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publication refer to conditions in the county in 1970. This survey was made cooperatively
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part of the technical assistance furnished 1o the Benton Soil and Water Conservation
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these maps could cause misunderstanding of the detail of mapping and result in errone-
ous interpretations. Enlarged maps do not show small areas of contrasting soils that could

HOW TO USE THIS SOIL SURVEY

HIS SOIL SURVEY contains infor-

mation that can be applied in manag-
ing farms 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 Benton County are
shown on the detailed map at the back
of this survey. This map consists of
many sheets made from aerial photo-
graphs. Each sheet is numbered to cor-
respond with numbers shown 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 ond Using Information

The “Guide to Mapping Units’” can
be used to find information. This guide
lists all the soils of the county in alpha-
betic order by map symbol, and gives
the capability classification of each. It
also shows the page where each soil is
described and the page for the capability
unit, woodland suitability group, and
building site group in which the soil has
been placed.

Individual colored maps showing the
relative suitability or limitation of soils
for many specific purposes can be devel-
oped by using the soil map and the
information in the text. Interpretations
not included in the text can be developed
by grouping the soils according to their
suitability or limitations for a particular
use. Translucent material can be used as

an overlay over the soil map and colored
to show soils that have the same limita-
tion or suitability. For example, soils
that have a slight limitation for a given
use can be colored green, those with a
moderate limitation can be colored yel-
low, and those with a severe limitation
can be colored red.

Farmers and those who work awith
furmers can learn about use and man-
agement of the soils from the soil de-
seriptions and from the discussions of
the interpretative groupings.

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

Game managers, sportsmen, and oth-
ers can find information about soils and
wildlife in the sections ‘“Wildlife” and
“Recreation.”

Community planners and others can
read about the soil properties that affect
the choice of homesites, industrial sites,
schools, and parks in the section “Town
and Country Planning.”

Engincers and builders can find under
“KEngineering Uses of the Soils” tables
that give engineering descriptions of the
soils in the county and that name soil
features that affect engineering prac-
tices and structures.

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

Students, teachers, and others will
find information about soils and their
management in various parts of the
text.

Newcomers in Benton County may be
especially interested in the section “Gen-
eral Soil Map,” where broad patterns
of soils are described. They may also
be interested in the section “General
Nature of the County.”

Cover: Contour stripcropping on soils of the
Brainerd-Nokay-Prebish association.
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SOIL SURVEY OF BENTON COUNTY, MINNESOTA

BY CHARLES K. SUTTON, SOIL CONSERVATION SERVICE

FIELDWORK BY MARTIN G. ZIEBELL, IN CHARGE, AND M. F. GRIMES, D. J. PRESTON, AND C. K. SUTTON, SOIL
CONSERVATION SERVICE

UNITED STATES DEPARTMENT OF AGRICULTURE, SOIL CONSERVATION SERVICE, IN COOPERATION WITH THE
MINNESOTA AGRICULTURAL EXPERIMENT STATION

BENTON COUNTY is in the central part of Minne-
sota (fig. 1). It has a total land area of 254,939
acres and a water area of about 3,621 acres. The village
of Foley is the county seat. Other important villages
in the county are Duelm, Oak Park, Rice, Ronneby,
Sartell, Sauk Rapids, and part of St. Cloud.

The main economic enterprise in the county is farm-
ing. Growing of corn, oats, rye, soybeans, and hay,
dairying, and stock raising are the main sources of
income.

The population of the county is 20,721. About 6,950
persons are employed, of which 1,250 are in farming
and related occupations. Roughly 1,032 farms are in
the county, and the average size is 187 acres per farm.

State Agricultural Experiment Station at St Paub
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Figure 1.—Location of Benton County in Minnesota,

Benton County has dark-colored and light-colored,
nearly level to steep soils that formed in glacial ma-
terial. The original vegetation was medium and tall
prairie grasses and mixed hardwood forest.

How This Survey Was Made

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

The soil scientists made comparisons among the pro-
files they studied, and they compared these profiles
with those in counties nearby and in places more 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 series was first observed and mapped. Duelm and
Sartell, for example, are the names of two soil series.
All the soils in the United States having the same series
name are essentially alike in those characteristics that
affect their behavior in the undisturbed landscape.

Soils of one series can differ in texture of the surface
layer and in slope, stoniness, or some other charac-
teristic that affects use of the soils by man. On the
basis of such differences, a soil series is divided into
phases. The name of a soil phase indicates a feature
that affects management. For example, Flak sandy
loam, 2 to 6 percent slopes, is one of several phases
within the Flak series.
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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 woodlands, buildings,
field borders, trees, and other details that help in draw-
ing boundaries accurately. The soil map at the back of
this publication was prepared from aerial photographs.

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

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

A soil complex consists of areas of two or more soils,
so intricately mixed or so small in size that they can-
not be shown separately on the soil map. Each area of
a complex contains some of each of the two or more
dominant soils, and the pattern and relative propor-
tions are about the same in all areas. Generally, the
name of a soil complex consists of the names of the
dominant soils, joined by a hyphen. Chetek-Milaca
complex is an example.

An undifferentiated group is made up of two or more
soils that could be delineated individually but are
shown as one unit because, for the purpose of the soil
survey, there is little value in separating them. The
pattern and proportion of soils are not uniform. An
area shown on the map may be made up of only one of
the dominant soils, or of two or more. Prebish and
Parent loams is an undifferentiated soil group in this
county.

In most areas surveyed there are places where the
soil material is so rocky, so shallow, so severely eroded,
or so variable that it has not been classified by soil
series. These places are shown on the soil map and are
described in the survey, but they are called land types
and are given descriptive names. Granite rock land is a
land type in this county.

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

Soil scientists observe how soils behave when used as
a growing place for native and cultivated plants, and
as material for structures, foundations for structures,
or covering for structures. 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 to the slow permea-
bility of the soil or a high water table. They see that
streets, road pavements, and foundations for houses
are cracked on a named kind of soil and they relate this
failure to the high shrink-swell potential of the soil
material. Thus, they use observation and knowledge of
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soil properties, together with available research data,
to predict limitations or suitability of soils for present
and potential uses.

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

General Soil Map

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

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

The soil associations in Benton County are discussed
in the following pages.

1. Parent-Ronneby-Prebish association

Deep, somewhat poorly drained to very poorly drained,
level and depressional loams formed in reddish-brown
and brown glacial till; on uplands

This association is on ground moraines that have
relief ranging from 2 to 5 feet. It is characterized by
large flats and many depressions (fig. 2).

This association covers about 22 percent of the
county. About 30 percent of it is Parent soils, 25 per-
cent is Ronneby soils, 15 percent is Prebish soils, and
30 percent is minor soils.

Parent soils are on large, broad flats and in narrow
areas that encircle depressions. They are level and
poorly drained. Permeability is moderately slow to
slow. The surface layer is black loam about 11 inches
thick. The subsoil is dark grayish-brown and grayish-
brown fine sandy loam in the upper part and firm,
reddish-brown fine sandy loam in the lower part. The
underlying material is firm, reddish-brown sandy loam.

Ronneby soils are at the base of slopes, at the heads
of shallow drainageways, and on ground moraines.
These soils are nearly level and somewhat poorly
drained. Permeability is moderately slow. The surface



BENTON COUNTY, MINNESOTA 3

Figure 2.—Pattern of soils and underlying material in association 1.

layer is black loam about 4 inches thick. The subsur-
face layer is dark-gray and dark grayish-brown fine
sandy loam about 8 inches thick. The subsoil is mainly
dark-brown fine sandy loam. It is underlain by firm,
reddish-brown fine sandy loam at a depth of about 56
inches. A fragipan starts at a depth of about 22 to 36
inches,

Prebish soils are in shallow depressions and on the
margins of larger depressions that occur in undulating
to rolling ground moraines and between drumlins.
These soils are very poorly drained. Permeability is
moderately slow. The surface layer is black loam 16
inches thick. The subsoil is gray fine sandy loam. It is
underlain by firm, reddish-brown sandy loam at a depth
of about 46 inches.

Minor soils in this association are in the Mora, An-
tigo, Ogilvie, Hillet, Freer, and Paget series. Also
included are some Mucky peat. The swales and low, con-
cave areas are occupied by wet Ronneby, Parent, and
Prebish soils, and Mucky peat. Areas of gently sloping,
moderately well drained Mora and Paget soils are near
the somewhat poorly drained Ronneby and Freer soils.
Well-drained Antigo soils are near the somewhat poorly
drained Ogilvie soils and the very poorly drained Hillet
soils.

Corn, soybeans, small grain, and hay grow fairly well
in areas of this association if adequate drainage is pro-
vided. Fertility is medium. Organic-matter content gen-
erally is high, but the Ronneby soils have moderate
organic-matter content. Available water capacity is
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moderate to high. The main needs.of mz}nagement are
providing adequate drainage, maintaining tilth, ‘an‘d
increasing fertility. Stones must be removed periodi-
cally.

2. Mora-Ronneby-Parent association

Deep, moderately well drained to very poorly drained,
nearly level to gently sloping fine sandy loams and
loams formed in reddish-brown glacial till; on uplands

This association is on ground moraines that have re-
lief between the swells and swales ranging from 5 to
20 feet. Slopes are mostly nearly level to gently sloping.
The gentle slopes range from 100 to 500 feet in length.
Slopes are steeper in a few places, especially along the
larger drainageways.

This soil association covers about 27 percent of the
county. About 51 percent of it is Mora soils, 10 percent
is Ronneby soils, 8 percent is Parent soils, and 31 per-
cent is minor soils.

Mora soils are on elliptical swells. They are moder-
ately well drained. Permeability is moderately slow.
The surface layer is black fine sandy loam about 4
inches thick. It changes abruptly to a subsurface layer
of dark grayish-brown and brown fine sandy loam
about 8 inches thick. The subsoil is mainly reddish-
brown fine sandy loam. It is underlain by firm, dark
reddish-brown and reddish-brown sandy loam at a
depth of about 48 inches. A fragipan starts at a depth
of about 18 to 32 inches.

Ronneby soils are at the base of slopes, at the heads
of drainageways, and on ground moraines. These soils
are nearly level. They are somewhat poorly drained.
Permeability is moderately slow. The surface layer is
black loam about 4 inches thick. It changes to a sub-
surface layer of dark-gray and dark grayish-brown fine
sandy loam about 8 inches thick. The subsoil is mainly
dark-brown fine sandy loam. It is underlain by firm,
reddish-brown fine sandy loam at a depth of about 56
inches. A thick fragipan starts at a depth of about
22 to 36 inches.

Parent soils are on large, broad flats and in narrow
areas that encircle depressions. They are poorly
drained. Permeability is moderately slow to slow. The
surface layer is black loam about 11 inches thick. The
subsoil is dark grayish-brown and grayish-brown fine
sandy loam in the upper part and firm, reddish-brown
fine sandy loam in the lower part. The underlying ma-
terial is firm, reddish-brown sandy loam.

Minor soils in this association are in the Milaca and
Chetek series. Also included are mucky peats. The
swales and low, concave areas are occupied by the wet
Ronneby and Parent soils and mucky peats. Areas of
the sloping Milaca and Chetek soils are closely inter-
mingled with areas of Mora soils. The Chetek soils also
occur on outwash terraces.

Corn, soybeans, small grain, and hay grow fairly
well on the soils of this association. Fertility and
organic-matter content generally are medium to low,
but the Parent soils have high organic-matter content.
Available water capacity is moderate to high. The main
needs of management are controlling water erosion,
improving drainage, maintaining tilth, and increasing
fertility. Stones must be removed periodically.

About 70 percent of this association is in cultivated

crops. Some steep areas, forested areas, and undrained
wet areas are used for permanent pasture and wildlife
habitat. The main enterprise is dairying. The soils have
a moderate potential for all cultivated crops commonly
grown in the county.

3. Brainerd-Nokay-Prebish association

Deep, moderately well drained to very poorly drained,
nearly level to gently sloping sandy loams and loams
formed in brown glacial till; on uplands

This association is on ground moraines that are made
up of elongated swells called drumlins (fig. 3). The
drumlins are separated by swales and by flats in which
there are long, shallow depressions. Relief ranges from
10 to 30 feet. The gentle slopes range from 400 to 1,000
feet in length. Slopes are steeper in a few places, espe-
cially along the larger drainageways,.

This association covers about 28 percent of the
county. About 30 percent of it is Brainerd soils, 15 per-
cent is Nokay soils, 11 percent is Prebish soils, and 44
percent is minor soils.

