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Major fieldwork for this soil survey was done in the period 1950-62. Soil names and de-

scriptions were approved in 1966. Unless otherwise indicated, statements in the publication

refer to conditions in the county in 1966. This survey was made cooperatively by the Seil

Conservation Service and the University of Minnesota Agricultural Experiment Station.

It is part of the techmical assistance furnished to the Carver County Soil and Water
Conservation District.

HOW TO USE THIS SOIL SURVEY

HIS SURVEY contains information

that can be applied in managing
farms and woodlands; in selecting sites
for roads, ponds, buildings, or other struc-
tures; and in appraising the value of tracts
of land for agriculture, industry, or
recreation.

Locating Soils

All of the soils of Carver County are
shown on the detailed map at the back of
this survey. This map consists of many
sheets that are 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
symbol. All areas marked with the same
symbol are the same kind of soil. The soil
symbol is inside the area if there is enough
room ; otherwise, it is outside and a pointer
shows where the symbol belongs.

Finding and Using Information

The “Guide to Mapping Units” can be
used to find information in this publica-
tion. This guide lists all of the soils of the
county in alphabetic order by map symbol.
It shows the page where each kind of soil
is described, and also the page for the
capability unit, woodland 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 informa-
tion in the text. Interpretations not in-
cluded in the text can be developed by
grouping the soils according to their suit-
ability or limitation 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 limitation
or suitability. For example, soils that have
a slight limitation for a given use can be
colored green, those with a moderate limi-
tation can be colored yellow, and those
Wi(iish a severe limitation can be colored
red.

Farmers and those who work with
farmers can learn about use and manage-
ment of the soils from the descriptions of
the soils and from the discussions of the
capability groups and the woodland
groups.

Foresters and others can refer to the sec-
tion “Use of Soils for Woodland,” where
the soils of the county are grouped accord-
ing to their suitability for trees.

Game managers, sportsmen, and others
concerned with wildlife can find informa-
tion about soils and wildlife in the section
“Wildlife Resources.”

Community planners and others con-
cerned with nonfarm development can
read about the soil properties that affect
the choice of homesites, industrial sites,
schools, and parks in the section “Soils in
Community Development.”

Engineers and builders can find under
“Soils in Engineering” tables that describe
soil properties that affect engineering and
that show the relative suitability of the
soils for specified engineering purposes.

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

Newcomers in Carver County may be
especially interested in the section “Gen-
eral Soil Map,” where broad patterns of
soils are described. They may also be inter-
ested in the section “Additional Facts
About the County.”

Cover picture

Contour strips and grass waterways on Lester loam, 6 to
12 percent slopes, eroded. Oak Lake in background.
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SOIL SURVEY OF CARVER COUNTY, MINNESOTA

BY RUSSELL J. EDWARDS, SOIL CONSERVATION SERVICE

FIELD SURVEY BY GRENFALL F. HARMS, ROBERT A. LUETH, ROBERT C. MUNTER, PAUL R. NYBERG, AND RUSSELL J.
EDWARDS, SOIL CONSERVATION SERVICE

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

ARVER COUNTY, the third smallest countg in
C Minnesota, is in the east-central part of the State
(fig. 1). It has a total land area of 218,330 acres. The land-
scape 1s one of outwash plains and flats, gently rolling to
steep hills, and many marshes and lakes. There are steep
bluffs along the Minnesota River valley. Chaska, the
county seat, is approximately 15 miles southwest of
Minneapolis.
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Figure 1.—Location of Carver County in Minnesota.

The county is mainly a farming area. The early settlers
cleared timber and planted wheat and other small grain.
Dairying was the leading enterprise in the early 1900’s

and is by far the most important today. The Grimm
variety ot alfalfa was developed in this county.

Suburban and rural-residential development is expand-
ing in the eastern part of the county.

How This Survey Was Made

Soil scientists made this survey to learn what kinds of
soils are in Carver County, where they are located, and
how they can be used. They went into the county knowing
they likely would find many soils they had already seen
and perhaps some they had not. As they traveled over the
county, they observed steepness, length, and shape of
slopes; size and speed of streams; kinds of native plants
or crops; 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 roots.

The soil scientists made comparisons among the profiles
they studied, and they compared these profiles with those
in counties nearby and in places more distant. They classi-
fied and named the soils according to nationwide, uniform
procedures. To use this survey efficiently, it is necessary to
know the kinds of groupings most used in local soil
classification.’

Soils that have profiles almost alike make up a soil
series. Except for different texture in the surface layer,
the major horizons of all the soils of one series are similar
in thickness, arrangement, and other important charac-
teristics. 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. Hayden and Esther-
ville, 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 natural, undisturbed landscape. Soils
of one series can differ somewhat in texture of the surface
soil and in slope, stoniness, or some other characteristic
that affects use of the soils by man.

Many soil series contain soils that differ in the texture
of their surface layer. According to such differences in
texture, separations called soil types are made. Within a
series, all the soils having a surface layer of the same tex-

1
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ture belong to one soil type. Hayden clay loam and Hay-
den loam are two soil types in the Hayden series. The
difference in the texture of their surface layers is apparent
from their name.

Some soil types vary so much in slope, degree of erosion,
number and size of stones, or some other feature affecting
their use, that practical suggestions about their manage-
ment could not be made if they were shown on the soil map
as one unit. Such soil types are divided into soil phases.
The name of a soil phase indicates a feature that affects
management. For example, Hayden loam, 6 to 12 percent
slopes, is one of several phases of Hayden loam, a soil type
that has a slope range of 2 to 40 percent.

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

The areas shown on a soil map are called mapping
units. On most maps detailed enough to be useful in

lanning management of farms and fields, a mapping unit
1s nearly equivalent to a soil type or a phase of a soil type.
It is not exactly equivalent, because it is not practical to
show on such a map all the small, scattered bits of soil
of some other kind that have been seen within an area that
is dominantly of a recognized soil type or soil phase.

In preparing some detailed maps, the soil scientists have
a problem of delineating areas where different kinds of
solls are so intricately mixed or occur in such small in-
dividual tracts that it is not practical to show them
separately on the map. They show this mixture of soils
as one mapping unit and call it a soil complex. Ordinarily,
a soil complex is named for the major kinds of soil in 1t,
for example, Burnsville-Hayden complex. )

Another kind of mapping unit is the undifferentiated
group, which consists of two or more soils that may occur
together without regularity in pattern or relative propor-
tion. The individual tracts of the component soils could
be shown separately on the map, but the differences be-
tween the soils are so slight that the separation is not
important for the objectives of the soil survey. An example
is Cordova and Webster silty clay loams. )

Most surveys include areas where the soil material 1s
so shallow, so rocky, or so frequently worked by wind and
water that it cannot be classified by soil series. These areas
are shown on the map like other mapping units, but they
are given descriptive names, such as Sandy lake beaches
or Sandy colluvial land, and are called land types.

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

But only part of a soil survey is done when the soils
have been named, described, and delineated on the map and
the laboratory data and yield data have been assembled.
The mass of detailed information then needs to be orga-
nized in such a way that it is readily useful to different
groups of readers, among them farmers, managers of wood-

land, engineers, and homeowners. Grouping soils that are
similar 1n suitability for each specified use is the method
of organization commonly used in the soil surveys. The
soil scientists set up trial groups based on the yield and
practice tables and other data. They test these groups by
further study and by consultation with farmers, agrono-
mists, engineers, and others; then they 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 present
methods of use and management.

General Soil Map

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

A map showing soil associations is useful to people who
want a general idea of the soils in a county, who want to
compare different parts of a county, or who want to know
the location of large tracts that are suitable for a certain
kind of farming or other land use. Such a map is not suit-
able for planning the management of a farm or field, be-
cause the soils in any one association ordinarily differ in
slope, depth, stoniness, drainage, and other characteristics
that affect management.

The eight associations in Carver County are described
in the paragraphs that follow.

1. Cordova-Webster-LeSueur association

Nearly level to gently sloping, deep, moderately fine tew-
tured soils mainly on broad flats in the uplands

This association is characterized by broad flats and a
few depressions and slight rises. The soils formed in loamy
glacial till high in lime carbonates. The original vegeta-
tion was prairie grass, but most of the association was
wooded and brushy at the time of settlement. One area of
the association occurs in the southwestern corner of the
county, south and west of Hamburg, and two smaller areas
are in the northwestern part, northeast of New Germany
and southeast of Hazelton. The association makes up ap-
proximately 6,000 acres, or about 3 percent of the county.

The dominant soils are the Cordova, Webster, and
LeSueur. The Cordova and Webster soils are poorly
drained, black, nearly level silty clay loams. The LeSueur
soils are moderately well drained, black, gently sloping to
nearly level clay loams. All have high moisture-storage
capacity and natural fertility.

Less extensive in this association are the very poorly
drained, silty Glencoe soils and Peat, which are in depres-
sions and drainageways. Peat, which generally occupies
the larger depressions, is variable in depth and is underlain
by silty material.

This association is used mainly for dairy farming.
Drained areas are excellent for crops. Corn and soybeans
are major crops. The farms range from 40 to 240 acres in
size; the average size is 100 acres. Most of the pastures are
wet and partly wooded. There are small tracts of wood-
land, and many farms have small woodlots.
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Draining the soils of this association is a problem be-
cause of the lack of suitable outlets. Most areas of Glencoe
soils and Peat are too wet for crops. Extensive areas of
Cordova and Webster soils have been tiled. Preserving
tilth is a problem also.

2. Lester-LeSueur-Peat association

Gently rolling, deep, medium-textured to moderately fine
textured soils in the uplands

This association is characterized by fairly smooth slopes,
many depressions, and a few fairly broad flats. The flats
are mostly in the southern part of the county. The soils
formed in loamy glacial till under prairie grasses and
hardwoods. This association, the second largest in the
county, is in the western and southeastern parts. It makes
up approximately 66,000 acres, or about 28 percent of the
county.

Lester and LeSueur soils and Peat are dominant in this
association. The Lester soils are undulating to moderately
steep, deep, well-drained loams. They have a subsoil of
clay loam that overlies calcareous loamy glacial till. The
LeSueur soils are nearly level to gently sloping, moder-
ately well drained clay loams. Both Lester and LeSueur
soils have high moisture-storage capacity and high natural
fertility.

Peat, which occupies most of the depressions, is gener-
ally 2 to 6 feet deep over moderately fine textured material.
It has low natural fertility and high moisture-storage
capacity. Some of the bogs are fairly extensive.

Less extensive soils in this association are the poorly
drained Cordova and Webster soils, which are on flats and
in the upper reaches of drainageways.

This association is used chiefly for dairy farming.
Drained areas are very good for crops, mainly corn, oats,
and alfalfa. Many of the smaller depressions have been
artificially drained. The larger bogs, which are ordinarily
too wet for crops, are used for pasture and wild hay. Most
of the association is cleared, but wooded pastures and small
woodlots are common. The average size of farms is 140
acres.

Drainage is needed throughout the association. Erosion
is generally moderate in sloping areas. It is severe on some
of the steeper slopes.

3. Lester-Hayden-Peal association

Rolling, deep, mediwm-textured to moderately fine tewx-
tured soils in the uplands

This association is characterized by fairly long and
smooth to short and irregular slopes, and by many lakes,
marshes, and low wet bogs. The soils formed in loamy
glacial till under broadleaf hardwoods and prairie grasses.
This association extends through the central part of the
county and occurs as small areas in the eastern part. It
makes up approximately 87,000 acres, or about 37 percent
of the county.

Lester and Hayden soils and Peat are dominant in this
association. The Lester and Hayden soils are well-drained
loams that have a subsoil of clay loam. They generally are
leached of lime to a depth of 30 to 40 inches. Their mois-
ture-storage capacity and natural fertility are moderately
high.

The Lester soils have a relatively thick, dark-colored
surface layer. The Hayden soils, in contrast, have a thinner

surface layer. The Hayden soils generally are more
strongly sloping than the Lester soils,

Peat is variable in depth and in most places is underlain
by silty material. It occupies most of the depressions.

Less extensive soils in this association are the poorly
drained Cordova and Webster soils, which are in draws
and on flats, and the moderately well drained, nearly level
to gently sloping LeSueur soils. :

This association is used mainly for dairy farming. It
is also good for crops. Corn, oats, and alfalfa are the prin-
cipal crops. Pasture grasses and wild hay grow in the
low, wet meadows and bogs. Most farms are approximately
1C0 acres in size, but some in the central part of the county,
particularly in Benton and Waconia Townships, are more
than 125 acres. Most of the acreage is cleared. There are
a few scattered wooded pastures and small woodlots.

Drainage is needed throughout the association. Erosion
is moderate to severe in cultivated areas.

Suburban developments in the eastern part of the county
are rapidly expanding into this association.

4. Hayden-Lester-Peatl association

Strongly rolling to hilly, deep, medium-textured to mod-
erately fine textured soils in the uplands

This association is characterized by irregular strong
slopes and hills (fig. 2), depressions, and many lakes,
marshes, and bogs. The soils formed under hardwoods in
loamy glacial till high in lime carbonates. This association
is mainly in the northeastern part of the county. It makes
up approximately 46,000 acres, or about 20 percent of the
county.

Hayden and Lester soils and Peat are dominant in this
association. The Hayden and Lester soils are deep, well-
drained loams that have a subsoil of brownish clay loam.
Hayden soils are the most extensive. Peat, which occupies
most of the depressions, is generally more than 3 feet deep.

Less extensive soils in this association are the peorly
drained Webster soils, which are in drainageways.

L

Figure 2—Strongly rolling to hilly Hayden soils on association 4.

This association is used intensively for dairy farming.
The less sloping areas are good for crops. About equal
acreages are in corn, oats, alfalfa hay, and pasture. The
average size of farms is only about 90 acres, but there are
a number of dairy farms between 300 and 500 acres in
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size. Also, there are many estate-type farms and homes
near Lake Minnetonka, Lake Minnewashta, and other
lakes in the association.

Much of the association is too steep to be used for crops
and should be kept in permanent vegetation. Erosion is
moderate to severe. The Hayden soils are hard to keep
in good tilth because of the low organic-matter content.
Drainage is needed throughout the association.

Suburban developments in the eastern part of the county
are expanding rapidly into this association. Land develop-
ment companies have purchased large tracts for residential
purposes.

5. Mayer-Estherville-Talcot association

Nearly level to genily undulating, medium-textured soils
moderately deep to shallow over sand and gravel; on out-
wash plains along the South Fork Crow River

This association is on fairly broad flats and in depres-
sions and drainageways. The soils formed under prairie
rasses and marsh bunch grasses. This association occurs
in the northwestern part of the county. It makes up
approximately 8,000 acres, or about 4 percent of the county.
The dominant soils are the Mayer, Estherville, and Tal-
cot. The Mayer soils, which are the most extensive, are
poorly drained loams on flats. They have a subsoil of loam
or sandy clay loam and, at a depth of 24 to 36 inches, a
gravelly substratum. Fairly extensive areas of the
droughty Estherville soils also occur on the flats. These
soils have a surface layer of sandy loam or loam and have
sand and gravel within a depth of 12 to 24 inches. The
silty, very poorly drained Talcot soils are in depressions
and drainageways.

Less extensive in this association are the well-drained
Wadena loams, which are 24 to 386 inches deep over a
coarse substratum, and bottom lands that are subject to
flooding.

Dairying is the main type of farming on this associa-
tion. The Estherville soils are used chiefly for corn and
oats, and the other soils for pasture and hay. The average
size of the farms is 85 acres. About half the farms on this
association are between 40 and 50 acres in size.

Draining the Mayer and Talcot soils is a major problem
because of the lack of suitable outlets and because of cav-
ing of the substratum. Droughtiness is a serious limita-
tion, particularly on the Estherville soils.

6. Fairhaven-Kasola-Estherville association

Nearly level to strongly rolling, medium-textured soils
moderately deep to shallow over sand and gravel; on out-
wash terraces above the Minnesota River

This association is characterized by broad flats, strongly
rolling outwash terraces (fig. 3), and many wet depres-
sions. It is bordered on the west by association 3, which
is at a higher elevation, and on the other sides by the
steep hills and bluffs of association 7, which borders the
Minnesota River valley. The soils vary widely in texture,
or from loamy sands to silty clay loams, and in depth to
sand and gravel. The original vegetation was prairie
grass, but hardwoods encroached, and the area was wooded
and brushy at the time of settlement. This association
makes up approximately 6,000 acres, or about 3 percent of
the county.

The dominant soils are the Fairhaven, Kasota, and

Estherville. The well-drained Fairhaven and Kasota soils
are nearly level to gently sloping. The droughty Esther-
ville soils are more rolling than the Fairhaven and Kasota
soils.

The Fairhaven and Kasota soils are loams or silt loams
that are underlain by sand and gravel within a depth of
24 to 42 inches. The Fairhaven soils are the more silty.
The Kasota soils have a clayey subsoil. These soils have
high natural fertility and moderate to moderately high
moisture-storage capacity. The Estherville soils are sandy
loams or loams that are 12 to 24 inches deep over sand and
gravel. The depressions contain deep, water-deposited
clays. They are generally marshy and filled with water.

Less extensive in this association are the Rasset soils,
which have a surface layer of loamy sand or sandy loam
and a subsoil that varies in content of clay and grades to
sand and gravel within a depth of 12 to 48 inches.

This association is used mainly for dairy farming. The
Fairhaven and Kasota soils are very good for crops,
chiefly corn, soybeans, and alfalfa. The average size of the
farmsis 95 acres.

Slight to severe droughtiness is the major limitation.
Many of the soils are sandy but have a clayey subsoil that
helps to retain water. Controlling wind erosion is a serious
problem on the sandy soils.

7. Salida-Hayden association

Very steep, coarse-textured to medium-textured soils on
hills and blujfs

This association is on steep hills and bluffs bordering the
Minnesota River valley and along streams that lead into
that valley. It is characterized by many ravines and deep,
broad gullies. Sand and gravel have been deposited at the
base of the very steep slopes. This association makes up
approximately 4,000 acres, or about 2 percent of the
county.

The coarse-textured, droughty Salida soils, which are
very shallow over sand and gravel, are the most extensive.
They generally occur where the association borders asso
ciation 6. The steep soils bordering association 4 are gen
erally the deep Hayden loams.

This association is too steep and too severely eroded to
be used for crops, and in most places it is poor for pasture.
Much of it is wooded. No farm is entirely within this
association. Most of the acreage is a part of farms that are
on other associations,

Permanent vegetation and engineering structures are
needed for erosion control.

8. Alluvial land-Chaska-Oshawa association

Chiefly medium-textured to moderately fine teatured soils
on flood plains along the Minnesota River

This association is characterized by short, narrow ridges
and wet, marshy basins. The landscape appears to be cor-
rugated. This association is at the southeastern edge of
the county, along the Minnesota River. It makes up ap-
proximately 6,000 acres, or about 3 percent of the county.

Alluvial land and the Chaska and Oshawa soils are
dominant in this association. Alluvial land is generally
loamy but varies in texture and also in color. The Chaska
soils are poorly drained, dark-gray silty clay loams. The
Oshawa soils are very poorly drained silty clay loams in
drainage channels and basins.
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6

SOIL SURVEY

Some fields on this association are at a high enough
elevation to be good for crops, but extensive areas are
frequently flooded and ponded and are suitable only for
pasture. No farm is entirely within this association. Most
of the acreage is a part of farms that are on other

assoclations.

Flood prevention is needed, but even if flooding were
controlled, the soils would need to be drained before they

could be used for crops.

TABLE 1.—Approxzimate acreage

Descriptions of the Soils

This section describes the soil series and mapping units
of Carver County. Figure 4 shows two views of the major
upland soils in the county. Figure 5 shows the major soils
and their underlying material. The approximate acreage
and the proportionate extent of each mapping unit are

given in table 1.

A general description of each soil series is given, and

and proportionate extent of the soils

Soil

Area Extent Soil Area Extent
Acres Percent Acres Percent
Alluvial land_____________________________ 2, 341 . 0 || Hubbard loamy sand, 2 to 6 percent slopes_.. 323 .1
Alluvial land, frequently flooded.___________ 3, 230 1. 4 || Hubbard loamy sand, 6 to 12 percent slopes_ 235 .1
Biseay loam_____________________________ 1, 278 . 6 || Hubbard loamy sand, 12 to 18 percent slopes_ 226 .1
Biscay loam, sandy subsoil variant_________ 195 .1 || Hubbard loamy sand, 18 to 35 percent slopes._ 111 m
Burnsville-Hayden complex, 2 to 6 percent Hubbard sandy loam, 0 to 2 percent slopes__ 234 .1
slopes__ . . _.__ 407 . 2 || Hubbard sandy loam, 2 to 6 percent slopes,
Burnsville-Hayden complex, 6 to 12 percent eroded. _______________________________ 478 .2
slopes__ ______________________________ 378 .2 || Hubbard sandy loam, 6 to 12 percent slopes,
Burnsville-Hayden sandy loams, 12 to 18 eroded. - ____ __________________________ 216 .1
percent slopes._ ________________________ 236 .1 || Hubbard sandy loam, 12 to 18 percent slopes_ 88 m
Burnsville-Hayden sandy loams, 18 to 25 Kasota loam, 0 to 2 percentslopes___________ 555 .2
percent slopes_._______________________. 130 .1 || Kasota loam, 2 to 6 percent slopes, eroded___ 189 .1
Canisteo silty elay loam___________________ 3, 241 1. 4 || Kasota sandy loam, 0 to 2 percent slopes____ 230 i .1
Canisteo silty clay loam, depressional . ______ 1,175 .5 || Kasota sandy loam, 2 to 6 percent slopes, ‘
Chaska silty clay loam____________________ 585 .3 eroded._ - _ _ _ ___ ____ o __ 75 )
Comfrey silty elay loam___________________ 743 .3 || Lester loam, 2 to 6 percent slopes_ _ ________ 36, 316 15. 9
Comfrey silty clay loam, frequently flooded. _ 555 . 2 || Lester loam, 2 to 6 percent slopes, eroded___ 7, 823 3.4
Cordova silty elay loam___________________ 6,110 2.7 || Lesterloam, 6 to 12 percent slopes___________ 2, 422 1.1
Cordova and Webster silty clay loams______ 18, 804 8.2 || Lester loam, 6 to 12 percent slopes, eroded_ __ 8, 104 3.5
Dakota and Rasset sandy loams, 0 to 2 Lester loam, 12 to 18 percent slopes, eroded_ _ 1, 399 .6
pereent slopes_____ _____________________ 305 . 1 || Lester-Estherville complex, 2 to 6 percent
Dakota and Rasset sandy loams, 2 to 6 slopes__ . ________________________ 306 .1
pereent slopes_.________________________ 281 . 1 || Lester-Estherville complex, 6 to 12 percent
Estherville sandy loam, 0 to 2 percent slopes._ 528 .2 slopes,eroded_ . ____.__________________ 202 .1
Estherville sandy loam, 2 to 6 percent slopes. 1, 319 .6 || LeSueur clay loam, 0 to 2 percent slopes____ 10, 025 4.4
Estherville sandy loam, 2 to 6 percent slopes, LeSueur clay loam, 2 to 6 percent slopes______ 4, 304 1.9
eroded_ . _______________________.______ 409 L2 || Marsh_ o o .. 4, 485 2.0
Estherville sandy loam, 6 to 12 percent Mayerloam.___________________________. 809 .4
slopes..._ . __________ . __._.__. 189 .1 || Oshawa silty clay loam.____________________ 379 .2
Estherville sandy loam, 6 to 12 percent Peat and muck, caleareous____________.___ 168 .1
slopes, eroded. .. _______________________ 590 .3 || Peat and muek, deep_ ___________________._ 14, 758 6. 4
Estherville sandy loam, 12 to 18 percent Peat and muck, moderately shallow, over !
slopes_. . .____ 390 .2 loam__ __ o ______ 7, 659 | 3.3
Estherville sandy loam, 18 to 25 percent Peat and muck, moderately shallow, over ;
slopes___ - . _____ 160 .1 sand_____ _______ o ________ 4, 700 2.1
Fairhaven silt loam, deep variant, 0 to 3 Rasset loamy sand, 0 to 6 percent slopes____ 449 .2
pereent slopes__________________________ 302 . 1 || Rasset loamy sand, 6 to 12 percent slopes___ 209 .1
Fairhaven silt loam, sand substratum, 0 Rasset loamy sand, 12 to 18 percent slopes._ _ 114 Q]
to 2 percent slopes______________________ 719 . 3 || Salida loamy sand, 18 to 40 percent slopes___ 1, 620 .7
Fairhaven silt loam, sand substratum, 2 to Sandy colluvial land_ . ___________________ 172 .1
6 percent slopes.. _______________________ 386 .2 || Sandy lake beaches_______________________ 2, 352 1.0
Fairhaven silt loam, sand substratum, 6 to Storden-Lester loams, 6 to 12 percent slopes,
12 percent slopes, eroded ________________ 97 ® eroded . _ _____ _______________________._._ 390 .2
Glencoe silty clay loam___________________ 16, 738 7.3 || Storden-Lester loams, 12 to 18 percent
Hayden clay loam, 6 to 12 percent slopes, slopes, eroded__________________________ 247 .1
severely eroded __ ______________________ 276 .1 }| Taleot silty clay loam_______.______________ 781 .3
Hayden clay loam, 12 to 18 percent slopes, Terril loam, 0 to 6 percent slopes___________ 3, 378 1.5
severely eroded.________________________ 1,752 . 8 || Terril loam, 7 to 11 percent slopes__________ 189 .1
Hayden clay loam, 18 to 25 percent slopes, Terril loam, occasionally flooded____________ 457 .2
severely eroded_________________________ 851 .4 || Wadena loam, 0 to 2 percent slopes_________ 1, 027 .4
Hayden loam, 2 to 6 percent slopes_________ 7, 559 3.3 || Wadena loam, 2 to 6 percent slopes_________ 712 .3
Hayden loam, 2 to 6 percent slopes, eroded.__ 3, 536 1.5 || Wadena loam, 6 to 12 percent slopes, eroded_ _ 140 .1
Hayden loam, 6 to 12 percent slopes________ 4,033 1. 8 Gravel pits_ ____ . _____________.______ 177 .1
Hayden loam, 6 to 12 percent slopes, eroded_ 8, 949 3.9
Hayden loam, 12 to 18 percent slopes_______ 2, 317 1.0 Total land area_ __ _______________ 218, 330 95. 3
Hayden loam, 12 to 18 percent slopes, eroded._ 2, 505 1.1 Total water area_ . ______._________ 10, 790 4.7
Hayden loam, 18 to 25 percent slopes, eroded. 1,708 .7
Hayden loam, 25 to 40 percent slopes.__.___ 3, 692 1. 6 Total . _______ ______________ 229, 120 | 100. 0
Hubbard loamy sand, 0 to 2 percent slopes_ _ 98 0 |

1 Less than 0.05 percent.
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CARVER COUNTY, MINNESOTA 9

this is followed by brief descriptions of the mapping units
in that series. For full information on any one mapping
unit, it is necessary to read the description of the soil
series as well as the description of the mapping unit.

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 the descrip-
tion of each mapping unit are the capability unit, the
woodland group, and the building site group in which the
mapping unit has been placed. The page on which each
capability unit, each woodland group, and each building
site group is described can be found readily by referring
to the “Guide to Mapping Units” at the back of this
publication.

Soil scientists, engineers, students, and others who want
detailed descriptions of soil series should turn to the sec-
tion “Formation and Classification of the Soils.” Many
terms used in the soil descriptions and other sections of
the publication are defined in the Glossary.

The color descriptions are for moist soil, unless other-
wise stated. All pH determinations were made on undried
samples by means of a Hellige-Truog soil reaction tester.

Alluvial Land

Alluvial land consists of areas of stratified alluvium re-
cently deposited by streams on flood plains. These areas
are fairly extensive along the Minnesota River and other
streams of the county. Many are dissected by old stream
channels and consequently have short narrow ridges and
appear to be corrugated.

The alluvium varies widely in texture, color, and re-
action and is subject to frequent change resulting from
stream overflow, scouring, and changes in stream chan-
nels. Tt is faintly to distinetly mottled.

Alluvial land (0 to 6 percent slopes) (Al.—Alluvial
land is moderately well drained. It is flooded occasionally.

The soil material varies widely in texture but is typically
sandy loam and loam stratified with sand. It is neutral to
medium alkaline. Natural fertility is moderate to moder-
ately high. The water table is seasonally high.

Alluvial land lacks the uniformity in color, texture, and
reaction that is typical of Terril loam, occasionally flooded.

This land type is fairly good to good for crops and pas-
ture. It is used mainly for corn and soybeans. The hazard
of flooding is the most serious limitation. Floodwater is
likely to delay planting in spring but generally recedes
early enough to permit cropping. Occasionally it destroys
crops in June. (Capability unit IIw-2; woodland group
8; building site group 11)

Alluvial land, frequently flooded (0 to 6 percent
slopes) (Au).—This land type ranges from well drained to
very poorly drained. Some areas are ponded throughout
the year.

The soil material varies widely in texture but is typically
loamy or silty and is stratified with moderately sandy ma-
terial. It is neutral to medium alkaline. The water table
is seasonally high.

Alluvial land, frequently flooded, occurs in lower chan-
nels and lower lying positions on the flood plain than
A%uvial land. It 15 also more silty and has a higher water
table.

This land type is not suitable for crops unless protected

from flooding. It is fairly good to good for pasture. (Capa-
bility unit VIw-1; woodland group 9; building site group
11)

Biscay Series

The Biscay series consists of loamy, poorly drained soils
that are moderately deep over limy sand and gravel. These
soils occupy flats and drainageways on outwash plains and
stream terraces. The native vegetation was grass. The acre-
age in this county is inextensive.

The surface layer is black, friable loam. It is about 13
inches thick, is neutral, and has weak, fine granular struc-
ture, The subsurface layer is about 6 inches thick and is
slightly lighter colored than the surface layer.

The subsoil is about 12 inches thick. It is friable, is neu-
tral, and lacks structure. The upper part is olive-gray loam
that has few, faint, olive mottles. The lower part is sandy
loam that has many, prominent, olive mottles.

The underlying material consists of loose, olive and
olive-gray, limy gravel and coarse sand.

Natural fertility is moderately high. The organic-matter
content is high. Runoff is slow, permeability is moderately
rapid, and the moisture-storage capacity is moderate. The
water table is fairly high.

Drained areas are suited to all of the common crops. Un-
drained areas are used mainly for pasture.

Typical profile of Biscay loam (bluegrass pasture; 1
percent slope; NW14NW1/ sec. 17, T. 116 N., R. 26 W.) :

A11—0 to 10 inches, black (N 2/0 10YR 2/1) loam; weak, fine,
granular structure; friable when moist; neutral;
gradual, smooth boundary.

A12—10 to 13 inches, black (10YR 2/1) loam ; weak, fine, gran-
ular structure; friable when moist; neutral: clear,
smooth boundary.

A3—13 to 19 inches, very dark gray (10YR 3/1) loam: weak,
fine, granular structure; friable; neutral: clear,
smooth boundary.

Blg—19 to 27 inches, olive-gray (5Y 5/2) loam; few, fine,
faint mottles of olive gray (5Y 4/2) and olive (5Y
5/3) ; massive; friable when moist; neutral; clear,
smooth boundary.

B2g—27 to 31 inches, olive-gray (5Y 5/2) loam grading to
sandy loam ; many, medium, prominent mottles of olive
(5Y 5/3) ; massive ; friable when moist ; neutral ; clear,
smooth boundary.

C—31 to 45 inches, variegated olive (5Y 5/3 and 5/4) and
olive-gray (Y 5/2) gravel and coarse sand; single
grain; loose; many lime concretions; calcareous.

The A horizon ranges from 12 to 20 inches in thickness. The
B horizon is typically loam but ranges from sandy loam to clay
loam. Both the A and B horizons are neutral or slightly acid.
Depth to the calcareous gravel and sand ranges from 24 to 42
inches,

Biscay soils are closely associated with the well-drained
Wadena soils and the somewhat excessively drained Estherville
soils. They differ in reaction from the poorly drained Mayer
soils, which are caleareous throughout the solum. They have a
thinner surface layer than that of the very poorly drained
Talcot soils.

Biscay loam (Bc)—This soil is on flats and in slight de-
pressions. Included in mapping were small areas where the
surface layer is silt loam or silty clay loam and a few spots
where it is limy.

Excess water is a moderate limitation. Drained areas are
good for corn and soybeans. Undrained areas are used
mainly for pasture and wild hay. (Capability unit ITw-1;
woodland group 8; building site group 9)
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Biscay Series, Sandy Subsoil Variant

The Biscay series, sandy subsoil variant, consists of
loamy, poorly drained soils. These soils differ from Biscay
loam in that they are moderately deep over limy sand in-
stead of sand and gravel. They occupy flats and drainage-
ways on outwash plains and stream terraces. The native
vegetation was grass.

The surface layer is black, friable loam. It is about 13
inches thick and has moderate blocky structure. The upper
part is slightly acid. The lower part is neutral. The sub-
surface layer is very dark gray, friable sandy clay loam. It
is massive, and is about 6 inches thick. This layer is
neutral.

The subsoil is massive, and is about 28 inches thick. It is
neutral. The uppermost part is dark-gray, friable sandy
clay loam. The middle part is olive-gray and olive sandy
clay loam. The lowermost part is olive-gray and olive, very
friable loamy sand.

The limy underlying material is olive-gray and light
olive-gray, loose sand and coarse sand that contains a small
amount of fine gravel.

Natural fertility is moderately high. The organic-mat-
ter content is high. Runoff is slow, permeability is moder-
ately rapid, and the moisture-storage capacity is moderate.
The water table is seasonally fairly high.

Drained areas are suited to all of the common crops. Un-
drained areas are used mainly for pasture.

Biscay loam, sandy subsoil variant (Bd).—This soil is
on flats and in slight depressions. Included in mapping
were spots where the surface layer is silty.

Excess water is a moderate limitation. Drained areas
are very good for corn and soybeans. Undrained areas
are used mainly for pasture and wild hay. (Capability
unit ITw-1; woodland group 8; building site group 9)

Burnsville Series

The Burnsville series consists of loamy, rolling to hilly,
somewhat excessively drained soils that are shallow over
limy, sandy and gravelly glacial till. The original vegeta-
tion consisted of deciduous hardwoods. The topography is
irregular and morainic. Most of the acreage in this county
isin the eastern part.

The surface layer is very dark gray, friable sandy loam.
It is about 4 inches thick, is slightly acid, and has moderate
granular structure. The subsurface layer is about 2 inches
thick. It is lighter colored than the surface layer and has
weaker structure.

The subsoil is about 16 inches thick. The uppermost part
is dark grayish-brown, friable sandy loam. It is slightly
acid and has weak blocky structure. The middle part 1s
coarse sandy loam. The lowermost part is loamy coarse
sand and coarse sandy loam. It is massive, is slightly acid,
and contains dark-brown stones and cobblestones.

The underlying material consists of grayish-brown,
loose sand, gravel, stones, and cobblestones (fig. 6).

In this county Burnsville soils are mapped only with
Hayden soils. For a description of the Hayden part of the
following mapping units, refer to “Hayden Series.”

These soils warm up early in spring and dry out rapidly
after a rain. Natural fertility is low. The organic-matter
content is low. Runoff is medium to rapid, depending on

the slope. Permeability is moderately rapid to rapid, and
the moisture-storage capacity is low. The root zone is
limited.

Burnsville soils are used for general farming. They are
too droughty to be used for corn. The less sloping parts
are suited to small grain. The steeper parts, which are
subject to severe erosion, are used mainly for hay and
pasture.

Typical profile of Burnsville sandy loam (wooded pas-
ture; 5 percent slope) :

Al1—0 to 4 inches, very dark gray (10YR 3/1) sandy loam;
moderate, fine and medium, granular structure;
friable; high organic-matter content; slightly acid;
clear, smooth boundary.

A2—4 to 6 inches, very dark grayish-brown (10YR 3/2) and
dark grayish-brown (10YR 4/2) sandy loam; weak,
fine, granular structure; friable; slightly acid; clear,
smooth boundary.

B21—6 to 12 inches, dark grayish-brown (10YR 4/2) to dark-
brown (10YR 4/3) sandy loam; weak, fine and very
fine, subangular blocky structure; clay bridging;
friable and slightly sticky; slightly acid; -clear,
smooth boundary.
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B22—12 to 16 inches, dark grayish-brown (10YR 4/2) to dark-
brown (10YR 4/3) coarse sandy loam; weak, fine
and very fine, subangular blocky structure; clay
bridging ; friable and slightly sticky; slightly acid;
clear, wavy boundary.

to 22 inches, dark-brown (10YR 38/3) stones and

cobblestones imbedded in loamy coarse sand and

coarse sandy loam; slightly sticky; massive; slightly
acid ; clear, wavy boundary.

(1—22 to 32 inches, dark-brown (10YR 4/3) and dark grayish-
brown (10YR 4/2) coarse sand, gravel, stones, and
cobblestones ; single grain; loose; slightly calcareous;
clear, wavy boundary ; tongues of dark-brown (10YR
4/3) loamy coarse sand between stones in places.

(2-—32 to 40 inches, variegated dark grayish-brown (10YR
4/2), dark-brown (10YR 4/3), grayish-brown (10YR
5/2) and brown (10YR 5/3) coarse sand, fine gravel,
stones, and cobblestones ; single grain; loose; calcare-
ous.

In undisturbed areas the Al horizon is 2 to 4 inches thick. It
is typically sandy loam, but in spots it is loam. The A2 horizon
is 1 to 8 inches thick. It has weak, thin, platy structure to weak,
fine, granular structure. In cultivated areas the plow layer is
generally very dark grayish-brown sandy loam. The B horizon
has a higher clay content than the A horizon. It ranges from
sandy loam to loam in texture. This horizon has weak to mod-
erate, very fine and fine, blocky structure. In places the blocks
have clay films and coatings of silica flour. The A and B
horizons are slightly acid or medium acid. The limy, coarse
underlying material is at a depth of 12 to 24 inches. In many
places there are large stones and boulders on the surface and
throughout the profile.

Burnsville soils are closely associated with the deep, well-
drained Hayden soils, which developed in loam or clay loam
glacial till. They have a thinner, lighter colored surface layer
and a somewhat more clayey and structurally better de-
veloped subsoil than corresponding layers in the Estherville
soils. They are also generally more acid.

Burnsville-Hayden complex, 2 to 6 percent slopes
{BhB).—This complex is about 55 percent Burnsville sandy
loam and loam, 25 percent Hayden sandy loam, and 20
percent Hayden loam, These soils have gently rolling,
short, irregular slopes. Most of the acreage is only slightly
eroded, but the intensively cropped areas have lost one-
third to two-thirds of the original surface layer. In these
areas the plow layer is a mixture of the original grayish-
brown surface layer and yellowish-brown material from
the subsoil. Included in mapping were a few spots where
the surface is covered with sand and gravel.

These soils are fairly good for crops and are good for
pasture. Droughtiness is a moderate to severe limitation.
Erosion is a hazard. (Capability unit IITe-5; woodland
group 4; building site group 4)

Burnsville-Hayden complex, 6 to 12 percent slopes
{BhC).—This complex is about 60 percent Burnsville sandy
loam and loam, 25 percent Hayden sandy loam, and 15 per-
cent Hayden loam. These soils have rolling, short, irregular
slopes. Erosion has removed one-third to two-thirds of
the original surface layer in cultivated areas but has been
slight in pastured and wooded areas. In cultivated areas
the plow layer is a mixture of the original grayish-brown
surface layer and yellowish-brown material from the sub-
soil. Included in mapping were a few spots where the
surface is covered with sand and gravel.

These soils are fair for small grain and pasture. They
are too droughty to be suitable for corn. Crops make lit-
tle growth during prolonged dry periods. The erosion
hazard is severe. (Capability unit IVe-3; woodland group
4; building site group 5)

B3—16

Burnsville-Hayden sandy loams, 12 to 18 percent
slopes (BuD).—This unit is about 70 percent Burnsviile
sandy loam and 30 percent Hayden sandy loam. These
soils have strongly rolling to moderately steep, short,
irregular slopes. Erosion has removed one-third to two-
thirds of the original surface layer in cultivated areas but
has been slight in pastured and wooded areas. In culti-
vated areas the plow layer is a mixture of the original
grayish-brown surface layer and yellowish-brown material
from the subsoil. Included in mapping were spots where
the surface is covered with sand and gravel. There are a
few small gullies.

These soils are unsuitable for cultivated crops. Droughti-
ness is a limitation. The erosion hazard is very severe.
(Capability unit VIe-2; woodland group 5; building site
group 6)

Burnsville-Hayden sandy loams, 18 to 25 percent
slopes (BuE).—This unit is about 75 percent Burnsville
sandy loam and 25 percent Hayden sandy loam. The soils
are steep and hilly. Erosion has removed one-third to two-
thirds of the original surface layer in cultivated areas
but has been slight in pastured and wooded areas. The
plow layer in cultivated areas is a mixture of the original
grayish-brown surface layer and yellowish-brown material
from the subsoil. Included in mapping were spots where
the surface is covered with sand and gravel.

These soils are so shallow and steep that droughtiness
and erosion are very serious hazards. They are suited only
to permanent vegetation. (Capability unit VIIe-2; wood-
land group 5; building site group 7)

Canisteo Series

The Canisteo series consists of deep, poorly drained
soils that formed in friable, limy glacial till. These soils
occupy flats and slightly elevated, irregular rims around
depressions. The native vegetation was grass. Most of the
acreage in this county is in the southwestern part.

The surface layer is black, friable silty clay loam. Tt is
about 11 inches thick and has moderate, fine, granular
structure. This layer contains a few fine snail shells and is
limy. The subsurface layer is about 9 inches thick. It is
black, limy silty clay loam. It is less friable than the sur-
face layer and has weak to moderate blocky structure.

The subsoil is about 10 inches thick. It is very dark gray,
massive, friable to firm, limy silty clay loam, The upper
part is faintly mottled. The lower part is distinctly mot-
tled with olive gray and dark gray.

The underlying material is olive-gray and gray silty clay
loam glacial till that has faint olive mottles and a few
reddish-orange iron stains. It is friable, limy, and massive.

Natural fertility is high. The organic-matter content
is high. Runoff is slow, permeability is moderately slow,
and the moisture-storage capacity is high. The water table
is seasonally fairly high.

Drained areas are suited to all of the common crops.
Most of the acreage is cultivated. Part of it is pastured.

Typical profile of Canisteo silty clay loam (meadow; 1
to 2 percent slope; SW14SW3/ sec. 2,T. 116 N., R. 26 W.) :

Ap—O0 to 8 inches, black (N 2/0) silty clay loam ; moderate, fine,
granular structure; friable when moist, plastic and
slightly sticky when wet ; high organic-matter content;
few fine snail shells; calcareous; abrupt, smooth
boundary. .
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A1—S8 to 11 inches, black (N 2/0) silty clay loam ; moderate,
fine, granular structure; friable when moist, plastic
and slightly sticky when wet; few fine snail shells;
calcareous; clear, wavy boundary.

A3—11 to 20 inches, black (10YR 2/1) silty clay loam ; weak to
moderate, very fine, subangular blocky structure;
friable to firm when moist, plastic and slightly sticky
when wet; caleareous; clear, wavy boundary.

B1g—20 to 24 inches, very dark gray (10YR 3/1) silty clay
loam; few, fine, faint, very dark gray (5Y 3/1) and
dark gray (5Y 4/1) mottles; massive; friable to firm
when moist, plastic and slightly sticky when wet; cal-
careous ; clear, wavy boundary.

B2g—24 to 30 inches, very dark gray (5Y 8/1) silty clay loam ;
common, fine, distinet, olive-gray (5Y 4/2) and dark-
gray (5Y 4/1) mottles; massive; friable to firm when
moist, plastic and slightly sticky when wet ; calcareous;
clear, wavy boundary.

Clg—30 to 36 inches, olive (5Y 4/3 and 5/3), olive-gray (5Y 4/2
and 5/2), and dark-gray (5Y 4/1) silty clay loam;
massive ; friable when moist, plastic and sticky when
wet ; calcareous; clear, wavy boundary.

02g—36 to 50 inches, olive-gray (5Y 5/2) and gray (5Y 5/1)
silty clay loam; few, fine, faint, olive (5Y 5/3)
mottles; massive; friable when moist, plastic and
slightly sticky when wet; few reddish-orange iron
stains ; calcareous.

The Ap horizon is typically silty clay loam, but in spots it
is silt loam or clay loam. In some areas, because of the high
lime content, it has a distinct light-grayish cast when dry.
Ordinarily Canisteo soils are calcareous throughout the solum.
The underlying material ranges from silty clay loam to clay
loam and shows no marked increase in clay content. In places
there are a few snail shells on the surface.

In comparison with the poorly drained Webster soils, Canis-
teo soils are limy throughout the profile. They are closely
associated with the very poorly drained Glencoe soils, which
are in depressions. Canisteo soils are finer textured throughout
the solum than the poorly drained Mayer soils, which are
underlain by sand and gravel.

Canisteo silty clay loam (Ca).—This soil occupies flats
and slightly elevated rims around the Glencoe and Peat
soils, which are in depressions. In some areas it has a dis-
tinct light-grayish cast when dry. Included in mapping
were spots where the surface soil is strongly limy.

This soil is very good for crops and pasture. The con-
tent of lime is a minor limitation that can be offset by
applying large amounts of potash and phosphate. Wet-
ness is the major limitation. (Capability unit ITw-1;
woodland group 8; building site group 9)

Canisteo silty clay loam, depressional (Cd).—This soil
occupies wet depressions and drainageways in the uplands.
It has a thicker, darker colored surface layer than Canis-
teo silty clay loam and is more frequently ponded. In
places the surface is covered with a mantle, as much as 12
inches thick, of limy peat or muck. Generally the upper
part of the soil contains fragments of snail shells.

Drained areas are good for corn and soybeans. The con-
tent of lime is a limitation that can be offset by applying
large amounts of potash and phosphate. Undrained areas
are used for wild hay and pasture. The marsh vegetation
provides ideal cover for wildlife. Excess water is a serious
limitation. This soil is more susceptible to frost than soils
in higher lying positions. (Capability unit IIIw-1; wood-
land group 9; building site group 10)

Chaska Series

The Chaska series consists of silty soils on flood plains.
These soils occur as fairly extensive areas along the Min-
nesota River. They are deep, nearly level, and poorly
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drained. The frequency of flooding is extremely variable.
The native vegetation consisted of wetland grasses and
sedges. ) )

The surface layer is very dark gray, friable silty clay
loam to loam. It is about 86 inches thick. The plow layer
is cloddy. Below the plow layer the structure is weak to
very weak blocky. It contains a few fine fragments of
snall shells and is limy. : )

The underlying material is dark-gray to dark grayish-
brown, massive, friable loam that has dark-brown mottles.
This material also contains a few fine fragments of snail
shellsand is limy.

Natural fertility is high. The organic-matter content is
high. Runoff is slow, permeability is moderate, and the
moisture-storage capacity is high. The water table is sea-
sonally high. .

Chaska soils are used for crops and pasture. Flooding
delays planting in spring and occasionally destroys crops
in June. . )

Typical profile of Chaska silty clay loam (cultivated
field; 1 percent slope; NEI4NEL} sec. 12, T. 114 N., R.
24 W.):

Ap—O to 8 inches, very dark gray (10YR 3/1) silty clay loam
dark gray (10YR 4/1) when dry; cloddy; friable; few
fine remnants of snail shells; calcareous; abrupt,
wavy boundary.

Al11—S8 to 17 inches, very dark gray (10YR 3/1) silty clay
loam; dark gray (10YR 4/1) when dry; weak, very
fine, subangular blocky structure; friable; few fine
remnants of snail shells; caleareous; gradual, wavy
boundary.

A12—17 to 22 inches, very dark gray (10YR 38/1) silty clay
loam; very weak, fine, subangular blocky structure;
friable; few fine remnants of snail shells; calcareous;
gradual, wavy boundary.

A13—22 to 36 inches, very dark gray (10YR 3/1) loam grading
to very dark grayish brown (10YR 3/2) ; very weak,
fine, subangular blocky structure; friable; few fine
remnants of snail shells; calcareous; gradual, wavy
boundary.

C—36 to 50 inches, dark-gray (10YR 4/1) loam grading to
dark grayish brown (10YR 4/2); high in content of
fine sand; few, fine, distinct, dark-brown (7.5YR 3/2)
mottles; massive; friable; few fine remnants of snail
shells; calcareous.

The Ap horizon is typically silty clay loam, but in spots it is
silt loam or loam. It is very dark gray (10YR 3/1) but dries to
dark gray (10YR 4/1) or gray (10YR 5/1). Ordinarily the
solum contains remnants of snail shells and is calcareous., The
lowermost part, from a depth of 24 to more than 40 inches, is
generally mottled with dark gray or dark grayish brown. The
underlying material ranges from loam or silt loam to silty clay
loam and in places has discontinuous seams of fine sand or
loamy fine sand.

Chaska soils are closely associated with the very poorly
drained Oshawa soils, which occupy backwater sloughs and
oxbows of the flood plain. In comparison with these soils,
Chaska soils are not so distinctly mottled and are less fre-
quently ponded. Chaska soils are lighter colored and more
calcareous in the A horizon than the poorly drained Comfrey

soils.

Chaska silty clay loam (Ch).—This soil is on the flood
plain of the Minnesota River and is subject to flooding. In
some areas it is dissected by meandering old stream chan-
nels. Consequently, fields in these areas are odd shaped
and are difficult to work.

If drained and otherwise well managed, this soil is
suited to corn and soybeans. It is also very good for small
grain and pasture. Wetness and susceptibility to flooding
are the major limitations. (Capability unit IIw-1; wood-
land group 8; building site group 11)
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Comfrey Series

The Comfrey series consists of silty soils on flood
plains. These soils are deep, nearly level, and poorly
drained and are subject to flooding. The native vegetation
consisted of wetland grasses and sedges. These soils occur
along Bevens Creek and South Fork Crow River.

The surface layer is black, friable silty clay loam. It is
slightly acid and is about 21 inches thick. The plow layer
is cloddy. The rest has weak to moderate blocky structure.
The subsurface layer is about 4 inches thick. It is friable,
limy silty clay loam that has weak blocky structure. It is
lighter colored than the surface soil.

The underlying material is friable, massive, limy silty
clay loam. It is dark gray and grades to olive gray with
increasing depth. It has olive mottles and thin, very dark
brown seams of organic matter or iron.

Natural fertility is high. The organic-matter content is
high. Runoft is slow, permeability is moderately slow, and
the moisture-storage capacity is high. The water table is
fairly high.

If protected from flooding and adequately drained,
these soils are suited to all of the common crops, especially
corn and soybeans. The acreage that is frequently flooded
is used mainly for pasture or wild hay.

