescence.

The A horizon is 4 to 8 inches thick. The Ceca
horizon is loam or clay loam and has weak to moderate
structure. Soft masses of lime are common throughout
the Cca horizon. The C horizon ranges from massive
to weak and moderate structure.

Zahl soils are associated in the landscape with Max,
Williams, and Cabba soils. Unlike Max and Williams
soils, they lack a B2 horizon. They are deeper than
Cabba soils.

ZcE—Zahl-Cabba complex, 15 to 35 percent slopes.
This hilly and steep mapping unit is on uplands. It is
about 50 percent Zahl soils, 30 percent Cabba soils,
and 20 percent minor soils. The surface layer ranges
from very fine sandy loam to silty clay loam. Included
in mapping were small areas of Flasher, Cohagen,
Max, Williams, Arnegard, Morton, Regent, Straw, and
Vebar soils.

This unit is well drained and has rapid and very
rapid runoff. It is highly susceptible to erosion.

This unit is used for range and pasture (fig. 13).
Management is needed to maintain good stands of
grass. Capability unit VIIe-TU; Zahl soil in Thin
Upland range site, Cabba soil in Shallow range site.

ZmE—Zahl-Max loams, 9 to 35 percent slopes. This
rolling to steep mapping unit is on uplands. It is about
50 percent Zahl loam, 30 percent Max loam, and about
20 percent Bowbells, Williams, and Arnegard soils.
Zahl loam is on ridges and in higher convex areas in
the landscape, Max loam is on side slopes, and Bow-
bells, Williams, and Arnegard soils are on concave,
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Figure 13.—Range on Zahl-Cabba complex. Zahl and Cabba soils are on the steep slopes. Arnegard and Straw soils are in the small
drainageway.

lower slopes. Included in mapping were small areas of
Tonka and Parnell soils in undrained depressions.

The unit is well drained and has rapid runoff. It is
highly susceptible to erosion.

Nearly all the acreage is used for native range or
pasture. It is unsuited to crops. Cultivated areas
should be seeded to grass. Management is needed to
maintain good stands of grass. Capability unit VIe-
TU; Zahl soil in Thin Upland range site, Max soil in
Silty range site.

ZpE—Zahl-Max-Parnell complex, 15 to 35 percent
slopes. This hilly and steep mapping unit is on uplands.
It is mainly on dead-ice moraines of high relief. This
unit is about 30 percent Zahl soils, 30 percent Max
soils, 20 percent Parnell soils, and 20 percent Bow-
bells, Williams, Arnegard, and Tonka soils. The Zahl
soil is on convex ridges and steep slopes. The Max soil
is on the smoother sides of slopes, and the Parnell soil
is in the many depressions that dot the landscape. The
surface layer ranges from loam to silty clay loam.

This unit is very poorly drained to well drained.
Water runs off into the numerous depressions. No
sﬁreailmsd leave the mapped areas; all rainfall stays on
the land.

This unit is unsuited to crops. All areas are used for
native range or pasture. Forage yields are good be-
cause of the high percentage of soils that receive
beneficial run-in water. Management is needed to
maintain good stands of native grasses. Capability
unit VIe-TU; Zahl soil in Thin Upland range site,
Max soil in Silty range site, Parnell soil in Wetland
range site.

ZwC—Zahl-Williams loams, 3 to 9 percent slopes.
This nearly level to gently rolling mapping unit is on
uplands. It is about 75 percent Zahl loam and 25 per-
cent Williams loam. The Zahl soil has the profile
described as representative of the series and is on the
convex parts of the landscape. The Williams soil is on
the smoother plane and concave parts of the land-
scape. Included in mapping were small areas of Max,
Bowbells, and Arnegard soils.

This unit is well drained. It has rapid runoff and is
highly susceptible to erosion.

The acreage is used mostly for crops. The rest is in
native range or pasture. Controlling erosion, con-
serving moisture, and maintaining fertility and tilth
are the main management concerns. Capability unit
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IVe—4L: Zahl soil in Thin Upland range site, Williams
soil in Silty range site.

Planning the Use and Management of
the Soils

The soil survey is a detailed analysis and evaluation
of the most basic resource of the survey area—the
soil. It may be used to fit the use of the land, including
urbanization, to the limitations and potentials of the
natural resources and the environment and to help
avoid soil-related failures in uses of the land.

During a soil survey soil scientists, conservationists,
engineers, and others keep extensive notes, not only
about the nature of the soils but also about unique
aspects of behavior of these soils in the field and at
construction sites. These notes include observations
of erosion, drought damage to specific crops, yield
estimates, flooding, the functioning of septic systems,
and other factors relating to the kinds of soil and their
productivity, potentials, and limitations under various
uses and management. In this way field experience
incorporated with measured data on soil properties
and performance is used as a basis for predicting soil
behavior. )

Information in this section will be useful in apply-
ing basic facts about the soils to plans and decisions
for use and management of soils for crops and pasture,
range, woodland, and many nonfarm uses, including
building sites, highways and other transportation sys-
tems, sanitary facilities, parks and other recreational
developments, and wildlife habitat. From the data
presented, the potential of each soil for specified land
uses may be determined, soil limitations to these land
uses may be identified, and costly failures in homes
and other structures, because of unfavorable soil prop-
erties, may be avoided. A site can be selected where the
soil properties are favorable, or practices can be
planned that will overcome the soil limitations.

Planners and others using the soil survey can eval-
uate the impact of specific land uses on the overall
productivity of the survey area or other broad plan-
ning area, and on the environment. Both of these
factors are closely related to the nature of the soil.
Plans can be made to maintain or create a land use
pattern in harmony with the natural soil.

Contractors can find information useful in locating
sources of sand and gravel, road fill, and topsoil. Other
information indicates the presence of bedrock, wet-
ness, or very firm soil horizons that cause difficulty in
excavation.

Health officials, highway officials, engineers, and
many other specialists can find useful information in
this soil survey. The safe disposal of wastes, for ex-
ample, is closely related to properties of the soil.
Pavements, sidewalks, campsites, playgrounds, lawns,
trees, and shrubs, and most other uses of land are
influenced by the nature of the soil.

General Management of Cropland *

About 73 percent of the survey area is cultivated.
Spring wheat and Durum wheat are the principal

* EpwarDp R. WEIMER, agronomist, Soil Conservation Service.

crops. Other important crops are barley, oats, flax,
alfalfa, and corn for silage.

The main management concerns for cultivated soils
are conserving moisture, controlling soil blowing and
water erosion, and maintaining fertility and organic-
matter content.

In dryfarmed areas, conserving moisture generally
means reducing evaporation, limiting runoff, increas-
ing infiltration, and controlling weeds. Some effective
conservation measures are stubble mulching, contour
farming, striperopping, field windbreaks, buffer strips,
timely tillage, minimum tillage, use of crop residue,
and application of fertilizer. Fallow helps to control
weeds and build up moisture content.

Some measures that help to control erosion are cover
crops, stripcropping, buffer strips, windbreaks, con-
tour farming, diversions, waterways, minimum tillage,
timely tillage, emergency tillage, and use of crop
residue. A combination of several measures is gen-
erally used.

The application of chemical fertilizer, green manure,
and barnya