Brainerd soils are on the drumlins. They are moder-
ately well drained. Permeability is moderately slow.
The surface layer is very dark grayish-brown sandy
loam about 6 inches thick. It changes abruptly to a
brown sandy loam subsurface layer that is about 8
inches thick. The subsoil is brown and dark reddish-
brown sandy loam. It is underlain by firm, brown
sandy loam at a depth of about 46 inches. A fragipan
starts at a depth of about 18 to 30 inches.

Nokay soils are next to depressions and narrow
drainageways that cut into the better drained uplands.
These soils are nearly level. They are somewhat poorly
drained. Permeability is moderately slow. The surface
layer is black fine sandy loam about 4 inches thick. It
changes to a subsurface layer of dark grayish-brown
and grayish-brown fine sandy loam about 5 inches
thick. The subsoil is dark grayish-brown and grayish-
brown fine sandy loam in the upper part, reddish-
brown fine sandy loam in the middle part, and brown
sandy loam in the lower part. It is underlain by firm,
brown sandy loam at a depth of about 42 inches. A
fragipan starts at a depth of about 22 to 36 inches.

Prebish soils are in shallow depressions and on the
margins of larger depressions that occur on undulat-
ing to rolling ground moraines and between drumlins.
These soils are very poorly drained. Permeability is
moderately slow. The surface layer is black loam 16
inches thick. The subsoil is gray fine sandy loam and is
underlain by firm, reddish-brown sandy loam at a depth
of about 46 inches.

Minor soils in this association are in the Flak, Mora,
Ronneby, Chetek, Pomroy, and Langola series. Also in-
cluded are some mucky peats. The swales and low, con-
cave areas are occupied by Nokay, Ronneby, and
Prebish soils and mucky peats. Areas of sloping Flak,
Chetek, Pomroy, and Langola soils are intermingled
with areas of Brainerd soils. The Chetek soils also
occur on outwash terraces.

Corn, soybeans, small grain, and hay grow fairly
well on the soils of this association. Fertility is medium.
Organic-matter content generally is low to medium,
but the Prebish soils have high organic-matter content.
Available water capacity is moderate to high. The main
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Figure 3.—Pattern of soils and underlying material in association 3.

needs of management are controlling water erosion,
improving drainage, maintaining tilth, and increasing
fertility. Stones must be removed periodically.

About 70 percent of this association is in cultivated
crops. Some steep areas, forested areas, and undrained
wet areas are used for permanent pasture and wildlife
habitat. The main enterprise is dairying. The soils have
moderate potential for all cultivated crops commonly
grown in the county.

4. Hubbard-Duelm association

Deep, excessively drained and somewhat poorly
drained, nearly level and gently sloping loamy sands;
on outwash plains and terraces

This association is on nearly level and undulating

glacial outwash plains and terraces adjacent to the
Mississippi River and along its old glacial drainage-
ways. Relief ranges from 5 to 10 feet. The short, gentle
slopes are 100 to 200 feet in length. Slopes are steeper
in a few places along the drainageways.

This soil association covers about 12 percent of the
county. About 62 percent of it is Hubbard soils, 6 per-
cent is Duelm soils, and 32 percent is minor soils.

Hubbard soils are on outwash terraces and are nearly
level and gently sloping. They are excessively drained.
Permeability is rapid. The surface layer is black and
very dark grayish-brown loamy coarse sand about 23
inches thick. The subsoil is dark-brown to brown sand.
The underlying material is brown, loose sand.

Duelm soils are in shallow depressions and narrow
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areas that border deeper depressions. They are some-
what poorly drained. Permeability is rapid. The sur-
face layer is black loamy sand about 9 inches thick.
The subsoil is dark grayish-brown and brown loamy
sand. It is underlain by brown sand at a depth of about
52 inches.

Minor soils in this association are in the Isanti series.
Also included are Alluvial land and mucky peats. The
Isanti soils and the mucky peats formed in the deep
depressions. The alluvial soils formed along the Missis-
sippi River and other streams where frequent or oc-
casional flooding has occurred.

Corn, soybeans, small grain, and hay are suited to
the soils of this association. Fertility, organic-matter
content, and available water capacity are moderately
low. The main needs of management are controlling
wind erosion, increasing fertility, improving drainage
in wet areas, and providing adequate moisture for
crops.

About 65 percent of this association is in cultivated
crops. The rest is used as permanent pasture, is idle,
or is open oak woods. In recent years pine plantings
have increased. The main enterprise is dairying. Where
these soils are not irrigated, they have low potential
for all cultivated crops commonly grown in the county.

5. Hubbard-Sartell association

Deep, excessively drained, nearly level and undulating
loamy sands and fine sands; on outwash plains and
terraces

This association is on nearly level and undulating
glacial outwash plains and terraces that roughly paral-
lel the Mississippi River in the Little Rock area and ex-
tend northward. Relief ranges from 10 to 20 feet.
Undulating to steep dunelike areas are on the east side
of Little Rock Lake (fig. 4). The slopes are 100 to 200
feet in length.

This association covers about 6 percent of the county.
About 55 percent of it is Hubbard soils, 29 percent is
Sartell soils, and 16 percent is minor soils.

Hubbard soils are on outwash terraces. They are
excessively drained. Permeability is rapid. The surface
layer is black and very dark grayish-brown loamy
coarse sand about 23 inches thick. The subsoil is dark-
brown to brown sand. The underlying material is
brown loose sand.

Sartell soils generally are undulating and occur in
dunelike areas that are undulating to steep. They are
excessively drained. Permeability is rapid. The surface
layer is very dark brown and very dark grayish-brown
loamy fine sand about 4 inches thick. The subsoil is
dark-brown and brown loose fine sand. The under-
lying material is brown to light yellowish-brown loose
fine sand.

Minor soils in this association are in the Duelm,
Isanti, Langola, and Pomroy series. Also included are
mucky peats. Duelm soils occupy shallow depressions
and narrow areas bordering deeper depressions. Isanti
soils and the mucky peats formed in the deep depres-
sions.

Corn, soybeans, small grain, and hay are grown on
the soils of this association. Fertility, organic-matter
content, and available water capacity are low. The

main needs of management are controlling wind ero-
sion, increasing fertility, and providing adequate mois-
ture for crops.

About 60 percent of this association is cultivated,
and the rest is used for wild pasture and open oak
woods. In recent years, pine plantings have increased.
The main enterprise is dairying. Where these soils are
not irrigated, they have low potential for all cultivated
crops commonly grown in the county.

6. Sartell-Isanti-Mucky peat association

Deep, excessively drained and very poorly drained,
nearly level and undulating fine sands, loamy fine sands,
and mucky peat; on outiwash plains

This association is on glacial outwash plains. Relief
ranges from 10 to 40 feet. The slopes range from 100
to 200 feet in length. Slopes are steeper in a few places
along the drainageways.

This association covers about 5 percent of the county.
About 45 percent of it is Sartell soils, 25 percent is
Isanti soils, 20 percent is Mucky peat and 10 percent
is minor soils.

Sartell soils are in undulating to steep dunelike areas
and are excessively drained. Permeability is rapid. The
surface layer is very dark brown and very dark grayish-
brown fine sand about 4 inches thick. The subsoil is
dark-brown and brown loose fine sand. The underlying
mat;rial is brown to light yellowish-brown loose fine
sand.

Isanti soils are in depressions and drainageways and
are very poorly drained. Permeability is rapid. The
surface layer is black mucky loamy fine sand 11 inches
thick. The subsoil is dark-gray and grayish-brown fine
sand. The underlying material is light brownish-gray
loose fine sand.

The Mucky peat soils are in deep depressions and are
very poorly drained. They consist of black or very
dark brown organic material that is partly to com-
pletely decomposed. The underlying material is sand,
loam, or organic material.

Minor soils in this association are in the Langola,
Pomroy, Watab, and Nokasippi series. Langola and
Pomroy soils are nearly level and undulating, They are
well drained and moderately well drained. The Watab
soils are nearly level and are somewhat poorly drained.
The Nokasippi soils are in depressions and are very
poorly drained.

Corn, soybeans, small grain, and hay are grown on
the soils of this association. Fertility 1s low. Organic-
matter content generally is high to very high, but the
Sartell soils have a low organic-matter content. The
available water capacity is moderate to low for all the
soils except the mucky peat, which has high available
water capacity. The main needs of management are
controlling wind erosion, increasing fertility, provid-
ing adequate drainage to the wet soils, and irrigating
the Sartell soils.

About 40 percent of this association is in cultivated
crops. The rest is used for wild pasture, hay, or oak
woods. In recent years, pine plantings have increased.
The main enterprise is dairying. The soils have a low to
fair potential for all cultivated crops commonly grown
in the county.
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Figure 4.—Pattern of soils and underlying material in association 5.

Descriptions of the Soils

This section describes the soil series and mapping
units in Benton 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 goil
series is the soil profile, that is, the sequence of layers
from the surface downward to rock or other underlying

material. Each series contains two descriptions of this
profile. The first is brief and in terms familiar to the
layman. The second is much more detailed and is for
those who need to make thorough and precise studies
of soils. The profile described in the series is represen-
tative for mapping units in that series. If the profile
of a given mapping unit is different from the one de-
scribed 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.
Color terms are for moist soil unless otherwise stated.

As mentioned in the section “How This Survey Was
Made,” not all mapping units are members of a soil
series. Granite rock land and Alluvial land, for ex-
ample, do not belong to a soil series but, nevertheless,
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are listed in alphabetic order along with the soil series.

Following the name of each mapping unit is a symbol
in parentheses. This symbol identifies the mapping unit
on the detailed soil map. Listed at the end of each de-
scription of a mapping unit is the capability unit, wood-
land suitability group, and building site group in which
the mapping unit has been placed. The page for the
description of each capability unit, woodland suitability
group, or other interpretative group can be learned by
referring to the “Guide to Mapping Units” at the back

of this survey.

The acreage and proportionate extent of each map-

ping unit are shown in table 1. Many of the terms used
in describing soils can be found in the Glossary, and
more detailed information about the terminology and
methods of soil mapping can be obtained from the Soil

Survey Manual (7).2

Adolph Series

_The Adolph series consists of deep, level to depres-
sional, very poorly drained soils in drainageways, de-

' Italic numbers in parentheses refer to Literature Cited, p. 116.