Typical profile of Comfrey silty clay loam (cultivated
field; 1 percent slope; SW1,SW1j sec. 6, T. 116 N., R.
26 W.):

Ap—O0 to 9 inches, black (N 2/0) silty clay loam; cloddy ; fri-
able when moist, slightly plastic when wet; slightly
acid; clear, smooth boundary.

A11—9 to 15 inches, black (N 2/0) silty clay loam ; weak, very
fine, subangular blocky structure; friable when moist,
slightly plastic when wet ; slightly acid ; gradual, wavy
boundary.

A12—15 to 21 inches, black (10YR 2/1) silty clay loam; weak
to moderate, very fine, subangular blocky structure;
friable when moist, plastic and slightly sticky when
wet; slightly acid; gradual, wavy boundary.

A3—21 to 25 inches, very dark gray (10YR 3/1) silty clay
loam ; black (10YR 2/1) seams or streaks; weak, very
fine, subangular blocky structure; friable when moist,
plastic and slightly sticky when wet; calcareous;
gradual, wavy boundary.

Clg—25 to 30 inches, dark-gray (5Y 4/1) silty clay loam; very
thin seams of very dark brown (10YR 2/2) organic
matter or iron; streaks of very dark gray (10YR
3/1) ; massive; friable when moist, plastic and slightly
sticky when wet ; calcareous; gradual, wavy boundary.

C2g—30 to 36 inches, dark-gray (5Y 4/1) silty clay loam:
many, fine, faint, olive-gray (5Y 4/2) mottles; very
thin seams of very dark brown (10YR 2/2) organic
matter or iron; streaks of very dark gray (10YR
3/1) ; massive; friable when moist, plastic and sticky
when wet; calcareous; gradual, wavy boundary.

C3g—386 to 48 inches, olivegray (5Y 4/2) silty clay loam;
many, fine, faint, olive (5Y 4/3) mottles; thin seams
of very dark brown (10YR 2/2) iron or organic mat-
ter ; streaks of olive gray (5Y 5/2) ; massive; friable
when moist, plastic and sticky when wet; calcareous.

The Ap horizon is typically silty clay loam, but in spots it is
silt loam. The underlying material also is typically silty clay
loam but ranges to silt loam and clay loam. These soils are
slightly acid to mildly alkaline and are typically limy within
a depth of 42 inches.

Comfrey soils have a thicker surface layer than the poorly
drained Webster soils, and formed in limy alluvium instead of
glacial till. They are darker colored than the poorly drained
Chaska soils.

Comfrey silty clay loam (Cm).—This soil is on flood
plains. In some areas it is dissected by meandering old
stream channels, and fields in these areas are odd shaped
and difficult to work. Included in mapping were spots
where the surface soil is limy.

If drained and otherwise well managed, this soil is suited
to corn and soybeans and is very good for small grain and
pasture. Wetness and the hazard of flooding are the major
limitations. In most years floodwater recedes early enough
to permit cropping. Occasionally, floods destroy crops in
June. (Capability unit IIw-1; woodland group 8; building
site group 11)

Comfrey silty clay loam, frequently flooded (Co).—
This soil 1s on flood plains. Included in mapping were
spots where the surface soil is limy. Also included were old
stream channels, some of which are ponded throughout the
yearkand are covered with a few inches of fibrous peat or
muck.

This soil is not suitable for crops unless it is protected
from flooding and then drained. Most of the acreage is used
for pasture or wild hay. (Capability unit VIw-1; wood-
land group 9; building site group 11)

Cordova Series

The Cordova series consists of deep, poorly drained soils
that formed in friable, limy glacial till. The original vege-
tation consisted of grasses on which mixed hardwoods en-
croached. These soils occupy flats and drainageways in the
uplands.

The surface layer is black, friable silty clay loam. It is
about 7 inches thick, has moderate blocky structure, and
is slightly acid.

The subsoil, about 17 inches thick, is very dark gray
silty clay loam that grades to olive-gray and olive, firm
silty clay or heavy silty clay loam. It has moderate to
strong structure and dark-colored clay and organic coat-
ings. The upper part is medium acid, and the lower part
is slightly acid.

The underlying material is olive-gray silty clay loam. It
is friable, limy, and massive. This material grades to gray
and olive-gray clay loam glacial till that has olive mottles
and reddish-orange iron stains.

: Figure 7 shows a typical profile of Cordova silty clay
oam.

Natural fertility is high, and the organic-matter content
is high. Runoff is slow, permeability is moderately slow,
and the moisture-storage capacity is high. The water table
is seasonally fairly high.

Drained areas are excellent for crops, especially corn and
soybeans. Undrained areas are used mainly for pasture.

Typical profile of Cordova silty clay loam (wooded pas-
tur‘% )1 percent slope; SE14NE1, sec. 6, T. 114 N., R.
24W.):

Al1—O0 to 7 inches, black (10YR 2/1) silty clay loam; moder-
ate, very fine, subangular blocky structure; friable
when moist, slightly plastic and slightly sticky when
wet; abundant roots; high organic-matter content;
slightly acid; clear, smooth boundary.

AB—T to 9 inches, very dark gray (10YR 8/1) silty clay loam;
small pockets of light gray (10YR 6/1, dry); weak,
very fine, subangular blocky structure; light-gray
(10YR 6/1, dry), dusty silica coatings; friable when
moist, slightly plastic when wet; abundant roots;
medium acid; clear, smooth boundary.
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Figure 7—Typical profile of Cordova silty clay loam.

B21g—9 to 12 inches, silty clay loam; very dark gray (10YR
3/1) exteriors and very dark brown (10YR 2/2) in-
teriors ; moderate, very fine, subangular blocky struc-
ture; very dark gray (10YR 3/1) organic coatings
on peds; light-gray (10YR 6/1, dry), dusty silica
coatings; continuous, distinct clay films on vertical
ped faces and patches on horizontal ped faces; friable
to firm when moist, plastic and slightly sticky when
wet ; few roots; medium acid ; clear, smooth boundary.

B22g—12 to 19 inches, very dark gray (5Y 3/1) silty clay or
heavy silty clay loam ; few, fine, faint, dark olive-gray
(5Y 38/2) mottles; moderate to strong, very fine, sub-
angular blocky structure; continuous, distinet clay
films on all ped faces; peds are completely and deeply
coated with very dark gray (10YR 3/1) or black
(10YR 2/1) ; firm when moist, plastic and sticky when
wet ; few roots ; medium acid ; clear, smooth boundary.

B23g—19 to 24 inches, olive-gray (5Y 4/2) and olive (5Y 4/3)
silty clay or heavy silty clay loam; moderate, very
fine, subangular blocky structure; continuous, dis-
tinet clay films on vertical ped faces and patches on
horizontal ped faces; coats are very dark gray (10YR
and 5Y 8/1) and are black (10YR 2/1) in old root
channels; firm when moist, plastic and sticky when
wet; few roots; slightly acid; abrupt, smooth
boundary.

Clg—24 to 27 inches, olive-gray (5Y 5/2) silty clay loam;
many, fine, faint, olive (5Y 5/3 and 4/3) mottles;

~black (10YR 2/1) in old root channels; firm to friable
when moist, plastic and sticky when wet; caleareous;
clear, smooth boundary.

C2g—27 to 34 inches, gray (5Y 5/1) and olive-gray (5Y 5/2)
clay loam; many, fine, distinct, olive (5Y 5/3 and
4/3) mottles and few, fine, prominent, olive (5Y 5/6)
mottles ; thin seams of gray (5Y 6/1) feathered lime;
massive; friable when moist, slightly plastic and
slightly sticky when wet; reddish-orange iron stains;
a few lime pebbles and shale fragments; calcareous;
clear, smooth boundary.

C3g—34 to 41 inches, olive (5Y 5/3) and pale-olive (5Y 6/3)
clay loam; many, fine, prominent, olive (5Y 5/4 and
5/6) mottles; thin seams of gray (5Y 6/1) feathered
lime ; massive ; friable when moist, slightly plastic and
slightly sticky when wet ; reddish-orange iron stains; a
few lime pebbles and shale fragments; calcareous;
clear, smooth boundary.

C4g—41 to 52 inches, variegated olive (5Y 5/3, 5/4, and 5/6)
clay loam ; thin seams of gray (5Y 6/1) and light-gray
(5Y 7/1) feathered lime; massive; friable when
moist, slightly plastic and slightly sticky when wet;
reddish-orange iron stains; calcareous.

The Al horizon is typically silty clay loam, but in spots it is
silt loam. It is generally 7 to 10 inches thick but ranges from
6 to 12 inches. The AB horizon is typically less than 3 inches
thick. In a few places it has platy structure. The B horizon
ranges from heavy silty clay loam and clay loam to silty clay.
It has moderate to strong blocky structure to prismatic
structure and patchy to continuous clay and organic films, The
Al horizon is neutral or slightly acid. The B horizon is
slightly acid to strongly acid. There are a few stones and
boulders on the surface and throughout the profile, and varying
numbers of shale fragments.

Cordova soils have a finer textured subsoil than the poorly
drained Webster soils and are generally more acid. They are
closely associated with these soils. Cordova soils are also
closely associated with the moderately well drained LeSueur
soils and the well-drained Lester soils.

Cordova silty clay loam (Cs).—Mapped with this soil
were small areas of Glencoe soils, which are in depressions.

If adequately drained and otherwise well managed, this
soil is suited to small grain and pasture and very well
suited to corn and soybeans. (Capability unit ITw-1;
woodland group 8; building site group 9)

Cordova and Webster silty clay loams (Cw).—The
Webster soil in this unit is described under the heading
“Webster Series.” Cordova soils are the more extensive.
Included in mapping were spots of Glencoe soils, which
are in depressions.

If adequately drained and otherwise well managed,
these soils are suited to small grain and pasture and well
suited to corn and soybeans. (Capability unit IIw-1;
woodland group 8; building site group 9)

Dakota Series

The Dakota series consists of loamy, nearly level to
gently sloping, somewhat excessively drained soils that are
moderately deep over noncalcareous sand. These soils occur
on the outwash plains of the Minnesota River. The original
vegetation consisted of grasses on which deciduous hard-
woods encroached.

The surface layer is very dark brown to very dark gray,
friable sandy loam. It is medium acid, is about 11 inches
thick, and has weak granular structure. The subsurface
layer is about 4 inches thick. It has weak blocky structure
and is somewhat more brownish than the surface layer.

The subsoil is about 18 inches thick. It is very dark
brown, friable loam in the uppermost part and grades to
dark grayish-brown and dark yellowish-brown, friable
loam that has weak blocky structure. The lowermost part
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is dark-brown, friable sandy loam to loose fine sand. This
layer is medium acid.

The underlying material is yellowish-brown, slightly
acid fine sand.

These soils are easy to work. They warm up early in
spring and dry out fairly rapidly after a rain. Natural
fertility is moderate. The organic-matter content is mod-
erate. Runoff is medium, permeability is moderately rapid,
and the moisture-storage capacity is moderately low.

These soils are used for general farming. They are
suitable for small grain but are too droughty to be suitable
for corn.

In this county Dakota soils are mapped only with Rasset
soils. For a description of the Rasset part of the following
mapping units, refer to “Rasset Series.”

Typical profile of Dakota sandy loam (cornfield; 1 per-
cent slope; NW14SW24 sec. 6, T. 114 N., R 23 W.):

Ap—0 to 11 inches, very dark brown (10YR 2/2) to very dark
gray (10YR 3/1) sandy loam; weak, fine, granular
structure ; very friable ; medium acid.

A3—11 to 15 inches, very dark brown (10YR 2/2) and very
dark grayish-brown (10YR 3/2) sandy loam; weak,
very fine, subangular blocky structure; friable;
medium acid.

B21—15 to 18 inches, very dark brown (10YR 2/2) loam; weak,
fine, subangular blocky structure; friable when moist,
slightly sticky when wet; medium acid.

B22—18 to 21 inches, dark grayish-brown (10YR 4/2) loam;
weak, fine, subangular blocky structure; friable when
moist, slightly sticky to sticky when wet ; medium acid.

B23—21 to 25 inches, dark yellowish-brown (10YR 4/4) loam;
weak, fine, subangular blocky structure; friable when
moist, slightly sticky to sticky when wet; medium

acid.

B24--25 to 29 inches, dark-brown (7.5YR 4/4) sandy loam;
massive ; friable ; medium acid.

B3—29 to 33 inches, dark-brown (7.5YR 4/4) fine sand; mas-
sive; clay bridging; loose; medium acid.

C—33 to 50 inches, yellowish-brown (10YR 5/4 to 5/6) fine
sand ; single grain; loose; slightly acid.

The A horizon ranges from 10 to 16 inches in thickness.
In comparison with the A horizon, the B2 horizon shows a
noticeable increase in clay content; it is typically sandy loam,
loam, or light sandy clay loam in texture. The B3 horizon
ranges from sandy loam to sand. The depth to fine sand or sand
is typically 30 to 40 inches but ranges from 24 to 42 inches.
The reaction is neutral to medium acid to a depth of more than
60 inches.

Dakota soils are more deeply leached of lime carbonates
than the well-drained Wadena soils, and their subsoil shows
a more noticeable increase in content of clay. Dakota soils
are closely associated with the somewhat excessively drained
Rasset soils. They are deeper over sand than the Rasset soils,
and they lack the variable textural bands in the solum and
substratum that are typical of these soils. Dakota soils and
the somewhat excessively drained Hubbard sandy loams formed
in similar noncalcareous sand, but the Dakota soils are deeper
over sand and their subsoil shows a more noticeable increase
in content of clay.

Dakota and Rasset sandy loams, 0 to 2 percent slopes
{DrA}.—The profile of the Rasset soil in this unit differs
from that described under the heading “Rasset Series” in
having a surface layer of sandy loam instead of loamy sand.
The Dakota soil is the more extensive. Generally the depth
to sand is 80 to 36 inches.

These soils are good for small grain and pasture and
fairly good for corn. Wind erosion is a hazard. (Capabil-
ity unit IIIs-1; woodland group 4; building site group 1)

Dakota and Rasset sandy loams, 2 to 6 percent slopes
{DrB).—These soils have gently undulating, short, smooth
slopes. The profile of the Rasset soil differs from that

described as typical of the series in having a surface layer
of sandy loam instead of loamy sand. The Dakota soil is
the more extensive. Generally the depth to sand is 24 to
30 inches.

These soils are moderately good for small grain and
pasture. Droughtiness and the hazard of erosion are the
main limitations. (Capability unit Ille—4; woodland
group 4; building site group 1)

Estherville Series

The Estherville series consists of loamy, nearly level
to hilly, somewhat excessively drained soils that are shal-
low over limy sand and gravel. These soils are on outwash
plains and terraces.

The surface layer is black, very friable sandy loam.
It is about 10 inches thick, has weak to moderate granular
structure, and is slightly acid.

The upper 8 inches of the subsoil is friable, dark-brown
loam. The lower 3 inches is dark yellowish-brown coarse
sandy loam. The subsoil is neutral and either has weak
blocky structure or is massive.

The underlying material consists of stratified dark-
brown and yellowish-brown, limy gravel and coarse sand.

Figure 8 shows a typical profile of Estherville sandy
loam.

These soils are easy to work. They warm up early in
spring and dry out rapidly after a rain. Natural fertil-
ity is moderately low. The organic-matter content is mod-

Figure 8~Typical profile of Estherville sandy loam.
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erate. Runoff is medium, internal drainage is rapid, and
the moisture-storage capacity is low. Air and water move
easily through the soil. The root zone is limited.

These soils are used for general farming. They are suit-
able for small grain but are too droughty to be suitable
for corn.

Typical profile of Estherville sandy loam (alfalfa field;
1 percent slope; SE14SE1 sec. 17, T. 116 N., R. 26 W.) :

Ap—O0 to 7 inches, black (10YR 2/1) sandy loam; weak, fine,
granular structure ; very friable; slightly acid ; abrupt,
smooth boundary.

A1—7 to 10 inches, black (10YR 2/1) sandy loam; weak to
moderate, fine, granular structure; very friable;
slightly acid; clear, smooth boundary.

B2—10 to 18 inches, dark-brown (10YR 3/3) loam ; weak, fine,
subangular blocky structure; friable; neutral; clear,
smooth boundary.

B3—18 to 21 inches, dark yellowish-brown (10YR 3/4) coarse
sandy loam; massive; very friable; neutral; clear,
smooth boundary.

C—21 to 40 inches, variegated dark-brown (10YR 3/3 and 4/3)
and dark yellowish-brown (10YR 3/4 and 4/4) gravel
and coarse sand ; single grain; loose; calcareous.

The A horizon is typically sandy loam but ranges to loam.
Both the A and B horizons are neutral to medium acid. The
depth to sand and gravel ranges from 10 to 24 inches. In places
the upper part of the underlying material is leached of free
lime carbonates. Typically, the underlying material is limy
within a depth of 30 inches.

Estherville soils are coarser textured and shallower over sand
and gravel than the well-drained Wadena soils. They are less
sandy than the somewhat excessively drained Hubbard soils,
which formed in deep, noncalcareous sand.

Estherville sandy loam, 0 to 2 percent slopes (EsA).—
In a few areas the surface layer of this soil is loam. The
depth to sand and gravel is generally 16 to 20 inches. In-
cluded in mapping was about 20 acres where the soils are
silt loam in texture, are underlain by limestone within a
depth of 12 to 24 inches, and have rock fragments on the
surface. This area is in section 6 of the San Francisco
Township.

This soil is good for small grain and fairly good for
pasture. It is only fair for corn. It is droughty and is sub-
ject to wind erosion. (Capability unit I1TIs-2; woodland
group 4; building site group 1)

Estherville sandy loam, 2 to 6 percent slopes (EsB).—
This soil has gently undulating slopes. In a few areas the
surface layer is loam. The depth to sand and gravel is
generally 16 to 20 inches.

This soil is good for small grain and fairly good for
pasture. It is only fair for corn. Droughtiness and the
hazard of erosion are severe limitations. (Capability unit
II1e-5; woodland group 4; building site group 1)

Estherville sandy loam, 2 to 6 percent slopes, eroded
(EsB2).—This soil has undulating slopes. It has lost 3 to 6
inches of its original surface layer through erosion. The
present plow layer is a grayish-brown mixture of the
original surface layer and material from the subsoil. The
organic-matter content is generally low. The depth to sand
and gravel is generally 14 to 16 inches. In spots the surface
is covered with gravel.

This soil is fairly good for small grain and pasture but
only fair for corn. Droughtiness and the risk of erosion are
severe limitations. (Capability unit ITIe-5; woodland
group 4; building site group 1)

Estherville sandy loam, 6 to 12 percent slopes (EsC).—
This soil has rolling, short, irregular slopes. In a few areas
the surface layer is loam. Most of the acreage is pastured

or wooded and is only slightly eroded. The depth to gravel
and sand 1s generally 15 to 18 inches.

This soil is fairly good for small grain and pasture. It is
only fair to poor for corn because of droughtiness and the
risk of erosion. (Capability unit IVe-3; woodland group
4; building site group 2)

Estherville sandy loam, 6 to 12 percent slopes, eroded
(EsC2).—This soil has rolling, short, uneven slopes. It has
lost 3 to 6 inches of its original surface layer through
erosion. The present plow layer is grayish-brown sandy
loam, which is a mixture of the original surface layer
and material from the subsoil. The organic-matter content
1s generally low. The depth to sand and gravel is gener-
ally 14 to 16 inches. There are a few spots where the surface
is covered with gravel. In a few areas there are gullies of
varying sizes.

This soil is fair for small grain and pasture but poor
for corn. It is droughty, and the risk of further erosion
Is very severe. (Capability unit IVe-3; woodland group
4; building site group 2)

Estherville sandy loam, 12 to 18 percent slopes
(EsD).—This soil has short, irregular slopes. Erosion has
removed as much as 6 inches of the original surface layer
In most cultivated areas but has been slight in pastured
or wooded areas. Most of the eroded soils have a plow
layer of brownish sandy loam that is low in organic-matter
content. The depth to sand and gravel ranges from 12
to 18 inches. In cultivated areas there are spots where
the surface is covered with gravel. In places there are gul-
lies of varying sizes.

This so1l is unsuitable for crops and is only fair for
pasture. It is droughty, and the erosion hazard is very
severe. (Capability unit VIe-2; woodland group 5; build-
ing site group 8)

Estherville sandy loam, 18 to 25 percent slopes (EsE).—
This soil is hilly. Erosion has removed as much as 6 inches
of the original surface layer in most cultivated areas but
has been slight in pastured or wooded areas. In eroded
areas the plow layer is brownish sandy loam that is low
in organic-matter content. The depth fo sand and gravel
is 12 to 18 inches.

Droughtiness and the hazard of erosion are very serious
limitations. (Capability unit VIIe-2; woodland group 5;
building site group 8)

Fairhaven Series, Deep Variant

The Fairhaven series, deep variant, consists of silty,
well-drained, nearly level to gently sloping soils that are
deep over limy sand. These soils occur on outwash plains
along the Minnesota River. The original vegetation was
prairie grass.

The surface layer is very dark gray, friable, slightly
acid silt loam. It is about 10 inches thick. The plow Jayer
is cloddy. The lower part has moderate blocky structure.

The subsoil is about 37 inches thick. The uppermost part
is very dark brown silt loam that grades to dark grayish
brown. It is friable, is slightly acid, and has weak blocky
structure. The middle part is silty clay loam. It is dark
brown and grades to dark yellowish brown. It is friable,
is medium acid, and has weak blocky structure. The lower-
most part is olive-brown silt loam that grades to light
olive-brown very fine sandy loam. It is very friable, me-
dium acid, and massive.
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The underlying material is grayish and brownish very
fine sand. It is medium acid in the upper part but limy
at a depth of 52 inches.

Natural fertility is moderately high. The organic-matter
content is high. Runoff is medium, permeability is mod-
erate to moderately rapid, and the moisture-storage ca-
pacity is moderately high.

These soils are well suited to all of the common crops.
Corn and soybeans are the main crops. Most of the acreage
is cultivated. )

Typical profile of Fairhaven silt loam, deep variant
(cultivated field; 1 percent slope; NWLNWI, sec. 29,
T.114N,,R.24 W.) :

Ap—0 to 8 inches, very dark gray (10YR 3/1) silt loam;
cloddy ; friable when moist, slightly plastic when wet;
slightly acid; abrupt, smooth boundary.

Al—S8 to 10 inches, very dark gray (10YR 3/1) silt loam;
moderate, very fine, subangular blocky structure ; fri-
able when moist, slightly plastic when wet; slightly
acid ; clear, smooth boundary.

Bl—10 to 15 inches, very dark brown (10YR 2/2) silt loam;
weak, very fine, subangular blocky structure; fri-
able when moist, slightly plastic when wet; slightly
acid ; clear, smooth boundary.

B21-—-15 to 20 inches, dark grayish-brown (10YR 4/2) silt
loam ; weak, fine, subangular blocky structure; friable
when moist, slightly plastic to plastic when wet;
slightly acid; clear, smooth boundary.

B22--20 to 25 inches, dark-brown (10YR 4/3) silty clay loam;
weak, fine, subangular blocky structure; friable when
moist, slightly plastic to plastic when wet; slightly
acid; clear, smooth boundary.

B23—25 to 34 inches, dark-brown (10YR 4/3) to dark yellow-
ish-brown (10YR 4/4) silty clay loam; weak, fine,
subangular blocky structure; friable when moist,
slightly plastic to plastic when wet; medium acid;
clear, smooth boundary.

B24—34 to 42 inches, olive-brown (2.5Y 4/4) silt loam; mas-
sive; very friable when moist, nonplastic and slightly
sticky when wet; medium acid; clear, smooth
boundary.

B3--42 to 47 inches, light olive-brown (2.5Y 5/4) very fine

sandy loam; massive; very friable when moist; me-

dium acid ; clear, smooth boundary.

to 54 inches, pale-brown (10YR 6/3) and light

brownish-gray (10YR 6/2) very fine sand; single

grain; loose; medium acid; clear, smooth boundary.

(2—34 to 60 inches, variegated pale-brown (10YR 6/3), light
olive-brown (2.5Y 5/4), light yellowish-brown (2.5Y
6/4), and light brownish-gray (2.5Y 6/2) very fine
sand ; single grain ; loose; calcareous.

C1—47

The A horizon is typically silt loam, but in spots it is silty
clay loam. It ranges from 8 to 12 inches in thickness. The B1
horizon and most of the B2 horizon are silt loam or silty clay
loam. In comparison with the A horizon, they show no marked
increase in clay content. The B3 horizon ranges from silt loam
to loamy very fine sand. The depth to fine sand and very fine
sand ranges from 42 to 48 inches. The A horizon is neutral or
slightly acid. The B horizon is neutral to medium acid. In
places the upper part of the sandy underlying material is
leached of lime carbonates. Typically, the underlying material
is limy within a depth of 60 inches.

These soils are deeper over sand and are less droughty than
the well-drained Fairhaven soils, sand substratum. They are
deeper over sand and are more silty than either the well-
drained Kasota soils, which have a clayey subsoil, or the
well-drained Wadena soils, which are loamy throughout the
profile.

Fairhaven silt loam, deep variant, 0 to 3 percent
slopes (FhA).—In a few areas the surface layer of this soil

is silty clay loam. The depth to fine sand ranges from 42 to
48 inches.

This soil is very good for cultivated crops and pasture or
hay. (Capability unit I-1; woodland group 1; building
site group 1)

Fairhaven Series, Sand Substratum

The Fairhaven series, sand substratum, consists of silty,
well-drained, nearly level to rolling soils that are moder-
ately deep over limy sand. These soils are on outwash
plains along the Minnesota River. The original vegetation
consisted of prairie grasses on which hardwoods, mainly
maple, encroached.

The surface layer is very dark gray, friable silt loam. It
is slightly acid and is about 7 inches thick. It is cloddy in
cultivated areas.

The subsoil is slightly acid and is about 24 inches thick.
The uppermost part is dark grayish-brown, friable silt
loam that has weak blocky structure. The middle part is
dark-brown to dark grayish-brown, friable silty clay loam
that has moderate to weak blocky structure. The lower-
most part is dark grayish-brown, friable, massive sandy
clay loam.

The deep, limy underlying material is variegated
grayish-brown and yellowish loose sand.

These soils warm up early in spring and dry out fairly
rapidly after a rain. Natural fertility is moderately high.
The organic-matter content is moderately high. Runoff is
medium, permeability is moderately rapid, and the
moisture-storage capacity is moderate.

These soils are used for general farming. They are

slightly droughty, but they are suited to all of the common
crops.

Typical profile of Fairhaven silt loam, sand substratum

(cornfield; 1 percent slope; SW14SW1/ sec. 24, T. 115 N,
R.24W.):

Ap—0 to 7 inches, very dark gray (10YR 3/1) silt loam;
cloddy; friable when moist, slightly plastic when
wet; slightly acid; abrupt, smooth boundary.

B1—7 to 10 inches, dark grayish-brown (10YR 4/2) silt loam;
exterior coats of very dark brown (10YR 2/2) ; weak,
very fine and fine, subangular blocky structure;
weathered peds; friable when moist, slightly plastic
when wet; slightly acid; clear, smooth boundary.

B21—10 to 14 inches, dark-brown (10YR 4/3) silty clay loam;
coats and deep penetrations of very dark brown (10YR
2/2) and very dark grayish brown (10YR 3/2) ; mod-
erate, very fine, subangular blocky structure; friable
when moist, plastic when wet; slightly acid; clear,
smooth boundary.

B22—14 to 20 inches, dark-brown (10YR 4/3) silty clay loam;
few penetrations of very dark grayish brown (10YR
3/2) in old root channels; weak, fine and very fine,
subangular blocky structure ; friable when moist, plas-
tic when wet; slightly acid; clear, smooth boundary.

B23—20 to 28 inches, dark grayish-brown (10YR 4/2) silty
clay loam or silt loam ; massive; friable when moist,
plastic when wet; slightly acid; clear, smooth
boundary.

B3—28 to 31 inches, dark grayish-brown (10YR 4/2) sandy
clay loam or loam; massive; friable when moist,
slightly sticky when wet; slightly acid; clear, smooth
boundary.

C1—31 to 35 inches, variegated dark grayish-brown (10YR
4/2), dark-brown (10YR 4/3), and brown (10YR 5/3)
sand; single grain; loose; slightly calcareous; clear,
smooth boundary.

C2—35 to 52 inches, variegated grayish-brown (10YR 5/2),
light brownish-gray (10YR 6/2), and light yellowish-
brown (10YR 6/4) sand; single grain; loose;
calcareous.
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The Ap horizon is typically silt loam. In spots, howerver,
it is very fine sandy loam or silty clay loam. It is black, very
dark gray, or very dark brown and ranges from 7 to 10
inches in thickness. In a few undisturbed wooded areas, this
horizon is underlain by a very thin, lighter colored horizon.
The Bl and B2 horizons range from silt loam to silty clay
loam. In comparison with the A horizon, they show little
or no increase in clay content. The B3 horizon ranges from
sandy clay loam to sandy loam. The depth to loose sand ranges
from 24 to 42 inches. In some areas the underlying material
consists of stratified sand, fine sand, and very coarse sand
and gravel. The Ap horizon is neutral or slightly acid. The
B horizon is neutral to medium acid. In places the upper
part of the sandy underlying material is leached of lime car-
bonates, but the underlying material typically is limy within a
depth of 42 inches.

These soils are shallower over sand than the well-drained
Fairhaven soils, deep variant. They are more silty than either
the well-drained Kasota soils, which have a clayey subsoil,
or the well-drained Wadena soils, which are loamy through-
out the profile.

Fairhaven silt loam, sand substratum, 0 to 2 percent
slopes (FoA).—In a few areas the surface layer of this soil
is silty clay loam. The depth to sand generally is 24 to
36 inches.

This soil is slightly droughty, but it is good for crops
and pasture. (Capability unit ITs-1; woodland group 1;
building site group 1)

Fairhaven silt loam, sand substratum, 2 to 6 percent
slopes (FaB).—This soil has gently undulating, fairly long,
smooth slopes. In a few spots the surface layer is fine sandy
loam. The depth to sand generally is 24 to 36 inches. In-
cluded in mapping were a few areas where erosion has
removed 3 to 6 inches of the original surface layer. In these
areas the plow layer is a brownish mixture of the original
surface so1l and material from the subsoil, and the organic-
matter content is low. The depth to sand in these areas
generally is 24 to 30 inches. o

This soil is good for crops and pasture. Erosion is a
hazard. Unless erosion is controlled, droughtiness is likely
to become a serious limitation. (Capability unit ITe-4;
woodland group 1; building site group 1)

Fairhaven silt loam, sand substratum, 6 to 12 percent
slopes, eroded (FaC2).—This soil has rolling, fairly long,
smooth slopes. Erosion has removed 8 to 6 inches of the
original surface layer. The present plow layer is a brown-
ish mixture of the original surface layer and material from
the subsoil. The organic-matter content is generally low.
In a few small areas the surface layer is fine sandy loam.
Some moderately steep areas were included in mapping.
The depth to sand is generally 24 to 80 inches.

This soil is fairly good for small grain and good for
pasture. The erosion hazard is severe. Unless erosion is
controlled, droughtiness is likely to become a serious lim-
itation. (Capability unit ITTe-3; woodland group 2; build-
ing site group 2)

Glencoe Series

The Glencoe series consists of silty, deep, very poorly
drained soils that formed in friable, limy glacial t1ll. These
soils occupy depressions and drainageways in the uplands.
The native vegetation was marsh grass.

The surface is covered with a mantle of black, friable
organic matter that is about 9 inches thick, has weak
granular structure, and is slightly acid. The surface layer
is black, friable silty clay loam. It is neutral, has moderate

to weak blocky structure, and is about 15 inches thick. The
subsurface layer is black to very dark gray, friable clay
loam mottled with dark olive gray, olive gray, and gray.
It is neutral, massive, and about 10 inches thick.

The subsoil, about 19 inches thick, is clay loam. It is
olive, olive gray, and dark gray and contains many
reddish-orange iron stains. This layer is friable, neutral,
and massive. :

The underlying material is friable clay loam glacial till
mottled with olive, dark gray, gray, and olive gray. It is
massive and limy.

Unless drained, these soils are periodically ponded. Dur-
ing prolonged wet periods, some areas are flooded the year
around. Runoff is very slow, and the moisture-storage
capacity is high. The movement of water in the soil is mod-
erately slow. Natural fertility is high. The organic-matter
content is high.

Drained areas are very good for corn and soybeans. Un-
drained areas are used mainly for wild hay and pasture.

Typical profile of Glencoe silty clay loam (marshy de-
pression; less than 1 percent slope; NE14SE3, sec. 3, T.
116 N.,R. 26 W.) :

02—0 to 9 inches, black (N 2/0) organic material; weak, fine,
granular structure; friable; slightly acid.

Al11—9 to 12 inches, black (N 2/0) silty clay loam ; moderate,
very fine, subangular blocky structure; friable when
moist, slightly plastic when wet; neutral; gradual,
wavy boundary.

A12—12 to 15 inches, black (10YR 2/1) silty clay loam: weak,
very fine, subangular blocky structure; friable when
moist, plastic when wet; neutral; gradual. wavy
boundary.

A31g—15 to 20 inches, black (5Y 2/1) and very dark gray (5Y
3/1) clay loam; few, fine, faint, dark olive-gray (5Y
3/2) mottles; massive; friable when moist, slightly
plastic and sticky when wet; a few reddish-orange
iron stains; neutral; gradual, wavy boundary.

A32g—20 to 25 inches, very dark gray (5Y 3/1) and black (5Y
2/1) clay loam; few, fine, faint mottles of dark olive
gray (5Y 3/2, olive gray (5Y 4/2), and olive (5Y
4/3) ; massive; friable when moist, slightly plastic
and sticky when wet; many reddish-orange iron
stains; a few lime pebbles; neutral; gradual, wavy
boundary.

B1g—25 to 30 inches, olive-gray (5Y 4/2) and dark-gray (5Y
4/1) clay loam; massive; friable when moist, slightly
plastic and sticky when wet; many reddish-orange
iron stains; neutral; gradual, wavy boundary.

B2g—30 to 44 inches, olive (5Y 4/3 to 5/3 and 5/4) clay loam;
massive ; friable when moist, slightly plastic and sticky
when wet; many reddish-orange iron stains; neutral;
gradual, wavy boundary.

Clg—44 to 50 inches, variegated olive (5Y 5/3, 4/3, 5/4, and
4/4) clay loam ; massive; friable when moist, slightly
plastic and sticky when wet; many reddish-orange
iron stains; slightly ecaleareous; gradual, wavy
boundary.

C2g—50 to 54 inches, variegated dark-gray (5Y 4/1), gray (5Y
5/1), and olive-gray (5Y 5/2 and 4/2) clay loam;
massive; friable when moist, slightly plastic and
sticky when wet; many reddish-orange iron stains;
calcareous.

The mantle of organic matter is lacking in some areas. The
Al horizon is typically silty clay loam, but in spots it is silt
loam. The thickness of the A horizon generally is more than 24
inches. The B horizon and the underlying material range from
silty clay loam to clay loam and have variable mottles and
reddish-orange iron stains. The A horizon is neutral or slightly
acid. Typically, the limy underlying material is within a depth
of 48 inches.

Glencoe soils have a much thicker surface layer and a more
abruptly and distinctly gleyed subsoil than the poorly drained
Webster soils. Also, they are more likely to be ponded. They
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differ from the very poorly drained Talcot soils, which are
moderately deep over sand and gravel and are limy throughout
the profile. They are not so limy as Canisteo silty clay loam,
depressional, which is very poorly drained.

Glencoe silty elay loam (Ge).—This soil occupies depres-
sions and drainageways.

TUndrained areas are fair for wild hay or pasture and pro-
vide ideal cover for wildlife. Drained areas are good for
corn and soybeans, but they are susceptible to frost. Excess
water is a severe limitation. (Capability unit ITIw-1;
woodland group 9; building site group 10)

Hayden Series

The Hayden series consists of deep, well-drained soils
that formed in friable, limy clay loam or loam glacial till.
These soils are extensive in this county. The slopes are un-
dulating to steep, and the topography is morainic. The
original vegetation consisted of deciduous hardwoods.

The surface layer is black, friable loam. It is about 2
inches thick, has moderate granular structure, and is
slightly acid. The subsurface layer, about 7 inches thick,
also is friable loam. This layer is medium acid. The upper
part is very dark gray and has platy structure. The lower
part is very dark grayish brown and has weak blocky
structure.

The subsoil is about 25 inches thick and is medium acid.
The uppermost part is dark-brown, friable loam that has
moderate blocky structure and is medium acid. There are
grayish, dusty, silica coatings on the blocks. The middle
part is dark-brown, firm clay loam that has moderate
blocky structure. This part grades to dark yellowish-
brown and light olive-brown, firm to friable clay loam
that has moderate prismatic structure. There are dark
grayish-brown clay films and organic films on the blocks.
The lowermost part is light olive-brown, massive clay
Joam that has very dark grayish-brown organic stains.

The underlying material is light olive-brown, friable
loam glacial t1ll. It is limy and massive. There are streaks
of light brownish-gray lime, very dark grayish-brown
organic stains, and a few reddish-orange iron stains.

Irigure 9 shows a typical profile of Hayden loam,

Natural fertility is moderate. The organic-matter con-
tent is low. Runoff is medium to rapid, depending on the
slope. Permeability is moderate, and the moisture-storage
capacity is moderately high.

Most of the acreage is either cultivated or pastured. A
few areas are wooded. The less sloping soils are suited to
all of the common crops. The steeper soils are subject to
severe erosion and are used mainly for hay and pasture.

Typical profile of Hayden loam (wooded pasture; 5
percent slope; NE14NW1/ sec. 7, T. 116 N., R. 23 W.) :

A1—O0 to 2 inches, black (10YR 2/1) loam; moderate, fine,
granular structure; friable; slightly acid; abrupt,
smooth boundary.

A21—2 to 6 inches, very dark gray (10YR 3/1) loam; dark
gray (10YR 4/1) when dry; weak, thin, platy struc-
ture; friable; medium acid; clear, smooth boundary.

A22-6 to 9 inches, very dark grayish-brown (10YR 3/2)
loam; weak, fine, subangular blocky structure; fri-
able; some remnants of old Bl horizon; medium acid ;
gradual, smooth boundary.

B1—9 to 15 inches, dark-brown (10YR 4/3) loam; moderate,
very fine and fine, subangular blocky structure with
degraded faces; dark grayish-brown (10YR 4/2) ped
faces; light brownish-gray (10YR 6/2, dry) silica
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Figure 9.—Typical profile of Hayden loam.

coatings; friable;
boundary.

B21—15 to 22 inches, dark-brown (10YR 4/3) clay loam;
moderate, fine, subangular blocky structure; dark
grayish-brown (10YR 4/2) ped faces; continuous,
distinet clay films on all ped faces; firm; a few fine
shale fragments; medium acid; clear, smooth
boundary.

B22—22 to 27 inches, dark yellowish-brown (10YR 4/4) clay
loam; moderate, fine, prismatic structure; dark
grayish-brown (10YR 4/2) ped faces; continuous,
distinet clay films on vertical ped faces and patches
on horizontal ped faces; firm; medium acid; a few
fine shale fragments; clear, smooth boundary.

B23—27 to 34 inches, light olive-brown (2.5Y 5/4 and 5/6)
clay loam; moderate, medium and fine, prismatic
structure ; dark grayish-brown (10YR 4/2) ped faces;
clay films on the faces of some peds and in old root
channels; friable; medium acid; clear, smooth
boundary.

B3—34 to 39 inches, light olive-brown (2.5Y 5/4) clay loam;
heavily penetrated or infiltrated by very dark gray-
ish-brown (10YR 8/2) organic stains; massive; fri-
able; medium acid; clear, smooth boundary.

(C1—39 to 44 inches, light olive-brown (2.5Y 5/4) loam ; streaks
of light brownish-gray (10YR 6/2) feathered lime
and very dark grayish-brown (10YR 3/2) organic
stains; massive; friable; a few reddish-orange iron
stains ; slightly calcareous; abrupt, smooth boundary.

medium acid; gradual, wavy
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C2-—44 to 52 inches, light olive-brown (2.5Y 5/4) loam ; streaks
of light brownish-gray (10YR 6/2) feathered lime
and very dark grayish-brown (10YR 3/2) organic
stains; massive; friable; a few reddish-orange iron
stains; calcareous.

The A horizon is typically loam. In places it is clay loam,
and in spots sandy loam. In cultivated areas the Ap horizon
is typically dark grayish brown and is about 7 inches thick.
In undisturbed wooded and pastured areas, the Al horizon is
less than 4 inches thick. The A2 horizon is 2 to 10 inches thick
and generally has platy structure. The B2 horizon is typically
clay loam. It shows a marked increase in clay content in com-
parison with the surface layer and the underlying material.
Clay films are generally continuous over the blocks in the
more strongly developed part of the B horizon. The blocks
in the uppermost part generally have coatings of silica flour
that has filtered down from the A2 horizon. The very dark
grayish-brown organic stains are pronounced in the B3 horizon
and generally protrude into old root channels of the
underlying material. Most of the B horizon has moderate
to strong, bloeky or prismatie structure. The A horizon is
typically slightly acid. The B horizon is generally medium acid
but ranges from slightly acid to strongly acid. The depth to
limy clay loam or loam glacial till is typically 36 to 42 inches.
There are a few stones and boulders on the surface and through-
out the soil, and varying numbers of shale fragments.

Hayden soils and the well-drained Lester soils formed in
similar material, but Hayden soils formed under deciduous
hardwoods and Lester soils under prairie grasses and hard-
woods. In comparison with Lester soils, Hayden soils have a
thinner surface layer, a more distinct, grayish subsurface
layer, a more strongly developed subsoil, and a greater in-
crease in content of clay in the subsoil. Hayden soils are also
associated with the moderately well drained LeSueur soils
and the poorly drained Cordova soils, which occur on flats and
slight rises.

Hayden clay loam, 6 to 12 percent slopes, severely
eroded (HcC3).—This soil has lost nearly all of its original
surface layer through erosion. The plow layer consists
almost entirely of material from the subsoil. It is brownish
clay loam, is very low in organic-matter content, and has
poor tilth. Crusts form and make cultivation and prepara-
tion of a seedbed difficult. The loss of organic matter has
slowed infiltration and decreased the moisture-storage ca-
pacity, and the soil is slightly droughty. The depth to
limy material is generally about 80 inches. There are a
few small gullies.

This soil is fair for crops and good for pasture. It
should not be cultivated every year. The erosion hazard is
very severe. (Capability unit IVe-1; woodland group 2;
building site group 5)

Hayden clay loam, 12 to 18 percent slopes, severely
eroded (HcD3).—This soil has lost nearly all of its original
surface layer through erosion. The plow layer consists al-
most entirely of material from the subsoil. It is brownish
clay loam, is very low in organic-matter content, and has
poor tilth. A crust forms that makes cultivation difficult.
The loss of organic matter has slowed infiltration and de-
creased the moisture-storage capacity, and the soil is
slightly droughty. Typically, the depth to the limy under-
lying material is 24 to 86 inches. Bald spots of limy loam
occur on the steeper slopes. Small depressions occupied by
Glencoe and Webster soils occur in areas where slopes are
complex. There are a few small gullies.

This soil is not suitable for cultivated crops. The erosion
hazard is very severe. (Capability unit VIe-1; woodland
group 2; building site group 6)

Hayden clay loam, 18 to 25 percent slopes, severely
eroded (HcE3).—This soil has been tilled, and erosion has
removed nearly all of the original surface layer. The pres-

ent plow layer is mainly brownish clay loam that was
originally part of the subsoil. It is very low in organic-
matter content and consequently has poor tilth. Runoff is
rapid. Preparing a seedbed and maintaining a cover of
vegetation are difficult. The depth to limy material is 24
to 36 inches. Bald spots of limy clay loam occur in a few
areas. Small depressions occupied by Glencoe and Webster
soils occur in areas where slopes are complex. Some areas
are gullied.

This soil is not suitable for cultivated crops. Erosion
and steep slopes are severe limitations. (Capability unit
VIIe-1; woodland group 3; building site group 7)

Hayden loam, 2 to 6 percent slopes (HaB).—This soil is
gently sloping or undulating. Small depressions occupied
by the moderately well drained LeSueur soils and the
poorly drained Webster soils occur in areas where slopes
are irregular,

This soil is very good for crops and pasture. Erosion
1s a moderate hazard. (Capability unit IIe-3; woodland
group 1; building site group 4)

Hayden loam, 2 to 6 percent slopes, eroded (HaB2).—
This soil has gently undulating slopes that range from
short and irregular to fairly long and smooth. Erosion
has removed 3 to 6 inches of the original surface layer.
The plow layer is a mixture of the original dark grayish-
brown surface layer and brownish, finer textured ma-
terial from the subsoil. The organic-matter content is
generally low. Poorly drained soils in depressions occur
in areas where slopes are complex.

This soil is very good for crops and pasture. The
erosion hazard is moderate. (Capability unit ITe-3: wood-
land group 1; building site group 4)

Hayden loam, 6 to 12 percent slopes (HaC).—This soil
has rolling slopes that range from short and irregular to
fairly long and smooth. Small depressions occupied by
Glencoe and Webster soils occur in areas where slopes are
complex.

This soil is good for crops and pasture. If cultivated, it
is highly susceptible to erosion. Part of the acreage has
been cleared recently. The rest is pastured or wooded.
(Capability unit IITe-2; woodland group 2; building site
group 5)

Hayden loam, 6 {o 12 percent slopes, eroded {HaC2).—
This soil has lost 3 to 6 inches of its original surface layer
through erosion. The present grayish-brown plow layer is
a mixture of the original loam surface layer and finer tex-
tured material from the subsoil. Tilth is poor. A crust
forms that slows infiltration. Depressions occupied by
Glencoe and Webster soils occur in areas where slopes are
irregular,

This soil is moderately good for crops and good for
pasture. The erosion hazard is severe. Erosion-control
measures are needed if this soil is cultivated. (Capability
unit ITle-2; woodland group 2; building site group 5)

Hayden loam, 12 to 18 percent slopes {HaD).— This soil
has hilly or moderately steep slopes. Runoff is rapid, but
the moisture-storage capacity is fairly high. The depth to
limy material is generally 30 to 86 inches. Depressions oc-
cupied by Glencoe and Webster soils occur in areas where
slopes are irregular.

This soil is fair for crops and is moderately good for
pasture. The erosion hazard is severe. Most of the acreage
is wooded or pastured. (Capability unit IVe-1; woodland
group 2; building site group 6)
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Hayden loam, 12 to 18 percent slopes, eroded (HaD2).—
This soil has lost 3 to 6 inches of its original surface layer
through erosion. The present plow layer is a mixture of
the original dark grayish-brown surface layer and
brownish, finer textured material from the subsoil. The
depth to limy material is generally 24 to 36 inches. The
organic-matter content is very low. Consequently, crusts
form and tilth is poor. Runoft is rapid, and the moisture
supply is generally inadequate for crops during prolonged
dry periods. Depressions occupied by Glencoe and Webster
solls occur in areas where slopes are irregular. Small
gullies have formed in some areas.

This soil 1s fair for crops and moderately good for pas-
ture. The erosion hazard is severe. (Capability unit
IVe-1; woodland group 2; building site group 6)

Hayden loam, 18 to 25 percent slopes, eroded (HaE2).—
In cultivated areas erosion has removed 3 to 6 inches of
the original surface layer from this soil. The plow layer
in these areas is a mixture of the original dark grayish-
brown surface layer and brownish, finer textured material
from the subsoil. Pastured and wooded areas are only
slightly eroded. The depth to limy material is generally
about 24 to 36 inches. Small depressions occupied by Glen-
coe and Webster soils occur in areas where slopes are
complex.

This soil is generally unsuitable for tilled crops but, if
well managed, is fairly good for hay or pasture. The
erosion hazard is very severe. (Capability unit VIe-1;
woodland group 3; building site group 7)

Hayden loam, 25 to 40 percent slopes {HaF).—This unit
consists of steep hills, ridges, and ravines. In cultivated
areas erosion has removed 8 to 6 inches of the original
surface layer and exposed the brownish clay loam subsoil.
The depth to limy material ranges from 24 to 36 inches.
Runoff is rapid. Bald spots of Iimy clay loam occur in a
few areas. Small depressions occupied by Glencoe and
Webster soils occur in areas where slopes are complex.

This soil should never be tilled. The erosion hazard is
very severe. Pasture grasses burn during prolonged dry
periods. Most of the acreage is wooded or pastured.
(Capability unit VIIe-1; woodland group 3; building
site group 7)

Hubbard Series

The Hubbard series consists of nearly level to hilly,
somewhat excessively drained and excessively drained soils
that formed in deep, acid sand. These soils are inextensive
in this county. They occur mainly on outwash plains and
terraces along the Minnesota and Crow Rivers. The native
vegetation was prairie grass.

The surface layer is very dark gray, very friable loamy
sand. It is about 10 inches thick, has weak granular struc-
ture, and is slightly acid. The subsurface layer is very dark
grayish-brown, very friable loamy sand. This layer is
about 4 inches thick, has weak granular structure, and is
slightly acid.

The subsoil is about 9 inches thick. The upper part is
dark grayish-brown, very friable, slightly acid loamy sand
that has weak granular structure. The lower part is dark-
brown, loose, slightly acid sand.

The underlying material is yellowish-brown and dark-
brown, loose, slightly acid sand.

These soils are easy to work. They warm up early in
spring and dry out rapidly after a rain. Natural fertility
1s moderate to low. The organic-matter content is mod-
erate. Runoff is medium, permeability is rapid, and the
moisture-storage capacity 1s low to very low.

These soils are used for crops and pasture. They are
suitable for small grain but are too droughty to be suit-
able for corn. Wind erosion is a hazard.

Typical profile of Hubbard loamy sand (alfalfa field;
2 percent slope; SWY NE1, sec. 11, T. 114 N, R. 24 W.) :

Ap—O0 to 10 inches, very dark gray (10YR 3/1) loamy sand;
weak, fine, granular structure; very friable; slightly
acid ; abrupt, smooth boundary.

A3—10 to 14 inches, very dark grayish-brown (10YR 3/2)
loamy sand; weak, fine, granular structure; very
friable; slightly acid; clear, smooth boundary.

B21—14 to 18 inches, dark grayish-brown (10YR 4/2) loamy
sand; weak, fine, granular structure; very friable;
slightly acid.

B22—18 to 23 inches, dark-brown (10YR 4/3) sand; single
grain; loose; slightly acid; gradual, wavy boundary.

C—23 to 52 inches, yellowish-brown (10YR 5/4) and dark-
brown (10YR 4/3) sand; single grain; loose; slightly
acid.

The A horizon is either loamy sand or sandy loam. Where
the A horizon is loamy sand, the B horizon is loamy sand or
sand. Where the A horizon is sandy loam, the B horizon is
sandy loam that grades to loamy sand. These soils are slightly
acid or medium acid to a depth of more than 60 inches.