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

Soil Acres | Percent Soil Acres | Percent
Adolph silt loam 1,131 0.4 || Hubbard soils, 12 to 25 percent slopes _______ 330 1
Adolph silt loam, level _____________________ 957 4 || Isanti mucky loamy finesand _______________ 2,969 1.1
Adolph silt loam, silty subsoil variant ____..__ 334 .1 || Isanti mucky loamy fine sand, loamy subsoil
Alluvialland - _______ . ___________ 4,700 1.8 variant _____________________ . _ 862 3
Antigo silt loam, 0 to 2 percent slopes ______ 1,433 .6 || Langola loamy fine sand, 0 to 2 percent slopes._ 840 3
Antigo silt loam, 2 to 6 percent slopes ______ 709 .3 || Langola loamy fine sand, 2 to 6 percent slopes,
Blomford loamysand _____________________ 499 2 evoded _______ . __ 829 3
Braham loamy fine sand, 2 to 8 percent slopes._. 552 .2 || Lino loamy fine sand ______________________ 2,190 9
Brainerd sandy loam, 1 to 3 percent slopes __| 13,794 5.2 || Lino loamy fine sand, loamy subsoil variant __ 737 3
Brainerd sandy loam, 3 to 5 percent slopes __| 8,355 32| Marsh _________________ _______________ 1,872 q
Brainerd stony sandy loam, 1 to 3 percent Milaca fine sandy loam, 2 to 6 percent slopes_.| 2,845 1.1
slopes _______________ o ____ 512 .2 || Milaca fine sandy loam, 2 to 6 percent slopes,
Brainerd stony sandy loam, 8 to 5 percent evoded _________________________________ 1,457 .6
slopes ___ . ____ o ___ 328 ! .1 |l Milaca fine sandy loam, 6 to 12 percent slopes_ 568 2
Burkhardt sandy loam, 0 to 2 percent slopes__ 365 .1 || Milaca fine sandy loam, 6 to 12 percent slopes,
Burkhardt sandy loam, 2 to 6 percent slopes__ 187 1 evoded __________________  ______________ 721 3
Chetek loamy sand, 2 to 6 percent slopes ____| 1,437 .6 || Milaca fine sandy loam, 12 to 25 percent slopes_ 222 N
Chetek loamy sand, 6 to 12 percent slopes ___ 488 .2 || Milaca stony fine sandy loam, 2 to 6 percent
Chetek sandy loam, 0 to 2 percent slopes _____ 1,076 4 slopes ______________ . ____ 1,246 5
Chetek sandy loam, 2 to 6 percent slopes _____ 2,612 1.0 || Milaca very fine sandy loam, 2 to 6 percent
Chetek sandy loam, 2 to 6 percent slopes, slopes ________________________________ 1,225 5
evoded _________________ _______________ 455 .2 || Milaca stony very fine sandy loam, 2 to 6
Chetek sandy loam, 6 to 15 percent slopes ____ 808 .3 percent slopes __________________________ 533 2
Chetek-Milaca complex, 2 to 6 percent slopes__ 320 .1 || Milaca fine sandy loam, clay loam subsoil
Chetek-Milaca complex, 6 to 12 percent slopes_ 170 1 variant, 1 to 6 percent slopes _____________ 365 1
Dalbo fine sandy loam, 0 to 2 percent slopes __ 357 .1 || Mora fine sandy loam, 1 to 3 percent slopes ___| 21,151 8.1
Dalbo silt loam, 2 to 8 percent slopes _______ 394 .2 || Mora fine sandy loam, 3 to 5 percent slopes ___| 7,051 2.7
Dickman coarse sandy loam, 0 to 2 percent Mora stony fine sandy loam, 1 to 3 percent
slopes —._______________________________ 2,119 8 slopes 7,466 2.9
Duelm loamy sand . _______ - 1,971 .8 || Mucky peat ______________________________ 5,532 2.2
Emmert gravelly loamy sand, 6 to 25 percent Mucky peat over sand _____________________ 3,258 1.3
slopes _________________________________ 439 .2 || Mucky peat over loam __ 7,159 2.8
Flak sandy loam, 2 to 6 percent slopes ______ 3,575 1.4 || Nokasippi mucky loamy fine sand ___________ 1,380 5
Flak sandy loam, 2 to 6 percent slopes, Nokay finesandyloam _____________________ 9,668 3.7
evoded __ __ __ o ____ 1,260 .5 || Nokay stony fine sandy loam __.__.___________ 363 1
Flak sandy loam, 6 to 12 percent slopes —____ 193 .1 || Ogilvie silt loam ____ — 4,110 1.6
Flak sandy loam, 6 to 12 percent slopes, Paget silt loam, 0 to 2 percent slopes ________ 1,030 4
eroded —________________________________ 241 .1 || Paget silt loam, 2 to 6 percent slopes ________ 976 4
Freer silt loam ___________________________ 1,763 .7 || Paget stony silt loam, 0 to 2 percent slopes ___ 4183 2
Freer stony silt loam ______________________ 958 .4 || Paget stony silt loam, 2 to 6 percent slopes ___ 309 1
Granite rock land _________________________ 221 1 || Parentloam ______________________________ 18,073 6.9
Hillet silt loam __ — - 2,757 1.1 || Parent stony loam ___________________ 4,801 1.9
Hillet silt loam, level ____  _ ______________. 2,230 .9 || Pomroy fine sand, 2 to 6 percent slopes ______ 1,941 8
Hubbard loamy coarse sand, 0 to 2 percent Pomroy fine sand, 6 to 12 percent slopes —____ 168 d
slopes . ________ o ___ 4,008 1.5 || Pomroy loamy fine sand, 0 to 2 percent slopes__| 1,055 A4
Hubbard loamy coarse sand, 0 to 2 percent Prebishloamn _____________________________ 11,424 44
slopes, wind eroded ______________________ 9,111 3.5 || Prebish stonyloam ________________________ 4,059 1.6
Hubbard loamy coarse sand, 2 to 6 percent Prebish and Parent loams 2,459 1.0
slopes 1,218 b5 |l Ronneby loam . _____________________ 16,870 6.4
Hubbard loamy coarse sand, 2 to 6 percent Ronneby stony loam ___ . ____________ 4,458 1.7
slopes, eroded ___________ ______ _________ 4,684 1.8 || Sartell fine sand, 0 to 2 percent slopes _______ 2,225 9
Hubbard loamy fine sand, 0 to 2 percent slopes_| 1,160 .4 || Sartell fine sand, 2 to 6 percent slopes _______ 6,434 2.5
Hubbard loamy fine sand, 0 to 2 percent Sartell fine sand, 6 to 12 percent slopes ._____ 1,198 5
slopes, wind eroded . _________ ________ 1,843 .7 || Sartell fine sand, 12 to 25 percent slopes _____ 451 2
Hubbard loamy fine sand, 2 to 6 percent slopes_ 931 .4 || Watabloamy finesand .. ________________ 2,517 1.0
Hubbard loamy fine sand, 2 to 6 percent Water areas ________ S 3,621 1.4
slopes, eroded ___________________ _| 3,466 1.3
Hubbard soils, 6 to 12 percent slopes, eroded__| 1,008 4 Total __ 258,560 100.0
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pressions, and level areas. These soils formed in
moderately deep, silty sediment underlain by firm,
loamy, reddish-brown glacial till. The native vegetation
consisted mostly of grasses and sedges, some alders and
willows, and a few scattered trees, such as elm and ash.

In a representative profile (fig. 5) the surface layer
is black and very dark gray silt loam about 12 inches
thick. The subsoil is mainly grayish-brown, friable

Figure 5.—Profile of Adolph silt loam.

very fine sandy loam that is about 17 inches thick and
has many dark-brown mottles. The underlying material
is reddish-brown, firm sandy loam.

Permeability is moderately slow, and available water
capacity is high. Organic-matter content is high. Con-
tent of available phosphorus is medium, content of
available potassium is low, and content of available
nitrogen is high. A perched water table fluctuates be-
tween the surface and a depth of 3 feet. The firm till,
which begins at a depth of about 32 to 44 inches, re-
stricts the movement of water and limits the root zone.

Most areas of these soils are in pasture or are used
for the production of wild hay. If drainage is adequate,
the soils are suited to all of the crops commonly grown
in the county.

Representative profile of Adolph silt loam in a pas-
ture, 600 feet north and 70 feet east of the southwest
corner of NW1j4 sec. 1, T. 38 N, R. 28 W.:

A1—0 to 5 inches, black (10YR 2/1) silt loam; weak,
medium to coarse, subangular blocky structure;
friable; neutral; clear, smooth boundary.

A3—5 to 12 1nches black (10YR 2/1) to very dark gray
(10YR 3/1) silt loam; weak, very fine, subangular
blocky structure; frlable, about 2 percent coarse
fragments; neutral; clear, wavy boundary.

Blg—12 to 14 inches. dark-gray (10YR 4/1) silt loam;
common, fine, distinct, dark yellowish-brown (10YR
4/4) mottles; moderate, very fine, subangular and
angular blocky structure; friable; about 2 percent
coarse fragments; many roots; few vesicular pores;
neutral; abrupt, wavy boundary.

B2g—14 to 29 inches, grayish-brown (2.5Y 5/2) very fine
sandy loam; many, moderate, distinct, dark-brown
(7.5YR 4/4) and dark yellowish-brown (10YR
4/4) mottles; moderate, very fine, angular and sub-
angular blocky structure; friable; about 2 percent
coarse fragments; common roots; few vesicular
pores; some, thin, dark-gray (10YR 4/1) silt coats
on faces of peds; neutral; abrupt, wavy boundary.

IIC—29 to 60 inches, reddish-brown (5YR 4/3) sandy loam;
many, medium, faint, reddish-brown (5YR 4/4)
and distinct, yellowish-red (5YR 4/6) mottles;
weak, thin, platy structure; firm; about 10 per-
cent coarse fragments; thin, discontinuous, black
coats on horizontal surfaces of peds; neutral.

The solum ranges from 26 to 50 inches in thickness. Tex-
ture of the A horizon ranges from very fine sandy loam or
loam that is high in content of very fine sand to silt loam.
The A1l horizon is 4 to 10 inches thick and is slightly acid
to neutral. Structure ranges from weak to moderate, granu-
lar or subangular blocky. The A3 horizon is 6 to 14 inches
thick. It is black or very dark gray and has mottles in some
places. Structure ranges from weak to moderate, platy or
subangular blocky.

The B horizon is 16 to 32 inches thick. The Blg horizon
is dark gray or gray. Its texture ranges from silt loam or
loam that is high in content of very fine sand to very fine
sandy loam. The B2g horizon is gray or grayish brown and
has distinet or prominent mottles. Texture of the B2g ho-
rizon generally is the same as that of the Blg horizon, but
in some places it is sandy loam or fine sandy loam. Reaction
is slightly acid or neutral in the B horizon. Depth to the first
horizon that has firm consistence ranges from 18 to 24
inches.

The IIC horizon is reddish-brown or dark reddish-brown,
firm sandy loam or fine sandy loam. Structure is weak to
moderate, platy. Reaction is neutral to mildly alkaline.

Adolph soils are near Freer and Paget soils and are
similar to Prebish soils and to Adolph soils, silty subsoil
variant. They are more poorly drained than Freer and
Paget soils and lack the clay films in the B horizon that are
characteristic of those soils. They have more silt or very
fine sand, or both, in the A and B horizons than Prebish
soils. Adolph soils have a redder IIC horizon that contains
more sand than Adolph soils, silty subsoil variant.
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Adolph silt loam (0 to 1 percent slopes) (Ad).—This
soil is in broad depressions and drainageways (fig. 6)
of the silt-covered glacial ground moraine. Areas are
elongated and range from 2 to 100 acres in size. Cob-
blestones and stones are on the surface and are scat-
tered throughout the profile.

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

Included with this soil in mapping are areas of soils
that have as much as 12 inches of peat on the surface.
A few areas of soils that have more than 12 inches of
peat are also included, but these areas are less than 3
acres in size. Also included are areas of soils in which
the underlying material has discontinuous layers or
pockets of loamy sand.

This Adolph soil is naturally wet. Because of the
firm, dense underlying material at a depth of about 32
to 44 inches, downward movement of water is some-
what restricted. This causes poor trafficability after
heavy rains. Early frost is a hazard.

Providing adequate drainage, removing the stones
from the surface, and increasing fertility help to cor-
rect the major limitations to the use of this soil and to
improve crop growth.

Most areas of this soil are in pasture and wild hay.
This soil is suited to most of the crops commonly grown
in the county. Among the crops grown are corn, oats,
and soybeans and red clover, timothy, and alsike clover
mixtures. Capability unit IVw-1; woodland suitability
group VII; building site group 9.

e

Figure 6.—Typical area of Adolph silt loam.

Adolph silt loam, level (0 to 2 percent slopes) [AdA).
—This soil is in broad areas adjacent to depressions or
along drainageways in the silt-covered glacial ground
moraine. The irregularly shaped and elongated areas
range from 3 to 80 acres in size. Cobblestones and
stones are on the surface and scattered throughout the
profile.

Included with this soil in mapping are very stony
areas, but these areas are less than 3 acres in size. Also
included are areas of soils in which the underlying
material has discontinuous layers or pockets of loamy
sand.

This soil is wet. Because of the firm, dense under-
lying material at a depth of about 32 to 44 inches,
downward movement of water is somewhat restricted.
This causes poor trafficability after heavy rains. Water
does not become ponded on the surface. Early frost is
a hazard.

Providing adequate drainage, removing the stones on
the surface, and increasing the fertility help to correct
the major limitations to the use of this soil and to im-
prove crop production.

About 30 percent of this soil is cropped. The rest is
used as pasture and for woodlots. This soil is suited to
most crops commonly grown in the county. Among the
crops grown are corn, oats, and soybeans and red
clover, timothy, and alsike clover mixtures. Capability
unit ITTw—1; woodland suitability group VII; building
site group 9.
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Adolph Variant

The Adolph variant consists of deep, level to depres-
sional, poorly drained to very poorly drained soils in
areas of a small, dissected, terracelike glacial lake basin
that lies along the Elk River. These soils formed in
calcareous lacustrine sediment under a canopy of
sedges, alder, and a few scattered deciduous trees.

In a representative profile the surface layer is black
and very dark gray silt loam and silty clay loam about
15 inches thick. The subsoil is dark-gray, friable silt
loam that is about 9 inches thick and has dark
vellowish-brown mottles. The underlying material is
grayish-brown, friable silt loam.

Permeability is slow to moderately slow, and the
available water capacity is very high.

Organic-matter content is high. The content of avail-
able phosphorus is low, the content of available potas-
sium is medium, and the content of available nitrogen
is high. A perched water table fluctuates between the
surface and a depth of 3 feet.

Most areas of this soil are used for pasture or native
hay. If drainage is adequate, these areas are suited to
all of the crops commonly grown in the county.

Representative profile of Adolph silt loam, silty sub-
soil variant, that has a slope of 1 percent, in a field of
wild hay 55 feet south and 500 feet west of the north-
east corner of sec. 14, T. 36 N., R. 30 W.:

A1—0 to 10 inches, black (10YR 2/1) silt loam; weak, fine,
subangular blocky structure; friable; high in or-
ganic-matter content; slight effervescence; mildly
alkaline; clear, wavy boundary.

A3—10 to 15 inches, very dark gray (10YR 3/1) silty clay
loam; common, fine, faint, dark-brown (10YR 3/3)
mottles; moderate, very fine, subangular blocky
structure; friable; mildly alkaline; clear, wavy
boundary.

B21g—15 to 21 inches, dark-gray (10YR 4/1) silt loam;
few, fine, distinct, dark yellowish-brown (10YR
4/4) mottles; moderate, fine, subangular blocky
structure; friable; slight effervescence; mildly alka-
line; clear, irregular boundary.

B22g—21 to 24 inches, dark-gray (10YR 4/1) and grayish-
brown (10YR 5/2) silt loam; many, fine, distinct,
dark yellowish-brown (10YR 4/4) mottles; mod-
erate, very fine, angular and subangular blocky
structure; friable; strong effervescence; moderately
alkaline; clear, wavy boundary.

Cg—24 to 60 inches, grayish-brown (10YR 5/2) silt loam;
many, medium, prominent, dark yellowish-brown
(10YR 4/4) mottles; moderate, very fine, angular
and subangular blocky structure; friable; common
yellowish-red (5YR 4/6) and reddish-brown (5YR
4/4) stains along root channels; few lime threads;
strong effervescence; moderately alkaline.

The solum ranges from 14 to 32 inches in thickness. Tex-
ture of the A horizon is silt loam, silty clay loam, or loam.
The Al horizon ranges from 4 to 12 inches in thickness. It
is neutral or mildly alkaline and effervescent or noneffer-
vescent. Structure ranges from weak platy to subangular
blocky. The A3 horizon is 4 to 8 inches thick. Structure is
moderate platy or subangular blocky.

The B horizon is 6 to 12 inches thick. Texture of this
horizon ranges from silt loam to silty clay loam. The B
horizon is neutral to moderately alkaline and has slight
effervescence to strong effervescence. Structure is moderate
platy or subangular blocky.

The C horizon is silt loam or silty clay loam. Reaction in
this horizon is mildly alkaline to moderately alkaline. Struc-
ture is moderate platy, subangular, or angular blocky.

Adolph variant soils are near Dalbo and Adolph soils.
They are grayer in the B horizon than Dalbo soils. They
have a grayer, less sandy C horizon than Adolph soils.

Adolph silt loam, silty subsoil variant (0 to 2 percent
slopes) (Ah).—This soil is on flats and in broad shallow
depressions on a dissected glacial lake basin. Areas are
irregular and elongated in shape and range from 2 to
120 acres in size, but areas 20 to 40 acres in size are
most common.

Included with this soil in mapping are a few areas of
soils that are somewhat better drained and have a
thin, black surface layer less than 2 inches thick. Also
included are a few areas of soils that have a thin layer
of peat as much as 12 inches thick, and a few areas
where peat is more than 12 inches thick; areas of these
soils are less than 3 acres in size.

This soil is naturally wet. Water stands on it in
spring and causes poor trafficability. Early frost is a
hazard.

Providing adequate drainage, maintaining organic-
matter content, and increasing fertility, help to correct
the major limitations to the use of this soil and im-
prove the growth of crops.

Nearly all areas of this soil are in pasture and wild
hay. This soil is suited to corn, oats, and soybeans and
red clover, timothy, and alsike clover mixtures. Ca-
pability unit IITw-1; woodland suitability group VII;
building site group 9.

Alluvial Land

Alluvial land (Ao) consists of fairly extensive areas
of recently deposited, stratified alluvium on flood plains
along the major rivers in the county. This nearly level
to gently undulating land type is subject to frequent
flooding, scouring, and cutting by streams. Many areas
are dissected by old stream channels. As a consequence,
these areas are characterized by short, narrow ridges
that give them a corrugated appearance. Slopes are 0 to
3 percent.

This land type consists of fine sandy loam to coarse
sand that is generally stratified. Color and reaction
vary. Alluvial land is very poorly drained to somewhat
poorly drained and has a seasonally high water table.
It is dry or only slightly wet between periods of flood-
ing. It is subject to change caused by continued deposi-
tion of new material or by scouring and shifting of
stream channels.

This land type is too recent for horizons to have
formed, but the presence of mottling in places indi-
cates that the processes of soil formation are opera-
tional.

Most areas of this land type are used only for unim-
proved pasture because of the hazard of flooding. A
small acreage is wooded. Capability unit VIw-1; wood-
land suitability group VII; building site group 9.

Antigo Series

The Antigo series consists of nearly level to gently
sloping, well-drained soils on broad glacial outwash
plains and stream terraces. Slopes are gentle along the
edges of the better defined drainageways. These soils
formed in moderately deep, silty sediment underlain
by acid sand and gravel. The native vegetation was
mixed hardwoods and conifers.

In a representative profile the surface layer is very
dark gray silt loam about 8 inches thick. The sub-
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surface layer is brown silt loam about 3 inches thick.
The subsoil is brown to dark-brown, friable silty clay
loam in the upper 17 inches and firm, brown to dark-
brown sandy loam in the lower 6 inches. The underlying
material is loose, dark-brown sand and gravel.

Permeability is moderate in the upper part of these
soils and rapid in the lower part. The available water
capacity is moderate. The organic-matter content is
low. The content of available phosphorus is medium,
and the content of available potassium and nitrogen is
low. Depth to the water table is 10 feet or more.

Most areas of these soils are in crops. Some areas are
in pasture or are wooded. These soils are suited to all
of the crops commonly grown in the county.

Representative profile of Antigo silt loam, 0 to 2
percent slopes, in a cultivated field, 76 feet north and
1,320 feet west of southeast corner of sec. 11, T. 36 N.,
R. 28 W.:

Ap—o0 to 8 inches, very dark gray (10YR 3/1) silt loam;
weak, very fine, subangular blocky structure; fri-
able; medium acid; abrupt, smooth boundary.

A2—8 to 11 inches, brown to dark-brown (10YR 4/3) silt
loam; weak, thick, platy structure that parts in
places to weak, fine, subangular blocky; friable;
thick, porous, grayish-brown (10YR 5/2) sandy
and silty coatings on faces of peds; medium acid;
clear, smooth boundary.

B&A—11 to 15 inches, dark-brown (10YR 3/3) silt loam;
moderate, fine, subangular blocky structure; fri-
able; nearly continuous, thick, porous, grayish-
brown (10YR 5/2) sandy and silty coatings on
faces of peds; medium acid; clear, smooth bound-

ary.

B21t—15 to 19 inches, brown to dark-brown (10YR 4/3)
silty clay loam; moderate, fine, subangular blocky
structure; friable; thin patchy clay films and
medium, patchy, grayish-brown (10YR 5/2), sandy
and silty coatings on faces of peds; very strongly
acid; clear, smooth boundary.

B22t—19 to 28 inches, brown to dark-brown (10YR 4/3)
silty clay loam; moderate, fine and medium, sub-
angular blocky structure; friable; medium, nearly
continuous, dark-brown (7.5YR 3/2) clay films on
faces of peds; very strongly acid; clear, wavy
boundary.

IIB3—28 to 34 inches, brown to dark-brown (7.5YR 4/4)
sandy loam; weak, coarse, subangular blocky struc-
ture; firm; nearly continuous, thin, dark reddish-
brown (5YR 3/2) clay films on vertical faces of
peds and patchy films on horizontal faces of peds;
few vesicular pores; very strongly acid; clear,
wavy boundary.

IIIC1—34 to 36 inches, dark-brown (7.5YR 3/2) gravelly
and cobbly sandy loam; weak, coarse, subangular
blocky structure; friable; strongly acid; clear,
wavy boundary.

IIIC2—36 to 60 inches, dark-brown (7.5YR 3/2) and brown
(7.5YR 4/4) stratified sand and gravel; single
grained; loose; strongly acid.

The solum ranges from 24 to 36 inches in thickness. The
Ap horizon is 6 to 9 inches thick and is medium acid to
strongly acid. Texture of the A horizon ranges from very
fine sandy loam to loam that has a high content of very fine
sand or silt loam. The A2 horizon is 8 to 5 inches thick in
cultivated areas. In undisturbed areas, there is a black or
very dark gray Al horizon 2 to 4 inches thick and an A2
horizon 8 to 10 inches thick.

The B horizon is 18 to 26 inches thick and ranges from
silt loam to silty clay loam. Reaction is medium acid to
very strongly acid.

The IIC horizon ranges from gravelly and cobbly sandy
loam or loamy sand in the IIC1 horizon to stratified sand
and gravel or gravelly coarse sand in the IIC2 horizon.
Reaction in the IIC horizon is medium acid to very strongly
acid.

The Antigo soils in this county have an Al horizon that
is thicker or an Ap horizon that is darker colored than is
defined as within the range for the series, but this differ-
ence does not alter their usefulness and behavior.

Antigo soils are near Ogilvie and Hillet soils and are
similar to the Chetek soils. They have a thinner, lighter
colored A horizon and a B horizon that has a higher chroma
than the Ogilvie and Hillet soils. They have more silt and
less fine and coarse sand in the A horizon and in the upper
part of the B horizon than the Chetek soils.

Antigo silt loam, 0 10 2 percent slopes (AtA].—This
soil is In broad areas on a glacial outwash plain. Areas
are elongated and range from 5 to 80 acres in size, but
areas 10 to 20 acres in size are most common.

This soil has the profile described as representative
of the series. In undisturbed areas the surface layer is
thinner and darker colored than in cultivated areas.

Included with this soil in mapping are small areas
of moderately well drained soils that have faint mottles
in the subsoil. Areas of soils that have a surface layer
of very fine sandy loam are also included.

This soil has medium fertility. Depth of the root
zone ranges from 24 to 36 inches and the quantity of
available water is limited, thus slight droughtiness oc-
curs during prolonged dry periods.

About 80 percent of the acreage of this soil is used
for crops. The rest is in pasture and wooded pasture.
This soil is suited to all of the crops commonly grown
in the county. Among the crops grown are corn, oats,
soybeans, alfalfa, and red clover. Capability unit I1s-1;
woodland suitability group I; building site group 1.

Antigo silt loam, 2 to 6 percent slopes [AtB).—This
soil is on a glacial outwash plain. Areas are elongated
and generally are narrow. They range from 10 to 40
acres in size, but areas 10 to 20 acres in size are most
common. Slopes are 75 to 200 feet long and are irregu-
lar and uneven.

This soil has a profile similar to the one described as
representative for the series, except that sand and
gravel are at a somewhat shallower depth, generally 24
to 30 inches.

Included with this soil in mapping are areas of soils
that have a surface layer of loam and fine sandy loam.
In some of the cultivated areas on crests of slopes
where rills have formed and gravel is exposed, evidence
?f erosion is indicated by the lighter colored surface
ayer,

This soil has medium fertility. The hazard of erosion
is slight. Available water capacity is limited, and crops
show the effects of droughtiness during prolonged dry
periods.

About 80 percent of the acreage of this soil is used
for crops. The rest is used for pasture and wooded pas-
ture. This soil is suited to all of the crops commonly
grown in the county. Among the crops grown are corn,
oats, soybeans, alfalfa, and red clover. Capability unit
ITe-2; woodland suitability group I; building site
group 1.

Blomford Series

The Blomford series consists of deep, nearly level to
slightly depressional, somewhat poorly drained and
poorly drained soils. These soils are on the edges of
small depressions or in narrow drainageways of larger,
very poorly drained depressions. They formed in sandy
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glacial outwash sediment overlying silty glacial lake
deposits. The native vegetation was deciduous trees,
primarily oak, ash, elm, and aspen.

In a representative profile the surface layer is black
loamy sand about 8 inches thick. The subsurface layer
is grayish-brown and very dark grayish-brown loamy
sand that is about 3 inches thick and has dark yellowish-
brown and brown mottles. The subsoil is about 30
inches of mottled, very dark gray, very friable loamy
sand and very dark brown, friable sandy loam. The
underlying material is grayish-brown, light brownish-
gray, and greenish-gray, friable silt loam that is mod-
erately alkaline.

Permeability is rapid in the upper part of these soils
and moderately slow in the lower part. The available
water capacity is high. Organic-matter content is mod-
erate. The content of available phosphorus, potassium,
and nitrogen is low. A perched water table fluctuates
between depths of 2 and 4 feet.