Hubbard soils are more deeply leached of free lime carbon-
ates than the somewhat excessively drained Estherville soils,
which are underlain by gravel. They are also more deeply
leached than the well-drained Wadena soils and have a coarser
textured profile.

Hubbard loamy sand, 0 to 2 percent slopes (HdA).—
This soil has lost 3 to 6 inches of its original surface layer
through wind erosion. The present plow layer is grayish-
brown loamy sand. Generally, the organic-matter content
is lTow. The depth to sand is about 10 to 14 inches.

This soil is fair for small grain and pasture, but it is
too droughty to be suitable for corn. The very low
moisture-storage capacity is a severe limitation. Control-
ling wind erosion (fig. 10) is a serious problem. (Capabil-
ity unit IVs-1; woodland group 6; building site group 1)

Figure 10.—Severe wind erosion on Hubbard loamy sand, 0 fo 2
percent slopes.
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Hubbard loamy sand, 2 to 6 percent slopes (HdB).—
This soil has undulating slopes. In some windswept areas,
it has lost 8 to 6 inches of its original surface layer. The
plow layer in these areas is grayish-brown loamy sand
and is very low in organic-matter content. The depth to
sand ranges from 10 to 16 inches.

This soil is fair for small grain and early pasture, but
it is too droughty to be suitable for corn. The very low
moisture-storage capacity is a severe limitation. Wind
erosion is a hazard. (Capability unit IVs-1; woodland
group 6; building site group 1)

Hubbard loamy sand, 6 to 12 percent slopes (HdC).—
This soil has strong, generally short slopes. In most
cropped areas erosion has removed 3 to 6 inches of the
original surface layer. The plow layer is grayish-brown
loamy sand that is very low in organic-matter content.
The depth to sand ranges from 10 to 16 inches.

The very low moisture-storage capacity severely limits
the use of this soil for crops and pasture. Erosion is diffi-
cult to control in tilled areas. (Capability unit VIs-1;
woodland group 6; building site group 2)

Hubbard loamy sand, 12 to 18 percent slopes (HdD).—
In pastured or wooded areas, this soil is only slightly
eroded. In cropped areas it has lost as much as 6 inches
of its original surface layer. The plow layer, which is
dominantly subsoil material, is brownish loamy sand that
is very low in organic-matter content. Generally the depth
tosand is 10 to 14 inches.

This soil is unsuitable for crops. It ought to be in perma-
nent vegetation. Droughtiness 1s a serious limitation, and
the erosion hazard is severe. (Capability unit VIIs-1;
woodland group 7; building site group 3)

Hubbard loamy sand, 18 to 35 percent slopes (HdF).—
Practically the entire acreage of this soil is wooded or
pastured and is only slightly eroded. Generally the depth
to sand is 10 to 14 inches.

This soil is extremely droughty. The erosion hazard is
severe. (Capability unit VIIs-1; woodland group 7; build-
ing site group 3)

Hubbard sandy loam, 0 to 2 percent slopes (HuA)—
In a few areas wind erosion has been moderate and the
surface layer is slightly thinner than is typical. Generally
the organic-matter content is low. The depth to sand is
typically 16 to 20 inches.

This soil is suitable for small grain and pasture grasses,
but it is too droughty to be suitable for corn. Wind erosion
is a hazard. (Capability unit IITs-1; woodland group 4;
building site group 1)

Hubbard sandy loam, 2 to 6 percent slopes, eroded
(HuB2).—This soil has undulating slopes. It has lost 3
to 6 inches of its original surface layer through erosion.
The present plow layer, which is a mixture of the original
surface layer and material from the subsoil, is grayish-
brown sandy loam that generally is low in organic-matter
content. The depth to sand is typically 14 to 16 inches. In-
cluded in mapping were a few wooded or pastured areas
that are only slightly eroded.

If the supply of moisture is adequate, this soil is moder-
ately good for small grain and good for pasture. It is
too droughty to be suitable for corn. Further erosion will
make it more droughty. (Capability unit IITe-4; wood-
land group 4; building site group 1)

Hubbard sandy loam, 6 to 12 percent slopes, eroded
[(HuC2).—This soil has lost 3 to 6 inches of its original sur-

face layer through erosion. The present plow layer, which
is a mixture of the original surface layer and material
from the subsoil, is grayish-brown sandy loam that gener-
ally is low in organic-matter content. The depth to sand
is typically 14 to 16 inches. Included in mapping were a
few wooded or pastured areas that are only slightly eroded.

This soil is fairly good for small grain and early pasture,
but it is too droughty to be suitable for corn. The erosion
hazard is severe. (Capability unit I'Ve-2; woodland group
4; building site group 2)

Hubbard sandy loam, 12 to 18 percent slopes (HuD).—
Most of this soil is wooded or pastured and is only slightly
eroded. In cropped areas the soil has lost as much as 6
inches of its original surface layer and is low in organic-
matter content. The depth to sand is 14 to 18 inches. In
places there are thin loamy bands within a depth of 18 to
36 inches.

This soil is not suitable for crops. It is extremely
droughty, and the erosion hazard is severe. (Capability
unit VIe-2; woodland group 5; building site group 3)

Kasota Series

The Kasota series consists of loamy, nearly level to
gently sloping, well-drained soils that have a clayey sub-
soil. These soils are moderately deep over sand and gravel.
They are mainly on outwash plains of the Minnesota River.
The original vegetation consisted of prairie grasses on
which mixed hardwoods encroached.

The surface layer is very dark gray to very dark brown,
friable loam. It 1s neutral and is about 6 inches thick. In
cultivated areas it is cloddy. The subsurface layer is simi-
lar, but it is 2 inches thick and has weak blocky structure.
It is somewhat lighter colored than the surface layer.

The subsoil is about 82 inches thick. The uppermost part
is dark grayish-brown, friable to firm clay loam that has
weak blocky structure. It is slightly acid. The middle part
is dark-brown, firm to very firm clay or clay loam that has
weak blocky structure. This part is medium acid. The low-
ermost part is brown, friable to firm clay loam that grades
to yellowish and brownish sand and fine sand. It is medium
acld or slightly acid.

The limy underlying material is brownish and grayish
sand and coarse sand.

These soils tend to be deficient in moisture during long
dry spells. Natural fertility is moderately high. The or-
ganic-matter content is moderately high. Runoff is
medium, permeability is moderate to moderately slow, and
the moisture-storage capacity is moderately high.

These soils are suited to all of the common crops.

Typical profile of Kasota loam (cultivated field; 1 per-
cent slope; NE1,NE) sec. 1, T. 114 N., R. 24 W.):

Ap—O0 to 6 inches, very dark gray (10YR 3/1) to very dark
brown (10YR 2/2) loam; cloddy; friable when moist,
slightly plastic and slightly sticky when wet; neutral.

A3—6 to 8 inches, very dark grayish-brown (10YR 3/2) clay
loam ; weak, fine, subangular blocky structure; friable
when moist, slightly plastic and slightly sticky when
wet ; neutral.

B1—S8 to 11 inches, dark grayish-brown (10YR 4/2) clay loam ;
weak, very fine and fine, subangular blocky structure;
friable to firm when moist, slightly plastic and slightly
sticky when wet ; slightly acid.

B21—11 to 16 inches, dark-brown (10YR 4/3) clay or clay
loam; weak, fine, subangular blocky structure; firm

when moist, plastic and sticky when wet; medium
acid.
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B22—16 to 23 inches, dark-brown (10YR 4/3) clay; weak, fine,
subangular blocky structure; firm to very firm when
moist, plastic and sticky when wet ; medium acid.

B23—23 to 28 inches, brown (10YR 5/3) clay loam grading to
loam; massive; firm to friable when moist, slightly
plastic and slightly sticky when wet; medium acid.

B31—28 to 30 inches, yellowish-brown (10YR 5/4) and brown
(10YR 5/3) fine sand ; massive ; clay bridging ; slightly
coherent ; medium acid.

B32—30 to 40 inches, variegated brown (10YR 5/3), grayish-
brown (10YR 5/2), and yellowish-brown (10YR 5/4)
sand and fine sand; massive; some clay bridging;
slightly coherent ; slightly acid.

C—40 to 50 inches, brown (10YR 5/3) and grayish-brown
(10YR 5/2) sand and coarse sand ; single grain ; loose;
calcareous.

The Ap horizon is typically loam, but in places it is sandy
loam and in spots silt loam. It ranges from very dark gray
(10YR 3/1) to very dark brown (10YR 2/2). The B horizon
ranges from sandy clay loam to clay and has weak to strong
blocky structure. The thickness of the solum is typically 30 to
40 inches but ranges from 24 to 42 inches. The underlying mate-
rial is typically fine sand and sand. In spots it is gravelly. In
places the substratum contains very thin textural bands that
range from loamy fine sand to silty clay loam. The A horizon
is neutral or slightly acid. The B horizon is slightly acid or
medium acid. In many places the substratum is leached of free
lime carbonates in the upper part but becomes calcareous
within a depth of 60 inches.

Kasota soils have a more clayey subsoil than the well-drained
Wadena and Fairhaven soils.

Kasota loam, 0 to 2 percent slopes (KaA).—In a few
areas the surface layer is silt loam. The depth to sand and
gravel is typically 30 to 36 inches but ranges from 24 to
42 inches.

This soil tends to be deficient in moisture during long
dry spells but is very good for crops and pasture. (Capa-
bility unit IIs-1; woodland group 1; building site group
1)

Kasota loam, 2 to 6 percent slopes, eroded (KoB?2).—
This soil has gently undulating, fairly long, smooth slopes.
It has lost 3 to 6 inches of its original surface layer through
erosion. The present plow layer is a brownish mixture of
the original surface layer and material from the subsoil.
The organic-matter content is low to moderate. Generally
the depth to sand and gravel is 24 to 30 inches. Included
in mapping were a few areas that have been used mainly
for pasture and are only slightly eroded.

This soil is good for small grain and pasture. The mod-
erate molsture-storage capacity is a limitation. Further
erosion will make the soil more droughty. (Capability unit
ITe—4; woodland group 1; building site group 1)

_Kasota sandy loam, 0 to 2 percent slopes (KsA).—This
soll is only 24 to 36 inches deep over sand and gravel. The
clayey subsoil retains moisture. Included in mapping were
a few spots where the surface layer is loamy sand.

This soil is good for small grain and pasture, but it is
too droughty to be good for corn. Wind erosion is a hazard.
(Capability unit ITIs-1; woodland group 4; building site
group 1)

Kasota sandy loam, 2 to 6 percent slopes, eroded
{KsB2).—This soil has gently undulating, fairly smooth,
short slopes. In most areas it has lost one-third to two-
thirds of its original surface layer through erosion. In
these areas the plow layer is a brownish mixture of the
original surface layer and material from the subsoil and
is low in organic-matter content. The depth to sand and
gravel is only 24 to 30 inches. The clayey subsoil retains

moisture. Included in mapping were a few spots where the
surface layer is loamy sand.

This so1l is fairly good for small grain and pasture, but
it is too droughty to be good for corn, Erosion is a hazard.
(Capability unit 11Te—4; woodland group 4; building site
group 1)

Lester Series

Soils of the Lester series are the most extensive in the
county. They are undulating to hilly, deep, well-drained
soils that formed in friable, limy, loamy glacial till. The
original vegetation consisted of prairie grasses on which
deciduous hardwoods encroached. The topography is
morainie.

The surface layer is friable, very dark gray loam. It is
about 7 inches thick, has moderate granular structure, and
is slightly acid. The subsurface layer, about 2 inches thick,
is dark-gray and dark grayish-brown, friable loam that
has weak platy structure. This layer also is slightly acid.

The subsoil 1s about 31 inches thick. The uppermost part
is friable, slightly acid, dark-brown loam. It has weak
blocky structure, and there are grayish silica coatings and
dark-colored organic stains on the peds. The middle part
of the subsoil is dark yellowish-brown to yellowish-brown,
friable, medium acid clay loam. It has moderate blocky
structure, and there are dark-brown films of clay and of
organic matter on the peds. The lowermost part has weak
blocky structure and has fewer films of clay and of organic
matter on the peds than the middle part.

The underlying material is grayish-brown to light olive-
brown, limy clay loam or loam that is friable and structure-
less (fig. 11).

Natural fertility is high. The organic-matter content is
high. Runoff is medium to rapid, depending on the slope.
Permeability is moderate, and the moisture-storage capac-
ity is high.

The undulating to sloping soils are well suited to all of
the common crops. The hilly soils, which are subject to
severe erosion, are used mostly for hay and pasture. Most
of the acreage is either cultivated or pastured. A few areas
are wooded.

Typical profile of Lester loam (wooded pasture; 6 per-
cent slope; SW1LNW14 sec. 7, T. 115 N.,, R. 25 W.) :

A1—0 to 7 inches, very dark gray (10YR 3/1) loam ; moderate,
fine, granular structure; friable; high organic-matter
content; abundant grass roots; slightly acid; clear,
smooth boundary.

A2—7 to 9 inches, dark-gray (10YR 4/1), dark grayish-brown
(10YR 4/2), and gray (10YR 5/1) loam; weak, thin,
platy structure that breaks to weak, fine, granular;
friable; many roots; slightly acid; clear, smooth
boundary.

B1—9 to 14 inches, dark-brown (10YR 4/3) loam; thiek, light
pbrownish-gray (10YR 6/2), dusty silica coatings and
very dark grayish-brown (10YR 3/2) organic stains;
weak, fine, subangular blocky structure; friable; many
roots ; slightly acid ; clear, smooth boundary.

B21—14 to 19 inches, dark yellowish-brown (10YR 4/4) clay
loam; moderate, fine, subangular blocky structure;
dark grayish-brown (10YR 4/2) exteriors with dark-
brown (10YR 3/3) organic stains and light brownish-
gray (10YR 6/2), dusty silica coatings; continuous,
distinct, clay films on vertical ped faces and patches
on horizontal ped faces; friable ; many roots ; medium
acid; clear, smooth boundary.
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Figure 11.—Profile of Lester loam.

B22—19 to 28 inches, yellowish-brown (10YR 5/4) clay loam;
weak, medium, prismatic structure that breaks to
moderate, fine, subangular blocky ; dark-brown (10YR
3/3 and 4/3) exteriors and root channels; continuous
distinet clay films on vertical ped faces and discontinu-
ous films on horizontal ped faces; some peds have con-
tinuous distinct clay films on all faces; friable; few
fine shale fragments; medium acid; clear, smooth
boundary.

B23—28 to 40 inches, light olive-brown (2.5Y 5/4) to yellowish-
brown (10YR 5/4) clay loam; weak, fine, subangular
blocky structure; dark brown (10YR 3/3) and very
dark brown (10YR 2/2) organic stains in old root
channels and on some ped faces; discontinuous clay
films on vertical faces; friable; few fine shale frag-
ments ; medium acid ; clear, smooth boundary.

C—40 to 48 inches, grayish-brown (2.5Y 5/2) to light olive-
brown (2.5Y 5/4) loam; massive; friable; very dark
grayish-brown (10YR 3/2) organic-matter stains in
old root channels; few reddish-orange iron stains;
calcareous.

In spots the Al horizon is silt loam or clay loam. It ranges
from 5 to 10 inches in thickness, but in uneroded areas it is
typically 6 to 8 inches thick. The incipient to fairly distinct
A2 horizon is 1 to 5 inches thick. It has weak, very fine, sub-
angular blocky structure to weak, thin, platy structure. Both
the Al and the A2 horizons are neutral or slightly acid. The B
horizon is typically clay loam but ranges to loam; it has a
higher clay content than either the A horizon or the C horizon.

It ranges from slightly acid to strongly acid. This layer has
weak to strong, fine and medium, blocky structure to fine and
medium prismatic structure, The blocks generally have discon-
tinuous or continuous clay films. In many places peds in the
upper part of the B horizon have coatings of silica flour that
has filtered down from the A2 horizon. Generally the solum is
24 to 42 inches thick. Limy loam or clay loam glacial till is
typically at a depth of 36 to 42 inches. There are a few stones
and boulders and varying numbers of shale fragments on the
surface and throughout the profile.

Lester soils have a thicker, darker colored surface layer and
a less distinct subsurface layer than the well-drained Hayden
soils. They are better drained than the moderately well
d‘rained LeSueur soils, which generally occupy flats and slight
rises,

Lester loam, 2 to 6 percent slopes (LaB).—In most places
this soil is undulating. Some areas have irregular slopes
and include spots of moderately well drained LeSueur
soils and poorly drained Cordova and Webster soils.

This soil is suited to all general farm crops. The erosion
hazard is moderate. (Capability unit ITe-2; woodland
group 1; building site group 4)

Lester loam, 2 to 6 percent slopes, eroded (LaB2).—This
soil has undulating slopes that, for the most part, are short
and irregular. Erosion has removed between 3 and 6 inches
of the original surface layer, and the present plow layer is
a mixture of the original dark-colored surface layer and
brownish, finer textured material from the subsoil. The
organic-matter content is moderate to low. Included in
mapping were poorly drained depressions, which occur in
areas where slopes are uneven, and on the more abrupt
slopes, spots of yellowish, limy clay loam, called “bald
spots.”

pThis soil has poor tilth because of the loss of organic
matter. Nevertheless, it is very good for crops and pasture.
The erosion hazard is moderate. (Capability unit ITe-2;
woodland group 1 ; building site group 4)

Lester loam, 6 to 12 percent slopes (LaC).—This soil
has rolling slopes that range from short and irregular to
fairly long and smooth. Included in mapping the more
complex slopes were small depressional areas of Webster
and Glencoe soils. This soil is suitable for crops and pas-
ture, but the erosion hazard is severe. Most of the acreage is
pasture or woods. Part of it has recently been cleared and
used for crops. (Capability unit ITIe-1; woodland group
2; building site group 5)

Lester loam, 6 to 12 percent slopes, eroded (LaC2).—
This soil has rolling slopes that range from short and
irregular to fairly long and smooth. Erosion has removed
3 to 6 inches of the original surface layer, and the present
plow layer is a mixture of the original grayish-brown sur-
face material and the finer textured subsoil material. In-
cluded in mapping the more complex slopes were a few,
small, wet depressions; a few small gullies; and, on the
more abrupt slopes, some spots of yellowish, limy clay
loam, called “bald spots.”

This soil has poor tilth because of the loss of organic
matter. It is good for pasture and moderately good for
crops. The erosion hazard is severe in cultivated areas.
(Capability unit IITe-1; woodland group 2; building site
group 5)

Lester loam, 12 to 18 percent slopes, eroded (laD2).—
In most cultivated areas of this soil, erosion has removed
3 to 6 inches of the original surface layer. The present
plow layer is a mixture of the original surface layer and
the finer textured subsoil. It is lighter colored than the
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original layer. The organic-matter content is moderate to
low. Included in mapping were spots of Webster and
Glencoe soils in depressions; limy, yellowish spots on the
edges of ridges; and slightly eroded areas in pasture or
woods.

This soil generally has poor tilth because of the loss of
organic matter. It is moderately good for pasture and fair
for crops. The erosion hazard is severe. (Capability unit
IVe-1: woodland group 2; building site group 6)

Lester-Estherville complex, 2 to 6 percent slopes
(LeB).—This unit is about 65 percent Lester loam, 20 percent
Estherville sandy loam, and 15 percent Estherville loam.
Estherville soils are described under the heading “Esther-
ville Series.” All of these soils are gently undulating.
Slopes are generally short and irregular. Erosion has re-
moved as much as 6 inches of the original surface layer
in most cultivated areas but has been slight in pastured
or wooded areas. Included in mapping were a few spots
where the surface is covered with gravel.

These soils are good for crops and pasture. The erosion
hazard is moderate. Estherville soils are droughty.
(Capability unit TTe-4; woodland group 1; building site
group 4)

Lester-Estherville complex, 6 to 12 percent slopes,
eroded (LeC2).—This unit is 45 percent Lester loam, 40 per-
cent Estherville sandy loam, and 15 percent Estherville
loam. Estherville soils are described under the heading
“Tstherville Series.” All of these soils have rolling, short,
and irregular slopes. In cultivated areas erosion has re-
moved as much as 6 inches of the original surface layer
and the present plow layer is a mixture of the original
grayish-brown surface layer and material from the sub-
soil. Pastured and wooded areas are only slightly eroded.
The organic-matter content is generally low. Included in
mapping were spots where the surface is covered with
gravel and spots of yellowish, limy clay loam, called “bald
spots.”

These soils are good for pasture and moderately good
for crops. The erosion hazard is severe. The Estherville
soils of this mapping unit are droughty. (Capability unit
IITe-3: woodland group 2; building site group 5)

LeSueur Series

The LeSueur series consists of deep, nearly level to
gently undulating, moderately well drained soils that
formed in friable, limy glacial till. These soils are in the
uplands, mainly in the southern and western parts of the
county. The original vegetation consisted of prairie
grasses on which deciduous hardwoods encrozwhes.

The surface layer is black, friable clay loam. It is about
9 inches thick, has moderate granular structure, and is
slightly acid. The subsurface layer is similar, but it is about
2 inches thick and is slightly lighter colored than the sur-
face layer.

The subsoil is very dark grayish-brown and dark
grayish-brown, medium acid clay loam. It is about 19
inches thick. The uppermost part has moderate blocky
structure and dusty silica coatings. The middle part has
moderate to strong blocky structure and prismatic struc-
ture. The blocks have very dark brown organic stains and
clay films. The lowermost part has faint, light olive-brown
mottles, moderate blocky structure, and very dark brown
organic stains and clay films on the blocks.

The underlying material is dark grayish-brown and
grayish-brown, limy clay loam glacial till distinctly mot-
tled with light olive brown. It is friable and massive.

Figure 12 shows a profile of LeSueur clay loam.
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Figure 12.—Profile of LeSueur clay loam.

Natural fertility is high. The organic-matter content
is high. Runoff is medium, and permeability is moderate.
The movement of air and water is slightly restricted.

These soils are well suited to all of the common crops.
Most of the acreage is cultivated. Part of it is wooded
pasture.

Typical profile of LeSueur clay loam (wooded pasture;
1 percent slope; NW14NW1/ sec. 11, T. 117 N., R. 26 W.) :

A1—0 to 9 inches, black (10YR 2/1) clay loam; moderate, fine
and medium, granular structure ; friable ; high organic-
matter content; matted roots; slightly acid; clear,
wavy boundary.

A2—9 to 11 inches, very dark gray (10YR 3/1) clay loam;
moderate, fine, granular structure; friable; many
roots; slightly acid; discontinuous boundary.

B1—11 to 16 inches, very dark grayish-brown (10YR 3/2) and
dark grayish-brown (10YR 4/2) clay loam ; moderate,
very fine, subangular blocky structure; gray (10YR
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5/1, 6/1, dry) silica coatings; friable; many roots;
medium acid; clear, smooth boundary.

B21—16 to 21 inches, very dark grayish-brown (10YR 3/2)
and dark grayish-brown (10YR 4/2) clay loam; very
dark brown (10YR 2/2) organic stains; moderate to
strong, very fine and fine, subangular blocky struc-
ture; continuous, distinct clay films on vertical faces
and patches on horizontal faces; firm to friable; me-
dium acid ; clear, smooth boundary.

B22—21 to 26 inches, dark grayish-brown (10YR-2.5Y 4/2)
and very dark grayish-brown (10YR 3/2) clay loam;
very dark brown (10YR 2/2) organic stains ; moderate,
fine, prismatic structure breaks to moderate to strong,
fine, subangular blocky structure; continuous, distinct
clay films on all faces; firm; medium acid; clear,
smooth boundary.

B23—26 to 30 inches, dark grayish-brown (2.5Y 4/2) clay
loam ; few, fine, faint, light olive-brown mottles; very
dark brown (10YR 2/2) organic stains: moderate, fine,
subangular blocky structure ; continuous, distinct clay
films on vertical faces and patches on horizontal faces;
firm; medium to slightly acid; clear, smooth
boundary.

C1—30 to 33 inches, dark grayish-brown (2.5Y 4/2) and gray-
ich-brown (2.5Y 5/2) clay loam: many, fine, distinct,
light olive-brawn (2.5Y 5/4) mottles: massive; friable;
slightly calcareous; clear, smooth boundary.

33 to 40 inches, grayish-brown (2.5Y 5/2) clay loam ; many,
fine, distinct, light olive-brown (2.5Y 5/4 and 5/6)
mottles; massive; friable; calcareous.

The A horizon is typically clay loam, but in places it is loam
and in spots silty clay loam. It ranges from 6 to 12 inches in
thickness. The incipient to distinct A2 horizon is 1 to 4 inches
thick. It has weak to moderate, fine, granular structure or
weak, thin, platy structure. The B horizon is typically clay
loam but shows a marked increase in clay content in compari-
son with the Al horizon and the underlying material. It has
moderate to strong, fine and medium, blocky structure to fine
and medium prismatic structure. The uppermost part typically
has silica coatings that have filtered down from the A2 horizon.
There are patchy to continuous clay films on the peds. Typically,
the solum is 30 to 42 inches thick. The B horizon is typically
medium acid but in places is strongly acid. There are a few
stones and boulders on the surface and throughout the profile
and varying numbers of shale fragments.

LeSueur soils have a thicker, darker colored surface layer
than the well-drained Lester soils, and their subsoil is more
grayish and has variable degrees of mottling. They are more
intensively mottled than the poorly drained Cordova and Web-
ster soils and lack the distinctive gray coloring in the subsoil.

LeSueur clay loam, 0 to 2 percent slopes (lsA).—In-
cluded with this soil in mapping were spots of poorly
drained Webster or Cordova soils and a few areas in the
south-central part of the county where the soils have a
somewhat finer textured subsoil.

This soil is well suited to crops. If well managed, it can
be farmed intensively to row crops. It is also good for
pasture. (Capability unit I-1; woodland group 1; building
site group 8)

LeSueur clay loam, 2 to 6 percent slopes (lsB).—In-
cluded with this soil in mapping were hummocky areas
and small wet depressions.

This soil is very good for crops and pasture. Erosion is a
hazard. (Capability unit ITe-1; woodland group 1; build-
Ing site group 8)

Marsh

Marsh (Ma) occupies shallow lakes and ponds that are
dry during periods of less than normal precipitation. Most
areas are wet throughout the year. Recently, a few areas
have been artificially drained. The vegetation consists of
cattails, rushes, sedges, and other water-tolerant plants.

C2

Marsh is ideal for wildlife. It makes very poor pasture.
Drained areas can be used for crops. Wild hay can be cut
along the edges of the marsh. (Capability unit VIIIw-1;
woodland group 9; building site group 10)

Mayer Series

The Mayer series consists of loamy, nearly level, poorly
drained soils that are moderately deep over limy sand and
gravel. These soils are on flats and in drainageways on
outwash plains and stream terraces. Fairly extensive areas
occur on outwash plains of the South Fork Crow River.
The original vegetation was prairie grass.

The surface layer is black to very dark gray, friable
loam. It is about 14 inches thick and has weak to moderate
blocky structure. It contains fine fragments of snail shells
and is limy, The subsurface layer, which is about 4 inches
thick, is very dark gray, friable loam or sandy clay loam
that has lighter colored grayish streaks. It also is limy, has
weak blocky structure, and contains a few fragments of
snail shells.

The subsoil is mottled olive-gray and olive, friable sandy
clay loam or loam and is about 15 inches thick. The lower
part is massive, limy sandy clay loam or sandy loam.

The underlying material is brownish and grayish. loose,
limy sand and gravel.

Natural fertility is moderately high. The organic-matter
content is high. Runoff is slow, permeability is moderately
rapid, and the moisture-storage canacity is moderate. The
water table is seasonally fairly high.

Mayer soils are used for general farming. Drained areas
are well suited to all of the common crops, especially corn
and soybeans. Undrained areas are used mainly for
pasture.

Typical profile of Mayer loam (bluegrass pasture; 1
percent slope; SE14,SW1/ sec. 34, T. 117 N, R. 26 W.):

A11—0 to 10 inches, black (N 2/0 to 10YR 2/1) loam: weak
to moderate, very fine, subangular blocky structure;
friable ; many very fine fragments of snail shells ; many
roots ; calcareous ; clear, smooth boundary.

A12—10 to 14 inches, black (10YR 2/1) to very dark gray
(10YR 3/1) loam; weak to moderate, very fine, sub-
angular blocky structure; friable; few fine fragments
of snail shells; few roots; calcareous; gradual. wavy
boundary. i

A3g—14 to 18 inches, very dark gray (10YR 3/1) loam or light
sandy clay loam; streaks of dark gray (10YR to 5Y
4/1), gray (5Y 5/1), and olive gray (5Y 5/2) : weak,
very fine, subangular blocky structure; friable; few
fine fragments of snail shells; few roots; calcareous;
gradual, wavy boundary.

B21g—18 to 25 inches, olive-gray to light olive-gray (5Y 5/2
to 6/2) sandy clay loam ; few, fine, faint and distinct,
olive-gray (5Y 4/2) and olive-brown (2.5Y 4/4) mot-
tles ; weak, very fine, subangular blocky structure: fri-
able; calcareous; clear, smooth boundary.

B22g—25 to 28 inches, olive (5Y 5/3) sandy clay loam: some
fine gravel; many, fine, faint, olive-gray (5Y 52 and
4/2) mottles; massive; friable; calcareous: clear,
smooth boundary.

B23g—28 to 33 inches, olive (5Y 5/3) sandy loam or sandy
clay loam; some fine gravel; many, fine, faint olive-
gray (5Y 5/2 and 4/2) mottles; massive; friable: cal-
careous ; clear, smooth boundary.

C—33 to 48 inches, dark-brown (10YR 4/3), brown (10YR
5/3), and grayish-brown (10YR 4/2) fine gravel and
coarse sand; single grain; loose; calcareous.

The A horizon is typically loam. The Al horizon ranges from

12 to 24 inches in thickness. In places it is high in lime and
has a distincet grayish cast when dry. The B horizon is mottled
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olive, dark-gray, or olive-gray loam or sandy clay loam. Its
clay content is between 18 and 27 percent. The underlying
material consists of coarse sand, very coarse sand, and fine
gravel or strata of gravel and sand. It is at a depth of 24 to 42
inches. The profile is weakly to strongly calcareous.

Mayer soils differ from the poorly drained Biscay soils in
being calcareous in the material above the substratum. They
have coarser textured material above the substratum than the
poorly drained Talcot soils, which are more likely to be
ponded, and have a thicker, darker colored surface layer and a
more abruptly and intensively gleyed subsoil. Mayer soils are
coarser textured than the poorly drained Canisteo soils, which
formed in glacial till.

Mayer loam (Myl.—In some areas, especially on the
slightly elevated rims around depressions, this soil has
fine shell fragments on the surface. Included in mapping
were a few spots where the surface layer is strongly limy.

If adequately drained, this soil is well suited to corn
and soybeans. The content of lime is a minor limitation
that can be offset by applying large amounts of potash
and phosphate. Excess water is a moderate limitation.
(Capability unit ITw—1; woodland group 8; building site
group 9)

Oshawa Series

The Oshawa series consists of deep, silty, very poorly
drained soils on flood plains. These soils occupy old stream
channels and oxbow lakes along the Minnesota River.
They are frequently ponded. The native vegetation con-
sisted of rushes, sedges, willows, and rank grasses.

The surface layer is dark gray to very dark gray, fri-
able silty clay loam. It is limy and massive and is about 7
inches thick. The underlying material also is limy, massive
silty clay loam. It is very dark gray and dark gray
mottled with dark brown and olive gray. It contains a few
fine fragments of shells.

At a depth of about 30 inches is dark olive-gray silty
clay loam mottled with dark brown. It is limy, friable, and
massive.

Natural fertility is high. The organic-matter content is
high. Permeability is moderately slow, and the moisture-
storage capacity is high. The water table is always high.

These soils cannot be used for crops unless they are pro-
tected from flooding and then artificially drained. None of
the acreage is cultivated. Most of it is idle.

Typical profile of Oshawa silty clay loam (old stream
channel; marsh vegetation; less than 1 percent slope;
NE14NE sec. 12, T. 114 N.,,R.24 W.) :

A—O0 to 7 inches, dark gray (5Y 4/1) to very dark gray (5Y
3/1) silty clay loam; massive; friable when moist,
plastic and slightly sticky when wet; caleareous.

C1—7 to 24 inches, very dark gray (5Y 3/1) and dark gray
(5Y 4/1) silty clay loam; few, fine, faint, olive-gray
(3Y 4/2) and dark olive-gray (5Y 3/2) mottles;
many, fine, distinet, dark-brown (7.5YR 4/2 and 3/2)
mottles; massive; friable when moist, plastic and
sticky when wet; few, fine shell fragments; calcare-
ous.

C2—24 to 30 inches, very dark gray (5Y 3/1) and dark gray
(5Y 4/1) silty clay loam ; blotches of black (5Y 2/1) ;
nany, fine, faint, dark-brown (7.5YR 4/2 and 3/2)
mottles ; massive ; friable when moist, very plastic and
sticky when wet ; calecareous.

(3—30 to 40 inches, dark olive-gray (5Y 3/2) silty clay loam;
few, fine, faint, dark-brown (7.5YR 4/2 and 3/2)
mottles; massive; friable when moist, very plastic and
sticky when wet ; calcareous.

The entire profile is typically silty clay loam. In spots it

contains thin lenses of silt or very fine sand. In a few areas the
surface layer is silt loam. In some areas the surface is covered
with a few inches of fibrous peat or silty muck. The combined
thickness of the surface and subsurface layers ranges from
24 to more than 48 inches.

Oshawa soils occupy deeper, wetter positions on the land-
scape than the poorly drained Chaska soils. They are lighter
colored than the poorly drained Comfrey soils.

Oshawa silty clay loam (Os).—This soil occupies old
stream channels of the Minnesota River. Many areas are
ponded throughout the year.

This soil provides very good habitat for wildlife. It is
only fair for pasture and wild hay. It is unsuitable for
crops unless the threat of flooding is removed. Most of the
acreage is in pasture. The vegetation consists of willows,
grasses of the kinds that grow in marshes, and sedges.
(Capability unit VIw-1; woodland group 9; building site
group 11)

Peat and Muck

Peat and muck are dark-brown, organic soils in wet de-
pressions and drainageways. Peat consists mainly of
partly decomposed plant remains. Muck has undergone
more decomposition than peat and has a higher percentage
of silt and clay.

Peat and muck, calcareous (Pc).—In the uplands these
soils are generally 12 to 42 inches thick. In old channels
of the Minnesota River, they are generally more than 42
inches thick. There are small shell fragments on the sur-
face and throughout the material.

These soils are wet and marshy part of the year, but they
generally dry out by midsummer. They are poor for pas-
ture and hay crops. Drained areas are well suited to corn
and to truck crops, such as onions and potatoes. Occa-
sionally, crops are seriously damaged by a late-summer
frost. Wetness is a severe limitation. (Capability unit
IIIw-2; woodland group 9; building site group 10)

Peat and muck, deep (Pd).—These soils are ordinarily
3Y5 to 6 or 7 feet thick, but in some areas they are more than
20 feet thick. They occur throughout the county. The
largest bogs are in old lake bottoms. The peat is the more
extensive. The underlying material ranges from silty clay
to sand and gravel.

These soils are wet and marshy part of the year, but they
generally dry out by midsummer. Drained areas are well
suited to corn and to truck crops, such as onions and po-
tatoes. Occasionally, crops are damaged by a frost late in
summer. Wetness 1s a severe limitation. (Capability unit
IIw-2; woodland group 9; building site group 10)

Peat and muck, moderately shallow, over loam (Pm).—
These soils are 12 to 42 inches thick. They occur through-
out the uplands. In some areas they are covered with a thin
mantle of mineral soil that has been washed from nearby
slopes. The underlying material is olive-gray loam to clay
loam. The peat is generally raw, but where it has been
drained and cultivated it has undergone more decomposi-
tion. The peat is the more extensive.

Drained areas are well suited to corn and to truck crops,
such as onions and potatoes. Undrained areas are fair for
pasture and hay crops. Damage from a late-summer frost
1s a hazard. Wetness is a severe limitation. (Capability
unit ITTw—2; woodland group 9; building site group 10)

Peat and muck, moderately shallow, over sand (Ps).—
These soils are 12 to 42 inches thick. They occur mainly in
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depressions on sandy outwash plains and stream terraces.
There are a few areas along the edges of sand-bottom
lakes.

These soils are too wet to be suitable for crops. Practi-
cally all of the acreage is in pasture and wild hay. Fertility
is very low. These soils shrink rapidly if they are farmed
intensively ; after a few years of cultivation, there is noth-
ing left but the underlying sand. (Capability unit Vw-1;
woodland group 9; building site group 10)

Rasset Series

The Rasset series consists of loamy, nearly level to hilly,
somewhat excessively drained soils that formed over sand.
These soils are on outwash plains of the Minnesota River.
The original vegetation consisted of grasses on which de-
ciduous hardwoods encroached.

The surface layer is very dark grayish-brown, very fri-
able loamy sand. It is about 8 inches thick, has weak gran-
ular structure, and is slightly acid. The subsurface layer is
similar, but it is about 3 inches thick and is browner than
the surface layer.

The subsoil is slightly acid and is about 29 inches thick.
The uppermost part is very dark brown to dark grayish-
brown sandy loam. It is friable and has weak blocky struc-
ture. The middle part is dark-brown sandy loam grading
to dark yellowish-brown sandy clay loam. It also is friable
and has weak blocky structure. The lowermost part is yel-
lowish-brown, massive loamy sand grading to sand.

The underlying material is brown, loose, slightly acid

sand.

These soils are droughty. They warm up early in spring
and dry out quickly after a rain. They are easy to till.
Natural fertility is low. Runoff is medium, permeability is
moderately rapid, and the moisture-storage capacity is

low.
These soils are used for general farming. They are suit-

able for small grain. They are too droughty to be suitable

for corn.
Typical profile of Rasset loamy sand (alfalfa field; 2

percent slope; SE14SE14 sec. 25, T. 115 N, R. 24 W.):

Ap—0 to 8 inches, very dark grayish-brown (10YR 3/2) loamy
sand; weak, fine, granular structure; very friable;
slightly acid.

A3—8 to 11 inches, very dark gray (10YR 3/1) to very dark
brown (10YR 2/2) loamy sand; weak, fine, granular
structure ; friable ; slightly acid.

B21—11 to 15 inches, very dark brown (10YR 2/2) sandy
loam; weak, fine and very fine, subangular blocky
structure ; friable ; slightly acid.

B22—15 to 17 inches, dark grayish-brown (10YR 4/2) sandy
loam; weak, very fine and fine, subangular blocky
structure; clay bridging; friable when moist, slightly
sticky when wet ; slightly acid.

B23—17 to 21 inches, dark-brown (10YR 4/3) sandy loam;
weak, very fine and fine, subangular blocky structure;
friable when moist, slightly sticky when wet; slightly
acid.

B24—21 to 24 inches, dark yellowish-brown (10YR 4/4) sandy
clay loam; weak, fine, subangular blocky structure;
clay bridging ; friable when moist, slightly sticky when
wet ; slightly acid.

B25—24 to 31 inches, yellowish-brown (10YR 5/4) loamy sand ;
massive; clay bridging; very friable when moist,
slightly sticky when wet ; slightly acid.

B26—31 to 40 inches, yellowish-brown (10YR 5/4) sand or
loamy sand; massive; clay bridging; very friable
when moist, slightly sticky when wet; slightly acid.

SURVEY

C—40 to 54 inches, brown (10YR 5/3) sand; single grain;
loose ; slightly acid.

The A horizon is typically loamy sand, but in places it is
sandy loam, and in spots it is sand. The B horizon shows a
marked increase in clay content in comparison with content in
the A horizon. It ranges from sandy loam to sandy clay loam
and typically contains transitional layers of loamy sand or
sand that have clay bridging. The substratum is predom-
inantly sand. In places it contains thin loamy bands. If these
bands occur within a depth of 48 inches, they are generally
loamy sand or sandy loam. The entire profile is slightly acid
or medium acid, generally to a depth of more than 48 inches.

Rasset soils have a finer textured subsoil and generally are
less droughty than the excessively drained Hubbard soils. They
have a sandier substratum and are more deeply leached than
Estherville soils.

Rasset loamy sand, 0 to 6 percent slopes (RaB).—This
soil is gently undulating. In a few areas the surface layer
is sandy loam. Erosion has been slight in pastured and
wooded areas but has removed as much as 6 inches of the
original surface layer in cultivated areas. Generally the
eroded soils are very low in organic-matter content.

This soil is droughty. It is fair for small grain and
pasture, but generally it is too droughty for corn. Control-
ling erosion 1s a serious problem. (Capability unit IVs-1;
woodland group 6; building site group 1)

Rasset loamy sand, 6 to 12 percent slopes (RaC).—This
soil has strong, generally short slopes. In a few areas the
surface layer 1s sandy loam. Erosion has been slight in
pastured and wooded areas but has removed as much as
8 inches of the original surface layer in cultivated areas.
Generally the eroded soils are very low in organic-matter
content.

Droughtiness is a severe limitation. Controlling erosion
is a serious problem. (Capability unit VIs-1; woodland
group 6; building site group 2)

Rasset loamy sand, 12 to 18 percent slopes (RaD).—In a
few areas the surface layer of this soil is sandy loam.
Erosion has been slight in pastured or wooded areas but
has removed as much as two-thirds of the original surface
layer in cultivated areas. This soil is unsuitable for crops.
It ought to be kept in permanent vegetation. Droughtiness
is a severe limitation, and the erosion hazard is severe.
(Capability unit VIIs-1; woodland group 7; building site
group 3)

Salida Series

The Salida series consists of sandy, moderately steep
to steep, excessively drained soils that are very shallow
over limy gravel and sand.

The surface layer is very dark gray loamy sand. It is
about 4 inches thick, is very friable, and has weak granular
structure. This layer is neutral.

The subsoil is very dark grayish-brown, loose loamy
coarse sand. It is about 6 inches thick, has weak granular
structure, and is limy.

The limy underlying material is grayish-brown, loose
coarse sand and gravel.

These soils are droughty. Natural fertility is very low.
Runoff is slow to medium, depending on the slope, and
permeability is very rapid. Most of the precipitation is
absorbed and then passes quickly through the soil. The
moisture-storage capacity is very low. The root zone is
limited.

These soils are too droughty to be suitable for crops.
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The moderately steep slopes are used mainly for pasture
and hay crops. The steeper slopes are wooded or are idle.
Typical profile of Salida loamy sand (bluegrass pasture
19 percent slope; NWI4NW1; sec. 15, T. 114 N, R. 24 W.) :
Al—0 to 4 inches, very dark gray (10YR 3/1) loamy sand;
weak, fine and medium, granular structure; very fri-

able ; neutral ; clear, wavy boundary.

B—4 to 10 inches, very dark grayish-brown (10YR 3/2) loamy
coarse sand; weak, fine, granular structure; loose;
calcareous; clear, irregular, and discontinuous
boundary.

C—10 to 42 inches, grayish-brown (10YR 5/2) coarse sand and
gravel ; single grain; loose; calcareous.

The Al horizon ranges from loamy sand to coarse sandy loam
in texture and from 4 to 8 inches in thickness. The B horizon
is either very thin or is discontinuous. It ranges from loamy
coarse sand and coarse sandy loam to fine gravel and coarse
sand that contains some fines. In places the underlying material
contains stones, cobblestones, and boulders. The A horizon
ranges from neutral to slightly calcareous. The B horizon and
the underlying material are caleareous.

Salida soils are much coarser textured and much shallower
to sand and gravel than the somewhat excessively drained
Estherville soils. They have a much thinner surface layer
than the excessively drained Sandy colluvial land.

Salida loamy sand, 18 to 40 percent slopes (SaF).—
This soil is characterized by narrow terrace escarpments
and irregular ridges, hills, and bluffs. Generally it is only
4 to 10 inches deep over sand and gravel. In a few areas
the surface is gravelly. Many areas are dissected by broad,
deep gullies.

This soil is very droughty and is unfit for crops. Most of
the acreage is pastured or wooded. (Capability unit
VIIs-1; woodland group 7; building site group 3)

Sandy Colluvial Land

Sandy colluvial land (Sc) consists of deep, sandy, gently
sloping to moderately steep, excessively drained soil ma-
terial that has been deposited at the base of steep slopes.
This material occurs below bluffs in the Minnesota River
valley. Parts of it are dissected by deep gullies. In many
areas there are detrimental deposits of sand and gravel
from gullies that are cutting down from nearby steeper
slopes (fig. 13).

- v
e g
B f}h‘a
E
- _J
pi— %o mdl RS

Figure 13.—Deposits of sand and gravel on Sandy colluvial land.
Salida soils in background.

This soil material is neutral or slightly acid. Natural
fertility is low. The moisture-storage capacity is very low.

Generally this material is not used for crops, because
it is droughty and occurs as such odd-sized areas that
it is not readily accessible. It is suitable for pasture early
in spring. Controlling erosion is a serious problem. (Capa-
bility unit IVs-1; woodland group 6; building site group
8)

Sandy Lake Beaches

Sandy lake beaches (Sk) surround lakes and old lake-
beds of former lakes. They vary in width. In places they
are some distance from the present lakeshore, on low nar-
row ridges or bars that were pushed up by ice. Areas near
existing lakes are generally submerged when the water
is high.

The soil material varies in color and texture and lacks
profile development. It is generally dark colored to mod-
erately dark colored coarse sand or loamy coarse sand.
In a few areas it is medium textured to moderately fine
textured and is covered with a thin mantle of peat or
muck. The water table is generally high, depending on
the season and nearness to the lake. Drainage ranges from
excessive to very poor.

This soil material is very low in fertility. It is mildly
alkaline to slightly acid.

Sandy lake beaches are not generally used for farming.
Most areas support a thin stand of grass and a few wil-
lows. (Capability unit VIIs-1; woodland group 6; build-
ing site group 10)

Storden Series

The Storden series consists of deep, rolling to hilly, well-
drained soils that formed in friable, limy clay loam or loam
glacial till. These soils are in the uplands, mainly in the
western part of the county. The native vegetation was
grass.

The surface layer is very dark grayish-brown, friable
loam. It is slightly limy. This layer is cloddy.

The underlying material is light olive-brown, friable
clay loam glacial till. It is limy and massive.

Natural fertility is medium. The organic-matter con-
tent 1s medium. Runoff is rapid. Permeability is moderate,
and the moisture-storage capacity is moderate. Water does
not enter the soil easily. The concentration of carbonates in
the profile reduces the rates of both infiltration and per-
meability.

These soils are used for general farm crops. They are
well suited to alfalfa. The stronger slopes are used mainly
for pasture and hay crops.

']i'n this county Storden soils are mapped with Lester
soils.

Typical profile of Storden loam (cultivated field; 16
percent slope; SW14SW1/ sec. 36, T. 117 N., R. 26 W.) :

Ap—0 to 6 inches, very dark grayish-brown (10YR 3/2) loam;
cloddy ; friable when moist, slightly plastic when wet;
slightly calcareous; abrupt, smooth boundary.

C—6 to 48 inches, light olive-brown (2.5Y 5/4) clay loam ; mas-
sive; friable when moist, slightly plastic and sticky
when wet ; calcareous.

_The Ap horizon ranges from loam to clay loam. It is generally
slightly limy, but in places it is neutral. The depth to limy ma-
terial is typically less than 12 inches. There are stones and
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boulders on the surface and throughout the soil, and varying
numbers of small shale fragments. The B horizon is either
lacking, or it is less than 6 inches thick and is discontinuous.

These soils are not so well developed as the well-drained
Lester soils and are less deep to limy material. They are closely
associated with the poorly drained Webster soils, which are
on flats, and the very poorly drained Glencoe soils, which are
in depressions.

Storden-Lester loams, 6 to 12 percent slopes, eroded
(5IC2).—These are rolling soils on irregular, short ridges
and knolls. About 60 percent of the unit is Storden loam,
and 40 percent is Lester loam. For a description of Lester
soils, refer to “Lester Series.” The plow layer is a mixture
of the original dark-gray surface layer and brownish,
finer textured material from the subsoil. There are many
bald spots of yellowish, limy clay loam on the short ridges
and knolls and spots of Glencoe and Webster soils in de-
pressions in areas where slopes are irregular.

These soils are very low in organic-matter content and
have poor tilth. They are fair for crops and good for pas-
ture. The erosion hazard is severe in cultivated areas.
(Capability unit ITTe-1; woodland group 2; building site
group 5)

Storden-Lester loams, 12 to 18 percent slopes, eroded
{SID2).—These are moderately steep soils on irregular,
short ridges and knolls. About 65 percent of the unit is
Storden loam, and 35 percent is Lester loam. For a de-
seription of Lester soils, refer to “Lester Series.” Erosion
has removed one-third to two-thirds of the original sur-
face layer, and the present plow layer is a mixture of the
original surface layer and material from the subsoil. There
are many bald spots of yellowish, limy clay loam on the
uppermost edges of the steeper slopes.

These soils are very low in organic-matter content and
generally have poor tilth. They are fair for crops and
moderately good for pasture. The erosion hazard is severe
in cultivated areas. (Capability unit IVe-1; woodland
group 2; building site group 6)

Talcot Series

The Taleot series consists of silty, very poorly drained,
limy soils that are moderately deep over sand and gravel.
These soils occupy depressions and drainageways on out-
wash plains and stream terraces. The most extensive areas
in the county are on outwash plains of the South Fork
Crow River. The native vegetation consisted of marsh-
grasses, reeds, and willows.

The surface layer is black, friable silty clay loam. It is
about 19 inches thick. This layer contains fine fragments of
snail shells and is limy. The upper part is cloddy. The
lower part has moderate blocky structure. The subsurface
layer is about 4 inches thick. In comparison with the sur-
face layer, it is slightly lighter colored, is more mottled,
and has fewer fragments of snail shells. It has weak
structure.

The subsoil is dark-gray to light olive-gray, friable silty
clay loam mottled with olive. It is about 7 inches thick, 1s
limy, and has weak blocky structure that grades to massive.

The limy underlying material consists of about 6 inches
of olive loamy sand over deep, loose sand and gravel.

Natural fertility is moderate. The organic-matter con-
tent is high. Runoff is very slow, and the moisture-storage
capacity is moderately high. Permeability is moderate in

the subsoil and rapid in the underlying material. These
soils have a high water table. Unless drained, they are
seasonally ponded.

Drained areas are well suited to corn and soybeans. Un-
drained areas are used mainly for wild hay and pasture.

Typical profile of Talcot silty clay loam (ecultivated
field; less than 1 percent slope; NE4NW% sec. 29, T. 116
N,R.26 W.): :

Ap—O0 to 10 inches, black (N 2/0) silty clay loam; cloddy;
friable; many fine fragments of snail shells; calecare-
ous; gradual, wavy boundary.