Most areas of these soils are in crops. Some of the
acreage is wooded or in pasture. Blomford soils are
suited to all of the crops commonly grown in the county.

Representative profile of Blomford loamy sand in a
cultivated field where slope is 1 percent, 1,170 feet west
and 960 feet north of the southeast corner of NW1,
of sec. 2, T. 36 N,, R. 30 W.:

Ap—0 to 8 inches, black (10YR 2/1) loamy sand; weak,
fine, subangular blocky structure; very friable;
neutral; abrupt, wavy boundary.

A2—8 to 11 inches, grayish-brown (10YR 5/2) and some
very dark grayish-brown (10YR 8/2) loamy sand;
common, medium, distinet, dark yellowish-brown
(10YR 4/4) and brown (10YR 4/3) mottles; weak,
medium, platy structure; very friable; neutral;
clear, irregular boundary.

Blg—11 to 21 inches, dark-gray (10YR 4/1), very dark
gray (10YR 8/1), and grayish-brown (2.5YR 5/2)
loamy sand; common, medium, distinct, dark yel-
lowish-brown (10YR 4/4) mottles; weak, medium,
subangular blocky structure; very friable; neutral;
clear, wavy boundary.

ITB2g—21 to 41 inches, very dark brown (10YR 2/2) sandy
loam; common, fine, faint, dark-brown (10YR 4/3)
mottles; weak, fine, subangular blocky structure;
very friable to friable; neutral; abrupt, wavy
boundary.

IICg—41 to 60 inches, grayish-brown (2.5Y 5/2), light
brownish-gray (2.5Y 6/2), and greenish-gray (5G
6/1) silt loam; many, medium, prominent, dark
yellowish-brown (10YR 4/4) and yellowish-brown
(10YR 5/6) mottles; weak, subangular blocky
structure; friable; moderately alkaline.

The solum ranges from 36 to 52 inches in thickness. The
Ap horizon is 7 to 10 inches in thickness and medium acid
to neutral in reaction. In uncultivated areas the Al horizon
ranges from 3 to 6 inches in thickness. The Ap and Al
horizons are black or very dark gray loamy sand or loamy
fine sand in most places, but they are sandy loam or fine
sandy loam in a few places. Structure ranges from weak
crumb to granular or subangular blocky. The A2 horizon
is 3 to 12 inches in thickness and medium to neutral in
reaction. It is a grayish-brown to dark grayish-brown sand
or fine sand, loamy fine sand, or loamy sand. Structure
ranges from weak platy to massive or single grain.

The Blg horizon is 6 to 20 inches thick. It is dark gray,
gray, grayish brown, or dark brown and has faint to distinet
mottles. Its texture ranges from sand or fine sand to loamy
sand or loamy fine sand. It is massive or has weakly de-
veloped structure. Depth to the IIB horizon ranges from
20 to 40 inches. The IIB2g horizon ranges from very dark
brown to grayish brown or gray in color. It is sandy loam,
loam, silt loam, or silty clay loam. It has weak or moderate
subangular blocky structure. Reaction in the Blg and

IIB2g horizons ranges from medium acid to neutral. Clay
films are on faces of peds in the IIB2g horizon in some
places.

The IICg horizon generally is silt loam but ranges to silty
clay loam. Reaction is neutral to moderately alkaline. Struec-
ture ranges from weak to moderate and from platy to sub-
angular blocky or massive.

The Blomford soils in this county have a IIB horizon that
shows stronger evidence of illuviation or has darker colors
than is defined as within the range for the series, but this
difference does not alter their usefulness and behavior.

Blomford soils are near Braham soils and are similar
to Lino and Watab soils. They have a lower chroma in the
B horizon than Braham soils. They are similar to Lino soils,
but Lino soils are sandy to a depth of more than 40 inches.
Blomford soils have a grayish-brown silty IIC horizon,
whereas Watab soils have a reddish-brown loamy IIC
horizon.

Blomford loamy sand (0 to 2 percent slopes) (Bd).—
This soil is on flats and in slight depressions along
drainageways and around depressions of a sand-covered
glacial lakebed. Areas are irregular in shape or elon-
gated and range from 5 to 40 acres in size, but 10 to 20
acres in size is most common.

In undisturbed areas the surface layer is thinner than
the one described in the representative profile.

Included with this soil in mapping are some small
areas of soils that have slopes of 8 percent and also
some very small areas of wetter soils.

This soil is naturally wet. Providing adequate drain-
age, maintaining organic-matter content, and increas-
ing fertility help to correct the major limitations to
the use of this soil for field crops. Wind erosion is a
hazard where large fields are drained and left barren.

About 60 percent of the acreage of this soil is used
for crops. The rest is used for pasture and woodlots.
This soil is moderately well suited to most crops grown
in the county. Among the crops grown are corn, rye,
and soybeans and red clover, timothy, and alsike clover
mixtures. Capability unit ITTw—2; woodland suitability
group V; building site group 7.

Braham Series

The Braham series consists of deep, gently sloping
to sloping, well-drained soils in a small local glacial
lake basin between the glacial uplands and the lake
deposits. These soils formed in sandy glacial outwash
sediment underlain by silty glacial lake deposits. The
native vegetation consisted of a canopy of deciduous
trees, dominantly oaks with occasional elms and hard
maples.

In a representative profile the surface layer is black
and very dark brown loamy fine sand about 11 inches
thick. The subsoil is about 33 inches thick. The upper
17 inches is dark grayish-brown and brown, very fri-
able loamy fine sand and fine sand, and the lower 16
inches is brown, friable clay loam. The underlying ma-
terial is pale-brown, very friable silt loam that is mildly
alkaline.

Permeability is rapid in the upper part of these soils
and moderate in the lower part. The available water
capacity is moderate. The content of organic matter is
low. The content of available phosphorous, potassium,
and nitrogen is low. Depth to the water table is 10 feet
or more,

Most areas of these soils are in crops. Some of the
acreage is wooded or in permanent pasture. Braham
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soils are suited to all of the crops commonly grown in
the county.

Representative profile of Braham loamy fine sand, 2
to 8 percent slopes, in a pasture, 730 feet west and
1,235 feet south of the northeast corner of seec. 35, T.
37 N., R. 30 W.:

A1—0 to 3 inches, black (10YR 2/1) loamy fine sand; weak,
very fine. subangular blocky structure; very fri-
able; slightly acid; clear, wavy boundary.

A3—3 to 11 inches, very dark brown (10YR 2/2) loamy
fine sand; about 10 percent is black (10YR 2/1);
weak, very fine, subangular blocky structure; very
friable; neutral; clear, irregular boundary.

B11—11 to 17 inches, dark grayish-brown (10YR 4/2)
loamy fine sand, light gray (10YR 7/2) when dry;
about 20 percent is very dark brown (10YR 2/2);
weak, thick, platy structure parting to weak, fine,
subangular blocky; very friable; neutral; clear,
irregular boundary.

B12—17 to 28 inches, brown (10YR 5/3) fine sand; about
10 percent is dark brown (10YR 4/3); weak, thick,
platy structure parting to weak, medium, sub-
angular blocky; very friable; few, thin, very dark
brown (10YR 2/2) bands of loamy fine sand;
neutral; abrupt, wavy boundary.

IIB2t—28 to 44 inches, brown (10YR 4/3) clay loam that
grades with depth to silt loam; strong, fine, sub-
angular blocky structure; friable; medium, mod-
erately patchy, dark-brown (10YR 3/3) clay films
on faces of peds; some sandy coatings on vertical
faces of peds in upper part; medium acid; clear,
wavy boundary.

IIC—44 to 60 inches, pale-brown (10YR 6/3) silt loam;
moderate, medium, platy structure; very friable;
thin, patchy, to thick, moderately patchy, very
dark brown (10YR 2/2) and black (10YR 2/1)
clay films on vertical faces of peds and along root
channels; few lime concretions; mildly alkaline;
slight effervescence.

The solum ranges from 30 to 50 inches in thickness. The
A1l horizon is 2 to 6 inches thick and is medium acid or
slightly acid. It is dominantly black or very dark gray
loamy fine sand or loamy sand, but in places it is fine sandy
loam. The Ap horizon, where present, is 6 to 8 inches thick
and is black to dark brown. An A3 horizon is present in
most profiles, but in some places there is an A2 horizon
instead. The A3 horizon is 2 to 8 inches thick. It is very
dark brown to dark grayish-brown loamy sand or loamy
fine sand. Structure ranges from weak platy to weak sub-
angular blocky.

The B horizon is 20 to 40 inches thick. Texture ranges
from loamy fine sand to fine sand in the B1 horizon and
is fine sandy loam, sandy clay loam, silt loam, silty clay
loam, or clay loam in the IIB2t horizon. The depth to the
IIB2t horizon ranges from 20 to 40 inches. Structure in the
IIB2t horizon is moderate or strong, subangular blocky.
Reaction is slightly acid or neutral in the B1 horizon and
slightly acid or medium acid in the ITB2t horizon. A few,
fine, dark-colored concretions are scattered throughout the
horizon in some places. Structure ranges from moderate,
platy or subangular blocky to massive.

The I1IC horizon ranges from loam to silty clay loam.
Reaction ranges from slightly acid to moderately alkaline.
The ITC horizon is pale brown to brown.

The Braham soils in this county have a dark-colored A
horizon that is thicker than is defined as within the range
for the series, but this difference does not alter their use-
fulness and behavior.

Braham soils are near Sartell, Dalbo, and Blomford soils
and are similar to Pomroy soils. They have a loamy IIB
horizon that begins above a depth of 40 inches, whereas
Sartell soils do not have a IIB horizon. They have more
sand and less silt and clay in the A and B horizons than
Dalbo soils. They have a higher chroma in their B horizon
than Blomford soils. They have a finer textured and less
sandy IIC horizon than Pomroy soils.

Braham loamy fine sand, 2 to 8 percent slopes (BhC).
—This soil is in areas of a sand-covered glacial lake-

bed. Areas range from 5 to 30 acres in size, but areas
10 to 20 acres in size are most common.

Included with this soil in mapping are some small
areas of Blomford soils in depressions. Also included
are some areas of soils where cultivation has mixed
inaterial from the subsoil with the original surface
ayer.

The sandy upper layers limit the quantity of water
available for plant growth. Growth therefore is limited
during prolonged dry periods. Controlling erosion and
increasing organic-matter content and fertility help to
correct the major limitations to the use of this soil and
to improve growth of crops.

About 70 percent of the acreage of this soil is used
for crops. The rest is in pasture and woodlots. This soil
is moderately well suited to all crops commonly grown
in the county. Among the crops grown are corn, rye,
soybeans, alfalfa, and red clover. Capability unit IVs—
1; woodland suitability group IV; building site group
5.

Brainerd Series

The Brainerd series consists of deep, nearly level to
gently sloping, moderately well drained soils on glacial
ground moraines and drumlins. These soils formed in
firm, loamy, brown glacial till under a canopy of mixed
hardwoods and conifers. Cobblestones and stones are
on the surface and throughout the soil.

In a representative profile the surface layer is very
dark grayish brown sandy loam about 6 inches thick.
The subsurface layer is brown, friable sandy loam that
is about 8 inches thick and has faint, dark-brown and
vellowish-brown mottles. The subsoil is about 32 inches
thick. The upper 10 inches is brown, friable sandy loam,
and the lower part is brown and dark reddish-brown,
firm sandy loam. Mottles occur throughout the subsoil.
The underlying material is brown, firm sandy loam that
has prominent, red and brown mottles.

Permeability is moderately slow, and available water
capacity is moderate. Organic-matter content is low.
The content of available phosphorus is medium, and the
content of available potassium and nitrogen is low.
The firm fragipan, which starts at a depth of about 24
inches, restricts the movement of water and limits the
root zone. Depth to the water table is 10 feet or more.

Most areas of these soils are in crops. Some areas are
wooded or are in pasture. These soils are suited to all
of the crops commonly grown in the county.

Representative profile of Brainerd sandy loam, 1 to
3 percent slopes, in a road cut, 15 feet east and 960
feet north of southwest corner of sec. 15, T. 37 N., R.
30 W.:

Ap—0 to 6 inches, very dark grayish-brown (10YR 3/2)
sandy loam; weak, very fine, subangular blocky
structure; friable; about 2 percent coarse frag-
ments; strongly acid; abrupt, smooth boundary.

A2-—6 to 14 inches, brown (10YR 5/3) sandy loam; few,
fine, faint, dark-brown (10YR 4/3) and yellowish-
brown (10YR 5/4) mottles and few, medium, dis-
tinet, strong-brown (7.5YR 5/8) mottles; moderate,
thin and medium, platy structure; friable; about
2 percent coarse fragments; medium acid; clear,
wavy boundary.

B1—14 to 24 inches, brown (10YR 5/3) sandy loam; many,
fine, distinet, dark-brown (7.5YR 4/4) mottles;
weak, thin, platy structure that parts to weak,
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very fine, subangular blocky; friable; about 20 per-
cent coarse fragments, very thin patchy clay films
on faces of peds; medium acid; clear, wavy bound-

ary.

Bx—24 to 46 inches, brown (7.5YR 4/4) and dark reddish-
brown (5YR 3/3) sandy loam; common, medium,
distinct, reddish-brown (5YR 4/4), dark reddish-
brown (5YR 3/4), and yellowish-red (5YR 4/6)
mottles; strong, medium, platy structure; firm;
about 10 percent coarse fragments; few thin clay
films on faces of peds; medium acid; diffuse, wavy
boundary.

Cx—46 to 60 inches, brown (7.5YR 4/4) sandy loam; few,
coarse, prominent, grayish-brown (10YR 5/2),
reddish-brown (5YR 4/4), and yellowish-red
(10YR 5/6) mottles; weak, fine and medium, platy
structure; firm; about 10 percent coarse frag-
ments; medium acid.

The solum ranges from 40 to 60 inches in thickness. The
content of coarse fragments ranges from 2 to 20 percent in
the A horizon and from 8 to 25 percent in the B and C
horizons.

The Ap horizon is 6 to 9 inches thick and is very strongly
acid to strongly acid. It is very dark grayish-brown or very
dark gray sandy loam or fine sandy loam. In uneultivated
areas the A1l horizon is 8 to 5 inches thick and is very
strongly acid or strongly acid. It is black or very dark brown
sandy loam or fine sandy loam. Structure ranges from weak
to moderate granular, crumb, or subangular blocky. The A2
horizon is brown or dark brown and has prominent or dis-
tinct mottles. It is 5 to 10 inches thick. Structure ranges from
very weak to weak, thin and medium, platy.

The B horizon is 32 to 46 inches thick. Its texture ranges
from sandy loam to loamy sand in the B1 horizon and from
sandy loam to loam in the Bx horizon. In some places the
Bx horizon is dark brown. Reaction is strongly acid or
medium acid in the B1 horizon and medium acid or slightly
acid in the Bx horizon. Structure ranges from weak to
strong platy and from weak to moderate, subangular blocky.
Depth to the Bx horizon is 18 to 30 inches.

The Cx horizon is brown or dark brown. Reaction in this
horizon is medium acid or slightly acid. Mottles are present
in places, especially in the upper part. Structure ranges
from weak medium to fine platy.

Brainerd soils are near Flak, Nokay, and Parent soils
and are similar to Mora soils. They have mottles in the A2
horizon, which are lacking in the well-drained Flak soils.
They are better drained than Nokay and Parent soils, which
occur downslope, and they have brighter colors in the upper
part of the B horizon than these soils. Brainerd soils have
a yellower matrix color in the Bx and Cx horizons and are
higher in content of medium and coarse sand than Mora
soils.

Brainerd sandy loam, 1 to 3 percent slopes (BrA).—
This soil occupies broad areas on the glacial drumlins
that are mostly west of the Elk River. Areas are elon-
gated and are oriented in an east-west direction. Slopes
are uniform, slightly convex, and 200 to 1,000 feet long.
Stones are on the surface and scattered throughout the
profile.

This soil has the profile described as representative
for the series. In undisturbed areas the surface layer is
darker and somewhat thinner than in cultivated areas.

Included with this soil in mapping are small areas
of Parent and Prebish soils in depressions. Also in-
cluded are small areas of sandy soils. Also included in
cultivated fields are soils in areas where rills have been
left by water erosion, and soils in places where culti-
vation has mixed part of the subsoil into the original
surface layer.

Crop growth is slightly limited by climate and the
restricted root zone. Controlling erosion and increasing
organic-matter content and fertility help to correct the
major limitations to the use of this soil for crops.

About 80 percent of the acreage of this soil is used
for crops. The rest is used as pasture or for woodlots.
This soil is suited to all of the common crops. Among
the crops commonly grown are corn, oats, soybeans,
alfalfa, and red clover. Capability unit ITc—1; woodland
suitability group I; building site group 4.

Brainerd sandy loam, 3 to 5 percent slopes (BrB).—
This soil is in broad areas on the glacial drumlins that
are mostly west of the Elk River. Areas are elongated
and are oriented in an east-west direction. Slopes are
uniform, slightly convex, and 200 to 800 feet long.
Stones are on the surface and are scattered throughout
the profile.

This soil has a profile similar to the one described
as representative for the series, but it is somewhat
shallower because of less soil development. Also, in
some places where this soil is cultivated, the surface
layer is lighter colored and somewhat coarser textured
because of erosion.

Included with this soil in mapping are areas of soils
that have a surface layer of fine sandy loam and a few
small areas of a soil that has a thin surface layer of
loamy sand. There are small areas of Parent and Pre-
bish soils in depressions and of Nokay soils in water-
ways. Also included are small areas of sandy material
in places. The hazard of erosion is slight, and the root
zone is limited. Controlling erosion and increasing
organic-matter content and fertility help to correct the
major limitations to the use of this soil.

About 80 percent of the acreage of this soil is used
for crops. The rest is used as pasture or for woodlots.
This soil is suited to all of the common crops. Among
the crops commonly grown are corn, soybeans, alfalfa,
and red clover. Capability unit Ile-1; woodland suit-
ability group I; building site group 4.

Brainerd stony sandy loam, 1 to 3 percent slopes
(BsA)—This soil is on the glacial drumlins that are
mostly west of the Elk River. Areas are elongated and
range from 5 to 40 acres in size, but areas 10 to 20
acres in size are most common. These areas are oriented
in an east-west direction. Slopes are uniform, convex,
and 200 to 500 feet in length.

This so0il has a profile similar to the one described as
representative for the series, but it is too stony for
ordinary tillage and the surface layer is thinner and
darker colored. It is economically feasible to remove
the stones, although they are an average of 5 to 30
feet apart and are 1 to 3 feet in diameter.

Included with this soil in mapping are small areas of
Parent and Prebish soils in depressions. Also included
are some areas of Nokay soils in small drainageways
and some small sandy spots.

Most of the acreage of this soil is used for pasture,
for wooded pasture, and as woodlots. Land clearing is
required before this soil can be cropped. This soil is
suited to all of the crops commonly grown in the
county. Among the crops grown are corn, oats, soy-
beans, alfalfa, and red clover. Capability unit Ilc-1;
woodland suitability group I; building site group 4.

Brainerd stony sandy loam, 3 to 5 percent slopes (BsB).
—This soil is on the glacial drumlins that are mostly
west of the Elk River. Areas are elongated and
range from 5 to 40 acres in size, but areas 10 to 20
acres in size are most common. These areas are oriented
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in an east-west direction. Slopes are uniform, convex,
and 200 to 500 feet in length.

This soil has a profile similar to the one described as
representative for the series, but it is stony and the
surface layer is thinner and darker colored. It is eco-
nomically feasible to remove the stones, although they
average 5 to 30 feet apart and are 1 to 3 feet in diam-
eter.

Included with this soil in mapping are small areas of
Parent and Prebish soils in depressions. Also included
are some areas of Nokay soils in small drainageways
and some small sandy spots.

The hazard of erosion is slight. Most areas of this
soil are used for pasture, for wooded pasture, and as
woodlots. Land clearing is required before this soil can
be used for crops. It is suited to all of the crops com-
monly grown in the county. Among the crops commonly
grown are corn, oats, soybeans, alfalfa, and red clover.
Capability unit Ile-1; woodland suitability group I;
building site group 4.

Burkhardt Series

The Burkhardt series consists of shallow, nearly level
to undulating, somewhat excessively drained soils on
stream terraces, valley benches, and outwash plains or
on pitted moraines. These soils formed in thick sandy
and gravelly deposits. The native vegetation was prairie
grasses and scattered bur oak.

In a representative profile the surface layer is black
and very brown sandy loam about 11 inches thick. The
subsoil is 17 inches thick. The upper part is dark-brown
and reddish-brown, friable sandy loam about 10 inches
thick, and the lower part is reddish-brown, very friable
gravelly loamy sand that has small pockets of sandy
loam. The underlying material is brown, loose coarse
sand that has some gravel.

Permeability is moderately rapid in the upper part
of these soils and very rapid in the lower part. Avail-
able water capacity is low. Organic-matter content is
moderate. The content of available phosphorus is me-
dium, and the content of available potassium and nitro-
gen is low. Depth to the water table is 10 feet or more.

Most areas of these soils are in erops. Some areas are
wooded, and some are in pasture. If these soils are ir-
rigated, they are suited to all of the crops commonly
grown in the county.

Representative profile of Burkhardt sandy loam, 0 to
2 percent slopes, in a cultivated field, 50 feet south and
900 feet east of northwest corner of sec. 17, T. 36 N.,
R. 28 W.:

Ap—0 to 8 inches, black (10YR 2/1) sandy loam; weak,
fine, subangular blocky structure; friable; about 1
percent gravel; medium acid; clear, smooth bound-

ary.

A3—8 to 11 inches, black (10YR 2/1) sandy loam mixed
with very dark brown (10YR 2/2), and dark-brown
(7.5YR 3/2) sandy loam; weak, fine, subangular
blocky structure; friable; about 1 percent gravel;
medium acid; clear, wavy boundary.

B1—11 to 17 inches, dark-brown (7.5YR 3/2) sandy loam;
moderate, fine, subangular blocky structure; fri-
able; about 2 percent gravel; few vesicular pores;
medium acid; clear, wavy boundary.

B2—17 to 21 inches, reddish-brown (5YR 4/4) sandy loam;
moderate, fine, subangular blocky structure; fri-
able; about 5 percent gravel; few patchy clay films

on faces of peds; medium acid; clear, wavy bound-

ary.
IIB3—21 to 28 inches, reddish-brown (5YR 4/4) and dark
reddish-brown (5YR 3/4) gravelly loamy sand:
weak, fine, subangular blocky structure; friable;
about 15 percent gravel; few inclusions of sandy
loam that has few clay films; medium acid; abrupt,
wavy boundary.
to 60 inches, brown (7.5YR 5/4) coarse sand;
single grained; loose; about 10 percent gravel;
medium acid,

IIC—28

Depth to the horizon that has a texture of loamy sand
or coarser ranges from 16 to 24 inches. The A horizon
generally is sandy loam but ranges to loam. Structure
ranges from weak granular to crumb or subangular blocky.
The Ap horizon is 6 to 9 inches thick and is medium acid
or slightly acid. It is black or very dark gray. In unculti-
vated areas there is an Al horizon that ranges from 6 to
10 inches in thickness. The A3 horizon is 2 to 5 inches thick
and ranges from black to very grayish brown or dark
brown.

The Bl and B2 horizons range from 6 to 14 inches in,
thickness. They generally are sandy loam but range to loam.
The IIB3 horizon is loamy sand to gravelly loamy coarse
sand or gravelly loamy sand.

The IIC horizon is stratified, medium, coarse, and very
coal('ise sand and gravel or is gravelly coarse sand or coarse
sand.

The Burkhardt soils in this county have an average an-
nual soil temperature a few degrees lower than the tempera-
ture defined as within the range for the series, but this
difference does not alter their usefulness and behavior.

Burkhardt soils are near Chetek soils and are similar to
Dickman soils. They have a yellower color and less gravel
in the lower part of the B horizon and in the C horizon
than Dickman soils. They have a thicker dark-colored A
horizon than the Chetek soils.

Burkhardt sandy loam, 0 to 2 percent slopes (BuA)—
This soil is on glacial outwash terraces along the St.
Francis River and along old glacial drainageways in
the Duelm area. Areas are narrow and elongated and
range from 5 to 80 acres in size, but areas 10 to 20
acres in size are most common. This soil has the profile
described as representative for the series.

Included with this soil in mapping are some areas of
soils that have slopes of 3 percent. Some evidence of
erosion is noticeable by the presence of pebbles on the
crests of slopes. In places sand and gravel are at a
depth of less than 18 inches. Also included are small
areas of a moderately well drained soil,

The root zone extends only to a depth of 16 to 24
inches, and crops are damaged by drought during pro-
longed dry periods.