Al11—10 to 19 inches, black (10YR 2/1) silty clay loam;
moderate, very fine, subangular blocky structure;
friable ; few fine fragments of snail shells; caleareous;
gradual, wavy boundary.

A12—19 to 23 inches, very dark gray (5Y 3/1) silty clay loam;
tongues of black (5Y 2/1); few narrow tongues of
olive gray (5Y 5/2); few, fine, faint, olive (5Y 5/3)
and dark-brown (7.5YR 3/2) mottles; root channels;
weak, very fine, subangular blocky structure; friable;
few fine fragments of snail shells; caleareous; gradual,
wavy boundary.

B2g—23 to 26 inches, dark-gray (5Y 4/1) and gray (5Y 5/1)
silty clay loam; tongues of olive gray (5Y 5/2) ; few,
fine, faint, olive (5Y 5/4) mottles; weak, very fine,
subangular blocky structure; friable; calcareous;
gradual, wavy boundary.

C1g—26 to 30 inches, olive-gray (5Y 5/2) and light olive-gray
(6Y 6/2) silty clay loam; few, fine, distinct, light
olive-brown (2.5Y 5/6) and pale-olive (5Y 6/4)
mottles; massive; friable; calcareous; clear, wavy
boundary.

IIC2g—30 to 36 inches, variegated olive (5Y 5/3), olive-gray
(5Y 5/2), and pale-olive (5Y 6/3) loamy sand; few,
fine, distinct, light olive-brown (2.5Y 5/6) mottles;
single grain ; loose ; calcareous.

1IC82—36 to 50 inches, variegated olive (5Y 5/3 and 5/4),
olive-gray (5Y 5/2), yellowish-brown (10YR 5/4), and
dark yellowish-brown (10YR 4/4) coarse and very
coarse sand and fine gravel; single grain; loose;
caleareous.

The Ap horizon is typically silty clay loam, but in spots it
is silt loam or clay loam. It ranges from black to very dark gray
in color and from 16 to 24 inches in thickness. In places this
horizon is covered with a mantle, as much as 12 inches thick,
of caleareous muck or peat. In many places the A horizon
contains small fragments of snail shells. In places there are
layers of loam or sandy clay loam just above the coarse under-
lying material. The underlying material is within a depth of
24 to 42 inches. In places it is a mixture of sand and fine gravel,
In other places it consists of stratified sand, coarse sand, and
fine gravel. The entire solum and the underlying material are
calcareous.

In comparison with the poorly drained Mayer soils, Talcot
soils are finer textured, are more likely to be ponded, have a
thicker surface layer, and are more intensively gleyed. Talcot
soils are closely associated with the well-drained Wadena soils
and the somewhat excessively drained Estherville soils.

Talcot silty clay loam (Ta).—This soil occurs in shallow
basins and drainageways. It is 24 to 42 inches thick over
gravel and sand. In a few areas there are variable bands
of loamy material between the underlying gravelly and
sandy layers.

This soil is ideal for wildlife. Undrained areas are fair
for wild hay or pasture. Drained areas are good for corn
and soybeans, but they are susceptible to frost. The content
of lime is a limitation that can be offset by applying large
amounts of potash and phosphate. Excess water is a severe
limitation. (Capability unit IIIw-1; woodland group 9;
building site group 10)
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Terril Series

The Terril series consists of deep, loamy, nearly level to
rolling, moderately well drained soils that formed in recent
colluvium. These soils occur at the base of steeper slopes
and in drainageways on the glacial uplands. The native
vegetation was grass. ) )

The surface layer is black, friable loam. It is about 39
inches thick, has moderate blocky structure, and is slightly
acid.

The underlying material, to a depth of more than 52
inches, is friable to firm clay loam. It is neutral and has
blocky structure. The upper part is very dark gray and
very dark grayish brown mottled with olive brown. The
lower part is dark grayish brown mottled with olive brown.

Natural fertility is high. The organic-matter content is
high. Runoff is medium, permeability is moderate, and the
moisture-storage capacity is high. The water table is sea-
sonally moderately high., These soils receive sidehill
seepage.

Terril sotls are well suited to all of the common crops.
Generally they occur as narrow, irregular bands and are
farmed with the adjacent steeper soils.

Typical profile of Terril loam (alfalfa field; 3 percent
slope; SW14NE1 sec. 12, T. 116 N, R.24 W.) :

Ap—o0 to 8 inches, very dark gray (10YR 3/1) to black (10YR
2/1) loam ; moderate, fine, granular structure; friable
when moist, slightly plastic when wet; slightly acid.

Al11—8 to 18 inches, black (10YR 2/1) loam ; moderate, fine,
granular structure; friable when moist, slightly plastic
when wet ; slightly acid.

A12—18 to 39 inches, black (10YR 2/1) loam ; moderate, very
fine, subangular blocky structure; friable when moist,
slightly plastic when wet ; slightly acid.

B1—39 to 45 inches, very dark gray (10YR 3/1) and very dark
grayish-brown (10YR 3/2) clay loam ; many, fine, dis-
tinet mottles of dark grayish brown (2.5Y 4/2), olive
brown (2.5Y 4/4), and light olive brown (2.5Y 5/4) ;
moderate, very fine and fine, subangular blocky strue-
ture; friable to firm when moist, slightly plastic and
slightly sticky when wet ; neutral.

B2—45 to 52 inches, dark grayish-brown (2.5Y 4/2) clay loam;
many, fine, distinct mottles of olive brown (2.5Y 4/4)
and light olive brown (2.5Y 5/4) ; moderate, very fine
and fine, subangular blocky structure; friable to firm
when moist, slightly plastic and slightly sticky when
wet ; neutral.

The A horizon is typically loam, but in spots it is silt loam.
It consists of recent overwash material and ranges from 12 to
more than 40 inches in thickness. The B horizon ranges from
loam to clay loam. The solum and the underlying material are
neutral to medium acid, The depth to limy glacial till ranges
from 40 to more than 60 inches.

Terril soils have a much thicker surface layer than the mod-
erately well drained LeSueur soils and the well drained Lester
and Hayden soils. They are better drained than the poorly
drained Webster soils.

Terril loam, 0 to 6 percent slopes (TeB).—This very
gently sloping soil occurs at the base of steeper slopes. In
a few areas it has a thin layer of sandy material over finer
textured overwash.

This soil is very good for crops and pasture. The erosion
hazard is moderate. (Capability unit ITe-1; woodland
group 1; building site group 8)

Terril loam, 7 to 11 percent slopes (TeC).—This
strongly sloping soil occurs at the base of steeper slopes. Tt
has a somewhat thinner layer of overwash than is typical
of the series. Areas are generally narrow and irregular.

286-417—68-——3

This soil is good for crops and pasture. The erosion
hazard is severe. (Capability unit ITIe-1; woodland group
2; building site group 8)

Terril loam, occasionally flooded (To)—This soil is
on flood plains. Floodwaters do not remain long, nor do
they flow rapidly enough to cause cutting and excessive
loss of soil. Some areas dissected by many old stream
channels have short narrow ridges and appear to be
corrugated.

This soil is very good for crops and pasture. Occasional
flooding is the most serious limitation. Floods in spring
delay planting, and floods in June are likely to destroy
crops. (Capability unit ITw-2; woodland group 1; build-
ing site group 11)

Wadena Series

The Wadena series consists of loamy, nearly level to roll-
ing, well-drained soils that are moderately deep over limy
sand and gravel. These soils are on outwash plains and
stream terraces. The native vegetation was prairie grass.

The surface layer is black, friable loam. It is neutral and
is about 10 inches thick. In tilled areas the upper part is
cloddy. The lower part has weak blocky structure. The
subsurface layer is similar to the surface layer, but it is
about 3 inches thick and is lighter colored.

The subsoil is about 17 inches thick, is slightly acid, and
has weak blocky structure. The upper part is dark-brown
to dark grayish-brown, friable loam. The lower part is
dark-brown to dark yellowish-brown, friable sandy loam.

The underlying material consists of deep, loose, yellow-
ish and brownish sand and gravel. Tt is slightly acid or
neutral in the uppermost 10 inches. Below this the material
is limy.

These soils warm up fairly early in spring and dry out
rapidly after a rain. Natural fertility is moderate. The
organic-matter content is high. Runoff is mediam, permea-
bility is moderately rapid, and the moisture-storage capac-
ity is moderate.

These soils are suited to all of the common crops. Most
of the acreage is cultivated.

Typical profile of Wadena loam (cultivated field; 1 per-
cent slope; NE14NE1, sec. 32, T. 117 N., R. 26 W.) :

Ap—0 to 8 inches, black (10YR 2/1) loam; cloddy ; friable;
neutral ; clear, smooth boundary.

A1—S8 to 10 inches, black (10YR 2/1) loam ; weak, fine and very
fine, subangular blocky structure; friable; neutral;
clear, smooth boundary.

A3-—10 to 13 inches, very dark gray (10YR 3/1) to very dark
brown (10YR 2/2) loam; weak, fine and very fine,
subangular blocky structure; friable; neutral; clear,
smooth boundary.

B21-—13 to 17 inches, dark brown (10YR 3/3) to very dark
brown (10YR 2/2) loam; weak, fine and very fine,
subangular blocky structure; friable; slightly acid;
clear, smooth boundary.

B22—17 to 20 inches, dark-brown (10YR 4/3) to dark grayish-
brown (10YR 4/2) loam ; weak, fine, subangular blocky
structure; friable; slightly acid; clear, smooth
boundary.

B23—20 to 24 inches, dark-brown (10YR 4/3) to dark yellow-
ish-brown (10YR 4/4) sandy loam; weak, fine, sub-
angular blocky structure ; friable; slightly acid; clear,
smooth boundary. ) )

B3—24 to 30 inches, dark yellowish-brown (10YR 4/4) and
dark-brown (10YR 4/3) coarse sandy loam; very
weak, fine, subangular blocky structure; slightly acid ;
clear, smooth boundary.
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C1—30 to 40 inches, variegated dark yellowish-brown (10YR
4/4), dark-brown (10YR 4/3), and yellowish-brown
(10YR 5/4) coarse sand and fine gravel ; single grain;
loose; many small shale fragments; slightly acid or
neutral ; clear, smooth boundary.

C2—40 to 50 inches, variegated brown (10YR 5/3), yellowish-
brown (10YR 5/4), dark yellowish-brown (10YR 4/4),
and grayish-brown (10YR 5/2) coarse sand and fine
gravel ; single grain; loose; calcareous.

Typically, the A horizon is loam. It is neutral or slightly
acid. The B horizon is typically loam but ranges to light clay
loam and in most places grades to sandy loam just above the
underlying coarse-textured material. This horizon is slightly
acid or medium acid. The depth to sand and gravel is gen-
erally 24 to 80 inches. The sandy and gravelly underlying
material is leached in the upper part in places but ordinarily
has free lime carbonates within a depth of 48 inches.

Wadena soils are deeper over sand and gravel than the
somewhat excessively drained Estherville goils. They have a
finer textured, thicker, less deeply leached solum than the
somewhat excessively drained Hubbard soils. They differ from
the well-drained Fairhaven soils in having a loamy rather
than a silty profile. They have a less clayey subeoil than the
well-drained Kasota soils.

Wadena loam, 0 to 2 percent slopes (WaA).—This
soil is 24 to 86 inches deep over sand and gravel. Included
in mapping were spots where the surface is covered with
a thin mantle of wind-drifted sandy material. Also in-
cluded were a few areas where the soil is moderately well
drained. '

This soil is very good for small grain and pasture and
moderately good for corn. It is slightly droughty. (Capa-
bility unit ITs-1; woodland group 1; building site
group 1) o

Wadena loam, 2 to 6 percent slopes (WaB).—This soil
is 24 to 30 inches deep over sand and gravel. It has gently
undulating, smooth, short slopes. Included in mapping
were a few areas where erosion has removed 3 to 6 inches
of the original surface layer. )

This soil is very good for small grain and pasture and
moderately good for corn. It is slightly droughty and is
subject to erosion. (Capability unit IIe-4; woodland
group 1; building site group 1)

Wadena loam, 6 to 12 percent slopes, eroded {(WaC2).—
This soil is 22 to 28 inches deep over sand and gravel. It
has rolling, fairly even, short slopes. Erosion has removed
as much as 6 inches of the original surface layer. The
present plow layer is a mixture of the original grayish-
brown surface layer and material from the subsoil. The
organic-matter content is generally low.

This soil is fairly good for small grain and pasture. It
is too droughty for corn in most years. The erosion hazard
is severe. (Capability unit I1Te-3; woodland group 2;
building site group 2)

Webster Series

The Webster series consists of silty, poorly drained
soils that formed in limy glacial till. These soils are on
flats and in drainageways in the uplands. The original
vegetation was prairie grass.

The surface layer is black, friable silty clay loam. It is
about 14 inches thick, is neutral, and has moderate to weak
blocky structure.

The subsoil is dark-gray to very dark grayish-brown,
friable clay loam. It is about 6 inches thick, is neutral, and
has weak blocky structure.

The underlying material is deep, light brownish-gray
clay loam mottled with light olive brown and yellowish
brown. It is friable, massive, and limy.

Figure 14 shows a profile of Webster silty clay loam.
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Figure I4—Profile of Webster silty clay loam.

These soils have a fairly high seasonal water table. Run-
off is slow, permeability is moderately slow, and the
moisture-storage capacity is high. Natural fertility is
high. The organic-matter content is high.

Drained areas are well suited to all of the common crops,
especially corn and soybeans. Most of the acreage is culti-
vated, and part is pastured.

In this county Webster soils are mapped only with Cor-
dova soils.

Typical profile of Webster silty clay loam (bluegrass
pasture; 1 percent slope; SW14SE1, sec. 5, T. 116 N., R.
26 W.):

Al11—0 to 10 inches, black (10YR 2/1) silty clay loam; mod-
erate, very fine and fine, subangular blocky structure ;
friable when moist; slightly plastic and slightly sticky
when wet; many roots; high organic-matter content;
neutral ; clear, smooth boundary.

A12—10 to 14 inches, black (10YR 2/1) silty clay loam: weak
to moderate, fine and medium, subangular blocky struc-



CARVER COUNTY, MINNESOTA 33

ture; friable when moist, slightly plastic and slightly
sticky when wet; many roots; neutral; clear, smooth
boundary.

Bg—14 to 20 inches, dark-gray to very dark grayish-brown
(10YR 4/1 to 3/2) clay loam ; weak, medium, subangu-
lar blocky structure; friable when moist, slightly
plastic and slightly sticky when wet; few roots; neu-
tral; clear, smooth boundary.

C1g—20 to 28 inches, light brownish-gray (2.5Y 6/2) clay loam ;
common, fine, faint, light olive-brown (2.5Y 5/4)
mottles ; massive; friable when moist, slightly plastic
and slightly sticky when wet ; few reddish iron stains;
few lime pebbles; slightly calcareous; clear, smooth
boundary.

C2g—28 to 36 inches, light brownish-gray (2.5Y 6/2) clay loam;
many, fine, distinet, light yellowish-brown (2.5Y 6/4)
mottles ; massive; friable when moist, slightly plastic
and slightly sticky when wet ; few reddish iron stains;
few lime pebbles ; calcareous.

The A horizon is typiecally silty clay loam, but in spots it is
silt loam or clay loam. It is typically 12 to 16 inches in thick-
ness but ranges from 10 to 20 inches. The B horizon is clay
loam or silty clay loam. In comparison with the A horizon and
the underlying material, it shows little increase in clay content.
These soils are typically grayish, have varying degrees of
mottling, and either have weak structure or are structureless.
The solum is neutral or slightly acid. The depth to free lime
carbonates ranges from 18 to 30 inches.

Webster soils differ from the poorly drained Cordova soils
in lacking a subsurface layer and in having less development
and a lower clay content in the subsoil. They differ in reaction
from the poorly drained Canisteo soils, which are calcareous
throughout the solum.

Use of Soils for Crops and Pasture

The soils of Carver County vary considerably in their
suitability for crops. Corn, oats, and alfalfa are the main
crops. Soybeans, sweet corn, seed corn, and peas are im-
portant cash crops. Dairying is the principal kind of farm-
ing. Raising hogs and beef cattle is important also.

Generally, lime, phosphate, and potash are needed. The
amounts to be applied are best determined through soil
tests.

Few farms are irrigated. The most likely locations for
irrigation systems are on the sandy plains along the Minne-
sota and Crow Rivers.

The capability classification used by the Soil Conserva-
tion Service, in which the soils are grouped according to
their suitability for crops, is explained in the pages that
follow, and the soils in each capability unit and their sug-
gested use and management are described. At the end of
this section is a table that shows predicted yields of speci-
fied crops, under two levels of management.

Capability Groups of Soils

Capability classification is the grouping of soils to show,
in a general way, their suitability for most kinds of farm-
ing. It is a practical classification based on limitations of
the soils, the risk of damage when they are used, and the
way they respond to treatment. The classification does
not apply to most horticultural crops or to rice and other
crops that have special requirements. The soils are classi-
fied according to degree and kind of permanent limita-
tion, but without consideration of major and generally
expensive landforming that would change the slope, depth,
or other characteristics of the soils, and without considera-
tion of possible but unlikely major reclamation projects.

In the capability system, all the soils are grouped at three
levels: the capability class, the subclass, and the unit. These
are discussed in the following paragraphs.

CaraniLity Crasses, the broadest groups, are designated
by Roman numerals I through VIII. The numerals indi-
cate progressively greater limitations and narrower choices
for practical use, defined as follows:

Class I. Soils have few limitations that restrict their
use.

Class II. Soils have moderate limitations that reduce
the choice of plants or require moderate conserva-
tion practices.

Class IT1. Soils have severe limitations that reduce the
choice of plants, require special conservation
practices, or both.

Class IV. Soils have very severe limitations that re-
strict the choice of plants, require very careful
management, or both.

Class V. Soils are subject to little or no erosion but
have other limitations, impractical to remove, that
limit their use largely to pasture, range, wood-
land, or wildlife food and cover.

Class VI. Soils have severe limitations that make
them generally unsuited to cultivation and limit
their use largely to pasture or range, woodland, or
wildlife food and cover.

Class VII. Soils have severe limitations that make
them unsuited to cultivation and that restrict
}}}eir use largely to grazing, woodland, or wild-
ife.

Class VIII. Soilsand landforms have limitations that
preclude their use for commercial plant produc-
tion and restrict their use to recreation, wildlife,
or water supply, or to esthetic purposes.

CapaBILITY SUBCLASSES are soil groups within one class;
they are designated by adding a small letter, ¢, w, s, or ¢, to
the class numeral, for example, ITe. The letter ¢ shows that
the main limitation is risk of erosion unless close-growing
plant cover is maintained ; w shows that water in or on the
soil interferes with plant growth or cultivation (in some
solls the wetness can be partly corrected by artificial drain-
age) ; s shows that the soil is limited mainly because it is
shallow, droughty, or stony ; and ¢, used in only some parts
of the United States, shows that the chief limitation is
climate that is too cold or too dry.

In class I there are no subclasses, because the soils of this
class have few limitations, Class V can contain, at the most,
only the subclasses identified by w, s, and ¢, because the
soils in it are subject to little or no erosion, though they
have other limitations that restrict their use largely to
pasture, range, woodland, wildlife, or recreation.

Carpasinity UNITs are soil groups within the subclasses.
The soils in one capability unit are enough alike to be suited
to the same crops and pasture plants, to require similar
management, and to have similar productivity and other
responses to management. Thus, the capability unit is a
convenient grouping for making many statements about
management of soils. Capability units are generally desig-
nated by adding Arabic numerals to the subclass symbol,
for example, Ile—4 or IITe-2. Thus, in one symbol, the
Roman numeral designates the capability class, or degree
of limitation ; the small letter indicates the subclass, or kind
of limitation, as defined in the foregoing paragraph; and
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the Arabic numeral specifically identifies the capability
unit,

Approximately 5 percent of the acreage in this county is
in capability class I'; 48 percent in class 11; 20 percent in
class IIT; 5 percent in class IV; 9 percent in class V; 5
percent in class VI; 7 percent in class VII; and 1 percent
in class VIIL.

Approximately 57 percent of the acreage is susceptible to
erosion, 36 percent is limited by wetness, and 7 percent is
limited by droughtiness.

In the following pages each of the capability units in
Carver County is described, and suggestions for use and
management are given. The names of soil series represented
are mentioned in the description of each unit, but this does
not mean that all the soils of a given series are in the unit.
The capability unit designation for each soil in the county
can be found in the “Guide to Mapping Units” at the back
of the soil survey.

Capability unit 1-1

This unit consists of soils of the LeSueur series and of
the Fairhaven series, deep variant. These soils are nearly
level, deep, moderately well drained to well drained, and
medium textured to moderately fine textured. They have
few limitations. Natural fertility is high. The root zone is
deep. The moisture-storage capacity is high, and the move-
ment of air and water through the soils is favorable for
plant growth.

These soils are well suited to corn and are used inten-
sively for corn and soybeans. They are also well suited to
small grain, alfalfa or other hay, and pasture grasses. Corn
can be grown year after year if the soils are well managed.

Preserving tilth aids in efficient use of plant nutrients
and makes the soil easier to work. It is important to return
a large amount of crop residue to the plow layer, either
directly or through bedding or grazing, to maintain opti-
mum rates of infiltration and permeability. Adequate fer-
tilization is important also. Tillage should be limited to
the amount needed to prepare a seedbed and to control
weeds and should be done at the proper moisture content.
After fall plowing, the field should be left rough through
the winter. Planting corn by the wheel-track method re-
duces the risk of compaction.

These soils make good pasture if they are adequately
fertilized and are seeded to a mixture consisting of alfalfa,
bromegrass, and a small amount of orchardgrass. Some
parts of the areas now in permanent pasture are wooded or
brushy.

Odd areas and the edges of fields can be planted to pro-
vide food and cover for wildlife. Honeysuckle, lilac, crab-
apple, and similar shrubs are suitable. White spruce, white
pine, Russian-olive, and redcedar are trees suggested for
planting.

Capability unit 11e-1

This unit consists of soils of the LeSueur and Terril
series. These soils are gently sloping, deep, moderately
well drained, and medium textured to moderately fine tex-
tured. Slopes generally are short. Natural fertility is high.
The moisture-storage capacity is high.

These soils are well suited to corn, soybeans, small grain,
alfalfa or other hay, and pasture grasses.

Controlling erosion and preserving tilth are the main
management problems. It is important to return a large

amount of crop residue to the soil. Adequate fertilization
is important also. Planting row crops by the wheel-track
method helps to control crosion and also reduces the risk
of compaction,

These soils make good pasture if they are adequately
fertilized and are planted to a mixture consisting of al-
falfa, bromegrass, and a small amount of orchardgrass.
Some parts of the areas now in permanent pasture are
wooded or brushy.

Odd areas and the edges of fields can be planted to pro-
vide food and cover for wildlife. Honeysuckle, lilac, crab-
apple, and similar shrubs are suitable. White spruce, white
pine, Russian-olive, and redcedar are trees suggested for
planting.

Capability unit 1le-2

This unit consists of soils of the Lester series. These
soils are gently sloping, deep, well drained, and medium
textured. Permeability 1s moderate, and the moisture-stor-
age capacity is high. Erosion is slight to moderate. The
eroded soil has lost one-third to two-thirds of the original
surface layer; it has poor tilth and is low in organic-matter
content.

The soils of this unit are suited to all of the common
crops, including corn, soybeans, small grain, and alfalfa.

Trosion is the principal hazard. If no mechanical means
of controlling erosion are used, the crop rotation should
consist mainly of close-growing crops. A suitable rotation
would consist of a row crop, a small grain, and 1 or 2 years
of grass-legume meadow. If erosion is controlled by ter-
racing, contour tillage, and striperopping, more row crops
can be grown. Terracing is the most effective of these prac-
tices. Usually the terraces need to be graded. Outlets for
the terraces should be constructed and seeded to grass a
year before the terraces are built. Minimum tillage and
wheel-track planting of row crops reduce the risk of ero-
sion and also the risk of compaction.

Generally these soils require moderate amounts of phos-
phate and potash. The eroded soil is low in nitrogen and
organic-matter content ; it would benefit from applications
of manure and from the inclusion of legumes 1 the crop
rotation. Crop residue can be utilized to supply organic
matter and plant nutrients and to improve tilth.

These soils make good permanent pasture. Well-man-
aged, adequately fertilized pasture of tall grasses and
legumes, such as a mixture consisting of alfalfa, brome-
grass, and a small amount of orchardgrass, produces more
forage than permanent bluegrass pasture. Many pastures
produce poor forage because they are wooded, brushy, or
overgrazed.

Odd areas and field borders can be planted to conifers,
shrubs, legumes, and grasses to provide food and cover for
wildlife. White pine, redcedar, and Russian-olive are trees
suitable for planting. Suitable shrubs include honeysuckle,
lilac, and crabapple.

Capability unit Ile-3

This unit consists of soils of the Hayden series. These
soils are gently sloping, deep, well drained, and medium
textured. Permeability is moderate, and the moisture-
storage capacity is high. The eroded soils have lost one-
third to two-thirds of their original surface layer; they
have poor tilth and are low in organic-matter content.
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These soils are well suited to all of the common crops,
including corn, soybeans, small grain, and alfalfa.

Erosion is the principal hazard. Many areas of these
soils have complex or irregular slopes that preclude me-
chanical practices for erosion control. In such areas, the
crop rotation should consist largely of close-growing crops.
A suitable rotation would include a row crop, a small
grain, and 1 or 2 years of grass-legume meadow. The row
crop should be planted by the wheel-track method, large
amounts of fertilizer should be used, and crop residue
should be utilized. More row crops can be grown where
terracing, stripcropping, and contour tillage are practical.
Terracing is the most effective of these practices. Usually
the terraces need to be graded. Outlets should be con-
structed and seeded to grass a year before the terraces are
built.

These soils benefit from an application of lime. Generally
they require moderate amounts of phosphate and potash,
They require nitrogen if the cropping system includes suc-
cessive years of corn or of corn and other row crops. An
adequate amount of nitrogen usually can be supplied by
growing legumes just before the corn crop, but a small
amount in the starter fertilizer is advisable. These soils also
benefit from applications of manure. Crop residue can be
utilized to supply organic matter and plant nutrients and
to improve tilth.

These soils are well suited to pasture. Well-managed,
adequately fertilized pasture of tall grasses and legumes,
such as a mixture consisting of alfalfa, bromegrass, and a
small amount of orchardgrass, produces more forage than
permanent bluegrass pasture.

Odd areas and field borders can be planted to conifers,
shrubs, legumes, and grasses to provide food and cover for
wildlife. White spruce, white pine, redcedar, and Russian-
olive are trees suitable for planting. Suitable shrubs in-
clude honeysuckle, lilac, and crabapple.

Capability unit I1le—4

This unit consists of soils of the Lester-Estherville com-
plex and soils of the Fairhaven, Kasota, and Wadena se-
ries. These soils are gently sloping, moderately deep, well
drained, and medium textured. In most places they are
underlain by sand or gravel, or both, within a depth of
24 to 36 inches. Permeability is moderate, and the moisture-
storage capacity is moderate. Erosion is a hazard. The
eroded soils have lost one-fourth to three-fourths of their
original surface layer; they have poor tilth and are low in
organic-matter content,

These soils warm up fairly early in spring and generally
are easy to till. They can be plowed either in spring or
in fall. They are suited to corn, soybeans, small grain, hay,
and pasture grasses.

Tirosion 1s the principal hazard. If no mechanical means
of controlling erosion are used, the crop rotation should
consist mainly of close-growing crops. A suitable rotation
would include grass-legume meadow 2 years in 5. More
intensive management, including terraces, waterways, and
contour strips, would allow more years of row crops. The
uniformity of the depth of the substratum should be
checked before terraces are installed. Outlets for terraces
should be constructed and seeded to grass a year before
installation. Plow planting of row crops reduces the risk
of erosion and also the risk of compaction.

These soils generally require moderate amounts of phos-
phate and potash. They require nitrogen if the cropping
system includes successive years of corn or of corn and
other row crops. An adequate amount of nitrogen is usually
supplied if legumes are grown just before the corn crop,
but a small amount in the starter fertilizer is advisable.
These soils also benefit from applications of manure.

These soils are fairly good for pasture, but supplemental
pasture generally is needed during prolonged dry periods.
Well-managed, adequately fertilized pasture of tall grasses
and legumes, such as a mixture consisting of alfalfa,
bromegrass, and a small amount of orchardgrass, produces
more forage than permanent bluegrass pasture. Grazing
should be rotated to give plants a chance to recover. Some
pastures produce poor forage because they are wooded
and brushy.

Odd corners, old gravel pits, and areas adjacent to pits
can be developed for wildlife. Winter cover generally is
lacking. The plantings should include suitable drought-
resistant legumes, grasses, shrubs, and conifers.

Generally these soils are not used for trees. A few areas
support poor stands of mixed hardwoods, and these areas
are used as pasture.

Capability unit ITw-1

This unit consists of soils of the Biscay, Canisteo,
Chaska, Comfrey, Cordova, Mayer, and Webster series.
These are poorly drained soils on flats and in depressions.
Except for the Biscay and Mayer soils, which are under-
lain by sand and gravel at a depth of 24 to 42 inches and
are moderately permeable, these soils are deep, silty, and
moderately slowly permeable. All have a fairly high sea-
sonal water table. Natural fertility is high, as is also the
moisture-storage capacity.

Drainage is the most important management need. If
tile drainage is planned, Chaska and Comfrey soils should
be checked carefully to determine the frequency of flood-
ing before tile is installed. If drained, the soils in this unit
are suited to all common crops, especially corn and soy-
beans. They can be used intensively for row crops.

Good tilth encourages efficient use of plant nutrients,
makes it easier to maintain drainage systems, and makes
the soil easier to work. It is important to return a large
amount of residue to the plow layer, either directly or
through bedding or grazing, to maintain optimum rates
of infiltration and permeability. Adequate fertilization,
minimum tillage, and tillage at the proper moisture con-
tent are important also. Fall plowing ordinarily provides
a good seedbed in spring. Plowing when the soils are wet
is inadvisable because they become compacted and cloddy.

These soils are somewhat wet and cold in spring and
consequently need starter fertilizer, including nitrogen, to
insure a rapid initial growth of crops. Nitrogen also is
needed if the cropping system includes successive years
of corn or of corn and other row crops. A meadow crop
consisting largely of legumes, grown just before a corn
crop, supplies enough nitrogen for the corn.

Most of the soils require moderate amounts of phos-
phate and potash. Lime ordinarily is not needed. The Can-
isteo and Mayer soils require no lime but need large
amounts of phosphate and potash.

These soils make very good pasture. They hold moisture
well throughout the growing season. They are well suited
to bluegrass, to a mixture of tall grasses and legumes,
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or to a mixture of bromegrass, red clover, and alsike. Graz-
ing should be delayed until the soil becomes firm. These
soils are suitable sites for stock-water pits.

Odd areas and field borders can be planted to conifers,
shrubs, legumes, and grasses to provide food and cover
for wildlife. Red clover and alsike are the best legumes for
this use. White spruce, white pine, and redcedar are suit-
able conifers. Russian-olive is well suited. Suitable shrubs
are honeysuckle, lilac, and crabapple.

Some areas of Cordova soils support fairly dense stands
of brushy hardwoods, but the rest of the soils in this unit
are used mainly for crops.

Capability unit IHw-2

This unit consists of Alluvial land and a soil of the
Terril series. Both are loamy, moderately well drained
soils on flood plains. They are slightly wet and occasion-
ally flooded. Natural fertility is moderately high to high.
The moisture-storage capacity is moderately high to high,
and permeability is moderate. Periodic wetness and the
risk of flooding are moderate limitations.

If adequately drained and well managed, these soils are
well suited to corn and soybeans. They are used for small
grain also, but lodging is a hazard during wet periods.
Floods in spring are likely to delay planting. Crops grow
more slowly on these soils than on the better drained soils.
Occasionally, crops are destroyed by floods in June.

Growing sod crops and cover crops occasionally helps to
maintain the organic-matter content and preserve tilth.
All crop residue should be returned to the soil. Stream-
banks may need to be stabilized, by planting willow, for
example, where streams meet or make sharp turns.

These soils are well suited to pasture. They hold moisture
well throughout the growing season. Well-managed pas-
ture of bluegrass or pasture of tall grasses and legumes
provides good grazing.

Natural cover and food for wildlife can be planted. Red
clover and alsike are the best legumes for planting. White
spruce, white pine, and redcedar are suitable conifers.
Russian-olive is well suited. Suitable shrubs include honey-
suckle, lilac, and crabapple. Small wet areas can be planted
to willow and reed canarygrass.

Capability unit 11s-1

This unit consists of soils of the Fairhaven, Kasota, and
Wadena series. These are nearly level, well-drained loams
and silt loams that are underlain by sand and gravel at a
depth of 24 to 36 inches. They warm up early in spring and
are easy to till. The soils are slightly droughty. The upper-
most 5 feet holds only 6 to 9 inches of water available to
plants. Natural fertility is high. Permeability is moder-
ately rapid.

These soils are suited to corn, soybeans, small grain, hay,
and pasture grasses. They respond to irrigation. If well
managed, they can be farmed intensively to row crops.
Corn can be grown year after year.

All residue should be returned to the soil to improve
fertility and to increase the moisture-storage capacity.
Adequate fertilization and minimum tillage are important.
The soils can be plowed either in spring or in fall. If they
are spring plowed, plow planting of row crops is advisable

because it reduces the risk of compaction and helps to
control erosion.

These soils make fairly good pasture, but supplemental
pasture is generally needed during prolonged dry periods.
Well-managed, adequately fertilized pasture of tall grasses
and legumes, such as a mixture of alfalfa, bromegrass, and
a small amount of orchardgrass, provides more grazing
than permanent bluegrass pasture. Grazing should be ro-
tated to give the plants time to recover. Some pastures
produce poor forage because they are wooded or brushy.

Odd corners, old gravel pits, and areas adjacent to the
pits can be developed for wildlife. Winter cover generally
1s lacking. Plantings should include suitable drought-re-
sistant legumes, grasses, shrubs, and conifers.

Generally these soils are not used for trees. A few areas

support poor stands of mixed hardwoods, and these areas
are used for pasture.

Capability unit Ille-1

This unit consists of soils of the Lester and Storden
series. These soils are moderately sloping, deep, and well
drained. Natural fertility is high. The moisture-storage
capacity is high, and permeability is moderate. Because of
slope, these soils are severely limited by risk of erosion. In
cultivated areas, from one-third to two-thirds of the orig-
inal surface layer has been lost through erosion and the
organic-matter content is generally low.

These soils are suited to most of the common crops,
including alfalfa and other hay crops and pasture grasses.
They are not suited to soybeans, which loosen the surface
soil and consequently increase the hazard of erosion.

Crop rotation, fertilization, and residue management
are needed, along with mechanical practices, for control
of erosion and maintenance of fertility. Terraces, water-
ways, and contour strips are needed for control of runoff.
Contour tillage provides some means of control where
striperopping and terracing are not practical. Plow plant-
ing of the row crops is advisable. Terraces allow more
years of row crops. Outlets for the terraces should be con-
structed and seeded to grass a year before the terraces are
built. The sides of waterways, and also of gullies, should
be shaped, seeded to grass, and then kept permanently in
vegetation.

Moderate amounts of phosphate and potash are needed.
The eroded soils are low in nitrogen and organic-matter
content. They would benefit from applications of manure
and from the inclusion of legumes in the crop rotation.
Crop residue can be utilized to supply organic matter and
plant nutrients and to improve tilth.

These soils are suitable for pasture. Bluegrass or a mix-
ture consisting of alfalfa, bromegrass, and a small amount
of orchardgrass makes good permanent pasture. Some pas-
tures are now producing poor forage because they are
Woo:lied and brushy. There are suitable sites for impounded

onds.
P Conifers, shrubs, legumes, and grasses should be planted
to provide food and cover for wilflife. White spruce, white
pine, redcedar, and Russian-olive are trees suggested for
planting. Suitable shrubs include honeysuckle, lilac, and
crabapple.

These soils are suitable for woodland also, but most areas
are not protected from fire and grazing.

Capability unit 111e-2

This unit consists of soils of the Hayden series. These
are moderately sloping, deep, well-drained loams. Per-
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meability is moderate, and the moisture-storage capacity
is moderately high. Natural fertility is moderate. The or-
ganic-matter content is very low. Tilth is poor. The erosion
hazard is severe. In wooded or pastured areas, the soils are
only slightly eroded, but in most cultivated areas they
have lost one-third to two-thirds of their original surtface
layer (fig. 15).

Figure 15.—Eroded, rolling Hayden loam.

Except for soybeans, which loosen the surface soil and
consequently increase the hazard of erosion, these soils are
fairly well suited to the crops commonly grown. They are
well suited to alfalfa and other hay crops and pasture
grasses.

Crop rotation, fertilization, and residue management
are needed, along with mechanical practices, for control of
erosion. Many areas of these soils have short, irregular
slopes, which make terracing and contour stripcropping
impractical. Such areas should be tilled across the slope
and cropped in a rotation that includes 3 years of meadow
in every 5 years. Contour stripcropping (fig. 16), with al-
ternate strips in meadow, provides adequate control where
the terrain is suitable. Terracing, the most effective means
of erosion control if the terraces can be adjusted to the
slopes, allows more years of row crops in the rotation. Qut-
lets for terraces should be constructed and seeded to grass
a year before the terraces are built. Waterways (fig. 17)
and gullies should be shaped, seeded to grass, and kept
permanently in vegetation. Wheel-track planting of row
crops is advisable,

Generally these soils need moderate amounts of phos-
phate and potash. A heavy application of manure improves
tilth and fertility and also reduces the hazard of erosion.

These soils are well suited to pasture. Pasture of tall
grasses and legumes, such as a mixture consisting of alfalfa
and bromegrass, produces more forage than permanent
bluegrass pasture. Bluegrass usually is dormant in mid-
summer. Grazing should be rotated. Overgrazing and graz-
ing early in spring and late in fall should be avoided. These
soils are suitable sites for impounded ponds.

Odd areas and field borders can be planted to provide
food and cover for wildlife. Honeysuckle, crabapple, lilac,
Russian-olive, and conifers, such as white spruce, white
pine, and redcedar, are suitable for planting.

Figure 16.—Contour strips on Hayden loam, 6 to 12 percent slopes,

eroded.

Figure 17.—Grass waterways needed on Hayden loam, 6 to 12
percent slopes, eroded.

Some of these soils support fairly dense, unmanaged
stands of hardwoods. Few areas are protected from graz-
ing or fire.

Capability unit 111e-3

This unit consists of soils of the Lester-Estherville com-
plex and soils of the Fairhaven and Wadena series. These
are well-drained, medium-textured, slightly droughty soils
that are underlain by sand and gravel within a depth of
24 to 42 inches. The gradient ranges from 6 to 12 percent.
Natural fertility is moderately high. Permeability is mod-
erately rapid, and the moisture-storage capacity is mod-
erate. The erosion hazard is severe. In wooded or pastured
areas, the soils are only slightly eroded, but in most culti-
vated areas they have lost one-third to two-thirds of their
original surface layer. Generally the eroded soils are low
in organic-matter content.

These soils are easy to till. They are suitable for general
crops, including alfalfa and other hay crops and pasture
grasses, but they should not be used for row crops unless
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mechanical practices are used to control erosion. A soy-
bean crop, particularly, increases the hazard of erosion
because it loosens the surface soil. )

Erosion is the principal hazard. If mechanical practices
are not practical and contour tillage is the only means of
erosion control, the crop rotation should consist mainly of
close-growing crops. A 5-year rotation that includes 3 years
of grass-legume meadow would be appropriate. Terraces
and strip crops are needed. Strip crops are effective for
erosion control because the alternate meadow strips help
to control runoff. Terraces are effective in controlling ero-
sion and allow more years of row crops. The uniformity
of the depth of the substratum should be checked before
terraces are installed. Outlets for terraces should be con-
structed and seeded to grass a year before installation. The
sides of the waterways, and also of gullies, should be
shaped, seeded to grass, and then kept permanently in vege-
tation. Gullies are difficult to control because these soils are
only moderately deep over sand and gravel. Plow planting
of row crops is advisable,

Generally these soils require moderate amounts of phos-
phate and potash. Most of them are low in nitrogen. They
benefit from applications of manure. Crop residue can be
utilized to supply plant nutrients and to improve tilth.

These soils make good pasture in spring and early in
summer but generally do not produce the forage needed in
midsummer. Pasture of alfalfa and bromegrass provides
more grazing than permanent bluegrass pasture. Some
pastures need to be cleared of trees, brush, and weeds.

Odd corners, old gravel pits, and areas adjacent to the

its can be developed for wildlife. Winter cover generally
1s lacking. Plantings should include suitable drought-
resistant legumes, grasses, shrubs, and conifers.

Generally these soils are not used for trees.

Capability unit 111e-4

This unit consists of Dakota and Rasset sandy loams and
soils of the Hubbard and Kasota series. These are ex-
cessively drained soils that are shallow to moderately deep
over sand. The gradient ranges from 2 to 6 percent. The
moisture-storage capacity is low, and permeability is mod-
erately rapid. Natural fertility is moderate. The erosion
hazard is severe. The eroded soils have lost one-third to
two-thirds of their original surface layer. Generally they
are low in organic-matter content,

These soils warm up early in spring and are easy to till.
They respond well to fertilization and irrigation. They are
suitable for all of the common crops if the supply of mois-
ture is adequate.

Wind and water erosion are the principal hazards. Con-
tour striperopping, with alternate strips in grass-legume
meadow, is the most effective means of erosion control.
Level terraces are suitable in most places. The substratum
should be checked before terraces are constructed. Diver-
sions are needed on some of the long slopes. Spring plow-
ing is advisable. Leaving the fields rough between crops,
planting cover crops, or utilizing crop residue improves
the moisture-storage capacity of these soils and reduces
the risk of erosion.

Ordinarily these soils require lime and moderately large
amounts of phosphate and potash. The eroded soils are
low in organic-matter content and generally are low in ni-
trogen. They would benefit from applications of manure
and from the inclusion of legumes in the crop rotation.

SOIL SURVEY

These soils make good permanent pasture in spring and
early in summer but generally do not produce the forage
needed in midsummer. Pasturing the meadow in the rota-
tion is better than maintaining permanent pasture. Pas-
ture of alfalfa and bromegrass produces more forage than
permanent bluegrass pasture. Rotation of grazing is
essential.

Odd corners and areas adjacent to gravel pits can be de-
veloped for wildlife. Cover generally is lacking. The plant-
ings should include drought-resistant conifers, shrubs,
grasses, and legumes. Clover and birdsfoot trefoil can be
planted to provide food for deer and nesting cover for
pheasants.

These soils are suitable for conifers, but few areas are
wooded.

Capability unit I11e-5

This unit consists of soils of the Burnsville-Hayden com-
plex and soils of the Estherville series. These are some-
what excessively drained sandy loams and loams that are
shallow over sand and gravel. The gradient ranges from
2 to 6 percent. Permeability is moderately rapid, and the
moisture-storage capacity is low. Natural fertility is mod-
erate to moderately low. The erosion hazard is moderate.
The eroded soils have lost one-third to two-thirds of their
original surface layer. Generally they are low in organic-
matter content.

These soils warm up early in spring and respond well
to fertilization and irrigation. Except for Burnsville soils,
which in places have stones and large boulders on the
surface and throughout the profile, these soils are easy
to till. They are fairly good for small grain but are too
droughty to be suitable for corn. They are suitable for
alfalfa and other hay crops and pasture grasses.

Spring plowing is advisable. The protective cover of
stubble or grass is needed to control erosion in winter. It is
important to return all crop residue. Minimum tillage is
important also. Many areas are suitable for contour strips.
The alternate meadow strips are effective in controlling
runoff. Generally terraces are impractical because the soils
are shallow over gravel and sand. Contour tillage is advis-
able where stripcropping is impractical. With contour till-
age, a 5-year rotation that includes 2 years of meadow is
appropriate. In places diversions are needed on long slopes.
Areas in which water concentrates need to be shaped and
then seeded to grass to prevent gullying.

These soils require moderately large amounts of phos-
phate and potash. The moderately eroded soils, which are
low in organic-matter content and generally low in nitro-
gen, are 1mproved by applying manure and by growing
legumes and grasses in the crop rotation.

These soils make good pasture in spring and early in
summer but generally do not produce the forage needed
in midsummer, Consequently, supplemental pasture is
needed. Pasturing the meadow in the rotation is better
than maintaining permanent pasture. Pasture of alfalfa
and bromegrass produces more forage than permanent
bluegrass pasture. Rotation of grazing is essential.

Odd corners and areas adjacent to gravel pits can be
developed for wildlife, as other cover generally is lacking.
The plantings should include drought-resistant conifers,
shrubs, legumes, and grasses. Clover and birdsfoot trefoil
can be planted to provide food for deer and nesting cover
for pheasants.
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All of these soils are well suited to conifers. There are
brushy hardwoods in some pastures on Burnsville soils.

Capability unit IHIw-1

This unit consists of soils of the Canisteo, Glencoe, and
Talcot series. These are very poorly drained soils in depres-
sions and drainageways. Kxcept for Talcot silty clay loam,
which is underlain by sand and gravel within a depth of
24 to 42 inches, these soils are deep and silty. The moisture-
storage capacity is high, and permeability is moderately
slow. Natural fertility is high.

IExcess water is a severe limitation, and preserving tilth
is a continuing problem. Drainage is essential if these soils
are to be cropped (fig. 18). Tile 1s preferable if outlets are
available. Open ditches are needed if large quantities of
water must be removed.

Figure 18.—Corn crop on ponded Glencoe soils.

If adequately drained, these soils are suited to corn, soy-
beans, red clover, alsike clover, Ladino clover, bromegrass,
and timothy. It is advisable to plant early maturing varie-
ties of corn and soybeans because of the frost hazard.
Oats can be grown in drained areas, but lodging is a
serious problem. These soils are not suitable for alfalfa.

A 6-year crop rotation that includes 1 year of grass-
legume meadow increases the efficiency of the drainage
system and helps to preserve tilth and improve fertility.
If the soils are well managed, corn can be grown year after
year. It is important to return all crop residue, either
directly or through bedding and grazing. Fertilization is
important also.

Generally these soils require moderate amounts of phos-
phate. The Glencoe soil requires moderate amounts of
potash, but the Talcot soil and Canisteo silty clay loam,
depressional, are calcareous and require large amounts of
potash to offset the effect of the lime. All of these soils
warm up slowly in spring; consequently, starter fertilizer
that contains nitrogen is needed to insure rapid initial
growth of crops.

Undrained pastures can be improved by plowing early
in fall when the soils are dry enough to be worked. It is
advisable to seed grasses, such as reed canarygrass, in fall.

286-417—68——4

Grazing should be deferred until the ground is firm. These
soils generally make good sites for stock-water pits.

Most undrained areas are marshy and seasonally ponded
and are ideal for ducks, pheasants, and muskrats. Shallow
pits and level ditches would improve these areas as wild-
life habitat. Ditchbanks, as well as the edges of stock-
water pits, could be seeded to grasses and legumes to
furnish food and cover for wildlife. To protect wildlife
during the nesting season, grazing or mowing of the ditch-
banks should be delayed until after the middle of July.

These soils are not generally suitable for trees. In many
areas there is a sparse growth of willow and alder.

Capability unit IHIw-2

This unit consists of Peat and muck. These soils are
severely limited by wetness. The moisture-storage capacity
1s high. Natural fertility is low.

These soils warm up slowly in spring. In undrained
areas they are used for pasture or wild hay or as habitat
for wildlife. In drained areas they generally are farmed
intensively to corn and soybeans. They are well suited to
these crops and are also well suited to potatoes, onions,
and other vegetables, and to small grain, alsike clover,
and timothy. Lodging is a serious problem if small grain
is grown. Because of the frost hazard, only early maturing
varieties of crops should be planted.

If these soils are drained, open ditches generally are
used as outlets and tile is used for the lateral lines that
lead to the ditches. The tile should be installed deep
enough to be effective after the soils have settled 18 to 24
inches. Adequate controls are needed to keep the soils from
becoming too dry. Dry organic soils can be seriously dam-
aged by fire.

Row crops can be grown year after year if the soils are
fertilized and adequately drained, but an occasional grass-
legume crop replenishes the supply of organic matter. A
cover crop of winter rye is beneficial and protects the
soils against wind erosion. An application of manure im-
mediately after the soils are drained promotes decay of
the organic matter to a form that is readily used by crops.

These soils generally require large amounts of phosphate
and potash. Starter fertilizer that contains nitrogen is
needed to insure rapid initial growth of crops.

Undrained areas are suitable for pasture if they are
worked during a dry season and then limed and fertilized
and seeded to reed canarygrass. When well established,
reed canarygrass forms a tough, dense sod that supports
grazing animals and haying equipment, even when the
soils are partly wet. It is more palatable as hay than wild
marsh grass. These soils, particularly Peat and muck,
moderately shallow, over loam, make good sites for stock-
water pits (fig. 19).

Undrained areas provide ideal habitat for wildlife.
Marshy areas can be improved as wildlife habitat by dig-
ging level ditches or by installing structures that control
the water level.

Peat and muck soils are unsuitable for woodland. Many
undrained areas support a poor growth of willow, tama-
rack, or brush.

Capability unit 111s-1

This unit consists of Dakota and Rasset sandy loams
and soils of the Hubbard and Kasota series. These are
nearly level, somewhat excessively drained soils that are
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Figure 19.—Stock-water pit in Peat and muck, moderately shallow,
over loam. Pit is fenced and marked, and ramp approach is sanded.

shallow to moderately deep over sand. The moisture-
storage capacity is low; only 3 to 6 inches of water is avail-
able to plants within a depth of 5 feet. Permeability is
moderately rapid. Natural fertility is moderate. Wind
erosion is a hazard.

These soils warm up early in spring and are easy to till.
They respond well to fertilization and irrigation. They
are suited to all of the common crops if rainfall is adequate
throughout the growing season.

Spring plowing is advisable. The protective cover of
grass or stubble is needed to control wind erosion in win-
ter. Leaving fields rough between erops or planting cover
crops conserves moisture and reduces the hazard of wind
erosion. Suitable crop rotations, residue management,
stubble mulching, and minimum tillage are important also.
Wind stripecropping and a 4-year rotation that includes 1
year of grass-legume meadow are effective in controlling
erosion if enough residue is left on the surface.

Generally these soils require moderately large amounts
of phosphate and potash. The eroded soils, which are low
in organic-matter content and in nitrogen, can be
improved by applying manure and growing grasses and
legumes in the crop rotation. '

Pasturing the meadow in the rotation is better than
maintaining permanent pasture. These soils make good
pasture in spring and early in summer but do not produce
the forage needed in midsummer. Pasture of alfalfa and
bromegrass produces more forage than permanent blue-
grass pasture.

Odd corners and areas adjacent to gravel pits can be
developed for wildlife. Cover generally is lacking. The
plantings should include drought-resistant conifers,
shrubs, legumes, and grasses. Clover and birdsfoot trefoil
can be planted to provide food for deer and nesting cover
for pheasants.

These soils are well suited to conifers, but few areas are
wooded.

Capability unit II1s-2

This unit consists of soils of the Estherville series. These
are loamy, nearly level, somewhat excessively drained soils
that are shallow over sand and gravel. The moisture-

storage capacity is low; only 3 to 6 inches of water is
available to plants within a depth of 5 feet. Permeability is
moderately rapid. Natural fertility is moderate to moder-
ately low. Root penetration is difficult below a depth of 24
inches. Wind erosion is a hazard.

These soils warm up early in spring and are easy to till.
They respond well to fertilization and irrigation. They
are fairly good for small grain but are too droughty to be
suitable for corn.

Spring plowing is advisable. The protective cover of
stubble or grass is needed to control erosion in winter. It is
important to return all crop residue in order to conserve
moisture, improve fertility, and control erosion. Minimum
tillage is important also. Wind stripcropping and a 4-year
rotation that includes 1 year of grass-legume meadow are
effective in controlling erosion if enough residue is left on
the surface.

Generally these soils require moderately large amounts
of phosphate and potash. Grasses and legumes 1n the crop
rotation and a heavy application of manure improve fer-
tility and increase the moisture-storage capacity.

These soils make good pasture in spring and early in
summer but do not produce the forage needed in mid-
summer. Pasturing the meadow in the rotation is better
than maintaining permanent pasture. Pasture of alfalfa
and bromegrass produces more forage than permanent
bluegrass pasture.

Odd corners and areas adjacent to gravel pits can be
developed for wildlife. Cover generally is lacking. The
plantings should include drought-resistant conifers,
shrubs, legumes, and grasses. Clover and birdsfoot trefoil
can be planted to provide food for deer and nesting cover
for pheasants.

These soils are well suited to conifers, but few areas are
wooded.

Capability unit 1Ve-1

This unit consists of Storden-Lester loams and soils of
the Hayden and Lester series. These soils are moderately
steep, deep, well drained, and medium textured to moder-
ately fine textured. Permeability is moderate, and the
moisture-storage capacity is moderately high. Fertility is
moderate. The organic-matter content ranges from me-
dium to very low. Runoff is rapid, and the erosion hazard is
severe. KErosion has been only slight in pastured and
wooded areas, but it has removed one-third to two-thirds
of the original surface layer in cultivated areas, and
nearly all of it in the steeper areas. The severely eroded
soils generally have very poor tilth.

The risk of erosion severely limits the use of these soils
for crops. Alfalfa is well suited. Cultivated crops can be
grown only occasionally. Soybeans loosen the surface soil
and increase the erosion hazard.

Contour strips are the most effective means of control-
ling erosion. The alternate meadow strips help to control
runoff. With contour strips, a 5-year rotation that includes
3 years of alfalfa-bromegrass meadow is appropriate.
These soils are too steep to be suitable for terraces. Con-
tour tillage is advisable on short, irregular slopes where
striperopping is impractical. With contour tillage, a 4-year
rotation that includes 3 years of meadow is appropriate.
No row crops should be grown. Waterways should be es-
tablished and maintained wherever needed. Gullies need to
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be shaped and then seeded to grass. In places engineering
structures are needed to stabilize gullies enough that grass
can be established.

If these soils are to be kept in hay for more than 2 years,
they require applications of phosphate and potash after the
first cutting in the second year. Manure is beneficial also.
An extra heavy application of manure is needed on the
severely eroded soils to improve tilth and fertility.

If fertilized and otherwise well managed, these soils
make good permanent pasture. Pasture of alfalfa and
bromegrass produces more forage than bluegrass pasture.
Overgrazing inecreases the risk of erosion. Many pastures
produce poor forage because they are wooded and brushy.

Odd areas can be planted to trees, shrubs, grasses, and
legumes, and used as wildlife habitat.

All of these soils are well suited to conifers. Many areas
are wooded.

Capability unit 1Ve-2

The one soil in this unit, Hubbard sandy loam, 6 to 12
percent slopes, eroded, is somewhat excessively drained. It
1s underlain by sand within a depth of 24 inches. The mois-
ture-storage capacity is low, and permeability is moderate-
ly rapid. Natural fertility is moderate. Erosion is a hazard.
In cultivated areas erosion has removed one-third to two-
thirds of the original surface layer. Generally this eroded
soil is low in organic-matter content.

Droughtiness and the risk of erosion are severe limita-
tions. This soil warms up early in spring, is easy to till, and
responds well to fertilization. If the supply of moisture is
adequate, it 1s fairly good for some crops. It is well suited
to small grain but is too droughty to be suited to corn. Soy-
beans loosen the surface soil and increase the risk of ero-
sion. Early maturing, drought-resistant varieties of crops
should be planted.

Terraces, contour strips, and waterways help to control
runoff and erosion. If none of these are used, the rotation
should consist largely of close-growing crops. A 5-year ro-
tation that includes 3 years of meadow is appropriate. Ter-
races allow more years of row crops. The nature of the sub-
stratum needs to be checked before terraces are built. Level
terraces are usually possible. Contour strips, with alternate
strips in meadow, reduce the amount of runoff. Diversions
are needed on some of the longer slopes. Green-manure
crops and crop residue should be plowed under in spring.
All crop residue should be utilized. Cover crops and mini-
mum tillage are important. Plow planting of row crops is
advisable.

This soil generally requires lime and moderately large
amounts of phosphate and potash. It is low in organic-
matter content and in nitrogen. A heavy application of
manure and a rotation that includes grasses and legumes
are beneficial.

Pasturing the meadow in the rotation is advisable. Pas-
ture of alfalfa and bromegrass produces more forage than
native bluegrass pasture.

Odd tracts can be developed for wildlife. Cover gener-
ally is lacking. The plantings should include Colorado
spruce, white spruce, redcedar, Russian-olive, and cara-
gana. Small areas planted to an alfalfa-bromegrass mix-
ture provide good nesting cover.

This soil is well suited to conifers.

Capability unit 1Ve-3

This unit consists of soils of the Burnsville-Hayden com-
plex and a soil of the Estherville series. These are sandy
loams and loams that are shallow and somewhat excessivel
drained and are underlain by sand and gravel. The gradi-
ent ranges from 6 to 12 percent. Permeability is moderately
rapid, and the moisture-storage capacity is low. Natural
fertility is moderate to moderately low. Erosion is a haz-
ard. In most cultivated areas it has removed one-third to
two-thirds of the original surface layer. Generally the
eroded soils are low in organic-matter content.

Droughtiness and the risk of erosion are severe limita-
tions. These soils warm up early in spring and respond well
to fertilization. The Estherville soil is easy to till, but the
soils of the Burnsville-Hayden complex contain large
stones and boulders. These soils are suitable for crops oc-
casionally. They are well suited to early maturing varie-
ties and to winter grain. Soybeans loosen the surface soil
and increase the erosion hazard.

Spring plowing is advisable. If plowed in fall, the soils
are exposed to erosion throughout the winter. Plow plant-
ing or wheel-track planting of row crops, minimum
tillage, and the use of cover crops help to conserve mois-
ture and to protect the soil against erosion. Returning all
crop residue is important. Contour strips, with alternate
strips in meadow, help to control runoff. Terraces gen-
erally are impractical because the soils are shallow over
sand and gravel. Diversions are needed on some of the
long slopes. Waterways should be established and main-
tained wherever needed. The sides of waterways and
gullies should be shaped, seeded to grass, and then kept
permanently in vegetation. In some areas engineering
structures are needed to stabilize gullies enough that grass
can be established. Where the slopes are so irregular and
uneven that erosion control practices are impractical, the
soils should be kept in close-growing crops most of the
time.

These soils require moderately large amounts of phos-
phate and potash. The eroded soils, which are low in
organic-matter content and in nitrogen, benefit from
heavy applications of manure and rotations that include
grasses and legumes.

These soils make fairly good pasture in spring and early
in summer but do not produce the forage needed in mid-
summer. Pasturing the meadow in the rotation is better
than maintaining permanent pasture. Pasture of alfalfa
and bromegrass 1s more drought resistant and produces
more forage than bluegrass pasture. Many areas of the
Burnsville-Hayden soils make poor pasture because they
are wooded and brushy. Overgrazing should be avoided.

Odd areas and gravel pits can be developed for wildlife.
The plantings should include drought-resistant trees,
shrubs, legumes, and grasses. Colorado spruce, white
spruce, and. redcedar are conifers suggested for planting.
Russian-olive is well suited. Caragana is a suitable shrub.

These soils are suitable for trees, especially conifers.
Capability unit 1Vs-1

This unit consists of Sandy colluvial land and soils of
the Hubbard and Rasset series. These are loamy sands
that are nearly level to gently sloping and excessively
drained. Permeability is rapid. Natural fertility is low.
The moisture-storage capacity is low to very low, In all
but the Rasset soils, no more than 3 to 6 inches of water
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is available to plants within a depth of 5 feet. The Rasset
soils retain moisture somewhat better than the other soils
in this unit. Generally the hazard of wind erosion is severe.

These soils warm up early in spring and are easy to
cultivate. If the supply of moisture is adequate, they re-
spond well to fertilization. They are well suited to winter
grain, short-season crops, and melons. They are not suited
to corn and soybeans. If irrigated and otherwise well
managed, they are suited to truck crops.

Droughtiness and wind erosion are serious limitations.
A cropping system that provides year-round cover is
needed. Spring plowing, minimum tillage, crop residue
management, wind stripcropping, stubble mulching, and
shelterbelts of pine are important for control of wind
erosion. With wind stripcropping, the nearly level soils
can be cropped in a 6-year rotation that includes 1 or 2

ears of grass-legume meadow. Contour strips are effective
1n the more sloping areas. The alternate strips of meadow
help to control runoff. Generally terraces are not used.
Waterways should be established and maintained
wherever needed.

These soils generally require large amounts of potash
and moderate amounts of phosphate. All are low in
organic-matter content, Heavy applications of manure
and rotations that include grasses and legumes are
beneficial.

These soils make poor permanent pasture because it is
difficult to maintain a good sod. Pasturing the second year
of meadow in the rotation is better than maintaining
permanent pasture. Pasture of alfalfa and bromegrass is
more drought resistant and produces more forage than
bluegrass pasture. There are tracts of pastured brushy
woodland on the Rasset soils. If pasture is needed, it
would be advisable to clear these tracts and use them for
rotation crops and pasture.

Odd areas where winter cover is lacking can be
developed for wildlife. The plantings should include
drought-resistant conifers, shrubs, legumes, and grasses.
In areas where winter cover is adequate, corn or small
grain should be left after harvest or should be planted
to provide food for pheasants.

All of these soils are well suited to conifers.

Capability unit Vw-1

This unit consists of Peat and muck, moderately shal-
low, over sand., The sand is within a depth of 42 inches.
Natural fertility is low. Frost is a hazard. Fire is a serious
hazard because it exposes the generally sterile underlying
sand.

These soils are too wet to be suitable for crops. Most
areas are in wild hay or pasture. Drainage generally is
impractical. Shallow surface ditches can be used, but tile
is not suitable. Pastures can be improved 1f the soils are
worked thoroughly during a dry period and then fer-
tilized and seeded with reed canarygrass. When well
established, this grass forms a tough, dense sod that sup-
ports light haying equipment and grazing cattle even
when the soils are wet. Canarygrass 1s more palatable as
hay than wild marsh grass. Its quality and palatability
can be improved if it is topdressed with fertilizer.

Most areas provide good cover for wildlife. In many
areas shallow pits can be constructed to provide open
water for waterfowl.

These soils aretoo wet to be suitable for trees.

SURVEY

Capability unit Vie-1

This unit consists of eroded and severely eroded soils
of the Hayden series. These soils are moderately steep,
deep, well drained, and medium textured to moderately
fine textured. Permeability is moderate, and the moisture-
storage capacity is moderately high. Natural fertility is
moderate. The organic-matter content is medium to very
low. Runoff is rapid, and the erosion hazard is severe.

These soils are suited to hay crops and pasture grasses,
but they are not suited to cultivated crops. Generally they
have free lime carbonate within a depth of 36 inches and
consequently are well suited to legumes, such as alfalfa.
Wooded or pastured areas should not be cleared, and areas
now cultivated should be established in permanent vege-
tation. Plowing, if needed, should be done in spring. Gul-
lies need to be shaped and then seeded to grass (fig. 20).
Some have to be stabilized with engineering structures
before grass can be established.

Figure 20.—Deep gully in Hayden loam, 18 to 25 percent slopes,
eroded.

Pasture of alfalfa and bromegrass produces more forage
than bluegrass pasture. Grazing must be controlled. Fer-
tilization with manure and phosphate or with a commer-
cial mixture of nitrogen, phosphate, and potash is
advisable. In places lime is beneficial. Pastures and hay
meadows can be improved by renovating and reseeding.
The old sod should be disked or dug up and then left on
the surface to protect the soils against erosion until the
new seedlings emerge. The areas should be seeded to oats
and suitable grasses and legumes. The oats can be clipped
or pastured or harvested for grain.

Areas of these soils can be developed for wildlife. Plant-
ings should include white spruce, red pine, white pine,
redcedar, Russian-olive, honeysuckle, lilac, caragana, le-
gumes, and grasses.

Trees can be planted to improve the existing woodland
or to convert to woodland the acreages that are now in pas-
ture and cultivated crops.

Capability unit Vie-2
This unit consists of Burnsville-Hayden sandy loams

and soils of the Estherville and Hubbard series. These soils
are moderately steep and somewhat excessively drained.
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The Burnsville-Hayden sandy loams contain large stones
and boulders and are shallow to deep over sand and gravel.
The rest of the soils are underlain by sand or gravel, or
both, within a depth of 24 inches. All are droughty. The
moisture-storage capacity is low, and permeability is mod-
erately rapid. Natural fertility is moderate to Jow. The
erosion hazard is severe. In cultivated areas where the
gradient is 12 to 18 percent, erosion has removed one-third
to two-thirds of the original surface layer. Generally these
eroded soils are very low in organic-matter content.

These soils are suitable for hay crops and pasture grasses,
but they are too droughty and too erodible to be used for
cultivated crops. The areas now cultivated should be in
permanent vegetation.

Maintaining the sod in pasture or meadow is most im-
portant. Pasture of alfalfa and bromegrass is more
drought resistant and produces more forage than bluegrass
pasture. Normally, bluegrass makes little growth in mid-
summer. GGullies need to be shaped and then seeded to grass.
Some have to be stabilized by engineering structures before
grass can be established.

White pine, red pine, redcedar, Russian-olive, honey-
suckle, lilac, caragana, legumes, and grasses are suitable
for planting to provide shelter for wildlife.

Trees can be planted to improve the existing woodland
or to convert to woodland the acreages that are now in
pasture or in cultivated crops.

Capability unit VIiw-1

The unit consists of Alluvial land, frequently flooded,
and a soil of the Comfrey series. Both are on flood plains,
are frequently flooded, and in most places are poorly
drained to very poorly drained. In old stream channels
these soils are seasonally ponded or very wet throughout
the year. On the slightly elevated ridges and mounds be-
tween the channels, they are more sandy and are better
drained.

These soils are too wet and too frequently flooded to
be suitable for cultivated crops. A row crop can be grown
occasionally on the drier soils. Draining the wet soils is
not practical as long as the flood hazard exists, and pro-
tection against flooding is costly.

The better drained soils make good pasture if cleared
and otherwise well managed. Pastures need to be renovated
and reseeded occasionally, particularly when infertile sedi-
ments bury the sod. They should be seeded to grasses and
legumes that tolerate wetness. Oats, if used as a companion
crop, should be clipped or pastured. Otherwise, the oats
are likely to Jodge and to kill the new seedlings.

Pastures in the poorly drained to very poorly drained
areas are difficult to renovate. They should be seeded to
reed canarygrass or other water-tolerant species. Reed
canarygrass should be seeded on frozen ground, either
in fall or in spring. Pasture should not be grazed early
in spring or after overflow because of the danger of tram-
pling the turf. Stabilizing streambanks keeps streams from
cutting into cropland and pasture at sharp turns.

Wildlife is abundant. The marsh hay, cattails, and wet
sedges provide excellent cover and nesting. Plantings
should include water-tolerant conifers, shrubs, hedges, and
grasses. '

Many of these areas on the flood plain are brushy, pas-
tured, and wooded.
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Capability unit Vis-1

This unit consists of soils of the Hubbard and Rasset
series. These are loamy sands that are moderately sloping
and excessively drained. The moisture-storage capacity is
low to very low. The Rasset soils retain moisture somewhat
better than the Hubbard soils. Permeability is rapid.
Natural fertility is low to very low. The erosion hazard is
severe.

These soils are too droughty and too erodible to be suit-
able for cultivated crops. The areas now cultivated should
be in permanent vegetation.

These soils are suitable for hay crops and pasture grasses.
Maintaining the sod in pasture or hay meadow is most im-
portant. Pasture of alfalfa and bromegrass is more drought
resistant and produces more forage than native bluegrass
pasture. Normally, bluegrass makes little growth in mid-
summeyr. Gullies should be shaped and then seeded to
grass. Some have to be stabilized with engineering struc-
tures before grass can be established.

Plantings to provide shelter for wildlife should include
white pine, red pine, redcedar, Russian-olive, honeysuckle,
lilac, caragana, legumes, and grasses.

Trees can be planted to improve existing woodland or
to convert to woodland the acreages that are now in culti-
vated crops and pasture.

Capability unit VIile-1

This unit consists of soils of the Hayden series. These
soils are steep to very steep, deep, well drained, and medium
textured to moderately fine textured. Permeability is
moderate. The moisture-storage capacity is moderately
high. Runoff is very rapid, and the erosion hazard is very
severe.

These soils are not suitable for cultivated crops. Areas
now cultivated should be established in permanent vege-
tation, and wooded or pastured areas should not be cleared.

These soils can be used for hay crops and pasture. Main-
taining a good cover of vegetation is most important. Con-
trol of grazing is essential. Gullies should be shaped and
then seeded to grass. Some have to be stabilized with engi-
neering structures before grass can be established.

Plantings to provide food and shelter for wildlife should
include white spruce, red pine, white pine, redcedar, Rus-
sian-olive, honeysuckle, lilac, caragana, legumes, and
grasses.

These soils are well suited to trees.

Capability unit VIle-2

This unit consists of Burnsville-Hayden sandy loams
and a soil of the Kstherville series. These soils are moder-
ately steep to steep and somewhat excessively drained. The
Burnsville-Hayden soils are cobbly and stony and are
shallow to deep. The Estherville soil is underlain by sand
and gravel within a depth of 24 inches. All are droughty.
The moisture-storage capacity is low, and permeability
is moderately rapid. Natural fertility i1s low. The erosion
hazard is very severe.

These soils are too droughty and too severely eroded to
be suitable for cultivated crops. They can be used for hay
crops and pasture, but it is difficult to maintain a good
vegetative cover.

If the soils are pastured, it is most important to prevent
overgrazing. In many areas there is only a sparse growth
of vegetation. Pastures are difficult to renovate and reseed.
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Gullies should be shaped and then seeded to grass. Some
have to be stabilized with engineering structures before
grass can be established. '

Plantings to provide shelter for wildlife should include
conifers, shrubs, grasses, and legumes that are drought
tolerant and suitable for shallow soils. These soils are well
suited to conifers.

Capability unit VIIs-1

This unit consists of Sandy lake beaches and soils of the
Hubbard, Rasset, and Salida series. These soils are sandy
and, except for Sandy lake beaches, are moderately steep
to steep. The moisture-storage capacity is very low, and
permeability is rapid. Natural fertility is very low.

These soils are too droughty and too highly susceptible
to erosion to be suitable for cultivated crops.

Generally these soils make poor pasture. If they are to
be used as pasture, they should be seeded to a drought-
resistant grass, such as bromegrass. Maintaining a per-
manent sod is difficult. Pasture of alfalfa and bromegrass
is more drought resistant and produces more forage than
bluegrass pasture. Control of grazing is essential. Gullies
need to be shaped and then seeded to grass. Some have to
be stabilized with engineering structures (fig. 21) before
grass can be established.

L

Figure 21.—Trees and diversion dikes controlling gullies on Salida
loamy sand, 18 to 40 percent slopes.

These soils can be developed for wildlife by planting
drought-resistant conifers, shrubs, legumes, and grasses.

Trees can be planted to improve existing woodland or to
convert to woodland the acreages that now are idle or in
crops or pasture. These soils are well suited to conifers.

Capability unit VIIIw-1

Marsh, the one soil in this unit, occupies the edges of
lakes, shallow basins, and ponds. The water level fluctuates,
depending on the season. The vegetation consists of cat-
tails, rushes, sedges, willows, and other water-tolerant
plants.

This soil is too wet to be suitable for cultivated crops
or pasture. During prolonged dry periods, wild hay can
be cut from the edges of the marsh.

Marsh provides ideal habitat for waterfowl, muskrat,
mink, and upland game. The habitat can be improved by

constructing level ditches or by controlling the water
level.
Marsh is not suitable for trees.

Predicted Yields of Crops

Table 2 shows predicted yields, under two levels of man-
agement, for the principal crops grown in Carver County.
Yields in columns A are those to be expected under average
management. Yields in columns I3 are those to be expected
under improved management.

The predictions represent the average for a period of 10
years. They are based on interviews with farmers and on
records and observations of technicians of the Soil Con-
servation Service, the Extension Service, and the Univer-
sity of Minnesota Institute of Agriculture. The prevail-
ing climate, the characteristics of the soils, and the re-
sults of different kinds of management were among the
factors considered.

Under average management, there are few or no ero-
sion control measures. The rotation consists mainly of cul-
tivated crops. Frequently, corn is grown in alternate years
with oats and soybeans. Legume meadow is grown 2 years
in 6. All available manure and the equivalent of 100 to 150
pounds of starter fertilizer are applied to corn. Little or
no fertilizer is applied to small grain or hay. The plant
population for corn is 14,000 to 16,000 per acre. Three
cuttings of alfalfa hay are made. Permanent pasture con-
sists mainly of native grasses.

The requirements of improved management vary accord-
ing to the needs of the soils. The essential requirements
include erosion control measures; proper choice and rota-
tion of crops; application of commercial fertilizer, lime,
and manure in the proper amounts; proper tillage meth-
ods; crop residue management; adequate control of weeds
and insects; adequate control of water; maintenance or im-
provement of tilth and productivity; and conservation
of soil material, plant nutrients, and soil moisture. The
plant population for corn is 18,000 to 20,000 per acre, Three
cuttings are made of alfalfa hay. Permanent pasture con-
sists mainly of suitable grasses and legumes, and it is reno-
vated periodically,

Wildlife Resources’

The principal wildlife species of Carver County are
ring-necked pheasant, cottontail rabbit, white-tailed deer,
gray squirrel, fox squirrel, ruffed grouse, wild duck, musk-
rat, and mink. There are also many varieties of songbirds
and nongame mammals and the usual variety of fish found
in the warm-water lakes of the State, including northern
pike, walleyed pike, largemouth bass, bluegill, crappie, sun-
fish, bullhead, and carp.

This county is a poor to fair range for ring-necked
pheasant. When pheasants are fairly abundant, the density
per square mile in spring is 6 to 10 hens, and in fall, in most
parts of the county, 9 to 14 cocks. The best pheasant range
1s in the southwestern part of the county, on the nearly
level to gently rolling uplands of associations 1 and 2.
(The associations are shown on the general soil map and
are described in the section “General Soil Map.”) A range

*Hans Urie, biologist, SCS, helped to prepare this section.
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TaBLE 2.—Predicted average yields per acre of principal crops under two levels of management

[Figures in columns A indicate yields under average management; figures in columns B indicate yields under improved management.
Absence of figure indicates the crop is not suited to or is not commonly grown on the soil specified. If estimates are not given for both
soils in a mapping unit, yields can be expected to be the same]

Corn for Corn for | Soybeans Oats Rotation Rotation Permanent
grain silage hay ! pasture pasture
Soil o .
A B A B A B A B A B A B A B
Cow- Cow- Cow- Cow-
acre- acre- acre- acre-
Bu. Bu. Tons | Tons Bu. Bu. Bu. Bu. Tons | Tons | days? days 2 days ? days ?
Alluvial land 3_ . _____ ________________._ 45 | 60 9 11 18] 22| 40 45,2025 80 100 70 90
Alluvial land, frequently flooded - __ |l _ | | e 60 80
Biscay loam:
Inadequately drained____ . _____._______ 50 |o____ 10 _____ 15 |o____ 25 | ___ ) U3 2 PR, R, R 80 90
Adequately drained - __________________ 65 | 80 13 15| 25 32| 40 50| 25|35 100 140 | |-oo-__
Biscay loam, sandy subsoil variant:
Inadequately drained____ .. __ . _______ 50 |- 10 |_____ 15 |..___ 25 \____. | D RO S P 80 90
Adequately drained - _ _________________ 65 80 13 15 25 32 40 50 | 2.5|35 100 140 |_____ .- __
Burnsville-Hayden complex, 2 to 6 percent
slopes:
Burnsville part . . _____________________ 30 | 40 6 8 7 9 25 351 15|20 60 80 30 40
Hayden part_________________________ 55 | 65 11 13| 20| 25| 45| 5513035 120 140 50 90
Burnsville-Hayden complex, 6 to 12 perecent
slopes:
Burnsville part_. . ____._ _____ 20 30 4 6 |- 25 30 L2115 50 60 25 30
Hayden part______ .. _________________ 40 50 8 10 14 18 30 40 | 2.0 | 2.5 80 100 50 80
Burnsville-Hayden sandy loams, 12 to 18
percent slopes:
Burnsville part - - __ | em e e e e e e e e 25 30
Hayden part. - - ___ . 45 65
Burnsville-Hayden sandy loams, 18 to 25
percent slopes:
Burnsville part_ _ __ e e e e e e 20 25
Hayden part_ .. e em e e e e e 40 60
Canisteo silty clay loam:
Inadequately drained__________________ 45 1 ____ 9 ____. 20 |_____ 40 _____ L6 | 85 100
Adequately drained . - .. ____._____.____ 65 80 12 15 30 35 50 65 3.0 40 120 160 oLl C
Canisteo silty clay loam, depressional:
Inadequately drained___. .\ __ | _|eoo|ooo|oo oo U PR ISR I, S 40 30
Adequately drained . - ._______________._ 55 | 70 11 13| 25| 30| 45| 552028 80 110 | foooooo
Chaska silty clay loam:3
Inadequately drained .. __.__________ 40 |.____ A 18 |.____ 35 ... 1.2 | . 80 90
Adequately drained . __________________ 60 | 70| 11 131 25 30, 45| 60| 2.8 3.2 110 125 |- __
Comfrey silty clay loam: 3
Inadequately drained_______.__________ 45 | ___ 8 - 18 {_____ 40 o ... L2 | |oo|eaaoo 80 90
Adequately drained_ __________________ 70 | 85 12 15| 25| 30| 50 6028|382 110 125 (oo __
Comfrey silty elay loam, frequently flooded . _|- - _ |- ||| oo e e o e e 40 80
Cordova silty clay loam:
Inadequately drained___ . ______________ 50 |- 10 |-____ 18 |- 45 | ) LT e 80 100
Adequately drained . - _____.____________ 70 85 14 16 30 35 55 65| 2540 100 160 ...
Cordova and Webster silty clay loams:
Inadequately drained___ .. _____._______. 50 |__.__ 10 |- ___ 18 | ... _ 45 |_____ L7 | e 80 100
Adequately drained . _ _________________ 751 90| 15 17 301 35 55| 6530140 120 160 | |-
Dakota and Rasset sandy loams, 0 to 2
percent slopes_ . _____________________.__ 45 55 9 11 18 22 40 50 20|25 80 100 50 60
Dakota and Rasset sandy loams, 2 to 6
percent slopes_ _ ... __________.______ 40 | 50 8 10 16| 20 35| 45| 1.8 | 2.2 75 90 50 60
Estherville sandy loam, 0 to 2 percent slopes_| 40 | 50 8 10 12 15| 30| 40 (15|20 60 80 30 40
Estherville sandy loam, 2 to 6 percent slopes_| 35 50 7 10 10 15 30 35115120 60 80 30 40
Estherville sandy loam, 2 to 6 percent slopes,
eroded_____ . __________.__.__. 30| 45 6 9 8 14| 25| 30| 14|18 60 70 30 40
Estherville sandy loam, 6 to 12 percent
slopes_ _ __ ... 30 | 40 6 8 ||l 25 30| 1.2 |15 50 60 25 35
Estherville sandy loam, 6 to 12 percent
slopes, eroded . ________________________ 30 35 4 [ I O S 20 2571013 40 50 20 30
Estherville sandy loam, 12 to 18 percent
slopes_ - .o ee e e e m e e e e e e o e 20 25
Esthervlle sandy loam, 18 to 25 percent slopes_ _| - - - |- - |- oo | oo oo e | o 20 25
Fairhaven silt loam, deep variant, 0 to 3
percent slopes_ - _.___________________ 70 | 80 14 16 30 35| 55| 7013238 130 150 85 115
Fairhaven silt loam, sand substratum, 0 to 2
percent slopes_ - _____________.______. 55 1 65 11 131 251 301 501 60128132 110 130 60 75

See footnotes at end of table,
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TaBLE 2.—Predicted average yields per acre of principal crops under two levels of management—Continued

Soil

Fairhaven silt loam, sand substratum, 2 to 6
percent slopes______ ___________________
Fairhaven silt loam, sand substratum, 6 to 12
percent slopes, eroded
Glencoe silty clay loam:
Inadequately drained
Adequately drained_ __________________
Hayden clzy loam, 6 to 12 percent slopes,
severely eroded
Hayden clay loam, 12 to 18 percent slopes,
severely eroded_________________________
Hayden clay loam, 18 to 25 percent slopes,
severely eroded _________________________
Hayden loam, 2 to 6 percent slopes__ _ ______
Hayden loam, 2 to 6 percent slopes, eroded___
Hayden loam, 6 to 12 percent slopes________
Hayden loam, 6 to 12 percent slopes, eroded.__
Hayden loam, 12 to 18 percentslopes________
Hayden loam, 12 to 18 percent slopes, eroded_ _
Hayden loam, 18 to 25 percent slopes, eroded...
Hayden loam, 25 to 40 percent slopes_ _ ... __
Hubbard loamy sand, 0 to 2 percent slopes___
Hubbard loamy sand, 2 to 6 pereent slopes___
Hubbard loamy sand, 6 to 12 percent slopes__
Hubbard loamy sand, 12 to 18 percent slopes.. _
Hubbard loamy sand, 18 to 35 percent slopes_ _
Hubbard sandy loam, 0 to 2 percent slopes___
Hubbard sandy loam, 2 to 6 percent slopes,
eroded_ . ___ ________________________._
Hubbard sandy loam, 6 to 12 percent slopes,
eroded.________ ________________________
Hubbard sandy loam, 12 to 18 percent slopes__
Kasota loam, 0 to 2 percent slopes__________
Kasota loam, 2 to 6 percent slopes, croded _ _ _
Kasota sandy loam, O to 2 percent slopes______
Kasota sandy loam, 2 to 6 percent slopes,
eroded_.____ . ________________________
Lester loam, 2 to 6 percent slopes___________
Lester loam, 2 to 6 percent slopes, eroded . __ __
Lester loam, 6 to 12 percent slopes. _________
Lester loam, 6 to 12 percent slopes, eroded____
Lester loam, 12 to 18 percent slopes, eroded___
Lester-Estherville complex, 2 to 6 percent
slopes:
Lester part____ ___________________.____
Estherville part_______________________
Lester-Estherville complex, 6 to 12 percent
slopes, eroded:
Lester part________________ . _________
Estherville part_______________________
LeSueur clay loam, 0 to 2 percent slopes_____
LeSueur clay loam, 2 to 6 percent slopes_.____
Marsh
Mayer loam:
Inadequately drained . _________________
Adequately drained. _________________
Oshawa silty clay loam____________________
Peat and muck, caleareous:
Inadequately drained__________________
Adequately drained
Peat and muck, deep:
Inadequately drained
Adequately drained_ . _________________
Peat and muck, moderately shallow, over
loam:
Inadequately drained
Adequately drained

See footnotes at end of table.

Corn for Corn for | Soybeans Oats Rotation Rotation Permanent
grain silage hay! pasture pasture

A B A B A B A B A B A B A B
Cow-- Cow- Cow- Cow-

acre- acre- acre- acre-

Bu. Bu Tons | Tons Bu. Bu Bu. Bu., Tons | Tons days ? days ? days ? days ?
50 60 10 12 25 28 50 60 1 2.5 3.0 100 120 60 75
40 50 8 10 14 20 40 50 1 2.0 25 80 100 45 55
______________________________________________________________ 40 80
60 75 12 14 30 35 50 60 | 2.0 28 80 110 |______|______
40 55 8 10 | |_____ 25 40 1 20| 2.5 80 100 50 70
________________________________________ 1.5120 60 80 40 60
______________________________________________________________ 35 55
70 80 14 16 25 30 50 60 1 3.0|40 120 160 70 115
60 75 12 14 20 28 45 551 3.0 38 120 150 75 115
60 70 12 14 20 25 45 56 1 3.0 3.5 120 140 70 100
55 65 11 13 18 22 40 50 1 2.5 3.0 100 120 65 95
45 55 9 10 |-~ 35 50 | 2.2 | 2.7 90 110 50 80
40 50 8 [ 2 I I 30 451 2.0 2.5 80 100 50 70
______________________________________________________________ 40 60
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 30 55
30 40 6 8 8 10 25 35 110|153 40 60 20 25
30 35 6 7 8 10 25 351 10| 15 40 60 20 25
20 25 4 [ I I B 20 25 .4 .8 20 35 15 20
______________________________________________________________ 15 20
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 15 20
35 45 7 9 12 14 35 40 | 1.5 | 1.8 60 70 35 45
35 40 7 8 10 12 30 351 1.5 1.8 60 70 30 40
25 30 5 6 6 8 20 30 | 1.2 | 1.5 50 60 25 30
______________________________________________________________ 25 30
65 75 13 15 30 35 55 65 3.0 3.5 120 140 70 110
60 70 12 14 28 32 50 60 | 2.8 | 3.2 110 130 65 85
50 60 10 12 20 24 45 55120125 80 100 50 65
45 55 9 11 18 22 40 50 | 2.0} 25 80 100 50 65
70 85 13 16 30 35 55 7013540 140 160 75 115
65 75 12 15 28 32 50 65 3240 130 160 75 115
60 75 12 14 25 30 50 60 1 3.0135 120 140 60 105
55 70 11 13 20 25 45 55 12.8 132 110 130 60 100
50 60 10 12 .. 45 55122128 90 120 55 85
70 80 13 15 30 35 55 6513540 140 160 75 115
35 45 7 9 10 12 30 40 |1 1.8 | 2.0 70 80 40 50
55 70 11 18 | |.__._ 45 551 2.8|3.2 110 130 65 100
20 30 4 6 |- |_____ 20 25110 13 40 50 25 30
80 90 15 17 32 37 55 70 1 3.5 (4.0 140 160 80 120
80 90 15 17 32 37 55 701 35|40 140 160 80 120
50 |_____ 10 |_____ 15 | 25 |____. ) S5 O O N 80 90
65 80 13 15 25 32 40 50 1 2.5 135 100 140 (___ | _____
______________________________________________________________ 40 80
______________________________________________________________ 30 80
45 65 11 15 18 22 30 40 2.0 2.5 80 100 } . _ 1 _____
______________________________________________________________ 30 80
50 70 11 16 22 28 35 40 |1 2.0 2.5 80 100 (o |______
_______________________________________________________________ 30 80
55 75 12 17 20 25 35 45120 2.5 80 100 1. ___|______
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TaABLE 2.—Predicted average yields per acre of principal crops under two levels of management—Continued
Corn for Corn for | Soybeans Oats Rotation Rotation Permanent
grain silage hay 1! pasture pasture
Soil
A B A B A B A B A B A B A B
Cow Cow “Cow- Cow-
acre- acre acre- acre-
Peat and muek, moderately shallow, over | Bu. Bu. | Tons | Tons | Bu. Bu. Bu. Bu Tons | Tons | days? | days? | days? | days?
sand_ | 30 80
Rasset loamy sand, 0 to 6 percent slopes._._ | 35 45 7 10 12 30 40 1 1.4 1.8 55 70 35 40
Rasset loamy sand, 6 to 12 percent slopes____| 25 35 6| 7| _____ 25 30 1.0} 1.5 40 60 25 35
Rasset loamy sand, 12 to 18 percent slopes.__|____ |\ ___ o\ | __ |\ i\ 25 30
Salida loamy sand, 18 to 40 percent slopes_ - |- 1o | |o |\ 10 20
Sandy colluvial land _______________________ 25 38 5 8 10 25 35 1.0 15 40 60 25 35
Sandy lake beaches_____________________ |l
Storden-Lester loams, 6 to 12 percent slopes,
eroded:
Stordenpart. .. _____ 40 50 8 10 16 20 40 45 1 2.5 3.0 100 120 65 100
Lesterpart .. ___________________ 55 70 11 13 20 25 45 55 | 2.8 | 3.2 110 130 65 100
Storden-Lester loams, 12 to 18 percent
slopes, eroded:
Storden part_ .- _________________ 35 45 Tl 9 . 30 3520125 80 100 45 65
Lesterpart. .. _____.___ ... 45 55 9 L R 40 50120125 80 100 45 65
Talcot silty clay loam:
Inadequately drained .. ___________ || | __|oo__o|oo oo 40 80
Adequately drained . __________________ 55 70 11 14 25 30 40| 55 120| 2.5 80 100 o ___|_.____
Terril loam, 0 to 6 percent slopes___________ 75 90 15 17 32 37 55 701 35|40 140 160 90 120
Terril loam, 7 to 11 percent slopes. _ ________ 65 80 13 15 25 30 50 6513035 120 140 70 110
Terril loam, occasionally flooded 3___________ 55 65 | 11 131 28 | 32 50| 603035 120 140 80 90
Wadena loam, 0 to 2 percent slopes__.______ 55 65 11 13 25 30 50| 60|20 2.5 80 100 55 70
Wadena loam, 2 to 6 percent slopes_ ._______ 50 60 10 12 20 25 45 556 1 2.0 | 2.5 80 100 55 70
Wadena loam, 6 to 12 percent slopes, eroded__| 40 50 8 10 16 20 40 501 1.5 20 60 80 45 55

! Estimates are for alfalfa-brome mixtures. Yields of mixtures of

timothy and either red clover or alsike clover are 10 to 25 percent
less.

2 Cow-acre-days is a term used to express the carrying capacity of
pasture. It is the number of animal units carried per acre multiplied
by the number of days the pasture can be grazed during a single

better than average is In the northeastern part of the
county in association 4, where pheasants are attracted by
the numerous marshes and bogs.

White-tailed deer are common throughout most of the
county and have increased in numbers in recent years.
Deer are most numerous in association 8, within 1 or 2
miles of the Minnesota River; on the very steep hills, bluffs,
and ravines of association 7; and just north and east of
Lake Waconia, on the irregular, strong slopes and hills of
association 4.

Small numbers of ruffed grouse are found in the more
extensive wooded areas in the county.

Fox squirrel, gray squirrel, and red squirrel are abun-
dant. They are most numerous in farm shelterbelts and
mature woodlands, where they find a good supply of food
and an adequate number of den trees.

The best waterfowl habitat in the county is in associa-
tion 3. The many lakes, marshes, and peat bogs provide
nesting places and attract migrating birds, Patterson,
Berliner, Goose, Swede, Tiger, and Rice Lakes provide
good hunting, and Patterson and Berliner Lakes are well
known for production of waterfowl. Association 4, in the
northeastern part of the county, also is dotted with lakes,
marshes, and bogs, but it is too steep and too heavily
wooded to be attractive to waterfowl.

Mink and muskrat are found throughout the county but
are most plentiful in the marshy depressions in associa-

grazing season without injury to the sod. An acre of pasture that
provides 30 days of grazing for 2 cows has a carrying capacity of 60
cow-acre-days.

8 Much lower yields must be expected if areas are flooded about
once in 5 or 6 years.

tion 6, near East Union. In fact, these areas appear to be
overpopulated. Harvests of mink and muskrat fluctuate
annually. The range is from one per square mile to one
per 4 square miles. The harvests are influenced by fur
prices and therefore do not always indicate the population
density.

Most of the lakes that provide good fishing are in asso-
ciation 4. The principal sport fish are northern pike and
pan fish.

Rotating crops, planting crops in strips, and seeding
ditchbanks and field borders are ways to provide a diver-
sity of cover that attracts and benefits wildlife. Improving
farmstead windbreaks, seeding odd areas to grass to pro-
vide nesting cover, and protecting areas from overgrazing
and wildfire are additional practices that improve the
wildlife habitat.

Use of Soils for Woodland*

Dense hardwood forest covered nearly all of Carver
County at the time of settlement and, in fact, extended
over a large part of central Minnesota. The only open

2THOR BERGH, woodland conservationist, SCS, and Tep Nis-
KANEN, district forester, State of Minnesota Forest Service, helped
to prepare this section.
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areas were marshes and parts of the terraces and flood
plains in the Minnesota River valley. Figure 22 shows the
distribution of the original vegetation in the county.

According to a survey made in 1953, about 18 percent of
the county was wooded. The northern upland hardwood
type covered about 14,600 acres. This type is made up of
hard maple, basswood, red oak, white oak, and red elm.
The bottom-land hardwood type covered about 8,100 acres.
This type is made up of cottonwood, ash, soft maple, and
hackberry.

Wood production has been poor in this county. Ade-
quate growing stock has not been maintained; the better
quality trees have been cut, and the desirable species have
been overcut. The woodland is not protected against fire,
and about 90 percent of it is grazed. Poor forestry prac-
tices have resulted in poor-quality trees, poor-quality logs,
and open, parklike woods. )

There were 10 operating sawmills in the county in 1962.
The major products were lumber and fenceposts for home
use. Miscellaneous products included bowling pins, veneer
stock, berry stakes and boxes, pool cues, water skis, and
barrel stock. Production of maple syrup is increasing and
could be more than doubled if woodland management were
improved.

Woodland Groups

More effective management of woodland can be planned
if the soils are grouped according to those characteristics
that affect the growth of trees and the management of the
stand. The soils of Carver County have been placed in nine
woodland groups. Each group is made up of soils that are
suited to the same kinds of trees, that require about the
same management, and that have about the same potential
productivity.

The factors considered in placing each soil in a wood-
land group include potential productivity, which is ex-
pressed as site index ; species preferred for planting; and
soil-related hazards and limitations to be considered in
management. These factors are explained in the para-
graphs that follow. The ratings are based largely on the
experience and judgment of local soil scientists, woodland
conservationists, and foresters. They represent the best
information now available about the way soil influences
the growth and management of trees. The ratings are ten-
tative and are subject to revision as more information be-
comes available.

Productivity ratings are expressed as ewcellent, good,
fair, and poor. These ratings are based on the site index.
Site index is the average height, in feet, that the dominant
trees of a given species, growing on a specified soil, will
reach at 50 years of age. For black ash, green ash, and hard
maple, a rating of poor indicates a site index of 30 feet;
fair indicates a site index of 40 feet; good indicates a site
index of 50 feet; and excellent indicates a site index of 60
feet or more. For aspen, basswood, birch, black walnut,
elm, oak, jack pine, red pine, and spruce, a rating of poor
indicates a site index of 40 feet; faér indicates a site index
of 50 feet ; good indicates a site index of 60 feet ; and excel-
lent indicates a site index of 70 feet or more. For cotton-
wood, soft maple, and white pine, a rating of poor indi-
cates a site index of 50 feet; fair indicates a site index of
60 feet; good indicates a site index of 70 feet; and excel-
lent indicates a site index of 80 feet or more.

Seedling mortality refers to the expected loss of natu-
rally occurring or planted seedlings, as a result of unfavor-
able soil characteristics. Mortality is sléght if the expected
loss is less than 25 percent. It is moderate if the expected
loss is between 25 and 50 percent. Mortality is severe if the
expected loss is more than 50 percent.

Plant competition refers to invasion by or growth of
undesirable species when openings are made in the canopy.
Competition is slight if invaders do not prevent adequate
regeneration and early growth and do not interfere with
the development of planted seedlings. It is moderate if the
invaders delay but do not prevent the establishment of a
normal, fully stocked stand. Competition is severe if in-
vaders prevent adequate regeneration or if intensive site
preparation and maintenance are needed.

The equipment limitation is slight if there are no restrie-
tions on the type of equipment or on the time of year that
the equipment can be used. The limitation is moderate if
the use of equipment is restricted by seasonal wetness that
lasts no more than 3 months or if the use of equipment
damages tree roots to some extent. The limitation is severe
if the use of equipment is restricted by wetness that lasts
more than 3 months or if the use of equipment causes severe
damage to tree roots.

The erosion hazard is the degree of potential loss of soil
by wind or water. The hazard is slight if erosion is no
problem. It is moderate if measures are needed to prevent
unnecessary loss of soil. It is severe if special equipment
and special methods of operation are needed to minimize
loss and deterioration of the soil.

Each of the nine woodland groups in Carver County 1s
described on the pages that follow. The names of soil series
represented are mentioned in the description of each group,
but this does not mean that all the soils of a given series are
in the unit. To find the woodland classification for any
given soil, refer to the “Guide to Mapping Units.”

Woodland group 1

This group consists of soils of the Fairhaven, Hayden,
Kasota, Lester, LeSueur, Terril, and Wadena series and
soils of the Lester-Estherville complex. These soils are
moderately deep to deep, medium textured to moderately
fine textured, and well drained to moderately well drained.
The natural supply of plant nutrients is moderate to high.
The organic-matter content is moderately low to high. The
moisture-storage capacity is moderate to high, and permea-
bility is moderately rapid to moderately slow. The slope
range is 0 to 6 percent.

These are among the most productive soils for crops in
the county. Most of the acreage is cleared, but there are
wooded pastures and undeveloped woodlots on some of the
Hayden, Lester, and LeSueur soils.

These soils grow good-quality timber. They are excellent
for basswood, elm, white oak, red oak, and green ash and
are good for hard maple, black walnut, red pine, white
pine, and white spruce. Basswood, black walnut, red pine,
white pine, and white spruce are the most easily
established.

Seedling mortality generally is slight. The expected loss
of planted stock is less than 25 percent, and adequate re-
generation in a natural stand can be expected. If the site
has deteriorated because of fire or overgrazing, disking or
other seedbed preparation may be needed. In places under-
planting is needed to reinforce the stand.
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Figure 22—Original vegetation of Carver County. Number 1 identifies wet prairies, marshes, sloughs, and other grassland where

the vegetation consisted of marsh grass, flags, reeds, wild rice, and some willow and alder. Number 2 identifies oak openings and bar-

rens where the vegetation consisted of scrubby groves, some brush and thickets, and scattered trees, mainly bur oak. Number 3 identi-

fies brushland that consisted of generally dense stands of aspen and scattered oak, elm, ash, and basswood. Number 4 identifies

hardwood forests of bur oak, white oak, red oak, black oak, elm, basswood, ash, maple, hornbeam, aspen, birch, wild cherry, hickory,

butternut, and black walnut. Number 5 identifies hardwood forests en river bottoms, where the main species were elm, ash, cotton-
wood, boxelder, oak, basswood, soft maple, willow, aspen, and hackberry.
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Plant competition is severe. Furrowing, scalping, spray-
ing, or other site preparation generally 1s needed to insure
success of a plantation.

The equipment limitation is slight. These soils can be
worked at any time during the year except just after a
heavy rain and after snowmelt in spring.

The erosion hazard is slight if protective cover is
maintained.

Woodland group 2

This group consists of soils of the Fairhaven, Hayden,
Lester, Terril, and Wadena series and soils of the Lester-
Estherville complex and the Storden-Lester complex.
These soils are moderately deep to deep, medium textured
to moderately fine textured, and well drained. The natural
supply of plant nutrients is moderate to high. The organic-
matter content is low to high. Permeability is moderate to
moderately rapid. The slope range is 6 to 18 percent.

Wooded pastures and small undeveloped woodlots are
typical on the soils of this group, particularly on the
Hayden and Lester soils.

North- and east-facing slopes are excellent for basswood,
elm, white oak, red oak, and green ash; good for hard
maple, black walnut, white pine, and white spruce; and
fair for red pine. Basswood, black walnut, white pine,
and white spruce are the most easily established. South-
and west-facing slopes and flats are good for basswood and
green ash; fair for oak, elm, red pine, and white spruce;
and poor for hard maple, black walnut, and white pine.
Red pine and redcedar should be selected for planting.

Seedling mortality generally is slight. The expected loss
of seedlings is less than 25 percent, and adequate regenera-
tion in a natural stand can be expected. Disking or other
site-preparation measures may be needed to insure a satis-
factory stand.

Plant competition is severe. Furrowing, scalping, or
spraying generally is needed to insure success of a
plantation.

The equipment limitation is slight. These soils can be
worked at any time during the year except just after a
heavy rain and after snowmelt in spring.

The erosion hazard is moderate. Protective cover is
needed.

Woodland group 3

This group consists of soils of the Hayden series. These
soils are deep, medium textured to moderately fine tex-
tured, and well drained. Permeability is moderate to mod-
erately rapid, and the moisture-storage capacity is mod-
erately high. Natural fertility is moderate to high. The
organic-matter content is medium to low. The slope range
is 18 to 40 percent. Runoff is very rapid.

North- and east-facing slopes are excellent for basswood,
elm, white oak, red oak, and green ash; good for hard
maple, black walnut, white pine, and white spruce; and
poor for red pine. Black walnut, basswood, white pine, and
white spruce are easily established. South- and west-facing
slopes and flats are good for basswood; fair for green ash
and red pine; and poor for oak, hard maple, elm, black
walnut, white pine, and white spruce. Red pine and red-
cedar are easily established.

Seedling mortality is slight to moderate. On the lesser
slopes, seedbed preparation that exposes the mineral soil
may be beneficial.

SURVEY

Plant competition is moderate to severe. Furrowing,
sealping, spraying, and other site-preparation measures
are generally needed to insure success of a plantation.

The equipment limitation is moderate to severe. Safety
precautions are needed to prevent tipping of equipment.
Hand planting is advisable because the slope generally is
too steep for tree-planting machines. These soils can be
worked at any time of the year except just after a heavy
rain and after snowmelt in spring.

The erosion hazard is severe. Permanent cover is
essential.