About 90 percent of the acreage of this soil is used
for crops. The rest of the acreage is used for wooded
pasture and woodlots. This soil is suited to all of the
crops commonly grown in the county. Among the crops
commonly grown are corn, rye, soybeans, alfalfa, and
red clover. Capability unit 111s-2; woodland suitability
group VI; buliding site group 1.

Burkhardt sandy loam, 2 to 6 percent slopes (BuB).—
This undulating soil is on glacial outwash terraces along
the St. Frances River and along old glacial drainage-
ways in the Duelm area. Areas are narrow and elon-
gated and range from 5 to 20 acres in size.

This soil has a profile similar to the one described
as representative for the series, but the surface layer is
thinner and somewhat lighter in color. In places the ac-
cumulation of gravel on the surface and the mixing of
part of the subsoil and the original surface layer indi-
cate that erosion has taken place.
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Included with this soil in mapping are small areas of
steeper soils.

Crop growth is reduced during growing seasons that
have a prolonged dry period, because the root zone is
limited.

Most of the acreage of this soil is used for crops. The
rest is in pasture or woodlots. This soil is suited to all
of the crops commonly grown in the county. Among
the crops commonly grown are corn, rye, soybeans, al-
falfa, and red clover. Capability unit IIle—2; woodland
suitability group VI; building site group 1.

Chetek Series

The Chetek series consists of nearly level to sloping,
somewhat excessively drained soils on glacial outwash
terraces and kames, mainly along the Elk, St. Frances,
and Rum rivers and Stony Brook. These soils formed
in sandy loam 12 to 24 inches thick over sand and
gravel. A canopy of deciduous trees, dominantly oaks
and some elms, cover these soils.

In a representative profile the surface layer is very
dark brown sandy loam about 7 inches thick. The sub-
surface layer is brown loam about 5 inches thick. The
subsoil is reddish-brown, friable to firm sandy loam
about 11 inches thick. The underlying material is
reddish-brown to brown loose sand and gravel.

Permeability is moderately rapid in the upper part
of these soils and rapid in the lower part. Available
water capacity is low. Organic-matter content is low.
The content of available phosphorus, potassium, and
nitrogen is low. Depth to the water table is 10 feet or
more,

Most nearly level areas of these soils are in crops.
Areas where these soils are steeper are wooded or are
in permanent pasture. These soils are poorly suited to
the crops commonly grown in the county. Irrigation is
needed to insure good crop growth.

Representative profile of Chetek sandy loam, 0 to 2
percent slopes, in a cultivated field, 80 feet east and 35
feet north of southwest corner of the SE1/, of sec. 9, T.
37N, R.28 W.:

Ap—0 to 7 inches, very dark brown (10YR 2/2) sandy
loam; weak, fine, crumb structure; very friable;
about 5 percent gravel; medium acid; abrupt,
smooth boundary.

A2—7 to 12 inches, brown (10YR 5/3) sandy loam; weak,
thin, platy structure; very friable; about 5 percent
gravel; medium acid; abrupt, wavy boundary.

B2t—12 to 23 inches, reddish-brown (5YR 4/4) sandy loam;
moderate, medium, subangular blocky structure;
friable to firm; about 10 percent gravel; medium
acid; clear, wavy boundary.

IIC1—23 to 40 inches, reddish-brown (5YR 4/4) gravelly
coarse sand; single grained; loose, slightly ce-
mented in parts; medium acid; abrupt, wavy
boundary.

IIC2—40 to 72 inches, brown (7.5YR 5/4) sand; single
grained; loose; medium acid.

The solum ranges from 12 to 24 inches in thickness. The
Ap horizon is 5 to 8 inches thick, is slightly acid or medium
acid, and is very dark brown or very dark gray. In un-
disturbed areas the Al horizon is 1 to 4 inches thick and
is black, very dark brown, or very dark gray. The A2
horizon ranges from 1 to 6 inches in thickness. Structure is
medium or thin platy. Texture in the A horizon generally
is sandy loam or loamy sand, but it is loamy fine sand and
fine sandy loam in places.

The B2t horizon generally is loam or sandy loam, but in

some places it is loamy sand. Reaction is strongly acid or
medium acid. Structure is weak to moderate, fine or medium,
subangular blocky.

The IIC horizon is variable in texture and ranges from
stratified sand and coarse sand and gravel to gravelly
coarse sand, coarse sand, or sand.

The Chetek soils as mapped in Benton County have a
thicker A1l horizon or a darker colored Ap horizon than
is defined as within the range for the series, but this differ-
ence does not alter their usefulness and behavior.

Chetek soils are near Burkhardt and Emmert soils and
are similar to Antigo soils. They have a thinner dark-
colored A horizon and more translocated clay in the B
horizon than Burkhardt soils. They have more silt and clay
and less sand in the A and B horizons than Emmert soils.
They have more sand and less silt and clay in the A and
B horizons than Antigo soils.

Chetek loamy sand, 2 to 6 percent slopes (CeB)—This
soil is in broad areas on outwash plains, valley trains,
eskers, and kame moraines that are mainly along the
Elk, St. Frances, and West Branch Rum Rivers. Areas
are irregular in shape or elongated and range from 3
to 20 acres in size, but areas 5 to 10 acres in size are
most common. Slopes range from 200 to 500 feet in
length.

This soil has a profile similar to the one described
as representative for the series, but it has a coarser
textured surface layer and subsoil.

Included with this soil in mapping are areas of soils
that have a surface layer of gravelly loamy sand, grav-
elly sandy loam, and gravelly sand.

This soil is limited by the hazard of erosion, drought-
iness, and low fertility. Controlling wind erosion, con-
serving soil moisture, and increasing fertility help to
correct some of the major limitations to the use of this
soil.

About 70 percent of the acreage of the soil is used
for crops. The rest is in pasture or wooded pasture.
Capability unit IVs-2; woodland suitability group VI;
building site group 1.

Chetek loamy sand, 6 to 12 percent slopes [CeC).—
This rolling soil is in small areas adjacent to drainage-
ways, rivers, and streams on outwash plains, valley
trains, and kame moraines. Most of these areas are
along the Elk, the St. Frances, and West Branch Rum
Rivers. Areas are narrow, elongated, and 3 to 15 acres
in size. Slopes range from 100 to 400 feet in length.

This soil has a profile similar to the one described
as representative for the series, but it has a coarser tex-
tured surface layer and subsoil.

Included with this soil in mapping are areas of soils
that have a surface layer of gravelly loamy sand, grav-
elly sandy loam, and gravelly sand.

The hazard of erosion, droughtiness, and low fertility
are the major limitations to the use of this soil.

Almost all of the acreage of this soil is in pasture or
wooded pasture. Those areas still in crops should be
converted to some type of permanent vegetation. Ca-
pability unit VIs-1; woodland suitability group VI;
building site group 1.

Chetek sandy loam, 0 to 2 percent slopes (ChA)—
This soil is in broad areas on outwash plains, valley
trains, and kame moraines that are mainly along the
Elk and St. Frances Rivers and in areas scattered
throughout the county. Areas generally are parallel to
rivers or old glacial drainageways. They are irregular
in shape and range from 5 to 25 acres in size. Slopes
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are mostly 1 to 2 percent and range from 200 to 500
feet in length.

This soil has the profile described as representative
for the series. However, in areas where this soil is
undisturbed the surface layer is somewhat thinner and
darker colored.

Included with this soil in mapping are areas where
the surface layer is fine sandy loam and loam. Also in-
cluded in depressional areas are soils that have some
mottling in the subsoil and soils in cultivated fields that
show evidence of wind erosion.

The root zone extends to a depth of 12 to 24 inches,
and crops are damaged by drought during prolonged
dry periods.

Controlling wind erosion, conserving soil moisture,
and increasing fertility help to correct most of the
major limitations to the use of this soil.

About 50 percent of the acreage of this soil is used
for crops. The rest is in pasture and woodlots. Capa-
bility unit IIIs-2; woodland suitability group VI;
building site group 1.

Chetek sandy loam, 2 to 6 percent slopes (ChB).—This
soil is in broad areas on outwash plains, valley trains,
and kame moraines. These areas are mainly along the
Elk and St. Frances Rivers, but they are scattered
throughout the county. Areas are irregular in shape
and range from 5 to 40 acres in size. Slopes range from
200 to 500 feet in length.

This soil has a profile similar to the one described as
representative for the series, but it is somewhat shal-
lower, and where it is on crests of slopes, the surface
layer is thinner, is lighter colored, and has more gravel.
In cultivated fields there are some eroded areas where
plowing has brought material from the subsoil to the
surface.

Included with this soil in mapping are areas of soils
that have a surface layer of fine sandy loam and loam.

The root zone extends to a depth of 12 to 24 inches,
and crops are damaged by drought during prolonged
dry periods. This soil is subject to erosion.

Controlling wind erosion, conserving soil moisture,
and increasing fertility help to correct most of the
major limitations to the use of this soil.

About 50 percent of the acreage of this soil is used
for crops. The rest is in pasture and woodlots. Capa-
bility unit IIle-2; woodland suitability group VI;
building site group 1.

Chetek sandy loam, 2 to 6 percent slopes, eroded
{ChB2).—This soil is on outwash plains, valley trains,
and kame moraines. The areas are mainly along the
Elk and St. Frances Rivers, but they are scattered
throughout the county. Areas are irregular in shape
and range from 5 to 20 acres in size. Slopes range
from 200 to 500 feet in length.

This soil has a profile similar to the one described as
representative for the series, but it is shallower to the
underlying sand and gravel. Where this soil is on
crests of slopes, and on most of the side slopes, the sub-
soil is exposed after cultivation. Rills form readily
after a heavy rainfall, and many soils on hilltops have
a surface layer mainly of gravel.

Included with this soil in mapping are areas of soils
that have a surface layer of fine sandy loam and loam.

The root zone is 8 to 18 inches thick, and crops are
damaged by drought during prolonged dry periods.
Wind erosion and water erosion are hazards.

Controlling wind erosion, conserving soil moisture,
and increasing fertility help to correct most of the ma-
jor limitations to the use of this soil.

This soil is used for all of the crops commonly grown
in the county. Capability unit I1Ie-2; woodland suit-
ability group VI; building site group 1.

Chetek sandy loam, 6 to 15 percent slopes {ChC).—
This sloping and hilly soil is in small areas adjacent to
drainageways, rivers, and streams on outwash plains,
valley traing, and kame moraines, mostly along the Elk,
the St. Frances, and the West Branch Rum Rivers.
Areas generally are parallel to the rivers or to old
glacial drainageways. They are irregular in shape or
elongated, and they range from 5 to 25 acres in size.
Slopes are 50 to 150 feet long.

This soil has a profile similar to the one described as
representative for the series, but it is shallower to sand
and gravel. Where this soil has not been disturbed, the
surface layer is thinner and darker colored than it is
in cultivated areas.

Included with this soil in mapping are areas of soils
that have a surface layer of fine sandy loam and loam.

The root zone ranges from 10 to 16 inches in thick-
ness, and crops are damaged by drought during dry
periods.

The hazards of wind erosion, water erosion, and
drplught are the major limitations to the use of this
soil.

About 30 percent of the acreage of this soil is used
for crops. The rest is in pasture and woodlots. Consid-
eration should be given to the use of this soil for some
type of permanent vegetation. Capability unit IVe-1;
woodland suitability group VI; building site group 1.

Chetek-Milaca complex, 2 to 6 percent slopes (CmB.
—The soils in this complex are on glacial drumlins and
ground moraines, mainly along streams and drainage-
ways. Areas range from 5 to 15 acres in size. Slopes
are irregular and short. About 70 percent of this com-
plex is Chetek sandy loam, and 30 percent Milaca fine
sandy loam. ’

In some areas where these soils are cultivated, there
is evidence of erosion, and brownish material from the
subsoil is exposed on the convex knolls. Where culti-
vated, this complex dominantly has the characteristics
of Chetek sandy loam.

Included with these soils in mapping are a few areas
of soils that are stony enough to interfere with tillage
of row crops. These stones can be removed. Also in-
cluded are a few small areas of sandy and gravelly
soils. In a few areas are nearly level soils. In the
northeastern and eastern parts of the county, there are
areas of Emmert and Paget soils.

The main limitations in cultivated areas of this com-
plex are low available water capacity and moderate
hazards of wind erosion and water erosion.