Woodland group 4

This group consists of Dakota and Rasset sandy loams,
soils of the Burnsville-Hayden complexes, and soils of the
Estherville, Hubbard, and Kasota series. These soils are
droughty, are moderately coarse textured to medium tex-
tured, and have a sandy and gravelly substratum within a
depth of 24 inches. The moisture-storage capacity is low.
Permeability is moderately rapid. The organic-matter con-
tent is low to high. Natural fertility is moderately low to
moderately high. The slope range 1s 0 to 12 percent.

Except for the Burnsville-Hayden complexes, few areas
of these soils are wooded.

North- and east-facing slopes are good for basswood and
green ash and fair for oak, elm, red pine, white pine, and
white spruce. White pine, white spruce, red pine, and
redcedar are the most easily established. South- and west-
facing slopes and flats are fair for basswood, green ash,
red pine, and white spruce and poor for oak, elm, and
white pine. Red pine and redcedar should be selected
for planting.

Seedling mortality is slight to moderate. The expected
loss of planted stock is less than 25 percent, and adequate
regeneration in a natural stand can be expected. It would
be advisable to convert hardwood stands to pine.

Plant competition is slight to moderate. Girdling, clear-
ing, spraying, furrowing, scalping, or other site-prepara-
tion measures are needed to eliminate brush.

The equipment limitation is slight. These soils can be
worked at any time during the year except just after a
heavy rain or after snowmelt in spring.

Krosion is a hazard. Protective cover is needed.

Woodland group 5

This group consists of Burnsville-Hayden sandy loams
and soils of the Kstherville, and Hubbard series. These
soils are droughty, are moderately coarse textured to me-
dium textured, and have a sandy and gravelly substratum
within a depth of 24 inches. The moisture-storage capacity
is low, and permeability is moderately rapid. The organic-
matter content generally is low. The natural supply of
plant nutrients is low. The slope range is 12 to 25 percent.

These soils support hard maple, basswood, elm, and
ash. They are not well suited to hardwoods because of
droughtiness and low fertility. Converting hardwood
stands to conifers and then planning management to keep
the stands from reverting to hardwoods should be con-
sidered.

North- and east-facing slopes are fair for basswood, oak,
elm, green ash, red pine, white pine, and white spruce.
White pine and white spruce should be selected for plant-
ing. South- and west-facing slopes and flats are poor for
basswood, oak, elm, green ash, red pine, white pine, and
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white spruce. Red pine and redcedar are the most easily
established.

Seedling mortality is slight to moderate. The loss of
planted stock generally is less than 25 percent, but during
dry periods it 1s between 25 and 50 percent and replanting
is needed.

Plant competition is slight. Girdling or spraying is
needed to control hardwoods and brush. Furrowing, scalp-
ing, or other site-preparation measures to expose mineral
soil are needed if comfers are to be planted.

The equipment limitation is moderate to severe. Pre-
cautions are needed to prevent tipping of equipment on
the steeper slopes. Some of the slopes are too steep for
tree-planting machines. These soils can be worked at any
time during the year except just after a heavy rain and
immediately after snowmelt in spring.

The erosion hazard is moderate to severe. A protective
cover of vegetation is needed.

Woodland group 6

This group consists of Sandy colluvial land, Sandy lake
beaches, and soils of the Hubbard and Rasset series. All
of these soils are deep, droughty loamy sands. The mois-
ture-storage capacity is very low, and permeability is ra-
pid. The organic-matter content generally is low. Natural
fertility is low. The slope range is 0 to 12 percent.

These soils are not suited to hardwoods. Only a few
areas are wooded. Converting hardwood stands to conifers
would be advisable.

These soils are good for red pine, jack pine, and white
spruce; fair for white pine; and poor for oak and aspen.
Red pine, white spruce, white pine, and redcedar are the
most easily established.

Seedling mortality is slight to severe, depending on the
moisture supply and onsite preparation. If the moisture
supply is adequate after planting, the expected loss of
pine seedlings 1s less than 25 percent. If the moisture sup-
ply is inadequate, the loss is more than 50 percent. Such
measures as scalping and furrowing help to conserve water.

Plant competition is slight. Grasses and weeds make only
a sparse cover except during periods of heavy rainfall.
Girdling, clearing, and spraying generally are needed to
convert oak stands to pine.

Because of the sandy texture of these soils, the limitation
is severe for some types of equipment, even light equip-
ment. The soils can be worked during most of the year.
Logging operations in summer are likely to damage tree
roots.

The hazard of wind erosion is severe. Protective cover
is needed. Mulching with straw or hay and light disking
before planting help to protect seedlings. Field wind-
breaks are needed on some areas. One row of either jack
pine or red pine, or two or three rows of either or both
are the types commonly used. Redcedar can be used as
one row of a two-row windbreak, or as one of the ex-
posed rows in a three-row windbreak, but it must be
planted on the sunny side.

Woodland group 7

This group consists of soils of the Hubbard, Rasset, and
Salida series. All are droughty loamy sands. The moisture-
storage capacity is very low, and permeability is rapid.
The organic-matter content generally is low to very low.
Natural fertility is low to very low. The slope range is
12 to 40 percent.

These soils are too droughty and too low in fertility
to be suited to hardwoods. Converting oak stands to pine
or redcedar should be considered.

These soils are fair for red pine and jack pine
and poor for white pine. North- and east-facing slopes can
be planted to red pine and white spruce, and south- and
west-facing slopes and flats to red pine and redcedar.

Seedling mortality is slight to severe, depending on the
moisture supply and onsite preparation. The Jloss of
planted stock 1s less than 25 percent if the moisture supply
1s adequate, but is more than 50 percent if there are pro-
longed dry periods after the seedlings are planted. Furrow-
ing or scalping generally is needed to insure the survival
of seedlings.

Plant competition from overhead vegetation is slight,
but competition for moisture from the sparse growth of
weeds and grasses is severe. Girdling, clearing, and spray-
ing are needed to control brush.

The equipment limitation is moderate to severe. Be-
cause of the slope, precautions are needed to prevent tip-
ping of equipment. Tree-planting machines cannot be used
as slopes are more than 12 percent. The use of equipment
is limited in summer because of the loose consistency and
sandy texture of the soils.

The erosion hazard is severe. A well-maintained, perma-
nent cover of vegetation is essential, Mulching with straw
or hay protects both soil and seedlings.

Woodland group 8

This group consists of Alluvial land and soils of the
Biscay, Canisteo, Chaska, Comfrey, Cordova, Mayer, and
Webster series. These soils are poorly drained, are moder-
ately deep to deep, and have a medium-textured to moder-
ately fine textured surface soil. The moisture-storage
capacity is high, and permeability is moderate to moder-
ately slow. The organic-matter content is high. Natural
fertility is high. The water table is seasonally fairly high.
The slope range is 1 to 3 percent. '

If adequately drained, these soils are highly productive
of crops. Most of the acreage is cleared, but there are
wooded pastures and undeveloped woodlots on some of the
Cordova soils.

These soils grow good to excellent timber. They are
excellent for cottonwood and aspen and good for elm,
basswood, oak, soft maple, and black ash. Basswood, soft
maple, and cottonwood grow the best and are the most
easily established.

Seedling mortality is slight. The loss of planted stock
can be expected to be less than 25 percent, and adequate
regeneration in a natural stand can be expected. Disking or
other seedbed preparation may be needed.

Woodland group 9

This group consists of deep silty soils in small depres-
sions and extensive areas of peat bogs, marsh, and old river
channels. It includes soils of the Canisteo, Comfrey, Glen-
coe, Oshawa, and Talcot series, Peat and muck, Marsh, and
Alluvial land, frequently flooded. The seasonal water table
is very high. Undrained areas or areas that are not pro-
tected from flooding are covered with water for long
periods and are too wet to be suitable for wood crops.
Drained areas are too well suited to field crops to be used
for timber production.
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Soils in Engineering

Some soil properties are of special interest to engineers
because they affect the construction and maintenance of
roads, airports, pipelines, building foundations, facilities
for water storage, erosion control structures, drainage
systems, and sewage disposal systems. The properties most
important to engineers are permeability, shear strength,
compaction characteristics, drainage, shrink-swell char-
acteristics, particle size, plasticity, and reaction. Depth to
the water table, depth to bedrock, and topography also are
important,

The information in this publication can be used to—

1. Make studies that will aid in selecting and develop-
ing industrial, business, residential, and recrea-
tional sites.

2. Make preliminary estimates of the soil properties
that affect the planning of agricultural drainage
systems, farm ponds, irrigation systems, and ter-
races or diversions.

3. Make preliminary evaluations that will aid in
selecting locations for highways, airports, pipelines,
and cables, and in planning detailed investigations
at the selected locations,

4. Locate probable sources of sand and gravel and
other construction material.

5. Correlate performance with soil mapping units to
develop information that will be useful in plan-
ning engineering practices and in designing and
maintaining engineering structures.

6. Determine the suitability of soils for cross-country
movement of vehicles and construction equipment.

7. Supplement other published information, such as
maps, reports, and aerial photographs, that is used
in preparation of engineering reports for a specific
area.

8. Develop other preliminary estimates for construc-
tion purposes.

With the soil map for identification of soil areas, the
engineering interpretations reported here can be useful for
many purposes. /¢ should be emphasized, however, that
these interpretations may mnot eliminate the meed for
sampling and testing at the site of specific engineering
works involving heavy loads and excavations deeper than
the depths of layers here reported.

Some of the terms used by soil scientists have a special
meaning in soil science that may not be familiar to engi-
neers. These terms are defined in the Glossary.

Engineering Classification Systems

Two systems of classifying soils for engineering pur-
poses are in general use: the AASHO system (7) ® and
the Unified system (/7). Both (6) are used in this survey.

Most highway engineers classify soil material in accord-
ance with the system approved by the American Associa-
tion of State Highway Officials (AASHO). In this system
all soil material is classified in seven principal groups.
The classification is based on mechanical analysis and
plasticity index data. The groups range from A1, which
consists of soils that have the highest bearing capacity and

® Italic numbers in parentheses refer to Literature Cited, p. 86.

are the best for subgrade, to A-7, which consists of soils
that have the lowest strength when wet and are the poorest
for subgrade. Within each group the relative engineering
value of the soil material 1s indicated by a group index
number. The numbers range from 0, for the best material,
to 20, for the poorest. The group index number is shown
in parentheses following the soil group symbol in the col-
umn headed “AASHO” in table 3.

Some engineers prefer to use the Unified classification
system. In this system soils are identified according to
their texture and plasticity and their performance as en-
gineering construction material. There are eight classes
of coarse-grained soils, six classes of fine-grained soils, and
one class of highly organic soils.

Table 3 shows the AASHO and the Unified classifica-
tion of specified soils in the county, as determined by lab-
oratory tests. Table 4 shows the estimated classification of
all the soils in the county according to both systems.

Engineering Test Data

Soil samples representing seven soil series in the county
were tested in accordance with standard procedures to
help evaluate the soils for engineering purposes. Each of
the seven soil types was sampled at three different loca-
tions. The samples tested represent modal types and ex-
tremes within the named series. The tests were made by
the Minnesota Department of Highways in cooperation
with the U.S. Department of Commerce, Bureau of Public
Roads. The results of these tests are given in table 3.

The engineering classifications given in table 3 are based
on the data obtained by mechanical analysis and on the
liquid limit and plasticity index. The mechanical analysis
was made by combined sieve and hydrometer methods.

Liquid limit and plasticity index indicate the effect of
water on the consistence of the soil material. As the mois-
ture content of a clayey soil increases from a very dry state,
the material changes from semisolid to plastic. As the
moisture content is further increased, the material changes
from plastic to liquid. The plastic limit is the moisture
content at which the soil material passes from semisolid
to plastic. The liquid limit is the moisture content at which
the material changes from plastic to liquid. The plasticity
index is the numerical difference between the liquid limit
and the plastic limit. It indicates the range of moisture
content within which a soil is plastic.

Table 3 also gives moisture-density, or compaction, data
for the soils tested. If soil material is compacted at suc-
cessively higher moisture content and the compactive ef-
fort remains constant, the dry density of the compacted
material increases as the moisture content increases until
the optimum moisture content is reached. After that, the
density decreases as the moisture content increases. The
highest dry density obtained is the mawimum dry density,
and the corresponding moisture content is the optémum
moisture. Moisture density data are important in planning
earthwork because, as a rule, optimum stability is ob-
tained if the soil is compacted to about the maximum dry
density at approximately optimum moisture content.

Engineering Interpretations

Estimates of properties significant in engineering are
listed in table 4 (p. 58). The estimates are based on the
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data shown in table 3, on information compiled during the
survey, and on tests on similar soils in other counties.

Estimates of the suitability of the soils for various engi-
neering uses are given in table 5 (p. 62). Features that are
likely to affect the selection, design, and application of
various engineering practices were considered, and evalu-
ations were based on test data and field performance.

A soil feature favorable for one kind of engineering use
is likely to be unfavorable for another. For example, a
rapidly permeable substratum is unfavorable for a farm
pond but favorable for an artificial drainage system.

Frost action is a serious limitation in Carver County.
Suspending earthwork in winter to avoid using frozen soil
material would be advisable but is impractical. Earthwork
in winter is possible in gravelly and sandy material that
contains only a small amount of silt and clay if the frozen
material is removed and the rest is easily compacted.

Susceptibility to frost action was considered in deter-
mining the suitability of the soils as a source of sand and
gravel. Soils that are a mixture of silt, clay, and coarser
textured materials are not so susceptible to frost heave and
subsequent frost boils as soils that are high in content of
silt or very fine sand. If 10 percent or more of the soil
material can pass a number 200 sieve, the soil is susceptible
to damaging frost action.

Uniformity of material is most important in grading
design. Frost heave occurs if there are differences in ex-
pansion between one material and another. Some deposits
of glacial till contain lenses or pockets of silt and fine sand
and consequently are susceptible to differential frost
heave. If a highway subgrade is laid over glacial till, the
subgrade material should contain a thick layer of material
that is not susceptible to damaging frost heave.

In many of the wet depressions in this county, the ma-
terial is highly organic and is more than 20 feet deep.
This organic material; peat and muck, has low strength
and is not suitable for use in foundations of roads or other
engineering structures. It should be removed and replaced
with suitable material.

In areas that are poorly drained or have a high water
table, roadways should be built on embankments so that
the surface pavement is at least 4 feet above the level of
the water table. Some soils that have a high water table
can be made more suitable for borrow and roadway exca-
vation by constructing drainage ditches before the earth-
work 1s started. Underdrains are essential where the soil
is unstable because of a perched water table or a normally
high water table.

Soils in Community Development

The suburbs of Minneapolis are steadily expanding into
areas in the eastern part of the county that were formerly
used for farming. As the population increases in these
areas, so does the demand for shopping centers, schools,
parks, golf courses, and other community developments.
The suitability of the soils must be considered in selecting
a site for a residence, a highway, or an industrial facility.
The best sites generally are the nearly level to gently slop-
ing, deep, well-drained soils that are fairly free of stones
and boulders.

The limitations of the soils for use as septic tank filter

fields are important because most of the suburban develop-
ments in the county are in areas beyond existing sewerage
lines. Fach site must be examined closely to determine the
capacity of the soil to absorb and filter effluent from septic
tanks (10). Some soils absorb effluent rapidly; others ab-
sorb it very slowly. Soils that have a slow rate of absorp-
tion require a larger filter field than those that have a
rapid rate. Most septic tank failures occur because the soils
are poorly drained or are dense, compact, and fine tex-
tured. In wet weather and for long periods afterwards,
such soils are saturated and do not absorb effluent from
septic tanks. Other causes of failure are a slope of more
than 12 percent, a seasonal high water table, flooding, shal-
lowness over bedrock, or a cemented substratum. A per-
colation test, which measures the rate of water moving
through the soil, indicates the degree of limitation and
also provides the information needed to calculate the size
of the filter field.

The interpretations presented in this section can be used
as a guide in locating areas where septic tanks can be ex-
pected to function satisfactorily, but they do not eliminate
the need for detailed investigation at the site.

Building Site Groups

The soils of Carver County have been assigned to 11
building site groups. The soils in each group are similar
in those characteristics that affect their suitability for res-
idential and industrial construction. The characteristics
considered are internal drainage, risk of flooding, soil
depth, percent of slope, texture of the substratum, and
stoniness. The soils were examined to a depth of 5 feet.
Feconomic factors, such as nearness to roads and estab-
lished centers, were not considered.

Descriptions of the 11 building site groups begin below
and continue on pages 72, 73, and 74. The limitations of the
soils for specified purposes are expressed as slight, moder-
ate, and severe. The limitation is slight if it is easy to over-
come, The limitation is moderate if good management and
careful design are needed. It is severe if usage of the soil
is questionable.

With the use of the soil map for identification, the inter-
pretations reported here can be useful in selecting suitable
Iocations for residences, stores, factories, schools, and simi-
lar facilities. It should be emphasized that these interpre-
tations do not eliminate the need for detailed onsite investi-
gation. Also, engineers and others should not apply
specific values to the estimates given for bearing capacity
of soils.

The names of soil series represented are mentioned in
the description of each group, but this does not mean that
all the soils of a given series are in the group. To find the
classification for any given soil, refer to the “Guide to
Mapping Units.”

Building site group 1

This group consists of soils of the Dakota, Estherville,
Fairhaven, Hubbard, Kasota, Rasset, and Wadena series.
These soils are excessively drained to well drained. The
slope range is 0 to 6 percent. The texture of the surface soil
ranges from loamy sand to silt loam. All of these soils are
underlain by sand or gravel, or both, within a depth of 314
feet. They do not have a seasonal high water table and are
not subject to flooding.
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TABLE 3.—Engineering

[Tests performed by Minnesota Department of Highways in cooperation with U.S. Department of Commerce, Bureau of Public

Moisture-density datal
Minne-
sota
Soil name and location Parent material report Depth Horizon
number Maximum Optimum
(S862) dry moisture
density
Biscay loam: In. Lb. per cu. ft. Pet.
NWHENWY, sec. 17, T. 116 N., R. 26 W. | Glacial outwash on 1708 0-10 | Al 95 23
(Modal.) outwash plain. 1709 19-24 | Bg2 119 12
1710 34-44 | C 123 11
NWXSWY, see. 15, T. 116 N., R. 26 W. | Glacial outwash on 1711 0-8 | Aly 93 23
(Maximal.) outwash plain. 1712 21-26 | Bg3 121 11
1713 29-42 | D2 115 14
SWUNEY, sec. 2, T. 116 N., R. 26 W. | Glacial outwash on 1714 0-10 | Alp 101 19
(Minimal.) outwash plain. 1715 17-24 | Bg2 125 10
1716 30-48 | C2 124 13
Cordova silty clay loam:
SEMNE!, sec. 6, T. 114 N, R, 25 W. | Glacial till on 1672 0-7 Al 79 31
(Modal.) ground moraine 1673 13-19 | B22g 98 21
of Mankato Age. 1674 32-44 | Cg2 100 20
SWHSEY, sce. 36, T. 115 N., R. 25 W. | Glacial till on 1678 0-7 Al 81 33
(Maximal.) ground moraine 1679 15-21 | B22¢g 103 20
of Mankato Age. 1680 25-35 | Cgl 103 19
NWLSW, sec. 36, T. 117 N., R. 26 W. | Glacial till on 1675 0-8 Alp 83 29
(Minimal.) ground moraine 1676 8-13 | B21 96 23
of Mankato Age. 1677 27-48 | Cg3 106 17
Fairhaven silt loam, sand substratum:
SWLSWY, see. 24, T. 115 N., R. 24 W. | Alluvium on out- 1690 0-7 Ap 102 18
(Modal.) wash plain. 1691 20-28 | B23 102 21
1692 42-52 | C3 103 16
SEYSEY, sec. 36, T. 115 N., R. 24 W. | Alluvium on out- 1696 0-6 Ap 108 17
(Maximal,) wash plain. 1697 10-18 | B22 109 15
1698 40-48 | C 125 11
NWLSWI, see. 1, T. 114 N, R. 24 W. | Alluvium on out- 1693 0-6 Ap 114 13
(Minimal.) wash plain. 1694 15-23 | B22 112 14
1695 25-42 | C 110 14
Hayden loam:
NELUNWY, sec. 7, T. 116 N, R. 23 W. | Glacial till on 1663 5-9 A22 118 11
(Modal.) ground moraine 1664 12-22 + B21 100 22
of Mankato Age. 1665 38-48 | C2 109 17
SWYNEY, sec. 6, T. 117 N, R. 25 W. | Glacial till on 1666 4-8 | A21 106 17
(Maximal.) ground moraine 1667 20-32 | B22 101 19
of Mankato Age. 1668 49-60 | C1 109 16
NWLNWY sec. 36, T. 115 N., R. 25 W. | Glacial till on 1669 7-10 | A22 100 20
(Minimal.) ground moraine 1670 21-28 | B23 92 27
of Mankato Age. 1671 32-48 | C 101 21

See footnotes at end of table.
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test data
Roads (BPR) in accordance with standard procedures of the American Association of State Highway Officials (AASHO) ()]
Mechanical analysis 2 Classification
o Plas-
Percentage passing sieve— Percentage smaller than Liquid| ticity
limit index
AASHO Unified ?
No. 4 | No. 10 } No. 40 | No. 200 | 0.05 | 0.02 | 0.005 | 0.002
2-in. | ¥-in. | 3%-in (4.7 (2.0 (0.42 (0.074 | mm. | mm. | mm. | mm,
mm.) mm.) mm.) min.)
__________________________ 100 81 43 40 31 14 13 39 9 | A-4(2) SM
__________________ 100 98 78 32 30 25 16 14 28 11 | A-2-6(0) SC
£ 100 89 83 76 70 26 5 (G N R I I E NP NP | A-1-b(0) N
__________________ 100 98 80 53 50 42 26 20 50 19 | A-7-5(9) ML
______ 100 99 97 89 55 32 31 24 16 14 36 18 | A-2-6(0) SC
100 99 95 89 79 4 2 G0 T PR N I NP NP | A-1-b(0) Sp
,,,,,,,,,,,, 100 99 96 68 37 31 26 11 9 42 9 | A-5(0) SM
,,,,,,,,,,, 100 98 89 45 19 (G J R IR 25 6 | A-1-b(0) SM-SC
7100 81 74 64 54 17 4 (G 2 I N A NP NP | A-1-b(0) Sp
,,,,,,,,,,,,,,,,,,,,,,,,,, 100 96 70 62 47 20 13 52 12 | A~7-5(10) OH
,,,,,,,,,,,, 100 99 97 92 66 58 52 39 35 49 22 | A-7-6(12) ML-CL
____________ 100 98 95 83 57 53 45 35 26 46 20 | A-7-6(9) ML-CL
__________________________ 100 95 69 58 45 21 13 52 15 | A-7-5(11) OH
____________ 100 99 97 90 64 59 53 37 32 50 24 | A-7-6(12) ML-CL
,,,,,, 100 98 97 95 87 63 54 45 33 26 41 17 | A-7-6(8) ML-CL
__________________ 100 99 93 65 59 45 23 17 54 18 | A-7-5(11) OH
,,,,,,,,,,,,,,,,,, 100 99 93 66 59 49 33 26 48 21 | A-7-6(12) ML-CL
,,,,,, 100 98 94 92 84 61 53 43 29 22 37 17 | A-6(8) CL
,,,,,,,,,,,,,,,,,,,,,,,,,, 100 94 67 58 43 20 14 33 8 | A-4(6) ML-CL
__________________________ 100 96 79 76 57 26 20 39 14 | A-6(10) ML-CL
,,,,,,,,,,,,,,,,,,,,,,,,,, 100 91 1 G) ool NP NP | A-3(0) sSP
,,,,,,,,,,,, 100 99 98 89 54 46 29 14 8 28 6 | A-4(4) ML-CL
__________________________ 100 96 74 65 36 22 19 30 8 | A-4(8) ML-CL
100 91 84 77 67 32 3 1) R S I NP NP | A-1-b(0) Sp
,,,,,,,,,,,,,,,,,,,,,,,,,, 100 91 50 35 21 10 8 22 0| A-4(3) SM
,,,,,,,,,,,,,,,,, R 100 95 67 49 30 15 12 26 3 | A-4(6) ML
,,,,,, 99 98 96 93 29 1 1G) IR O I NP NP | A-1-b(0) sSpP
,,,,,, 100 99 97 94 83 46 38 28 15 11 24 4 | A-4(2) SM-S8C
,,,,,, 100 99 96 93 83 56 50 40 29 25 45 20 | A-7-6(9) ML-CL
______ 100 99 96 92 83 54 47 36 23 15 26 8 | A-4(4) CL
,,,,,,,,,,,, 100 99 98 91 62 54 37 15 7 27 5 1 A-4(5) ML-CL
____________ 100 99 98 89 59 52 42 31 28 42 16 | A-7-6(7) ML-CL
______ 100 99 97 93 83 53 49 36 21 16 33 13 | A-6(5) CL
__________________ 100 99 95 76 68 53 24 15 36 11 | A-6(8) ML-CL
____________ 100 98 97 91 68 65 56 41 33 56 28 | A-7-6(16) MH-CH
____________ 100 98 95 88 68 62 52 34 23 42 17 | A-7-6(10) ML-CL
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TasLE 3.—Engineering

Moisture-density datat
Minne-
sota
Soil name and location Parent material report, Depth Horizon
number Maximum Optimum
(SS62) dry moisture
density
Kasota loam: n. Lb. per cu. ft. Pet.
NEUNWY, sec. 2, T. 114 N., R. 24 W. | Stratified sand on 1652 0-7 Alj 108 15
(Modal.) outwash plain. 1653 11-20 | B22 93 25
1654 40-48 | C 104 16
NEUNEY, see. 11, T. 114 N., R. 24 W. | Stratified gravel and 1655 0-8 Alp 97 20
(Maximal.) sand on outwash 1656 16-25 | B22 102 19
plain. 1657 28-36 | B24 85 29
1658 39-48 | C2 121 10
SWUSWY, sec. 35, T. 115 N., R. 24 W. | Stratified sand on 1659 0-9 | Alp 106 16
(Minimal.) outwash plain. 1660 16-20 | B22 99 21
1661 35-45 | C 107 14
1662 55-60 | C1 116 14
Lester loam:
SWUNWY, sec. 7, T. 115 N, R. 25 W. | Glacial till on 1684 0-6 | Al 95 23
(Modal.) ground moraine of 1685 19-28 | B22 107 17
Mankato Age. 1686 40-48 | C 109 17
NEXNEY, sec. 36, T. 115 N.,, R. 26 W. | Glacial till on 1687 0-6 | Al 76 36
(Maximal.) ground moraine of 1688 22-26 | B23 93 24
Mankato Age. 1689 45-55 | C 108 18
NWXSEY, sec. 33, T. 116 N., R. 25 W. | Glacial till on 1681 0-7 Al 88 26
(Minimal.) ground moraine of 1682 13-18 | B22 108 15
Mankato Age. 1683 41-48 | C3 110 15
LeSueur clay loam:
SEUNWY, see. 13, T. 115 N,, R. 26 W. | Glacial till on 1702 0-8 Al 83 30
(Modal.) ground moraine of 1703 15-23 | B22 99 21
Mankato Age. 1704 35-45 | C2 106 17
NEYNWY, sec. 5, T. 114 N, R. 24 W. | Glacial till on 1705 0-7 Al 78 33
(Maximal.) ground moraine of 1706 18-28 | B22 88 28
Mankato Age. 1707 39-46 | C2 100 22
NWYENWY, see. 11, T. 116 N., R. 26 W. | Glacial till on 1699 0-7 Al 82 30
(Minimal.) ground moraine of 1700 21-26 | B22 105 18
Mankato Age. 1701 33-48 | C2 106 18

! Based on AASHO Designation: T 99-57, Method C (7).

2 Mechanical analysis according to AASHO Designation: T 88-57 (7). Results by this procedure may differ somewhat from results
obtained by the soil survey procedure of the Soil Conservation Service (SCS). In the AASHO procedure, the fine material is analyzed by
the hydrometer method, and the various grain-size fractions are calculated on the basis of all the material, including that coarser than 2
millimeters in diameter. In the SCS soil survey procedure, the fine material is analyzed by the pipette method, and the material coarser
than 2 millimeters in diameter is excluded from calculations of grain-size fractions. The mechanical analysis data used in this table are
not suitable for naming textural elasses for soils.
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test data—Continued
Mechanical analysis 2 Classification
Plas-
Percentage passing sieve— Percentage smaller than— | Liquid | ticity
limit index
AASHO Unified 3
No. 4 No. 10 | No. 40 | No. 200! 0.05 | 0.02 | 0.005 | 0.002
2-in. | 3-in. | %-in. (4.7 (2.0 (0.42 (0.074 | mm. | mm. | mm. | mm.
mm.) mm.) mm.) mm.)
__________________________ 100 97 59 53 35 16 10 28 6 | A-4(5) ML-CL
__________________________ 100 99 84 78 71 58 50 58 26 | A-7-5(18) MH-CH
__________________________ 100 77 2 ) oo NP NP | A-3(0) sSp
__________________________ 100 98 79 66 46 21 10 36 9 | A-4(8) ML or CL
__________________________ 100 99 73 65 53 36 31 41 16 | A-7-6(10) ML-CL
__________________________ 100 99 86 82 80 71 62 82 48 | A-7-5(20) CH
100 97 91 81 63 11 2 () oo ool NP NP | A-1-b(0) sSP
__________________________ 100 97 53 44 30 15 10 27 5| A-4(4) ML-CL
__________________________ 100 98 73 68 60 48 41 52 23 | A-7-5(15) MH-CH
____________ 100 99 98 89 61 (O oo NP NP | A-3(0) SpP
______ 100 92 78 60 18 3| () oo NP NP | A-1-b(0) sSP
____________ 100 99 98 88 52 43 27 11 9 39 11 | A-6(3) OL
__________________ 100 98 88 56 50 39 27 21 38 16 | A-6(6) CL
______ 100 99 97 95 87 59 53 39 25 16 34 12 | A-6(6) ML-CL
__________________ 100 99 93 71 66 47 19 13 60 20 | A-7-5(14) OH
____________ 100 99 98 94 78 71 61 44 36 56 25 | A-7T-5(17) MH-CH
____________ 100 99 94 85 56 47 37 21 17 36 13 | A-6(5) ML-CL
______ 100 100 98 97 89 59 57 37 15 9 46 14 | A-7-5(8) ML or OL
______ 100 98 97 93 82 51 42 36 26 21 40 16 | A-6(5) ML-CL
____________ 100 98 94 86 60 50 35 25 17 33 10 | A-4(5) ML-CL
__________________ 100 99 94 70 62 45 19 13 50 16 | A-7-5(11) ML or OL
____________ 100 99 98 92 65 58 49 36 31 46 17 | A-7-6(10) ML
____________ 100 99 95 86 59 50 41 25 18 36 15 | A-6(7) CL
__________________________ 100 96 84 74 54 25 17 58 13 | A-7-5(13) MH or OH
__________________ 100 99 96 82 76 69 52 42 62 26 1. A-7-5(18) MH
____________ 100 98 95 86 58 51 38 28 19 43 17 | A-7-6(8) ML-CL
________________________ 100 95 71 64 47 18 14 53 17 | A-7-5(13) MH or OH
______ 100 99 98 96 89 61 54 45 32 28 45 21 | A-7-6(10) CL
______ 100 99 98 97 90 62 56 44 30 21 36 14 | A-6(7) CL

¢ 8CS and BPR have agreed to consider that all soils having plasticity indexes within 2 points of the A-line are to be given a

borderline classification. (Examples of borderline classifications obtained by this use are SM~SC, ML~CL, and MH-CH.)

* An estimated 3 percent of material was larger than 3 inches in diameter and was discarded in field sampling.
5 Data not available.
5 Nonplastic.
" An estimated 10 percent of material was larger than 3 inches in diameter and was discarded in field sampling.
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TaBLE 4.— Estimated

Classification
Depth to Depth
Soil and map symbol water from |
table surface
USDA texture Unified
Ft. In. :
Alluvial land (Al, Au)_____ . ___ ® ® [ ®)
Biscay:
Loam (Be) . _____ 1-4 0-13 | Loamn_______________ ________ SM or ML
) 13-27 | Loam or sandy clay loam_______ SC or CL
27-31 | Loam to sandy loam___________ SC
31-45 | Sand and gravel.______________ SP or GP
Loam, sandy subsoil variant (Bd)_.__________ 1-4 0-13 | Loama. . _________ SM or ML
13-37 | Sandy elay loam_ .. ____ SC or CL
37-46 | Gravelandsand____________ ___ SP or GP
46-54 | Sand_________________________ SP
Burnsville (BhB, BhC, BuD, BuE)________________ 10+ 0-12 | Sandy loam________ . . _ SM
For properties of Hayden soils in mapping 12-16 | Coarse sandy loam_____________ SM
units BhB, BhC, BuD, and BuE refer to 16-40 | Gravel and sand_____ _________. GW
Hayden soils.
Canisteo:
Silty clay loam (Ca)_ . _______ 1-4 0-11 | Silty elay loam_.______________ OH
11-30 | Silty elay loam________________ CL
30-50 | Silty clay loam or clay loam.__ _| CL
Silty clay loam, depressional (Cd).._________ 0-3 0-7 Muek .. Pt
7-24 | Silty elay loam____.____________ MH
24-48 | Clay loam . __________________ CL
Chaska (Chy______________ _ _______________ 0-4 0-22 | Silty elay loam__._____________ MH
22-50 | Loam________________________ ML or ML-CL
Comfrey (Cm, Co) . _. . ______ . _________ 0-4 0-21 | Silty clay loam___________._____ MH
21-48 | Silty elay loam__._____________ CL
Cordova (Cs, Cw)_____________________________ 1-4 0-9 Silty elay loam_.______________ OH
For properties of Webster soils in mapping 9-24 | Silty elay loam____.___________ ML-CL
unit Cw, refer to Webster soils. 24-52 | Clay loam._ ___________________ ML-CL or CL
Dakota (DrA, DeBY _____ L ____ 10+ 0-11 | Sandy loam___________________ SM
For properties of Rasset soils in mapping units 11-29 | Loamtosandyloam___________ SM-3C or CL
DrA and DrB, refer to Rasset soils. 29-50 | Finesand_ . _________________. S
Estherville (EsA, EsB, EsB2, EsC, EsC2, EsD, 10+ 0-10 | Sandy loam________________.___ SM
EsE). 10-21 | Loam to sandy loam___________ ML, SM, or SC
21-40 | Gravel andsand_______.________ GW, GP, or SP
Fairhaven:
Deep variant (FhA) _______________________ 10+ 0-10 | Silt loam_____________________ ML-CL or OL
10-47 | Silt loam to silty clay loam . ____ ML-CL or ML
47-60 | Very finesand__ __.__________ SP
Sand substratum (FaA, FaB, FaC2)_________ 10+ 0-7 Silt loam. - _______________ ML-CL or OL
7-31 | Silty clayloam_ ___._____.. .. | ML-CL or CL
31-52 | Sand___._____________________. Sp
Glencoe (Ge) . ___ . _________ 0-3 0-9 Mueck________ o ______ Pt
9-15 | Silty elay loam___ . _______ OL-CL
15-44 | Clay loam___________________. CL
44-54 | Clay loam____ ______________. CL
Hayden:
Loam (HaB, HaB2, HaC, HaC2, HaD, 10+ 0-9 Loam________________________ ML-CL or SM
HaD2, HaE2, HaF, HcC3, HcD3, HcE3). 9-39 | Clay loam____________________ ML-CL or CL
39-52 | Loam____ . ____ _____ CL
Hubbard:
Loamy sand (HdA, HdB, HdC, HdD, HdF)__ 10+ 0-18 | Loamy sand_ _________________ SM-SP
1852 | Sand... .. __ Sp
Sandy loam (HuA, HuB2, HuC2, HuD)_____ 10+ 0-20 | Sandy loam_______________ . ___ SM
20-31 | Loamysand_ . __ SM-SP
3148 | Sand . iee. .| SP

See footnotes at end of table.
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properties
Classification— Percentage passing sicve
Continued Available
Permeability water Reaction Shrink-swell potential
capacity !
AASHO No. 4 No. 10 No. 200
In. per hr. In. per in. of soil pH

™ ) ® ® ® 2 ) Low to moderate.
A-4 95-100 90-100 45-60 0.6-2. 0 0. 20 6. 6-7. 8 | Low to moderate.
A-4 95-100 90-100 35-55 0.6-2.0 .17 6. 6-7. 8 | Low to moderate.
A-2 or A-4 90-100 80-90 25-45 2.0-6. 3 .12 6. 6-7. 8 | Low to moderate.
A-1 45-90 40-80 2-5 6. 3+ .01 7.4-7. 8 | Low.

A-4 95-100 90-100 45-60 0.6-2.0 . 20 6. 6-7. 8 | Low to moderate.
A-1 95-100 90-100 40-55 0. 6-2. 0 17 6. 6-7. 8 | Low to moderate.
A-1 45-90 40-80 2-5 6. 3+ .01 7.4-7.8 | Low.

A-1 95~-100 90-100 2-5 6. 3+ .01 7.4-7.8 | Low.

A-2 95-100 85-95 25-35 0.6-2.0 .13 5.6-6.5 | Low.

A-2 or A-1 70-80 85-95 20-30 2.0-6. 3 .10 5.6-6.5 | Low.

A-1 40~50 35-50 2-5 6. 34 .01 7.4-7. 8 | Low.

A7 95 -100 95-100 80--90 0.2-0. 6 .25 7. 4-7. 8 | Moderate to high.
A-7 95-100 95-100 80--90 0.2-0. 6 .20 7. 4-7. 8 | Moderate to high.
A-6 or A-7 95-100 95-100 60-85 0.206 .17 7.4-7. 8 | Moderate to high.
A-8 . 0.6-2.0 . 50 7. 4-7. 8 | Moderate.

A7 95-100 95-100 80-90 0. 2-0. 6 .25 7.4-7. 8 | Moderate to high.
A-7 95-100 95-100 65-80 0.2-0.6 17 7.4-7. 8 | Moderate to high.
A-7 95-100 95-100 85-95 0.2-0. 6 20 7.4-7.8 | Moderate to high.
A-4 95-100 95-100 70-80 0.6-2.0 17 7. 4-7. 8 | Moderate.

A-7 95-100 95-100 80-90 0.2-0. 6 .25 6. 1-7. 8 | Moderate to high.
A-7 95-100 95-100 80-90 | 0.2-0.6 .17 6. 6-7. 8 | Moderate to high.
A-7 95-100 95-100 75-85 0.2-0. 6 .20 6. 1-7. 3 | Moderate to high.
A-7 95-100 95-100 75-85 0.2-0. 6 .18 5. 1-6. 5 | High.

A-Tor A-6 95-100 95-100 55-70 0.6-2.0 .17 7.4-7. 8 | Moderate to high.
A-2 or A-4 95-100 95-100 25-50 2.0-6. 3 .13 5. 6-6. 5 | Low.

A-2 or A4 95-100 95-100 30-60 2.0-6. 3 .20 5.6-6.5 | Low.

A-3 95-100 95-100 2-5 6. 3+ .03 5.6-6. 5 | Low.

A-2 or A-4 95-100 70-80 25 -50 2.0-6.3 12 5.6-6. 5 | Low.

A-2 or A4 90 95 75-85 30-60 2.0-6. 3 10 5.6-6.5 | Low.

A-1 35-55 25-40 2-5 6. 3+ 02 7.4 7.8 | Low.

A4 95-100 95-100 55-85 2. 0-6. 3 .20 6. 1-6. 5 | Low to moderate.
A-4 or A-6 95-100 95-100 65-85 2.0-6. 3 .18 5.6-6. 5 | Moderate.

A-3 75-95 65-95 25 6. 34 .01 7.4 7.8 | Low.

A-4 95-100 95-100 55--85 2.0-6. 3 .20 6. 1-6. 5 | Low to moderate.
A4 or A-6 95-100 95-100 75-85 2. 0-6. 3 .18 5.6-6. 5 | Moderate.

A-3 75-95 65-95 2-5 6. 3+ .01 7.4-7. 8 | Low.

A-8 e 0.6-2. 0 . 50 6. 1-7. 3 | Moderate.

A-7 95-100 95-100 75-90 0.2-0. 6 .25 6. 1-7. 3 | Moderate to high.
A-7 90-100 90-100 70-85 0.2-0. 6 .20 6. 1-7. 3 | Moderate to high.
A-7 90-100 90-100 65 -80 0.6-2.0 .17 7.4-7.8 | Moderate to high.
A4 95-100 95-100 45-75 0.6-2. 0 .18 6. 1-6. 5 | Moderate.

A-7 95-100 90-100 55-75 0.6-2. 0 17 5.1-6. 1 | Moderate to high.
A-4or A-6 95-100 90-100 50-70 0.6-2.0 .17 7.4-7. 8 | Moderate.

A-2 95-100 95-100 10-15 6. 3+ . 06 5.6-6. 5 | Low.

A-3 95-100 95-100 2-5 6. 3+ .02 5.6-6.5 | Low.

A-2 95-100 95--100 20-30 2.0-6.3 .13 5.6-6. 5 | Low.

A-2 95-100 95-100 10-15 6. 3+ .03 5.6-6. 5 | Low.

A-3 95-100 95-100 2-5 6. 3+ .03 5.6-6. 5 | Low.
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TaBLe 5.—FEstimated

Classification
Depth to Depth
Soil and map symbol water from
table surface
USDA texture Unified
Kasota:
Loam (KaA, KaB2)_ _______ . ____.____. 10+ 0-6 Loam._______________________ ML-CL or OL
6-11 | Clayloam_.____ . . .______._ CL
11-28 | Clay loamorelay_____________ MH or CH
28-50 | Sand______________________ _. sp
Sandy loam (KsA, KsB2) __________________ 10+ 0-11 | Sandy loam_______.___________ SM
11-24 | Clay loamoreclay_____________ MH or CH
24-43 | Loamy sand tosand.__________ SM-SP
43-50 | Sand.._______________________ SP
Lester (LaB, LaB2, LaC, LaC2, LaD2, LeB, LeC2). 10+ 0-9 | Loam_______________________ OL-OH
For properties of Estherville soils in mapping 9-40 | Clay loam_______________.__.__ CL
units LeB and LeC2, refer to Estherville 40-48 | Clay loam____________________ ML-CL
soils.
LeSueur (LsA, LsB) ... 3-8 0-11 | Clay loam____________________ OL or OH
11-30 | Clayloam________ ____..._____ ML, CL, or MH
30-40 | Clayloam____________________ CL
Marsh (Ma)?
Mayer (My) - oo . 1-4 0-18 | Loam________ .. __________ SM or ML
18-33 | Sandy clay loam_______________ SC or CL
33-48 | Sand and gravel________________. SP or GP
Oshawa (OS) - oo 0-3 0-42 | Silty elay loam__._____________ ML
Peat and muck (Pc, Pd, Pm, Ps)_______________ 0-3 40-42 | Peat and muek._________._.___. Pt
Rasset (RaB, RaC, RaD)_______________________ 10+ 0-11 | Loamysand___________________ SM
11-21 | Sandy loam___________________ SM
21-54 | Sand with bands of loamy sand | SM-SP with bands
and sandy clay loam. of 8M and SC
Salida (SaF)_ _ .. 10+ 0-10 | Loamysand___________________ SM
10-42 | Sand and gravel _______________ GW, GP, or 8P
Sandy colluvial land (Sc)______________________ 4-10 0-52 | Loamy coarse sand___________._ SM-GM
Sandy lake beaches (Sk)______________._______. 0-4 o ________ ) . @)
Storden (SIC2, SID2) ... 10+ 0-6 | Loam.._._____________________ ML
For properties of Lester soils in mapping 6-48 | Clay loam_________.______._._ ML-CL
units SIC2 and SID2, refer to Lester soils.
Taleot (Ta) - - - oo oo oo o oo 0-3 0-23 | Silty clay loam________________ OH
23-30 | Silty elay loam______._________ CL
30-36 | Loamysand._ . ________________ SM
36-50 { Sand and gravel_______________ SP or GP
Terril:
Loam (TeB, TeC) oo ____ 3-8 0-39 | Loam______________________._ ML or OL
39-52 | Clayloam____________________ CL
Loam, occasionally flooded (To) .. ._______. 2-4 027 | Loam______________________.. ML or OL
27-52 | Loam________________________ ML
Wadena (WaA, WaB, WaC2) . ________________. 104 0-10 | Loam._ . ___._ SM or SC
1024 | Loam___ _____________________ SC or SM-SC
24-50 | Sand and gravel_______________ SP or GP
Webster (Cw) - - oo 1-4 0-14 | Silty clay loam.________________ MH or OH
14-20 | Clay loam____________________ CL
20-36 | Clay loam____________________ CL

1 Estimates based on textural class and organic-matter content.

2 Variable.
3 Uneclassified.
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properties—Continued

Classification— Percentage passing sieve—
Continued Available
Permeability water Reaction Shrink-swell potential
capacity !
AASHO No. 4 No. 10 No. 200
In. per hr. In. per in. of soil pH
A-4 95-100 95-100 50-70 0. 6-2. 0 .20 6. 1-6. 5 | Moderate.
A4 95-100 95-100 50-70 0.6-2.0 .18 5.1-6. 5 | Moderate.
A-7 95-100 95-100 70-85 0.2-0. 6 .18 5.1-6.5 | High.
A-3 or A-1 75-90 60-100 2-5 6. 3+ .01 7.4-7.8 | Low.
A-2 95-100 95-100 20~-30 2. 0-6. 3 .12 6.1-6. 5 | Low.
A-7 95-100 95-100 70-85 0.2-0. 6 .18 5.1-6. 5 | High.
A-2 95-100 95-100 10-15 6. 3+ .03 5.1-6. 5 | Low.
A-3 or A-1 75-90 60-100 2-5 6. 3+ .01 7.4-7.8 | Low.
A-6 or A-7 95-100 95-100 55-75 2.0-6. 3 .20 6. 1-6. 5 | Moderate.
A-6 95-100 95-100 55-80 0.6-2. 0 .17 5.1-6. 5 | Moderate to high.
A-6 95-100 90-100 55-70 0.6-2.0 .17 7.4-7.8 | Moderate.
A-7 95-100 95-100 65-80 0.6-2.0 .20 6. 1-6. 5 | Moderate to high.
A-7 95-100 95-100 70-85 0.6-2. 0 .18 5.1-6. 0 igh.
A-6 95-100 95-100 55-70 0.6-2. 0 .17 7.4-7.8 | Moderate to high.
A-4 95-100 90-100 45-60 0.6-2.0 .20 7.4-7. 8 | Low to moderate.
A-4 95-100 90-100 35-55 0.6-2. 0 17 7.4-7. 8 | Low to moderate.
A-1 45-90 45-80 2-5 6. 3+ 01 7.4-7.8 | Low.
A-7 95-100 95-100 80-90 0.2-0. 6 .25 7.4-7. 8 | High.
A-8 e el ) . 50 57.4-7. 8 | Moderate to high.
A-2 95-100 95-100 15-30 6. 3+ .08 5.6-6. 5 | Low.
A-2 95-100 95-100 20-35 6. 3+ . 08 5.6-6. 5 | Low.
A-2 95-100 75-95 5-25 6. 3+ .03 5.6-6. 5 | Low.
A-2 or A-1 80-90 65-80 10-20 6. 3 .04 6. 1-7. 3 | Low.
A-1 35-60 25-40 2-5 6. 3+ . 02 7.4-7.8 | Low.
A-2 55-95 5090 10-20 6. 34 .07 6. 1-7. 3 | Low.
® ® ® ® ® & ® ®.
A4 95-100 95-100 55-70 0. 6-2. 0 .20 7. 4-7. 8 | Moderate.
A6 95-100 85-95 55-70 0.6-2. 0 .17 7. 4-7. 8 | Moderate.
A-7 95-100 95-100 80-90 0.2-0. 6 .25 7.4-7. 8 | Moderate to high.
A-7 95-100 70-90 75-85 0.2-0.6 .18 7.4-7. 8 | Moderate to high.
A-2 90-100 80-90 20-30 6. 31 07 7.4-7. 8 | Low.
A-1or A-3 45-70 30-40 2-5 6. 3-+ 01 7.4-7.8 | Low.
A4 95-100 90-100 55-65 0.6-2.0 .20 5.6-7. 3 | Moderate.
A-6 95-100 90-100 55-70 0.6-2. 0 .17 5. 6-7. 3 | Moderate to high.
A4 95-100 95-100 55-75 0.6-2. 0 .20 5.6-7. 3 | Moderate.
A-4 95-100 95-100 55-75 0.6-2.0 .17 5. 6-7. 3 | Moderate.
A-4 95-100 90-100 45-50 2.0-6. 3 20 6. 1-7. 3 | Low to moderate.
A4 95-100 90-100 45-50 2.0-6. 3 17 6. 1-7. 3 | Low to moderate.
A-1to A-3 45-70 70-95 2-5 6. 34 01 7.4-7.8 | Low.
A-7 95-100 95-100 70-90 0.2-0. 6 .25 6. 1-7. 3 | Moderate to high.
A-7 95-100 95-100 70-95 0.2-0. 6 .20 6. 1-7. 3 | Moderate to high.
A6 95-100 90-100 55-75 0. 2-0. 6 .17 7.4-7. 8 | Moderate to high.

* For Pc only. Depth varies for Pd, Pm, and Ps.
5 For Pc only. pH is 6.1 to 7.3 for Pd, Pm, and Ps.



62

SOIL SURVEY

Soil and map symbol

TABLE 5.—Engineering

[Engineers and others should not apply specific values to

Suitability as source of—

Soil features
affecting—

Topsoil !

Sand 2

Gravel

Road fill 3

Highway loeation

Alluvial land (Al) ______

Alluvial land, fre-
quently flooded
(Au).

Biscay:
Loam (Be) ___

Loam, sandy sub-
soil variant (Bd).

Burnsville (BhB, BhC,
BuD, BuE).

For properties of
Hayden soils in
mapping units
BhB, BhC, BuD,
and BuE, refer to
Iayden soils.

Canisteo:
Silty clay loam
(Ca).

Silty clay loam,
depressional
(Cd).

See footnotes at end of table.

Fair to good.

Check each
site.

Variable. Check

each site.

Good_____ .. ___

Good___ _______

Good: difficult

to excavate
and handle
because of

high water
table.

Not suitable_ _______

Not suitable_ _______

Fair to good below
a depth of 4 feet:
stratified coarse
sand and fine
gravel; high
water table.

Possible source
below a depth of
4 feet: generally
poorly graded
sand; layers of
gravel in places;
high water table.

Not suitable_ _______

Not suitable________

Not suitable_ _______

Not suitable _._____

Not suitable_ _______

Possible source be-
low a depth of 4
feet: stratified
coarse sand and
fine gravel; high
water table.

Not generally
suitable: gravel
too fine.

Good: sand pockets,
stones, boulders,
and cobblestones
in places.

Not suitable________

Not suitable_ _______

Poor to good:
variable soil
texture. Check
each site.

Poor to fair: vari-
able soil texture.
Cheek each site.