This complex is suited to all of the crops commonly
grown in the county, but crop growth is reduced by
prolonged dry periods. The main management needs are
controlling erosion, increasing fertility, and using a
cropping system that makes efficient use of available
water. Both soils in capability unit IIIe—2; Chetek soil
in woodland suitability group VI, and Milaca soil in
woodland suitability group I; both soils in building site
group 3. ‘

Chetek-Milaca complex, 6 to 12 percent slopes (CmC).
—The hilly soils in this complex are on drumlins and
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ground moraines, Slopes are short and irregular. About
70 percent of this complex is Chetek sandy loam, and
30 percent is Milaca fine sandy loam.

The Chetek and Milaca soils in this complex have a
profile similar to the one described as representative
for their respective series, but the surface layer is some-
what thinner. In cultivated areas as much as two-thirds
of the surface layer has been removed. Pockets of
gravel, along with brownish material from the subsoil,
are exposed on the crests of slopes. In areas where the
soils of this complex have not been disturbed, boulders
and cobblestones are commonplace on the surface.

Included with these soils in mapping are small areas
of steeper soils.

Some of the acreage of this complex is used for the
crops commonly grown in the county, but crop pro-
duction generally is poor. Because of low available
water capacity, a shallow root zone, and the hazard of
erosion, the use of this complex should be restricted to
permanent plant cover much of the time. Both soils in
capability unit IVe-1; Chetek soil in woodland suit-
ability group VI, and Milaca soils in woodland suit-
ability group I; both soils in building site group 3.

Dalbo Series

The Dalbo series consists of deep, nearly level to
gently sloping, moderately well drained soils in a small
glacial lake basin that is dissected by the Elk River.
These soils formed in glacial lake deposits of silt loam
or silty clay loam under a canopy of mixed hardwoods.

In a representative profile the surface layer is black
silt loam about 5 inches thick. The subsurface layer is
dark-gray silt loam about 7 inches thick. The subsoil,
about 22 inches thick, is friable silty clay loam that
contains few faint mottles. It is very dark grayish-
brown in the upper part and grades to brown and yel-
lowish brown in the lower part. The underlying
material is light yellowish-brown, friable silt loam.

Permeability is moderately slow, and available water
capacity is very high, Organic-matter content is mod-
erate. The content of available phosphorus is low, and
the content of available potassium and nitrogen is me-
dium. Depth to the water table is 10 feet or more.

Some areas of these soils are in crops. Other areas
are in pasture or are wooded. These soils are well suited
to all of the crops commonly grown in the county.

Representative profile of Dalbo silt loam in an area
of Dalbo fine sandy loam, 0 to 2 percent slopes, in a
pastured woodlot, 920 feet south and 1,300 feet east of
the northwest corner of sec. 1, T. 36 N., R. 30 W.:

Al1—0 to 5 inches, black (1I0YR 2/1) silt loam; moderate,
very fine, subangular blocky structure; friable;
medium acid; abrupt, smooth boundary.

A2—5 to 12 inches, dark-gray (10YR 4/1) silt loam; mod-
erate, fine, subangular blocky structure; friable;
common very dark gray worm casts; medium acid;
clear, wavy boundary.

B1—12 to 19 inches, very dark grayish-brown (10YR 3/2)
silty clay loam; dark grayish brown (10YR 4/2)
crushed; few, medium, faint, dark yellowish-brown
(10YR 4/4) mottles; strong, fine, angular blocky
structure; friable; dark grayish-brown (10YR 4/2)
and grayish-brown (10YR 5/2) coatings on faces
of peds; medium acid; gradual boundary.

B2t—19 to 34 inches, brown (10YR 5/3) and yellowish
brown (10YR 5/4) silty clay loam; few, medium,

faint, dark yellowish-brown (10YR 4/4) mottles;
strong, fine, angular blocky structure; friable; thin,
moderately patchy clay films on faces of peds; few
pockets of sandy loam; few small pebbles; medium
aeid; gradual boundary.

C1—34 to 43 inches, light yellowish-brown (10YR 6/4) silt
loam; weak, coarse, angular blocky structure; fri-
able; slight effervescence; mildly alkaline.

C2—43 to 60 inches, light yellowish-brown (10YR 6/4) silt
loam; few, medium, distinct, light brownish-gray
(10YR 6/2) and yellowish-brown (10YR 5/6)
mottles; moderate, medium, platy structure; fri-
able; strong effervescence; moderately alkaline.

The solum ranges from 24 to 40 inches in thickness. The
A horizon generally is fine sandy loam or silt loam, but in
places it is very fine sandy loam or loam. The Al horizon
18 3 to 6 inches thick, is medium acid to slightly acid, and is
black or very dark brown. Structure is weak to moderate
granular, crumb, or subangular blocky. The Ap horizon,
where present, is very dark grayish brown to dark brown
and is 6 to 9 inches thick. The A2 horizon generally is dark
gray, but it is very dark gray or dark grayish brown in
some places. It is 4 to 10 inches thick. Structure is weak
to moderate platy or subangular blocky.

The B horizon ranges from 16 to 25 inches in thickness.
It ranges from strongly acid to slightly acid and generally
becomes less acid with depth. The B1 horizon is silty clay
loam to clay loam. It has crushed colors of dark grayish
brown or brown. The B2t horizon is silty clay loam, and
silty clay, or clay loam. It has moderate or strong sub-
angular or angular blocky or prismatic structure.

The C horizon generally is silt loam but ranges to silty
clay loam and silty clay. Reaction is neutral to moderately
alkaline.

Dalbo soils are near Braham soils and Adolph soils, silty
subsoil variant, and they are similar to the Milaca soils,
clay loam subsoil variant. They have more silt and clay
and less sand in the A and B horizons than Braham soils.
They have brighter colors in most of the B horizon than
the more poorly drained Adolph silt loam, silty subsoil
variant. They formed in glacial lake sediment, whereas
Milaca soils, clay loam subsoil variant, formed in glacial till.

Dalbo fine sandy loam, O to 2 percent slopes (DaA).—
This soil is on a dissected glacial lake basin. Areas
roughly parallel the Elk River in the south-central part
of the county. These areas are irregular in shape or
elongated and range from 5 to 40 acres in size. Slopes
range from 200 to 400 feet in length.

This soil has the profile described as representative
for the series. The surface layer is fine sandy loam and
silt loam, but fine sandy loam is dominant.

Included with this soil in mapping are areas of soils
that have a surface layer of sandy loam, loam, silt
loam, or very fine sandy loam and a subsoil that has
layers of loamy sand and sandy loam 6 to 24 inches
thick. Also included is a soil that has a surface layer
that is somewhat darker and thicker than that of this
Dalbo soil. In places there are areas of poorly drained
soils in small depressions.

Climate limits crop growth slightly. Increasing fer-
tility and maintaining organic-matter content help to
correct the major limitations to the use of this soil.

This soil is one of the better soils in the county for
crops. The crops commonly grown are corn, oats, soy-
beans, alfalfa, and red clover. Capability unit Ilc-1;
woodland suitability group I; building site group 4.

Dalbo silt loam, 2 to 8 percent slopes (DbB).—This
undulating soil is on a dissected glacial lake basin.
Areas range from 5 to 40 acres in size. Slopes are con-
vex and are 200 to 500 feet long.

This soil has a profile similar to the one described
as representative for the series, but it has a thinner
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and lighter colored surface layer and a coarser tex-
tured subsoil.

Included with this soil in mapping are small areas of
steeper soils and small areas of soils that have an ex-
posed subsoil. Also included is a soil that has a surface
layer of very dark brown sandy loam, fine sandy loam,
or loam 8 to 12 inches thick. The subsoil has bands of
sandy loam and loamy sand 6 to 24 inches thick.

The hazard of erosion is slight. Controlling erosion,
increasing fertility, and maintaining organic-matter
content help to correct the major limitations to the use
of this soil.

This soil is well suited to all the crops commonly
grown in the county. Among the crops commonly
grown are corn, oats, soybeans, alfalfa, and red clover.
Capability unit IIe-1; woodland suitability group I;
building site group 4.

Dickman Series

The Dickman series consists of deep, nearly level,
somewhat excessively drained soils on nearly level gla-
cial outwash plains and terraces. These soils formed in
a thin layer of sandy loam underlain by noncalcareous
medium and coarse sands. The native vegetation was
prairie grasses and scattered bur oak and hazelnut
shrubs.

In a representative profile the surface layer is black
coarse sandy loam about 10 inches thick. The subsoil is
about 38 inches thick. The upper part is dark-brown,
very friable coarse sandy loam about 7 inches thick,
and the lower part is brown, very friable to loose sand
and coarse sand about 31 inches thick. The underlying
material is dark yellowish-brown, loose coarse sand.

Permeability is moderately rapid in the upper part
of these soils and rapid in the lower part. Available
waler capacity is low. Organic-matter content is mod-
erate. The content of available phosphorus is low, and
the content of available potassium and nitrogen is me-
dium. Depth to the water table is 10 feet or more.

Most areas of these soils are in crops. Some areas are
in open wooded pasture. If these soils are irrigated,
they are suited to all of the crops commonly grown in
the county.

Representative profile of Dickman coarse sandy loam,
0 to 2 percent slopes, in an open oak woods, 60 feet
north and 200 feet west of southeast corner of NE1,
of sec. 25, T. 36 N, R. 30 W.:

A1—0 to 10 inches, black (10YR 2/1) coarse sandy loam;
weak, medium, crumb structure; very friable;
strongly acid; clear, wavy boundary.

B1—10 to 17 inches, dark-brown (7.5YR 3/2) coarse sandy
loam that grades to loamy coarse sand in the lower
part; weak, fine and medium, crumb structure; very
friable; medium acid; gradual, wavy boundary.

IIB2—17 to 35 inches, brown (7.5YR 4/4) sand; weak, fine
and medium, crumb structure; very friable; me-
dium acid; gradual, wavy boundary.

IIB3—35 to 48 inches, brown (7.5YR 4/4) coarse sand;
single grained; loose; medium acid; gradual, wavy
boundary.

ITIC—48 to 60 inches, dark yellowish-brown (10YR 4/4) with
some yellowish-brown (10YR 5/4) coarse sand;
single grained; loose; about 15 percent gravel;
medium acid.

The solum ranges from 30 to 50 inches in thickness. The
depth to loamy sand or material of coarser texture ranges
from 12 to 20 inches. The A1l horizon is 7 to 18 inches thick

and is strongly acid to slightly acid. It is mainly black or
very dark gray coarse sandy loam, but it is sandy loam in
places. Structure ranges from weak granular and crumb to
subangular blocky. The Ap horizon, where present, is black
or very dark gray in color and is 6 to 10 inches thick.

The B horizon is 20 to 43 inches thick and is medium acid
to slightly acid. The B1 horizon is dark brown or dark gray-
ish brown. It generally is coarse sandy loam or sandy loam,
but in some places the lower part of the B1 horizon is loamy
coarse sand or loamy sand. The IIB2 and IIB3 horizons are
brown or dark yellowish brown. The IIB2 horizon generally
ranges from sand or coarse sand to loamy coarse sand or
loamy sand, but it is sandy loam in a few places. The 11B3
horizon is sand or coarse sand.

The TIC horizon is coarse sand or sand. Content of gravel
in the IIC horizon ranges from 0 to 20 percent. Reaction is
medium acid to mildly alkaline.

Dickman soils in this county have more coarse sand and
very coarse sand throughout the profile and have an average
annual soil temperature that is a few degrees lower than is
defined as within the range for the series. These differences
do.lnot appreciably alter the usefulness and behavior of these
soils.

Dickman soils are near Duelm and Hubbard soils and are
similar to Burkhardt soils. They lack motttles in the B hori-
zon, whereas the somewhat poorly drained Duelm soils have
mottles in the B horizon. They have more silt and clay in
the A and B horizons than Hubbard soils. They contain less
gravel and are more yellow in color in the IIC horizon than
Burkhardt soils.

Dickman coarse sandy loam, 0 to 2 percent slopes
(DeA)].—This soil is in shallow, well-drained drainage-
ways on a glacial outwash terrace that is 1 to 6 miles
wide. Areas are parallel to the Mississippi River. These
areas are elongated and range from 10 to 120 acres in
size. The bordering areas at slightly higher elevations
are occupied by Hubbard soils. The lower positions in
the landscape are occupied by Duelm and Isanti soils.

Included with this soil in mapping are soils on low
alluvial terraces that lie along the Mississippi River.
These terraces have a corrugated appearance. Also in-
cluded are small areas of moderately well drained soils
in which mottles occur at a depth of 24 to 36 inches.
There are also areas of soils underlain by bands of
gravelly sand. These bands are as much as 18 inches
thick and occur at various depths.

The Dickman soil in this mapping unit is somewhat
excessively drained, and the major limitation to its use
is the low available water capacity. It is somewhat
droughty during dry spells, and there is a hazard of
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