Good below a
depth of 4 feet:
high water table;
good compaction
characteristics;
good shear
strength.

Fair to good below
a depth of 4 feet:
high water table;
fair to good
compaction
characteristics;
fair to good
shear strength.

Very good: execel-
lent shear
strength; good
compaction
characteristics;
good bearing
capacity; good
stability; in places
stones, boulders,
or cobblestones
interfere with
grading.

Not suitable in
uppermost 2 feet,
because of high
plasticity and
high organic-
matter content;
fair in sub-
stratum; moderate
to high volume
change.

Poor: high organic-
matter content;
high water con-
tent; moderate to
high volume
change; poor
shear strength.

Oceasional flooding;
high water table;
moderate to high
susceptibility to
frost action.

Frequent flooding ;
high water table;
moderate to high
susceptibility to
frost action.

High water table;
moderate suscep-
tibility to frost
action; erodib e
where exposed on
embankments.

Itigh water table;
moderate suscep-
tibility to frost
action; erodible
where exposed on
embankments.

Good drainage; good
stability; low
suseccptibility to
frost action;
large boulders in
some areas.

High water table;
high suscepti-
bility to frost
action; poor bear-
ing strength;
plastic subsoil.

High water table;
seasonal pond-
ing; high suscepti-
bility to frost
action.
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Soil features affecting—Continued

Farm ponds

Agricultural Irrigation Terraces and Waterways
drainage diversions
Reservoir area Embankment 3
Variable soil texture; | Variable soil texture. | Drainage not Flood control Terraces and diver- | Waterways

flooding. Check
each site.

Variable soil texture;
frequent flooding.
Check each site.

Fluctuating water
table; features
favorable for dug
ponds.

Fluctuating water
table; features
favorable for dug
ponds.

Features unfavora-
ble: pervious sub-
stratum.

Fluctuating water
table; moderately
slow permeability;
features favorable
for dug ponds.

High water table;
moderately slow
permeability ;
features favorable
for dug ponds.

286-417—68——5

Check each site.

Variable soil texture.
Check each site.

Adequate strength
and fair stability;
good compaction
characteristics;
pervious if com-
pacted; good re-
gistance to piping.

Fair stability; fair
to good compac-
tion characteris-
tics; pervious if
compacted; fair
to poor resistance

to piping.

Very stable; good
compaction
characteristics;
pervious if com-
pacted; fair to
poor resistance to

piping.

Fair to good com-
paction character-
istics; slow perme-
ability if com-
pacted; rea-
sonably stable.

Fair to good sta-
bility below a
depth of 2 feet;
fair to good com-
paction character-
istics; slow perme-
ability if com-
pacted.

needed.

Frequent flooding;
drainage not
advisable.

Caving or sloughing
of substratum
makes installation
and maintenance
of tile difficult;
drainage needed.

Caving or sloughing
of sandy sub-
stratum makes
installation and
maintenance of
tile difficult;
drainage needed.

Drainage not
needed.

Moderately slow
permeability;
drainage needed.

Moderately slow
permeability;
drainage needed.

needed; generally
not irrigated.

Generally not
irrigated.

High water table;
drainage needed;
generally not
irrigated.

High water table;
graina.ge needed;
generally not
irrigated.

Low moisture-
holding capacity;
shallow root
zone; moderate
to rapid intake.

Drainage needed;
generally not
irrigated.

Drainage needed;
generally not
irrigated.

sions not needed.

Terraces and diver-
sions not needed.

Terraces and diver-
sions not needed.

Terraces and diver-
sions not needed.

Shallow over gravel
and sand; stones
and boulders in
places; irregular
slopes; moderately
rapid permea-
bility.

Terraces and di-
versions not
needed.

Terraces and di-
versions not
needed.

generally not
used.

Waterways
generally not
used.

Waterways
generally not
used.

Waterways
generally not
used.

Droughty; diffi-
cult to es-
tablish sod.

Drainage needed
before construc-
tion of water-
way.

Waterways
generally not
used.
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TABLE 5.—Engineering

Soil and map symbol

Suitability as source of—

Soil features
affecting—

Topsoil ! Sand 2 Gravel Road fill 3 Highway location
Chaska (Ch)y.._._______ Good__________| Notsuitable_ ___.____ Not suitable_ .. _____ Poor: high organic- | Flooding; high
matter content; water table; high
high water con- susceptibi.ity to
tent; moderate frost action.
to high volume
change; fair shear
strength.
Comfrey:
Silty clay loam Good__________| Notsuitable. _______ Not suitable. _._____ Poor: high organic- Occasional flooding;
(Cm). matter content; high water table;

Silty eclay loam,
frequently
flooded (Co).

Cordova (Cs, Cw) . ____

For properties of

Webster soils in

mapping unit
Cw, refer to
Webster soils.

Dakota (DrA, DrB)____

For propertics of
Rasset soils in
mapping unit
DrA and DrB,
refer to Rasset
soils.

Estherville (EsA, EsB,

EsB2, EsC, EsC2,
EsD, EsE).

Fairhaven:
Silt loam, deep
variant (FhA).

Good: difficult
to excavate
and handle
because of
high water
table.

Fair to good. .. _

Fair to good_ ___

See footnotes at end of table.

Not suitable_ .- _____

Not suitable. _______

Possible source of
poorly graded
sand. Check each
site.

Good: stratified,
well-graded sand
and gravel.

Good: poorly graded
sand.

Not suitable_ _______

Not suitable. _______

Generally not suit-
able; possible
source of fine
gravel. Check
each site.

Good: stratified,
well-graded sand
and gravel.

Generally not
suitable: layers of
gravel in places.
Check each site.

high water con-
tent; moderate to
high volume
change; poor
shear strength.

Poor: high organic-
matter content;
high water con-
tent; moderate to
high volume
change; poor shear
strength.

Poor in uppermost 3
feet, fair to good
in substratum:
moderate to high
volume change;
high water con-
tent in places.

Fair to good: low
volume change;
good shear
strength; low
compressibility;
fair compaction
characteristics.

Good: good
stability; good
shear strength;
good bearing
capacity; good
compaction
characteristics.

Good below a depth
of 4 feet: good
shear strength;
low volume
change; good
bearing capacity;
low compressi-
bility.

high susceptibility
to frost action.

Frequent flooding;
high water table;
high susceptibility
to frost action.

High water table;
high susceptibility
to frost action;
poor to fair
stability.

Good drainage; low
susceptibility to
frost action; fair
to good stability.

Good drainage; very
stable; good shear
strength; low
susceptibility to
frost action.

Good drainage; fair
stability;
moderate
susceptibility to
frost action.
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Soil features affecting—Continued

Farm ponds

o Agricultural Irrigation Terraces and Waterways
drainage diversions
Reservoir area Embankment 3
Flooding; high Poor stability; Few suitable out- Drainage needed; Terraces and di- Waterways

water table;
moderately slow
permeability.

High water table;
moderately slow
permeability; occa-
sional flooding;
features favorable
for dug ponds.

Frequent flooding;
high water table;
moderately slow
permeability.

Fluctuating water
table; moderately
slow permeability;
features favorable
for dug ponds.

Features unfavor-
able: too porous to
hold water; rapid
to very rapid
permeability below
a depth of 3 feet.

Features un-
favorable:
material too
porous to hold
water; rapid to
very rapid
permeability
below a depth of
2 feet.

Features un-
favorable:
material too
porous to hold
water; rapid to
very rapid perme-
ability below a
depth of 4 feet.

pervious if com-
pacted; poor re-
sistance to

piping.

Poor stability; poor
compaction char-
acteristics; mod-
erate to slow
permeability if
compacted; fair to
poor resistance to
piping.

Poor stability; poor
compaction char-
acteristics; mod-
erate to slow
permeability if
compacted; fair to
poor resistance to
piping.

Slow permeability if
compacted; good
stability; good to
fair resistance to
piping.

Fair stability; rapid
permeability if
compacted; fair to
poor resistance to
piping.

Very stable; rapid
permeability if
compacted; good
resistance to
piping.

Fair stability; rapid
permeability if
compacted; low
compressibility;
piping hazard.

lets; moderately
slow permea-
ability; drainage
needed; flood
prevention
needed.

Few suitable outlets;
moderately slow
permeability; flood
prevention needed;
drainage needed.

Few suitable out-
lets; moderately
slow permeability;
flood prevention
needed; drainage
needed.

Moderately slow
permeability;
drainage needed.

Drainage not nceded_

Drainage not needed.

Drainage not needed._

flood control
needed; generally
not irrigated.

Drainage needed;
flood control
needed; generally
not irrigated.

Drainage needed;
flood control
needed; gencrally
not irrigated.

Drainage needed;
generally not
irrigated.

Features favorable:
rapid intake;

rapid permeability;

low moisture-
holding capacity.

Features favorable:
rapid intake;
rapid permea-
bility; low
moisture-holding
capacity.

Features favorable:
moderately high
moisture-holding
capacity; high
natural fertility;
moderately rapid
permeability.

versions not
needed.

Terraces and diver-
sions not needed.

Terraces and diver-
sions not needed.

Terraces and diver-
sions not needed.

Sand and gravel
within a depth of
2 to 3 feet; mod-
erately rapid
permeability.
Check each site
for soil depth and
texture.

Shallow over sand
and gravel; stones
and boulders in
some areas;
moderately rapid
to rapid permea-
bility.

Sand substratum
within a depth of
4 feet; moderately
rapid permea-
bility. Check each
site.

generally not
used.

Waterways gen-
erally not used.

Waterways gen-
erally not used.

Drainage needed
before construc-
tion of waterway.

Erodible; droughty.
Design for low
velocity.

Droughty;
difficult to
establish
vegetation.

Erodible. Design
for low velocity.
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Suitability as source of— Soil features
affecting—
Soil"and map symbol
Topsoil 1 Sand 2 Gravel Road fill 3 Highway location
Fairhaven—Continued
Silt loam, sand sub-| Good___ _..____ Good: poorly graded | Generally not Good below a depth | Good drainage; fair
stratum (FaA, sand. suitable: layers of of 3 feet: good stability;
FaB, FaC2). gravel in places. shear strength; moderate
Check each site. low volume susceptibility to
change; good frost action.
bearing capacity;
low compressi-
bility.

Glencoe (Ge)- - oo Good: difficult Not suitable. _______ Not suitable_ __.____ Poor: highly organic | High water table;
to excavate peat and muck seasonal ponding;
and handle surface soil; high low bearing
because of water table; capacity; high
high water moderate to high compressibility;
table. volume change; high susceptibility

poor to fair to frost action.
stability.

Hayden (HaB, HaB2, Fair_ . ________ Not suitable. .. _.__. Not suitable_ ... Fair: moderate to Good drainage; mod-
HaC, HaC2, HaD, high volume erate to high vol-
HaD2, HaE2, HaF, change; fair to ume change; fair
HcC3, HeD3, HeE3). good compaction to good bearing

characteristics; capacity; moderate
fair shear strength; to high suscepti-
medium compres- bility to frost ac-
sibility ; good to tion.

fair workability.

Hubbard:

Loamy sand (HdA, | Poor______..___. Good: poorly graded | Notsuitable._______ Fair: erodible; fair Good drainage; fair
HdB, HdC, sand. compaction char- stability ; good
HdD, HdF). acteristics; good shear strength;

shear strength; low susceptibility
fair stability; low to frost action.
volume change.

Sandy loam (HuA, | Fair____.______ Good: poorly graded | Not suitable________ Fair: erodible; fair Good drainage; fair
HuB2, HuC2, sand. compaction char- stability; good
HuD). acteristics; good shear strength; low

shear strength; fair susceptibility to
stability; low frost action.
volume change.

Kasota:

Loam (KaA, KaB2, | Good__.-_____._ Good: stratified sand | Generally not suit- Good below a depth Good drainage; fair
KsA, KsB2). and gravel. able:stratified of 4 feet: good stability; moderate

sand and gravel; shear strength; susceptibility to
possible source of low volume frost action.
fine gravel. change; fair work-

ability; fair com-

paction character-

istics.

Lester (LaB, LaB2, Good___.___. _| Not suitable. .______ Not suitable_ _______ Fair: fair shear Good drainage; fair
LaC, LaC2, LaD2, strength; bearing capacity;
l.eB, LeC2). moderate to high fair shear

For properties of volume change; strength;
Estherville soils fair to good moderate to high
in mapping units compaction susceptibility to
LeB and LeC2, characteristics; frost action.
refer to medium to high
Estherville soils. compressibility.

See footnotes at end of table,
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Soil features affecting—Continued

Farm ponds

Reservoir area

Embankment 3

Agricultural
drainage

Irrigation

Terraces and
diversions

Waterways

Features un-
favorable:
material too
porous to hold
water; rapid to
very rapid perme-
ability below a
depth of 3 feet.

High water table;
moderately slow
permeability;
features favorable
for dug ponds.

Reservoir bottoms
semipervious to im-
pervious if scarified
and compacted;
moderate perme-
ability.

very porous; rapid
permeability.

very porous; rapid
permeability.

pervious substra-
tum; rapid to very
rapid permeability
below a depth of 3
to 4 feet.

Semipervious if
scarified and
compacted;
moderate
permeability.

286-417—68——6

Features unfavorable:

Features unfavorable:

Features unfavorable:

Fair stability;
permeable if
compacted; low
compressibility;
piping hazard.

Fair stability; high
water content;
slow permea-
bility if com-
pacted; fair to
good resistance to
piping.

Fair to good sta-
bility ; fair to good
compaction char-
acteristics; slow to
moderate perme-
ability if compact-
ed; good to fair re-
gistance to piping.

Poor stability ; poor
resistance to pip-
ing.

Poor stability; poor
resistance to pip-
ing.

Fair to poor stability
in uppermost 3
fect; fair to poor
compaction char-
acteristics; fair
stability and good
compaction char-
acteristics below a
depth of 3 feet;
fair to poor
resistance to pip-
ing.

Fair to good
stability; fair to
good compaction
characteristies;
slow to moderate
permeability if
compacted; fair
to good resistance

to piping.

Drainage not needed .

Moderately slow
permeability;
drainage needed.

Drainage not necded_

Drainage not needed -

Drainage not nceded_

Drainage not needed._

Drainage not needed.

Features favorable:
moderate
moisture-holding
capacity; high
natural fertility;
moderately rapid
permeability.

Drainage needed;
generally not
irrigated.

Features favorable:
slow intake if
eroded; moderate
permeability.

Featurcs favorable:
very low moisture-
holding capacity;
rapid intake; rapid
permeability.

Featurcs favorable:
low moisture-hold-
ing capacity; rapid
intake; rapid per-
meability.

Features favorable:
moderately high
moisture-holding
capacity; high
natural fertility;
moderate to mod-
erately slow per-
meability.

Features favorable:
moderate
permeability;
slow intake if
eroded.

Sand substratum
within a depth of
2 to 3 feet;
moderately rapid
permeability.
Check each site.

Terraces and
diversions not
needed.

Irregular slopes; fea-
tures favorable
where slope is less
than 12 percent.

Rapid permeability;
sand substratum;
difficult to estab-
lish vegetation.

Rapid permeability;
sand substratum;
difficult to estab-
lish vegetation.

Sand and gravel
within a depth of 2
to 3 feet. Check
each sitc.

Irregular slopes;
features favorable
where slope is less
than 12 pereent.

Erodible. Design
for low velocity.

Waterways
generally not
used.

Erodible. Design
for low velocity.

Very droughty; dif-
ficult to establish
vegetation and
to hold sod.

Droughty; difficult
to establish
vegetation.

Erodible. Design
for low velocity.

Erodible. Design
for low velocity.
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TaBLE 5.—FEngineering

Soil and map symbol

Suitability as source of—

Soil features
affecting—

Topsoil 1 Sand ? Gravel Road fill 3 Highway location

LeSueur (LsA, LsB)_____| Good___._._____ Not suitable. __..___ Not suitable_ _._____ Fair to poor: Moderately high
moderate to high water table;
volume change; plastic subsoil;
fair shear high susceptibility
strength; fair to frost action.
stability.

Marsh (Ma).4

Mayer (My) oo _.____ Good._______._ Possible source: Possible source: Good below a depth | High water table;

Oshawa (Os)..________

Peat and muck (Pc,
Pd, Pm, Ps).

Rasset (RaB, RaC,
RaD).

Salida (SaF)__-___.___

Sandy colluvial land
(Sc).

Sandy lake beaches
(SKk).

Good: difficult
to excavate
and handle
because of
wetness.

Not suitable__ . _

Not suitable. __ .

Not suitable. . __

Not suitable__ ..

See footnotes at end of table,

stratified, well-
graded sand and
gravel; high
water table.

Not suitable_ . __.___

Not suitable_ _______

Fair to good: poorly
graded sand.
Check each site.

Good: stratified
sand and gravel.

Possible source of
poorly graded
sand. Check
each site.

Poor to good: high
water table.
Check each site.

stratified sand
and gravel; high
water table.

Not suitable. _______

Not suitable_ - ______

Poor: mainly sand;
a few layers of
gravel,

Good: stratified
sand and gravel.

Possible source.
Check each
site.

Poor to good: high
water table.
Check each site.

of 3 feet: low
volume change;
good shear
strength; fair to
good compaction
characteristics.

Poor: high organic-
matter content;
high water
content; high
volume change;
poor shear
strength; poor
compaction
characteristics.

Not suitable_ - _____

Good: good shear
strength; low
volume change;
fair to good
stability.

Good: good shear
strength; low
volume change;
good compaction
characteristics.

Fair to good: low
volume change;
fair to good shear
strength; good
compaction
characteristics.

Poor to good: high
water table.
Check each site.

moderate to high
susceptibility to
frost action.

Frequent flooding;
high water table;
high susceptibility
to frost action.

Iigh water table;
high suscepti-
bility to frost
action. Remove
layers of peat and
muck.

Good drainage;
good bearing
capacity; low
susceptibility to
frost action.

Good drainage;
good stability;
good shear
strength; low
susceptibility to
frost action.

Possible seepage;
low susceptibility
to frost action.

High water table;
areas near lakes
submerged in
some wet years;
moderate to high
suseceptibility to
frost action.
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Soil features affecting—Continued

Farm ponds

Reservoir area

Embankment 3

Agricultural
drainage

Irrigation

Terraces and
diversions

Waterways

Moderately high
water table;
moderate
permeability;
features favorable
for dug ponds.

Fluctuating water
table; features
favorable for dug
ponds.

Frequent flooding;
high water table.

Features favorable:
high water table.
Check depth of
peat and muck
and type of under-
lying material.

Features unfavor-
able: porous;
rapid permeabil-
ity.

Features unfavor-
able: too porous
to hold water;
very rapid
permeability.

Features unfavor-
able: very porous;
rapid permeabil-
ity.

Fluctuating water
table; rapid
permeability.

Poor stability in
uppermost 3 feet;
reasonable
stability in
substratum; slow
permeability if
compacted; good
to fair resistance
to piping.

Adequate strength
and fair stability;
good compaction
characteristics;
good resistance
to piping.

High organic-matter
content; high
water content;
fair to poor
stability ; fair to
poor resistance
to piping.

Highly organic
soil; features
unfavorable.

Fair to good sta-
bility; fair re-
sistance to piping.

Good stability;
fair resistance to
piping.

Fair stability; fair
to good compac-
tion character-
istics; poor re-
sistanece to piping.

Variable texture.
Check each site.

Drainage generally
not needed.

Caving and
sloughing of
sandy and
gravelly
substratum;
drainage needed.

Frequent flooding;;
drainage needed.

Drainage needed but
not advisable for
peat and mueck,
moderately
shallow, over
sand.

Drainage not
needed.

Drainage not
needed.

Drainage not
needed.

Generally not
drained. Check
each site.

Features favorable:
generally not
irrigated.

Drainage needed;
generally not
irrigated.

Flood protection
needed; drainage
needed; generally
not irrigated.

Drainage needed. - __

Features favorable:
rapid intake;
low moisture-
holding capacity;
low natural
fertility.

Very low moisture-
holding capacity;
very low natural
fertility; rapid
intake.

Low moisture-
holding capacity;
rapid intake;
rapid permeabil-
ity ; low natural
fertility.

Generally not irri-
gated. Check
cach site.

Terraces and
diversions
generally not
used.

Terraces and
diversions not
necded.

Terraces and
diversions not
needed,

Terraces and diver-
sions not needed.

Sand substratum;
rapid intake.
Check each site.

Rapid intake;
terraces and di-
versions generally
not needed.

Rapid intake;
terraces and di-
versions generally
not needed.

Terraces and di-
versions not
needed.

Features favorable.

Waterways
generally not
used.

Waterways
generally not
used.

Waterways gen-
erally not used.

Droughty; diffi-
cult to establish
vegetation.

Very droughty;
difficult to
establish vege-
tation.

Very droughty;
diffieult to
establish sod.

Waterways gen-
erally not used.
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SOIL

SURVEY

TABLE 5.—FEngineering

Suitability as source of—

Soil features
affecting—

Soil and map symbol

Topsoil 1

Sand 2

Gravel

Road fill 3

- Highway location

Storden (SIC2, SID2)____
For properties of
Lester soils in
mapping units
SIC2 and SID2,
refer to Lester
soils.

Taleot (Ta) o ocoemooo-o

Terril:
Loam (TeB, TeC)_._

Loam, occasionally
flooded (To).

Wadena (WaA, WaB,
WaC2).

Webster (Cw) __________

Poor: very
shallow sur-
face soil.

Good: difficult
to excavate
and handle
because of
high water
table.

Good_ __ . _____

Good_ __ _______

Not suitable_ . ______

Poor: high water
table; stratified
sand and gravel.

Not suitable _______

Not suitable_ ______

Good: stratified

sand and gravel.

Not suitable. .- ___

Not suitable_ __ .. __

Poor: high water
table; stratified
sand and gravel.

Not suitable_ _______

Notsuitable______

Good: stratified

sand and gravel.

Not suitable_ _.______

Fair to good: fair

Poor in uppermost

Fair to poor: fair

Fair: fair compac-

Good below a depth

Poor in uppermost

shear strength;
moderate volume
change; fair to
good compaction
characteristics.

3 feet because of
high organic-
matter content
and high water
content; stratified
sand and gravel
below a depth of
4 feet; excavation
difficult because of
high water table.

shear strength;
moderate to high
volume change;
fair to good com-
paction character-
istics.

tion characteristics;
fair stability;
moderate to fair
shear strength;
oceasional flood-
ing.

of 3 feet: good
shear strength;
low volume
change; good
bearing capacity;
good compaction
characteristics.

3 feet but fair to
good in sub-
stratum; moderate
to high volume
change; high
water content in
places.

Good drainage; fair

shear strength;
moderate to high
susceptibility to
frost action.

Frequent ponding;

high water table;
high organic-
matter content;
high susceptibility
to frost action.

Moderately high

water table; pos-
sible sidehill seep-
age; high suscep-
tibility to frost
action.

Occasional flooding;

moderately high
water table;
moderate suscep-
tibility to frost
action.

Good drainage; very

stable; good shear
strength; low com-
pressibility; good
compaction
characteristies.

High water table;

high susceptibility
to frost action;
poor to fair
stability.

I Refers to surface layer only.
2 Poorly graded sand is sand of uniform particle size. Well-graded sand is a mixturc of sand of all particle sizes in approximately

equal proportions.
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Soil features affeeting—Continued

Farm ponds

Reservoir arca

Embankment 3

Agricultural
drainage

Irrigation

Terraces and
diversions

Waterways

Semipervious if scar-
ificd and com-
pacted; moderate
permeability.

High water table;
features favorable
for dug ponds.

Moderately high
water table; mod-
erate permeabil-
ity; features gen-
erally favorable
for dug ponds on
level topography.

Occasional flooding;
moderately high
water table.

Features un-
favorable: very
permeable sub-
stratum.

Fluectuating water
table; moderately
slow permeability;
features favorable
for dug ponds.

Fair to good stabil-

ity; fair to good
compaction charac-
teristics; slow per-
meability if com-
pacted; good to
fair resistance to
piping.

Features unfavor-

able in upper-
most 3 feet be-
cause of high
organie-matter
content and high
water content;
good stability and
compaction char-
acteristics below
a depth of 3 feet;
fair to good re-
sistance to piping.

Fair to good com-

paction charac-
teristics; slow to
modcrate permea-
bility if com-
pacted; good to
fair resistance to

piping.

Fair stability; fair

compaction charac-
teristies; fair to
poor resistance to
piping.

Fair stability; fair

to poor resistance
to piping in

uppermost 3 fect;
substratum stable.

Slow permeability

if compacted;
good stability;
good to fair re-
sistence to piping.

Drainage not needed_

Caving and slough-

ing of sandy and
gravelly sub-
stratum; drainage
needed.

Moderately well

drained; drainage
generally not
needed.

Drainage not needed._

Drainage not

needed.

Modecrately slow

permeability;
drainage needed.

Very slow infiltration

rate; moderate
permeability;
generally not irri-
gated because of
rolling to steep
slopes.

Drainage needed;
generally not
irrigated.

Moderately high
water table; high
moisture-holding
capacity; mod-
erate permeabil-
ity; generally not
irrigated.

Features favorable:
occasional flood-
ing.

Features favorable:
moderate
moisture-holding
capacity; high
natural fertility.

Drainage needed;
generally not
irrigated.

Terraces and diver-
sions difficult to
construet because

of irregular slopes.

Terraces and diver-
sions not needed.

Terraces and diver-
sions not needed.

Terraces and diver-
sions not needed.

Sand and gravel
within a depth
of 2 to 3 feet.

Terraces and diver-
sions not needed.

Erodible. Design
for low velocity.

Waterways gen-
crally not used.

Features favorable.

Waterways gen-
erally not used.

Erodible. Design
for low velocity.

Drainage needed
before con-
struction of
waterways.

3 Refers to the underlying material, or substratum, unless otherwise specified.
¢ No interpretations provided. Cheek cach site.
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The Fairhaven, Kasota, and Wadena soils are good for
crops. The rest are droughty and are only fairly good to
poor for crops.

These soils have only slight limitations as locations for
residences, stores, factories, schools, and similar facilities.
Many occur as fairly broad flats suitable for shopping
centers.

Limitations for use as foundations of buildings of three
stories or less are slight. The substratum has good bearing
capacity, good shear strength, low susceptibility to frost
action, and low shrink-swell potential. Except for a few
large stones in Estherville soils, there are no serious prob-
lems in grading and excavating. Controlling erosion is
likely to be a problem on slopes of more than 2 percent. if
the vegetative cover is removed.

Limitations for use as septic tank filter fields are slight.
The soils are permeable and absorb sewage fairly rapidly.
Preventing contamination of nearby water supplies is a
problem, because a gravelly substratum permits unfiltered
sewage to travel a long distance. Percolation tests of Da-
kota and Rasset soils are needed, because in places the sub-
stratum contains clayey layers, which impede the flow of
sewage.

Establishing grass sod on Fairhaven, Kasota, and Wa-
dena soils is easy. The rest of the soils in this group are
sandy and droughty and need to be topdressed with Joamy
material before they are seeded or sodded.

Building site group 2

This group consists of soils of the Estherville, Fair-
haven, Hubbard, Rasset, and Wadena series. These soils
are excessively drained to well drained. The slope range
is 6 to 12 percent. The texture of the surface layer ranges
from loamy sand to silt loam. All of these soils are under-
lain by sand or gravel, or both, within a depth of 315 feet.
They do not have a seasonal high water table. Water
moves rapidly to very rapidly in the coarse-textured
substratum.

The soils in this group are droughty and susceptible to
erosion. They are poor to fair for crops.

These soils have moderate limitations as locations for
residences and stores, but they generally occur as areas too
small for shopping centers, factories, schools, and similar
facilities.

Limitations for use as foundations of buildings of no
more than three stories are moderate. The substratum has
good bearing capacity, good shear strength, low suscep-
tibility to frost action, and low shrink-swell potential. The
slope does not interfere seriously with construction. Ex-
cept for a few large stones in Istherville soils, there are
no serious limitations in grading and excavating. Erosion
is severe in areas where the vegetative cover is removed.

Limitations for use as septic tank filter fields are mod-
erate. The soils are permeable, absorb sewage fairly rap-
idly, and do not have a seasonal high water table. Prevent-
ing contamination of nearby water supplies is a problem,
because a gravelly substratum permits unfiltered sewage
to travel a long distance. Percolation tests of Rasset soils
are needed, because in places the substratum contains
clayey layers, which impede the flow of sewage.

Establishing grass sod on Fairhaven and Wadena soils
is easy. The rest of the soils in this group are sandy and
droughty and need to be topdressed with loamy material
before they are seeded or sodded.

Building site group 3

This group consists of soils of the Estherville, Hubbard,
Rasset, and Salida series. These soils are excessively
drained to somewhat excessively drained. The slope range
is 12 to 40 percent. The texture of the surface layer ranges
from loamy sand to sandy loam. All of these soils are
underlain by sand or gravel, or both, within a depth of 2
feet. The water table 1s very low. Water moves rapidly to
very rapidly in the coarse-textured substratum.

The soils in this group are too steep and too droughty to
be suitable for crops.

These soils have moderate to severe limitations as loca-
tions for stores, schools, factories, or hospitals. They are
suitable for residences where the slope is less than 12 per-
cent, but construction operations and accessibility are
moderately to severely limited where the slope is more
than 12 percent.

Limitations for use as foundations of buildings of no
more than three stories are moderate to severe. The sub-
stratum has good bearing capacity, good shear strength,
low susceptibility to frost action, and low shrink-swell
potential. Except for a few large stones in Estherville
soils, there are no serious limitations in grading and exca-
vating. Soil creep is a hazard where the slope is more than
18 percent. Precautions are needed during and after con-
struction because erosion is generally severe and is likely
to damage property in lower lying areas.

Limitations for use as septic tank filter fields are severe.
The soils have good internal drainage and absorb water and
sewage fairly rapidly, but the slope makes seepage beds im-
practical and makes it difficult to lay out and construct
trench filter fields for septic tanks. Downslope pollution is
a hazard. Preventing contamination of nearby water sup-
plies is a problem, because a gravelly substratum permits
sewage to travel a long distance.

Establishing shrubs and good lawns is difficult. The soils
are droughty and need to be topdressed with 6 to 12 inches
of loamy material before they are seeded or sodded. Es-
tablishing vegetation is particularly difficult on the very
shallow Salida soils.

Building site group 4

This group consists of soils of the Hayden and Lester
series and soils of the Burnsville-Hayden complex and the
Lester-Estherville complex. These soils are loamy, deep,
and well drained. They do not have a seasonal high water
table and are not subject to flooding. The slope range is 2 to
6 percent.

The soils in this group are among the best in the county
for crops.

These soils have only slight limitations as locations for
residences, stores, factories, schools, and similar facilities.

Limitations for use as foundations of buildings of no
more than three stories are slight to moderate. The sub-
stratum has fair to good bearing capacity, fair shear
strength, moderate susceptibility to frost action, and mod-
erate shrink-swell potential. Except for a few large stones
and boulders in soils of the Burnsville-Hayden complex
and the Lester-Estherville complex, there are no serious
limitations in grading and excavating. Erosion is likely to
be severe if the vegetative cover is removed.

Limitations for use as septic tank filter fields are
moderate.
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The soils are only moderately permeable, and sewage
moves slowly through the substratum. Percolation tests
are needed.

It is easy to establish trees, shrubs, grass, and sod on
these soils.

Building site group 5

This group consists of soils of the Hayden and Lester
series, soils of the Burnsville-Hayden complex and the
Lester-Estherville complex, and Storden-Lester loams.
These soils are loamy, deep, and well drained. The slope
range is 6 to 12 percent. The water table is at a depth of
more than 10 feet.

The soils of this group are fairly good for crops, but
they are highly susceptible to erosion.

These soils have moderate limitations as locations for
residences and stores, but they occur as areas too small for
shopping centers, factories, schools, and similar facilities.
The slope does not interfere seriously with construction,
but it increases the cost of construction. Erosion is serious
if the vegetative cover is removed.

Limitations for use as foundations of buildings of no
more than three stories are moderate. The substratum has
good to fair bearing capacity, fair shear strength, mod-
erate susceptibility to frost action, and moderate shrink-
swell potential. Except for a few large stones in soils of the
Burnsville-Hayden complex and the Lester-Estherville
complex, there are no serious limitations in grading and
excavating.

Limitations for use as septic tank filter fields are mod-
erate to severe. The soils are only moderately permeable,
and sewage moves slowly through the substratum. Perco-
lation tests are needed.

It is easy to establish trees, shrubs, grass, and sod on
these soils.

Building site group 6

This group consists of Burnsville-Hayden sandy loams,
Storden-Lester loams, and other soils of the Hayden and
Lester series. All of these soils are loamy, deep, and well
drained. The slope range is 12 to 18 percent. The water
tableisat a depth of more than 10 feet.

The soils of this group can be used only occasionally for
crops, because they are highly susceptible to erosion.

These soils have severe limitations as locations for resi-
dences but are too steep to be suitable for stores, factories,
schools, and similar facilities. The slope not only inter-
feres with construction operations and accessibility but
also increases the cost of excavating and grading and the
cost of the building design.

Limitations for use as foundations of buildings of no
more than three stories are moderate, The substratum has
good to fair bearing capacity, fair shear strength, moder-
ate susceptibility to frost action, and moderate shrink-
swell potential. Except for a few large stones in Burnsville-
Hayden sandy loams, there are no serious limitations in
grading and excavating. Erosion is severe unless pre-
cautions are taken during and after construction.

Limitations for use as septic tank filter fields are severe.
The soils are only moderately permeable, and sewage moves
slowly through the substratum. Because of the slope, laying
out trench filter fields is difficult and expensive. Percola-
tion tests are needed.

It is easy to establish trees, shrubs, and sod on these
soils, but rapid runoff makes it difficult to establish grass
seedings unless a straw mulch is used.

Building site group 7

This group consists of Burnsville-Hayden sandy loams
and other soils of the Hayden series. These soils are loamy,
deep, and well drained. The slope range is 18 to 40 per-
cent. The water table is at a depth of more than 10 feet.

The soils of this group are unsuitable for crops and are
only fair for pasture.

These soils have severe limitations as locations for shop-
ping centers, factories, schools, and similar facilities. They
are suitable only for residences. The slope not only inter-
feres seriously with accessibility and construction opera-
tions, but also increases the cost of the building design
and the cost of excavating and grading.

Limitations for use as foundations of buildings of no
more than three stories are severe. The substratum has
good to fair bearing capacity, fair shear strength, moder-
ate susceptibility to frost action, and moderate to high
shrink-swell potential. Except for a few large stones in
Burnsville-Hayden sandy loams, there are no serious limi-
tations in grading and excavating. Erosion is a hazard
both during and after construction.

Limitations for use as septic tank filter fields are severe.
The soils are only moderately permeable, and because of
the slope, laying out trench filter fields is expensive and
difficult. Downslope pollution is a hazard. Percolation
tests are needed.

It is easy to establish sod, trees, and shrubs on these
soils, but rapid runoff makes it difficult to establish grass
seedings unless a straw mulch is used.

Many areas of these soils are wooded and are close to
lakes and streams. They are desirable sites for parks,
picnic areas, and campsites and can be developed and
used for hunting, fishing, skiing, tobogganing, and other
sports.

Building site group 8

This group consists of Sandy colluvial land and soils
of the LeSueur and Terril series. These soils are moder-
ately well drained and medium textured to moderately
fine textured. The gradient is generally less than 5 percent
but ranges from 0 to 12 percent. The seasonal high water
table is at a depth of 2 to 4 feet. The soils in this group are
among the best in the county for crops.

Because of the water table, these soils have moderate to
severe limitations as locations for residential and commer-
cial developments. If they are to be used as building sites,
artificial drainage is needed, and fill is needed to keep the
foundation above the waterline. Unless well surfaced, these
soils have poor trafficability if used as roads. Moreover,
Terril soils are subject to sidehill seepage.

Limitations for use as foundations of buildings of no
more than three stories are moderate. The substratum has
fair bearing capacity, fair shear strength, moderate to high
susceptibility to frost action, and low to moderately high
shrinﬁ-swell potential.

Limitations for use as septic tank filter fields are severe.
The water table is high, and permeability is moderate to
moderately slow.

It is easy to establish grass, sod, trees, and shrubs on
these soils.
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Building site group 9

This group consists of soils of the Biscay, Canisteo,
Cordova, Mayer, and Webster series. These soils are poorly
drained and medium textured to moderately fine textured.
The slope range is 0 to 2 percent. The seasonal high water
table is at a depth of 1 to 3 feet. Drained areas are very
good for crops.

Because of wetness, these soils have severe limitations as
locations for residential and commercial developments. If
they are to be used as buildinig; sites, artificial drainage
is needed, and fill is needed to keep the foundation above
the waterline. These soils are sticky when wet and have
poor traflicability if used as roads.

Limitations for use as foundations of buildings of no
more than three stories are severe. The substratum has fair
to poor bearing capacity, fair to poor shear strength, high
susceptibility to frost action, and low to high shrink-swell
potential.

Limitations for use as septic tank filter fields are severe.
The water table is high, and permeability is moderate to
moderately slow.

It is easy to establish grass, sod, trees, and shrubs on
these soils.

Building site group 10

This group consists of Sandy lake beaches, Marsh, Peat
and muck, and soils of the Canisteo, Glencoe, and Talcot
series. All are poorly drained and very poorly drained
soils in depressions. Unless artificially drained, they are
sea%sonally ponded. The water table is within a depth of
1 foot.

Drained areas are good for crops. Undrained areas are
fair for wild hay and pasture.

Because of wetness, these soils have very severe limita-
tions for community developments. If they are to be used
as building sites, drainage is needed, and fill is needed to
keep the foundation above the water line. The peat and
muck soil material should be completely removed before
the fill is added. These soils have poor trafficability if used
as roads.

Limitations for use as foundations of buildings of no
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more than three stories are very severe. The substratum has
poor to fair bearing capacity, poor to fair shear strength,
high susceptibility to frost action, and low to high shrink-
swell potential.

Limitations for use as septic tank filter fields are severe.
The water table is high, and permeability is moderate to
moderately slow.

Many areas are suitable for wildlife habitat. Some would
be suitable for parks and recreational areas.

Building site group 11

This group consists of Alluvial land and soils of the
Chaska, Comfrey, Oshawa, and Terril series. These soils
are on flood plains. They vary in frequency of flooding and
have a seasonal high water table,

The areas that are seldom flooded are good for crops.
Those that are frequently flooded are used mainly for
pasture.

These soils have very severe limitations as locations for
residences or other buildings unless they are protected
from flooding.

Limitations for use as foundations of buildings of no
more than three stories are very severe. The substratum
has fair to poor bearing capacity, fair to poor shear
strength, and low to high shrink-swell potential.

Limitations for use as septic tank filter fields are severe.

These soils would be suitable for parks, recreational
areas, and wildlife sanctuaries. Areas that are seldom
flooded would be suitable for campsites and picnic areas.

Soils in Recreational Development

The many lakes and streams in Carver County provide
ample opportunity for fishing, hunting, swimming, and
boating, and the wooded hills and valleys along the Min-
nesota River and its outlet streams provide ideal sites for
picnic areas, campsites, paths, and trails. The information
in the following paragraphs and in table 6 can be used as
a guide in determining the suitability of sites in Carver
County for recreational development.

TaBLE 6.—Degree and kind of limitation for specified recreational uses

Soil

Play areas for
intensive use

Picnic areas for
intensive use

Buildings in
recreational areas

Paths and trails

Camp areas for
intensive use

Alluvial land (Al ____

Alluvial land, fre-
quently flooded
(Au).

Biscay loam (Bc)_.._._

Biscay loam, sandy
subsoil variant
(Bd).

Severe: occasional
flooding; seasonal
high water table.

Very severe: fre-
quent flooding;
high water table.

Severe: poor drain-
age; high water
table; sticky when
wet.

Severe: poor drain-
age; high water
table; sticky when
wet.

Moderate: occasional
flooding; seasonal
high water table.

Very severe: fre-
quent flooding;
high water table.

Severe: poor drain-
age; high water
table.

Severe: poor drain-
age; high water
table.

Very severe: occa-
sional flooding;
seasonal high
water table.

Very severe: fre-
quent flooding;
high water table.

Severe: poor drain-
age; high water
table.

Severe: poor drain-
age; high water
table.

Moderate: ocea-
sional flooding.

Very severe: fre-
quent flooding;
high water
table.

Severe: poor
drainage; sticky
when wet.

Severe: poor
drainage; sticky
when wet.

Severe: occasional
flooding.

Very severe: fre-
quent flooding;
high water table.

Severe: poor drain-
age; sticky when
wet.

Severe: poor drain-
age; sticky when
wet.
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TaBLE 6.—Degree and kind of limitation for specified recreational uses—Continued

Soil

Play arcas for
intensive use

Picnic areas for
intensive use

Buildings in
recreational areas

Paths and trails

Camp areas for
intensive use

Burnsville-Hayden
complex, 2 to 6 per-
cent slopes (BhB).

Burnsville-Hayden
complex, 6 to 12
percent slopes
(BhC).

Burnsville-Hayden
sandy loams, 12 to
18 percent slopes
(BuD).

Burnsville-Hayden
sandy loams, 18 to
25 percent slopes
(BuE).

Canisteo silty clay
loam (Ca).

Canisteo silty clay
loam, depressional
(Cd).

Chaska silty clay
loam (Ch).

Comfrey silty clay
loam (Cm).

Comfrey silty clay
loam, frequently
flooded (Co).

Cordova silty clay
loam (Cs).

Cordova and Webster
silty clay loams
(Cw).

Dakota and Rasset
sandy loams, 0 to 2

percent slopes
(DrA).

Dakota and Rasset
sandy loams, 2 to 6
percent slopes
(DrB).

Moderate: slope.____

Severe: slope__._____

Severe: slope________

Very severe: slope_ _ .

Severe: poor drain-
age; high water
table; slippery
and sticky when
wet.

Very severe: very
poor drainage;
seasonal ponding;
sticky and slip-
pery when wet.

Very severe: flood-
ing; poor drain-
age; high water
table; sticky and
slippery when
wet.

Very severe: flood-
ing; poor drain-
age; high water
table; sticky and
slippery when
wet.

Very severe: fre-
quent flooding;
seasonal ponding;
high water table;
sticky and slip-
pery when wet.

Severe: poor drain-
age; high water
table; sticky and
slippery when wet.

Severe: poor drain-
age; high water
table; sticky and
slippery when wet.

None to slight_ _____

Moderate: slope_____

None to slight______.

Moderate: slope____ .

Severe: slope._.______

Severe to very
severe: slope.

Severe: poor drain-
age; slippery and
sticky when wet.

Very severe: very
poor drainage;
seasonal ponding;
sticky and slip-
pery when wet.

Very severe: flood-
ing; poor drain-
age; high water
table; sticky and
slippery when
wet.

Very severe: flood-
ing; poor drain-
age; high water
table; sticky and
slippery when
wet.,

Very severe: fre-
quent flooding;
seasonal ponding;
high water table.

Severe: poor drain-
age; high water
table; sticky and
slippery when wet.

Severe: poor drain-
age; high water
table; sticky and
slippery when wet.

None to slight______

None to slight______

None to slight_______

Moderate: slope_____

Severe: slope________

Severe to very
severe: slope.

Severe: poor drain-
age; high water
table.

Very severe: very
poor drainage;
seasonal ponding.

Very severe: flood-
ing; poor drain-
age; high water
table.

Very severe: flood-
ing; poor drain-
age; high water
table.

Very severe: fre-
quent flooding;
seasonal ponding;
high water table.

Severe: poor drain-
age; high water
table.

Severe; poor drain-
age; high water
table.

None to slight______

None to slight______

None to slight_____

None to slight.____
Moderate: slope___

Severe to very
severe: slope.

Severe: poor
drainage; slip-
pery and sticky
when wet.

Very severe: very
poor drainage;
seasonal pond-
ing; sticky and
slippery when
wet.

Severe: flooding;
poor drainage;
sticky and
slippery when
wet.

Severe: flooding;
poor drainage;
sticky and
slippery when
wet.

Very severe: fre-
quent flooding;
seasonal pond-
ing; sticky and
slippery when
wet.

Severe: poor
drainage;
sticky and slip-
pery when wet.

Severe: poor
drainage;
sticky and slip-
pery when wet.

None to slight____

None to slight_ .-

None to slight.

Moderate: slope.

Severe: slope.

Severe to very
severe: slope.

Severe: poor drain-
age; slippery and
sticky when wet.

Very severe: very
poor drainage;
seasonal ponding;
sticky and slip-
pery when wet.

Very severe: flood-
ing; poor drain-
age; sticky and
slippery when wet.

Very severe: flood-
ing; poor drain-~
age; sticky and
slippery when
wet.

Very severe: fre-
quent flooding;
seasonal ponding;
sticky and slippery
when wet.

Severe: poor drain-

age; sticky and
slippery when
wet.

Severe: poor drain-
age; sticky and
slippery when
wet.

None to slight.

None to slight.
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TaBLE 6.—Degree and kind of limitation for specified recreational uses—Continued

Soil

Play areas for
intensive use

Picnic areas for
intensive use

Buildings in
recreational areas

Paths and trails

Camp areas for
intensive use

Estherville sandy
loam, 0 to 2 percent
slopes (EsA).

Estherville sandy
loam, 2 to 6 percent
slopes (EsB).

Estherville sandy
loam, 2 to 6 percent
slopes, eroded
(EsB2).

Estherville sandy
loam, 6 to 12
percent slopes
(EsC).

Estherville sandy
loam, 6 to 12
percent slopes,
eroded (EsC2).

Estherville sandy
loam, 12 to 18
percent slopes
(EsD).

Estherville sandy
loam, 18 to 25
percent slopes
(EsE).

Fairhaven silt loam,
deep variant, 0 to
3 percent slopes
(FhA).

Fairhaven silt loam,
sand substratum,
0 to 2 percent
slopes (FaA).

Fairhaven silt loam,
sand substratum,
2 to 6 percent
slopes (FaB).

Fairhaven silt loam,
sand substratum,
6 to 12 percent
slopes, eroded
(FaC2).

Glencoe silty clay
loam (Ge).

Hayden clay loam, 6
to 12 percent slopes,
severely eroded
(HcC3).

Hayden clay loam, 12
to 18 percent slopes,
severely eroded
(HcD3).

None to slight______
Moderate: slope_____

Moderate: slope_____

Severe: slope. .. ...

Severe: slope_ __.___

Severe: slope__ _____
Very severe: slope.._.

Moderate: slippery
when wet.

Moderate: slippery
when wet.

Moderate: slope;
slippery when
wet.

Severe: slope;
slippery when
wet.

Very severe:
seasonal ponding;
high water table;
sticky and
slippery when
wet.

Severe: slope; sticky
when wet.

Severe: slope___._.__

None to slight______

None to slight__ ____

None to slight_ _____

Moderate: slope;
severe erosion if
vegetative cover
is not main-
tained.

Moderate: slope;
severe erosion if
vegetative cover
is not main-
tained.

Severe: slope. . _____

Severe: slope_____._

Moderate: slippery
when wet.

Moderate: slippery
when wet.

Moderate: slippery
when wet.

Moderate: slope;
slippery when
wet.

Very severe:
seasonal ponding;
high water table;
sticky and
slippery when
wet.

Moderate: slope;
sticky when wet.

Severe: slope; sticky
when wet.

None to slight_ _____

None to slight__ ____

None to slight. _____

Moderate: slope.....

Moderate: slope..._

Severe: slope.___ ...

Severe: slope. .. _.__

None to slight__.___

None to slight_ _____

None to slight_____.

Moderate: slope____._

Very severe:
seasonal ponding;
high water table;
very poor
drainage.

Moderate: slope...._

Severe: slope_______.

None to slight. ___
None to slight_ ___

None to slight_ _ __

None to slight_. ..

None to slight. . _.

Moderate: slope_-_
Severe: slope. .. __

Moderate:
slippery when
wet.

Moderate:
slippery when
wet.

Moderate:
slippery when
wet.

Moderate:
slippery when
wet.

Very severe:
seasonal
ponding; high
water table;
sticky and
slippery when
wet.

Moderate: sticky
when wet.

Moderate: slope;
sticky when
wet.

None to slight.
None to slight.

None to slight.

Moderate: slope.

Moderate: slope.

Severe: slope.
Severe: slope.

Moderate: slippery
when wet.

Moderate: slippery
when wet.

Moderate: slippery
when wet.

Moderate: slope;
slippery when
wet.

Very severe:
seasonal ponding;
high water table;
sticky and
slippery when
wet.

Moderate: slope;
sticky when wet.

Severe: slope; sticky
when wet.
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TaBLE 6.—Degree and kind of limitation for specified recreational uses—Continued

Soil

Play areas for
intensive use

Picnic areas for
intensive use

Buildings in
recreational areas

Paths and trails

Camp areas for
intensive use

Hayden clay loam, 18
to 25 percent slopes,
severely eroded
(HcE3).

Hayden loam, 2 to 6
percent slopes
(HaB).

Hayden loam, 2 to 6
percent slopes,
eroded (HaB2).

Hayden loam, 6 to 12
percent slopes
(HaCQ).

Hayden loam, 6 to 12
percent slopes,
eroded (HaC?2).

Hayden loam, 12 to
18 percent slopes
(HaD).

Hayden loam, 12 to
18 percent slopes,
eroded (HaD?2).

Hayden loam, 18 to
25 percent slopes,
eroded (HaE?2).

Hayden loam, 25 to
40 percent slopes
(HaF).

Hubbard loamy sand,
0 to 2 percent
slopes (HdA).

Hubbard loamy sand,
2 to 6 percent
slopes (HdB).

Hubbard loamy sand,
6 to 12 percent
slopes (HdC).

Hubbard loamy sand,
12 to 18 percent
slopes (HdD).

Hubbard loamy sand,
18 to 35 percent
slopes (HdF).

Hubbard sandy loam,
0 to 2 percent
slopes (HuA).

Very severe: slope___

Moderate: slope;
sticky when wet.

Moderate: slope;
sticky when wet.

Severe: slope; sticky
when wet.

Severe: slope; sticky
when wet.

Severe: slope___ . ____

Severe: slope

Very severe: slope_ __

Very severe: slope___

Moderate: loose
sandy surface;
blowing; difficult
to establish vege-

: tation.

Moderate: slope;
loose sandy sur-
face; blowing;
difficult to estab-
lish vegetation.

Severe: slope; loose
sandy surface;
difficult to estab-
lish vegetation.

Severe: slope; loose
sandy surface;
difficult to estab-
lish vegetation.

Severe to very
severe: slope;
loose sandy sur-
face; difficult to
establish vegeta-
tion.

None to slight

Very severe: slope_ _ _

None to slight:
sticky when wet.

None to slight:
sticky when wet.

Moderate: slope;
sticky when wet.

Moderate: slope;
sticky when wet.

Severe: slope; sticky
when wet.

Severe: slope; sticky
when wet.

Severe: slope._______

Very severe: slope___

Moderate: loose
sandy surface;
blowing; difficult
to establish vege-
tation.

Moderate: loose
sandy surface;
blowing; difficult
to establish vege-
tation.

Moderate: slope;
loose sandy sur-
face; difficult to
establish vegeta-
tion.

Severe: slope; loose
sandy surface;
difficult to estab-
lish vegetation.

Severe to very
severe: slope;
loose sandy sur-
face; difficult to
establish vegeta-
tion.

None to slight____ __

Severe: slope________

None to slight

None to slight_ .. ___
Moderate: slope.____
Moderate: slope

Severe: slope

Severe: slope

Severe: slope

Very severe: slope__._

None to slight

None to slight. ___

Moderate: slope_..__

Severe: slope_..__._.

Severe to very

severe: slope.

None to slight_ _____

Severe: slope;
sticky when
wet.

None to slight:
sticky when wet.

None to slight:
sticky when wet.

None to slight:
sticky when wet.

None to slight:
sticky when wet.

Moderate: slope;
sticky when wet.

Moderate: slope;
sticky when wet.

Severe: slope;
sticky when wet.

Very severe:
slope; sticky
when wet.

Moderate: loose
sandy surface.

Moderate: loose
sandy surface.

Moderate: loose
sandy surface.

Moderate: slope;
loose sandy
surface.

Severe to very
severe: slope;
loose sandy sur-
face.

None to slight___ _

Severe: slope; sticky
when wet.

None to slight:
sticky when wet.

None to slight:
sticky when wet.

Moderate: slope;
sticky when wet.

Moderate: slope;
sticky when wet.

Severe: slope; sticky
when wet.

Severe: slope; sticky
when wet.

Severe: slope; sticky
when wet.

Very severe: slope;
sticky when wet.

Moderate: loose
sandy surface;
blowing; difficult
to establish vege-
tation.

Moderate: loose
sandy surface;
blowing; difficult
to establish vege-
tation.

Moderate: slope;
loose sandy sur-
face; difficult to
establish vegeta-
tion.

Severe: slope; loose
sandy surface;
difficult to estab-
lish vegetation.

Severe to very
severe: slope;
loose sandy sur-
face; difficult to
establish vegeta-
tion.

None to slight.
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TaBLE 6.—Degree and kind of limitation for specified recreational uses—Continued

Soil

Play areas for
intensive use

Picnic areas for
intensive use

Buildings in
recreational areas

Paths and trails

Camp areas for
intensive use

Hubbard sandy loam,
2 to 6 percent
slopes, eroded
(HuB2).

Hubbard sandy loam,
6 to 12 percent
slopes, eroded
(HuC2).

Hubbard sandy loam,
12 to 18 percent
slopes (HuD).

Kasota loam, 0 to 2
percent slopes
(Kah).

Kasota loam, 2 to 6
percent slopes,
eroded (KaB2).

Kasota sandy loam,
0 to 2 percent
slopes (KsA).

Kasota sandy loam,
2 1o 6 percent
slopes, eroded
(KsB2).

Lester loam, 2 to 6
percent slopes
(LaB).

Lester loam, 2 to 6
percent slopes,
eroded (LaB2).

Lester loam, 6 to 12
percent slopes
(LaC).

Lester loam, 6 to 12
percent slopes,
eroded (LaC2).

Lester loam, 12 to 18
percent slopes,
eroded (LaD?2).

Lester-Estherville

complex, 2 to 6 per-

cent slopes (LeB).

Lester-Estherville
complex, 6 to 12
percent slopes,
eroded (LeC2).

LeSueur clay loam,

0 to 2 percent slopes

(LsA).

LeSueur clay loam,

2 to 6 percent slopes

(LsB).

Moderate: slope_____

Severe: slope.._____

! Severe: slope_ . ____

None to slight__.___

Moderate: slope___._

None to slight_ - ____

Moderate: slope__._.

Moderate: slope_____

Moderate: slope___._

Severe: slope.______ _

Severe: slope_._ ____.

Severe: slope________

Moderate: slope_____

Severe: slope________

Moderate: fairly
high seasonal
water table;
sticky and slip-
pery when wet.

Moderate: fairly
high seasonal
water table;
sticky and slip-
pery when wet.

None to slight. - ____

Moderate: slope;
severe erosion if
vegetative cover
is not main-
tained.

Severe: slope__.____

None to slight______

None to slight______

None to slight . ____

None to slight_ _____

None to slight:
sticky when wet.

None to slight:
sticky when wet.

Moderate: slope;
sticky when wet.

Moderate: slope;
sticky when wet.

Severe: slope;
sticky when wet.

None to slight _____

Moderate: slope_____

Slight to moderate:
fairly high sea-
sonal water table;
sticky and slip-
pery when wet.

Slight to moderate:
fairly high sea-
sonal water table;
sticky and slip-
pery when wet.

None to slight._____

Moderate: slope_____

Severe: slope_______

None to slight_ . __

None to slight. _____

None to slight_ . . ___

None to slight______

None to slight . _____

None to slight___ . __

Moderate: slope____ _

Moderate: slope.____

Severe: slope . __.

None to stight. _____

Moderate: slope__ ..

Slight to moderate:
fairly high sea-
sonal water table.

Slight to moderate:
fairly high sea-
sonal water table.

None to slight. ___

None to slight___ _

Moderate: slope_._

None to slight____

None to slight_ ___

None to slight_ ___

None to slight . _ __

None to slight:
sticky when wet.

None to slight:
sticky when wet.

None to slight:
sticky when wet.

None to slight:
sticky when wet.

Moderate: slope;
sticky when wet.

None to slight_ . __

None to slight_ .. _

Slight to moderate:
fairly high sea-
sonal water
table; sticky
and slippery
when wet.

Slight to moderate:
fairly high sea-
sonal water
table; sticky
and slippery
when wet.

None to slight.

Moderate: slope.

Severe: slope.

None to slight.

None to slight.

None to slight.

None to slight.

None to slight:
sticky when wet.

None to slight:
sticky when wet.

Moderate: slope;
sticky when wet.

Moderate: slope;
sticky when wet.

Severe: slope.

None to slight.

Moderate: slope.

Slight to moderate:
fairly high sea-
sonal water table;
sticky and slip-
pery when wet.

Slight to moderate:
fairly high sea-
sonal water table;
sticky and slip-
pery when wet.
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TaBLE 6.—Degree and kind of limitation for specified recreational uses—Continued

Soil Play areas for Picnic areas for Buildings in Paths and trails Camp areas for
intensive use intensive use recreational areas intensive use
Marsh (Ma)..._______ Very severe: pond- Very severe: pond- Very severe: pond- Very severe: Very severe: pond-

Mayer loam (My)...__

Oshawa silty clay
loam (Os).

Peat and muck,
calecareous (Pc).

Peat and muck,
deep (Pd).

Peat and muck,
moderately shallow,
over loam (Pm).

Peat and muck,
moderately shallow,
over sand (Ps).

Rasset loamy sand,
0 to 6 percent
slopes (RaB).

Rasset loamy sand,
6 to 12 percent
slopes (RaC).

Rasset loamy sand,
12 to 18 percent
slopes (RaD).

Salida loamy sand,
18 to 40 percent
slopes (SaF).

Sandy colluvial land
(Sc).

ing; high water
table.

Severe: poor
drainage; high
water table;
sticky when wet.

Very severe:
frequent flooding;
high water table;
seasonal pond-
ing; sticky and
slippery when
wet.

Very severe:
seasonal pond-
ing; high water
table; very poor
drainage.

Very severe:
seasonal pond-
ing; high water
table; very poor
drainage.

Very severe:
seasonal pond-
ing; high water
table; very poor
drainage.

Very severe:
seasonal pond-
ing; high water
table; very poor
drainage.

Moderate: loose
sandy surface;
blowing; difficult
to establish
vegetation.

Severe: slope; loose
sandy surface;
difficult to estab-
lish vegetation.

Severe: slope; loose
sandy surface;
difficult to estab-
lish vegetation.

Very severe: slope;
difficult to estab-
lish vegetation.

Severe: gentle to
moderate slopes;
loose sandy sur-
face; possible
sidehill seepage;
difficult to estab-
lish vegetation.

ing; high water
table.

Severe: poor
drainage; high
water table;
sticky when wet.

Very severe:
frequent flooding;
high water table;
seasonal pond-
ing; sticky and
slippery when
wet.

Very severe:
seasonal pond-
ing; high water
table; very poor
drainage.

Very severe:
seasonal pond-
ing; high water
table; very poor
drainage.

Very severe:
seasonal pond-
ing; high water
table; very poor
drainage.

Very severe:
seasonal pond-
ing; high water
table; very poor
drainage.

Moderate: loose
sandy surface;
blowing; difficult
to establish
vegetation.

Moderate: slope;
loose sandy sur-
face; difficult to
establish vege-
tation.

Severe: slope; loose
sandy surface;
difficult to estab-
lish vegetation.

Very severe: slope;
difficult to estab-
lish vegetation.

Moderate: gentle to
moderate slopes;
loose sandy sur-
face; difficult to
establish vege-
tation.

ing; high water
table.

Severe: poor
drainage; high
water table.

Very severe:
frequent flooding;
high water table;
seasonal
ponding.

Very severe:
seasonal pond-
ing; high water
table; very poor
drainage.

Very severe:
scasonal pond-
ing; high water
table; very poor
drainage.

Very severe:
seasonal pond-
ing; high water
table; very poor
drainage.

Very severe:
seasonal pond-
ing; high water
table; very poor
drainage.

None to slight_ . ...

Moderate: slope_____

Severe: slope________

Severe to very
severe: slope.

Moderate: possible
sidehill seepage.

ponding; high
water table.

Severe: poor
drainage;
sticky when
wet.

Very scvere:
frequent flood-
ing; high water
table;
seasonal
ponding.

Very severe:
seasonal pond-
ing; high water
table; very
poor drainage.

Very severc:
seasonal pond-
ing; high water
table; very poor
drainage.

Very severe:
seasonal pond-
ing; high water
table; very poor
drainage.

Very severe:
seasonal pond-
ing; high water
table; very poor
drainage.

Moderate: loose
sandy surface.

Moderate: loose
sandy surface.

Moderate: slope;
loose sandy
surface.

Severe to very
severe: slope.

Slight to mod-
erate: loose
sandy surface.

ing; high water
table.

Severe: poor
drainage; sticky
when wet.

Very severe:
frequent flooding;
high water table;
seasonal
ponding.

Very severc:
seasonal pond-
ing; high water
table; very poor
drainage.

Very scvere:
scasonal pond-
ing; high water
table; very poor
drainage.

Very severe:
seasonal pond-
ing; high water
table; very poor
drainage.

Very severe:
seasonal pond-
ing; high water
table; very poor
drainage.

Moderate: loose
sandy surface;
blowing; difficult
to establish
vegetation.

Moderate: slope;
loose sandy sur-
face; difficult to
establish vege-
tation.

Severe: slope; loose
sandy surface;
difficult to estab-
lish vegetation.

Severe to very
severe: slope;
difficult to estab-
lish vegetation.

Moderate to severe:
gentle to moderate
slopes; possible
sidehill seepage;
loose sandy sur-
face; difficult to
establish vege-
tation.
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TABLE 6.—Degree and kind of limitation for specified recreational uses—Continued

Soil

Play areas for
intensive use

Picnic areas for
intensive use

Buildings in
recreational areas

Paths and trails

Camp areas for
intensive use

Sandy lake beaches
(Sk).

Storden-Lester loams,
6 to 12 percent
slopes, eroded
(SIC2).

Storden-Lester loams,
12 to 18 percent
slopes, eroded
(SID2).

Talcot silty clay loam
(Ta).

Terril loam, 0 to 6
percent slopes
(TeB).

Terril loam, 7 to 11
percent slopes
(TeC).

Terril loam, oceasion-
ally flooded (To).

Wadena loam, 0 to 2
percent slopes
(WaA).

Wadena loam, 2 to 6
percent slopes
(WaB).

Wadena loam, 6 to 12
percent slopes,
eroded (WaC?2).

Very severe: high
water table; loose
sandy surface;
overflow; difficult
to establish
vegetation.

Severe: slope____._.__

Severe: slope________

Very severe: sea-
sonal ponding;
high water table;
sticky and slip-
pery when wet.

Severe: fairly high
seasonal water
table; moderate
drainage.

Severe: fairly high
seasonal water
table; moderate
drainage.

Severe: occasional
flooding: fairly
high seasonal
water table.

None to slight_. . ____

Moderate: slope_.___

Severe: slope_____ . .

Very severe: high
water table; loose
sandy surface;
overflow; difficult
to establish
vegetation.

Moderate: slope__.__

Severe: slope___ ..

Very severe: sea-
sonal ponding;
high water table;
sticky and slip-
pery when wet.

Slight to moderate:
fairly high sea-
sonal water table;
moderate drain-
age.

Slight to moderate:
fairly high sea-
sonal water table;
moderate drain-
age.

Severe: occasional
flooding; fairly
high seasonal
water table.

None to slight_ _____

None to slight_ .. ___

Moderate: slope_.___

Very severe: high
water table;
overflow.

Moderate: slope_____

Severe: slope________

Very severe: sea-
sonal ponding;
high water table;
very poor
drainage.

Slight to moderate:
fairly high sea-
sonal water table;
moderate drain-
age.

Slight to moderate:
fairly high sea-
sonal water table;
moderate drain-
age.

Severe: occasional
flooding; fairly
high seasonal
water table.

None to slight_ . ____

None to slight______

Moderate: slope_.___

Severe: loose
sandy surface;
overflow.

Moderate: sticky
when wet.

Moderate: slope;
sticky when
wet.

Very severe: sea-
sonal ponding;
high water
table; sticky
and slippery
when wet.

None to slight_ ___

None to slight_ ___

Moderate: occa-
sional flooding.

None to slight_ ___

None to slight_ _ __

None to slight__ __

Very severe: loose
sandy surface;
overflow; difficult
to establish
vegetation.

Moderate: slope;
sticky when wet.

Severe: slope; sticky
when wet.

Very severe: seasonal
ponding; high
water table; very
poor drainage;
sticky and slip-
pery when wet.

Slight to moderate:
moderate drain-
age; fairly high
seasonal water
table.

Slight to moderate:
moderate drain-
age; fairly high
seasonal water
table.

Severe: occasional
flooding.

None to slight.

None to slight.

Moderate: slope.

The degree and kind of limitations of the soils for
specified recreational uses are given in table 6. The de-
grees of limitation are expressed as none to slight, mod-
erate, severe, and wvery severe. The limitation is none to
slight if the soil is suitable for the specified use. The limita-
tion is moderate if the soil can be used but needs to be well
managed. The limitation is severe if use is questionable. It
is wery severe if use is extremely limited or unsound. The
interpretations shown in table 6 are based on soil character-
istics and do not include other factors to be considered in
selecting an area for a specified recreational use.

Play areas for intensive use—Areas used for play-
grounds and for organized games, including baseball, foot-
ball, and badminton, are subject to heavy foot traffic. The
soils selected should be nearly level, have a firm surface,

and have good drainage. They should not be subject to

flooding.

Picnic areas for intensive use—The limitations of the
soils for use as picnic areas are based on soil characteristics.
Other factors, such as the number of trees or lakes in the
area, that affect the desirability of the site were not con-
sidered. The soils selected should be nearly level to gently
sloping, have a firm surface, and have good drainage. They
should not be subject to blowing or flooding.

Buildings in recreational areas.—Table 6 gives the limi-
tations of the soils as sites for seasonal and year-round cot-
tages, washrooms, bathhouses, picnic shelters, and other
service buildings in recreational areas. The most desirable
soils are nearly level to gently sloping, have good drain-
age, and are not subject to flooding. The interpretations in
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table 6 give only general information. A detailed onsite
investigation is needed at the specified location.

Paths and trails—Table 6 gives the limitations of the
soils for use as bridle paths and trails for hiking, and for
other nonintensive uses that involve random movement of
people. The characteristics considered are the slope, the
soil texture, the degree of wetness, and the hazard of flood-
ing. Soils that have no limitation or only slight limitation
generally are nearly level to rolling, have a firm surface,
have good drainage, and are not subject to flooding. Some
soils that have severe limitations would be desirable be-
cause they are in a scenic location, but these soils would
require considerable preparation and maintenance.

Camp areas for intensive use—The areas used frequent-
ly as campsites, including tent and trailer sites, should re-
quire little site preparation. They should be suitable for
unsurfaced parking for cars and camp trailers and for
heavy traffic by humans, horses, or vehicles. The most
suitable sites are nearly level to gently sloping, have a firm
surface in all kinds of weather, have good drainage, and
are not subject to flooding or blowing.

Formation and Classification
of the Soils

This section describes the factors that influence soil for-
mation and shows the classification of the soils of Carver
County by series and higher categories.

Factors of Soil Formation

The characteristics of the soil at any given point are
determined by (1) the physical and mineralogical compo-
sition of the parent material; (2) the climate under which
the soil material has accumulated and existed since ac-
cumulation; (3) the plant and animal life on and in the
soil; (4) the relief, or lay of the land; and (5) the length
of time the forces of development have acted on the soil
material. These five factors of soil formation are interde-
pendent ; each modifies the effects of the others.

Climate and vegetation are the active factors of soil
formation. They act on the parent material that has ac-
cumulated through the weathering of rocks and slowly
change it into a natural body that has genetically related
horizons. The effects of climate and vegetation are con-
ditioned by relief. The parent material affects the kind
of profile that can be formed and, in extreme cases, deter-
mines it almost entirely. Finally, time is needed for the
changing of the parent material into a soil profile. Usually
a long time is required for the development of distinct
horizons.

Man also has influenced the development of soils. He has
removed the natural vegetation and has used methods of
farming that have accelerated erosion and changed the
relief or the effects of relief. Man has also modified the
natural differences among soils by adding material that
has improved the fertility of some soils, and by removing
crops without replacing plant nutrients, which has lowered
the fertility of others.

The factors of soil formation are so closely interrelated
in their effects on the soil that few generalizations can be
made regarding the effect of any one factor unless con-

ditions are specified for the other four. Many of the proc-
esses of soil formation are unknown.

The five factors of soil formation as they occur in Carver
County are described in the pages that follow.

Parent material

Carver County is in the Western Young Drift section
of the Central Lowland province (4). This section is char-
acterized by young glaciated plains, moraines, lakes, and
lacustrine beds. The most extensive sources of parent
material in the county are glacial till and glacial outwash.
Less extensive sources are alluvium, colluvium, and or-
ganic material.

The differences among these parent materials account
for many of the differences among the soils. Normally,
parent material is a mixture of clays and unweathered
minerals and rock fragments that vary considerably in
compaction characteristics. This mixture develops into
soils, the characteristics of which depend almost entirely
on the factors of vegetation and biological activity, relief,
climate, and time (8). After a long period, the influence
of the parent material is obliterated by the effects of the
other soil-forming factors. In many soils, even at a depth
of 2 or 3 feet, there is no evidence of the kind of parent
material from which the soils were derived.

Gracian Tion

Three continental glaciers, the Nebraskan, The Kansan,
and the Wisconsin, covered all of Carver County. The
material deposited by the Nebraskan and Kansan ice sheets,
both of which occurred about 1 to 2 million years ago,
is deeply buried under that deposited by the Wisconsin,
which terminated about 10,000 years ago.

The Wisconsin glacier deposited four kinds of till in
the county. The first extensive lobe, the Iowan, covered
all of the county. The gray drift deposited was subse-
quently mantled by drift from the Cary Keewatin lobe.
"The till in this drift is grayish or yellowish brown, silty or
clayey, and highly calcareous. Following the Cary Keewa-
tin, the Cary Patrician lobe passed over the northeastern
part of the county and deposited red, sandy drift that con-
tained less clay than that deposited by the Keewatin lobe
and few, if any, limestone pebbles. The uppermost till
sheet, by far the most extensive source of parent material
in the county, was deposited during the Mankato substage,
the last invasion of the glaciers into Carver County. The
till deposited is yellowish or light olive brown slightly
mottled with pale yellow or gray. It ranges from loam
to clay loam in texture, is calcareous, and contains many
limestone pebbles. The content of calcium carbonate is
high, and the material effervesces strongly with hydro-
chloric acid. In most of the upland soils formed in this
material, the depth of leaching is less than 4 feet. This
material was derived mostly from limestone and cal-
careous shale, but it contains enough granite and sandstone
to provide an abundance of minerals and a favorable range
in soil texture. The Lester, Hayden, and LeSueur are
examples of soils that formed in glacial till.

Guaciar Ourwasu

Glacial outwash consists of material originally car-
ried by glaciers and then swept out, sorted, and deposited
beyond the glacial front by streams and melt water. The



82 SOIL SURVEY

deposits of glacial outwash in Carver County are of Man-
kato origin. The most extensive areas formed from these
deposits are the outwash plains and terraces along the
Minnesota River and the South Fork Crow River. These
areas for the most part are nearly level to undulating, but
some on the terraces above the Minnesota River are rolling
to hilly and appear to be pitted. Presumably, the pits were
unfilled, iceblocked depressions of glacial origin.

Much of the outwash near moraines is poorly sorted, but
the rest is stratified and well sorted. The terraces above
the Minnesota River are made up of stratified sand, gravel,
and clay. Near the towns of East Union, Chaska, and Car-
ver, there are extensive deposits of clay. Such deposits
indicate that water was ponded in the Minnesota River
valley near the close of the glacial period.

Many different kinds of soils formed in glacial outwash.
The upper part of these soils ranges from fine sand to
silty clay; the lower part consists of sand, gravel, and
clay; and the depth to free lime carbonates ranges from
2 to more than 6 feet. The Estherville, Wadena, and Kasota
are examples of soils that formed in glacial outwash.

Orcanio MATTER

Organic soils, which form mainly in the remains of
aquatic reeds, grasses, and sedges, are extensive in the
nurmerous depressions, drainageways, and old lake bottoms
throughout the county. Because of continual wetness and a
high water table in these areas, the organic material forms
more quickly than it decomposes.

If the organic remains are intact and fresh enough to
permit identification of plant forms, the material is called
peat. If recognition of plant forms is impossible, the ma-
terial is called muck.

Arruviom

Alluvium consists of sediments that have been moved
and redeposited by streams. It occurs on flood plains along
streams 1n the county, or on old stream terraces and flood
plains that are now at a much higher elevation than the
present streams.

The largest areas of alluvium are on broad flood plains
along the Minnesota River, but there are also fairly large
areas on the flood plains of other rivers in the county.
The frequency of flooding varies. The material varies
widely in texture, color, reaction, and drainage and gen-
erally is stratified. The deposits are too recent for a soil
profile to have formed, but in places the material is mot-
tled. Comfrey soils are examples of soils that formed in
alluvium.

CoLruvium

Colluvium, which occurs at the base of slopes, is soil
material that has been moved into place through creep
and local wash. Within the glacial uplands of the county,
this material overlies glacial till. On the outwash plains
the colluvium is in channels and slight depressions and
overlies glacial outwash sand and gravel.

The sotls that formed in colluvium in this county range
from loamy sands to silty clay loams. They are slightly
alkaline to medium acid and are well drained to poorly
drained. Terril soils, for example, formed in colluvium.

Climate

Climate is a major factor in determining what kinds of
soils develop from different kinds of parent material. It

determines the vegetation and influences the rate and in-
tensity of hydrolysis, hydration, carbonation, oxidation,
and other important chemical reactions in the soil. The
effects of climate and vegetation, in turn, vary according
to the topography and to the length of time the parent
material has been in place.

The climate of Carver County is of the subhumid, con-
tinental type. It is described in the section “Additional
Facts About the County.” The temperature varies widely
from summer to winter. Generally, the soils are frozen to
a depth of 3 to 5 feet for 4 or 5 months of the year. The
depth to which frost penetrates depends for the most part
on the amount of snow received late in fall or early in
winter. The snow prevents water erosion and slows deni-
trification. Except for some alternate freezing and thaw-
ing, the soil-forming forces are largely dormant in winter.

The climate is essentially uniform throughout the
county, The slight variations that affect soil formation
result from differences in vegetation, soil material, and
relief.

Prairie soils are exposed to greater variation in tem-
perature than soils in forested areas. On the gently rolling
or undulating uplands, the effect of climate is shown in
the depth of weathering. Weathering is more rapid in
soils that remain moist than in those that dry out or in
those that remain saturated most of the year. Fine-
textured soils warm up more slowly than coarse-textured
soils because they contain more moisture. Dark-colored
soils absorb more heat from the sunlight than light-colored
soils. Soils on south- and west-facing slopes receive more
sunlight than those on north- and east-facing slopes and
therefore tend to be drier and warmer. The interaction of
all these factors affects the development of soils.

Vegetation

Most of the county was covered with a thick growth of
broadleaf hardwoods at the time of settlement. The trees
were chiefly oak, elm, basswood, ash, and maple. There
were very few pines or other coniferous trees. The few
areas of prairie were covered with tall grass, thickets of
aspen, and scattered oaks. The wet soils were covered with
marsh grasses, reeds, and sedges. The original vegetation
of the county is shown in figure 22, in the section “Use of
Soils for Woodland.”

Soils of the same age that have similar relief, drainage,
and parent material have a thicker, darker colored surface
soil 1f the native vegetation has been grass than if it has
been forest. For the most part, the prairie soils in this
county, Wadena soils, for example, are on the outwash
plains and terraces.

The surface soil is lighter colored in forested areas than
in grassy areas. Also, the downward movement of clay,
organic matter, and plant nutrients is more rapid, and the
subsoil generally is less permeable. The largest area of
forest in the county is in the eastern part. The Hayden
soils developed in this area.

Many of the soils in Carver County appear to have
developed in an ecological tension zone in which the
boundary between prairie and forest vegetation shifted
back and forth, possibly as a result of fire or changing
climate. The surface layer of these soils is dark colored,
but it is thinner than is usual in soils that developed under
grass, The subsurface layer is a grayish, incipient to dis-
tinct podzolized horizon, like that characteristic of soils
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in forested areas. In some undisturbed sandy soils this
layer is not apparent, and in others it consists only of
bleached sand grains. The subsoil shows a marked in-
crease in clay and organic-matter content. These inter-
graded soils, of which Lester soils are typical, are widely
distributed in Carver County, particularly throughout
the western and southwestern parts.

Relief

Relief is an important factor in the formation of soils
because of its effect on drainage, aeration, and erosion. The
degree of development of soils in a given time, from simi-
lar parent material and under similar vegetation, depends
largely on the amount of water that passes through the
soil.

The relief of Carver County ranges from nearly level
plains to hilly moraines and depressions. Soil development
1s most rapid on well-drained, gentle slopes. It is very slow
on steep slopes because runoff is rapid, infiltration is slow,
and erosion removes the surface soil almost as fast as it
forms. Little or no development takes place in depressions
or level areas where there is a permanent high water table.

The direction of the slope is an important factor also.
The rays of the sun are much less effective in heating the
soil and evaporating moisture on north-facing slopes than
on south-facing slopes. Consequently, on north-facing
slopes the soils contain more moisture and are darker
colored, and the vegetation is denser.

Figure 23 shows the topography, the drainage classes,
and the vegetation of the major soils in the county.
Time

The soils in Carver County vary in stages of maturity,
depending on the length of time the soil-forming factors
have been active.

The youngest are the soils that developed in alluvium
and are altered by every flood, such as the Com{rey soils;
the organic soils, such as Peat and muck; and the soils that
developed in colluvium and are continually altered by
new deposits, such as Terril soils.

The very steep soils in this county are intermediate in
maturity. They are shallow and generally have weak or
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distinct, but not prominent, horizons. On very steep slopes,
soil is removed almost as fast as it forms.

Most of the undulating to rolling upland soils, such as
Lester and Hayden soils, have well-developed horizons.
The nearly level Estherville and Wadena soils also have
well-developed horizons because they lose little surface
soll and have good internal drainage. The very poorly
drained Glencoe soils, which are in depressions, show little
horizonation because wetness inhibits the soil-forming
processes.

Classification of the Soils

Two systems of classifying soils are now in general use
in the United States. One of these is the 1938 system (4),
with later revisions. The other, the current system (9),
has been used by the National Cooperative Soil Survey
since 1965. Both are used in this publication.

The current system has six categories. Beginning with
the most inclusive, these categories are the order, the
suborder, the great group, the subgroup, the family, and
the series. In this system the criteria for classification are
the observable or measurable properties. The properties
are so chosen that soils of similar mode of origin are
grouped together. Placement of some soil series in the
current system of classification, particularly in families,
may change as more precise information becomes avail-
able. Readers interested in the development of this system
should refer to the latest available literature (7).

The 1938 system, with later revisions, also has six cate-
gories, the most inclusive of which is the order. The next
two categories, the suborder and the family, have never
been fully developed and consequently have been little
used. Attention has been centered largely on the great soil
group, the soil series, and the soil type.

New soil series must be established and concepts of some
established series, especially older ones that have been
used little in recent years, must be revised in the course of
the soil survey program across the country. A proposed
new series has tentative status until review of the series
concept at natlonal, State, and regional levels of respon-
sibility for soil classification results in a judgment that
the new series should be established. Most of the soil series
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Figure 23.—Topography, drainage, and vegetation of major soils.
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described in this publication were established before this
survey was made. Two of the soil series represented in the
county, however, are tentative at present. These are the
Chaska and Mayer series.

Table 7 shows the classification of each soil series of
Carver County by family, subgroup, and order of the
current classification system, and by great soil group of
the 1938 system.

TaBLE 7.—Soil series and variants classified according to the current system of classification and the 1938 system, with its
later revisions

Current classification 1938 classification
Soil series and variants o
Family Subgroup Order Great soil group
Biseay.________________ Fine-loamy over sandy-skeletal, Typic Haplaquolls_______ Mollisols_ _ ___ Humic Gley soils.
mixed, noncalcareous, mesic.
Biscay, sandy sub- Fine-loamy over sandy, mixed, Typic Haplaquolls.__ ____ Mollisols___ .. Humic Gley soils.
soil variant. noncaleareous, mesic.
Burnsville._____________ Coarse-loamy, mixed, mesic_________ Typic Hapludalfs_._______ Alfisols_______ Grayl-Brown Podzolic
soils.
Canisteo_ . _____________ Fine-loamy, mixed, caleareous, Typic Haplaquolls___ ___ Mollisols. _ . __ Humic Gley soils.
mesic.
Chaska_._.___ . . . Fine-loamy, mixed, calcareous, Cumulic Haplaquolls_____ Molisols. . ___ Alluvial soils.
mesic.
Comfrey_____ _________ Fine-loamy, mixed, noncalcareous, Cumulic Haplaquolls_____ Mollisols. _ . Alluvial soils.
mesic.
Cordova___.. _________ Fine, mixed, noncalcareous, mesic_. .| Typic Argiaquolls_ _ _____ Mollisols_ ____ Humic Gley soils.
Dakota__._____._________ Fine-loamy over sandy or sandy- Typic Argiudolls.___ _ __ Mollisols. .. . Brunizems,
skeletal, mixed, mesic.
Estherville. .. _________. Coarse-loamy over sandy-skeletal, Typic Hapludolls._____ . Mollisols___ . _ Brunizems.
mixed, mesic.
Fairhaven. .. ___________ Fine-loamy over sandy or sandy- Typic Hapludolls______ . Mollisols_ . _ __ Brunizems.
skeletal, mixed, mesic.
Fairhaven, deep Fine-loamy, mixed, mesie_______.____ Typic Hapludolls_.______ Mollisols. _ - __ Brunizems.
variant. -
Glencoe_.______________ Fine-loamy, mixed, noncalcareous, Cumulic Haplaquolls___._ Mollisols_ ____ Humic Gley soils.
mesic.
Hayden__ . . __________ Fine-loamy, mixed, mesie__.________ Typic Hapludalfs________ Alfisols_._____ Grayl—Brown Podzolic
soils.
Hubbard. .. . . . Sandy, mixed, frigid_______ _______ Entic Haploborolls______ Mollisols_ ___ Brunizems.
Kasota__.___ . _________ Fine-loamy over sandy, mixed, mesic.| Typic Argiudolls . _______ Mollisols_ - _ . Brunizems.
Lester_.________ U, Fine-loamy, mixed, mesic___________ Mollic Hapludalfs___ ____ Alfisols.______ Brunizems intergrading
to Gray-Brown Pod-
zolic soils.
LeSueur_.______________ Fine-loamy, mixed, mesic__._______ -| Aquic Argiudolls________ Mollisols_____ Brunizems intergrading
to Grav-Brown
Podzolic soils.
Mayer_________________ Fine-loamy over sandy-skeletal, Typic Haplaquolls__._.__ Mollisols_ _ . __ Humic Gley soils.
mixed, caleareous, mesiec.
Oshawa________________ Fine-loamy, mixed, calcareous, mesic.| Cumulic Iaplaquolls.____ Mollisols_ - _ .. Alluvial soils.
Rasset._______ ______ . Coarse-loamy, mixed, mesic_..______ Psammentic Argiudolls_._| Mollisols_ . . __ Brunizems intergrading
to Grav-Brown Pod-
zolie soils.
Salida_________ ________ Sandy-skeletal, mixed, mesic____ ___ Entic Hapludols________ Mollisols_ _.__ Regosols intergrading to
Brunizems.
Storden__ . _______ Fine-loamy, mixed, mesie_____.______ Entic Hapludolls. . ______ Mollisols_ ____ Regosols.
Taleot_ ________________ Fine-loamy over sandy-skeletal, Typic Haplaquolls_______ Mollisols_ _ . __ Humie Gley soils.
mixed, calecareous, mesic.
Terril_____ . ___ ________ Fine-loamy, mixed, mesic.__________ Cumulic Hapludolls______ Mollisols_ ___._ Brunizems.
Wadena____ . _ _________ Fine-loamy over sandy-skeletal, Typic Hapludolls..______ Mollisols_ __ .. Brunizems.
mixed, mesic.
Webster_.__ . __________ Fine-loamy, mixed, noncalcareous, Typic Haplaquolls_______| Mollisols_____ Humic Gley soils.
mesic.

Additional Facts About the County

Carver County was created in 1855. It was named for
Jonathan Carver, who explored a large part of Minnesota,
about the middle of the 18th century. Chaska was the first
village in the county.

Dairying is the most important industry. The county
is in the Minneapolis-St. Paul milkshed. The Twin City

milk receiving station is in Watertown; creameries are
located in Chaska, Waconia, Norwood, and Bongards; and
there is a cheese factory in Bongards.

Other industries include the raising and marketing of
livestock, the operation of feed mills, the manufacture of
wood products in Carver and Victoria, and the manufac-
ture of metal products in Chaska and Waconia. There is
a brick factory in Chaska and a toy factory and a concrete-
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mixing plant in Chanhassen. The county also has a pickle
factory and a large refining plant for sugar beets in
Chaska, and a cannery for sweet corn in Watertown.

Climate*

Carver County has a continental-type climate. Summers
are warm and pleasant. Winters are cold. Both seasons are
characterized by frequent day-to-day changes as weather
systems move across the county from west to east.

By DoxaLbp A. Harnes, State climatologist, U.S. Weather
Burean.
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The mean temperature for December, January, and
February is 17° F. The temperature drops to or below
zero on an average of 38 days each winter. The mean tem-
perature from June through August is 71.3°, but on the
average there are 16 days in summer when the temperature
reaches 90° or above. Temperature data are given in tables
8, 9, and 10. Table 8 also gives precipitation data.

Snowfall is moderate. The first measurable fall of the
season generally occurs in November, and the last, late in
March or early in April. Severe blizzards are infrequent.
The paths of the winter storms that develop in the south-
western part of the State are generally south of this
county. Excessive drifting of snow rarely occurs, because

TABLE 8.—Temperature and precipitation data
[All data from records kept at Weather Burcau Station, Chaska, Minn., 1931-60. Elevation, 725 feet]

Temperature Precipitation
Two years in 10 will have One year in 10
at least 4 days with— will have—
Month Days with Average
Average | Average | Monthly Average SNow cover depth of
daily daily mean Mazximum Minimum total of 1 inch SNOW on
maximum | minimum temperature | temperature Less More or more days with
equal to equal to than— | than— SNow cover
or higher or lower
than— than—
°F. °F. °F. °F. °F. In. In. In. No. In.
January . ____ 24 4 14 42 —22 0.5 0.1 1.0 23 5
February____ 28 6 17 44 —17 .7 .2 1.5 24 6
March. . ____ 39 20 29 61 —4 1.4 .4 2.6 14 5
April..______ 58 34 46 78 22 1.9 .8 3.4 1 3
May_ . . ___ 71 46 58 88 32 4.0 1.1 7.3 ® 1
June________ 81 56 69 93 44 4.9 2.0 8.0 {0 0 P
July__.____ 87 61 74 100 49 3.9 1.8 7.2 0 | oo
August..____ 84 58 71 94 46 3.6 1.6 6.5 0 | .
September__ _ 75 49 62 92 35 2.6 .6 5.3 0| .-
October_ ____ 63 38 50 80 24 1.6 .4 2.9 ® 1
November_ __ 42 23 32 62 5 1.3 .4 2.6 3 3
December._.__ 28 10 20 44 —12 .7 .1 1.2 17 4
Year__ __ 57 34 45 299 3 —26 27.1 21.3 34.2 82 4

! Less than 0.5 day.
2 Average annual highest temperature.

3 Average annual lowest temperature.

TABLE 9.—Probability of freezing temperatures in spring and fall

[All data from rccords kept at Weather Bureau Station, Maple Plain, Hennepin County, Minn. Elevation, 1,025 feet]

Dates for given probability and temperature
Probability
16° F. 20° F, 24° F. 28° F. 32° F.

Spring:

Lyearin 10laterthan_________________________ April 10 April 19 April 28 May 9 May 22

2 years in 10 later than___ . _____________ _____ April 5 April 14 April 24 May 5 May 17

5yearsin 10 later than______________________ March 26 April 4 April 16 April 25 May 7
Fall:

I yearin 10 earlier than_______________ _______ October 27 October 18 October 9 September 25 | September 9

2 years in 10 earlier than_ __ __________________ November 1 October 23 October 14 October 2 September 26

5 years in 10 earlier than______________________ November 10 | November 2 October 26 October 14 October 5
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of the absence of high winds. Slushy conditions caused by
alternate thawing and freezing occur infrequently ; after-
noon temperatures usually remain below freezing in
winter.

TasLe 10.—Probability of length of growing season

[All data from records kept at Maple Plain, Hennepin County,
Minn. Elevation, 1,025 feet]

Number of consecutive days free of

Probability temperatures as low as, or lower than—
16° F. 20° F. 24° F. 28° F. 32° F.
1 yearin 10______ 250 234 213 195 170
3yvearsin 10______ 237 221 201 181 158
5 yearsin 10._____ 229 213 192 171 150
7 years in 10______ 221 204 184 162 143

The probability of the last freezing temperature in
spring and the first in fall (2, 3) is given in table 9. The
probability of the number of days in the growing season
(2,3) is given in table 10.

About 70 percent of the annual precipitation falls dur-
ing the growing season, from May through September.
The supply of moisture is ample for farm and garden
crops. Thunderstorms bring most of the rain during the
growing season.

Damaging storms, such as tornadoes and ice storms
(glaze), are infrequent. Only seven of these violent storms
occurred during the years 1916 through 1965. Heavy rains,
wind, hail, and thunderstorm line squalls have caused
localized damage each year.

Long-term records of humidity, the amount of cloudi-
ness, and the wind direction are not available for Carver
County, but records kept at the Minneapolis Weather Bu-
reau, which is 18 miles northeast of the county, show that
noontime humidity in summer averages 57 percent, and
in winter about 67 percent. During a typical year about
103 days are clear, 101 are partly cloudy, and 161 are
cloudy. The prevailing wind direction is northerly from
December through April and southerly the rest of the
year.

Physiography

A sheet of glacial drift 200 to 300 feet thick covers all
of Carver County. There are small areas of modified drift
or outwash near the rivers and streams. The northeastern
and central parts of the county are strongly rolling to
hilly, and the western and southern parts are undulating
to rolling.

The Minnesota River valley is bordered by bluffs that
rise 200 to 250 feet above the Jevel of the river. The upland
near the valley is dissected by many short tributary val-
leys. The flood plains are as much as 3 miles wide.

The highest elevations, about 1,000 feet, are in the south-
western townships and in Chanhassen and Laketown
Townships in the northeastern part of the county. The
ig_west elevations are on the flood plain of the Minnesota

iver.

Rivers and Lakes

The South Fork Crow River enters the county on the
west, near New Germany, bends sharply to the south, and
then flows in a northeasterly course toward Watertown.
It drains an area of approximately 110 square miles in the
western and northwestern parts of the county. Its most
important tributaries in this county are Buffalo Creek
and the outlets of Tiger and Swan Lakes.

Minnetonka Lake, which extends into the northeastern
part of the county, drains an area of about 15 square miles
in the northern part of Laketown and Chanhassen Town-
ships.

The Minnesota River drains the rest of the county. Its
main tributaries in the county are Bevens and Carver
Creeks. Bevens Creek enters the county on the southwest
and flows in an easterly course to its outlet southeast of
East Union. Carver Creek, which originates in the nu-
merous lakes in Waconia Township, flows in a southeast-
erly course to its outlet near Carver. South of these tribu-
taries are three smaller creeks, each about 6 miles long,
that join the Minnesota River at Chaska and a few miles
east of Chaska.

Farming

In 1964, approximately 212,300 acres, or 93 percent of
the total land area in the county, was in farms. Of the
estimated 1,596 farms, 1,079 were dairy farms. More than
129,000 acres of the county was cropped, about 35,600
acres was wooded, and more than 5,000 acres was
pastured.

Corn is the most important crop. Alfalfa is second in im-
portance, and oats, third. Wheat, barley, and rye are minor
Crops.

The number of cattle and calves increased about 7 per-
cent between 1959 and 1964. The number of milk cows
decreased slightly during this period.

Farms in Carver County are increasing in size. In 1964,
the average size of farms was 133 acres, as compared with
127 acres in 1959.
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Glossary

Aluvium. Soil material, such as sand, silt, or clay, that has been
deposited on land by streams.

Clay. As a soil separate, mineral soil particles that are less than
0.002 millimeter in diameter. As a soil textural class, soil
material that is 40 percent or more clay, less than 45 percent
sand, and less than 40 percent silt. (See also Texture, soil.)

Concretions, Grains, pellets, or nodules that consist of concentra-
tions of compounds or of soil grains cemented together. They
are of various sizes, shapes, and colors. The composition of
some concretions is unlike that of the surrounding soil. Cal-
cium carbonate and iron oxide are examples of material
commonly found in concretions.

Erosion. The wearing away of the land surface by wind, running
water, and other geological agents.

Flood plain. Nearly level land, consisting of stream sediments, that
borders a stream and is subject to flooding unless protected
artifically.

Horizon, soil, A layer of soil, approximately parallel to the surface,
that has distinct characteristics produced by soil-forming
processes.

O horizon. The layer of organic matter on the surface of a min-
eral soil. This layer consists of decaying plant residues.

A horizon. The mineral horizon at the surface or just below an
O horizon. This horizon is the one in which living organisms
are most active, and it is therefore marked by the accumula-
tion of humus. The horizon may have lost one or more of
these: soluble salts, clay, or sesquioxides (iron and alumi-
num oxides).

B horizon. The mineral horizon below an A horizon. The B hori-
zon is in part a layer of change from the overlying A to the
underlying C horizon. The B horizon also has distinctive
characteristics caused by (1) accumulation of clay, sesqui-
oxides, humus, or some combination of these; or (2) pris-
matic or blocky structure; or (3) redder or stronger colors;
or (4) some combination of these characteristics. The com-
bined A and B horizons are usually called the solum, or true
soil. If a soil lacks a B horizon, the A horizon alone is the
solum,

C horizon. The weathered rock material immediately beneath
the solum. This layer, commonly called the soil parent mate-
rial, is presumed to be like that from which the overlying
horizons were formed in most soils. If the underlying mate-
rial is known to be different from that in the solum, a
Roman numeral precedes the letter C.

R layer. Consolidated rock beneath the soil. The rock usually
underlies a C horizon but may be immediately beneath an
A or B horizon.

Humus. The well-decomposed, more or less stable part of the or-
ganic matter in mineral soils.

Moisture-storage capacity. The capacity of a soil to hold water in
a form available to plants. Amount of moisture held in soil
between field capacity, or about one-third atmosphere of ten-
sion, and the wilting coefficient, or about 15 atmospheres of
tension.

Mottling, soil. Irregularly marked with spots of different colors
that vary in number and size. Mottling in soils usually in-
dicates poor aeration and lack of drainage. Descriptive terms
are as follows: Abundance—few, common, and many,; size—
fine, medium, and coarse; and contrast—faint, distinct, and
prominent. The size measurements are these: fine, less than
5 millimeters (about 0.2 inch) in diameter along the greatest
dimension ; medium, ranging from 5 millimeters to 15 milli-

meters (about 0.2 to 0.6 inch) in diameter along the greater
dimension; and coarse, more than 15 millimeters (about 0.6
inch) in diameter along the greatest dimension.

Natural drainage. The conditions that existed during the develop-
ment of the soil, as opposed to altered drainage, which is
commonly the result of artificial drainage or irrigation but may
be caused by the sudden deepening of channels or the block-
ing of drainage outlets, Seven different classes of natural
drainage are recognized. .

Eecessively drained soils are commonly very porous and rapidly
permeable and have a low moisture-storage capacity.

Somewhat ewcessively drained soils are also rapidly permeable
and are free from mottling throughout their profile.

Well-drained soils are nearly free from mottling and are com-
monly of intermediate texture.

Moderately well drained soils commonly have a moderately
slowly permeable layer in or immediately beneath the solum.
They have uniform color in the A and upper B horizons and
are mottled in the lower B and the C horizons.

Somewhat poorly drained soils are wet for significant periods;
podzolic soils commonly are mottled below a depth of 6 to
16 inches in the lower A horizon and in the B and C
horizons.

Poorly drained soils are wet for long periods. They are dark gray
or black and are generally mottled within a depth of 18
inches. Mottling may be absent or nearly so in some soils.

Very poorly drained soils are wet nearly all the time. They have
a dark-gray or black surface layer and are gray or light
gray, with or without mottling, in the deeper parts of the
profile.

Permeability. The ability of the soil to transmit air or water. Terms
used to describe permeability are as follows: wvery slow, slow,
moderately slow, moderate, moderately rapid, rapid, and very
rapid.

pH value. A numerical means for designating acidity and alkalinity
in soils. A pH value of 7.0 indicates precise neutrality; a
higher value, alkalinity ; and a lower value, acidity. (See also
Reaction, soil.)

Profile, soil. A vertical section of the soil through all its horizons
and extending into the parent material.

Reaction, soil. The degree of acidity or alkalinity of a soil, ex-
pressed in pH values or words as follows:

pH pH
Extremely acid_____ Below 4.5 Neutral - _______ 6.6 to 7.3
Very strongly acid___4.5 to 5.0 Mildly alkaline_____ 74 to 7.8
Strongly acid._______ 5.1to0 5.5 Moderately alkaline__7.9 to 8.4
Mediom acid_________ 5.6 to 6.0 Strongly alkaline.._8.5 to 9.0
Slightly acid-._______ 6.1 to 6.5 Very strongly

alkaline_____ 9.1 and higher

Sand. As a soil separate, individual rock or mineral fragments 0.05
millimeter to 2.0 millimeters in diameter. Most sand grains
consist of quartz, but sand may be of any mineral composition.
As a textural class, soil that is 85 percent or more sand and
not more than 10 percent clay. (See also Texture, soil.)

Silt. As a soil separate, individual mineral particles that range in
diameter from the upper limit of clay (0.002 millimeter) to
the lower limit of very fine sand (0.05 millimeter). As a tex-
tural class, soil that is 80 percent or more silt and less than
12 percent clay. (See also Texture, soil.)

Soil. A natural, three-dimensional body on the earth’s surface that
supports plants and that has properties resulting from the
integrated effect of climate and living matter acting upon
parent material, as conditioned by relief, over periods of time.

Solum. The upper part of a soil profile, above the parent material,
in which the processes of soil formation are active. The solum
in mature soil includes the A and B horizons. Generally, the
characteristics of the material in these horizons are unlike
those of the underlying material. The living roots and other
plant and animal life characteristic of the soil are largely
confined to the solum.

Structure, soil. The arrangement of primary soil particles into
compound particles or clusters that are separated from adjoin-
ing aggregates and have properties unlike those of an equal
mass of unaggregated primary soil particles. The principal
forms of soil structure are—platy (laminated), prismatic
(vertical axis of aggregates longer than horizontal), columnar
(prisms with rounded tops), blocky (angular or subangular),



88 SOIL SURVEY

and granular. Struciureiess soils are (1) single grain (each
grain by itself, as in dune sand) or (2) massive (the particles
adhering together without any regular cleavage, as in many
claypans and hardpans).

Subsoil. Technically, the B horizon ; roughly, the part of the profile
below plow depth.

Surface soil. The soil ordinarily moved in tillage, or its equivalent
in uncultivated soil, about 5 to 8 inches in thickness. The
plowed layer.

Terrace. An embankment, or ridge, constructed across sloping soils
on the contour or at a slight angle to the contour. The terrace
intercepts surplus runoff so that it may soak into the soil or
flow slowly to a prepared outlet without harm. Terraces in
fields are generally built so they can be farmed. Terraces in-
tended mainly for drainage have a deep channel that is main-
tained in permanent sod.

Terrace (geological). An old alluvial plain, ordinarily flat or un-
dulating, bordering a river, a lake, or the sea. Stream terraces
are frequently called second bottoms, as contrasted to fHood
plains, and are seldom subject to overflow. Marine terraces
were deposited by the sea and are generally wide.

Texture, soil. The relative proportions of sand, silt, and clay par-
ticles in a mass of soil. The basic textural classes, in order of
increasing proportion of fine particles, are sand, loamy sand,
sandy loam, loam, silt loam, silt, sandy clay loam, clay loam,
silty clay loam, sandy cley, silty clay, and clay. The sand,
loamy sand, and sandy loam classes may be further divided
by adding the words “coarse,” “fine,” or “very fine” to the
name of the textural class.

Tilth, seil. The condition of the soil, especially of the soil structure,
in relation to the growth of plants. Good tilth refers to the
friable state and is associated with high noncapillary porosity
and stable, granular structure. A soil in poor tilth is non-
friable, hard, nonaggregated, and difficult to till.

Topsoil (engineering). Presumably a fertile soil or soil material,
ordinarily rich in organic matter, used to topdress roadbanks,
lawns, and gardens.

Water table. The highest part of the soil or underlying rock mate-
rial that is wholly saturated with water. In some places an
upper, or perched, water table may be separated from a lower
one by a dry zone.
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